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

YK 621.431.7.03-523.8-048.78
IN'omixoB B.A., Hikonscekuii B.B.
Hanionanenuil yHiBepcuteT «Onecbka MOPCbKa akaJaeMisi»
MopepHizanis cucTeMu 0X0JI01KEHHS AT HABYAJIbHOI0 MALLIMHO-
KOTEJIbHOI0 BilIlVICHHA

3 2020 poky Ha 6a3i HaBYATBLHOTO MaIMHO-KOTenbHOTO BiaaineHHs (HMKB)
HAI[IOHAJILHOTO YHiBepcuTeTy «Ojecbka MOpPChKa akajeMisy modvanacs MOJAEpHi3a-
1is aBapiiHOTO Au3enb-reneparopa (AIl) Big kommnanii Kohler (momens SOEOZD,
noTykHicTh 50 KBT) y MOPChKOMY BUKOHAHHI.

B 2021-2023 naByanbHUX poKax OyJ0 MPOBEIECHO NEPIINA eTan MOJIepHI3alli,
B pE3yJIbTaTl SIKOTO CTBOPEHO J1A0OpAaTOPHUI HaBUAIbHHUM CTEH] 3 AUCTAHLIMHOIO
yIpaBJIiHHA Ta MOHITOpUHTY napameTpiB AJII" 3a tonmoMororo o6nagHEHHS Ta Ipo-
rpaMHOro 3a0e3ncuents Big kommanii Phoenix_Contact ta 6e31poToBUX TeXHOJIOTIH
[1-3].

Ane tpuBane BukopuctanHs A/’ BuMarae 1oaTKOBUX BUTpAT HAa KOTO OXO-
nomxeHHst — 70 1/xB nmporouHoi Boau. Tomy HaraifHOIO MoTpeboro crajga MOJEpHi-
3allisl CUCTEMH OXOJIOJKEHHsI Ha 3pa3ok Oeperosoro Bapianty AJII'. Ha puc. 1 npu-
BenieHo Bijcik HMBT kadenpu texniunoi ekcrutyatanii ¢iaoty, ne 1 — AT, 2 — Ha-
KONMUYYBaJIbHUN Oak a1 BOAW, 3 — OJIOK ympaBiliHHS HaBaHTaxeHHsM AL, 4 —
nynabT ynpasninas A/, 5 — nyast quctanuiiHoro ynpasiiaas, 6 — WIiFi poytep, 7
— BUXJIONHA TpyOa, 8 — pagiaTop 0XoJoKeHHs, 9 — (hparMeHT 1abopaTOHOTO CTEH-
Ay JUISE O3HAMOMJICHHS 3 €KCIUIyaTalli€l0 HACOCiB, BU3HAYCHHS OCHOBHHX IMOKA3HU-
KiB, 110 XapakTepU3yITh iX poOOTy, MOOYJOBH pOOOUMX XapPaKTEPUCTHK HACOCIB,
Croco0iB PETyIIOBaHHS HACOCIB, MOOYOBU CYMapHUX XapaKTEPUCTHUK IPH Mapaie-
JBHIN 1 TOCJTITIOBHINM POOOTI HACOCIB.

JUJis BUKOPUCTAHHS CUCTEMH OXOJOJDKECHHS, SIKa MPOIMNOHYETHCS, HEOOX1THO
BCTAHOBUTHU JATUYUKU TeMIEpaTypH, 1u(dy30p 3 BEHTWISITOPOM Ta €JIEKTPOMEXaHiy-
HUI PUBOJ KJIaNlaHIB EPEMUKAHHS IOTOKY OXOJIOXKYIOUO1 PiIUHU.

C1ijt 3a3HaYUTH, 110 MOKJIMBI ABa BapiaHTH BUPIMISHHS ITi€T 3a/1a4i.

[lepmnii BapiaHT nependOavyae BCTAHOBJIECHHS TEPMOCTATy Ta JAAaT4yUKa TEMIIe-
paTypH IJs BMUKAaHHS BEHTUJISITOPY 001yBy. AJie B TAKOMY BHUIIaKy He Oyje 3MOTu
POBOJUTU MOHITOPUHT CTaHy OXOJIOJIKYIOYOi PIIMHU Ta IPOTHO3YBaHHS 1i OBE1-
HKH.

Hpyruil BapianT nepeadavae MIAKIIOYEHHS AATYMKIB TeMIeparypu Ha 0asi
TEPMOPE3UCTOPIB, IHPOPMALIIsl BiJl IKUX MOXKE MOCTYIATH JI0 POTrPaMHO-JIOTTYHOTO
KOHTPOJIEPY, 1€ MiCJis ONpaloBaHHs OyAyTh CPOPMOBAHI CUTHAJIU KEPYBaHHS BMU-
KaHHS BEHTWIATOPA, a TaKOX UId NEpPEeMUKAaHHS KJamaHiB YHpPAaBIIHHA MOTOKOM
OXOJIO/KYIOUOT P1AWHH.

[TopiBHSHHS TIEPIIOrO Ta JAPYrOro BapiaHTIB Ja€ MepeBary 10 3aCTOCYBaHHS
MEPIIOro BapiaHTy 3a MPOCTOTOIO peai3allii, aje APYruid BapiaHT a€ MOKIUBICTh
BUKOPHUCTAHHA B HaBYAJIBHOMY IIPOLIEC], 30KpeMa MpHU MPOBEACHHI Ja0OpaTOPHHUX



poOit 3 BUOOPY pexxkumy pobotu cuctemu oxosiomkeras AJIl°, nucraHmiiftHOrO MO-
HITOPUHTY MapaMeTpiB.

Puc. 1 — ®parmenr HMKB 3 A/II"

TakuM yMHOM, MOXHA CTBEpPKYBaTH, 10 POOOTH MO MOJEpHIi3allil CUCTEMHU
oxonomkeHHss AJII" Bix kommnanii Kohler € akryanbHuMH, SIK 3 €KOHOMIYHOI TOUKH
30py, TaK 1 3 HABYAJILHOI.

Kntouosi cnosa: aBapiiHuii nu3eIb-TEHEPATOp, CHUCTEMA OXOJOMKEHHS,
Kohler, Phoenix_Contact.
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YK 629.12:629.56+681.5:656.612.8
INomixoB B. A., Hanera I'. B., Ma3zyp O. M., Onumienko O. A.
Hamionanpauit yaiBepcuret "Oniecbka MOpChKa akajiemis"
HewiTkiil peryJsiTop aBToOCTEpHA MaJIOr0 0€3MiJIOTHOI0 MOPCHKOI0 Cy/IHA
3aBaHHs aBTOMAaTUYHOTO KEpYBaHHS MOPCHKMUMU CyJHAMH, BEJCHHS CyJHa 3a
MaplIIpyTOM BHPIIIYIOTECS OOPTOBUMH OOYHCIIIOBAIBHO-KEPYIOUUMH CHCTEMaMu
(Track Control Systems - TCS) i kommiekcamu. HaituacTiiire, Taki CHCTEMH KOMIICH-
CYIOTh 3HOC Cy/JHA, KEPYIOUH, y HEOOX1JHOMY HaIPsSMKY, 3MiHOIO HOTO KypcCy Ta 00-
KOBHIM BIIXWJICHHSIM BiJl 33JJaHOTO MIIAXY. 3arajoM, KOMILIEKC Kepyrodoro (iH(pop-
MaIiifHOTO, MPOTPAMHOTO, alapaTHOTO) 00JaHAHHS, IO BXOIUTh Y CUCTEMY CTa0i-
nizanii kypcy (Heading Control System - HCS) BukoHye (yHKIIT aBTOCTEpPHOBOTO
CyJlHA.

VY OUIBLIOCTI BUNAAKIB, Cy4aCHE aBTOCTEPHO MOBHUHHO: a) aBTOMaTHUYHO YTpH-
MYBaTH CyJIHO Ha 3aJJaHOMY KYypCl 13 TOUYHICTIO, NIpH SIKIM cepellHe 3HAYEHHS Kypcy
MOJKE€ BIIPI3HATUCS BIJ 33JIaHOTO KypCy JIMIIE Ha 3a3]ajeri/ib BUSHAUYCHUN KyT Ta
Opy  Tid MIBUAKOCTI pyXy, IO 3a0e3medye CTiMKy KEpOBaHICTh CYJIHOM,
0) MakcuMajbHa aMIUTTY/J]a PUCKAaHHS HE TTOBUHHA MEPEBUIILYBATH JOMYCTUMY TIPH
PYYHOMY YMPaBIiHHI, B) aBBTOCTEPHO MOBUHHO 3a0€3Me4yBaTH aBTOMATUYHE YTpH-
MaHHS CyJHa Ha 3aJaHOMy KypcCl 3 MIHIMaJbHUM HAaBaHTKCHHSIM Ha CTEPHOBHM
npucTpii [1].

["ooBHUMU 3aBIaHHSIMU aBTOCTEPHA MaJoro 0e3MiJIOTHOTO MOPCHKOTO CyAHA €
aBTOMAaTUYHE YTPUMAaHHs Ha 33JJaHOMY KypcCi IIbOTO CyAHA, 3a0e3MeueHHs Mepexomay
CyIHa 3 KypCy Ha KypcC i3 3aJaHOI0 KyTOBOIO IIBHUIKICTIO UM PAAlyCcOM, Y3rOJKeHE
yOpaBiiHHSA (CyMICHO 13 yOyJOBaHOIO €JIEKTPOHHO-KapTOrpadiuHOK HaBiramiiHo-
iH(popmaniiiHoto cucremoro (EKHIC) pyxom cyaHa B310BXK 3aaHOi TPAaeKTOPii Uu
3a 30BHIIIHIMU [IIJILOBUMU BKaziBkamu) [1, 2].

be3ymMoBHO, 1110 Ha OUIBIIOCTI MaIMX OE3MIIOTHUX MOPCHKUX CYACH BCTAaHOB-
JIOIOTh OCOOJIMBOTO TUIY CHUCTEMHM €JIEKTPOKUBIIEHHS, IO € MPEAMETOM OKPEMHX
JOCIIKEHb. AJie TIPU [IbOMY 3aBX/JIH BUHUKAE 3aBJIaHHS ONTUMI3AIlli BAUKOPUCTAHO-
ro y 0e3miJIOTHOMY Cy/IH1 00JIafHAHHS - 32 KPUTEPISIMU BapTOCTi, MAaCO-TabapUTHHUX
MOKAa3HMKIB, 3a1aHoi HajiiHOCTl, KK]] Tomo. Bci 111 moka3HuKU € CynepeyHuMU pu
MPaKTUYHIN peani3allii, TOMy 0 OJTHOYACHO HE JOCITAI0Th MAaKCUMAJIbHUX MOKA3-
HUKIB.

Sk anpTepHaTHBa, aBTOPU MPOMOHYIOTH BUKOPUCTATA ACUHXPOHHI €IEKTPOABH-
rynu (AJl) B cuctemax aBTOMaTU30BAHOTO KEPYBAHHS CTEPHOM MaIMX O€3MUIOTHUX
mopcbkux cyneH (MBMC). V ne sxux Bumaakax 3actocyBanHs MBMC, moxinBa
NOBHA YHi(iKallisi BUKOPUCTAHUX TEXHIYHUX PILIEHb, NOB'I3aHUX HE TIJIBKH 13 CTa-
Oimizaliero Kypcy CyaHa, a 1 3 OJHOTHITHAM BUKOPHCTAHHSM Yy BCIiX JOTOMIKHHUX
MeXaHi3Max 1 HaBiTh y CUCTeMax 3a0e3MeueHHs eJIeKTPOpyXy cynHa. BukopucTtanas
Takoi yHi(ikaIli 103BOJISIE CYTTEBO CKOPOTUTH BAapTICTh MOOYJOBH CyAHA Ta 3MEH-
IITUTH BUTPATH HA PEMOHT 1 eKcrutyaTarlito. MoxHa JOBECTH, III0 OCOOJIMBOI yBaru
JOCHITHUKIB 1 TPOEKTYBAIbHUKIB oTpeOytoTh MBMC HeBenuKoro aeaBenTy Ta mno-
TY>KHOCTI IBUTYHA enekTpopymiis 10 20 kBT.

BpaxoByroun cydacHuUW CTaH PO3BUTKY TEOpii €IEKTPUYHUX MAIIMH Ta Teopil
MAaIlIMH 1 MEXaHi3MiB, CUCTEM YIIPaBIIHHS E€JIEKTPONPUBOJAAMHU 1 CEPEIOBHIL IMiTa-
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IIHHOTO MOJICTIOBAHHSI, HAUTIPOCTIIIUM CTIOCOOOM TABHUIIICHHS PE3YIbTYIOUOi ede-
KTUBHOCTI CYJTHOBUX €JIEKTPONPUBOJIIB 3 OC3UITKOBUMH E€IEKTPOJBUTYHAMHU € BU-
KOPHUCTAHHS 3arajbHUX TEOPETHUUYHUX MPUHIMMIB (YHKIIIOHYBAaHHS TaKUX €JIEKTPO-
JBUTYHIB OJHOYACHO 13 MaTEMaTUYHUM MOJCIIIOBAHHSM IX CHUCTeM ympaBiiHHs. Ha-
NPUKJIa, 11€ MOXKe OyTH KlIacM4Ha, HAMMPOCTIIIa 1 HalJeleBIIa cucTemMa TuIy "pe-
ryJasTop Hanpyru - acuHxpoHHuil enexktpoauryH" (PH-AJI). Came tomy mocii-
JOKEHHS, SIK1 CIIPSIMOBAH1 Ha MIJBUILNECHHS PE3yJIbTYIOU0i e(peKTUBHOCTI (CHEPTreTHY-
HOI, SIKOCTI TIPOIIECIB KEPYBAHHS TOIO) PI3HUX CYIHOBUX CHCTEM, MEXaHI3MIB i
KOMIUIEKCIB, 110 (PYyHKI[IOHYIOTh Ha OCHOBI A/l, € akTyaJIbHUMH 1 BiJIMOBIAAIOTh Ha-
MpsIMKaM PO3BUTKY Cy4aCHOTO KopabieOy1yBaHHs.

He 30cepemxkyrounch Ha mepeBarax i HEOJMIKaX BUKOPUCTAHHS I[bOTO PIIICHHS
(PH-Al), 30kpema, 3 OOKYy OLIIHIOBaHHS €HEPreTHKU 1 J1ala30Hy PEryJIrOBaHHS
IIBUJIKOCTEN Takoi CUCTeMH cTabumizalii, HeOOX1AHO MiJKPECIUTH, 110 BapTICTh,
HaJIIHHICTh, MacO-rabapuTHI MOKA3HUKH 1 MOKJIMBICTh MIBUAKOI peatizalii y cydac-
HUX YMOBaX € HENEepeBEPIICHUMH.

Maui Mopchbki 0€3MIOTHI Cy/IHA, 3 MO3UIIN KEPYBaHHS iX PYXOM, € HEeTiHIWHU-
MU cucteMaMi. e nosicHIo€eThCst TUM, 110 OYy/1b-5IK1 3MIHH LIBUIKOCTI1, OCaJIKH, Macu
YU PEKUMY PYXY, MPUBOJATH JI0 CYTTEBUX 3MIH JUHAMIYHUX XapaKTEPUCTHK 1 Ma-
pamMeTpiB cyaHa (MpUeAHAHHI Macd, MOMEHT 1HEpIi, IUIoNa 3MOYEHOI MOBEPXHI,
pexuM riicepy Toino). [Ipu mboMy HE0OXITHO ypaxoByBaTH, 1110 Ha CyJHO Oe3mnepe-
PBHO A1I0Th 30ypEeHHS y BUIJISL BITPY 1 XBUJIb, T€Y1l, MIJIKOBO/A/IA TOLIO, IO MPUBO-
JUTh 10 BIAXWJIEHHS BiJ 3aAaHOro Kypcy. L1 30ypeHHsl CyTTEBO YCKIIAIHIOIOTH 3a-
nadi ctaduTizaili Kypcy cy/iHa. BupiiieHHs 3aa4 MiBUILICHHS €KCIUTyaTalliiHuX Ta
3arajJbHUX TaKTHUKO-TEXHIYHUX Xapakrepuctuk MBMC npusBenu 10 CTBOpEHHs pi-
3HMX THIIIB CUCTEM CTabim3anii Kypcy (aBTONIOTIB), MPU LIbOMY TEXHIYHA peani3a-
1[I CY4aCHOrO aBTOINUIOTY MOPCHKOTO CyJHa MOBMHHA BIJAMOBIJATH HU3LI1 BHMOT,
MOB'I3aHUX 3 BUKOPUCTAHHSM 1 IIUIbOBUM IPU3HAUEHHSM CYy/HA.

TunoBa CTpyKTypa aBTOCTEpHA 3aBXKIU MICTUTh PETYISATOp cTadimizalii Kypcy,
KU 6e3mocepeiHbo, 3a IONOMOIOI0 CHIIOBOTO KaHaly, JIl€ Ha CTEPHO cyaHa. binb-
IIICTh PEryJSTOPIB CYYaCHUX aBTOCTEPHOBUX BUKOPUCTOBYIOTH [IJ[- um ITIJI-
QITOPUTMH KEPYBaHHS Ta MalOTh MOXJIMBOCTI PYYHOTO HAJAIITOBYBAHHS MapaMeT-
piB Yy 3aJIeKHOCTI BiJl YMOB IJIaBaHHS. be3yMoBHO, 1110 pyuHe HaJlalITOBYBaHHS Ia-
pametpiB peryisitopiB y MBMC BukitoueHe.

Tunosi aBrominoT, Hanpukiaa, Cetrek Ltd., maroTh HamamTyBaHHS 3MiH 30H
HEYYTJIMBOCTI 32 KYPCOBUM BiJIXHMJICHHSIM 1 HampsMKoM pyxy. [lpu npomy, pe3ymb-
TylOoua SIKICTh MPOIECIB KEPYBAHHSI KypCOM CYJIHA 4acTO JaJieKa BiJl Oa)kaHOi, MpH-
BOJUTH 0 3HAUHHUX MEPEBUTPAT €HEPrii 1 3aJIeKUTh Bij KBamidikamii oneparopis. Lli
e(deKTH 0COONMBO BIAUYTHI JUJISi MaluX CYJE€H, YYTJIUBICTh SIKUX 10 30ypeHb U Ha-
JaITyBaHb PETYJSATOPIB AyXKE BEJIMKA.

Jlo ocHOBHUX HemoiKiB aBTocTepHOBUX 3 [1]]- Ta T1IJ[-anroputmamu kepyBaHHs
€ CKJIAJIHICTh OJJHOYACHOTO JOCSTHEHHS HEOOX1THOT TOYHOCTI YIIPaBIiHHS, CTIHKOCTI
710 30ypeHb, MBUIAKO11, poOACTHOCTI BCi€l cucTeMu ToMy, TIPH CHHTE31 CUCTEM Ke-
PYBaHHS KypCOM JOBOJIUTHCS MPUIUMATH KOMIIPOMICHI PIlIEHHS: OOUpaTH 3MIHIOBA-
Hl MMapaMeTpu peryisTopa Tak, mo0 3a0e3meyuTH HeOOXIAHY TOYHICTh MIATPUMKHU
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Kypcy IpH HEOOXITHOMY 3amaci CTIMKOCTI, HaldacTiie oOuparoTh A€ SIKI YMOBHO-
HOMIHAJIbHI TapaMeTpH.

Buxonsun 3 mepepaxoBaHMX HEOJIKIB ICHYIOUMX aJIrOPUTMIB KEpyBaHHS 1 3
OrJIsily HA CyYaCHHUM CTaH PO3BUTKY CaMOHAIATO/KYBaJbHUX CHCTEM KEpyBaHHS,
MOHa 3pOOWTH BUCHOBOK, IO IMiABUIIECHHS €(DEKTUBHOCTI X poOOTH (IIIIXOM Tie-
penanamryBanus koedimientis [1I/I-perynsropa), iis MBMC ¢akTruuno Buyepmna-
HO. HeoOximHicTh BiguyTHOTO TiaBuineHHs edextuBHOCTI MBMC y pexumi crali-
Ji3anii Kypcy BUMarae neperisily 3aKOHiB 1 CTPYKTYp ICHYIOUHX CUCTEM KepyBaHHS.

Tax, KOHTPOJIEPH 3 HEYITKOIO JIOT1KOIO BBAXKAIOTHCSI KOMIIPOMICHUM, ajie JOCTa-
THBO HaJIHHAM NPAKTHIHIM PIIIICHHSM, SIKE JO3BOJISIE ecpeKTHBHo AIANTYBATHCS JIO
3MIH y AWHaAMII 1 peXuMiB ekcruryatailii. Ha ocHOBiI Teopii HEUITKMX MHOXHH
(Zadeh, 1965), Bizomo Mopchke iX BukopucTaHHs (migBomHi 4oBHU (DapOpasep u
Cretici, 1990), BiticekoBi kopa6m (Ban Ameporen i inmr., 1977, Sutton and Towill,
1985), topnenu ([xonc 1 inmL., 1990) 1 v cyvacHi npukiagu. OCHOBHOIO MPO-
0JIeMOI0 BHUKOPUCTAHHSI HEUITKUX KOHTpOJIepiB it cradimizamii kypcy MBMC 3a
JIOTIOMOT'OI0 K€pYBaHHSI CTEPHOM € HE TEXHIYHa CKJIaJ0Ba 3ajadi, a aJlrOPUTMIYHA.
[ 3agaua noB'A3aHa 13 BIJOMOIO MPOILEIYPOI0 CUHTE3Y KOHTpoJepa: mo0y1oBu 0a-
3u nipaBwi, ¢azidikaiii 1 gedasidikaiii. 3aBaaHHs YCKIQAHIOETHCS 1€ ¥ TUM, IO
Oy/Ib sika crucTeMa KepyBaHHS, sika Oylye€ThbCsl HA BUKOPUCTAHHI MIPUHITUITY PETYIIIO-
BaHHA "PH-A/]" cTae me OubIn HemiHIMHOI. PillleHHs 03HAaYeHUX 3a/1a4d MmoTpedye
3ay4eHHS eKCIEPTIB PI3HUX Taly3e Y KOXKHOMY KOHKPETHOMY BHUITIQJKy TOOYI0BU
cucteM MBMC i 3aBxau Mae cy0'€eKTUBHY CKIIQJIOBY y KiHIIEBOMY pimeHHi [1, 2].

be3ymMoOBHO, po3po0Ka CydyaCHUX HEYITKMX KOHTPOJIEPIB, IIO0 rapaHTOBAHO 3a-
0e3MeuyloTh pyX CyJIHa 3 MPUIYCTUMUM BIIXUJIEHHSM BIJI 3a/1aHii TpaekTopii Ta
YTPUMYIOTh HOT0 Ha 33aJaHOMY Kypcl (B yMOBax 3MiHU MOTOAHUX (PakTopiB, oOMe-
KEHOCTI MaHEBPY, IMIBUAKOCTI 1 IHTEHCUBHOCT] PYXy 1HIIMX HaBIrallIMHUX 00'€KTIB),
ABTOMATUYHO KOPETYIOTh 00paHUi MUISAX 1 MIBUIKICTh PYXY - aKTyaJlbHa 1 Ba)KJIMBa
HAayKOBO-TEXHIUHA 3ajJlaya, PIIMICHHS SIKOi CIPSAMOBAaHE Ha IIJIBHMINCHHS 3arajibHOI
€(EeKTUBHOCTI BHKOPUCTAHHS TaKUX CKJIQJHUX TEXHIYHUX CHUCTEM, SK Cy4acHi
MBMC.

HeuiTki KOHTpOepU 3 CAMETPUYHUMH TPUKYTHUMH (YHKIISIMH TPUHAJICKHOCTI
Ta CIHTJIETOHHUM criocoboM dazidikamii ta nedaszidikarii (METOI EHTPY TAKIHHS)
€ yHiBepcaibHuMH anpokcumaropamu [J. L. Castro, 1995]. Came ToMy HediTKe yII-
PaBJIIHHS Ma€ rapHi poOACTHI BIACTUBOCTI, 1110 JIy>KE€ BaXKJIMBO ISl YIPABIiHHS 00'-
€KTaMHU 3 MapaMeTpaMHu, 1110 CYTTEBO 3MIHIOIOThCS, HApUKiIaa, Takumu, sk MBMC.

[TpuHunu cuHTE3y AIropuTMiB HewiTKuX peryistopiB (HP) 3adikcoBani y cra-
aaaprax [EC 61131-3 i 61131-7, ne Bu3HauatoThes etanu: po3mutts (fuzzification),
3BopoTHe yuriieHeHHs (defuzzification), nmpaBuna o0'ennanus (agreggation), akTu-
Barlii (activation), nakonuuenns (accumulation). Takox cTaHAapT BU3HAYAE OCHOB-
Hi komanau Fuzzy Control Language (FCL) mist cucteM KepyBaHHS 3 HEYITKOIO JIO-
rikoro. Peamizariss HP mosxe OyTu sik amapatHoto, Tak 1 mporpamuoro (Siemens, Fuji
Electric, Motorola, Intel, Allen-Bradley Ta inmri). Y koHTpojepax 4acTO BUKOPUCTO-
BYIOThCs criertiaiizoBani nporecopu (Fuzzy Chips ta Fuzzy Processors - Adaptive
Logic, 68BHCxx, MCS-96, FUZZY-166 ta inmi). Ha erami ¢azidikamii (mepeTBo-
pPEHHS TOYHMX BXIJHUX 3MIHHUX Ha IX HEUITKi, 3HAYEHHs) Aiana3oH D 3MmiHu BXij-
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HUX 3MIHHUX PO30MBA€THCS HAa MHOXKWHU (Masie HeratuBHE — NS, HynmboBe — Z, Mase
no3utuBHE — PS To1110). CTymiHb NPUHATIEKHOCT] 3MIHHUX MHOXXMHHU BH3HAYAETHCS
¢yskuisMu npuHanexHocTi (PII) MHOXMH Lj(+), IO 3a0BOJIBHAIOTH JJIs OYIb-SKO1

J
Xi YMOBH CIIPOMOKHOCTI: Y i, (X,)= 1. 3MiHHI MepeTBOPIOIOTHCS Ha BiJIMOBIHI JI0-

rYH1 3MiHHI, IPUYOMY BCl BXIJIHI 3MiHHI BBa)KAIOTHCS HE3AIC)KHUMH BHOIPKAMH.
[Ipu nepeTBOPEHHSIX JOTTYHUX 3MIHHUX 3A1MCHIOETHCA JIOTTUHUNA BUCHOBOK 3 ypaxy-
BaHHsM TpaBuil. baza mpaBun GopMyIIO€TbCA Y KOXKHOMY KOHKPETHOMY BHITAJIKY
excriepramu. CydacHi HEUITKI Kepyroui KOHTPOJEpH MaiOTh MOBHY HIATPUMKY BBE-
nennsi/BuBeneHHs 3MminHuX (LIAIT/ALII), yHidikoBaHi cucTtemMu KOMaH IS BCIX
etamiB (hazidikallii, TOTITYHOTO BUCHOBKY Ta nedasidikaii. L1 B1acTuBOCTI KOHTpPO-
JepiB AO03BOJISIOTh PEai3yBaTH MPAKTUYHO OYyIb-AKl aIrOPUTMH HEUYITKOTO Kepy-
BaHHS MOPCHKUM CYJHOM Y peXUMax cralumizaiii Kypcey, sl 1HIIUX MeXaHi3MiB
cynHa. OcuHoBHa ckiaaHicTs cuHte3y HP kypcy MBMC nonsirae y po3po0ini edex-
TUBHOI 0a3u (Tabnuil) npaBui. Hanpukinan, peanizaiis Heditkoro [IJ[-perymnstopa
KypCy BUMAarae 3amnucy TpUBUMIPHOI TabmuIll. 3anuc TabiauIll npaBuil, HaBiTh 3a J0-
MOMOTOI0 €KCIEPTIB-CYTHOBO/IIIB, OCOOJMBO CKJIAJHO (OopMai3yBaTH ISl YIIpaB-
ninag MBMC 3a pi3Hux ekcrutyataniiaux yMmoB. Came 3 1iei npuunaun HP MoxyTh
SIBJISITH COOOF0 OaraTokaHajabHI CUCTEMHU, 110 MICTATh, Hanmpukiaza, okpemi I1-, I- 1 JI-
kaHayiu. Asne ronoBHa ¢yHkuiss HP — ¢a3zidikaiis, 1oci He Mae 0JTHO3HaYHOTO Pi-
menss [1, 2].

ABropamu 3anpornioHoBane [1, 2] yHiBepcanbHe pimeHHs uist etany ¢dasidikarii,
AK€ MOKe OyTH BUKOPHUCTAHO y cucteMax kepyBaHHs ctepHoM MBMC. Le piteHHs
BUKOPUCTOBYE MPUHIUI CHUMETPYBAaHHS TaOJMIl MpaBWi MpU MOOyAOBl (QPYHKIIH
npuHanexxnocti HP. [IpeactaBuMo CyKymHICTh MpaBuil y TAOJTUYHOMY BUIJISIAL AJIA,
HaIpukiaz, onHoro 3 kanainiB HP — nponopuiitnoro. Ha puc. 1 HaBeneHna Taka ta0-
muist. HaBeneMo Jie-sikv MOSICHEHHS IO LIbOTO PUCYHKY.

[IpuiinsaTo, 1m0 BX1JAHI CUTHAJIW PO3JUJICHI HA 5, a BUXITHUNM Ha 7 MHOXKUH. He
BUKOPHCTAB JIOTIOMOTY €KCIEPTIiB, JIETKO (opMali3yeMO 3aIvcC MPaBUI BUXIIHOTO
curHainy HP. Came s 11bOro BHUKOPUCTOBYEMO TNPHUHIUI CUMETPUYHOIO 3amuCy
JIOTIYHOTO BHUCHOBKY IUISIXOM PO3TOPTAaHHS CTOBOIIIB 3MIHHOI X2 32 BEPTHUKAIUIIO, Y
MOPIBHSHHI 13 3arajbHO MPUHHATUM TPEICTABICHHSM JJISI HAIIPSIMKY CTOBOIIIB Ta0-
T

Ax GaunMo, HaBeleHAa Ha puc. | TaOIUIA MpPaBUJI MOHOTOHHA 1 CUMETpPUYHA.
be3zymoBHoO, 1110, MTpaBuia, 3aMKucadl y UEHTpl TaOnuil 3a0e3neuyoTh yCTaICHUH 1
OJIU3BKUI 1O HOTO PeXUM (QYHKIIOHYBAHHS CUCTEMH.

Came 11e 3a0e3neuye poOaCTHICTh CUCTEMH, MM1JIBUIIYE CTIMKICTh 3aMKHYTOI CHC-
TEMHU KepyBaHHS CTEPHOM Ta BPaxOBY€ BUKOHAHHS OYEBHIHOT yMOBH € - S-€ < 0 ans
yctasienoro pexxumy (ipu e€ZE ta s-eeZE, €0 u S-€—0). Yci inmi npasuna (y
KOMIpKax Ta0uuill) 3a0e3Ne4yoTh NepexiHi peKUMU CUCTEMH KEPYBaHHS CTEPHOM.
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YK 627.78:627.74:504.4:54
INonixoB B.A., Kpymos 1.B.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
OnTumizauiss JHONOrIMOeHHA B JaHAmadTHii 30Hi IIpuaynas’s

Beryn. OnTuMizaniisi mpolecy JTHOIMOTIMOJICHHS] HOCUTh OararoacleKTHUM Xa-
paKkTep, B SKOMY JIaHAmAa(THI SBHINA BiAIrparOTh TOJIOBHY poJib. Lle miarBep-
JOKYETBCSL PI3HOMAHITTAM KOHCTPYKTHUBHUX OCOOJIMBOCTEN 3€MCHApSJIIB Ta X OCHa-
IICHHS, a TaKOXX TEXHOJOTIYHUMHU OMNEpalisiMH TPYHT03a00py, TPAHCIOPTYBAHHA,
PO3BaHTAKEHHS Ta 3BAJIOBAHHS y B1/IBAJ (IEMIIIHTY).

Ha TenepimHiit yac onTuMizaliisi AEMIIIHTY TPYHTIB JHOMOTTIUOIECHHS Ha YKpaiH-
ChKil yacTuHi menbdy YopHOro Mopst A03BOJISIE BpaXxOBYBaTH HEOOX1IHI 1 JOCTaTHI
YMOBH ISl 0€3M€YHOro 1 MIHIMaJbHOTO BIUIMBY Ha HABKOJIMIIHE CEPEIOBHILE Ta
€KOHOMIYHY JOLUIBHICTh JHOMOMNIMOIIOBAIIBHUX poOIT. 30Kpema, Tiaporpadiuny
CTPYKTYPY Ta JMHAMIKY BOJl; PEKHUM BITPY M BITPOBOTO XBUJIIOBaHHS 3 ypaxyBaH-
HSIM CE30HHOI 3MIHHOCTI; XapaKTePUCTUKY penbedy JHA; TOHHUX BIAKIAJIEHb; MYT-
HICTh BOJIM; T1IPO Ta T'€OXIMIYHI BHUMIPIOBaHHS, BKIIFOYAIOUU T1IpOOI0JIOTIUHI CITO-
CTEPEXKECHHS.

3actocyBaHHs rifgporpadiunux iHpopmariitnux cuctem (I'1C) 3acTtocoBanux Ha
IHTEpBaIBHIN cxeMi «JleMmiHr», o (QyHKIIIOHYe Ha: 3aMUTI BXITHOTO MOB1JIOMJICH-
Hs 10 ['lC, sike MicTUTh BUMOTY Ha BHAauy iH(opMaIllii; 3BepTaHHI KOPUCTyBaya, Ha
AKUM TpeOa HaJlaTu BIANOBIb (Y 3alUTI BKa3y€eThCs BX1/IHI JaHl HEOOX1/IHI Il HOTO
BUKOHaHH:); (popManizoBaHOMY crioco01 BUpaXeHHs 1HPOpMALIMHUX TOTped KOpH-
CTyBaueM CUCTeMH (AJi1 BHpa)K€HHs 1H(OpMAiiHOT MOTPeOH SKUX BHUKOPUCTOBY-
€THCS SI3UK 3aMMTIB, @ CAHTAKCUC BapIIOETHCA Bl MIJICUCTEMH A0 MIJCUCTEMH); YIIi-
3HaHHI PI3HUX MIJICUCTEM, SIKE 31MCHIOETHCS MIJIAXOM 1eHTU]IKAIllT KOXKHOI 3 HUX
a00 BU3HAYECHHSM iX cTany [1].

IMocranoBka mpoduaemu. Crerudika OOyMOBICHHS HAMOUIBII CHPUSTIUBUX
YMOB JIJIs JIEMIIIHTY JTHOTIOTJIMOJICHHS paldOHIB pO3TaIllyBaHHS BiJBaJIIB 31MCHIO-
€ThbCSI HACTYITHUM YMHOM [2]: Ha MiACTaBl pe3ysIbTaTiB MaTEMaTUYHOTO MOJIEIIOBAH-
HSl BU3HAUAIOTHCS 3HAUEHHS KOHUEHTpaLiil 3a0pyJHIOI0OUUX PEYOBUH HA KOHTPOJIbO-
BaHIM BiJICTaHI 1 MEPEBIPAETHCS JOTPUMAHHS PUOOTOCIOAAPCHKUX Ta €KOJOTTYHUX
HOPMATHBIB; TIEPEBIPSAETHCA 0OMEKEHHS BMICTY (Da3 IpyHTIB BiAMOBIIHOCTI HOpMa-
TUBHOMY JTOKYMEHTY; BU3HAYa€ThCS LIIbOBA (QYHKIS ISl TOUIYKY ONTHMAaJIbHOTO
pIIICHHS 32 HACTYITHUM aJITOPUTMOM: SIKIIO BiJICTaHb J0 MEPCIEKTUBHUX TOYOK Bij-
PI3HAETHCS HE3HAYHO, TO MONIYK ONTUMAIBHOTO PIIICHHS MPEICTABISIETHCS MOKITHU-
BHUM, BPaxOBYIOUH TUIbKH IIKOJly BOJAHUM Ol0opecypcaM, a ONTUMAIIbHOIO Oyie TOUKa
3 MIHIMAJIBHOIO IIKOJIOI0; 1HAKIIE, SKIIO 3HAYEHHS T1APOJIOTIYHUX MOKA3HUKIB Y TO-
YKax po3TallyBaHHsS BiJBadIB 1 BIACTaHI 10 HUX IO BapiaHTaMm BIJIPI3HSIOTHCS He-
3HaYHO, TO B SIKOCTI (PyHKIIi MOIIYKY ONTHMYyMYy MOXHa BHUKOPHUCTATH TOKAa3HUK
KpaTHOCTI po30aBieHHs 3a0pyIHIOIYNX PEUOBUH Y XMapi MiJBUIIEHOT KaTaMyTHO-
CT1 Ha KOHTPOJIbOBAHIN BIJICTaH1 BiI TOYKU CKUJAHHS TPYHTY, a ONITUMAJILHOIO Oy7Ie
TOYKA 3 MAaKCUMAJIbHOIO KPATHICTIO PO30aBICHOCTI TPYHTY; 1HAKIIIE, SKIIO 3HAYEHHSI
riipo0i0JIOTIYHUX MOKAa3HUKIB Y TOYKAX PO3TallyBaHHS BiJBaJIiB 110 BapiaHTaM MpHU-
OJM3HO PiBHI, TO MIHIMYM NPUBEACHUX 30UTKIB M0 (oTy OyAe crocTepiraTucs y
TOYII, HAMOIMKYIOT O MICIISI BAKOHAHHS JTHOTOTINOIIOBATBHUX POOIT.
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OxpiM ONTHMAIBPHOTO MTPOTHO3YBAHHS Ta IUIAHYBAHHS THOTOTIMOIEHHS CYyTHO-
XIAHUX MUJIAXIB 32 T1APOOIOJIOTTYHUMH TIOKAa3HUKAMHU, aKTyallbHUM 3aJTUIIA€ThCS
eKCIUTyaTalliifHe JTHOMOTINOIEHHS, sIKE MOB’S3aHe 3 €HEPreTUYHUMU Ta €KOHOMIY-
HUMHU BUTpaTamu. ToMy npu BUOOPI ONTUMATBHOTO PEXUMY POOOTH TPYHTOHACOC-
HOI YCTAHOBKHM 3€MCHapsifia OOUPAEThCS KPUTEPId MAKCUMyMy MPOAYKTHUBHOCTI
YCTAaHOBKHU MO TPYHTY, a ONTHUMAIbHUN PEXUM POOOTH 3eMCHapsiia TaKOX BH3HA-
YaeThCS MAKCUMAJIbHOIO MPOJYKTUBHICTIO MO TPYHTY Ta 3a0€3MEUYEHHSIM 3aJaHHX
rabapyTiB IUISXY Y MOKJIMBO KOPOTKI CTPOKH.

AHaJi3 ocTaHHiX AociaigxeHb i myOJikaniii. 3 a”amizy HayKOBO-TEXHIYHOI
mitepatypu [1-4] BUXoauTh, M0 30UIBIIEHHS 00’ €MIB JHOMOTIMOIIOBAIEHUX POOIT
3aNIeKUTh BiJl IHTEHCUBHOCTI CY/JHOIUIABCTBA, Ta0ApUTIB Cy/EH Ta KaHAJIB 1 Cympo-
BO/DKYETHCSA B CKJIATHUX HECHPHUATIMBUX TiAPOMETEOPOJIOTIYHUX YMOBax depes
BI/IJIAJICHICTh KaHaJIB Ha 0arato KiIoMeTpiB BiJl Oepery Ta XBuiepisiB. [nonoriuno-
JIOBAJIbHA TEXHIKA PO3POOIISIE TSKKI CYTJIMHKM Ta TJIMHU, SIKI MICTSITh BEJIUKY KiJIb-
KICTh KaMiHHS 1 BaJIyHIB, BallHSKY 1 YePEMaITHUKY Ha BEJIMKUX INIMOWHAX: HA KaHa-
nax — a0 30 MeTpiB, a B MOp1 NPU BUAOOYTKY KOPHUCHHX KomayJuH — j0 60 ... 80
METPIB.

['pyHTO3201p CaMOBIIBO3HUX 3€MCHAPSAIIB O0JaHAHUI IPUCTPOSIMH, K1 JJO3BO-
JSIOTH 3/1IMCHIOBATH JTHOTIOTJIMOJICHHS Oe3nepepBHO Ha XBuIIi /10 3...4 meTpiB. [Ipu
pO3po0IIl MIUIBHUX MIIIAHUX TPYHTIB 3€MJIECOCH OCHAIIIEHI MOTYXKHUMHU PO3MYIIY-
BayaMU TPYHTY, SIKI MIJBUILYIOTh NPOAYKTHUBHICTH 3€MJIECOCY MO TPYHTO3a00py Y
2...4 pa3u.

[Ipu rpynTOo3a60pi 3 TIOuH 25...30 MeTpiB 3aCTOCOBaHI epi(hHO-3eMIECOCHUI
croci0 Ta 3arbiieHi TPYHTOBI HACOCH, @ Ha YEPIIaKOBUX CHapslax — YyepIiaku 3 Jie-
rOBaHOi CTalll, pO3MYILIyBaJbHUMHU 3y0aMU Ta MPUCTPOEM JJIsi OYMCTKU YEPHaKIB Bl
TJIMBKOTO TPYHTY [2].

B sikocTi mpuUBOJIIB OCHOBHHX POOOYMX MPHUCTPOIB 1 MEXaHI3MIB 3aCTOCOBAHMIMA
TAPONPUBI, a JIJIsl TIOJIETIIIEHHST POOOTH €KIMa)KiB Ta KOM(GOPTHOCTI yIpPaBIIiHHS 3a-
CTOCOBaHI CYMyTHUKOBHH 3B’S30K, 3aCO0M OOYMCIIIOBAIIBHOI TexHIKH 3 3-D 300pa-
YKEHHSIM HaBIramiiHoi Ta riaporpadiyHoi 00CTaHOBKH.

[TinBuIyrOTHCS Ta0ApUTH, BAHTAKOMIIAHOMHICTh €HEPTrOOCHAIIIEHICTh

Ta MOTYXXHICTh 3eMCHApsI/IiB Ha (JOHI CKOPOUCHHSI KITTLKOCTI EKIMaxYy.

Liab podoTu momnsirae y po3paxyHKy AMHAMIKH PO3MOBCIOKCHHS 3aBUCEH 1
IHIIMX 3a0pyIHIOIOYUX PEYOBHH MPU AEMIIIHT1 JTHONOTJIUOJICEHHS, TOJOBHOTO CY/I-
HomaBHOTro xoay «/lyHnait - Hopune Mope» no rupiy buctpe Ha MOpPChKHA MiABOI-
HUU BiIBaJ 3 KOOpAMHATaAMU LEHTPY paaiycy 45°19°13”° N; 29°51°58”” E (paiion 7-
A) [3].

Marepianu i pe3syabTaTé AocjizKeHHsl. 3a naHumMu [3] B BOJAI Ta IPYHTI
JUISTHKY, 110 JTHOMOTJIMOJIIOIOTHECA BMICT 3a0pYy/IHIOIOYMX PEUYOBUH y BOJAl HACTYII-
Huit (mr/kr): kaaMmiro (<0,3); pryTi (0,05); ceunitio (4,24); muaKy (54,6); miai (19,6);
¢denomia (0,3); Hepo3unHHUX HOoMIIIOK (188).

[Tpu BincTani Bix BigBamy y 925 mMerpiB, cepennii rimubuni 20 MeTpiB Ta ce-
penniii mBuakocTi Teuii 0,10...0,15 m/c 3aranpHa KIIbKICTh HIKIJIMBUX PEYOBUH Ha
KOHTPOJBHIM BifcTaHi ckinana MakcumyMm 62 mr/ame. Y cTosdili BOAi KilbKiCTH
IIKIJIJTMBAX PEUOBUH cKiaya 0aubimsHo 45-50% Bif iX 3aranpHOI MacH, a yci ¢pak-
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i mKigumBUX pedoBuH (31 mKipmBicTio Tedii y 0,0032 M/c He BUHeCEHI 32 Mexi
KOHTPOJIBHOT IUCTAHIIIT).

[Tpu mBuakocti Teuii y 0,15 mM/c MakcumanabHa KOHIICHTpAIS IIKIJJUBUX pe-
4yoBUH cknana 66 mr/mm>. 3a Mexi KOHTpONbHOI Bijcrani BUHOcHTBhCA 10 2,0%
MIKIJUTMBUX PEYOBUH BiJl 3araJIbHOI KUIBKOCTI, SIKa MOTpaTHIa 10 BOAHOTO CEPeJio-
BUIIA TICJISI CKUJAHHS TPYHTY.

KoHueHTpaiiss mKiJJIMBUX PEYOBUH Y MOPCHKOMY CEpPEIOBHUII B3JIOBXK KOH-
TponbHOi BijncTaHi He mepesuinye ['JIK, 3a BUKIIOUEHHSAM MIKIUIMBUX PEYOBHH,
MaKCHMAallbHa KOHIEHTpAMis SKuX 66 mr/mv® npu Hopmi 0,75 mr/mve,

3miiicCHeH] PO3paxyHKH Ta BUMIPIOBAHHS MMOKA3aJId, 10 Y aHAII30BaHOMY paioHi
CE30HHA MIHJIMBICTh cepeauboi mBuakocTi Teuii Big 0,10 mo 0,15 m/c He mo3Hayda-
€ThCSI HA PO3CIIOBAHHI WIKIJIMBUX PEYOBUH Yy BOJHOMY CEPEIOBHUII: BIIMIHHICTb
XapaKTEPUCTHK 30HHU MIJBULIEHOI KAJIAMYyTHOCTI Ha KOHTPOJIbOBAHIM BIACTaH1 MpHU
[IMX 3HAYEHHSM IIBUJKOCTI TEUll 3HAXOJAUTHCS B MEXaX TOYHOCTI pO3paxyHKIB (He
ounbie 6...7%). 3a MeX1 KOHTPOJIBHOI BIJICTaH1 HE BUHOCATHCS (PPaKIii MIKIIJTUBUX
PEYOBHH 3 T1IPaBIIYHOIO KpymHICTIO > 0,3 cMm/c, BMICT SKMX B TOUIll CKHIaHHS
rpyHTY ckianae npuonusno 50%. YBech Marepian, CaMOOUYUIIECHHS SIKOTO Y BOJIHO-
My CEpEeIOBUIII 3I1MCHIOETHCS 32 paXyHOK OCAPKCHHS Ha JHO, HE BUHOCHUTHCS J1aji
900...950 MetpiB BiA TOUYkH 3BaitoBaHHS. KUIbKICTh HIKIJJIMBUX PEUYOBHH, SKa Ie-
pETUHAE KOHTPOJIBHY BIJICTaHb, 3HAXOAUTHCS B Mexkax 45...50% BiJ 3arajibHO1 KiJib-
KOCTI, MOTPAIMUBIIOI JJO BOJHOTO CEPE/IOBUINA B TOUIll CKUAAHHS TPpyHTY. Lls miKij-
JIMBa PEYOBUHA MPEJICTABIAETHCA (PPAKLISIMHU 3 TIAPABIIYHOKO KPYITHICTIO HE OlbIlIe
0,05 cm/c. CaMoouMIIIEHHSI BOJTHOTO CEPEIOBUINA BiJ] TaKOi MIKIAJIMBOI PEUOBUHU
3IMCHIOETHCS 33 paXyHOK qu(y3ii.

KpynHi ¢pakuii MKIAJIMBUX PEYOBHH MO TJIMOWHI PO3TAIIOBYIOTHCS HEPIB-
HOMIPHO, a B pailOHI CKUAAHHS TPYHTY CHOCTEPIraeThCsl Pi3HOHAIPABJIEH] MOBEPX-
HEB1 ¥ MPUPOAHI Teuli 3 ogHAKOBUMHU IIBUAKOCTIMU [4]. Ilicas ckumaHHS TPYyHTY
MIPU HASIBHOCT1 PB3HOHAINPABIIEHUX TEU1H BEPXHS YaCTHHA CTBOPEHOI XMapH 3aBUCY
MEePEMINTYETHCS MOBEPXHEBOIO TEUIEIO Y OJTHOMY HAIPSMKY, B TOM Yac sIK HUXKHS Ya-
CTHHA 3aBHCY PYXAETHCS B IHIIOMY HAIPSMKY.

BucnoBku. Crioci0 BUJaJeHHS TPYHTY 1 MICI PO3TAllyBaHHS 3BaJMII BKa-
3Y€ThCS Y TEXHIYHOMY 3aBJaHH1 HA BUPOOHUIITBO JHOMOTIUOIIOBAILHUX POOIT.

[Tpu pedynepromy crocobi BHIAIEHHS TPYHTY BUKOPUCTOBYIOTHCS IiJBOJHI
a00 HaABOMAHI 3BayMIa. [ TMOOKOBOAHI 3BajHUINA HE JIMITYIOTHCS CBOIMH €MHOCTSI-
MH, B TOM 4ac SIK MUIKOBOJHI — HE JIONMYCKAalOTh PO3JUBY (OOMUIIHHIO) KIHIIEBOTO
MMOHTOHA MIISIXOM TTOB’ I3aHHS 3 TIEPEMIIIICHHSIM 3eMJIECOCY.

[Ipu poboTI 3emiiecocy Ha YCIO IIMPUHY KaHAly 3Bajulla TPYHTY MO MOKIIU-
BOCTI Ha3HA4yalTh 3a TOK OpPOBKOIO, BiJl SKOI 3BAXKEHI YACTKU TPYHTY ab0 Bxke
BIJIKJIAJICH1 HA 3BAJIMIL HE TTOBEPTATIUCH IMiJ] BIJIMBOM BITPY 1 TeUii y mpopi3, 1o po-
3pO0JIIE€THCS, a HECTUCS 32 MEXKI Tpacy KaHaly.

HaiiGinpimra BigcTaHh Bi KIHIIEBOTO TMOHTOHA TPYHTOMPOBOAY (BiICTaHb Bij
3BAJIMINA) 10 HAHOIMKI01 OPOBKM 3aJICKUTh Bij CIIOCOOY TIEPEMIIICHHS 3€MJIECOCY
Ha TIPOPI3y, AOBXHHH 3eMjecocy (i1 TPaHIICHHOTO CIOCO0y THOMOTIMOICHHS),
BIJICTaHi, 110 MPOXOAHUTH 3eMJIECOC 0€3 TIEPEeXOay MIABYy4Oro TPyHTOTPOBOAA, a s
ManiJL0HAKHOTO CIIOCO0Y BOHA BCTAHOBITIOETHCS TEXHIYHUM 3aBJIAHHSM.
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[Tpu maniboHAXKHOMY CITOCO01 POOOTH MIBUAKICTh TIEPEMIIICHHS TPYHTOIPOBO-
Iy TIpY HAAMIPHUX 1 JIOCTaTHIX TJIMOWHAX Ha 3BAJIMINI TOBUHHA JIOPIBHIOBATHCS
MIBUKOCTI IEPEMIIIICHHS 3€MJIECOCY B3JI0BXK MTPOPI3Y.

[Tpu TpanmeHoMy crioco0l MBUIKICTh IEPEMIIIIEHHS TPYHTONPOBOY HA TaKUX
K IIMOMHAX MOBUHHA OyTH MEHII 3a IIBUJIKICTh MEPEMIILIEHHS 3eMCHAPSIa B3IOBK
TpaHIleld y CTUIBKHM pa3iB, CKUIBKHU TpaHIIed po3poOJIsIe€Thcs MO MIMPHHI MPOPI3y.
SKI10 rpyHT YKIIAIa€Thesl y ABA CYLUIbHI Bajid 2060 OlIbllle, MBUAKICTh MTEPEMIIIICH-
HSl TPYHTOIIPOBOJAY IMOBMHHA OYTH BIAMOBIAHO Olibie. Y IbOMY BHIIAJKy HE0O0-
X1THO CTEXHTH, MO0 3BAJMINA TPYHTY PO3TAIIOBYBAJIWCS HA 3aJlaHii BiJICTaHI Bif
PO3pO0TIOBAHOTO TIPOPI3Y 1 MO0 BajdM MEPETUHAIM APYT Apyra 0e3 CTBOPEHHS Mik
HUMU MPOTOKIB, KPi3b SIKI IPYHT TE€UI€I0 MOKE€ BUHOCUTHUCS HABIIAKH JI0 MPOPI3Y.

Ha MiJIKOBOJHUX 3BAJIMINAX 3 METOIO O1IBII MOBHOTO iX BUKOPUCTAHHS KIHIIEBUX
MOHTOH TMEPEMIIIYIOTh BisIonoi0HO. [[1s MoJjermeHHs 1 NpUCKOPEHHS poOIT 1o
pedyiIOBaHHIO TPYHTY Ha MUIKOBOJHHMX MICISIX PEKOMEHIYEThCS 3aCTOCYBaHHS
MIUJIKOCU/ISTYUX ITOHTOHIB.

Ha rimOokoBoHUX 3BANUIIAX Y MOPCHKOI YacTUHI KaHaty «JlyHaii - HopHe Mo-
pe» He 3axWIIeHMX BiJI XBUJIIOBaHHS, AaKTUBHO 3aCTOCOBYETHCS 3aBHCHO-
3aHYPIOIOYUMA TPYHTOIPOBI/I.
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YK 656.61.025(075.8)
IN'omxkos B.A., aninos K.C., Ciarora K.O.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
AHaJIi3 eKCIUTyaTaAliHHUX MOKA3ZHUKIB po00TH 0a/IKepa Npu nepeBe3eHHi
3aJ1i3HO1 py/H 32 MepuaiaHOM

Beryn. [Ipo6iema MOpCHKOTO TIepeBE3EHHS 3aIi3HOI PYIU TP 3MIHI KJIIMaTHY-
HUX 30H PI3KO 3arocTproeThes mifg yac pyxy 3 IliBaas no IliBHOY1 3a MepuaiaHOM 3
nekiapkox mpuumH. [lo-mepie, nns 3amobiraHHs KOpo3il BHYTPILIHIX MOBEPXOHB
OTOPOX TPIOMIB OPTaHI3y€ThCS TEXHIYHE KOHAUIIIIOBAaHHS TPIOMIB, Ha SIKE€ CTIOXKHU-
BaeThecs 5...10% 3aranpHOi cynHOBOI moTyxHOCTI. [lo-Apyre, MIKiIIMBUI BILTUB
MUTy BaHTaXy Ha HABKOJMIIHE CEPEJOBHUIIE, CYAHO Ta OOCIYyrOBYIOUUN MEepCOHAI
3MYLIYy€ 3BOJIOKYBAaTH BaHTaX Ha 2...6%, 1110 Moripirye NpoBi3HY 3/1aTHICTh Oaiike-
pa Ta miABUILY€e BUTpaTH naiausa. [lo-Tpere, 30UTbIIEeHHS BOJOTOHHAXXHOCTI 3aJ113HO1
pPYyIld IPU3BOJUTH JI0 OKMCHEHHS Ta 3aKHCIICHHSI aKTUBHUX METaJliB, TAKUX SIK Map-
ra”eip Ta 3ajiizo npu Bucokux Temreparypax (30...37 °C) 30BHIIIHBOTO MOBITPS,
[0 3HIKYE SIKICHI MOKa3HUKU MiHepaiy. [lo-ueTBepre, mpu HUZBKUX HETATHBHHX
TeMIlepaTypax 30BHIIIHBOTO CEPEIOBUIIIA B TPIOMaX I'paHyIbOBaHa 3aji3Ha pyna (3
po3Mipom rpanyi Bij 1,0 MM 1 OuTbIe) 3aMep3ae, 0 3MYIIY€E 3aCTOCOBYBATH Pi3HO-
r'O TUITY PO3ITyIIyBadi.

Jlist ctabinizanii TemIoBOJIOTICHOTO CTaHy Py Ta MOBITPS NOTPiIOHA HASIBHICTH
3aKOHIB YIPAaBIIIHHA MapaMeTpamMH MOBITPSHOIO CEPENOBUILIA Y BUIIISAL, 3pYUYHUM
JUIS TEXHIYHOI peaizalli, 3 oJHOro OOKy, 1 aJeKBaTHUM MpoliecaMm TEIIOBOro 00-
MiHy 3 iH1oro [1].

IlocranoBka npoOiemMu. 3a HeCHpUSATIIMBOI  KOMOIHAIIl mHapameTpiB
MIKPOKJIIMATy 30BHIIIHBOTO CEPElOBUINA 1 MIKPOKIIMATy TMOBITPS B TpPrOMax
BUHUKAE KOHJEHCAIlls BOJOTH 3 TPIOMHOTO IMOBITPsI HAa OTrOpPOKEHHSAX abo/Ta
BaHTaxi1. KoH/IEeH CaIlisl BOJIOTH CIOCTEPITa€ThCsl TOJI, KOJM TeMIEpaTypa BaHTaXY
BUSIBJISIETHCSL HIDKYE TEMIIEPaTypu TOYKH POCH TPIOMHOTO TOBITps. Taka cUTyarlis
MOYK€ BUHUKHYTH BHACIIIJIOK JOO0OBHUX a00 peliCOBHX KOJIMBAHb TEMIIEPaTypH, BOJIO-
roCTi Ta TUCKY aTMOC(EPHOTOo MOBITPS. 3a PI3KUX TOOOBHUX KOJMBAHbL 30BHIITHHOTO
noBITps (0cO0MMBO y O€3XMapHi JIH1) yA€Hb Nainy0a, MiAnaTyOH! TPOCTIp Ta BEpX-
HI IIApW BaHTAXy MiirpiBatoThes. [Ipu mepeBe3eHH1 3BOJI0KEHOTO BAHTAXKY YaCTHU-
Ha BOJIOTHM BUIIAPOBYETHCA Yy MIANATYOHUN TPOCTIP, MEPEBUINYIOYU TOUYKY POCH
TPIOMHOTO TIOBITPsI, & JIesIKa YaCTHHA BOJIOTH MITpYy€e BCEpEIUHY BaHTaXy, HAKOIH-
YyIOYUCh B OUIBII XOJOJHUX HOTO NUIAHKax. Y HIYHUW 4Yac Temreparypa arMmo-
chepHOro MoBITPs, & TAKOXkK OrOPOKYBaJbHI BEPXHI KOHCTPYKIII TPIOMIB OXOJIO/I-
KyeThbesl. SIKIIO 1X Temmeparypa cTaHe HIKYe TEMIEpaTypy TOYKH POCH TPIOMHOTO
MOBITPS, TO HA HUX OyJie KOHAEHCYBAaTHUCS Bosiora. BHACIIIOK IbOrO BUHUKAE KO-
pO3ist KOpITyCy CyJHA, a TAKOX JTOJaTKOBE 3BOJIOKEHHS Ta MCYyBaHHs BaHTaXy. YCi
Il TPUYMHH (TIPOIECH) 3HAYHO IHTEHCU(DIKYIOTHCS, AKIIO O TPIOMY MOTPAILIse
BUJIbHA BoJiora ab0 BOja BUIIIE 3@ MPUITYCTUMI HOPMH.

OxpiM TOrO, BOJIOTA, IO MITPYE MUISXOM MACOMPOBITHOCTI 10 HUKYHUX, OLTBII
XOJOJHUX IIapiB TMiJ BIUIMBOM TPAJIEHTIB TeMIepaTypu Ta KOHIIEHTpaIli,
MPU3BOAUTH 0 MEPEPO3NOALTY BOJOTH y Macl BaHTaXy Ta BUHUKHEHHIO Y MICLAX
MIBUIIEHOT BOJIOTOCTI BAHTAXY MOB3YYHX OCEPEIKIB 3JaTHUX JO 3CYBY BaHTAXKHOI
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MacH, KU BeJe A0 BTPATH OCTIMHOCTI Oajkepa Ta 1HIIMMU TSHKKHUMH HACH1IKaMU
JUISL eKIMaXKy 1 CyjHa Yy IIJIOMY, OCOOJIMBO MpH 30yPEHHSX IMITOPMOBOI M yparaHHoi
1HTeHCHBHOCTI. Taka ¢i13udHa IpUpPo/ia IepEeBE3CHHs BOJIOTUX CUITYYHX BaHTAXIB.

AHaJi3 ocTaHHIX AochaikeHb i myOJikaniii. 3 aHanizy HayKOBO-TE€XHIYHOI
miteparypu [2, 3, 4] BHUXOAUTH, IO 3POCTAHHS BUKOPUCTAHHS CHUCTEM KOH-
JUIIOHYBAaHHS TOBITPS I 3a0e3MnedeHHsT KOM(OPTHOCTI IMOBITPS B 3aMKHYTHUX
00’eMax CYXOBAaHTAKHUX CYACH HE TUIbKM 3HAYHO 30UIBIIYE CHOKUBAHHS HUMHU
eHeprii, ajie i JOKOPIHHO 3MIHIOE YCIO CTPYKTYPY €HEPrOCIOKUBaHHS, BUBOISIUN Ha
nepiie Miclle 0 €HEeProeEMHOCTI CUCTEMH KOHAMIIIOHYBAHHS MPH BUPIIICHHI MPO-
65leMu r100aIbHOTO MOTEIUTIHHA. 3a7a4a 30epeKeHHs y CUCTeMaxX KOHAUIIIOHYBaH-
HS TIOBITPS SBJIAETHCS YACTHHOIO 3arajibHO1 Mpo0iIeMu e()EeKTUBHOTO BUKOPUCTAHHS
€JIEKTPOEHEPTii.

JlocBi ekciutyartarlii CyJHOBUX CHCTEM KOHAMIIIOHYBAHHS MOBITPSI BKa3ye, 1110
ICHYIOY1 TEXHOJIOT1YH1 PIIIIEHHS! HE BKJIIOYAIOTh B3a€MO3B’SI30K TEXHOJIOTTUHUX CXEM
1 3ac0o0iB ympaBIiHHS HUMH IIPU [apaMeTpax 30BHIIIHBOTO (arMochepHOro) rmo-
BITpSI, 110 BIAPI3HAETHCA BiJ po3paxyHkoBux. OpHAK, BiJl peKUMIB ¥ Mepexoay 3
OJIHOTO PEKHUMY Ha 1HIIMKM y IEHTPAJbHUX TPIOMHHUX arperarax BUMAara€eTrbCs J10-
JaTKOBa aBTOMaTtu3allis. Buxoasuu 3 I1bOro, BUPIIICHE 3aBJaHHS IOB’S3aHE 3
BU3HAYCHHSM (DYHKITIOHAJIBHHUX 3B’S3KIB MK BX1IHUMHU Ta BUXIJTHUMU CUTHAIAMU Y
BUIJISI/II aITOPUTMIB BU3HAYCHHS Ta alITOPUTMIB pOOOTH CHUCTEM TEXHIYHOTO KOH-
JUIIOHYBAHHS MO TEMIEpPaTypl TOYKM POCH TPIOMHOIO MOBITPS 3 MIHIMAJIbHO-
HeMHUHYy4YUMH BuTpatamu eHeprii [1]. Cucrtema ympaBiiHHS T0OyJI0BaHa Ha
JBOPIBHEBINM CXEMI: HUKHINA pIBEHb BUKOPUCTOBYE KOHTPOJIEPH, & BEPXHINA — MEPCO-
HaJbHY OOYHMCIIOBAJIIbHY MallMHY. BepxHiil piBeHb MPU3HAYEHUN AJI1 yHPABIIHHS
OMepaTopoOM TEXHOJOTIYHUM MPOLECOM, a HUKHIA — MPOrpaMHO-IIM(POBUM YIIPaB-
JIIHHSIM 00’ €KTOM.

MeTtor pociaigaeHHsl CTaNO MiABUIIECHHS MPOBI3HOT 3JaTHOCTI CYXOBaHTAKHO-
ro CyJaHa MpU IIHUPOTHUX TIEPEBE3CHHSX 3aji3HOI PyAH, BPaxoBYIOUH T€, IO
IIPOBI/IHA 3/IaTHICTh XapaKTEePU3Ye TUIbKU MOTYKHICTh PyXoMoro ckiany. Bona 3a-
JEKUTH BIJ KITBKOCTI BaHTaXy W TATH, a TaKOX SIKICHUX IMOKAa3HUKIB 1X BHKOPH-
CTaHHS B KOHKPETHUX TEXHIYHUX, TEXHOJOTTYHUX a EKCIUTyaTal[ifHuX YMOBaX.

Marepiaju Ta pe3yJbTaTH 10CTIZKEHHs. Y [IbOMY JOCITIKEHH] aHATI3YETHCS
JIOCBi TiepeBe3eHHs 3ami3Hoi pynu y IliBnenno-Adpukancekoi PecryOmiku (opt
SALDANHA BAY) o6ankepom tumy «Keincaiiz» min HazBoro “THALASSINI
AVRA" nodynosanoro y 2010 poui y IliBnenniit Kopei 3 rabaputaumu po3mipamu
291,9x45x24,5 no n. Porrepmam (Himepnanau). Biactans Mix mopramu J10piB-
HioBaja 2909 Muiib, EKOHOMIYHA MBUAKICTH Oankepa 11,7 By3nu, mepiona nepexoay
10,5 116. KinbkicTs BanTaxy ckiaia 90 000 mt +10%.

['onoBuuit aBuryn Mitsui-Man B&W, moaent 7S65ME-C (Mark 7) 3 makcu-
MaJbHOIO MOTYXKHICTIO ¥ 17690 kWt mpu 90,5 obeptax (17690 kWt nipu 85,7 obep-
Tax) 3a0e3neuye MBUAKICTh CynHa: y BaHTaxl 13,3 By3nu; y Oanacti 14,0 By3nu i
€KOHOMIYHY IIBUAKICTH 11,7 By3mH.

CraH HaBKOJMIIHBOTO cepeaoBUlla OyB HACTYMHUM. Y MEpioJl 3aBaHTAXKEHHS
Temneparypa noiTpsa ckiagana 30...35 °C, Bomoricts — 85...92%, tuck — 1,013 6ap
+ 0,03%, Temneparypa 3aboptHOi Bonu cknana 28 ‘C = 3 °C. Y moprty po3BaHTa-
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KEHHS: TeMIiepaTypa NoBiTpsi konmBaab Bif + 4 °C go -15 °C, BimHOCHA BOJIOTICTh
BiL 70% 1o 55%; tuck konusascs Bin 0,982 6ap no 1,018 Gap, a remneparypa 3a-
6optHoi Boau Big +12 °C no 4 °C.

3amizHa pyna IliBneHHO-A(pPUKAHCHKOT PECIyONiKM TMOCTAYa€ThCs Y BUIIISAI
rpanyn giamerpis Big 1,0 MM (3,5%) 10 6,3 MM, minsHicTio 2,0...2,15 M1/M3, BO-
gorictio 2,19% wmana HactynmHuii BwmicT: Mapranus 38...48%; 3amiza 4...20%;
kpeMHo3eMy 5%:; ¢hochopy — He3HAUHA KIJIBKICTb.

Pimennsi. [IpoBi3HAa 3MaTHICTh CydHA 3aJICKUTH BiJ: BaHTAXXOIIIHOMHOCTI
CynmHa Ta 1l BHKOPWUCTAHHS, WIBHUAKICTb XOIW CyJHA Ta TEpioay IMEepexony,
MPOTSDKHOCTI NUISIXY IJIABaHHS Ta 9acy 3HAXO/DKEHHS CyJHA TIiJ BAaHTOKHUMH I
AonoMibKHUMH onepamnisiMu. OTke, TPOBI3HA 3JaTHICTD SIBISIETHCA (PYHKIIIEIO Py
smiaapx: 1, = QI = f(D;, Ly, Vi, My, L), 1e Q — kibKicTh BaHTaxy, Muii; D, —

BAHTAXKOMIAMOMHICT cyAaHa (¢i3uuHa,T; Lp — KOE(IUIEHT BUKOPUCTAHHS
BAaHTAXOIMAHOMHOCTI, SKHM BHU3HAYA€ThCA BigHOmEHHSIM Q/D,, BIIHOCHUX
ONMMHMIL;, Vy — cepeaHboo00Ba IMIBUAKICTh, BYy3iIuM; Mb — BajoBa HOpMa

BaHTAXXKHUX POOIT, T/Tox; L — 3aranbpHa nUCTaHIlis MPOiAeHa CYTHOM, MUJIL.

B yMoBax mpocToro KOpOTKOro Mepexoay MpOBI3HA 3AAaTHICTh CyJHA CTa€
nocriitaoro: Il; = D,L = QL, torna mumi, To6To 11, = 90000x2909 # 92541x2909.
Jiist 3a6e3nedeHHs] YMOB PIBHO3HAYHOCTI BBEAEMO KOe(DIIIEHT MPOBI3HOI 3/1aTHOCTI
CyJZlHa 32 GOPMYJIOLO:

1 =(QL/ D, /L)x100% =97,25% (1)

3 ypaxyBaHHSM TOro, IO BaHTaX MiJ 4Yac 3aBaHTaXCHHS 3BOJIOKYBaBCS Ha
2,19% Ta BumiptoBaBcs 3 noxuokoro £10%, To 7, Oyne konuBatucs Bix 85,4% mno
97,25%.

Opnak, ciij 3a3HaYuTH, O NPH 1€albHOMY 3Ba)KyBaHHI 3arajbHOi pyJu B ii
3araibHOMy 00’emi 30cTtaeTbest MiHiIMyM 2000 TOHH BOIH, SiKa Ha MPOTSA31 PEHCy,
MITPYIOUH B 30BHIIITHE CEPEOBUIIE, MOXKE HAKOMUYIYBATHCS 1 BUMAraTH OCYIICHHS
BAaHTaXy Ta TPIOMHOTO MOBITPSI.

JIsi BU3HAUYEHHS TPAaHUYHO-TIPUITYCTUMOTO CTaHy TPIOMHOTO TIOBITPSI CKOpHU-
CTAEMOCSI TEOPIE€I0 BOJIOTOTO TOBITPS Tpu atMochepHomy THCKY [1]. B mpomy
BUITAJIKY TeMIiepaTypa Touku pocu noBiTps ("C) JOpiBHIOE:

t, =142,2(1-0,44,(0,051-In(¢P, )))

7€ ¢ — BIAHOCHA BOJIOTICTh TOBITPS, BIAH.OJWH; P, — THUCK HACUYCHHS BOJU B
noBiTpi, 0ap. TUCk HacCMUYEHHST BU3HAYAETHCS 32 (POPMYIIOLO:
P, =0,0061(1,075/1,000255') (3)

ne t — remneparypa nositps, “C.

Cknagemo Tabnuito 1 aJ1si BU3BHaAYEHHS CTaHy BOJIOTOIO MOBITPS B TpIOMax
CyJIHa.
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Tabnums 1. 'pannunuil cTan TPIOMHOTO MOBITps Oasikepa

IlapameTpu 30BHIIIHBOTO NOBITPA | t_, °C TexHonoriunuii nmporec
t,C o, % P,,6ap |t,,°C OCYIICHHSI | BEHTHJIALIS | KOHIUI[IOHYBaHHS
35 92 0,05624 | 33,6 32 + - +
-15 55 0,00191 | merarusHo | 4 + - -
12 70 0,0140 6,9 12 - + -
BucHoBku. Pe3ynbraté CriocTepeXeHHs Ta PO3PaxyHKIB BKa3ylOTh HA HU3KY

TOYHICTh BUMIPY Bard BaHTaXy, 3HAUHWA HETATUBHUU BIUTUB 3BOJIOKCHHS 3aJ1i3HO1
pPYIH Ha MPOBI3HY 3/1aTHICTh CyJTHA Ta KOHIUITIOHYBAaHHS BaHTAXY.

PesynpTaTn HaOMMKEHUX PO3PaxXyHKIB 3BEPTAIOTh yBary Ha HEOOX1JIHICTh yJI0C-
KOHAJICHHSI TEXHOJOTIYHUX MPOIeCiB 0OPOOKHU MOBITPSI CUCTEMH TEXHIYHOTO KOH-
JUITIOHYBAaHHS MOBITPSL Y HAMPSMKY CIIOCOOIB Ta 3aC00IB BUMIPY TEMIIEpAaTypH TOY-
KU POCHU TIOBITPSL Ta CTBOPEHHs (HOpPMasli30BAaHUX aJTOPUTMIB YMPABIIHHS ITUMHU
IPOLIECAMHU.
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YK 629.5.054.03-027.236(045)
Penreunknii I1.B. Benmuka O.1.
[HcTuTyT BilichkoBo-Mopcebkux Cun HaiioHanbHOTO yHIBEPCUTETY
«Onecbka MOpChKa akaieMish»
TeopeTnuHi aceKTH BUKOPUCTAHHS MOHOBJIEHHMX JIZKepeJi eHeprii Ha
MOPCHLKOMY TPAHCIIOPTi
3rigHo 3BiTy Komicii OOH 3 toprisumi [1],6116m80% cUpOoBUHU Ta TOBapiB Mepe-
BO3UTHCS MOPCHKHM TpaHCIOPTOM. TeHIEHIIII0I0 MOPCHKIX TIEpPEeBE3€Hb CBIAUATh
npo 30UTbIIEHHS iX 00’€MiB B MailOyTHhOMY.BpaxoByroum, 1o MOPCHKI CyAHa B
CKJIaJ[i CBOIXITPOITYJIbCUBHUX YCTAHOBKAX BKJIIOYAIOTHh TEIJIOBI JBUTYHH, SIK1 € OJI-
HUM 13 JoKepenoM 3abpynHeHHs atmochepu.llposenennii B 2015 poui B Ilapmxi
KJIIIMAaTUYHUN caMiT npenctaBuB CBITOBIA CHUIBHOTI CTPATEriyHI HANpsIMU 3MEH-
IIEHHS BUKUIB [2].BOHM MOJISITalOTh Y CKOPOUEHHI BUKHU/IB TAPHUKOBUX Ta3iB Ha
40% (mopiBusaHO 3 2008 pokom) 10 2030 poKy Ha MOYATKOBOMY €Talli, a MOTIM Yy J10-
carHeHH1 50% ckopouennst 1o 2050 poky. Jlyis MOCATHEHHSILOTO, HAYKOBII Ta
koMmitetd IMO mocTiiiHO Mpalloe HaJl MOITYKOMA0oO yIOCKOHAJICHHSM 3aX0/11B 3HU-
KEHHSI TEXHOT€HHOTO BIUIMBY Ta €HEProe(peKTUBHOCTI OOJaHAHHS Ta MEXaHI3MIB
CYJTHOBUX €HEPIreTUYHUX YCTAaHOBOK, 30KpeEMa, MPOMYyJIbCUBHUX YCTaHOBOK.
Hapasitpagumiiiai ciocoou miasuiieHHAKK[npornyibCUBHUX yCTaHOBOKIIPAK-
TUYHO JIOCSITa€ CBOEI MEXI1, TOMY JJisi pO3B’sI3aHHS 3aBJaHb, 1[0 BUHUKAIOTH 1 3a-
TOCTPIOIOTHCS,HAYKOBII IIIYKalOTh 1HHOBAIlIMHI pimieHHs[3].OqHuM 3 pUKIagiB Ta-
KHX PIIIEHb € M0sIBa TEXHOJIOT1H, sIKI BAKOPUCTOBYIOTH IOHOBJIEHH] JKepena eHeprii
IUTst 3a0€3MeUEHHs PyXy CyAHa, 30KpemMa €HEPrito BiTpa.
B sxocTi npuknaay 1o Aa€ ysSBICHHS MPO €Hepriio BiTpa(puc. 1),po3riasiHemMo
SBHIIE, IKE Ma€ YMOBHY Ha3By «EQeKT 3aTOKm».

Wind bends around the bay and increases
at the downwind end of the bay

Pucynok 1. — ImocTpartist 3MiHU MIBUIKOCTI BITPY Y 3aTOII1

BoHo mosisirae B TOMy, 110y BETUKHX OyXTax BUTHYTOI (POPMHUIIPU B3AEMOJIL
BITpY Ta OeperoBoi JiHII MOTIK BITPY, 10 OOTIKaE y30eperoKs, CTUCKAEThCS 1 IMO-
BITPSIHUI MOTIK TIOBEPTAETHCS B3JI0BXK OEperoBoi JiHii, [0 B JAHOMY BUITAJIKy MOXKE
MOCWJIMTH BITEP Maibke Ha MOPANOK (11 SBUIIEC HAMOUTBIT MPUTAMaHHO 3aX1THOMY
y30epexoki Tuxoro okeanyy IliBnennoi Amepwuiii).

Haii6inpmr nmommpeHuMy Ha AaHWN 9ac TEXHOJOTISIMH Ha MOPCHKOMY TpaHC-
MOpTi, SKI BUKOPHCTOBYIOTH €HEprit0 BITpYy €: TexHojorisSkySails, konmemniis
«mypoonapycy. 11 TexHosorii (KoHuemniii) OyayrThCS Ha MOSAB1 MiAMOMHOI CHUJIH,
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SIKa CTBOPIOETHCS Y BIATOBIAHOCTI O OCHOBHMX (DI3MYHMX 3aKOHIB (a€pPOJIMHAMIKH,
3aKoHaM 30epeKeHHS MacH, 3aKOHaM 30€peKE€HHS MOMEHTY IMIYJbCYy, TOIIO) Ta
PI3HMIII THCKIB MiJ 4ac oOTikaHHA mnpodiato.Bumienaseaeni ¢akropu mosic-
HIOIOTBH,90MY TexHouiorii SKySailsS cymaHOBOro BITPWIIBHOTO PYIIiS Y BHIJISII
kite(mpu3HaueHuid U MEepecyBaHHS IUIaB3acO0IB HA BOJHUX IMPOCTOPAx) MOYalld
BCE YacTillle BAKOPUCTOBYBATUCS HA MOPCHKOMY TPAHCIIOPTI [4].

Ha choromuimiHii 1eHb € JeKiTbKa KOHCTPYKTUBHUX pilieHb Kite (puc.2): napa-
¢otin (i3 3aMKHYTHM BHYTPIIITHIM IIPOCTOPOM ) 1 hrroyghopm.

a) kite—xoucrpykuiinapagotin 6) — kite xoncrpykuii gproyghopm i3
MiABIIIEHOO (POTOKaMEpPOro
Pucynox 2 — Ipukiaa KOHCTPYKTUBHUX pIllIeHb, 110110 Kite.

Cniz 3ayBayKuTH, 110 JaHHI KOHCTpyKIIiiKitee 6e3kapkacHUMHU, TOOTO HE MArOTh
y CBOTH KOHCTPYKIIi1 ’)KOPCTKUX YACTHH 1 MOBHICTIO BUKOHAHI 3 TTOBITPOHETIPOHUKHOT
TKaHWHH.

3 mpeacTaBiICHUX KOHCTPYKTUBHUX PIllleHb 010 Kite HaWO1LIbl eeKTHBHUMU
€, KOHCTPYKTHUBHA (opMa —¢hoypopm3aBasku nepeadadyBaHiid migHOMHIN cuill Ta
CTaOUIBHOMY TMOJIOKEHHIO y TOBITpsIHUX TNoTokax.Ha puc. 3mpencraBiena cxema
BUHUKHCHHS IMITHOMHOT CHIIM KaluTy TNy ¢hroygopm[5].

Tiaftosmma owva

Tara o

Tlomin wan wadirose
s
=~

Pucynok 3 — Cxema BUHHUKHEHHS MTiaioMHO1 cuiu (Kitetumy ¢hoyghopm).

CaMme Taki KOHCTPYKIIi, SIKI BUKOPHUCTOBYIOTh €(heKT Kpmiia [6], 3a0e3meuyroTh
3HaYHYy CWJIy TATH Ta CTaOUIBHICTh PyXY Y MOBITPSHUX MoTOoKax.Cuia TSIru Moxe
OyTH MakCUMi30BaHa KiJIbKOMa CIioco0aMu:

3a paXyHOK MPUCKOPEHHS MIBUJIKOCTI MOBITPSIHOTO MOTOKY (sKa, 37€01IBIIOTO, €
IIBUJIKICTIO BITPY);

301IBIIICHHSIM IUIOII TOBEPXHI 00’ €KTa;

MPUCKOPEHHIMBIIACHOI IIBUAKOCTI 00’ €KTa B MOBITPI,

HapenITi, 3MiHOK (HOpMUOO’EKTA.
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[TpoGnemoro 3anuIIaeTbesi BUPIMICHHS ONTUMI3AIIHOT 3a/1a4i 010 ONTUMAITb-
HOi (opMu KOHCTpyKIii Kiteta iioro xapakrepucTukamu (IiHOMHA CHIIA, TATOBE
3YCHUJLJISA, TOIIIO).

Jliis po3paxyHKy MmigidoMHOI cuin KiteéB OLIbIIOCTI BHITaJKIB BUKOPHCTOBYIOThH
BiJIoM€ PIBHSHHS bepHyi1l 3 ypaxyBaHHSIM IEBHUX KOPETYBAJIbHHX Koe]ilieH-
TiB[6].

Ha puc. 4 300paxeHo cxeMy po3paxyHKy HalpsMKy Ta BEIMIHMHH TATOBOI CHIIH
s Kite Big kyTta ataku.3 puc. 4 MOKHA MOOAYUTH, 0 KOJIK BiTEp AME Y KPHIIO, TO
piBHOJIIOYA CHJI, IKa BUHUKA€E, MOXe OyTH pO3KJIaZieHa Ha JBl CKJIAJI0BI — BEpPTHUKa-
apHY P 1 ropuzontansay Q. Came 1i ckinanoBi 1 3a0€3MeuyroTh MiaioM Kpuia i Horo
MOJIaJIbIINUN PyX Y MOBITPI.

T P=0.04%V%*=+S

Pucynok 4 — Cxema cuJi, 1110 BUHHKAE ITi]1 yac 0OTikaHHs moBiTpsam kpuia (Kite):P — migiio-
MHa cuia; Q — moboBwuit omip; R — piBHoxiroua cun P 1 Q; o — KyT araku (KyT MK MOBEPXHEIO
KpWJia 1 HampsIMOM TMOBITpsSHUX MOTOKiB); 0,04 - po3paxoBanuii 1006yTok koedimienta 0,32 (pu
KyTi aTaku 10-15 °) Ha MacoBy mimbHiCTB MOBITps; p=0,125 kT * ¢ 2/ M % MacoBa IIIBHICTH TTO-
BiTpst; V - MIBUAKICTB BITPY (M / ¢ ); S - myomia 3mis (M?).

Kopucha nigiioMHa cuia ckiiajiae miaioMHy CUJIy 3 BUpaxyBaHHSM MacH ca-
Mmorokite Ta Tpocy./lns po3ymMiHHI BIUIMBY IIBUIKOCTI BITPY Ha MIAHOMHY cuiy kite
OyJiu POBE/ICHH1 OOYUCIIEHHS Ta 3BE/ICH] B TaOIHITIO 1.

Ta6muns 1.

[IBunkicts BiTpy, M/c | 1 2 3 4

[TigitoMHua cuna, H/M?

[IBuaKicTH BITPY, M/C

C . 2
[ligfiomHa cuita, H/M 8 3 8 8 0,2 1,6 3 4.4 6

[IpencraBneni po3paxyHKOBI JIaHHI, BUKOHAHHI mpu KyTi «arakm» — 10 — 15
rpan. Ha puc. 5 300pakeHO 3aneXHICTh BEJIMYMHU TATH Ta i1 HANPSMKY BiJl KyTa
aTaKu.

[TomapaHueBOIO JIIHIEIO HA PUC. TO3HAYEHO MOJIOKEHHS Kpuita Kite

Hopmanbauit KyT aTaku, MakCUMaJIbHA MIBUJIKICTh, MAHOM Ta MOTY>KHICTh.

3MEeHIIeHHS KyTa aTakH, 10 MPU3BOAUTH JI0 MAAIHHS IIBUIKOCTI, MiTHOMHOI CHIIM Ta MOTY-
YKHOCTI.

3aBeNMKUIl KyT aTaku, 110 MOKE MPU3BECTH 0 €(EKTy 3YIHHKH.
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Pucynok 5 — Cxema 3aeXHICTh BETUUMHH TATH Ta 11 HAPSIMKY BiJ KyTa aTaku.

VY BUMNaaKy BUKOPHUCTAaHHS Ha MOPCHKHX CyJIHAX BHCOTa migiomy Kite moxke Oy-
TH 301b11eHa 10 300 1 Oinblne MeTpiB HaJa MoBepxHEr Boau (puc. 6). Ilpu oMy
pobounii Jiarma3oH BITPY 3HAYHO 3O0UIBIIYETHCS, IO MPU3BOIUTH BIATIOBIIHO JI0
301JIBIIICHHS TT1IHOMHOI CHJIH.

[IIBuaKICT BITPY Ha 3a/1aHINl BUCOTI OOYUCITIOETHCS 3a (DOPMYIIOI0

h,\*
v =V (3)
1

ne Vo— MBUAKICTH BITPY (M/C) Ha 3amaHiit BUCOTI hy (M),

V1— BUMipsiHA MIBUAKICTH BITPY Ha BUCOTI Ny,

0— KOE(]IIIEHT, 10 3aJeXUTh Bl TUITY MICIIEBOCTI, /1€ MPOBOJUIUCI BUMIPH
MIBUAKOCTI BITPY,3HaueHHS KoedilieHTa o 1exuTh B Mexkax 0,1 — 0,6

|
Haight [m] +45 % Wind Veloaty

+200 % Wad Power

400 Dus 10 Heght
Wind Qradient Curve

Hetman Bponestial)
309

Pefgrance Pomts from
200 ANO! Bemarch Flatform

420 N Wine Velosty

_-__---___1--____--

| '
Wind Velodty |%)

T

Pucynoxk 6. — Cxema3MiHU IIBUAKOCTI BITPY BiJ BUCOTH napiHHA Kite

Cnin BU3HAUWTH, IO BUTPATH HAa MOHTaX Ta HAJIATO/KCHHS YCTAaHOBKH [8]
kitena cyaHi € qOCTaTHBO 3aTPATHUMHU TaCKJIaaar0Th mopsaky 1 mut €. 3 iHmoro 60-
Ky, po3paxyHku ['amOyp3bpkoi kommanii SkySails mokasyroTh, 1m0 OAMH KiJloBaT
eHeprii 3a ToAMHY KOIITYBaTMME BCHOTO INICTh IEHTIB — YBidUl JEIIEBIIE 3a
€HEPrilo, 0 OTPUMYEThCA BIJ qu3elbHOrO ABUryHa B ckiaai I'EY, mpu upomy exo-
HOMISI MAJIMBa CTAHOBUTH 2,5 T/7100Y.

3aBAsKkU CBOIM yHIBEpCalIbHIM 1 KOMIAKTHIM KOHCTPYKIII 3 BUKOPHUCTAHHSIM
HOBITHIX TeXHOJIOT1H cucTteMa SkySails Moke OyTH BCTaHOBJICHA HA P13HU THIIH CY-
JieH 0e3 3HayHuX 3MiH. [le MoxHa poOUTH SIK Ha HOBHX CYJHAX, TaK 1 ICHYFOUHX.
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3a manmmu kommanii SkySails GmbH & Co. KG, 3arambHa KUTBKICTh TPOIIICH,
BUKH/IIB Ta IMaJiiBa, 3a0Ila/pKeHa iHHOBamiiHO0 cuctemoro SkySails ma 2019 pik
cknanael9]:

— SKOHOMISI BUTpaT Ha maauBo — 4 1mpa. $;

— 3meHmeHHs Bukuais CO;, — 290000 TowH;

— ekoHoMis anuBa ckiana — 91000 ToH.

Bnacigok nmpoBeieHoro aHaaizy IHHOBAIIMHKUX MOTJISAIB Ha TPoOJIeMy BUKOPH-
CTaHHsI €HEPTii BITPY Ha MOPCHKOMY TPaHCTIIOPTI MOXHA 3pOOUTH BUCHOBOK:

1. HaWO1IBIT MOITMPEHUM PIIIEHHSM, SKE 3HANIIUIO 3aCTOCYBaHHS HA MOPCHKOMY
TPAHCIOPTi, € MOBITPSHI CHCTEMH Pi3HUX KOHCTpYKIiH Kite, 30kpema, TexHOIOTis
SkySails;

2.JI0CBiT BUKOpHCTaHHs TexHoJorii SKySails Ha MopchkoMy TpaHCIIOPTi, BKa3ye
Ha JJOCTAaTHbO BUCOKHI €KOHOMIYHMI €(eKT, AK1i J03BOJISIE MIOBEPHYTH BKIIAJICHHI B
1[e PIIIEHHS KOILITH MPOTITrOM JO0 2 POKIB 32 paxyHOK €KOHOMIl MajguBa. 3 1HIIOTO
00Ky, 11€ TPU3BOUTH /10 3MEHIIICHHS IIKIIJTUBUX BUKHU/IIB Ta MAPHUKOBUX r'a3iB;

3.yI0CKOHAJIEHHS TE€XHOJIOT1i, MOKJIMBO 32 PaXyHOK JOCII/DKEHHS Pi3HUX (HopM
kite, a came MoOIIyK ONTUMYMY MK BUTpPAaTaMd Ha BHKOPHCTAHHS CHCTEMH Ta ii
e(EKTHUBHOCTI (301JIBIIEHHS TATOBOTO 3yCHUJUIA MPH MIN Maco-rabapuTHUX MOKa3HHU-
KaX. TOIIO).

CIIUCOK BUKOPHUCTAHOI JIITEPATYPU

1. Vindskip — a greener and more cost-effective future for shipping. >xepemno:
https://www.ship-technology.com/features/featurevindskip-a-greener-and-more-
cost-effective-future-for-shipping-4583928/

2. Enercon E-Ship- the wind-hybrid commercial cargo ship. xepeno:
https://www.stg-online.org/onTEAM/shipefficiency/programm/06-
STG_Ship_Efficiency 2013 100913 Paper.pdf

3. MutocoB M.B. Pexumbl paboThl ¥ aBTOMAaTH3aIUsl MPOMYJIbCUBHOTO KOM-
IJIeKca Terioxoa ¢ BerpoasmxuTesnieMm / M. B. Mutocos. — Onecca : OKDA, 1996.
— 256 c.

4. SkySails propulsion system for cargo vessels. xepeno: https://skysails-
group.com/wp-content/uploads/2021/05/SkySailsMarine Brochure EN_web.pdf

5. HoBukoB A.M. Oxean u okeanorexuuka/ A.. HoBukoB [u ap.]. — CeBacro-
nonb: uznarens JI.FO. Kpyuunun, 2010. — 436 c.

6. Ennukiioneniss cyaHoBoi eHepreTuku : miapyd. / B. M. T'opOoB [Ta iH.]. —
Muxomnais : HYK, 2013. — 607 c.

7. KproukoB 10.C. Berpoxoasl atomHoro Beka / FO.C. KproukoB [u np.]. — Hu-
KoJiaeB: uznarenb TopyOapa, 2014. — 348 c.

8. https://www.enercon.de/fileadmin/Redakteur/Medien Wirtsild to collaborate
with Anemoi Marine Technologies in future sales of Rotor Sail solutions.

9. Eanukronenist cyaHoOBOi eHepreTuku: miapyd./ B. M. I'op6oB [Ta iH.]. — Mu-
koxnaiB: HYK, 2013. — 607 c.
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HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

IIpo6semMu epeKTUBHOI eKCIIyaTallil JIyOPUKATOPHUX CHCTEM CYJTHOBHUX
IH3eJIiB

[TepeBa)kKHUM THUTIOM TOJIOBHOT CHJIOBOT YCTAHOBKH MOPCHKHX CYJICH € JHU3EIbHI
JIBUTYHH — OJTHI 13 CaMHX JOCKOHAJIUX TEIUIOBHX NBUTYHIB. CymTHOBI qu3eni 3a0e3-
NEeYyIOTh BHCOKY arperaTHy MOTYXHICTh 1 €KOHOMIYHICTb, BEJIMKUH MOTOpecypc 1
MO>KJIMBICTh 3aCTOCYBAHHS P13HUX MMAJIUB.

HaniifHicTh 1 TOBroOBIYHICTh POOOTH CYAHOBHUX JIHU3EIIB y BIJIOMiM Mipl BHU3Ha-
YaeThCS MIBUAKICTIO 3HOCY AeTallel HUIIHAPO-TOPUTHEBOT IPYTIH.

YacTkoBO 111 MUTaHHS BUPIIIYIOTHCS IIISXOM:

- MABUILIEHHS 3HOCOCTIMKOCTI IMJIIHJIPIB, MOPITHEBUX KIJEIb 1 MOPIIHIB, IILIs-
XOM 3aCTOCYBaHHS BUCOKOSIKICHUX MartepiajiiB, HAHECEHHS CHellalbHUX MOKPUTTIB,
I1JIBUIICHHS MIITHOCTI TOBEPXHEBUX IIapiB MaTepiay;

- BUKOPHUCTAHHS BUCOKOSIKICHUX IWJIIHAPOBUX MACTWJI, IO MICTSThH CHEIlalibHI
MPUCAAKHU (IPOTUKHUCIOTHI, AaHTUKOPO31iHI i 1H.) Ta IXHI KOMIO3HUII].

OpHak, OMTHUMHU 3 OCHOBHHX IHTaHb, ITI0 TPAIOTh MEPIIOPSAHY POJIb Y BHU3HA-
YeHH1 TEPMIHY CIYy>KOW LMJIIHIPO-TIOPIIHEBOI I'PYNH, € MUTAaHHA OpraHizamii Ma-
HICHHS 11 TePThOBUX MOBEPXOHH [1].

Sk mokasye ekcrulyaTallisi CyJHOBUX JBUTYHIB, 3aBHUIIEHI BUTPATH MacTHJIA
IPUBOJATH 10 301IBIICHHS MPOAYKTIB MOTO BiANPAIlbOBYBAHHS, BIIKIIAJICHHIM Ha
JeTaJsIX [MWIIHIpa, Y TPOAYBHUX BIKHAX muiHpa (puc.l), y mpoayBHOMY pecuBepi
i1 y BUIycKkHOMY TpakTi [2]. CriocTepiraerbes MiJIBUIIICHE CKUIAHHS MacTHJIa B TO-
POKHUHY TI1]] TIOPIITHEM.

Boanouac, HemocTtaTHs Tojladya MacTuia CIYXUTh MPUYMHOIO TOPYIICHHS
LIJTICHOCTI MAacTWJIbHOI IUNIBKM Ha poOOYld MOBEpPXHI UWJIHAPA W BUHUKHEHHS
HamiBCcyxoro abo cyxoro TepTs (TosiBa AISTHOK CyXOi MOBEPXHI Ha MOPIIHI U J13ep-
KaJll UAIHApa, nosBa "cyxux kuteup'). IloripuryeTbcsi pyxjiauBICTb, BIIOYBA€ThCS
3aIleMJICHHS 1 IPUTOPSHHS MOPIIHEBUX KUIEUb.

Ile cynmpoBOMKYETHCS IHTCHCUBHUM 3HOIICHHAM [3], a iHKOMM ¥ "3amupaHHsIM"
TEPTHOBUX IMOBEPXOHb, IO TMPHU3BOJAUTH 1O BHUMYIICHHX 3YIUHOK, 3HIKYE
HaAJIMHICTh 1 MOTOpEcypc au3eniB. BinOyBaeThCsi MpoOpHB rasiB 1 ICKOp, a TAKOXK 3a-
TOPSIHHS MACTWJIBHUX BIJKJIQJIEHb Y MIOPOKHUHI ITi]T TTOPIITHEM.

Jli1s epeKTUBHOTO 3aXUCTy BTYJKH BiJ KOPO3IHHOIO 3HOIIYBAaHHS - HEUTpami3y-
104l BJIACTUBOCTI MAaCTUJIHLHOI TUIIBKM TMOBUHHI OyTHU JOCTaTHIMHU HE TUIBKU B paiio-
Hax BUXOJly MacTuja, ajie i MK HUMU. TUM yacom, MUTaHHS, PO3MOIIIIN MacTuiIa i
CBOEYACHOI 3MIHU MOT0 Ha J3EpKaji IMIHApPAa BUBUCHE HEIOCTAaTHLO. PO3B’s13aHHS
I[OTO MHUTAHHS € KIHIIEBOIO METOI0 €(EeKTHBHOI OpraHi3ailli MaImieHHS IMIHJpPA.
Came B IbOMY pIlIEHHI KPUETHCS MOKJIMBICTD 1ICTOTHOTO 3HM)KEHHS 3HOCY, BlIKJIa-
JICHb Harapy 1 BUTpaTu AePIlUTHUX ITIHAPOBUX MacTui [4].
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Puc.1. BigkiageHHs: Ha MOBEPXHSIX TOJIOBKH ITOPIIHS TAa HATUPAHHS

Ha J[3epKaJTi BTYJIKH

[le muTaHHA 3HAYHO 3QJIEKUTH BiJ KUJIBKOCTI TOYOK MaieHHs. [IpuponHo, yum
iX OUIBIIE, TUM PIBHOMIPHIIIE PO3MOALIUTECA MACTHIIO 1 3HOCH JI€TAJIEH HHIIHAPO-
MOPIIHEBOI TPYNH OyIyTh MEHIIUMH. AJjie 30UIbIIEHHS YKClia ITYLUEpiB, IPH Ipar-
HEHH1 0 MIHIMaJIbHOI M0J/Ia4l MacTWJia, BUKJIMKAE YTPYJAHEHHS B MOr0 J103yBaHHI.
[IparHeHHs pO3TalIOBYBAaTH MAaCTWJIbHI KaHAIM B palilOHaX BEPXHIX 1 HUKHBOI MEepT-
BHUX TOYOK (B.M.T. 1 H.M.T.) MOB'sI3aHE 3 MOXJIUBICTIO M0/1ayl MacTuia Mpyu HaWMEH-
[IMX MIBUJIKOCTSX IOPILIHS.

VY cydyacHMX MAacTUJIBHUX CHCTEMax I[ojaya MacTWja B ILITYLUEpPH OJHOTO
MUJTIHAPA PO3MOJIIJIEHA 32 YacOM, TIPH 1IbOMY BEJIMYMHA TOPIIii MacTUiia CTAHOBUTH
2...8 mm®. KpiM Toro, nepio Mi’k HarHITAILHUMHU XOJAMM ILTYH)KEPa, 3aJI€XKHO Bil
KOHKPETHOI KOHCTPYKIIi NPUBOy CTAHOBUTH BiJ IBOX O BOCBMU 00€pTIB KOJIIHYA-
croro Bana [3,4].

[le y cBoro yepry He AO03BOJISIE OpraHi3yBaTd (ICHYIOUMMHU CHUCTEMaMH) peEry-
JSIpHE 1 pIBHOMIPHE HAJXOKEHHS MacTUiIa 10 TOBEPXOHb TEPTH.

3acTocyBaHHS HaJIyBaHHS 1 BUKOPUCTAHHS Ba)KKOTO MaJlMBa B CYJHOBHX JU3€-
JSX TPU3BEIO 0 3MIHM KOHCTPYKLIA MAacTWIbHUX wITyuepiB. [lpu migBuieHH1
HaJIyBaHHS 30UIBLIYIOTBCS TEMIEpaTypd BTYJOK 1 Tra3iB, 110 MNPU3BOJIUTH [0
HehTpamizauii JXHUX TPUCAZIOK MACTHIIA 1 BIOKJIQJACHHAM TBEPAUX YacTOK Yy
BUXIJIHOMY KaHaJl 1, IK HaCJIiJOK 1IbOT0, MOPYIICHHIO peXUMY MateHHs. /s 3Hu-
’KEHHsI TEPMIUYHOTO BIUIUBY Ha MACTWJIO, IITYLEPU CTalM PO3TALIOBYBAaTH OJIDKUE
710 MICII BUTIKAHHS MacTWIa B MWJIIHAP, 110 3MEHIIIIO Yac 3HAXOHKCHHS MacTHjia
B 30HI BHUCOKHX TEMIEpaTyp MDK IITYIEpOM 1 BHUXIJHUM OTBOPOM Ha A3EpKaii
IAJIIHIpA.

VY cydacHHMX AM3ENAX, U0 MPaIOTh Ha Ba)XXKKOMY IMajiMBi, OCOOJMBY YyBary
3BEPTAIOTh Ha MICIS PO3TAIIyBaHHS TOYOK MAIICHHS, IXHIO KIJIbKICTh 1 KOHCTPYKIIIIO
pO3noAUIbHUX KaHaBOK. CIliJl 3a3HaYUTH, 1110 ISl 3MEHILEHHS TEeIJIOBOTO BIJIUBY Ha
UMWIIHAPOBE MACTHJIO JO HOro HAAXO/PKEHHS B IMIIHAP BBAXAETHCS KpALIUM
pPO3TaIOBYBATH TOYKM MAlIEHHS! B HUKHINA YaCTUHI BTYJIKH.

OcTaHHIM YacoM HaMITWJIUCS TPH HANpPSIMKA PO3BUTKY CHCTEM MalllCHHS
IWJIIHJIPIB CYJTHOBHUX JIBUTYHIB:
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- MOJIEpHI3aIlisl YUHHUX MACTUIILHUX CUCTEM, IIJISTXOM 3MIHM T1APaBIIIYHUX Xa-
PAKTEPUCTUK HATHITAILHOTO TPAKTY;

- po3poOKa i yTOCKOHAIIOBAHHS aKyMYJISITOPHUX CUCTEM MAaICHHS;

- CTBOPEHHSI HOBUX CHUCTEM MalleHHS MUWIIHAPIB (3 €JIEKTPOHHUM KEepYBaHHIM
10/1aY€I0).

KoxeH 13 nmux HampsIMKiB Ma€ CBOi MepeBaru W Hemodiku. Tak MojepHi3allis
YUHHUX CHCTEM CYJIHOBUX JBUTYHIB, 3 OJIHOIO OOKYy, € HaAlMEHII TPYAOMICTKOIO
HEZOPOro0, a 3 1HIIOTO OOKY - JT03BOJISIE OTPUMATH TUIBKH YaCTKOBY KOPHUCThH B
CIpaBi MiABUIICHHS €PEKTUBHOCTI iXHBOI POOOTH.

Sk HOBUH HampsAMOK, ¢pipma MAN-B&W 6auuTh CTBOpEHHS alrOpUTMY MoAaul
MacTuja, 3aCHOBAHOTO Ha aHaji3l BiAMpPAIbOBAaHOTO MACTHJIA, JO3yBaHHIO HOTO,
HABAaHTAXXCHHIO HA JIBUTYH 1 HOpMi 3HOCY HUJIIHAPIB (pHC.2).

ABTOMAaTHYHE J03YBAaHHS LMJIIHAPOBOrO MacTuia i e()EeKTUBHICTb MO0 BUKO-
PUCTaHHS CTAIOTh JIMCHO KOHTPOJIHOBAHUMU MapaMeTpaMu, IO 3aJIe’KaTh BiJ] CKJIa-
1y BIJMPAIbOBAaHOTO MITHAPOBOro Mactuia. Ilicias oOpoOKku CUTHANIIB KOMII'FOTE-
pOM, MepearoThCs KOMaHIU JI0 KOJKHOTO JTyOpukaropa cuctemu "Anbda'.
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Puc.2. Konneniiis mepcrneKTHBHOTO MaIIeHHS WIIHAPIB TU3EITHHUX
ABUT'YH1B

O1iHKa 3HOLIYBaHHS MOK€ OYTHM 3aCHOBaHa Ha KOHTPOJII BEMYMHHU BUTPATH
MacTuia abo Ha KOHTPOJII JIY)KHOTO YUCIIa MITIHIAPOBOro MacTuia. CKOpOUCHHS Be-
JTUYUHY 110J]a41 MOKE 3MEHIITYBATH JTY)KHE YUCIIO, TAKUM YUHOM, 0OMEKYIOUH

KUTBKICTh HEUTPaATi3yBAJIbHOTO areHTa, 1110 HaIXOAUTh Y HMJITHJP.

YacTo BUKOPUCTOBYETHCS 2-X PsiTHA CUCTEMa MAILEHHS, TIPUYOMY 13 30BHIITHBOT
CTOPOHHM IITIHAPA MITYIEPH PO3TAIIOBaHI B OJHWH Psiji, a 13 BHYTPILIHBOI € 2 psiau
KaHaJIiB 1 KaHaBOK (puc.3).

Sk BUAHO 3 puc.3a, Mojlaya MacTuia 10 HUKHBOTO PSAY 3M1MCHIOETHCS IO J0-
BOJII CKJIQJTHOMY LIISAXY - KaHay Z 00pa3Hoi Gopmu 3 2 TOPU3OHTAIBHUMHU U OfI-
HI€I0 BEPTUKAJIBHOIO JIISHKAMM, TaKi KaHaJd 3aCTOCOBYBAJIMCSl paHILIE HA JIBUTY-
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Hax ¢ipmu MAN 1 K MOKa3ylOTh JOCHIIKEHHS, MalOTh 1y>K€ ICTOTHI HEJOMIKHU, K1
MOTIPIIYIOTH TPOIIEC IMOa4ui MacTHJIA.

Pe3ynbpraTi pO3KpUTTIB MIIHAPIB MOKA3yIOTh, IO CIIAM 3YCTpiul MacTuja 3
O1YHOIO TTOBEPXHEIO TOJIIBKM MOPIIHSA HE BUKIIFOYEHI, 1110 MOXKE OYTH MOSICHEHO BiJI-
CYTHICTIO JOCHI/DKEHh BIUIMBY 3allpOIIOHOBAHOI TEOMETpii KaHaly Ha TMpoIec
BUTIKaHHS MacTUJIa B LIMJTIHJIP.

Puc.3. 2-x psinHe po3TantyBaHHs MAaCTHJIBHUX KaHAIIIB JIBUTYHIB
RTA:

ABTOMaTHWYHE J03yBaHHS LIIIHAPOBOIO MacTWia U ePEeKTUBHICTh LIUIIIHIPOBO-
ro MallleHHS CTalOTh JIMCHO MOCTIHHO KOHTPOJIHLOBAHUMH IMapamMeTpamu, IO 3aje-
XKaTh BIJ CKJIaAy BIANPAllbOBAHOTO LMJIIHAPOBOIO MAaCTWJIa KOXXHOTO LMJIIHJpA.
[Ticnst 0OpoOKHM BXITHUX CUTHAIIIB KOMIT'FOTEPOM, NIEPEIAI0THCSI KOMAaHIU 10 KOKHO-
ro JIyOpuKaTopa CUCTEMH.

[Ipore anam3 crany geraneid L{II[" mpu po3kpUTTI UUIIHAPIB yKazye Ha HENO-
CTaTHIO €(DEKTUBHICTh YUHHUX EJIEKTPOHHUX CHCTEM MAIICHHS, [0 3a)aaajio Mpo-
BEJICHHS CIIOCTEPEKEHD 3a IXHHOIO POOOTOIO B €KCIUTyaTallIMHUX YMOBax Ha PI3HUX
peXruMax poOOTH JTHU3EIIB.

Sk mokasanu pe3yabTaTd PO3KPUTTIB MUJIIHIPIB, MOBHICTIO BUKIIOYUTH 3yCTPId
MacTuja 3 TMOpITHEM He BAaJIOCs. SIK 1 Ha ABUTYHaX OOJaJHAHUX CHUCTEMOIO 3 JTyO-
PUKATOPOM, € JOPIKKM Harapy Ha OiuHIA TOBEpPXHI MOPIIHS, HAMPOTH KPaIoK
MIIBEACHHS MacTHIIA.

Ile BKa3zye Ha HAJIXOJPKCHHS MACTHJIa KOHIICHTPOBAHUMH TOPIIISIMH, SIKI TOpKa-
I0ThCSl O1YHOI MOBEPXHI TOMIBKY HOPUIHS HaJ NEPIIMM KOMIPECIMHUM KIJIBLEM 1 1O~
TIpIIYIOTH PO3NOALT HOTO MO OKPY>KHOCTI HUIIHAPA.

B ocranniit yac nuzenedyaiBHa dipma "Bsprcunsa-3yinbiep" 3HOBY MOBEpPHYJIACS
70 OJIHOTO TOSICY pPO3TalllyBaHHSI IITYLIEPIB MOAEPHI30BAHOI KOHCTPYKIIIi, puc.4.
(omHOpsiaHa cuctema "Puls" 6e3 akyMyItoBaHHSI TUCKY MacTHIIA).

Oco0nuBICTIO HOBUX IMITYIIEPIB € T€, M0 0E€3MOBOPOTHUI KJIAlIaH MAaKCUMAIbHO
Habmmkennit 1o m3epkana [IB (sk y asurynie RND), a nHa Buxomi 31 mrymepa ma-
CTHJIO MIHSI€ HAMPSAMOK 3aBASKU JCKITLKOM OTBOpPaM-IpOCEIsiM BUKOHAHUM TIiJ] KY-
TOM JIO OC1 KaHaJly IITyIepa.
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—\ KOy, HAKOHEYHHK

0)
Puc.4. OnnopsigHe po3TanryBaHHs IITYLEPIB (@) 1 iX HOBa
KOHCTpYK1Iis (0)

Jlst 3a0e3neueHHss CTPyMHHHOI 10ja4l MacTHIa 31 3MIHOKO HAMPSMKY HOTO pyXy
BHXIJIHA JUISTHKA KaHATY B CTIHII BTYJIKHA BUKOHAHA TOPU30HTAIBHO, @ HE TOXUJIOLO,
AK Y BCIX MOMNEPEIHIX BUIAIKAX, 1 Ma€e OUTBIIUHN JAlaMeTp, HIXK 3BUYAITHO

[Ipu oMy cruicTeMa HaJlallITOBaHA TAKUM YMHOM, 1110 HAJXO/KEHHS MacTujia B
HWTIHAP TOBUHHE 3/1MCHIOBATHCS B TpU eTanmu (pucC.5) BUIIEC MOPIIHSA, Y palioH
MOPIITHEBHX KIJICIb 1 HUYKYE TIOPIITHS.

3nifcHIOIYN TIepeo0iialHaHH YHHHUX JABUTYHIB 1] HOBY CHCTEMY 3 JIyOpUKa-
topamu "Puls”, pipma Wartsila-Zylser miakmtodae i 10 0JHOT0 3 HasIBHUX JBOX I10O-
SCIB MalleHHs. Y MIACYMKY TakUX 3MIH JOCHUTh YacTO BUXIAHWI KaHal y CTIHII
LHUJIIHAPA MEPETBOPIOETHCS B PaJialIbHUM KaHaI.

VY Takux ABUTyHax Mojava MacTujia B KaHaj BTYJKH 3/1MCHIOEThCS dyepe3 O1uH1
OTBOPH, PO3TAIIOBaHI B O€3M0Ocepe/IHIi OIU3BKOCTI 10 TOPLS IITYyIEpa 3BEPHEHOTO
no n3epkana. Kananu mTyrepiB sIBISIOTH COOOK KibKa CIIBBICHMX CBEpIUIiHB
PI3HOIO JlaMeTpa, po3TallOBaHUX MOCIIAOBHO.

OnTuMizallisi BUTpaTd UUWIIHAPOBOTO MACTUJIA € OJTHUM 13 KIIFOUOBUX IapaMeT-
piB y 3abe3nedeHHi eKOHOMIYHOCTI i 0e3MeyHoi eKcIuTyartarii OUIbIIOCT] JBOTAKT-
HuX Ju3eniB. OnTuManbHa HOpMa BHUTPATH KOXKHOTO OKPEMOTO JBUTYHa BH3HA-
YaETHhCS 1HIUBIYANTbHO, SK MOKA3y€e JIOCBIJ, MIACHI BUMOTH JI0 KUIBKOCTI MacTuia
MOXYTb OyTH Ty’K€ 3HAYHHUMH BiJ] IBUTYHA JO JBUTYHA.

ﬁ

= i [ m—
T
Puc.5. Tlepioau HaaXOMKEHHS MacTHIIA B
ATIHAP
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ExoHOMIYHI mapaMeTpu Ui BU3HAUYEHHS PalllOHAIbHOI HOPMU BUTPATHU € 3 OJI-
HOTO OOKY - BapTICTh IWJIIHAPOBOTO MAacTHIa U 3 1HIIOTO OOKY - BapTICTh PO3KPHUT-
TiB, PECYpC MOPIIHIB 1 BTYJOK MUIIHAPIB. Ha 101aTOK 10 IBOTO BaXKJIIMBY POJIb Ipae
TaKUil acCleKT HAJIHHOCTI, K 3ar00IraHHs He3aIlJIaHOBAaHUX 3yTHHOK.
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YK 620.3
Kopx M.B.
HarnionansHuit yHiBepcutet «Oiecbka MOPChKa akaaeMis»
HaHoTexHoJI0Tii B MOPCBHKIl rajay3i: 3100yTKHM Ta HepCeKTUBH

Mopchbka ranysb, 3aBJIsSKH CBOiM MPUPO/Il Ta BEJIMYE3HOMY MOTEHLIATY, 3aBKIU
OyJa miaaHo0 MOCTIMHUM TEXHOJIOTTYHUM 1HHOBaIisIM. OCTaHHIM 4YaCOM HaHOTEX-
HOJIOT'11, SIK1 MPAIlIOIOTh Ha PiBHI aTOMIB Ta MOJICKYJI, CTAJH KJIIOYOBUM 1HCTPYMEH-
TOM JIJIs1 TIOJIMIIEHHS €(PEeKTUBHOCTI Ta CTIMKOCTI MOPCHKUX TexHoJorid. Hanorex-
HOJIOT1i BHOCSATH PEBOJIOIIIHI 3MIHH Y Pi3HI aCIIEKTH MOPCHKOTO TOCIIOIapCTBa, SIK1
BKJIIOYAIOTh: CYAHOOY/yBaHHsI, €KCIUTyaTallll0 MEXaHi3MiB Ta 00JIaJHEHHS, OXOPOHY
JTOBKULJIS Ta TOCHIDKEHHS okeany [1].

Cyonooyoysanns. HaHOTEXHOJOT1I MEPETBOPIOIOTh CYJTHOOYAyBaHHS, J03BOJIS-
I0Th CTBOPIOBATHU CYyJIHA 3 BUKOPUCTAHHSIM BUCOKOMIITHUX Ta JIETKMX MaTepiajiB.
ByruneneBi HaHOTpyOKU BOYJTOBYIOTHCS B KOMITIO3UTHI MaTepialid, siKi 3a0€3MeUyI0Th
HaJ3BUYaliHy MIIHICTh Ta JierkicThb. lle He nuine 3MeHurye Bary cyjHa, aie i
1JIBHUIIY€E HOTO CTIMKICTh Ta MAaHEBPEHICTb.

3acTocyBaHHS BYIJICIIEBUX HAHOTPYOOK Y CTBOPEHHI aHTUKOPO3IMHUX MOKPUT-
TIB JI0O3BOJISIE€ MIATPUMYBATH BUCOKUH CTYIIHb 3aXUCTY KOPITYCY CyJHA BiJl BIUIUBY
cosii Ta Bosiord. Hanomatepianu 3a6e3neuyroTh €(PEeKTUBHHUI 3aXUCT Bl KOPO3ii,
py I[bOMY 30€piraroTh €CTETUUHUM BUTIISA T4 ONTUMI3YIOTh JOBTOBIYHICTH CYICH
[2].

HanoTexHomorii TakoX TparoTh KIIOUYOBY POJIb Y PO3BUTKY €KOJOTTYHO YUCTUX
TEXHOJIOT1H 11 MOPCHKOTO TPAHCIIOPTY. BukopucTaHHs ByIJIelleBUX HAHOTPYOOK Y
BUPOOHHUIITBI MAJUMBHUX E€JIEMEHTIB Ta aKyMYJATOPIB CIpUSE MiJABUIICHHIO e(]ek-
TUBHOCTI Ta 3MEHIIICHHIO BUKHU/IIB IITKIIJTMBUX PEUOBUH. HaHOUACTHHKH y MATMBHUX
eleMeHTax 3a0e3NeuyloTh BHUILY E€HEProe(PeKTUBHICTh, IO POOUTH MOPCHKUI
TPAHCHIOPT €KOJIOTTYHO YUCTIIIMM Ta CTIMKIIINM JI0 3HOITYBaHHS.

besnexa na mopi. innosayii onsa 3axucmy ma psmyeauHsi.

3 pPO3BUTKOM HAHOTEXHOJIOTIH, cpepa Oe3nmekn Ha MOpI OTPUMYE HOBI 1HCTPY-
MEHTH Ta MOKJIMBOCTI JJisi 3armoOiraHHs aBapisiM Ta €(EeKTUBHOTO pearyBaHHS Ha
HernepeadayeH1 CUTyartii.

1. Cencopu 7151 paHHBOTO BUSIBIICHHSI HEOE3MEKU: BUKOPUCTAHHS HAaHOCEHCOPIB
JI03BOJISIE B peajIbHOMY 4Yacl BUSIBISATA 3MIHM Yy CTaHI MOPCBKOTO CEpEIOBHIIA.
Harmpukian, HaHOCEHCOPH MOXKYTh BUSBIIATH BUTOKH Ha(TH UM 1HIIMX HIKIIJTUBUX
PCUOBHH, CIOBIIIIATH PO HEOE3IEKY Ta IO3BOJISATH IIBUIKE pearyBaHHs [5].

2. CamMornucIii: BUKOPUCTaHHS HAaHOMAaTepialiB y CTBOPEHHI CaMOIUCIIB (4Op-
HUJI JJISI peecTpallii JaHUX) MOXKE 3HAYHO TMOKPAIIUTH TOYHICTh Ta 30€pEKEHICTh
iH(dopmanii npo nofii Ha cyaHl. Taki TeXHONOrii MOXKYTh OyTH BUPIIIATBHUMH IS
PO3CIIiTyBaHHS aBapiil Ta po3poOKH 3a001KHUX 3aX0/I1B.

3. Aromaruzauig Ta LlTyunuil IHTeneKT: BIpOBaJKEHHS HAHOTEXHOJIOTIH B
Cy4yacHI CHCTEMHU aBTOMATH3allll Ta MITYYHOTO 1HTEIEKTY pOOUTh MOKJIMBUM IOIIE-
PEIKEHHSI aBapiil Ta Ha/la€ MOKJIUBICTh IIBUAKOTO Ta TOYHOTO pearyBaHHS Ha Oyib-
K1 HenepeadayeHi CUTyarlii Ha Mopi.

5. ParyBanbH1 3aco00M: HAHOTEXHOJIOTI] TaKOX BIUIMBAIOTh HA PO3POOKY HOBHUX
MaTepianiB Juis pATYBaJbHUX 3aco0iB Ta oOnanHaHHsA. Jlerki Ta MiIHI HaHOMa-
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Tepiajid 3 BYIJICLEBUX HAHOTPYOOK TO3BOJISIIOTH CTBOPIOBATH KOMIIAKTHI, ajie edek-
THUBHI PATYBaJIbHI 3aCO0H, 1110 MOXYTh BPSATYBATH KUTTS B pa3i aBapiii Ha MOpi.

6. KibepOesneka ta 3axuct iHGOpMaIllii: 3 PO3BUTKOM IHTEPHETY, HAaHOTEXHO-
JIOT11 BUKOPHUCTOBYIOTHCS JJIsl MiABUINCHHS KiOepOe3mneku. [lIudpyBanHs Ta 3aXUCT
iH(opMalii cTae Haa3BUYAHHO BXKJIIMBUM B aCTEKTI OE3MEKU MOPCHKUX TPAHCIIOPT-
HUX CHCTEM.

Bnposaooicenns nanomexnonocii 8 001a0HAHHA MAWUHHO2O0 BIOOLIEHHS MOPCb-
K020 CYOHA MA€ GeNU4e3HUll NOMeHyian O NOANUIeHHS U020 NPOOYKMUGHOCHI,
HAOIHOCMI MA eKOJI02ITYHOT YUCTNOMU.

1. HaHOKOMMO3UTH B ABUTYHAX: BUKOPUCTAHHS HAHOKOMITO3UTIB Y BUTOTOBJICH-
HI YaCTHH JIBUTYHIB JT03BOJISIE€ 30UIBIIUTH MIIHICTh Ta TEPMIiH CITY>KOH, 3MEHITUTH
Bary Ta ONTHMI3yBaTH TEIUIOBI BIACTUBOCTI. L{e mpu3BOAUTH A0 MIABUIIECHHS €(eK-
THUBHOCTI MAJTMBHOTO CHIO’KUBaHHS Ta 3MCHIIICHHSI
BUKHIB [4].

2. Hanomarepianu B cucTeMaxX OXOJIOJPKEHHS: 3aCTOCYBaHHS HaHOMAaTepiaiB,
TaKMX K HAHOYACTHHKH 30JI0Ta Yd TpadeH, y cucTeMax OXOJIOJKEHHS MOXKe 3Hay-
HO TIOKPAIIUTHU X TEIJIOB1 XapakTepUCTUKU. []e 0coOIMBO BaXKIMBO B YMOBaX BHCO-
KHX TEeMIEeparyp, € BaxinBa ePeKTHBHA PoOOTa CHUCTEM OXOJIOJKCHHS IS 3a-
noOiraHHs MeperpiBy JBUTYHA.

3. EneproedexTuBHICTh Ta HAHOMATEpialy B TeéHEpaTOpax: BUKOPUCTAHHS HAHO-
TEXHOJIOT1M y reHepaTopax MOKE IMIJIBUIIUTH €(PEKTUBHICTh NEPETBOPEHHS €HEPrii
Ta 3HU3UTHU BTPATH BiJl TEPMIYHUX npolieciB. HaHomaTepiann MOXyTh OYyTH BUKOPH-
CTaHl JJIsl MOKpAIIeHHS €JEKTPUYHOI MPOBIJIHOCTI Ta 3MEHILIEHHS OIOpPY B €JIEK-
TPUYHHUX CHCTEMAaX.

4. HanopoOOoTH AJi1 TEXHIYHOTO OOCIYrOBYBaHHS: BUKOPUCTaHHS HaHOPOOOTIB
JUTSI TEXHIYHOTO OOCITYyTOBYBAaHHS Ta JIIaTHOCTHKU MOXE 3HAYHO IOJIETIIUTHA BHUSB-
JICHHS Ta BUPIIICHHS IPo0JieM B cuctemax cyleH. HaHopoOoTu MoKyTh MPOHUKATH
Yy BQXKKOJIOCTYIIHI MICIISI, BUSBIATA JEPEKTHU Ta 3A1ACHIOBATH PEMOHT 0e3 HeoO0-
X1HOCTI pO30MpaHHS BEIMKUX MEXaHI3MiB.

5. EdexTrBHE BUKOPUCTAHHS €HEPrii: HAHOTEXHOJIOT1T BUKOPUCTOBYIOTHCS IS
CTBOPEHHSI OUTBINT €PEKTUBHUX CHUCTEM 30€piraHHs Ta BUKOPHUCTAHHS EHEprii Ha
cynHax. BucokoedekTuBHI akymymnsiTOpH, siKi 30€piraroTh OUTbIIE €Heprii B KOM-
MaKTHUX po3Mipax, 3a0e3MeuyoTh MOJOBKEHHIN Yac poOOTH CUCTeM Ta 00J1aTHAHHS.

6. ExosyroriuHa 4ncToTa MallTiHHOTO BiIIUICHHS: BUKOPUCTAHHS BYTJICIICBUX Ha-
HOTPYOOK y (iIbTpallifHUX CHUCTEMax JI0MOMara€ 3MEHIIUTH BUKHAM IIKIIJTUBUX
pedoBHH y atMochepy. HaHO9aCTHHKHA MOXKYTh OyTH BUKOPUCTaHI JJIS IIOKPAIECHHS
€(EeKTUBHOCTI OYMCHUX CHUCTEM, fKI 3a0€e3MeUylTh €KOJOTIYHO YUCTY €KCIUTyaTa-
1110 00JIaTHAHHS Ta MPUCTPOIB MAIIUHHOTO BIIIJICHHS.

Bnposaooicenns nanomexnHono2iti Ha MOPCbKUX CYOHAX 8IOKPUBAE HOBI MONCIU-
gocmi 0151 NiOBUWEHHS e(heKmuBHOCMI onepayii, 3abe3neduenns Komgpopmy exina-
JHCY MA 3MEHWEHHS BNIUBY HA HABKOJIUWHE cepedosuye.

1. Cuctemu HaBirauii Ta KOHTPOJIb: BUKOPUCTAHHSI HAHOTEXHOJIOTIN Y Cy4YaCHUX
CHUCTEMax HaBiraiii Ta KOHTPOJIO CyJeH 3a0e3leuye BUCOKY TOUYHICTh Ta Oe3MleKy
MaHeBpyBaHHA. HaHoceHcOopu Ta HaHOYINU JO3BOJSIIOTH B pPEATbHOMY 4Yacl
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BUMIPIOBATH MapaMEeTPH OTOUIYIOUOTO CEPEIOBHIIA, IO MOJETTIIYE MPOIEC MPUHHAT-
TS PIIIEHb EKITTaXKEM.

2. Komdopr Ta Oesneka €eKinaxy: HAHOTEXHOJIOTIT BUKOPUCTOBYIOTHCS LIS
CTBOPEHHSI HOBHMX MarepiaiiB 3 BYIUVICLIEBUX HAHOTPYOOK JIsi OOJaJHAHHS CYJIEH,
10 3a0e3MeYyr0Th BUCOKUM piBeHb KOMDOPTY Ta O€3MEeKU JJis eKIMaxKy. AHTHOAK-
TepilajbHI Ta aHTHAJICPTEeHHI MMOKPUTTS JI03BOJISIOTH CTBOPIOBATH TITl€HIUYHE CEPeIo-
BHUIIIE, & CCHCOPH B1JICIIIIKOBYIOTH CTaH 3JI0POB'Sl WICHIB €KINaxy.

3. EdexTuBHICTD BUKOPUCTAHHS €HEPrii: BUKOPUCTAHHS HAHOTEXHOJIOTIH y CH-
CTEeMax OCBITJICHHS Ta €JEKTPOKUBJICHHS N103BOJIsIE€ €(hEKTHBHO BUKOPHCTOBYBATH
EHEPTiI0 Ta 3MEHITYBaTH CIIOKXUBaHHA NanuBa. Hampukiaz, ehekTUBHI CBITIOMIOAM
Ha OCHOBI HAaHOMATEpiaJiB BYIJICIICBUX HAHOTPYOOK 3a0€3IMEUYIOTh SICKPaBE CBITIIO
IIPY MEHIIII BUTPATI EHEprii.

4. CucteMu KepyBaHHS BaHTAXEM: HAHOTEXHOJIOTiI BUKOPHCTOBYIOTHCS IS
CTBOPEHHSI aBTOMAaTHU30BAHUX CHUCTEM KEPYBaHHSI BaHTa)KEM, II[O CIPOIIYIOTH MPO-
IEC 3aBaHTAXCHHS Ta PO3BaHTaXKEHHs cyleH. HaHOpoOOTH MOXYTh B3a€EMOISATH 3
BaHTa)KaMU, SIK1 3a0€3MeYyI0Th TOUHICTh Ta €()EKTUBHICTb.

5. MOHITOpHUHT CTaHy CyJiIHa: BUKOPUCTaHHS HAaHOCEHCOPIB JI03BOJISE MOCTIHHO
BIJICTEKYBATH CTaH PI3HUX CUCTEM Cy/HAa. BOHM MOXYTh aBTOMAaTUYHO BUSIBISITH
MOTEHIIIHI MpobJieMd B JBUTYHAX, €JIEKTPOHII YM IHIIUX KIIOYOBUX KOMITOHEH-
Tax, IO CIPHUSE ONEPATUBHOMY 00CITyTOBYBAHHIO Ta MOMEPEIKEHHIO aBapii.

6. EKOJIOTIYHO 4YKCTI MaTepiajid: BIPOBAIKEHHS HaHOMATepialiB y Oy/1BeJIbHI
Marepiaay CyJeH AO03BOJISIE 3MEHIIUTH Bary CyJHA Ta MOKPAIIUTH HOTO TiIpoIu-
HaMI4HI1 BJIACTUBOCTI, 1110 BIJIMBA€ Ha CKOHOMIIO MaJINBa Ta 3HM)KEHHS BUKH/IIB.

Bnposaooicenns nanomexnonozii 6 enekmpuuni cucmemu MOPCbKUX CYOeH €
KIOY0B8UM KPOKOM V 3a0e3neuenHi eghekmusHocmi, Hao0itlHoCmi ma cmiukocmi yux
CY4aCHUX MPAHCROPMHUX 3aC00I8.

1. EHeproeekTHBHICTh Ta CXOBHUIIA EHEPTii: HAHOMATEpialK 3 BIPOBAIKEHHIM
BYTJICIIEBUX HAHOTPYOOK BUKOPHUCTOBYIOTHCS JJISI CTBOPEHHS BHUCOKOE(HDEKTUBHUX
CXOBHIII €Heprii Ta akymysstopiB. Hanpukiasn, HaHouacTUHKY TpadeHy B aHOIax Ta
KaToJIax MOXKYTb ITIJIBUIIUTH €MHICTh aKyMYJISTOPiB Ta 3a0€3MEUYUTH IIBUIIIEC 3a-
PAIDKaHHS, 1110 0COOJIMBO BAKIIMBO B YMOBaX MOPCHKUX €KCILTyaTaIlii.

2. EnexTpuyHa MPOBITHICTH Ta MIKPOEICKTPOHIKA: 3aCTOCYBAHHS HAHOTEXHO-
JIOTil B MIKPOEJIEKTPOHIIll JO3BOJISIE CTBOPIOBATH OUIBIN MillHI Ta €()EKTUBHI €JeK-
TPUYHI KOMIIOHCHTH. BUWKOpHCTaHHS BYTJCIEBUX HAHOTPYOOK JJIi CTBOPCHHS
NOPOBIIHUKIB JO3BOJISIE 3a0€3MEYUTH BHUCOKY €JIEKTPUYHY MPOBIIHICTE MPH
MiHIMaJIbHIH Ba3i [3].

3. Enextponika Ha OcHoBl KBantoBux Touok: gocnipkeHHs y cepl KBaHTOBUX
TOYOK JI03BOJISIE CTBOPIOBATU EJIEKTPOHHI KOMIIOHEHTH, SIKI MPaIIOIOTh Ha OCHOBI
KBaHTOBUX sBUII. L[e BiAKpHMBae HOBI MOKJIMBOCTI JIJII CTBOPCHHS CYNEPIIBUIKAX
Ta eHEProe(HEKTUBHUX CIIEKTPOHHUX CHCTEM.

BucHoBknu:

BukopucTaHHs HaHOTEXHOJIOT1H Y MOPCBKIM raily3i mepeTBOproe miaxia a0 0e3-
MeKH, AKi 3a0e3MeuyoTh HOBI MOKIJIMBOCTI Ta 3aCO0M JJIsl 3armo0iraHHs Ha/a3BUYaAK-
HUM CUTYaIisIM, a TAaKOX 7151 €EKTHBHOTO pearyBaHHS Ta PSITYBaHHS.
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BnpoBamxeHHs HAHOTEXHOJIOT1 B 00JIaJHAHHS MAIIIMHHOTO BiJUTIJICHHS MOPCh-
KUX CyJICH HE JIUIIE TIOKpaIlye HOro TEeXHIYHI XapaKTePUCTHKH, aje i CIpHusie Horo
e(eKTHBHOMY BUKOPHCTAHHIO.

HanoTtexHororii B 00aqHaHHI MOPCHKHUX CY/ICH MEPETBOPIOIOTh CydacCHUN MOp-
CBbKUH TpaHCIOPT, sKi 3a0€3MeUyrTh HE JUIIE BUCOKY €(DEKTHBHICTh Ta O€3MeKy,
asie 1 30epiraroTh yBary J0 €KOJOT1YHHUX aCIEeKTIB B MOPCHKIH JiSIbHOCTI.

BripoBaiykeHHSI HAHOTEXHOJIOTIH B €JIEKTPUYHI CHCTEMH MOPCHKHUX CYJIEH CTBO-
PIOE TEXHOJIOTTYHO BUCOKOPO3BUHYTI, €(PEKTHBHI Ta eHeproeeKTHUBHI 3aco0M 001a-
JTHAHHS JIJI1 Cy9acHOTO MOPEIUIABCTBA, IO MEPETBOPIOE CIOCIO (PYHKITIOHYBaHHS Ta
YIOpaBITHHSI KOPAaOETHLHUM €JIEKTPOOOIIaTHAHHSIM.
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YK 621.1
Kopx M.B.
HanionansHuit yHiBepcutet «Oecbka MOPChKa akaJeMis»
KoHcTpyKTHBHI Ta po004i KpecjeHHs KOPIYCHUX KOHCTPYKIii

B cydacHOMy iHXEHEpHOMY CBITi, /¢ BUCOKA TOYHICTh Ta SAKICTb € BU3HAYAJIb-
HUMH XapaKTEPUCTUKAMU OYylIb-SIKOTO MPOEKTY, KOHCTPYKTUBHI Ta poO0Yl KpECIIeH-
HSl KOPIIYCHUX KOHCTPYKIINA BUCTYIAIOTh SIK KIIOYOBHUU €JIEMEHT Y MPOMUCIOBOMY
Ta OyniBensHOMY nu3aiHi. L{i 1Bi ¢popMu qoKyMeHTallli € He TUTbKU OCHOBHUMHU 3a-
cobamm mepenaui iHdopMmamii MK IHKEHEpaMH Ta BUPOOHUKAMH, ajne U
HEBIJ'€MHOI0O YAaCTUHOIO MPOLIECY BUPOOHUIITBA Ta MOHTAXY KOPIYCHHUX KOH-
CTPYKIIIH.

KoHCTPpYKTHBHI Kpec/IeHH € epIIUM KPOKOM y CTBOPEHHI OYyIb-IKOTO 1HXKE-
HEPHOTo 00'eKTa. IXHe 3aBIaHHA - NepejaTu iHKEHepHil KOMaHi Ta BUPOOHHKAM
noBHUM 00csr 1H(opMarii mpo ¢opMy, po3MIpH Ta MaTepialii KOHCTpyKIii. Bonu
BKJIFOYAIOTh B ce0€ JieTai Mpo OCHOBHY I'€OMETPII0, TOUHI BUMIPH, TEXHIYHI XapakK-
TEPUCTUKH Ta MaTepiajibHi BUMOTH. LI KpecieHHsl BUCTyNalOTh OCHOBOIO JIsI CTBO-
PCHHS TPUBHMIPHUX MOJICIICH Ta BU3HAYAIOTh 3aralibHy apXiTeKTypy o0'ekra [1].

Jlo ckilaqy KOHCTPYKTUBHHUX KPECIIEHb KOPIYCY CyJHa BXOJSATh KPECIEHHS Mi-
JeJIb-IIMAHTOYTY, O30BKHBOTO PO3pPi3y, PO3TSKKHM 30BHIIIHBOT OOIIMBKY, May0,
w1aTGopM, JIPyroro JiHa, MOMEPEYHUX Ta MO3JOBXKHIX MepedipoK, KpaiB Ta 1HIIUX
KOPIIYCHUX KOHCTPYKIIIH.

Ha xpecneHHi Mifienb-IINaHroyTa noka3yrTh: ONIEpedHi epepi3zu KopIycy cy-
JHA 13 300paXKeHHSIM KOHCTPYKTHUBHUX €JIEMEHTIB BEPTHUKAJIBLHOTO, TOPU30HTAIBHO-
ro Ta BEJIMYHMX KUIIB, CTPUHIEPIB, KapJiHICiB, (JI0piB, IIMAHTOYyTiB, O1IMCiB, pedep
KOPCTKOCTI, KHIIl; YMOBHI 300pa)K€HHS T1a31B JIMCTIB 30BHIMIHbOI OOIIMBKHU, HACTH-
7B nany0, nmaatdopm, Ipyroro JHa; po3MipH 3B's3KIB KOPITYCY CyJHA 1 pO3MIpH, 1110
BU3HAYAIOTH 1X ITOJIOKEHHS.

XapakTepHi mepepizu KOpIycy CyJHa Ha KpPEecieHHI abo OKpeMuX Horo Jmcrax
PO3MIIIYIOTh TakK, II00 MPH MEPEeMIllIeHH] 3/1iBa HAllpaBO HOMEPH IIMAHTOYTIB 3Me-
HiryBanucs. [Ipy 11boMy BHACIHIOK CUMETPIi KOPITYCY CyJIHA Ha KpeclieHHI 300pa-
KYIOTh HE TIOBHI TIepepi3u, Akl mosoBuHU. KpiMm mepepiziB 1o MImaHroyTrax Ha Kpec-
JICHH1 BUKOHYIOThH JIOJATKOBI PO3Pi3H, MEpepi3u Ta BHHOCHI €JIEMEHTH.

['pacdiuni 300pa>keHHs CYyNPOBOIKYIOTh MOSICHIOBAIbBHUMH HAIMMCaAMU, SIKI MiC-
TSATh HOMEDP INIMAHTOYTY 1 HaNpSAMOK MPOCKTYBaHHs. 3araibHi MpaBHjia HaHECEHHS
PO3MIpiB Ha KPECIEHHAX KOPIMyCHUX KOHCTpYKIii BcTaHoBItoe ['OCT 2307-68. Ha
KPECJICHHSX ITUPOKO BHKOPHUCTOBYIOTH CIIOCOOM HAHECEHHSI PO3MIpIB 1 3aCTOCYBaH-
HSl PO3MIPHUX JiHIA. Po3Mipu 3B'I3KIB y IbOMY BUNAAKY HAHOCITH O€3MOCepeIHbO
Ha 300paKEHHIX KOPIYCHUX KOHCTPYKI[iH a00 Ha MOJUIIX JiHIH-BUHOCOK [2]. s
NO3HAYEHHS apKyUIiB Ta MpodiiaiB HA0OPYy 3aCTOCOBYIOTH YMOBHI TpadiuHi 3HAKH,
sIK1 BcTaHOBIIOI0TRCS P/ 5.0287-29.

Mapxku 3acTocOByBaHUX MaTepialliB 32 HEOOX1AHOCTI BKa3yIOTh Ha TMOJHIISX JIi-
HIH-BUHOCOK 200 00YMOBITIOIOTh TEXHIYHI BUMOTH.

Hax ocHOBHMM HamucoM Ha BUIBHOMY IOJII KPECJICHHSI HaBOJSAThH TOJOBHI PO3-
MIpH Cy/AHA, pO3MIPU NMPAKTUYHMX INMAalii, kinac PeecTpy Ta iHII gaHi, 3MICT SKHX
3aJIeKUTh BiJl TUIY Ta MPU3HAYEHHS CYHA.
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Ha mo3moBxxHBOMY po3pi3i KOPIYCY MOKAa3ykTh MO3J0BXKHIA Ta MOMEPEUHUM
Hallp Kopmycy Ta HaJAOy 0B, MO30BXKHI Ta MOMEPEUHI NepedrupaHHs, najnyou, rmia-
TopMH, po3Mipu TPAKTUUHKMX IINAIIA, HABOJATH 1HIII JIaH1, 10 MOSICHIOIOThH Kpec-
nenHs. [1o310BXkHINA po3pi3 BUKOHYIOTH J1aMETPAIbHOKO IJIOIIMHOIO 1 PO3TaIIOBY-
I0Th Ha JIUCTI SK TOJIOBHMM BUTIIAA. [lin HUM 300pakyroTh HaOlp HACTUIY Mayo,
JTOTPUMYIOYHUCH TMOCIIIOBHOCTI pO3TalllyBaHHs Naiay0 3Bepxy BHU3. Habip kopmycy
CyJlHa Ha KPECJICHHI MOKa3yl0Th 3 BUKOPUCTAHHSIM YMOBHHUX IMO3HAYEHb Yy BUIIISI
JHIA PI3HOT KOHCTPYKIIi 1 ToBmmHHA [1]. Ha mo3moBkHROMY pO3pi3i BKa3ylOTh I10-
JIO’KCHHSI MPAKTHYHUX IIMTAHTOYTiB, HYMEPYIOTh, SIK MMPABUJIO, KOKEH IT'STUH.

[Tpu HaneceHH1 po3MipiB 3B'A3KIB MapayienbHO 10 ocHOBHOI JiHil (OJI) mpoBo-
ASTh po3MipHi JiHil. Ha mepimiit 3 HUX BKa3yroTh IPAKTHUUHY INMAIiI0 KOHCTPYKTHB-
HUMHU pailoHaMu. Ha HacTymHuX pO3MIpHHUX JIHISX MOCHIIOBHO ISl IPYroro JHa,
maTopM nagxyd HaBOAATH PO3MIpU MpOoQiIiB monepeyHux nepepisis. IloTim Bka-
3YIOTh PO3MIpU MOMEPEUYHUX TEPepi3iB CTPUHTEPIB 1 HABOJATH 1HINY 1H(HOPMAIIIIO
I10/10 3B'SI3K1B MO3/10BAKHBOTO Ta MONEPEUHOT0 HAOOPY KOPITYyCY CyJIHA.

Po0oui KkpeciieHHs1, Y CBOIO 4Yepry, CIpsSMOBaHI Ha KOHKPETHI JeTajl KOH-
cTpykiii. Bonu Mmictath iHdopmaliito, HeoOX1HY JJii BUTOTOBJICHHS Ta 30MpaHHs
okpemMux KoMIoHeHTiB. lle Bkitouae B cebe TOUH1 po3MipH, TEXHIYHI crienudikaiiii,
TEXHOJIOT14HI OCOOJIMBOCTI BUPOOHHIITBA, a TAKOX 1HCTPYKIIi 3 MOHTaxy. Poboui
KpECJIEHHSI € KJIIOYOBUM I1HCTPYMEHTOM [iJIi MAaWCTpiB Ta pOOITHHKIB, SKi
BIJINOBIJIAIOTh 32 BUPOOHHUIITBO Ta 301pKy KOHCTPYKI[IN Ha NPaKTHIIL.

PoGoui kpecieHHs CeKIlli KOpIyCy CyJHa BUKOHYIOTh 3a TUIIOM CKJIaJaJIbHO-
JeTaJbHUX 3 PO3POOKOI0 OKpEeMHX BUHOCHHMX €JIEMEHTIB (BY3JIiB HA CaMOMY Kpec-
JICHH1).

[Ticnst BU3HaYeHHs1 HEOOXIAHOI KIJIBKICTI 300pakeHb, BUOMPAIOTh MAacIITad OcC-
HOBHOTO 300pa)K€HHS CEKLli Ta BUHOCHHUX eleMeHTIB. [Ipu BHKOpUCTaHHI pi3HHUX
MacmTabiB Ha TOMY cCaMOMY KPECJIeHHI MaciTad OCHOBHOTO 300pa)K€HHS CEKITii
CHiJ 3a3HAYaTH y BIAMOBIIHIA I'padi OCHOBHOTO HANHUCY, a 1HII MacIiTaOu — HaJ
BUHOCHUMHU €JIEMEHTaMU, Mepepi3aMu Ta IHIIUMHU 300paKEHHSIMU KOHCTPYKITIH.

[Tpoexkiii Ha KpecieHHsIX OOPTOBUX CEKIIH PO3TAIIOBYIOTh y MOPSAAKY. ['0m0B-
HUW BUJ (BUJ HA 30BHINIHIO OOIIMBKY MPaBOro ado JIiBoro 00pTy abo BUJ HA CEKIIIIO
3 00Ky Ha0Opy) BHKPECTIOIOTh Ha apKyiii JiBopyd. [1i] TOTOBHIM BHUAOM y TIPOECK-
IIHHOMY 3B'SI3KY 300paXyIOTh TOPH30HTAJIbHI PO3pi3H, BHUKOHAHI TO OOPTOBHX
CTpHUHIepiB, nanydax, miardopm. IIpaBopyd Bij rosoBHOrO BUAY NOMIIIAIOTH BEp-
TUKaJIbHI PO3PI3U Ta NEPEPi3u MO MIMAHT0yTaX, BUHOCHI €JIEMEHTH Ta JI0AATKOBI I1e-
pepizu. I1ig rog0BHUM BUTIISAOM MPOBOASTH TEOPETHUHI @00 YMOBHI JITHIT 3 BIAMIT-
KaMH TOJIOKEHHS MPAaKTUYHMX IIMAHTOYTIB TakK, 100 HOCOBI CEKIIi IIMaHroyTu Oy-
JIM TIPaBOPYHY.

[Tpoexkiii KpecaeHHs CeKIii namyo 1 miarGopM po3TalioBYIOTh Y TaKOMY IO-
psaaxy. ['omoBHUI By (BUA 3BEpXy Ha CEKIII0) — Y HIXKHBOMY JIIBOMY KyTi Kpec-
JICHHS1, TIO3/I0BXKHI PO3Pi3U Ta Mepepi3u — HaJl TOJIOBHUM BHJIOM, MPABOPYY — IOTIE-
pedHi po3pizu (MepeTuHy) Ta BUHOCHI eneMeHTH. [[pyn BUKOHAHHI MPOEKIIii ToJI0B-
HOTO BHJy Ta MO3J0BXKHIX PO3pi3iB (MEPETHHIB) MPOEKIIIMHMIA 3B'I30K € 000B'SI3KO-
BUM, JJIs IOTIEPEYHHUX PO3PI3iB (IEPETHHIB) HOTO MOXKe 1 He OyTH. ['ooBHMIT BU Ha
KpeCclIeHHI MalTh Tak, MO0 JiaMeTpalibHa IIONIMHA, 300pakeHa Ha CeKIlii, Oyra
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napasnenbHa JOBTrid KpoMIil GopmaTy JIMCTa, @ HOCOBI IIMAHTOYTH CeKIii Oynu mpa-
BOpYY. SIKIIIO CeKIlisl AHMINA HE MAa€ HACTUIIY JPYroro JHa, TO TOJOBHUM € BUJ Ha
30BHIIIHIO OOIIMBKY 3 00Ky Habopy. Lleit Bua po3MilIyrOTh y JIIBOMY HUKHbOMY KY-
T1 TIOJIs1 KpeciaeHHs. KpiM Toro, BUKOHYIOTH PsiJi TIO3JI0OBXKHIX PO3Pi3iB: MO BEpTHKA-
JILHOMY KiJI0, 110 CTPUHTEpa AHMINA, TI0 MO310BKHBOMY pebpy KOpCTKOCT. IX Ma-
I0Thb HaJ BUJIOM 3BEpXY, OTPUMYIOUHUCH MPOCKIIHHUN 3B'130K. Takoxk poOsTh ps
nomnepeyHux mepepisiB (3a (iopamu) Ta po3MINIYIOTh iX MPaBOPYY BiJl OCHOBHOTO
BUJY Ta MO3J0BXKHIX po3pi3iB. [Ipu 11bOMy HOTpUMaHHS MPOEKIIHHOTO 3B'SI3KY HE €
00O0B'SI3KOBHUM.

SIKIIO ceKIlisl AHUIIA Ma€ HACTUJI APYTOTo JIHA, TO JI0 TIepepaxoBaHUX BHUIB, Tie-
pepi3iB 1 po3pi3iB JOAIOTH 1€ BUJI 3BEPXY HA HACTUII APYTOTO JHA, SIKUA PO3MIIITY-
I0Th HaJl BUJIOM Ha 30BHILIHIO OOIIMBKY (IIPY 3HATOMY HAaCTHJII IPYTOro JHA).

[Tonepeuni nepedupanHs Ha poOOUOMY KpPECIEHH1 300paKyI0Th, SIK MPABUIIO, HA
NOBHY IIMPUHY CyAHA. SIK OCHOBHE 300paKE€HHS MONepevHol nepedupaHHs Ha Kpec-
JIEHH1 TpUMaloTh BUJI Ha mepeOupaHHs 3 O60ky HaOopy. [lin roJoBHUM BUIOM Yy
OPOEKUIHHOMY 3B'I3Ky pO3TallOBYIOTh TOPU30HTAJIbHI IEPEPI3U, BUKOHAHI [0 OCHO-
BHUM 3B's13KaM 1 pedpam xkopcTkocTi. [IpaBopyd BiJ TOJIOBHOTO BUY BUKPECITIOIOThH
BEPTUKAJIbHI TIEpepi3H MO CTOMKax nepedipok. Ha BiTbHOMY TOJII KpECIeHHS pO3-
MIITYIOTh BUHOCHI €JIEMEHTH Ta JI0JIaTKOB1 TIEpepi3u.

[Ipu KpecieHHi roJIOBHOTO BHUIY Ha 30BHIIIHIO OOIIMBKY CEKIii 00opTy, nmaiyo,
m1aThopM, HACTUITY APYroro JHA MONEPEYHUN 1 MO3/J0BXKHIM HaOIlp 300paxyroTh
IITPUXOBUMH Ta INTPUX MYHKTHPHUMHU JTiHissMH [3].

Bci npoekiii po0ounx KpeciieHb M03HA4Yat0Th BIANOBIIHUMY HAallMCaMU, a OJIHa-
KOBI1 10 KOHCTPYKIII1 ITONEpEeyH1 po3pi3H (MEepeTruHy) No3HAYar0Th 10AaTKOBO. [licas
KpECIEHHS BCIX MPOEKI[I Ta BUHOCHUX E€JIEMEHTIB MPOCTABISAIOTh HEOOX1HI PO3Mi-
pH, MUIIYTh BKA31BKU 3BAPIOBAHHS, HYMEPYIOTh J€Tall, U0 BXOASTh 0 CEKIIN, aa-
I0Th HEOOXIJIHI TEXHIYHI YMOBH Ta CKJIQJal0Th crienudikarlito Ha BC1 JeTajil CeKIli.

3HadyeHHs Jeraiizaiii B 000X BHAAX KpeCIeHb HE MOXKEe OYTH IepeolliHCHE.
YiTko BU3HAYEHI MMapaMeTpH Ta BUMOTH 3a0€3MeUyI0Th BUCOKUH CTYIIHb B3a€EMOPO-
3YMIHHS MK 1H)XXEHEpaMu, Ju3aiiHepaMu Ta BUpoOHUKamu. Lle, y cBoro yepry, npu-
3BOJIUTH JO 3HIDKEHHS PU3UKIB TIOMIJIOK Ta 3a0e3reuye eheKTUBHUN TEpexil Bif
KOHIICTII{ 10 peaibHOT KOHCTPYKIIIT

Cyuacui mporpamu CAD (koMIT'IOTepHE MPOEKTYBAHHS) BIITPalOTh KIFOUYOBY
pOJIb Y pOo3p00Ili KOHCTPYKTHBHUX KPECIIEHB, TO3BOJISTIOUN 1H)XKEHEpaM CTBOPIOBATH
nokaaaHi Ta TouHl 3D-moxeni. Ile moseriiye B3aeMOAil0 MK PI3HUMH JiISTHKAMU
po3poOKK Ta 3a0e3neuye BUCOKUU CTYIIHb Y3TOJI)KEHOCTI MK MPOEKTYBAaHHSM Ta
BUPOOHHUIITBOM.

BucnoBok. KOHCTpYKTHBHI Ta poOOYl KPECICHHS KOPIYCHUX KOHCTPYKLIN €
(GyHIaMEHTAIbHUM €JIEMEHTOM CY4YacHOTO 1HKEHEPHOTO JM3aliHy Ta BUPOOHMIITBA.
[x mpaBumbHa po3poOKa Ta BHKOPUCTAHHS JO3BONSIOTH 3a0€3MEUYUTH TOUHICTD,
AKICTh Ta €(EKTUBHICTh Y BUPOOHUIITBI Ta BIJKPUBAIOTH MUISX O YCHIIIHOTO 3a-
BEPIIICHHS MPOEKTIB Ta CTBOPEHHS HAAIMHUX KOHCTPYKIIiH, 110 BiAMOBIIaI0Th BUCO-
KHUM CTaHAapTaM Cy4acHOCTI.
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YK 621.431.74
JlebeneB b., YMmincekui. C.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
OnecbKa BIMCbKOBa aKaaeMis.
ITinBuIeHHA JOBroBiYHOCTI Ta TEXHIYHUX BJIACTHBOCTEH JAeTaiel
CY/IHOBHX TE€XHIiYHMX 32C00iB 3 BUKOPUCTAHHAM KOMIO3ULIHUX MaTepiajiB

IIpo6aema: B ymoBax oOmexeHOCTI (hIHAHCOBHUX Ta MaTepialbHUX PECYpCiB
npobiemMa peMOHTY cyAHOBUX TexHiYHUX 3aco0iB (CT3) He Moxe OyTH BHpilleHa
JIMIIIE 32 PAXyHOK €KCTEHCUBHOTO 301IbIIEHHS 00CATY PEMOHTHHUX POOIT.

BaxxnmnBor0 9acTUHOIO IIHOTO MPOIIECY € pallioHATbHE BUKOPUCTAHHS ICHYIOYOTO
TEXHOJIOTIYHOTO OOJIaTHAHHS Ta MIATPUMAHHS MOr0 TEXHIYHOTO PIBHS 32 PO3YMHHUX
BUTpAT Ha OOCIIYTOBYBaHHS Ta PEMOHT.

KomnoneHTHUN peMOHT cyaHOBOro TexHigyHoro oomaananHsa (CTO) - TexHiuHO
OOTpYHTOBAHMI Ta €KOHOMIYHO BHIIPABIAHUN 3axil. TakMM 4YMHOM, PEMOHTHI Ta
CEpBICHI KOMITaHii MOXYTh CKOPOTUTH Yac 3aBOJICBKOTO PEMOHTY CYJIEH, M1BULITUTH
HaJIMHICTh PEMOHTY Ta 30LJIBIIMTH YaC MI)XPEMOHTHOI €KCILTyaTallli.

Hocain excrutyaTanii CT3 nmokasye 1110 3Ha4yHa 4acTKa BCIX BIAMOB MpUIaJae Ha
ix rigpasmiuHi cuctemu. [Ipu nbomy depes Opak JOCBiLy, TEXHOJIOTIH Ta 00Ia HaH-
Hsl pecypc Bi,[[peMOHTOBaHOFO oOnajHaHHs HalyacTime He nepesuirye 30-60 Biaco-
TKiB BiJT HOBOTO. ¥ 3B'SI3KYy 3 IIUM po3po61<a Ta BIPOBA/DKCHHS TEXHOJIOT1M PEeMOHTY,
3aCHOBAHMX Ha BI/IKOpI/ICTaHHl HOHIMCpHI/IX CJIEMEHTIB 13 BUCOKOC(EKTUBHUX AHTHU-
GPUKLIHHUX KOMIIO3UTIB HA OCHOBI KanpoJioHy (moniamiay) y GpUKIIHHUX KOMIIO-
3UTaX TIAPOIMIIHAPIB, I03BOJUTH 3HU3UTH BAPTICTh Ta TEPMIHUA PEMOHTY Ta 3HAYHO
M1JIBUIIUTH HAIIWHICTh YCI€T T1IPOCUCTEMH.

AHaui3 nocaigxkensb Jlegopmaiiist mpoduro MOBEpXHI IPH 3HOIIYBAHHI BIUTUBAE
Ha TPaBUIBHICTH POOOTH 3'€qHAHHSA. TakuM 4MHOM, (hopMa MOBEPXHI 3HOITYBAHHS
eJeMeHTa (PPUKIIITHOTO CIOJYyUYCHHS 3aJISKUTh HE Bl MaTepiaiy, a BiJ JIFOUUX CUJI,
XapaKTEPUCTHK BIJIHOCHOTO PYXY, KOHPIrypauii ta po3MipiB. OOOpOTHHI pyX 3Mi-
HIOE XapakTep miactuyHoi nedopmarrii. Benuki nedopmariii nmpu3BoAsSTH A0 1HTEH-
CUBHUX TIPOIIECIB YTBOPEHHS CTPYKTYpHHUX Je(dexTiB. |HTEeHCUBHE YTBOpPEHHS
MIKpPO- Ta MakpoAe(PeKTIB cupusie npouecaMm Audy31iHUX, aacoOpOLIHHUX Ta XEMO-
COpOLIMHMX B3a€EMOIN HA TOBEPXHI TEPTSL.

Pe3yabTaTu3HOC MOBEPXOHD TepTs €JIEMEHTIB rmpouHmana B ‘{epFOBI/II/I pas
30UTBIITyE 1X 3arajibHy z[e(bopMauno 1 ntHmye MO37IOBXHI 1 nonepequ HaBaHTa-
KEHHS, 10 JII0Th BiIMOBIIHO, IO MOTIpIIye GYHKIIOHATLHUN CTaH T1APOIMITIHApA
1 IPU3BOAUTH JI0 3HMKEHHS WOTO MPUIATHOCTI B SKOCTI MIAIIMITHUKIB 1 YIIUIbHEHb
(depe3 BUXOy 3 JIaay CUCTEMH. Y IIbOMY ITyHKTI MICTUTBCS Take TBeppKeHHs. "Tlpu
HEOOX1THOCT1 ONEPAaTUBHOTO PEMOHTY, CJIiJI 3aMIHUTH HANpPsIMHI €JIEMEHTH (SIKILO
BOHU € B KOHCTPYKIIii) a00 BiZIHOBUTH 3HOILIEHI TOBEPXHI (AKIIO iX Hemae)". Xapak-
TEp HaBAaHTaKCHHS 3QJICKHUTH BiJ HaBaHTAXEHHS, KUIBKOCTI IUKJIIB IIiJ THCKOM Ta
TPUBAJIOCTI POOOTH TiAPABIIYHOI CUCTEMHU TIPH BUKOHAHHI Pi3HUX 3aBraaHb. O1iHKa
XapaKTepy POOOTH 3IHCHIOETHCS ILISXOM BU3HAYCHHS CTYIICHS HaBaHTAKCHHS B
poOOUOMY ITUKIII, KIJTBKOCTI IIUKJIIB TIEPEMUKAHHS B OJJMHUIIIO Yacy, HOMIHAJIbLHOTO
TUCKY, TEMIIEpaTypH T1ApaBIidHOI PiAUHHU, HABKOJHUIIHBOTO MOBITPs 1 T.A. | eram -
BiJl BiJI'€/IHaHHS pOOOYOro oprany (MOHTaXHOT MaIvHu) 110 miaBicku; Il etam - Bix
MIJBICKH J0 TepeMileHHs: pododyoro oprany npocrtopi; 11 etan — Big nepeminieHHs
pobodoro oprany y mpocTtopi g0 3ynuHku. Ha mepmomy erami nedopmartist mroka

43



BiI0OYBA€THCS 32 PAXyHOK yIapHOTO MOMEHTY Ta CHUJIM BIIXWUJICHHS IITOKA BiJ OCI.
Jpyruii nepioq po60TH XapaKTepU3YEThCS PI3KUM MOTIPIICHHSIM YMOB MacTHIIa, 10
MPU3BOJIUTH JI0 30UJIBIICHHS TEPTA Y MOMEHT pyXy pobodoro oprany. Bei mi ¢akro-
pH MOCUJIIOIOTHh 3HOC YUIUIbHEHD, 3aIUPaKH, BHYTPIIIHI HAIIPYTH B METaJll Ta BUTUH
mToka. Ha TpeThoMy ertammi TepMiH CITyKOH T1APOIMITIHAPA CKOPOIYETHCS Yepe3 Mo-
NaJaHHs Ha MOBEPXHI TEPTA BUCOKOB'SI3KMX XOJOAHUX MACTHII, SKi MOCHUIIOIOTH 3a-
KJIMHIOBAHHS Ha MOBEPXHSX €JIEMEHTIB, IO CIIOIY4YaloThes GPUKIIIAHOT KOMOIHAIIII.
JIns BITHOBJICHHS TIpaIe3/aTHOCT] Ta MIABUILIEHHS JOBTOBIYHOCTI TiJIPOIMJIIHJIPIB
ICHYe€ JIBa MiIXOU 10 BUPILICHHS MPOOIeMu:

BIJTHOBJICHHSI 3HOIICHUX TMOBEPXOHBb JI€TANCH, 10 TPYThCS LUISIXOM HAaHECEHHS
aHTU(GPUKIIIIHOTO METAIEBOTO MOKPUTTS;

MOJITIIICHHS KOHCTPYKIIT BY3JiB TEPTS LUIIXOM yCTaHOBKU HA TOJIOBKH Ta MOp-
IIH1 T1IPOLMIIIHJIPIB HAMIPABJISAIOUMX OMOPHUX KUIELb 13 3HOCOCTIMKHUX MOJIMEPHHUX
KOMITO3UTIB. J{JIs1 TOAaNbIIOro 3MEHIIIEHHS 3HOCY ITUX By3JIiB MaHXeTH1 a00 pyxomi
(rymoBa Kijblle KpYTJIOro nepepizy) YUlJIbHEHHS Fl,ZIpOIII/IJIlHI[plB 3aMIHIOIOTHCS
KOMITO3UTHUMH YHHJ'IBHIOBaJ'IBHI/IMI/I €JIeMEHTaMH, SKi OUTBIN CTIHKI O 3HOCY Ta
ctupanHsi. KOMIIO3WTHI yIIUTEHEHHS CKJIAJAlOThCS 3 TBOX YACTHH, OJHA 3 SKHUX (Ty-
MOBa KIJIbIE KPYIJIOTO ab0 KBaJIpaTHOIO MEpepi3y) CIYKUTh CUIOBUM €JIEMEHTOM,
0 CTBOPIOE HEOOXIHY KOHTAKTHY HANpyry Ha 000X MOBEPXHSAX YIIIJIHHIOBAUiB.
[Hma yacTuHa, BUTOTOBJIEHA 3 MOJIIMEPHOTO 3HOCOCTIMKOTO KOMIO3UTY, € Oe3moce-
PEAHBO YIIITHLHIOIYHUM €JIEMEHTOM. 3a TaHUMH JCSKUX JOCIIKEHb, 3HAaYHA YaCTH-
Ha CTaIlfHUX BIAMOB CHJIOBUX Fi,[[pOHI/IJIiHI[piB IIOB's13aHa 31 3HOCOM JI€TaJIel, YacT-
Ky SIKOTO TIPUTAjIA€ MOHAN 70% Bcix BHTPAT HA PEMOHT Fl):[pOI_[I/IJIlHI[plB OcHOBHH-
MU YWHHUKaMHU, K1 BIUTUBAIOTh HAIHHICTh rmpouanz{pm € eKCIUTyaTalllifHi YuH-
HUKH, 30KpEMa CHJIOBE B3a€EMO/IIsl €JIEMEHTIB, 00'enHaHuX TepTsaM. Ha mpauesnat-
HICTh T1APOIMIIIHIPA BIUIMBAE PEKUM CHUIIOBOTO BIUIMBY, TIPH SKOMY BEIUKI CHIIU
peaxiii npunaaarTh Ha O1YHI MOBEPXHI TOJOBKU 1 I'iib3u LuiiHApa. [lpu upboMy Be-
JUYMHA CHJIM PEaKIii y NpsIMOMY IOJIOXKEHHI MOPIIHA Maike B IIICTh pa3iB mepe-
BHIIY€E CHITY PEaKIlii y 3BOPOTHOMY MOJIOKEHHI. [le mpu3BOauTh 10 1HTEHCHUBHOTO
3HOCY poOOYMX MOBEPXOHB JI€TajeH, M0 CIONIYYalOThCA Y BEPTUKAJIBbHIN MJIOLIMHI 1
30UIBIICHHS 3a30py B PYXOMUX YHIUIBHEHHSIX. B pe3ynbTaTi 3pocTae cuiaa peakiii
MOTPiHOI KOMOIHaIlii, 30UIBIIYEThCS KOHTAaKTHA HANpyra Ta 1HTEHCU(]IKYETHCS
3HOC. JlJis BiIHOBIEHHS PEMOHTONPHIATHOCTI TOPIITHEBOTO OJIOKY Ta TMepeaHboi
KPULIKUA TIPU PEMOHTI TAPOUMIIHAPA 3aPONOHOBAHO 3MIHUTH KOHCTPYKIIiIO, BCTa-
HOBUBILM Ha KPUIIKY TIAPOUMIIHApPA HAMPSIMHE OMOpPHE KUIbLE 3 MOJiaMigHOTO
KOMITO3HIIIITHOTO MaTepiaiy.

BucnoBok Cuia peaxiiii B mepeTHbOMY MOJI0KEHHI MOPIIHS MPAKTUYHO B IIIICTh

paziB MEpEeBUIIYE CUTY peaKIlii B 3aJHbOMY TOJIOKEHHI, 1110 TPU3BOJUTH JO 1H-
TEHCUBHOTO 3HOCY POOOYMX TMOBEPXOHB AETaleH, IO CHOMYYalOThCS Y BEPTUKAIIb-
HIM TUIOMIMHI 1 301JIBIIEHHS 3a30py B PYXOMOMY YIIUIbHIOBAJIBHOMY BY3JIi. 3r0JI0M
301TBIICHUN 33a30p MPU3BOJUTH 10 YTBOPEHHS BEJIMKUX BIIXWICHb y BEpTUKAIbHIN
TJTOIIMHI T1APOLMITIHAPA, 10 TPU3BOIUTE 0 30UIBIICHHS CHJI peakiiii B KoMOiHaIlii
(GpUKIIOHIB, 301TBIIICHHS 3THHAIBHUX MOMEHTIB Y IITOKAX, OJATBIIIOTO 30UIbIIEH-
HSI KOHTaKTHUX HAIPYT 1 M1IBUILIEHOTO 3HOCY.
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VK 621.431.74

Menbauk O.A.
Harionaneuuii yHiBepcuteT «Oechka MOPChKa aKaaeMisi»
I'apsiue 3BaproBaHHS YaBYHY

["apsiue 3BaproBaHHS 4aBYHY 3aCTOCOBYIOTH MpPU PEMOHTY Je(eKTiB AeTayeH i
KOHCTPYKLIN, 10 SIKUX Mpea SBISIOTh BUMOTY OJHOPIAHOCTI HAIJIABJIECHOTO METaly
3 3aIaHMMH BJIACTUBOCTAMU — (PEPITHO-MIEPJITHOTO, MEPJITHOTO, BUCOKOMIIHOTO
yaByHYy 3 chepononiOHuM rpadiTom. 3BaproBalibHI MPOLIECH CTOCOBHO YaBYHIB pi3-
HUX KJIACIB CYTTEBO HE 3MIHIOIOThCS. OTpUMaHHS YaBYHY 3 33JIaHOIO0 CTPYKTYPOIO i
BJIACTUBOCTSIMHU JIOCSTAE€THCS 3aCTOCYBaHHSM BIAMOBIIHMX 3BapOBAJIbHUX Marepia-
niB. BubGopoMm BIANMOBIIHUX 3BaplOBaJIbHUX 1 MPHUCATKOBUX MaTepiaiiB, a TaKOXK
CHOC001B 3BapIOBaHHS MOXJIMBO OTPUMATH HAIUIABJICHUN METajJ B BUIJIS/L HE TUIb-
KM YaBYHY 3 3aJlaHMMHU BJIACTHBOCTSIMH, a 1 BYIJICLIEBOi Ta BUCOKOJIETOBAaHOI CTall,
CILJIaBIB 3 BUCOKMM BMICTOM MiJii, HIKEJIIO Ta 1H., [0 B HAMOUIBIIII Mipl BiANOBIIA-
I0Th XapakTepy Ae(eKTy, KU 3aBaplO€TbCA 1 €KCIUTyaTalliiHOMY MpPU3HAYECHHIO
BUPOOY.

OO00B’I3KOBHI TTONIEPEIHINA MIAITPIB A€TaNEH 1 KOHCTPYKIIM 3 YaBYHY € BaXKJIU-
BOIO TEXHOJIOTIYHOIO omepauiero. Temneparypa nonepegHboro nigirpiBy 3alekuTh
B1JI pO3MIpIB 1 XOPCTKOCTI JIeTaji, COCcOOIB 3BapIOBaHHS, 00’€MY HAaIUIABIEHOTO

MeTaly Ta IHIHNX (PaKTOpIB.

72 O dih

Puc.1 IlinroroBka fnetasni 10 MpoLecy 3BaprOBaHHS.

["apsiue 3BaproBaHHS YaBYHY PO3PI3HAIOTH: 3 MmiairpiBom a0 600...650°C, narmi-
rapsiue 3BaproBaHHS a00 3BapIOBaHHS 3 HEBEJIMKUM TIJITPIBOM, HE BHIIE
300...400°C, 1 xonogHe 3BaplOBaHHS 4YaBYHY 0e€3 MOMEpPEeIHbOro MiairpiBy. Haii-
OUTBII paKaTFHUM 3aX0/I0M OOPOTHOM 3 YTBOPEHHSM BIIOUIEHUX Ta 3arapTOBAHUX
JISTHOK IIOBY 1 HABKOJIOIIOBHOI 30HHM, BUHUKHEHHSIM TIOp 1 TPIIIMH € rapsde 3Ba-
PIOBaHHS YaBYHY Ta TOBUIbHE OXOJIOMKEHHS OBY. TeXHOIOTIYHUIN npoyec eapsuo-
20 36aplOBAHHs CKIANAETHCS 3 HACTYIHUX €TalliB: — ni02omoska NeEeKTHOTO MiClis
BUPOOY JJIs 3BApIOBaHHSI; — nonepeoriu nidiepie no temmeparypu 600...650°C; —
be3nocepeonvo 38aprosants NePEKTHUX YACTUH JIETalll, 1[0 PEMOHTYEThCS; — MOBI-
JIBHE nocioyoue 0xon00dcenHs Miclie 3BaproBanHs. [liroToBka mij rapsiue 3Bapro-
BaHHS 3aJIEKUThH B BUAY AedEKTy fAeTani ad0 KOHCTPYKIIIT — TPIIIMHHU, BIIKOTY a0
HEJI0JIUBY METaly.
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doro.1

OpHak, y BCIX BUNIAAKAX, MIATOTOBKA AEPEKTHOTO MICLS MOJISATa€e B PETEIbHOMY
OYMIIICHHI B1J 3a0pyJIHEHb 1 B po3poOLl KpailoK AJii YTBOPEHHS NOPOKHUHH, fKa
3a0e3rneyye JOCTYMHICTD JJI MaHIITyJIFOBaHHS €JIEKTPOJOM 1 11 3BaplOBaJIbHOL TyTH.
Jlis monepe/PKeHHsT BUTIKAHHS PI1IKOTEKY4Oro MeTaly 3BaploBalibHOI BaHHU, a B
PAl BUTIQJKIB, JJIsl HaJIaHHS HAILJIABIICHOMY METaly BIAMOBIHOI (OpPMU, MICIIEC 3Ba-
proBaHHS hopmyroms. POPMOBKY BUKOHYIOTh B 3aJICKHOCTI BiJl PO3MIPIB 1 MiCIs
po3TalryBaHHs Ae(PEKTy 3a JTONOMOror rpaiToBUX IUIACTUHOK Ta (POPMYBaIBHOI
MacH, fiKa CKJIAIa€ThCs 3 KBapLUOBOr0 MICKY, 3aMIIIAHOTO Ha PIJIKOMY CKJi, abo 1H-
mux (GOpMYBAIILHUX MATEpIialliB, 10 BUKOPUCTOBYIOTHCS ISl IUTTS 4aByHy . [licis
(OpMOBKHM HEOOX1JTHO MPOCYIUTH (HOPMY HUISIXOM IMOCTYHOBOrO MIANOMY TEMIlepa-
typu Bixg 60 mo /20°C. IloTiM mpoOBOIATH MOJAIBIIMK HArpiB ITiJI 3BapIOBAaHHS 3
MBHUIKICTIO He Oubiie /20...150°C/2 B iedax, ropHax, abo THMYaCOBUX HarpiBaslb-
HUX MPUCTPOSIX. YTIOBUJIbHEHE OXOJIOKEHHS MICISI 3BapIOBaHHS JOCSTA€ThCS MPU
HaKpUBaHHI BUPOOIB IIApOM TEIUIOI30I0I0U0Tr0 Marepiany — JucTaMu a3becry, 3a-
CHUIIKOIO IMICKOM, IUTAKOM, JIEPEB’THUM BYTULISM, TOIIO, a00 MPU OXOJIOKEHHI pa-
30M 3 Tiy4ro, TopHamu. [lig yac 3BaproBaHHs Temrneparypy AeheKTHOro Micus Jie-
Tajgl MiATPUMYIOTh He Hikue 500°C, 1m0 3aTpUMye OXOJOJDKEHHS 3BapIOBAIBHOI
BaHHU 1 TUM CaMHM CHpHsi€ YTPUMAHHIO BEJTUKOTO 00CATY METally Y BaHHI B PIJIKO-
My craHi. lle 3a0e3nedye BHpIBHIOBAHHS CKJIaJy MeTaly BaHHU 1 HOro MOBHY
rpadiTu3aniro npu 3acturaddi. KpiMm Toro, migirpiB 3BUIbHSE Je€Tanb, ad0 KOH-
CTPYKIIil, IO 3BAapIOIOTHCS, BiJ BHYTPILIHIX HANpPYKEHb JMBAPHOTO 1 €KCIUTyaTa-
LIAHOTO XapakTepy, MONEPeIKye TMOsIBY 3BAPIOBAIBHUX HAMpPYKEeHb 1 3ano0irae
YTBOPEHHIO TPIILIKH.
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®oto 2 Puc.2
VY neskux BUNaAKax JUisl JeTalied, 10 MaloTh BEJIHUKY TBEPAICTh 1 CKIIAIHY
KOH(irypailito, HampuKiIaa, TOTIBOK OJIOKIB IWIIHAPIB JU3EIbHUX JBUTYHIB, KOP-
IyC1B PEAYKTOPIB, TOIIO, IPU 3BapPIOBAHHI 00OB'I3KOBE 3arajibHe HArpiBaHHS.

a) J30-35 0) Ao d) A0S _
% ? % o T // :
' W 7 Z .E ZES Y
Y25-30 _A425-30

Puc.3 3BaproBanHs 4aByHY

Cnocobu HarpiBy 1 HarpiBaJibHI NPUCTPOi 3aCTOCOBYIOTh B 3aJIEKHOCTI BiJ Xa-
pakTepy BHUPOOHMIITBA — YCYHEHHs Je(EKTIB JIUTTA, PEMOHTHE 3BAPIOBAHHS 1 T.MI.
Hanpuknan, npu MacoBoMy BUPOOHMIITBI B JIMBAPHUX L€XaX TOIIBHO 3aCTOCOBY-
BAaTU KOHBEepHi medi. J[Ji1 peMOHTHUX pOOIT 3py4YHO BUKOPHCTOBYBATH HArpiB y
MydeabHuX neyax, ado B rOpHaX 3 BIAKPUTHUM KOXKYXOM. JlJis pa30BUX PEMOHTHUX
poOIT BeMKOrabapuTHUX BUPOOIB BUTOTOBIISIIOTH TUMYACOBI HArpiBajbHI MPUCTPOI
3 BOTHETPUBKOI LIETJIM, B TOMY YHCII MeYl - SMU B 3eMJISTHIH IT/1JI031 TIEXY.

®oto 3. Enextpoau 3BaproBanbHi MHY-2
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["apsiue 3BaproBaHHS YaBYHY BUKOHYIOTH 0€3 MepepB J0 MOBHOTO 3aBapIOBAHHS
nedekrty. [Ipu Benukux 00’eMax aedeKkTy, M0 3aBAPIOETHCA, 3BAPIOBAHHS BUKOHY-
I0Th JIBa 3BapHUKA, SIK1 MPAIIOI0Th O4YeproBo. OX0JI0KEHHS 3aBapEHUX YaBYHHUX
BUPOOIB 3aJICKHO BijJ iX Macu 1 GOpMH MPOJOBKYETHCSA BiJ JEKIILKOX TOJHUH JI0
JEKUTbKOX 110. OTpUMaHHS YaBYHY 3 33/1aHOI0 CTPYKTYPOIO 1 BIACTUBOCTSIMHU J10CS-
ra€TbCAd 3aCTOCYBAaHHSAM BIAMOBITHUX 3BapIOBAJIbHUX MarepiaiiB. BubGopom
BIJIMOBIAHUX 3BapIOBAJIbHUX 1 MPUCAJAKOBUX MaTepialliB, a TaKOX CIOCOOIB 3Ba-
PIOBaHHS MOXJIMBO OTPMMATH HATUIABJICHWA METal B BUTJIAMI HE TIILKH YaBYHY 3
3aJIaHUMH BJIACTUBOCTSIMU, a 1 BYIJICIIEBOI Ta BHCOKOJIETOBAHOI CTal, CIUIABIB 3 BU-
COKMM BMICTOM MiJIi, HIKEIIIO Ta iH., 10 B HAMOUIBIIN Mipi BIAMOBIIAaIOTh XapaKTe-
py AedeKTy, sSIKhi 3aBapIOEThCS 1 €KCIUTyaTaliiiHOMY NpHU3HAuYeHHIO BUPOOY. 3Ba-
pIOBaJIbHI Marepiaiu KIAaCHU(PIKyIOTh 3 YpaxXyBaHHSAM SKICHUX XapaKTEPUCTHK
HaIJIaBJICHOTO METally, TEXHOJOTIYHMX O3HAK 3aCTOCYBaHHS, MOKa3HUKIB TEXHO-
JIOTIYHOCTI TP BUIPABJICHHI NMEBHUX TPyl JAePEKTIB Ta EKOHOMIYHUX MOKA3HUKIB.
J1J1st 3py4HOCTI OIIHKH 3BaprOBalibHI MaTepialid pO3UISIOTh HAa JIB1 BEJIUKI TPYMH: —
Marepianu, o 3a0e3nevyloTh OTPUMaHHS B HAIUIABJICHOMY METalll YaByHYy — Ma-
Tepiaiu, 1o 3a0e3MeuyoTh OTPUMaHHS B HAILJIaBJICHOMY MeTaJli cTaii abo CIjIaBiB 3
BHCOKHM BMICTOM KOJIbOPOBUX METAJIIB (Mi/il, HIKEJIO Ta 1H).

3BaproOBaHHS Gy2ilbHUMU eleKkmpooamu JiameTpoM 8 - 20mm BUKOHYIOTH Ha
MOCTITHOMY CTpYMI MpsIMOi MOJSIPHOCTI. JlilaMeTp eNeKTpoy 1 CUITy 3BaprOBaIbHOTO
CTpyMy OOMpParOTh B 3aJIEKHOCTI B1J TOBIIMHU MeTay aedextHoro micug, (Taos. 1)

Tabu.1 Pexxumu 3BaproBaHHs BYT'UIBHUM €JIEKTPOIOM

ToBuHa MeTay, Hiametp enexrpomy, Cuna ctpymy, A
MM MM
6-10 8-10 280 - 350
10 - 20 10-12 300 - 400
20-30 12-16 350 - 500
30 i OinbIe 16-20 350 — 600

B sixocTi mpucaaku BUKOPUCTOBYIOTh MIPYTKU Mapok A 1 b. Jlyisg 3axucry 1 po3-
KHUCJICHHSI METaJly 3BapIOBAJIbHOI BaHHU, NMEPEBEJCHHS TyrOIUIABKUX OKHUCIIIB B JIET-
KOIUIaBKi 3’€IHAHHS 3aCTOCOBYIOThH (PJIFOCH Ha OOpHIM OCHOBI, YaCTIIlIe BCHOTO TEX-
HIYHY 0€3BOJIHY Oypy, mpokajeHy npu temmepatypi 400°C. 1lig yac 3BaproBaHHS
ciig Oe3nmepepBHO MIATPUMYBATH 3HAYHUN 00’€M PO3IUIABICHOTO METaly B 3Ba-
PIOBAJIbHIN BaHHI Ta PETEIbHO MEPEMINIYyBaTH MeTaj KiHIEM eJeKTpoAy abo mpu-
CaIKOBHM CTPIH)KHEM.

JIns yNmoBITLHEHHS OXOJIOJKCHHS 3aBapeHl JeTalll 3acUIaloTh MUIKUM Jie-
PEB’STHUM BYTULISIM YU CYXUM MICKOM. ['OJIOBHUMM HEIOJIKaMU Tapsdoro 3Bapro-
BaHHSl YaBYHY SIBJISIIOTHCS BEJIMKA TPYAOMICTKICTh IPOLECY 1 BaXKKI YMOBH Ipari
3BapHHKIB, OCOOJIMBO MPHU 3BAPIOBAHHI MACUBHHUX BUPOOIB MOKPUTHUMHU 1 BYTUTLHUM
€JIEKTPOIaMHU.

MexaHi3oBaHe 3BAapIOBAHHS YaBYHY MOPOIIKOBHM JPOTOM € MPOrPECUBHUMN
CHocoO0M, SIKH1 3HaYHO MOJIETIIYE MPaIio 3BapHUKA 1 301IbIIyE POy KTUBHICTD, a
BBEJICHI y CKJIaJ IIUXTH KOMIIOHEHTHU J03BOJISIOTH OTPUMYBATH B IIIOB1 YaBYH.
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[Tpuknazn ckiramy MOPOIMIKOBOTO APOTY Mapku [II11Y4-3 niis rapssaoro 3BaproBaH-
HSl YaBYHY 1 CKJIaJly HAIJIaBJIEHOTO MeTaly npuBeaeHui B Taou. 2
Ta61n.2 Ckian nopomkoBoro apoty [1I14-3 1 nanaBiaeHoro merany ,%

Marepian C Si Al Ti

II14-3 45-5,0 3,3-4,0 0,1-0,3 0,1-0,3

Hamnasine- 3,0-38 3,0-38 Ho 0,1 Jo 0,1
HU MeTam*

["apsiue 3BaproBaHHs YaBYHY J03BOJISIE OTPUMATH 3BapHi 3’€HAHHS, SIKI PIBHO-
I[IHHI OCHOBHOMY METajly [0 MEXaHIYHUM BJIACTUBOCTSIM, IIIJILHOCTI, 3IaTHOCTI JI0
MeXaHI4HOi 00poOKu, Toio. BogHoyac rapsiue 3BaproBaHHs YaBYHY 1€ TPYJIOMICT-
KMl Ta Joporuii mpouec. Pa3om 3 TUM y psil BANAAKIB A0 3BAPHUX 3 €JHAHHb 3 Ya-
BYHY HE MpeJ IBISIOTh TAKUX BHMOT.

XoyoAHe 3BaprOBaHHS YaBYHY €JIEKTPOAAMH IMMO3WTUBHOTO pE3yNIbTaTy HE 3a-
Oe3mnedye TOMy, IO TPHU BEITUKUX MIBUIKOCTSIX OXOJOMKECHHS YTBOPIOETHCS CTPYK-
Typa OUTOTrO YaByHY B LIBI 1 BUCOKOTEMIIEPATYpHI1N 00J1acTI HABKOJIOIIOBHOI 30HH, a
TaKOX B1IOYBA€ETHCS PI3KE 3arapTyBaHHS METaly JUITHOK 30HU TEPMIYHOTO BIUIMBY,
[0 HarpiBarOThCs B Ipolieci 3BaproBaHHs Buile temneparypu AC3. Jlepopmariii,
AK1 TIPU IbOMY BUHUKAIOTh, MEPEBUIYIOTH AehOpMaIliiiHy 3/1aTHICTh METay IIBa 1
HIII3, B pe3ynbTaTi 40ro yTBOPIOIOTHCS TPIIIMHM. JIJ1s MornepeKeHHs Bi101IF0BaH-
HsI HEOOX1HO 3a0€3MeUnTH TaKuil CKJIaJ METaly IIBa, JJIs IKOTO B IUX yMoOBax Oy-
JIe OTPYMaHa CTPYKTypa CIpOro 4aByHY 3 HAHOUIBII CIIPUSATINBOIO (opmoro rpadit-
HUX BKIJIIOYEHb. [le Moke OyTH TOCATHYTO NUISIXOM BBEJACHHS B HAIUIABJICHUA METall
JIOCTaTHBHO BEJIMKOI KITLKOCTI TpadiTizaTopiB 1 JIEryBaHHS YaBYHY €JI€MEHTaMH, 1110
cripusitoTh cdepoimizaiii kapOiliB, HaANpUKIaa, MardieMm. [IpuknamoM Takux enek-
TPOJIIB MOXKYTb CIIY>KHTH €1eKTpoau Mapku EMY, cTpuxkeHb SIKUX MPeAcTaBIIs€ CO-
0010 YaByH 3 MiABUIIEHUM (J10 5,2 %) BMICTOM KPEMHIIO, a IOKPUTTS MA€ JIBa MIaApH:
MEPIIMIA map - JEryouni, APyruil - 3a0e3nedye ra3oBui 1 IMIAKOBUM 3aXHCT.

doto 4
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[Ipu 3BaproBaHHI TAKUMU €JIEKTPOTAMH YaBYHHHX JI€TAJCH 3 TOBIIUHOIO CTIHKU
10 12 MM 6€3 momnepeIHhOro MiAIrPIBY BIAAETHCS OTPUMATH IIBH 1 HABKOJIOIIOBHY
30HY 0e3 BIIOLTIOBAaHHA 1 3arapTyBaHHs. [IeBHOMY yHOBUIBHEHHIO IIBUIKOCTI 0XO-
JIOJKCHHS TPU €BTEKTUYHINA TeMIIepaTypl CIIPHUSE PeaKiiisl MK 3aJ113HOI0 OKaJIHUHOIO
Ta AIFOMIHIEBUM MOPOIIKOM, 110 TPOTIKAE 3 BUAUICHHSAM TeIUIoTH. [1pu 3BaproBaHHI
TaKUMU €JEKTPOJIaMd MACUBHUX JeTalied, /uisi OTpuMaHHs 0e31e(eKTHUX 3BapHUX
3’€JIHaHb, MPUXOJAUTHCA iX miairpiBatu ao temmeparypu 400°C. s mokparieHHs
3IaTHOCTI JO MEXaHIYHOI OOpOOKH 1 NESKOTO MiABUINEHHS IJIACTUYHOCTI METally
IIBa 3aCTOCOBYIOTDH €JIEKTPOJIM 3 HIKEJIEBHX YaBYHIB, HAIIPHUKIIAJ, Hipe3ucTa abo Hi-
Kpocinajs, CKJIaj IKHX HaBeJeHui B Ta01. 3

Ta6u1. 3 Ckiaj eNeKTpOAHUX CTPUIKHEHN 3 HIKEJIEBUX YaBYHIB, %

YapyH C Ni Si Cu Mn

Hipe- 2,0 29 1,3 7,6 0,4
3HCT

Hikpoci 2,0-23 19-22 52-6,4 - 0,5
b

EnexTpoau 3 HikeleBHX YaBYHIB 3a0€3M€UylOTh OTPMMAHHS IIBIB, IO MAIOTh
XOpOIIly 3JaTHICTh 10 MeXaHI4HO1 00poOku. ToHke mokputta (M), 1O HaHOCUTHCS
Ha CTPUXKHI 3 HIKEJIEBUX YaBYHIB, pPEKOMEHIYETHCSI HACTYITHOTO CKJIAy: KapOOpyH/
55%, Byrnekucnuit 6apiit 23,7%, piake crexino 21,3%. 3BaproBaHHS BUKOHYIOThH B
JEKiJbKa MIapiB MPU 3BOPOTHO-TIOCTYNIOBOMY MEpeMillieHH] enekTpoay. OCHOBHUI
35 HenoIIK eIEKTPO/IIB 3 HIKEJIEBUX YaBYHIB - MIABUIICHA CXUIBHICTh O YTBOPCHHS
rapsiaux TpimuH. OTpUMaTH B HAIJIABIEHOMY METalll CIpHil YaByH MO>KHA, 3aCTOCO-
BYIOUHM CIEIliajbHI 3BapIOBAJIbHI Martepiaiu, 10 3a0e3MedyloTh JETyBaHHS 4epe3
eJIeKTpoiHEe MOKPUTTA. [IpuKiazomM Takux MaTepiaiiB MOXKYTh CIY>KUTU €IEKTPOIH,
CTPWKCHb SKMX BHUTOTOBIICHUW 3 HU3BKOBYTJEIeBoro apoty Cs-08 uu Cs-084
(I'OCT 2246-70), a B TETyIOUMM TOKPHUTTI MICTUTHCS TOCTATHS KUTBKICTh €JIEMEHTIB
- TpadiTizatopiB — ByTJenoo 1 kKpeMHiro. HailOuibmn xapakTepHi eJeKTpOAN MapKH
EMUYC, crpukeHb IKUX — HU3bKOBYTJICLEBUM €NEKTPOJHUMN JIPIT, a MOKPUTTS Mae
TpH 1Iapu: 1-il map € geryrwounm, 2-il — NUIaKo- 1 ra30yTBOPIOIOYMM, 3-i — razosa-
xuctHUM. ['padit 1 cuiMkoMarHid, Mo BXOAATh y CKiaa 1-Tro mapy, ciiyXaTb
rpaditizaropamu. Marsiii B neskiii mipi criipusie cdepoiaizarii rpadiTy; reMaTur i
QTFOMIHIN, TIPU B3a€EMO/I11, CIPHUSIOTH IEBHOMY 3HIKEHHIO IIBUIKOCTI OXOJIOXKCHHS
MpU €BTEKTUYHIN TeMIeparypi 1 TUM CaMUM OTPUMAHHIO Y IIOBI CTPYKTYPH CIpOTO
YaByHYy. 3aCTOCYBaHHS TaKHX €JIEKTPOJIB IMpPH 3BaproBaHHI YaBYHHHX BUPOOIB 3
BIJIHOCHO HEBEJMKOIO TOBIIMHOIO MeTaly (0o &8 - 10 mm) N03BOJISIE OTPUMATH SKICHI
3BapHi 3’€qHaHHSA 0€3 MOMEPEeIHbOro MiAIrPiBy BHUPOOY; TP OUTHINIM TOBIIMHI
HEOOX1JHO 3aCTOCOBYBATH HaIiBrapsde 3BaproBaHHA. J[Jig XOJ0AHOTO 1 HamiBraps-
YOro MEXaH130BaHOTO 3BAPIOBAHHS YaBYHY BUKOPHCTOBYIOThH CII€IliaibHI MOPOIIKOBI
JIPOTH, IO 3a0€3MeUyl0Th OTPUMAHHS Yy IIBI CIporo 4aByHy. s XonoaHOTO 3Ba-
PIOBAHHSI 3 BITHOCHO HEBEJIMKOIO TOBIIMHOI METaly Ie(PEeKTHOro MICIsl PEKOMEH-
nyetbest apit mMapku [ 1114-1, nns HaniBrapsiuoro 3paproBaHHst — Apit [1TTY-2 (Ta6m.
5), a Takox apotu [IIIHY-7, MH-25 Ta iH.
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Tabn. 4 Cknaa NOPOLIKOBUX APOTIB 1 HAIUIABIEHOTO METATy AJIS XOJIOAHOTO 1
HaMiBraps4yoro 3BaproBaHHs YaBYHY, %o

Ma- c Si Mn Ti Al [Mpu3HayeHHs

Tepiain

Tlo- 6,5 - 3,8 - 0,4 - 0,4 - 0,7 - XononHe 38a-

POLIKOBUI 7,0 4,2 0,6 0,6 1,0 PIOBaHHS
apit [11T4-1

Hama 45 - 3,5- 0,5- 0,3- 0,5-
BJIEHHMI MeTall 55 4,2 0,9 0,5 0,8

ITo- 5,7 - 3,3- 0,4 - 0,4 - 0,6 - Hamisrapsae

pOIIKOBHI 6,5 4.0 0,6 0,6 0,9 3BapIOBaHHS
apit TTTTY-2

Hama 3,5- 3,0- 0,5- 0,2 - 0,3-
BJIEHHMI MeTall 4.5 3,8 0,9 0,5 0,6

MexaHni3zoBaHe 3BapIOBaHHS MOPOIIKOBUM JIPOTOM J03BOJISIE OTPUMATH HaIlJIaB-
JeHUuM MeTan OJU3bKUM MO CKJIaay 1 CTPYKTYpl 0 4aByHY, IIO 3BapioroTh. 36 Ilpu
3aBaproBaHHI Je(EKTIB B BEIMKHX YaBYHHUX BIIJIMBKAX, JJI1 BUIIPABICHHS SIKUX
HEOOXIJTHO HAIUJIABUTH BEJMKUN 00’€M MeTaly, a TAKOX IPU BUTOTOBJICHHI BEJIUKO-
rabapuTHUX MAaCHBHMX BHUPOOIB 3 BHCOKOMIIHOTO 4YaBYHY 3 c(eponoaioHum
rpadiTom, MOKHA BUKOPHCTOBYBATH €JIEKTPOIIJIAKOBE 3BAPIOBAHHS ITACTUHYATUMU
enexkTpogamMu. Taki €IeKTpOJu MPEJCTaBIAIOTh COOOI0 JIUTI YaByHI IUIACTUHH 3
BMICTOM €JIeMEHTIB-TpadiTizaTopiB (BYIJICIIO 1 KPEMHIIO), PIBHUM BMICTY OCTaHHIX
B €JIEKTPOJAHUX CTpHKHAX Mapok A u b, Ta marnito 0,04 ... 0,08 %. Kpim 3aranbHo-
ro MiJIrPiBY, SKMH BUKOHYIOTH IIPH HAMIBrapsuoMy 3BaplOBaHHI PI3HUMHU CIIOCO0a-
MU, y Pl BUMAJIKIB (B 3aJI€KHOCTI BiJl KOHCTPYKIIIT) MOXKJIMBO OOMEKUTHUCS MiCIIe-
BUM TIIITPiBOM 10 MOTpiOHOI Temneparypu. [1ix yac 3BaproBaHHS HEOOXITHO 3BEP-
TaTU yBary Ha Te, 100 MeTan BUpOOy B pailoHiI 3BaplOBaHHS HE OXOJIOIKYBaBCS
HIK4YE 33JaHO1 TeMIepaTypu migirpiBy. s rapsdoro 3BapioBaHHS YaByHY AyTO-
BUM 1 Ta30BUM METOJaMH 3aCTOCOBYIOTH 3BaprOBaIbHI 1 MPUCAIKOBI MaTepialiu
MIePIIOi TPYNH — YaBYHHI JIUTI MPYTKH, YaBYHHI €JICKTPOIH 1 TTOPOIIKOBI IPOTH, SKi
MalTh CBOI palllOHaJbHI 00JIACTI 3aCTOCYBaHHSA IPU PEMOHTI JeTajeil 1 KOH-
CTPYKIIi{ 3BapIOBaHHIM: — MPYTKH NpucaakoBi yaByHHI &10 - /2 mm - 175 Ta30BOTO
3BaprOBAaHHS MPHU BUIPABIICHHI ASPEKTIB HEBEIMKHUX 1 CEPEIHIX PO3MIPIB; — MPYTKU
PUCANKOBl YaBYHHI &6 - 8§ MM - JUIsi Ta30BOTO0 HU3BKOTEMIIEPATYPHOTO MasHHS-
3BaprOBAaHHSI NP BUIIPABIIEHHI JIe(PEKTIB HEBEIUKUX PO3MIPIB; — MPYTKU YaBYHHI &
8 -12 mm, B AesKUX BUMAIKaX A0 16 MM, IJis1 BUTOTOBJIEHHS MOKPUTHX €JIEKTPOIIB
JUTSL TyTOBOT'O 3BapIOBAaHHS MPU BUIPABIEHHI ACPEKTIB BEIMKUX 1 JYKE BEITHKUX
PO3MIpiB; — MOPOIIKOBI APOTH &3 - 5,5 MM - IJisi TyrOBOrO0 MEXaHI30BaHOTO 3Ba-
PIOBaHHS NP BUIIPABJIEHHI Ae(EKTIB BEIIMKUX 1 TyKe BETUKUX Po3MipiB. st BUTO-
TOBJICHHSI TIPUCAIKOBUX MPYTKIB 1 CTPMIKHEH MOKPUTUX €JIEKTPOJIB MOIIUPEHO BU-
KOPHCTOBYIOTh YaBYH Mapok A a6o b (tadmx. 5).

Tabun. 5 Ckiag 4aByHHUX TPHUCAIKOBHUX MPYTKIB 1 €JICKTPOTHUX CTPIKHEH, %o
M C Si M C N P S [pusnauen-
apka n r i Hs

A 3. 3, 0. pl| pl| 0. jil| st rapstao-
0-35 0-34 5-0.8 00.05 00.3 2-0.4 0 0.08 I'0 3BapPIOBAHHS

b 3. 3. 0. pi| pi| 0. pi| Jist rapstao-
0-35 5-40 5-0.8 00.05 00.3 3-0.5 00.08 ro iHAMmBraps4oro

3BapIOBaHHs
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CTpikHI OTPUMYIOTH BIJIJTMBKOIO B KOKUIb Ta 1HIIMMH CIIocOOaMu. Y CKIaj mo-
KPUTTSI, III0 HAHOCUTHCS HA JIMTI CTPUIKHI, BXOIATH CTaOLII3yr0dl 1 JIETYIOUl Ma-
Tepiaid. B SKOCTI OCTaHHIX BHKOPUCTOBYIOTH TpadiT, kKapOopyH, (peppocuiiiiii,
CUJIIKOKAJIBIIMA, CHJIIKOMAarHii Ta 1HII eIeMeHTH — rpadiTizatopu. YMoBaM OTpH-
MaHHA (epuTHOI 1 (PEpUTHO-MEPIITHOT CTPYKTYpU HAIUIABICHOTO METally
BIJIMOBIAAIOTh 3BaplOBajbHI MaTepiajid, 1[0 MAalOTh BUCOKHUM BMICT TpadiTizaTopiB
BYIJICIIO, KPEMHIIO, KaJbIlifo, sIKI BBOJSATH Yy BHUIVIIAL (epociiaBiB, KapOiay
KpeMHiro Ta iH. Jlo HuX BimHOCSTH NpyTKH 4aByHHi (I OCT 2671-70) nns ra3zoBoro
3BapIOBaHHS 1 CTPMIKHI 1711 BUTOTOBJICHHS €JeKTPOIiB; mpyTku yaByHHI [TH1 (3aBoj
«CTaHKomiT»), a TakoX nopowkoBi apotu [I11-AHY-2, ITII-AHY-3 (UE3 im. €. O.
[TaTona), I1I14-3 («Craukomnity), [IIICB-7 (BHAI «Kommpeccop»), [IIICY-19 u
HITICY-6® (BIITI «Crpoitbyamam») ta 1H. [lpu gyroBomy rapsyomy 3BaproBaHHI
KUTBKICTh (epuTHOi (ha3u ckiamae 40 - 60%. Byrmenp kpucTamizyeThCsl 3 yTBOPEH-
HsM TpadiTy B KUIBKOCTI, sIKa MEpeBUIIye He0OX1aHy. TBEpAICTh 1 3AATHICTH O Me-
XaHIYHOi 0OpOOKM HAIUIABIEHOTO METaly, SIK MpaBWiIo, 3a0BUIbHI. [loka3HUKHM K
MIIIHOCTI MEHIIIE MEXI MIIHOCTI 4aByHiB tumy CY [8-21. Ilpu razoBoMy 3aBa-
PIOBaHH1 HEBEJIUKUX JAe(HEKTIB TBEPAICTh HAIUIABICHOIO METalTy HE Ma€ CTaOUIbHUX
nokasHukiB (HB 220-260). YaByH 3 BUCOKHM BMICTOM (DepHUTy, OTPHUMAHHS SKOTO
MOXYTh 3a0€3MeUNTH HABEJICHI MaTepialii, HEMPUIATHUIN JUIsl TTIOBEPXOHb, K1 IMij-
JAI0ThCS. B TIOJIAJILIIIOMY TTOBEPXHEBOMY 3arapTyBaHHIO, a TaKOX JJIs BIIJIMBOK 3
BHCOKOMApOYHHMX YaBYHIB, JI¢ HEOOXiJIHI MakcUMajibHEe HaOMKEeHHS (I3UKO-
MEXaHIYHUX BJIACTUBOCTEN HATUIABJICHOTO 1 OCHOBHOTO METaly. Y MOBaM OTPUMAaHHS
MEPJITHOT CTPYKTYpU B HAIUIaBJICHOMY METajll BIJAMOBIIalOTh 3BaplOBajibHI Ma-
Tepiaav, B SKUX MpPU MIJBUILIEHOMY BMICTI BYIJIEHIO Ta MOHMKEHOMY BMICTY
KPEMHiI0 BBEJIeHA HEBEJMKA KIJIBKICTh PIAKO3EMENIbHUX MeTamiB. /[0 HUX BiJHO-
cATbCA NpyTku 4aByHHi [/Y-2 (BH/[I «JliTmain»); mpyTKU 4aBYHHI 3 caMoJitocy-
BaHHAM («CTaHKoIIITY); enekTpoan yaByHHi DU-2 (BH/[I «JliTMari»); HOPOIIKOBHIA
apit I11149-3M (BHAI «Jlitmam» 1 «Ctankomity). [lpu rapsiaomy myroBomMy i raszo-
BOMY 3aBaprOBaHHI KUIbKICTh ¢eputy ckiana 5 - 10%, 3anumok — nepiit apioHo-
IJIACTUHYATHHA 1 copOiTomoaiOHuid. TlokasHUKM TBEpAOCTI 1 34aTHOCTI 10 MEXaHi4-
HOT 00pOOKM - cTaOUTbHI. YMOBaM OTPMMAaHHS BHCOKOMIIIHOTO YaBYHY TpHU Taps-
YoMy JYyrOBOMY 1 Ta30BOMY 3BapiOBaHHI BIJMOBIAIOTh MPYTKU 4daByHHI [/BY-1,
enekTpoau daByHHi IBYI, nopomkoBuii apit [MIIBY-1 (BHII «Jlitmamy) 1 1111-
AHY-5 (UE3 im. €. O. Ilarona). BeeneHnHsa y ckiaj 3BaplOBAIbHUX MaTepialiiB
plIKO3eMeNIbHUX MeTaliB 3a0e3neuye 30epiranus cdeponoaioHoi popmu rpadity B
yYMOBaX TPUBAJIOr0 ICHYBaHHA P1IKOI BAHHM B MPOILECI 3BAPIOBaHHSA. Y MOBAM OTpH-
MaHHS HallJIaBJICHOTO METANly y BUIJIAJIl YaBYHY, 110 Ma€ CTaOUIbHI MOKAa3HUKHU IO
CTPYKTYpi, TBEPAOCTI, 3[aTHOCTI 10 OOPOOKH 1 T. 1., 3BaPIOBAHHSIM Ta HaIllJIaBJIEH-
HsIM 0€3 MomnepeaHboro (CynyTHHOr0) MiAIrpiBy YaByHY HE BIAMOBIIA€ KOJHA MapKa
YaBYHHUX MPUCATKOBUX MPYTKIB, €JICKTPOIB 1 MOPOIIKOBUX IPOTIB, SIKYy MOXHA
Oys10 0 peKOMEHIYBATH B SIKOCTI 6a30BO1.

YMoBaM OTpUMaHHS B HAIUIABJICHOMY METajl YaBYHY MpPH HU3LKOTEMIIEPATY]-
HOMY TMasiHHI-3BaprOBaHH1, TOOTO 0€3 pO3IUIaBIEHHS OCHOBHOTO METally, BIIOBIAA-
1o1h npytkun HY-1 u HY-2 (I'OCT 2671-70), a takox ix momudikamis YVHY-1
(BHAI «ABTorenmarny») Ta ipytku [/4-2 i [14-3. Tlpu BubOpi 3BaproBaIbHUX MaTe-
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pianiB, SKi BXOJATh B MEPILy TPyIy, HEOOXITHO BpaXOBYBATH, 110 LEHTPATI30BaHO
YaByHHI MPYTKU 1 YaBYHHI €JEKTPOJU B YKpaiHi HE BUTOTOBIAIOThCA. [loTpeba B
HUX 3aJI0BOJIBHSIETHCS BIJOMYMMH JMBApHUMU MianpueMcTBamu. Enextponu 3 ya-
BYHHUM CTPUKHEM 3aCTOCOBYIOTh T'OJJOBHUM YMHOM /I 3aBapIOBaHHS JE€(EKTIB
muTTs. OpieHTOBHHMM pexuM 3BaproBaHHs enekTpomamu tuny CTY-5a, CTY-56,
CT®Y-9, VHY-2, [149C-1 3 yaByHHUM CTPIKHEM JiaMeTpoM § mm CKJIagae — cuja
3BaproBalibHOTO CTpyMy I3B = 500 - 700A; wnanpyra na nyri U/] = 35 - 458,
CTpyM 3MiHHUI a00 MOCTIMHMI 3BOPOTHOI MOSIpHOCTI. [TopomIKOBI APOTH BUKOpHU-
CTOBYIOTH JIJIsi 3aBapIOBAHHS BENUKUX Je(eKTiB TUTTSI. OpieHTOBHUN pEXUM 3Ba-
PIOBaHHA CBapKu MpoBosiokamu Tuna [/I1Y9 niametpom 3 mm CKIaJa€ — CUiia CTPyMY
I3B = 350 - 5504; nanpyra U/[ = 25 - 35B; mBuaxkicts noxayi apoty VP = 100 -
180 wm/e, ctpyMm moctiiHui npsiMoi nossipHocTi. [lopomkost apotu [111-AHY-1,
IIII-AHY-2, [1II-AHY-3 3acTOCOBYIOTH BIAIOBITHO TSI XOJOJHOTO 3BapIOBaHHSA,
HaIBraps4oro i rapsyoro 3BaptoBanHs. [Ipu Bukopuctansi apory [I[ICB-7 3Ba-
PIOBaHHS JeTayiel TOBIIMHOIO 6 - § MM BUKOHYIOTH 0€3 MiJIIrpiBy, TOBIIUHOIO § - 12
mm 3 miairpiBoM 10 300 - 400°C, 6inbiie 12 mm — 0o 500 - 600°C. Hpit I111-
AHY-5 BUKOPUCTOBYIOTH JIJIsl 3BapIOBAHHSI BUCOKOMIITHOTO 4aByHY. [ToKkpuTi enex-
TPOJU 3 YaBYHHUMHU CTPUKHSIMHU 1 TIOPOIIKOBI POTU MAlOTh MOPIBHSIHO HEBUCOKY
BapTicTh. B moeaHaHH1 3 BUCOKOIO MPOYKTUBHICTIO 11€ 3a0e3Mneuye BiTHOCHO HU3b-
Ky BapTICTh HAIIABJIEHOTO MeTany. [ljisi rapsyoro 3BaproBaHHS YaBYHY MOXKHA 3a-
CTOCOBYBATH JyTrOBE 3BApPIOBAHHS BYTUIBHUM €JNEKTPoAOM. [Io MOXIMBOCTI 3MiHU
TEIJIOBOI A1l Ha METaJl 3BapIOBaHs BYTUIbHUM €JIEKTPOJOM 3aiiMae MPOMIKHE IMOJIO-
KEHHS MK Ta30BUM 3BapIOBAHHSM 1 3BaPIOBAHHAM TUIABKUM €JICKTPOJIOM.

BoaHouac rapsue 3BaproBaHHS YaBYHY 1€ TPYAOMICTKHN Ta JIOPOTHUN IpOLEC.
Pa3om 3 TUM y psfi BUTTAIKIB 10 3BapHUX 3’ €THAHHB 3 YaBYHY HE TIPe]I SIBIISIOTH Ta-
KuX BUMOT. YacTo, HaNpUKIIal, JOCTATHbO 3a0€3MEeUNUTH TUIBKHA PIBHOMIIHICTH a00
3JI0BUTBHY 3AaTHICTh O MEXaHIYHOI 0OpOOKH UM IIiIIBHICTh 3BApHUX IIBIB. 3a J10-
MIOMOTOI0 PI3HUX METaTypPrifHUX 1 TEXHOJOTIYHUX 3aX0/11B MOKHA OTPUMATH 3BapHi
3’€IHAHHS 3 YaBYHY 3 TUMU UM IHIIMMHU BIACTHUBOCTSIMU MPHU 3BAPIOBAHHI 3 HEBEIIU-
KUM TiIirpiBoM abo B3arajii 0e3 MomepeaHbOro MiAirpiBy, ToOTO 3a JOMOMOTOIO
HAIBraps4oro adbo X0JIOAHOTO 3BapIOBAHHS.

CITHCOK BUKOPHUCTAHOI JIITEPATYPH
https://zvarka.info/zvaryuvannya-chavunu-osoblyvosti-tehnologiyi-metody/
https://weldelec.com/info/kak-pravilno-varit/chugun/svarka-elektrodami/
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Assessment of the wear rate of sliding bearings of parts of ship technical

equipment (STE)

STE, in particular crankshafts, contain tribocouplings - sliding supports, which
are the main source of their failure and failure. Contact interaction of parts in these
interfaces occurs under various types of sliding friction. Wear as a result of the con-
tact interaction of rubbing bodies leads to an irreversible change in their sizes, which
significantly affects the durability and reliability of crankshafts.

In this regard, assessing the wear rate of the friction pair “shaft journal - bearing
liner” (Fig. 1) is a very urgent task, since the wear resistance of these particular fric-
tion units determines the service life of the entire system.

Fig.1. Longitudinal section of the sliding support

In accordance with [1], the wear resistance of plain bearings is understood as the
property of antifriction bearing material in a tribological system to resist wear, as-
sessed by a wear resistance indicator - a value reciprocal to the wear rate or wear in-
tensity.

When planning experimental studies on the choice of lubricant, materials and as-
sessing the wear resistance of the friction pair “shaft journal - bearing liner”, it is
advisable to draw up maps of the external primary and secondary friction conditions
of this friction pair, which allow us to give a comprehensive picture of some im-
portant parameters of bearing operation.

The assessment of the possible development of events in frictional contact be-
gins with establishing the compliance of the friction conditions with the previously
laid down functional and technical requirements in the given parameters [2]. This
stage is designated as external primary friction conditions. Here we observe the ini-
tial, primary act of interaction and formation of frictional bonds or, what is the same,
bond reactions. This is still static.

Next comes the actual friction process. The second stage requires taking into ac-
count the specified motion parameters. It can be perceived as external secondary
friction conditions. At the next stage - the third - new physico-chemical effects ap-
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pear, which are already a consequence of friction and create their own internal pri-
mary friction conditions. At the fourth stage, changes occur on surfaces and in sub-
surface layers as a consequence of internal secondary processes that form new oper-
ating conditions for the friction pair. And finally, the fifth stage begins - the stage of
violation of frictional bonds - a harbinger of damage or destruction of friction sur-
faces with loss of mass of material. The last act of the friction process is the result of
the synergistic accumulation of defects and a number of serious changes and trans-
formations in materials. This is the wear of materials and the final stage at the corre-
sponding stage of operation of the friction unit.

It is important to trace the relationships between the stages and take into account
their cumulative influence on the types of frictional failures and the type of wear.

The external primary conditions of friction should include such parameters as
the magnitude and location of application of active forces (torques), the nature of
their action (monotonic, impact, periodic), the totality of the initial physical, me-
chanical and chemical properties of materials bodies and lubricating layers, coatings,
environmental properties (including external pressure and temperature), shape (mac-
rogeometry), state of interaction surfaces (quality, microgeometry, presence of con-
tamination), design features of parts or friction units (type of interface, its rigidity).

The most important role is played by the contact conditions of the surfaces. Fric-
tion is influenced by the time of stationary contact, specific pressure on the contact,
deformation, and the size of the contact areas. As a result of the interaction of fric-
tion surfaces and the presence of surface energy, mechanical frictional bonds arise
(elastic deformations and the introduction of microroughness) and stable atomic-
molecular bonds (adhesion) are formed. In this case, a volumetric complex stress
state arises in the contacting bodies and the formation of attached masses of the
boundary layer occurs [3-5].

External secondary conditions that have a significant impact on friction are char-
acterized by a combination of factors. Firstly, this is the kinematics of movements
(types of friction according to the kinematics of movements), the actual kinematic
parameters of movements. These include the law (equations) of movement of a body
(mechanism), the presence (absence) of reversibility of body movement; it is also
necessary to take into account the trajectory of movement, the path of friction, the
speed and acceleration of the body. Secondly, these are the characteristics, condi-
tions and parameters of dynamic influences. The mechanical behavior of the system
is influenced by dynamic factors: laws of change of driving forces as a function of
time, the presence and nature of oscillations, vibrations, impact, number of loading
cycles, kinetic energy of a body or system of bodies, friction work (power), re-
sistance movement (friction force). The time factor of the process is also taken into
account (time of continuous operation, duration of the process in the running-in
mode of the friction unit and in the operating mode).

The internal primary conditions of friction include those new phenomena and
factors that arise at frictional contact and in the bodies themselves under the influ-
ence of the process of vision itself and environmental influences. The main and sig-
nificant thing in this case is the heating of the bodies, an increase in the friction tem-
perature and the emergence of a temperature gradient both in the bodies themselves
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and in the thin surface layer, leading to a change in the physical and mechanical
properties of the materials.

To assess the wear rate of the friction pair “shaft journal - bearing liner”, other
scientific approaches are also used. A joint solution of the basic equations of the en-
ergy theory of friction and wear by G. Fleischer [6] and the molecular mechanical
theory of wear by 1. V. Kragelsky [7] can be used.

In accordance with [8], the best deterministic basis for wear intensity is the mul-
tiplicative dependence on the dimensionless generalized criteria of the system. In re-
lation to sliding bearings, the lubricating fluids of which may contain a certain
amount of mechanical impurities, this dependence has the form

al a, ag b, by
|=a,| P (&) B (14 aK)? | 14 B (1+75_%)
HB, ) \h) (o, HB,, v

where p/HB1.2 is a dimensionless complex characterizing the stressed state in
contact (p is the specific load, MPa; HB1.2 is the hardness of the working surfaces
of the shaft and bearing, MPa); A/h - complex that determines the contacting mecha-
nism (in the absence of mechanical impurities in the lubricant

A=, ijl +R?

Here Ral.2 is the standard deviation of surface roughness, um; d0 is the reduced
particle diameter; h — thickness of the lubricant film; E1.2 /60 — a complex that takes
into account the plasticity and fatigue strength of materials (E1.2 - modulus of elas-
ticity of the 1st kind, c0 - fatigue limit of materials, MPa); 1+aK - criterion for the
concentration of mechanical impurities (a- coefficient taking into account the degree
of influence of the concentration of particles on wear; K - concentration, kg of abra-
sive/kg of liquid); HBa - hardness of mechanical impurities, MPa;

1+y—2
"V

particle shape criterion (y is a coefficient that takes into account the degree of in-
fluence of particle geometry on mating wear; S, d0, V are, respectively, the surface,
reduced diameter and volume of particles); al, a2, a3, b1, b2, b3 - exponents deter-
mined on the basis of available information on the wear of materials or when testing
similar samples.

One of the ways to increase the performance of the friction pair “shaft journal -
bearing shell” and control the processes of friction and wear is the use of special ad-
ditives in lubricating oils that generate various lubricant films on the friction surfac-
es that protect against seizing and seizing . To obtain oils with high performance in-
dicators, it is necessary, first of all, to select high-quality raw materials and improve
technology. However, a fundamental solution to the problem is unthinkable without
the use of additives - this is the most progressive and cost-effective way to obtain
high-quality oils. Additives help form a self-healing film of soft metal on friction
surfaces, which provides a low coefficient of friction. This allows you to increase
the durability of friction units by 2-3 times (realize the wear-free effect). reduce fric-
tion losses by 30-200%, reduce material consumption by 2-3 times and increase the
period between lubrication works by the same amount [10].
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To implement the above effects, an oil additive containing micelles based on
molecules of solid plastic lubricant iron oxide (FesO,) with surrounding molecules
of oleic acid (Ci1sH340,) is recommended [9]. the use of which leads to an increase in
the lubricity of oils.

The additive is a liquid with micelles added to it, including iron oxide and oleic
acid. Oleic acid molecules are adsorbed on the surface of magnetite as a result of the
chemisorption process. The iron oxide included in the micelle is characterized by
low shear resistance and is a plastic lubricant that reduces the coefficient of friction
and the wear rate of surfaces in places of their contact. The oleic acid molecules that
make up the micelles prevent them from sticking together and ensure that they re-
main suspended in the liquid. Iron oxide Fe304 (magnetite) has the following char-
acteristics: molecular weight - 231.54; color - dark red; density - 5.11 g/cm?. Oleic
acid is a colorless liquid with a boiling point of 286°C and a density of 0.9 g/cm?®.
The length of the oleic acid molecule is 2 nm. The average micelle size is 10 nm.
The saturation magnetization is about 10 kA/m. The additive is designed to work in
weak magnetic fields with a magnetic field strength of 20-40 kA/m. The basis of the
micelle is molecules of solid grease iron oxide, and the surrounding molecules are
oleic acid containing substances in the additive. %: Fe;O4 - 0.00001, CigH340; -
0.0001, diesel fuel - up to 100.

To improve additives of this type and create new ones, devices were developed
and patented [10] that evaluate the lubricity of hydrocarbon liquids, taking into ac-
count the influence of the physical parameters of the magnetic field on the efficiency
of the additives used: tribometers with a permanent magnet and a tribometer with
alternating electromagnetic field.

Conclusions

1. One of the most convenient and promising ways to assess the wear rate of
sliding bearings is to compile equations of the multiplicative dependence on the di-
mensionless variables of the tribosystem, which makes it possible to predict the ser-
vice life of this interface.

2. The development of the most efficient and economically optimal lubricating
medium is currently a very urgent task.

3. The most modern and cheapest way to increase the service life of bearings is
to replace the lubricating medium with a magnetic lubricant with an anti-wear micel-
lar additive.
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HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
3acrocyBanHsi HaHOMoaAMikaTOpIB 1/ 30LIbIIEHHS PeCcypcy Ha CyAHi

[TutanHs oTpuMaHHs 1HGOPMAITIT PO XapaKTEPUCTHUKHU BIAMOBIAAIBHUX JeTaICi
Ta BY3JiB, 30KpeMa, Mpo iX HaNpyKeHO-IepopMOBaHUN CTaH(H.H.C.), B PEKUMI pe-
aJBHOTO Yacy HaJ3BUUYaHO aKTyalbHE Y Halll yac. BBeleHHs y BUpOOU MOJIMEpHUX
KOMIO3UIIIHUX MaTepianiB iHTenekTyanpHux AatuukiB (IJ]) mo3Bosse mpoBoauTu
JUCTAHLIWHY A1arHOCTUKY Ta MOHITOPUHT IIMX BUPOOIB Oe3mocepenHbo Mg yac ix
excruryatanii. lle akTyanpHO B Takux cepax, AK: CyTHOOyAyBaHHS (KOHTPOJIb 3HO-
Cy HaWOUIbII BIJAMOBiIaJbHUX €JIEMEHTIB IMiJBOJHUX YOBHIB); aBTOMOO11e0y 1yBaH-
HS Ta MAIIMHOOYTyBaHHA (KOHTPOJIb HAIIPYKEHb, K1 BUHUKAIOTh Y BIANOBIAAIBHUX
MICIISX ITiJT 9ac eKcruryaraitii) Tomro [1].

BucoxkoBiamoBiganbHi KOHCTPYKTHBHI €JIEMEHTH Ta BHUPOOM, SKI 3/1aTHI CHT-
HaTI3yBaTU MPO HACTAHHS KPUTUYHUX HABaHTaXE€Hb a00 3MIHU KOHTPOJIHOBAHUX
napameTpiB, HA3UBAIOTh 1HTEJIEKTYAIbHUMU. 3 METOIO 3a0€3MEeUeHHS MaKCUMAIIbHUX
EKCIUTyaTallliHUX XapaKTEePUCTHK BIAMOBIJATbHUX KOHCTPYKTUBHHUX €JIEMEHTIB
OCTaHHIM YacOM BCE IIMPIIE BUKOPUCTOBYIOTH HAHOMOAM(IKOBAHI KOMITO3HUIIIHHI
MaTepiaii.

HanomonudikoBaHni 1HTEJIEKTyallbHI TMOJIMEPHI KOMIIO3UIIMHI ~MaTrepiaiu
(HMIIIKM) — e moyiMepHi KOMITO3UIIIHI MaTepialiy, siKki MatoTh crienugiuHi Biia-
CTUBOCTI 3aBISKH iX MoAuQIKalli ByrJielleBUMA HAaHOHAMOBHIOBaYaMu (HaHOTPYO-
KaMH) 3 YBEACHUMH Y 1X CTPYKTYPY 1HTENEKTyaIbHUMHU JaTUNKAMH, SIKi I03BOJISIOTH
KOHTPOJIIOBaTH HarpyxeHo-negopmoBanuii cran (HJIC) BupoOiB Ta 3aiiicHIOBaTH
NIEBHI IIepeTBOPeHHS (hopmu ab0 cTpyKTypH Matepiany [2].

[HTEeNneKTyanbHUi TaTYMK — 11€ MIHIATIOPHUN BUMIPIOBAJILHUN MPUCTPIil y BU-
JIS1]11 KOHCTPYKTUBHOI CYKYITHOCTI OJJHOTO a00 JACKITbKOX BUMIPIOBAIBHHX T1€-

PETBOPIOBAYIB BEJIMYMHHU, SIKA BUMIPIOETHCS 1 KOHTPOJIOETHCA, SIKUM BUPOOJISiE
BUXIJTHUN CUTHAJ, 3pYYHHU JJIs TUCTAHILIMHOTO TIepeaBaHHs, 30epiraHHs Ta BUKO-
PUCTaHHS y CUCTEMaX KepyBaHHS 1 Ma€ HOPMOBAHI XapaKTEPUCTUKH.

JlaTuMKy Ha OCHOBI PI3HMX MaTepialiiB 1 MPOIIECIB BXKE TPUBAIUN 4aC BUKOPH-
CTOBYIOTBCSI B PI3HUX OOJIACTSAX TEXHIKU, IEPETBOPIOIOYH HE €JICKTPUYHI CUTHAIIN B
enekTpuyHi. JaT4nku, ki BUKOPUCTOBYIOTHCS JUISI 1HTEJIEKTYaTbHUX TOJIIMEPHUX
koMmno3umiiaux MarepianiB (IIIKM) MaroTh BUTIISIT MiHIQTIOPHUX CEHCOPHUX IPH-
CTpOiB, III0 BBOJSATKLCS B MaTepiai [2].

[HTenexkTyanbHi MaTepiaiu MoTpeOyrTh 3MIH METO/IB KOHTPOJIIO J1e(PEeKTHOCTI
MaTtepialliB 1 Mepexoay BiJ TPAAMIIIHHUX METOJIB HEPYWHIBHOTO KOHTPOJIIO (CKa-
HYBaHHS yJIBTPa3BYKOM, TOMOIpadisi, akyCTU4HI, pEHTT€HOCTPYKTYPHI Ta 1HIII) J0
CHUCTEM CaMOJIarHOCTUKHM 3 BUKOPHUCTAHHSIM MIKpPOJAT4YMKIB (CEHCOPIB), BOyI0Ba-
HUX B CTPYKTYpy Marepiany (KoHGOpMHHUX, KancyIpoBaHuXx) [2].
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1. AHaJti3 TUIIB iHTEJIEKTYAJIbHUX JATYUKIB Ta MOKJIMBOCTEH iX 3aCTOCYBaHHS
[1]

JlaTuvKy MOJUISIOTh HA JIBA TUIU: aKTUBHI Ta MaCHBHI. AKTHBHI JaTYUKHU BU-
IIPOMIHIOIOTH 1 MPUMUMAIOTh CUTHAJIM, ITACUBHI — PEECTPYIOTH 1 aHATI3YIOTh 3MiHU 0€3
BUKOPUCTAHHS BUIIPOMIHIOBaHb.

€MHICHI CUCTEMHU JATYMKIB (PIKCYIOTh 3MIHHM BEIMYMUHHU 1 (a3u 3MIHHOTO CTPY-
My, THIYKIIHHI JaTYUKA (PIKCYIOTh 3MIHY 1HAYKTHUBHOCTI MPU BHECEHHI B KOHTPO-
JHOBaHUM 00’€M (hepOMAarHiTHUX 1 €JIEKTPOMPOBITHUX KOMIIOHEHTIB (TpU 3MiHI Ma-
THITHHUX 1 €IEKTPUYHUX BIACTUBOCTEM).

JlaTuuku, K1 OTPUMYIOTH 1 00pOOJISAIOTh CUTHANH, III0 BUHUKAIOTH MPU MEXaH14-
HOMY BIUTMBI Ha Marepiaji, BUKOPUCTOBYIOTh MPOIECH aKyCTHYHOI, €IIEKTPOHHOI,
MOJIEKYJIIPHOT, €JIEKTPOMarHiTHoi emicii [1].

IMIyIbCH €eKTPOMArHiTHOTO TOJST PEECTPYIOTHCS MPHU 3apPOHKEHHI Ta PO3BHT-
Ky TpILIMH, PO3PUBI BOJIOKOH, pO3IIapyBaHHI Marepiany. EnexkrpomarditTHa emicis
JI03BOJISIE€ TIPOTHO3YBATH 3 BUCOKOI TOYHICTIO MilHICTh ITIKM, rpannuni HaBaHTa-
’KEHHsI, 3aJIMILIKOBUN pecypcpo0OTH BUPOOIB, EKCILTyaTOBAaHUX B YMOBAaX CTaTUYHO-
ro, JMHAMIYHOTO, BiIOpaIliiiHOro HaBaHTakeHHs. [Ipu nii Ha mMaTepian JUHAMIYHUX
HAaBAHTAXXEHb (yAap, IMIYJIbCHUN aKyCTUYHUN a00 TEIUIOBHMM BIUIMB) €MICiS BUHU-
Ka€ AK B TOUIIl BIUIMBY, TaK 1 B HAMIPSIMKY MOIIMPEHHS aKyCTUYHUX

XBUJIb, 1 HECE 1H(POPMAILIIIO PO BHYTPIIIHIO OyI0BY MaTepiay.

[ToBeniHka MatepialiiB B €JIEKTPUYHUX MOJISIX BU3HAYAETHCS CKIIAJIHUM 3B'SI3KOM
MDK 1HQOpMaUIMHUMH, TEIJIOBUMHU BIACTUBOCTIAMM Ta 1HAYKIIE. [Ipy nboMy MOX-
JIMBE BUHUKHEHHS I'e30e(PeKTy (MexaHIuHa AedopMaliisi —> eIeKTpUYHa 1HTyKIIIs)
i mpoedekty (TeroBe po3IMUpPEeHHs —> eNeKTpUYHa iHayKIis) [1].

Ha Bi0paiiii Ta iMOyJibCH pearyroTh 11’ €30KepaMidHi, €JIeKTPOMarHiTHI, MarHiTo-
METPHUYHI, 1HEpLIMHOMEXaHIYHi, TpHUOOEeNeKTpUUHl (€PEeKT KOHTAKTHOI eJIEKTpO-
mi3aitii), BIOpOIaTUYUKH.

[T'e30eneKTpUYHI JaTYNKHU — BUMIPIOBAJIbHI IEPETBOPIOBAYI, Jisl IKMX 3aCHOBaHA
Ha I'€30€TEeKTPUIHOMY e(EKT1, CITYXKaTh JUIsl IEPETBOPEHHS MEXaHIYHOTO 3YCHUIUIS B
CNEKTPUYHUNA CUTHAN. HalnmpocTimmii m'€30€MeKTPUYHM JAaTYMK — IUIACTHHA
1’ €30€JIEKTPHUKA, 3aTUCHYTAa MK CTPYMOIPOBITHUMHU TOBEPXHSIMHU, O SIKUX MPHU-
KJIQJAI0ThCsl BUMIpIOBaH1 3ycuiuis. EnexrpopyiiiitHa cuia, 1Mo BUHUKAE MK CTPY-
MOTIPOBIIHUMH IIIapaMu, OOKJIQJMHKAMU I €30TJIACTUHH, TPOIOPINitHA 3YCUILITIO
[1].

3aJie’kHO BiJ KOHCTPYKIIL JeTanei Ta yMOB iX HaBaHTaXKEHHS BUKOPUCTOBYIOTh
I1'€30IUIACTUHH, 1110 MPALIOIOTh Ha PO3TAT, CTUCK (KOMIPECiiiHI1), BUTHH, 3CYB.

JlaTunku, SKi BUKOPUCTOBYIOTh MPHHIMI aKyCTHYHOI €MiCii, BUTOTOBJISIOTH 3
noyiMepiB (HampuKiIaa, 3 MOMIBIHUTIAEH(TOPUY), B SKUX MPHU 3MiHI 30BHIIIHBOTO
HABAaHTA)XCHHS T€HEPYIOTHCS CJICKTPHUUHI 3apsAau. YIIbTPa3ByKOBI IM'€30TEPETBOPIO-
Bayl, YyTJWBI €JIEMEHTH SIKMX BUTOTOBJICHI Y BUTJISIJII MOHOJITHUX OJIOKIB B TIO€]I-
HaHHI 3 AemndepamMu 31 3MIHHUMH aKyCTUYHUMHU XapaKTEPUCTUKAMH, BUKOPUCTO-
BYIOTBCSI B SIKOCTI CEHCOPIB, SIKi 1HPOPMYIOTh TIPO H.J.C., pO3IIAPyBaHHS, TPILIIUHH,
MMOPUCTOCTI, po3TanryBaHHAX aedekTiB B 00’ emi [TIKM.

JlaTunku THCKY Ha OCHOBI MarHiTOCTPUKIIIHUX MaTepiaiiB (MarHiTOCTPUKIIIS —
3MiHA pPO3MIpiB 1 (OPMHU KPHUCTATIYHOTO Tija IPU HAMAarHid4yBaHHI Yepe3 3MIHU Bij-
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CTaHel MK By3JaMH PELIiTKU B peppo- 1 pepruMarHeTukax) — BUMIpIOBaIbHI Iepe-
TBOPIOBAYi, Jisl SIKMX 3aCHOBaHA HAa MAarHITOCTPUKIIMHOMY edeKTi (rmepexia eaeKT-
POMAarHiTHOI eHeprii B MexaHIuHy), 1 edekTi Bimiapi, 3B0poTHOMY MarHiTOCTPUKITIT
— 3MIHI HaMar"Hi4eHoCT1 Marepiainy npu ioro aedopmaiiii. MarHiTOCTpUKIIIST BUKO-
PUCTOBYETHCS TIPU PO3POOIN JATYMKIB 1 MIKPOJBHUTYHIB 3 IT'€30MarHiTHUX (3MiHa
JOBXUHU CTEP>KHS IM1J] BIUIMBOM 30BHIIIHBOTO MATHITHOTO MOJIST) 1 M'€30€JIeKTPHUY-
HUX (3BOpOTHHUH IT'€30edeKT) MaTepianis [1].

Enextporn’e3o0kepamiuHi mojiiMepHI MaTepiajii OTPUMYIOTh HAalTIOBHEHHSIM €IOK-
CHIHUX TOJIMEPIB, MOJYypETaHiB, TEPMOIUIACTIB, TYM KEpaMIUYHMMH IMOPOIIKaMHU 1
BOJIOKHaMHU. Y KepaMiuHUX IT'€30MaTepialiiB HaMpyX eHHs1 Aegopmallii Ipu3BOIATh
70 TIOSIBU EJIEKTPUYHOTO 3apsiAy. BiH ke TmepeTBOproe€ eNeKTpUdYHEe MoJie B Me-
XaHIYHE HAMPYKEHHS, 30Y/DKYIOUN YIBTPA3BYKOBY XBHIIIO. AHAJOTIYHUMHU BIIACTH-
BOCTSIMH  BOJIOJIIIOTH  I1’€30MOJIMEPH 1 TMOJIMEPHI Marepiajid, HalOBHEH1
II’€30KOMIIOHEHTAMH.

[T'e30eneKTpUYHI MPUCTPOI Y BUTIISAAI THYYKUX IT'€30€JIECKTPUYHUX CEHCOPHUX
MOJIIMEPHUX TUTIBOK JI03BOJISSIOTH IPOBOJUTH BUMIPIOBaHHS BiJipa3y B 0€3114l TOYOK,
MalOTh MIKpOKaHaJIH 3B's13Ky, naoTh _ EfE]inTerpanbHy inpopmaliiro mpo crtaH Ma-
Tepiaxy KOHCTPYKIIii, PO TUCK y 0aratboX TOYKaxX MOBEpXHi BUpoOy [1].

JlaTuukamu JiJ1sl OLIHKY CTYTICHS BIOpallii € MarHToenacTuuHi aMmopdHi MaTepia-
71 3 BUCOKUM (710 95%) KoedillieHTOM MpSMOTO 1 3BOPOTHOTO MEPETBOPEHHS €JIEKT-
PUYHOI eHeprii B MeXaHIYHY, HaPUKIIaJl, Ha OCHOBI MoJiiMepHuX MarHiTiB. [lomime-
PHI MarHiTHI MaTepiajidi —KOMITIO3HIlii Ha OCHOBI MOJIMEPHUX CHOJYIHHUX (TepMope-
AKTUBHUX CMOKCHUJIHMX, (DEHOJOAIBACTIIHUX, HEHACHUCHHUX OJIIroe(dipHHUX; TEPMOII-
nactuyHux — ractudikoBanuii [I1BX, T1E, cynsdoxmopipoBannuii [1E, momamian,
MOJIICTUPOJIN; €IACTUYHUX — T'yMOBI CyMiIIl 3 KaydyKaMH PI3HUX THUIIIB, B TOMY YH-
CJIl OJIIFOMEPHUX «PIAKUX», TEPMOENIACTOIUIACTH) 1 MAarHiTHUX MOPOLIKIB ((hepuTw,
MOPOUIKM CIUIABIB 3 PIIKO3EMEIbHUMH €JIEMEHTaMU camapiii-ko0anbT, camapiii-
3aimi3o) [1].

[TocTiiiHi MarHiTH Ha MOJIMEPHINA OCHOBI 3 HATOBHIOBAYaMHU Y BUTJISI/IL AUCIIEPC-
HUX MArHiTHUX YaCTUHOK BUKOPUCTOBYIOTh Y BUPOOHHMITBI JATYMKIB 1 BUKOHABYMX
MPUCTPOIB, EIEKTPOHHUX CHCTEM YIPABIIHHSA, MPUBOAHUX MEXaHI3MIB 1 €JIEKTPOI-
BUTYHIB. [lepeBaroto ix BUKOpPUCTAHHA B SIKOCTI T€HEPATOPIB CUTHAJIIB B JATYMKAX €
MOKJIUBICTh JIOJIaHHS PI3HOMAHITHUX MarHITHUX (DYHKIIII1 KOMITAKTHOMY TPHUCTPOIO
IIUISIXOM CTBOPEHHS PI3HUX MArHITHUX HAIMPSMHUX TOJIB IpH (JOPMYyBaHHI B JIUTTE-
Biii (hopmi. BoHu nerko BOYMOBYIOTHCS B Pi3HI MPHUCTPOI, 3'€IHYIOTHCS 3 PI3SHUMHU
KOMITOHEHTaMH CKJIQJHUX BY3JIB (3yO4acTUMHU KoJecamu, BajamHu, (hikcaTopamu),
MarOTh BUCOKY MIITHICTb 1 CTAOUTHHICTH PO3MIPIB, KOPO31MHY CTIWKICTS.

[TpuHIMI poOOTH MATYMKIB 3 MarHiTHUMHU €JI€MEHTaMH 3aCHOBAaHHMI Ha 3MIiHI
MarHiTHUX BJIACTUBOCTEHM IIiJ BIUIMBOM BHHHUKAIOUOIO B CHCTEMI MEXaHIYHOTO
HanpyxeHHsa. HalOunpi edeKTUBHI KOMIO3ULII 3 YaCTUHKAMHM aHI30METPUYHOT
dopmu (rosyacToi, MIACTUHYACTOI) —aHI30TPOMHI MAarHiTOIJIACTH, PIBEHb MarHiT-
HUX BJIACTUBOCTEH sSKUX B 3-3,5 pa3u BUIllE, HIXK Y 130TPOIHMX, 1 HA OCHOB1 caMapiii-
KOOaJbTOBUX CIUIABIB, SIKI 3a0€3MEeUyI0Th BUCOKI MarHiTHI XapakTEpUCTUKHU. 3ara-
JIbHA KOHIEIIS ONTHKO-BOJIOKOHHMX JIaTYMKIB (BOJIOKOHHO-ONITUYHI PO3MOJILICHI
ceHcopHi cuctemu) aiis aiarnoctuku [TTKM 3amno3udena 3 TexHiku 3B's3Ky [1].
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BukopuctanHs ONTOBOJOKOHHUX JATYMKIB JO3BOJIsA€ OO'€AHATH JATUYUKH 31
ctpykryporo I[ITKM, 3a6e3neuntu KOHTPOJIb MapaMeTpiB MO BChOMY 00'eMy BUPOOY,
IPOBECTH MHO>XMHHI1 BUMIPIOBaHHS 33 JOIOMOTOI0 OJIHOTO ONTUYHOTO BOJIOKHA 0€3
BUKOPHUCTAHHS IHIIUX CUCTEM JIATUYMKIB 1 3aC001B TPAHCIIOPTYBAHHS CUTHAIIB.

Cucremu, 110 CKJIAJAI0THCS 3 OJHOIO JaTYHMKa, MOXKYTh AaBaTH JIUIIE OOMEXEHY
iHpopmMmarito. [Ipu BUKOpHUCTaHHI CHCTEMH CEHCOPIB BHHHUKAE MpobjeMa oOpoOKu
BEJIMYE3HOI KIIBKOCTI JaHuX. lle BuMMmarae BBeIeHHS OOMEXKEHL B KUIBKOCTI JaT-
YUKIB Ta y BHOOPI KOHTPOJHOBAHUX MapaMmeTpiB il 3a0€3MEUYeHHs aJeKBaTHOI
OLIIHKM CTaHy Marepianxy 1 KOHCTpyKIi. Big cuctemu ceHcopiB HEOOXITHO OTpH-
MyBaTH CUTHAJIHU 1 TIEpPEaBaTH iX B CUCTEMY aHaji3y JaHuX 0e3 3MiHU MapaMeTpiB
CUTHAJy TIpU TIepesiadi Horo uyepe3 MOBEPXHIO po3Ally. Y 06araToCeHCOPHUX CHUCTE-
Max CTBOPIOIOTHCSI CHHEPTeTUYH1 €PEeKTH, U0 MIABUIIYIOTh KUIBKICTh 1 JOCTYIHICTh
iH(popMalli Npo CTaH BUMIPIOBAHOTO 00'ekTa. OCHOBHUMH HAIpPSIMKaMHU pPO3BHUTKY
CEHCOPHO1 TEXHIKU € MiHIaTIOpU3allisl, 3aCTOCYBaHHS 0€3/IpOTOBUX 1 6araToceHcop-
HUX CHUCTEM.

[lepeBara O0araTOCEHCOPHUX CHCTEM — JOCSTHEHHS BHUCOKOTO PIBHS TOYHOCTI 1
HaAiiHOCTI. TeHaeHIisl pO3BUTKY 0araToCEHCOPHUX CHUCTEM CIIPSIMOBAaHA Ha PO3BHU-
TOK MOJYJIBHUX CHUCTEM, 1110 J03BOJISIOTH JJOJIaBaTH HOB1 OJIOKM 1 OHOBJIIOBATH CTapi
6e3 mopy1ieHHs GYHKIIIH BC1€T CUCTEMH.

3a HasIBHOCTI BEJIMKOI KUJIBKOCTI KOMITIOHEHTIB X 3'€IHaHHS €JIEKTPUUYHUMU IPO-
BOJAMHU CTBOPIOE 3HAUHI TPYJIHOII. TOMYy BHKOPHCTOBYIOTH O€3IpOTOBI JAaTUYUKH,
Kl MOXKYTh B3a€MOJISITH 32 JOTIOMOIOI0 YJIbTPa3BYKOBUX, €IEKTPOMArHiTHUX abo
1H(payepBOHUX CUTHAIIB. AMIUIITY/Ja, 4acToTa, haza 1 yac BIATYKY HEeCyTh 1H(Op-
MalIlito, sIKa BIIHOCUTHCS 10 BUMIPIOBAHOTO SIBUINA (H.]I.C.,TeMIIepaTypa, TUCK 1 T.1.).
JIs eHepreTMyHO aBTOHOMHHUX O€3ApOTOBHX AATYMKIB HE MOTPIOHO CTPYyMOMPO-
BOJIIB HABITH JIJIS €IEKTPOXKUBJICHHS [1].

2. MeToau 1030BaHOT0 BBEJE€HHS iHTeJeKTYaJIbHUX JATYUKIB y Mpoleca BUI0-
TOBJIeHHs BUPOOiB 3 ITTKM.

Ha 6a3i mpoBeneHoro anainizy iCHyIOUHX THUIIIB 0e3apoToBux [J] 3anmpononoBano
HU3KY METOJIIB Ta MPHUCTPOIB, SIKI JO3BOISATUMYTh BBOAUTH MEBHY iX KUIBKICTHh B
Harepes 3ajiaHi 00JIacTi MOJIMEPHUX BUPOOIB B X011 TEXHOJOTIYHUX MPOIIECIB Tpe-
CyBaHHS, €KCTPY3ii Ta JUTTS MiJ TUCKOM [2].

[Tpu cepiiiHOMYy BUTOTOBJICHHI 1HAMBIAYaJbHUX MOJIMEPHUX BUPOOIB METOAAMU
MpecyBaHHS Ta JMUTTS 1]l TUCKOM HEOOX1JHO 31MCHIOBATH aBTOMATH30BaHE BBE-
nenns /] B meBHi Touku 00’ eMy BUpoOiB [2].

JInst BUTOTOBJIEHHS BUPOOIB METOJIOM JIMTTS MiJ TUCKOM INPONOHYETHCS 3a-
CTOCYBaHHS Takoro Meroay. Ha TepmoriactaBroMaTi 31iHCHIOIOTh BIIOPCKYBAaHHS B
dhopMy po3ILIaBy MOJIMEPY 10 MOMEHTY 1i 3alIOBHEHHS Mij 3aaHUM THUCKOM. [licis
I[OTO BBOJSATH IIYIIOM JATYHMK Ha 3aJaHy KOOPAMHATY IO TOBIIMHI Ta NTUPHUHI BU-
poOy, BUBOSTH IIYIl 3 TOPOKHUHHU (POPMH, a TUCK 3HMKYIOTh JI0 33JJaHOTO B TEXHO-
JIOTIYHOMY PErJIAaMEHTI 3HAYCHHS 1 BUTPUMYIOTh TIEBHUN Yac, MOTIM OXOJOKYIOTh
0e3 THCKY, pO3KpHUBalOTh (popMy Ta BUitMaroTh BUPiO [2].

JIy1st BUTOTOBJICHHSI BUPOOIB METOJIOM €KCTPY3ii Ta CHiBEKCTPY3ii MPOMOHYETHCS
MOTIEPETHBO CPOPMOBAHUN JTOBTOMIPHHUM E€JIEMEHT, SKUU MOXe OyTH BHKOHAHUI
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HUWTHIPUYHOT a00 MOBUIBHOI ()OPMHU MOIMEPEUHOTO Mepepi3y, 3 PO3MIIIEHUMHU B
HbOMY YH Ha ioro noBepxHi [/], 3anpaBisatu B eKcTpy3iliHy TOJOBKY, Kpi3b SKY €KC-
TPYAYBaTH PO3IUIAB TEPMOIUIACTUYHOTO MOJIIMEPY, BXO/Ii YOTO BiTOYBAETHCS OILIAB-
JICHHS OBFOMIPHOTO €JEeMEHTY, CIiJIbHA Tedisl 3 OCHOBHHM IIOTOKOM MOJIiMeEpy Ta
OXOJIO/KYBaHHS [2].

s dopmyBanHs Bupo6iB 3 [/l MeTromoM mpecyBaHHS 3allpONOHOBaHA KOH-
CTPYKIIisl mpec-(hOpMH, OCHAIICHOI MPHUCTPOEM iX TO30BAaHOTO BBEICHHS B 33JaHYy
TOUYKY 00’ emMy BUpoOy [2].

BucHoBkHu

3anponoHoBaH1 METOAM Ta MPUCTPOi 3abe3neuats BBeneHHs [/l B Oyap-ski 3a1a-
HI TOYKHM TOJIMEPHUX BHUPOOIB, 110 JO3BOJUTH KOHTPOJIOBATH IUTICHOCTI JHUIIA
cynHa nig yac pyxy ta H/IC kopnycy cynHa npu Aii 30BHIIIHIX CHJT Ta TPUPOTHUX
SIBUII, 3SMEHIITUTH KUIBKICTh aBapiil Ta HEMACHUX BUMAIKIB 111 YaC €KCILIyaTallii Ta-
KHX BHUPOOIB 3aBJSKH 3aBYaCHOMY OTPUMAaHHIO CHUTHATIB Bia BBeaeHuX /] mpo Ha-
CTaHHSI KPUTUYHOTO CTaHy IIiJ] JI€I0 MEXaHIYHMX HaBaHTa)XE€Hb, TEMIIEPATYPHUX Ta
IHIIMX eKCIuTyaTaiiuux dakropis [1].
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opratiyHoro uukJay Penkina

Beryn. Binomo, 1o npu cnantoBaHH1 BYTJIEBOJHEBOTO MaINBa, SIKE 3aCTOCOBY-
€THCS JIJIS1 BCIX BUJIIB €HEPTii HA MOPCHKUX CYJIHAX, B aTMOc(hepy BUKUIAIOTHCS OK-
cuau Byraeito (COy). Bonu Hanexats 10 mapuukosux rasis (I1IN). Ha ix ckopodeH-
Hl1 HUHI 1 30CepeIKy€eThcs Bce OubIna yBara. J{Jis [boro BIANOBIAHO A0 pEKOMEHIa-
it mixaapoaHoi Konseniii MARPOL 73/78 emicito I1I" cig BpaxoByBaTH 3a J10-
nomoroto iHaekcy eHneproedextuBHOCT (IE). Ilpu 11boMy BpaxoBYe€ThCS BIUIMB Ha
IE six TpaguiiitHux, Tak 1 IHHOBAI[IMHUX TEXHOJIOTIH.

ToMmy BHHHKIA HEOOXIHICTh PO3IJIANY NMHUTAHHS 3aCTOCYBAHHS 1HHOBALIMHOI
TEXHOJIOT1i - TeHepaTopa, MPAIFOI0YOTO 32 MPUHIIUIIOM OPraHIYHOTO UKy PeHkina
(OLLP).

KopoTtko npoaHnanizyemMo cTaH bOT0 MUTAHHS. AHAaII3 TEIUIOBOTO OajaHCy Majio
ob0eproBux ronoBHux aBuryHiB (I'J[) puc.l mokasye, 1110 OCHOBHUM JKEPETIOM BIIII-
panpoBanoro temia ['Jl € TernmoBUAUICHHS BiJ BiAmpaiboBaHuX TasziB - 25%. Llei
BHJI €HEprii Ha ChOTOJIHINIHIN JICHh € HaWOUIbII MPUBAOIMBUM 4Yepe3 BHUCOKI 3Ha-
YEHHS TEIUIOBOTO MOTOKY 1 TEMIIEPaTypHU.

HactymauM cyTTEBUM KEpEioM
Boda, mo oxomomkye ['J[ -5,2%.
110 paHiiie 1151 Boaa ado OXO0JIOIKY-
1ach y CHeliaibHUX pajaiaTopax, ado
Oxomomxensa MacTiia 2.9% ocro 31MBaiacs B OKeaH, TO B TaHUI
>, 3 PO3BUTKOM Ta BJIOCKOHAJICHHSIM
Oxoxomxyroda Boga 5.2% [OTO DSy TEXHOJOTIM 3'siBUIIAcs

JKJIMBICTh BUKOPHCTAHHS Ta TEILIO-
~o moteHmiany Boau 3 I'J] [1]. Cxe-
Binmpamposami  TAKOI YCTaHOBKHM IPECTaBIICHA
rasu 25.5% c.2. Ilpm mpomy iH(opmarlis mpo
OxomomkerHa 4 TCHEPATOp HOCHTh OOMEKEHUMN

IMotyxHicTs Ha Baxy 49.3%

moBiTpA 16,5% HjakTep, OIUIBIIOID MIpOI0 MOXKHA

L] o . - v
YPT100% |y e 1oma 13aTH pEKJIaMHMI 4Yu iHpOpMaIliii-
(161r/(¥BT - rom) pamiamia 0.6% d. 3BMYaliHO, 1110 B YMOBaX €KCILIY-

__ami MoXe 3HagoOuTHcsa Oliplia Ki-
AbKiCTh 1HGopMalii. ToMy po3riasiHeMmo
JIETAJIBLHIIIE 1€ TTUTAaHHS.

Pucynok 1 — Tenmnosuii 6ananc I'/] i3 cucremoro
yTHIII3aIii Temna ta 6e3 Hel
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CYOHOEE roCIL. -\CynHOEa enexTpiraHa
OQAOMOCTANAHHA mepexa 440B 60Ty v

xepeso Temna )
(eoma I']] 80-90° C) Eosigonocr. l ITecTHrpaHHIii IWIaC THHY ACTHIH

OHIEHCATOP

Moayims OITP
(R245fa) JKepeno 0XONomKeHHA
1ITecTurpammngi (Mopceka Boga 15-32°C)
IUIACTHHY ACTHI EHITAPHHK

Pucynok 2 — Cknan cucremu

JIy1st OTpUMaHHS TEOPETHUIHOI 3aJIEKHOCTI MTOTY)KHOCTI, 10 TEHEPYETHCS, BT BHU-
TpaTH OXOJIOKYIOUOi BOJIU CKOPUCTAEMOCS CITIBBITHOIICHHIMH, HaBEJIECHUMU B (2).
[Ipu oMy npuitMaeMo piBHICTH TEIUIOTH, BiJIITaHE 0XOJIOKYBAIBHOIO BO/I0I0 (QB)
TeIIoTi, nepeaanoi ppeony R245fa (QR245fa):

QB = QR245fa- 1)
[Ipn upomy:
Qg =Cy - Qppp - Al pg, )

ne: CB — muToMa TeIIoeEMHICTh BojH, 4,2 KJ[x/(kr-°C);
Qg.os— 00'eMHa BUTpaTa BOAHU, M°/C;
At — pi3nuIs Temmeparyp Boau, °C;
Py — TYCTHHA BOJH, KI/M°,
Jlitoua mOTY>XHICTh TypOI1HHU, IO TEHEPYETHCS, JOPIBHIOE:

NZZ - L , 3)
Mew “Tw " Mon
ne: G - MacoBa BuTpata napu R245fa uepes TypOiny, Kr/c;
I — Ip — pi3samMus eHranmemiii R245fa, mo Bu3HavaeTscs mo IQP - i miarpami
(puc.3).
Macosa ButTpara napu R245fa BusHagaeTscs 3a hopmyioro:
G = Qrassta _ Qg
- 7. . - 7. . . 5
’ ('2_'3) ('2"3) ©

3 ypaxyBaHHsIM QopmyiH (2):
_Cp-Quos Al-pg Qg

G, = — =" (6)
('2_'3) ('2"3)
3 ypaxyBaHHsM Gopmyiu (3) Ta (4):
N, = Cy (i, =) At-pg Q. 0

(iz _ls)’UBH AVRIEY
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VAV

PRESSURE, MPa

“, 3a HaBEICHHMH BHIIE
« |BBIIHOIIEHHSIM Oyna
]

* JIMaHa TEOPCTHUYHA 3alie-

K

1CTh TIOTYXKHOCT1, IO Te€-
" JYETBCS, 3ANICKHO Bii BHU-
ITH OXOJIOJKYIOUOi PiAMHU
Q) (puc.4).
2 TakuM YMHOM, 3HaK4U
o TpaTy OXOJIOJDKYIOUOi Ppi-
““HM JJIs B1IIOB1HOTO THITY
.|, MOXXKHAa BU3HAYMTH IOTY-
ICTh, IO TEHEPYETHCS MO-

ENTHALPY, kikg
Pucynok 3 — IgP — i — niarpama BU3HaYeHHS €HTAJIBITII

PxBr
140
120
100

80
60

40
20

0 Q,
0 50 100 150 200 250

Pucynok 4 — IoTyxHicTh, mo reHepyeTbes moayieM OLP 3a-
JISKHO BiJl BUTPATH OXOJIO/DKYIOUOI BOAN

roa

“" tem OLIP.

BucnoBkwu. 3acrocy-
~aHHS 1HHOBAI[IMHOI TEXHOJIO-
ii Ha migcraBi OLIP mo3Boise
€ JuIIe MIIBUIIUTH 1HACKC
HEeproeeKkTUuB-HOCTI, a W
KOPOTUTH KIUJIBKICTh BHKH/IIB
.

Sk BunnuBae 3 puc.4,
[AKCHMAaJIbHA TTOTYXKHICTh Ta-
Koro resneparopa Oyae 125
kBr. fkmo npuiHATH, Ha-

MPUKJIAJ, 110 MUTOMA BUTpaTa NajauBa JUisl CEPEIHbO 00EPTOBUX CYJTHOBUX JAU3EIIB,
10 3aCTOCOBYIOThCA K MPUBOJ TeHepaTopiB cTaHOBUTH 250r/(kBT'T), TO exoHOMIs

najuBa ckiaje 22,5 T majauBa Ha MICSIIb.

Sxo mopiBHIOBATH MOTYKHICTh, 10 TeHepyeThesi OLIP, 3 moTyxHicTIO, 110
cnioxkuBaeThesi camuM '] — 69700 kBt abo renepyerbes TU3eIbHUMH reHepaTopa-
MU, HanpukiIaa noTykHictio 2500 kBT, To 1151 BenmMunHa BUSBISETHCS 3HAYHO MEH-
moro. [Ipu oMy 3acTOCYBaHHS TaKoi 1HHOBAIIMHOI TEXHOJIOTIT € Ay)K€ BarOMUM Yy
TJIaH1 3HKOK TIPH 00pOOITi MOPCHKUX CYJIEH Y HU3II 3apyOi’KHUX TIOPTIB.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1.JIyopoBchka B.B. TexHomoriss BHpOOHHMIITBA €JIEKTPUYHOI  CHEPrii:
nigpyunuk / B.B. lyopoBceka, B.I. lkmsap — Kui: KIII im. Iropst Cikopcrkoro,

2022. - 316 c.

https://ela.kpi.ua/server/api/core/bitstreams/aab7af18-8677-49fb-b6b3-

dc3135a079a0/content

2.C.M. Bacunenko TennoxosomorexHika: HaBd. nocionuk / C.M. Bacuienko,
B.1. [Taenko, A.B. ®opcrok, M.M. Macinikos, H.B. IBamenko, C.B. bapanoBcbka. —

K.: Bunapuunrso Jlipa-K,2019. — 258 c.

https://pdf.lib.vntu.edu.ua/books/2019/Vasilenko 2019 258.pdf
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YK 656.6.08(045)
Hpo3n O.B., TirinsH B.
HarmionansHuit yHiBepeutet «Opecbka MOpPChbKa akaieMis»
Opranizanisi TeXHOJOTIYHUX 3aX01IB 10 320€e3MeYeHHI0
HEMOTOIIIOBAHOCTI Cy/HA.

VY CBITOBIM CTAaTUCTHUIIl CYJIHOIUIABCTBA, IiJI Yac aHaII3y PU3HUKIB, (JIHAHCOBUX
BTpaT 1 pemyTaliiHuX BUTPAT OMEPaTOPIB CYIiB, MPOOJIEMHUMH 00JACTIMU 3aIH-
[IAIOTHCSI BOJOHETIPOHUKHICTh 1 HEMPOHUKHICTh CyJAHA Mia BIUIMBOM Mopsa. Ha e
pPOOUTHCS aAKLEHT y 3BiTax ABCTPaNiHCHKOTO YMpaBIiHHSA 3 Oe€3Meku Ha Mopi
(ASMA) 3a 2021-23 pik. [IpobremHi o6macTi BXOAATH A0 M'STIPKH OCHOBHHUX KpH-
TepiiB HEMOMIKIB, BUSBICHUX y XO/Il IEPEBIPOK CY/IiB MOPTOBUM KOHTPOJIEM.

Cnipn 3a3HaYUTH, 10 BOJAOHETPOHUKHI 1 MPOHUKHI M1 BILIMBOM MOpPS €JI€MEHTH
€ YaCTUHOI KOHCTPYKILIi cyaHa. BoAOHENPOHUKHICTh NOBUHHA OyTH 3abe3nedyeHa
JUIs BCIX OTBOPIB, PO3TAIIOBAHUX HIYKYE BAaTEpIiHii cyaHa. IX mpoekTyBaHHS i Tex-
00CIIyroByBaHHsI ITIOBMHHI TapaHTYBaTH 3al00IraHHs MMOIAIaHHIO 1 BUXOIY BOJIH TIi
yac TPUBAJIOro 3aHypeHHs. HempoHMKHMMU TpuU BIUIMBI MOpPS MOBMHHI OYTH BCi
1HIITII KOMITIOHEHTH CYJIHA, 1 CIIPOEKTOBAHI 1 MIATPUMYBATHUCS B TAKOMY TEXHIUHOMY
CTaHi, 11100 3amo0irT¥ MonaJaHHIO BOAM HA CYAHO 3a OyAb-SIKUX MOPCHKUX YMOB.

TuUnoBUM MPUKIIAIOM € HABEJACHUN HUXKYE BUIAJIOK 3aTOTUICHHS MAaIIUHHOTO
BIJIJIICHHSI, SIKE€ CTaJIOCs II1J1 4ac IITOPMY Ha OJTHOMY 3 KOHTEHHEPOBO31B KOMITaHi1
CMA GGM B paiioHI1 IHTEHCUBHOTO cyAHOIUIaBcTBa B 2023 poti.

KonrelinepoBo3 wictkictio 9200 konteitHepiB TEU OyB 3gaHuil B €Kc-
ryaraniro B 2014 poui, 1 B 2015 poui nmpoxoAuB AOKYBaHHS: MPOBOAMIIUCS pe-
MOHTHI JJOKOBI poOOTH 3 MOJepHi3aillii, 1 0yJ0 BCTAHOBJIEHO CUCTEMY OYWIICHHS
BUXJIOTTHUX Ta3iB.

[Ipu BCcTaHOBJIEHHI CUCTEMHU Ha BEPXHi mamyOl KOpMOBOI HaAOYAOBH, HA JIIHIL
BUXJIOITHUX KOJIEKTOPIB OYJM HESKICHO 3arepMeTH30BaHi Ta 3aiuiieHi 3a3opu. [1o-
najaHHs Cy/JHAa B HITOPM MPHU3BEIO 10 TMOBHOTO 3aTOIJICHHS 3JIMBHHUX KOJIOMS3IB
MaIIMHHOTO BiajuieHHs. Ha MomeHT BusBlIeHHs Boja Buctymnaia Ha 150..200 mm
BUIIE 32 PIBEHb KPUIIIOK BCIX TPHOX KOJIOS31B.

VY nikBigaiii aBapiitHOi cuTyallii mpaoBaio 5 0ci0 MalIMHHOI KOMaHIU: IPYTUN
1 TpeTiii MEXaHIKH, Ba MOTOPHUCTH 1 MAITMHHUM KaJIeT.

MoTopucTtu B3sId 17 KOHTPOJIh BEPXHI MaayOu KopmoBoi HanOymoBu. Bopa,
IO CTIKa€ BHU3 Y3JIOBXK BUXJIOITHUX TPyO, 3aTpuMyBajacs Ha mainy0i 4yepe3 BEIUKY
KUIBKICTh MIAJOHIB, IPOJIMBAIACS HAa HUXKHI MayOH, BHACIIIOK YOTO MOYanocs 3a-
TOIUIEHHS MAIIIMHHOI'O BIJIAIJIEHHS.

BigkpuBimm Ha piBHI MAaIIMHHOTO BIJIJICHHS JIFOKU BEPXHBOI MayOu, OyJio
YCYHEHO 3aIllOBHCHHS TMajayOH 1 MPOTOKY BOIM, IO HAJIXOIWUTh Yepe3 3a30PH BHX-
JOMHUX TPYO BHHU3.

MamuHHUR KaJeT Ha HUKHIM manmyOl MmepeBiB CUCTEMY CTIYHUX BOJ B €KCTpe-
HUW PEXHUM BiJKauyBaHHS BOAM 3 KOJOJA31B OE3MOCEPEIHBO B TaHK 30epiraHHs. Y
3BUYAHOMY PEKMMI, 3BaKaI0YM Ha HE3HAYHI MPOTIKAHHS CTIYHUX KOJIOASA31B, BOJA
IIOJHS BiJKayyBaJlach y BIACTIMHHM TaHK, 1 3B1ATH MEPETUBOM Yy TaHK 30epiraHHs
emuicTio 157 M. [IpUUMHOIO TIEPEBENEHHS CUCTEMH B €KCTPEHUM PEKHUM MOCITYKUB
Mauii 00Csr BiICTIHHOrO TaHKa, SKuii cranoBuB juiue 20,5 M3, Ilicns nepeMuKaHHs
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KJlanaHiB, OyB 3amylIeHWi MHEBMAaTUYHUM HAcOC MEMOPaHHOTO THUMY MPOIYyK-
tuBHicTIO 10 M3/TO/.

3Baxkalouu Ha Mally MPOAYKTHUBHICTh Hacoca, y LI curyanii OyJio MpUHHATO
PIIEHHS 3aIlyCTUTH JT0JATKOBO MOXKEXHUN HACOC.

3 HasBHUX Ha CYJHI TPbhOX MOKEKHUX HACOCIB BIAIEHTPOBOIO THUITY MPOAYK-
tuBHicTIO 150 M3/roz1, 1Ba MOKYTh OyTH BUKOPUCTAHI /I €KCTPEHOI BijIKauyBaHHs
BOJIY 3 MAIIIMHHOTO BIJIJIVICHHS 3a OOpT.

Tak sk BIAKPUTTS JIIOKIB CTaOLII3yBalO CUTYalilO 1 3yMUHUIO MOCTYI BOAH B
MalIMHHE BIJIUICHHS, Oyl0 MPHUMHATO pIIICHHS BUKOPHUCTOBYBATH MOXXEKHUHN
HACOC ISl TIepeKavyyBaHHs BOJM 3 HWKHBOI ManmyOu B TaHK 30epiraHHs, i YHHUK-
HEHHS TIOTaJaHHs Pa30oM 3 BOJOIO 32 OOpPT HE3HAYHOI KUJIBKOCTI MajMBa 1 MacTuia
BHACJII0K MOXKITUBUX MPOTOYOK.

VY poboTy Oys0 BBEIEHO MicCiisi BUKOHAHOTO APYTMM MEXaHIKOM KajaiOpyBaHHS
cenapaTrop CTIYHUX BOJI, SKMW TOYaB BiJIKauyBaTU BOAY 13 TaHKa 30epiraHHs 3a
OopT.

3arajioM Ha JIIKBIJAIlI0 aBapiifHOT CHUTYyalli IMIIIJI0 TPU TOJUHM 13 3aJIsTHHAM
TPHOX OJMHHIIH CYJTHOBOTO OOJIaJIHAHHS Ta pOOOTH M'ATH 0CI0 MAIIMHHOT KOMaH/IH.

[Toxxexxuuit Hacoc OyB 3yNMUHEHUHN, KOJIU PIBEHb BOJU B MAIIMHHOMY BiJIJIIJICHH1
OITYCTHBCSI HIDKUE 3a HIDKHIO MayO0y, pH I[bOoMy MeMOpaHHUN HAcoC 1 cenapaTop
CTIYHHMX BOJ] POJIOBKYBAJU MIPAIIOBATH.

Komnu piBeHb BOAM B KOJOASA3SIX 3aJIUIIMBCA HA Mo3Haylll 1/5 Bij 3arajlibHOi BU-
COTH TaHKa, MeMOpaHHUN Hacoc OyB 3yNMMHEHWH, 1 cucreMa Oyja mepeBe/eHa Ha
BiJIcTIHMM TaHK. CenapaTop JbsUIbHUX BOJ NIEPECTAB MPAIIOBATH 1 OYB 3yNMUHEHUH,
KOJIM Y TaHKY 30€piraHHs 3ajJuIInIacs MOJOBHHA 3alIOBHEHOTO 00'eMYy.

3a3HaueHa Mo3allTaTHA CUTYalllsl CTaja HACIIJAKOM HEJOTPUMAHHS EKIMaKeM
BUMOT 0€3MeYHOi eKCIUTyaTallii Cy JHOBOTO 00JIaJJHAHHS Ta HEBUKOHAHHS MJIAHOBOTO
TEXHIYHOTO 0OCITYyTrOBYBaHHSI.

Exinmaskam CyJieH clliJi MPOBOJAUTH PETYJISAPHI MEPEBIPKU TEXHIYHOTO CTaHy BO-
JIOHETIPOHUKHUX 1 HEMPOHUKHMUX TIij] BIUIMBOM MOPS KOMIIOHEHTIB CYJHA, BUKO-
HYBaTH MOHITOPUHT Ta FPAMOTHE iX T€XHIUYHE 00CITyrOBYBaHHSI.

CIIUCOK BUKOPOCTAHOI JIITEPATYPHU
1. Jlposn, E. B., Cananep, A. K. IloBblieHne 6€30MaCHOCTH IKCILTyaTalluM POJI-
kepoB // CynoBble 3Hepretuueckue ycraHoBku. — 2014. — Beim. 31. — Opecca:
OHMA. -C. 111-113.
2. Ob6eptiop K.JI. DHeprernueckuii moaxoa K MPUOOPETEHUIO HABBIKOB OMEPATO-
pamu B OopwrbOe 3a >kuBydecTh cyaHa // Matepiamu MixuapoaHoi KoHbepeHIii
«Mopceki niepeBe3eHHs Ta 1H(QOopMalliliHI TEXHOJIOrIi B CylHOIIaBcTB 18-19 nu-
cronazna 2014p. — Onecca: OHMA, 2014. — C. 70-75.
3. bypaxosckuii E.I1., Heuaer F0.M. DkcmiyaTalinoHHass TPOYHOCTh CyaA0B. — K.:
Jlans, 2018 — 404 c.
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YK 621.873.12
Crykanenko O. M.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
MartemaTu4Ha MoieJIb aBAPIIiHOTO OIYCKAHHSA BAHTAXKY KO3JIOBUM
KPAHOM i3 CTYNiIHYACTHM OIIOPOM 3PiBHAJBLHOI0 MPUCTPOIO 3IBOECHOTO MiABICY

Jlns 3amo6iraHHs MajiHHSA BaHTaXy IICs OOpUBY BaHTaXXHOTO TpOCa y BaHTa-
YKOTITHOMHUX MPUCTPOIB OYJIM 3aIPOTIOHOBAH1 TEXHIUHI PIIICHHS, SIKI BUKOPUCTO-
BYIOTh PE3€pBYBaHHS Yy 37BOEHOMY MiJBICi 3 IBOMa OKpeMuMH Tpocamu. [licisa 00-
pPUBY OJTHOTO TpOca YTPUMAaHHS BaHTaXy mependadeHo Ha apyromy Tpoci. [Ipose-
JIeH1 TOCHIPKEHHS TTOKa3aJd, 110 TpHU POOOTI 3 HOMIHAJTLHUM BaHTaXeM HEOOXiTHEe
3aCTOCYBAaHHS MPUCTPOIB, SIKI 3a0€3MEUyIOTh OOMEKEHHSI HABAHTAXKEHb Y CUJIOBOMY
naHiro3l. [ MOCTOBUX KpaHIB OyJiM 3ampOINOHOBAaHI PIMICHHS 13 T1IpaBIIYHUMU
MPUCTPOSMHU Ta (PPUKLIITHUMU 13 CTyHIHYACTUM onopoM. JlocmikeHHs e(peKTUBHO-
CT1 3aCTOCYBaHHS TaKUX MPUCTPOIB JIsl KO3JIOBUX KPaHIB HE MPOBOIAMINCH.

MeTo10 J0TO0BI/II € OMUC MAaTEMATUYHOI MOJIENI OMYCKAaHHS BAaHTaXy KO3JIOBUM
KpaHOM Yy BUTIAJKy OOpUBY TpOcCa 3ABOEHOIO MIJBICY 13 CTYMIHYACTUM OMOpOoM (ppu-
KITI0OHA 3p1BHAIBHOTO MIPUCTPOIO.

JlunaMiyHa MOJIeJh KO3JI0BOTO KpaHa MPH 3HAXOJHKEHHI BaHTAXKHOTO Bi3Ka Ha
KOHCOJI1 3 OOKY ’KOPCTKOi OIOPH, HaBeJeHa Ha puc. 1, ne:

Mo — Maca Bi3Ka i METAJIOKOHCTPYKIli KpaHa, IpUBEACHA J0 BEPTHUKAIHLHOTO
MepeMIIleHHs KiHIS KOHCOJI1 Y , /e PO3TalllOBaHUM Bi30K, KT;

M, — maca Bi3Ka i METaJIOKOHCTPYKIIIi KpaHa, MPUBEICHA 0 TOPU30HTAIHHOTO

NEepeMIIIeHHS X MPOJITHOI Oy/10BH, KT;

Oyx s Oy Oy, O, — MIATIMBOCTI METATOKOHCTPYKIIII KpaHa, IPUIOMY Oy

BU3HAYAETHCS SIK MEPEMIIICHHS Macu Mo y HampsMKy Y MpH Al Ha Hei OJMHUYHOI
CWJIM B IIbOMY  HalpsIMKY, aHAJIOT'YHO BU3HAYAIOTHCA M 1HII TapaMeTpH, IPUIOMY
Oy= Oxy, M/H;

M; — IpUBEJIeHa Maca PyXOMHX YaCTUH MPUBOJY MEXaHI13My MiAHOMY, KT;

M3 — Maca BaHTaXy, KT;

G— Bara BaHTaxy, H;

F, — 3yCcHMJUIA onopy (pUKIIOHY 3PIBHAIBHOTO IIPHUCTPOIO, MPUBEACHE 0 BaH-

Taxy, H,
F, = kG,

ne K — 3agannii Ko3pGUIUEHT onopy QPHUKIIIOHY.

X,¥Y,Y, Y, — OpUCKOPEHHS Mac My, Mg, M1 1 M3 BIAMOBIAHO, M/c?.

Pymiiine 3ycusuis npuBoja, MpUBEIEHE 0 BaHTaXy, BUBHAYA€ThCA 32 POpMy-
JIOXO

P =P, — By,

ne Po — 3ycuiuist B MOMEHT MyCKy JABUTYHA P YKCii 00epTiB, pIBHOMY HY-
o, H;

B — KOe]IIIEHT )KOPCTKOCTI MEXaHIYHOI XapaKTePUCTUKHU €IeKTpoABUTYHa, H
c/M;

Y,— HIBUAKICTh pyXy Macu My, M/cC.
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Puc. 1. luramigaa MoJIelIb KO3JI0BOTO KpaHa y BUIAAKY OOpUBY KaHAaTa MPHU OMyCKaHHI BAHTAXY

FHJ

Fﬂg

™
i

Y.
Rz Bz A

Puc.2. 3anexHicth onopy (GpuKIiioOHa BiJl EPEMIlIEHHS PYXOMHUX HOro YacTUH

Pyx mac micist oOpuBy Tpoca po3aiieHUi Ha IIICTh eTariB. PIBHIHHS pyXy Mac,
MOYAaTKOBI YMOBHU ¥ YMOBH MEPEXOy IS MEPIIUX BOX €TaIliB CIIBIAJAI0Th 3 aHa-
JIOTIYHUMU JUTsl BUNIAJKY OOpHUBY KaHaTa 3BUYAHOTO 3/IBOEHOTO TOJIICTIACTA.

YMOBOIO mepexo1y 0 TPEThOTO €Taly € piBHICTh S = Fy;, TOOTO 3ycmiuis y miji-
BiC1 JIocATae BETUYMHH OMOPY Mepuioro ctyneHs ¢pukiiona. [Ipu nmpomy pyx mac
OTIUCYETHCS CUCTEMOIO

M5, X +mMed, ¥V +X —c(Y; -y -Y,-Y)d, =0;
Mod,, Y + M3, X +y —C(Ys—y —y, — Y8, =0;
My, +BYs —c(ya =Y —Y. —Y) =P, 6
My, —C(ys -y -¥,-Y) =-F;

my,+c(ys;—y -y,-Y)=G.
3ycuyuIsl B OJTICTIACTOBOMY ITiJIBiC1 BUBHAYAETHCS 32 (POPMYIIOIO
S=clys—yY -Y,-Yd-
[ToyaTkOB1 yMOBH JIJisi TPETHOTO €TAITY

t, = 0, x = (X)21 X = (X)zs y = (y)zs y = (Y)y Y. = (y1)21 Y1 = (yl)Z'
Y3 = (ys)z’ Y3 = (Y3)2’y0 = y'@ =0,
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ne (X)y (Y)2r (Yo (¥3)2 ¥ (XD, (¥, (V)2 (Y35), — TIEPEMILIEHHS H HIBUIKOCTI
Mac My, Mo, My 1 M3 HATTPUKIHII IPYTOTO €TaImy.

YMoBa nepexofy 70 eTamny, Ha IKOMY BiI0yBa€eTbCs pyX Mac Micis BUMUKaHHS
GpukIioHy 3 poboTH Y; = hy.

Pyx Mac Ha yeTBepTOMY €TaIi ONMUCYEThCS CUCTEMOIO PIBHSHD

mZSXX).(. + m08xyy. +X _C(ys -y - y1)6xy = 0’
med,, ¥ + o3, X +y —c(y; -y -y,)d, =0;

(2)
mly.l + Byl _C(yg -y - yl) = Po;
msy.s +C(y3 -y - yl) =G.

[TouaTkOB1 YMOBH JIJIsl Y4ETBEPTOTO €TAIy

t, = 0 x = (X)S, X = (X)S, y = (y)an y = (Y)si Y= (y1)37 Y1 = (Y1)3’

Y3 = (y3)3 —(y 6)31 Ys = (Y3)3’

e (X)s, (V) (V)3 (Ya)as (¥,);— HMEPEMIIIEHHST Mac My, Mo, M1, M3 1 M, HANPHUKIHIII
TPETHOTO €TaIly, M;

(X)3, (V)3 (V1)3» (V5);— MIBUIAKOCTI Mac My, Mg, My 1 M3 HANPUKIHII TPETHOTO €Ta-
my, m/c.

YMoBa nepexony no m'saroro eramy S = Fp, TOOTO 3ycuiuis y mifBici gocArae
BEJIMYMHH MIOBHOTO OMOPY (PUKIIIOHA.

Ha n'sTomy erami pyx mMac OMHCYEThCS CHUCTEMOIO AudepeHIlialbHUX PIBHIHb
(D).

YMoBa nepexoy 40 MIOCTOro erany y, =0 .

PiBHSIHHS pyXy Mac Ha IIOCTOMY €Tami MaroTh BUTIAL (2).

Po3B’s13aHHA piBHSAHB pyxy Mac MetofoMm Pynre-Kyrtra 4-ro mopsaxky ajis Ko3-
JIOBOr0 KpaHa BaHTAXKOMIAWOMHICTIO 12,5 T nns BUMaaky oOpuBY Tpoca IMiJl 4ac
OMYCKaHHS BaHTa)XXy HABEACHO y BUTJIAJI 3aJIKHOCTEH 3yCHIJIb Y MIJBICI 1 METaIO-
KOHCTPYKIIii (puc. 3).

VY nporeci po3B’s3aHHS PIBHAHL JUHAMIYHI HaBaHTaXXEHHS , 110 JiIOTh HA MeTa-
JOKOHCTpYKIIifo [1],

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

ne F, — ropusonTanbhe HaBaHTaxeHHs, H; F, — BepTUKaIbHE HaBaHTAKEHHS,

H; €, — OpCTKICTh METAJIOKOHCTPYKIIii B TOPU30HTaIbHOMY Hanpsmky, H/m; €, —

KOPCTKICTh METATOKOHCTPYKIIi y BEpTUKATHLHOMY HampsiMky, H/M.
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Puc. 3. 3ycunns y miBici i METaTOKOHCTPYKIIIT i/l 4ac yTpUMaHHS BaHTaXy

3a pe3yabpTaTaMu po3paxyHKIB TOPU3OHTAIbHA CKIIAJ0Ba 3yCUIIb ¥ METATOKOHC-
TPYKLIi JOCSTa€e BEJIIMYMH, 32 AKUX PyHHYBaHHS KpaHa HeMuHy4ye. OTKe aJis BHpi-
HIEHHS MpoOJieMU 3aro0iraHHs MaiHHSA BaHTaXy Ta aBapli KpaHa Miciig OOpUBY
Tpoca JIJIsl KO3JIOBUX KpaHiB HEOOX1{HI HOBI PIILIEHHS.

Onucana MareMaTHyHa MOJENb J03BOJIAE€ JOCIIKYBAaTH JUHAMIYHI MPOLECH,
110 BiI0YBaIOTHCA B KO3JIOBOMY KOHCOJIBLHOMY KpaHi Micisi 0OpUBY TpOca 3/IBOEHOTO
MIJBICY 13 CTYIMIHYACTUM OMOPOM (PPUKITIOHA.

CIIMCOK BUKOPUCTAHOI JIITEPATYPHU
MatemaTruyHa MOJIENTb aBapiiHOTO OMyCKaHHS BaHTAXXY KO3JIOBUM KPAHOM ITiCTIs
o0puBy oxaHoro 3 TpociB / O. M. Crykanenko // Matepiaii HayKOBO-TEXHIUYHOT

koH(pepentii "Mopcbkuii Ta piukoBHi GJI0T: exciuTyaraiis 1 pemoHT", 22.03.2023 —
23.03.2023. — Oneca: HY «OMA», 2023. — C. 43-86.
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YJK :629.5.03-025.26=111
[Tunenus 1., byraeako T.I.
HanionansHoro yHiBepcutety «Ojiecbka MOPChbKa aKkaaeMishy
Hybrid Propulsion Plants on Ships

1.What are hybrid ships?

Hybrid ships are vessels that use two power sources, usually a conventional
combustion engine and a rechargeable battery. They can be as small as a local ferry
or as large as a Pure Car and Truck Carrier (PCTC). The number of hybrid ships is
growing across all segments. The offshore industry used to be the biggest market for
ships with hybrid systems, but today there are hybrid versions of small merchant
vessels, RoRo ferries, smaller ferries, and special vessels like tugs and research
ships.

2.Why hybrid propulsion systems?

Hybrid propulsion systems provide a superior solution for the ship industry, de-
livering lower operating costs, reduced emissions and long-term sustainability. This
innovative solution, combining economic efficiency and environmental care, is be-
coming a key factor in the pursuit of sustainable and responsible maritime transpor-
tation.

3.Benefits from electric marine propulsion systems:

1)Cost reduction

Optimization of energy consumption results in a significant reduction in fuel
costs. Cost savings are important for the marine industry in the face of ever-
changing fuel costs.

2) Lower emissions

The electrical propulsion system is and environment-friendly choice — even with
diesel generators. This is because the electrical propulsion system makes it possible
to operate the generators within their optimal operational range even when the load
from propulsion varies. Therefore, adopting electrical propulsion for a ship will sig-
nificantly reduce the emissions of CO, CO2, and soot.

3)Ensuring long-term sustainability

Hybrid plants increase the long-term sustainability of ships. Less dependence on
conventional energy sources makes ships more flexible and environmentally friend-
ly.

4) Low noise and vibration

Electric propulsion drives are unsurpassed for their quietness of operation

5) Saves fuel

At lower propeller speeds, the number of generators that are online can be ad-
justed according to the power demand. The engines will run more efficiently, which
saves fuel.

4.Integration of different energy sources

Hybrid systems on ships integrate different energy sources such as solar and
wind power with conventional generators and batteries. This combination provides a
continuous power supply:

1)Solar power:
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Utilizing solar panels on the surface of the ship to convert sunlight into electrical
energy. Efficient use of daylight to maintain energy in the system.
2)Wind power:
Installing wind turbines on the ship to convert the kinetic energy of the wind into
electricity. Efficient utilization of offshore wind for additional power generation.
3) Generators:
Generators running on conventional fuels provide additional power in case of
shortage of renewable energy. The generators ensure system stability under various
sailing conditions.
4) Batteries:
The use of batteries to store excess energy produced during good weather condi-
tions. Batteries provide a reserve of energy, which is particularly useful during peri-
ods of poor visibility or at night.
5. Working principle
The working principle of a diesel-electric propulsion system on a ship is usually
based on a combination of different energy sources such as diesel engines, electric
motors, batteries and renewable energy sources. Here is the general scheme of how
they work:
1)Power generation:
Diesel engines generate electrical energy, which is then used to drive electric
motors or charge batteries.
2)Energy storage:
Excess electrical energy can be diverted to charge batteries, which can then be
used as an additional source of energy during peak periods or when main sources are
shut down.
3)Utilization of renewable energy sources:
Wind turbines or solar panels can generate electrical energy, which can also be
directed to charge batteries or used directly to drive electric motors.
4)Energy management:
The EMS regulates the flow of energy between different sources depending on
current sailing conditions, required power and battery charge.
5)Energy Optimization:
The purpose of the system is to ensure optimal energy use, minimize fuel con-
sumption and emissions, and ensure continuous and reliable power supply to the
vessel.
6. Examples of successful implementation
1. Discovery Princess:

= Description: The cruise vessel Discovery Princess has implemented a diesel-
electric propulsion system including diesel generators, electric propulsion mo-
tors, frequency converters, propellers and control software.

= Results: 20% reduction in CO2 emissions, fuel savings and lower operating

costs.

= Jakup Sverri:

- Description: The Faroese research vessel Jakup Sverri with ultra-silent propul-
sion technology.
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- Results: Reduced underwater radiated noise (URN) and emissions.
2. Viking lady:

= - Description: The supply vessel Viking Lady has been installed with dual-
fuel liquefied natural gas (LNG)/diesel-electric power plant.

= - Results: The Viking Lady is the most environmentally friendly vessel ever
built.
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VJIK 656.61.085.5/6-111 (045)
Aldoshin 1., Shalyov A. S .
Hamionanpauit yHiBepcutet «Oiechbka MOPChKa akaJaeMishy
Environmental protection during ship operation

Shipping is a critical industry that enables global trade and transportation.
However, it also has the potential to cause significant environmental damage if it is
not properly managed.Environmentalprotection involves managing various types of
wastes and emissions generated from ships’ daily activities. ‘This includes air pollu-
tion, such as exhaust gases, water pollution like oil and chemical spills, sewage, and
ballast water discharge’ [1]. This topic is of critical importance in the maritime in-
dustry for several reasons:
1. Regulatory Compliance: The maritime industry is subject to numerous envi-
ronmental regulations, such as MARPOL and other international and national laws.
Compliance with these regulations is essential to avoid legal penalties, reputational
damage, and financial losses.
2. Sustainability: The maritime industry has a significant environmental impact,
contributing to climate change, air and water pollution, and the spread of invasive
species. Environmental protection measures can help reduce these impacts and pro-
mote sustainability, which is increasingly important to customers, investors, and
regulators.
3. Public Health: Marine pollution can have significant impacts on public health,
such as respiratory issues from air pollution, contamination of seafood, and the
spread of diseases from sewage and ballast water. Environmental protection
measures can help protect public health and reduce the risk of disease outbreaks.
4. Economic Benefits: Environmental protection measures can also have economic
benefits, such as reducing costs associated with waste management, improving fuel
efficiency, and reducing the risk of accidents and spills. Additionally, customers and
investors are increasingly demanding environmentally responsible practices, which
can provide a competitive advantage for shipping companies.

Internationalregulationsandguidelinesplay a crucialroleinpromotingenvironmen-
talprotectionduringshipoperation. Theyestablish a frameworkformanagingwastesan-
demissions, ensuringcompliancewithsoundenvironmentalprinciplesandregulato-
ryrequirements. ThelnternationalMaritimeOrganization (IMO) andthelnternational-
ConventionforthePreventionofPollutionfromShips (MARPOL) setcomprehensive,
consistent, anduniforminternationalstandardsforwastemanagement. Thesestandard-
sareadoptedbymostflagandportStatesandare enactedintonationallegislationandregula-
tion.

MARPOL isaninternationalconventiondevelopedbythelnternational Mari-
timeOrganization (IMO) tominimizepollutionoftheoceansandseas, includingdump-
ing, oilandairpollution. ItisdividedintoAnnexes, eachofwhichdealswiththeregulation-
of a particulargroupofshipemissions. Forexample, Annex | regulatesthedis-
chargeofoilintotheoceanenvironment, whileAnnex Il  detailsthedischargecrite-
riafortheeliminationofpollutionbynoxiousliquidsubstancescarriedinlargequantities.

‘The IMO is responsible for developing and adopting international conventions
and codes that set standards for environmental protection’ [2]. Flag States are re-
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sponsible for ensuring that ships flying their flag comply with these standards. Port
States are responsible for enforcing these standards in their ports, and they can in-
spect ships and impose penalties for non-compliance. Regional organizations, such
as the European Union, can also adopt and enforce their own environmental regula-
tions for ships operating in their waters. Non-compliance with international regula-
tions and guidelines for environmental protection during ship operation can result in
various consequences, including [2]:

= Legal Penalties;

» Reputational Damage;

» Financial Losses;

= Criminal Liability, etc.

The shipping industry is taking steps to minimize its environmental impact by
adopting advanced technologies and innovative solutions. These measures aim to
reduce emissions, increase energy efficiency, and promote sustainability. One such
technology is the use of low sulfur fuel oil (LSFO) and marine gas oil (MGO) to
meet the International Maritime Organization’s (IMO) 2020 sulfur limit require-
ment. This limit reduces the sulfur content in ships’ fuel oil from 3.5% to 0.5%. The
use of LSFO and MGO can significantly lower harmful emissions from diesel com-
bustion.Another solution is the use of liquefied natural gas (LNG) as a fuel for cargo
ships. LNG is a mature alternative fuel option that can help reduce air pollution.
However, there are many technology choices that need to be made depending on
specific vessel design and operational requirements. ‘Exhaust gas cleaning systems,
also known as ‘scrubbers’, are another technology that can help ships meet the sulfur
limit requirement’ [3]. These systems are geared towards reducing sulfur or captur-
ing sulfur before it escapes through the exhaust funnels. Ballast water management
Is another critical area where advanced technologies are being used. The IMO is in-
troducing regulations to reduce the impact of the marine industry on both the sea and
atmosphere, and ballast water is one of the topics being addressed. The use of digital
systems can help ship operators manage ballast water more effectively. In addition
to these technologies, other solutions such as speed nozzles, anti-fouling paint, waste
heat recovery systems, and sail and kite systems can also help reduce fuel consump-
tion and emissions.

Conclusion:

Environmentalprotectionduringshipoperationhascriticalimportance-
forseveralreasons. Firstly, themaritimeindustryhas a significantenvironmentalimpact,
contributingtoclimatechange, airandwaterpollution, andthespreadofinvasivespecies.
Compliancewithenvironmentalregulations, suchas MARPOL andotherinterna-
tionalandnationallaws, isessentialand necessary. Non-
compliancecanresultinvariousconsequences, includinglegalpenalties, reputa-
tionaldamage, financiallosses, andcriminalliability. It iscrucialtoprioritizeenviron-
mentalprotectionduringshipoperationtominimizetheindustry’senvironmentalimpact,
promotesustainability, protectpublichealth, andgaineconomicbenefits. Theuseofad-
vancedtechnologiesandinnovativesolutionscanhelpreduceemissions,  increaseener-
gyefficiency, andpromotesustainability in maritime industry.
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VJIK 378.147
Kolgashov M., Molodtsova V.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMisy
Multi-cultural crews on board: how to communicate effectively.

Navigating multi-cultural crews on ships requires understanding effective com-
munication, especially as these teams become more common in maritime operations.
Clear communication is vital for safety, efficiency, and team unity.

With regard to culture in everyday life, we’ll most likely think of music, art and
such. However, culture is relevant to almost every aspect of human life. We can
speak of national culture, communicative culture, work culture etc. And all they re-
ally matter for promoting a conducive working environment in multinational crews
on board ships.

In multi-cultural teams, it's helpful to learn about each member's cultural back-
ground to foster respect. Understanding the differences between your culture and
other people’s cultures makes a difference on board, as culture and communication
are closely linked. Maintaining professionalism in dress, manners, and behaviour
sets a positive tone. Patience in greetings and meetings, along with a sincere interest
in colleagues' concerns, builds trust—a key element for successful partnerships.

Dealing with problems in multi-cultural teams involves different strategies.
Adapting to cultural differences openly, restructuring tasks, and setting norms early
are effective approaches. If needed, removing a crew member might be considered
as a last resort.

Identifying cultural differences, coexisting harmoniously, and fostering open
dialogue through occasional multi-cultural crew meetings are essential. Captains
play a crucial role in promoting norm-setting early on, emphasizing expertise over
English fluency in job assignments.

Effective communication at sea goes beyond words—it includes information
dissemination, providing communication facilities, and ensuring awareness of issues
impacting crew members' professional life, health, safety, and welfare. Clear instruc-
tions in face-to-face interactions are crucial for comprehension.

In the maritime industry, effective communication is central to good leadership.
Leadership training standards highlight communication's pivotal role in creating a
cohesive and efficient maritime environment. In the evolving landscape of multi-
cultural teams on board, mastering effective communication is the compass steering
the ship toward success.

Within the context of multi-cultural teams aboard ships, it's imperative to under-
score the significance of cultural competence. Crew members should be encouraged
to participate in cross-cultural training programs that go beyond basic awareness,
delving into the nuances of cultural norms and communication styles. This proactive
approach ensures that individuals not only recognize cultural differences but also
acquire the skills to navigate them effectively.

Moreover, the implementation of a feedback loop within multi-cultural teams
can significantly enhance communication dynamics. Regular check-ins and anony-
mous suggestion boxes provide crew members with avenues to express concerns or
propose improvements, fostering a culture of continuous improvement. This two-
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way communication system reinforces the notion that every voice within the team is
valued, irrespective of cultural backgrounds.

In line with the emphasis on leadership, cultivating emotional intelligence
among captains becomes a linchpin for successful multi-cultural team management.
Understanding and managing emotions, both one's own and those of others, equips
captains with the ability to navigate the nuanced interpersonal dynamics inherent in
diverse teams. Leadership development programs should incorporate modules on
emotional intelligence to empower captains in fostering a positive and collaborative
team culture.

As we navigate the waters of multi-cultural collaboration, the incorporation of
these complementary elements—cultural competence, a robust feedback mechanism,
and emotional intelligence—further fortifies the foundation of effective communica-
tion within maritime teams. This holistic approach ensures not only the successful
navigation of cultural diversities but also the continuous improvement of communi-
cation strategies in the ever-evolving maritime landscape.

Finally, effective communication lies at the heart of good leadership, and that is
why, in developing its standards of training in leadership for sea and shore staff, the
Maritime Industry has set a specific standard for effective communication.
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Opneca, HY «OMAy, 2021. - 96 c.

2. linepxo M., Cubipko O. dopcyBaHHS MDKKYJIBTYPHOI KOMIIETEHIIIT MOPSKIB 5K
nepeayMoBa e(EeKTUBHOI MIKKYJIbTYpHOI KoMyHikamii. (2022). Haykosi 3anucku
Hayionanvnoeo VHIgepcumenmy «Ocmpo3vka akaoemisy: Cepis
«Dinonozisy, 15(83), 97-101.
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JBUT'YHU TA EHEPTETUYHI YCTAHOBKHU
Y J1K629.5
Carin A.C.
HanionaneHuil yHiBepcuteT «Onecbka MOPChKa akageMis»
Oc00,1MBOCTI HATAINTYBAHHS NAJUBHOI AaNIAPATYPH BUCOKOI'0 TUCKY IIi/X
yac nepeBeieHHsI CY/IHOBHUX /IN3eJ1iB HA BUKOPUCTAHHS NMAJUBa 3 HU3bKUM
BMICTOM CipKH

Y cydacHOMY CBITI TUTaHHS €KOJIOTII Ta EHEPreTHUKHU 3aiMaroOTh EHTPAJIbHE Mi-
CIle B MOPAIKY ACHHOMY, 3yMOBJIIO€ BCE OLIBIIMN IHTEpPEC CYCHIIbCTBA Ta YPSAIB.
Oco0nuBa yBara npUIUISETHCS CYAHOIUIABCTBY Ta WOTO BIUIMBY Ha JOBKLJUIA, Bpa-
XOBYIOUHM BUCOKHUH PiBEHb 3a0pyIHEHHSI MOPCHKUX ekocucTeM. CyTHOBI eHepreTH-
HI YCTAHOBKH CTalOTh 00'€KTOM OCOOJIMBOI YBaru y 3yCHUJUIAX 3MEHUIEHHS €KOJIOT14-
HOro mKoAu. OJTHUM 13 KJIIFOYOBUX ACTEKTIB Y 11M ramy3l € 3a0e3neyeHHs eKOoIoT1y-
HUX Ta €HEPreTUYHHUX IMOKA3HUKIB CYJHOBHX E€HEPreTHYHHUX yCTaHOBOK. Ll mpo-
0JieMa aKTHBHO PETYJIOETHCS MDKHApOAHUMU JTOKyMEHTaMH, Ha caM mepen Annex
VI MARPOL Tta 6Gararbma pe3onomissMu MixHApOJHOT MOPCHKOI OpraHizarlii
(IMO). VYV upomy KoHTeKcTI ocoOnuBo BaxiuBumu € MEPC.203(62) Ta
MEPC.259(68), 1110 BCTaHOBIIIOIOTh HOBI MpaBUjia €EHEPreTUYHOI €PEKTUBHOCTI CY-
JIeH, HeOOX1H1 JIJIsl 3MEHIIIEHHsS HEraTUBHOIO BIUIMBY CYJIHOIUIABCTBA Ha JOBKULIA
[1].

{1 MI>KHAapOJIHI CTAaHJAPTH Ta PE30JIIoLli POKYCYIOThCS HA OOMEKEHHI BUKH/IIB
CIPKM Ta IHIIMX WIKIJJIMBUX PEUYOBHUH Yy atMocdepy BiJ CyAHOBHUX JBUTyHiB. BoHu
BHU3HAYAIOTH JOMYCTUMI COPTH MAJIMBA Ta BCTAHOBIIOIOTH 3aX0AH LI0J0 JOTPUMAHHS
€KOJIOTTYHUX BUMOT. Hanmpukiaa, BAKOPUCTaHHS MaJliBa 3 BMICTOM CIPKH HE OLJIbIIe
0.5% € ogHuM 13 KpUTEPIiB BIJMOBIAHOCTI €KOJOTIYHUM HOpPMam, a B OCOOJIMBUX
paiioHax 1€ 3HayeHHs 3HWXKYeTbes 10 0.1%. st 3a0e3neueHHss TOTpUMaHHS X
CTaHAApPTIB MOXYTh 3aCTOCOBYBATHUCS Pi3HI TEXHOJOTIi, TaKl sIK CKpyOepHI CUCTEMU
OUUIIICHHS BUXJIOMHUX ra3iB.

OpHak BUKOPUCTAHHS MaJIMBa 3 HU3BKUM BMICTOM CIPKU 3YMOBIIIOE JIESIKI CKJIa-
nHomii. [lo-mepie, nepexia 3 OAHOrO COPTY MaJMBa HA IHIIUMK MOTpedye vacy Ta
cremiaibHuX mpoueayp. Lle Moxke BKIIIOUaTH He JIMIIE 3MIHY CaMOro MajuBa, aje |
3MiHY IapaMeTpiB poOOTH CYJHOBHUX ABUTYHIB Ta MaJMBHUX cucTeM. [locTiiiHi me-
PEXO0U MK PI3HUMHU COPTaMU IMajuBa TAKOXK MOXKYTh MMO3HAUNUTUCSA HA TEXHIYHOMY
CTaHl CyIHOBUX €HEPreTUYHUX YCTAHOBOK, 30UIbLIYIOYHM 3HOC €JIEMEHTIB MaJUuBHOI
amapaTypu Ta BUTpaTy MaJIHBa.

[To-gpyre, BUKOPUCTAHHS MaJlBa 3 HU3BKUM BMICTOM CIPKH y CYJIHOBUX CHEP-
TeTUYHUX YCTAaHOBKAaX CTAJO HEOAMIHHOIO YAaCTHHOKO CTpATETii 3MEHIIEHHS €KOJ0-
TYHOIO BIUIUBY 3 OOKY MOPCHKOTO Cy/IHOIUTaBCTBA. OHAK 32 LIUMU 3YCUIUISIMUA CTO-
iTh LUIMHA KOMILIEKC MpoOJieM, MOB'A3aHUX 3 €KCIUTyaTalll€l0 CYyJHOBUX JIBUTYHIB,
AK1 TOTPeOyIOTh CEpHO3HOI yBaru Ta BUPIILICHHS.

[To-Tpere, oAHIEIO 3 OCHOBHUX CKJIAIHOIIIB, MOB'SI3aHUX 3 BUKOPUCTAHHSAM T1a-
JIMBA 3 HU3BKUM BMICTOM CIpKH, € HCOOXIHICTh YaCTO1 3MIHM THIIIB TIaJKBa IIiJ] Yyac
3aX0Ay B TMOPT abo0 TUIaBaHHI y CHEIlialbHUX pailiOHAX EKOJOTIYHOTO KOHTPOJIS
(Sulfur Emission Control Area - SECA). V nux paiioHax Jit0Th CyBOpPi HOPMH OO
BMICTY OKCH/IB CIpKH B BUITyCKHUX Ta3aX CyJHOBHUX ABUTYHIB, 110 MOTpeOye mepe-
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XOJly Ha TaJIMBO, BMICT Ccipku B skoMy He nepesuirye 0,1 %. IIpouec 3minu nanusa
MOYMHAETHCS 33JI0BrO J0 BXOJy B CHEIIaJbHY €KOJOTIYHY 30HY, J€ JIIOTh CYBODI
HOpMH 100 eMiciit SOx. Ile Mo)ke BKIIIOUaTH OYMIIEHHS Ta IMiJATOTOBKY MaJTMBHUX
CUCTEM, a TAKOK HaBUaHHS MEPCOHATY IPAaBUIBHIN IPOLIEypl 3aMIHU NAIKUBA.

B getrBepTux, mij yac miAroToBIIl A0 MEPEeXoay Ha HOBUU THUI MaJMBa HEOOX1THO
BpaxoByBaTU psJi pakToOpiB, TAKUX SK MOTOYHHMM PiBEHb 3aIlaciB IajdBa Ha OOPTY,
JOCTYITHICTh MOTPIOHOTO MaJIMBa Y MOPTY MPU3HAYCHHS, a TAKOXK TEXHIUHI XapaKTe-
PUCTHKHU CYIHOBHX JBHUTYHIB Ta CHUCTEM. YC€ 1I€ BUMAarae JeTalbHOTO IUIaHYBaHHS
Ta KOOPIMHAI A1l MiXkK pi3HUMH BiJUIiIaMU Cy/IHA Ta Horo omeparopom [3].

KpiMm 11p0r0, mopsiz 3 IMMU TEXHIYHUMHU CKJIaJHOIIAMHU, TIOB'SI3aHUMU 3 TPOLIe-
COM 3MiHH TaJIMBA, ICHYIOTh 1 EKOHOMIYH1 aCIIEKTH. 3MiHA TUITY MaJuBa MOKE BILIH-
HYTH Ha OTIepalliiiHi BUTpaTu cyaHa [4].

[TocTiiiHl mepexoan Ha Pi3HI TUIU NaJMBa CTBOPIOIOTH CKJIAJHONII, IMOB'sI3aHI 31
3MIHOIO TeMIIEpaTypHUX PEXKUMIB iX ekciutyartarlii. Hanpukian, 1ist najauBa 3 BMic-
toM cipku 0,5 %, ekcrulyaTaiiiiHa Temneparypa 3HaxoauTthes B mexax 90...105° C,
TOMl K JUISI MUCTHIATHUX TaiauB (3 BMicToM cipku 10 0,1 %) BoHa CTaHOBUTH
30...40° C. i pi3HuIll B TeMIepaTypi HEraTUBHO BIUTMBAIOTh HAa PEeCypcC JABUTYHA Ta
TPUBAIICTh CIYXOM MaJMBHOI anapaTypu BUCOKOTO THCKY, IO B pe3yJbTaTi MpU3-
BOJMTSH JI0 ii 3HOCY Ta 30UIbILIEHHS BUTPAT NaJINBA.

BaxxnuBo BiA3HAuUTH, 10 poOOTa CyTHOBOTO JABUTYHA Ta €()EKTUBHICTH CIAIIO-
BaHHs MaJMBa 3aJI€KaTh BiJl MPaBUIBHOI TEMIEpaTypH MajauBa. 3a Pi3HUX TeMmIepa-
TYPHHUX PEKMMax 3MIHIOIOTHCS BJIACTUBOCTI MaJMBa, TaKl K HOro B’SI3KICTh Ta T'yC-
TuHa. Lle MoXxe BIMBaTH Ha pOOOTY MAJIMBHUX CUCTEM Ta iXHIO €(DEKTUBHICTD, 1110
B CBOIO Y€pry BIUIMBAE Ha 3arajibHy €(EeKTUBHICTh IBUTYHA Ta CTIOKUBAHHS TAJIMBA.

TakuM YMHOM ICHY€ CKJIaJHa MpodiieMa 3a0e3MeYeHHs] eKOJIOTTYHUX Ta eHepre-
TUYHHUX MMOKA3HUKIB CyJTHOBUX €HEPTeTUYHNX YCTAaHOBOK. MOpChKE CYy/IHOIIABCTBO,
SIK KJIFOYOBA CKJIaJ0Ba TJI00AIbHOI €KOHOMIKH Ta TOPTIBII, Ma€ 3HAYHUHN BIUIMB Ha
JOBKULISL Yepe3 BUKUAM 3a0pYyTHIOIYNX peyoBUH y atMocdepy. OIHUM 13 OCHOB-
HUX JpKepes 3a0pyTHEHHS € BUKU/IU B/l CYJTHOBUX JIBUTYHIB BHYTPIIITHBOTO 3TOPSIH-
Hsl, 1110 MPAIIOIOTh HA TAJKMBl 3 BUCOKUM BMICTOM CipkKu. Tomy BUpIIIEHHS MpobIie-
MU €KOJIOTIYHHMX Ta €HEPreTUYHUX MOKa3HUKIB CyJTHOBUX €HEPreTUYHUX YCTaHOBOK
€ aKTyaJIbHUM 3aBJaHHSM CY9acHOCTI.

OpHuM 13 c1oco0i1B BUPIMICHHS 11i€1 TPOOJIEMH € BUKOPUCTAHHS MaiuBa 3 HU3b-
KHM BMICTOM CIpKH , SIKI MalOTh MEHILIUNA BMICT CIpKU. BUKOpUCTaHHS TaKUX MajIuB
JI03BOJISIE 3MEHILIUTH BUKUJIM 3’ €JIHAHb. 1110 MICTSITh CIPKY B aTMOC(epy, 110 B CBOIO
4yepry CHpusi€ 3MEHIIIEHHIO HEraTUBHOTO BIUIMBY CYJHOBHUX CHEPreTUYHUX yCTaHO-
BOK Ha JOBKULIA. OfHAK, 1€ BUMarae po3poOKH Ta BIPOBAKEHHS CHEI[iaTbHUX Te-
XHOJIOT1H OYMIICHHSI BUMTYCKHMUX Ta3iB Ta aJarTailii NajaTBHOI arnapaTypu BUCOKOIO
TUCKY CYJHOBHX JBUTYHIB 10 BUKOPUCTAHHS MAJINUB 3 HU3bKUM BMICTOM CipKH.

i ckmagHOIII 3yMOBIIOIOTH PO3B’SI3aHHS MPOOJIEMHU E€KOJIOTIYHUX Ta CHEPTeTU-
YHUX MOKA3HUKIB CYJTHOBUX CHEPreTUYHHX YCTAHOBOK, SIKa BUHUKAE ITiJI YaC BUKO-
PUCTaHHS TAJINBA 3 HU3BKUM BMICTOM Cipkd. [IpoioBx)eHHS AOCTIHKEHb Ta PO3pO-
00K B Iii 00JACTl € KPUTHUUHO BAXJIMBUM JJIsl 3a0€3MEUYEHHS CTAJIOTO PO3BUTKY
MOPCBHKOT'O Ta BHYTPIUTHHOTO TpaHUNopTy. Lle Takox BiAKpUBAE MIUPOKI MOKIUBOC-
T1 JJIs1 CHIBIIPalll MK HAyKOBUMH yCTaHOBAaMH, IPOMHUCIIOBUMH MiIPUEMCTBAMU Ta
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YpSIIOBHUMH OpTaHaMu JUisi 3a0e3MedeHHs] BIPOBAKEHHS HOBUX TEXHOJIOTIM Ta
MPaKTHK y CYJTHOBIH Trairy3i.

[TpoBeneHHST TOAATKOBUX JOCTIHKEHb Ta PO3POOOK MOXKE CIPHSTH CTBOPCHHIO
O1IbII €(pEKTUBHUX TEXHOJIOT1H OUYMINECHHS BUITYCKHHUX TrasiB, ajamnTallii CyJHOBHUX
JIBUTYHIB JI0 pOOOTH Ha TajiiBa 3 HU3bKUM BMICTOM CIpKH, a TaKOX PO3pOOIIi HOBUX
Croco0iB BUPOOHMIITBA Ta TPAHCIOPTYBAHHSI MMAIUBAa, IO 3a0€3MeUYNUTh 3MCHIICHHS
BUKH/IIB Ta 3a0pYyIHCHHS JOBKIJLJIA.

Kpim TOr0, BaKJINBO BpaxOBYBATH 1 COLlalbHI aCMIEKTHU I[LOTO MUTaHHS. 30epe-
KEHHS €KOJIOTIYHO YHCTOTO CEPEIOBHUIIA Ta 3a0€3MEeYCHHS CTAJIOr0 PO3BUTKY € TJIO-
OaJIBHOIO BIIMOBIMANBLHICTIO, SIKA CTOITh TMEPEN YCIEI0 MIKHAPOAHOK CIUIBHOTOIO.
Tomy cmiBmparis Ha piBHI MIKHApOJHUX OpraHi3allii, Iep:kaB Ta TPOMaJCHKUX Op-
raHizamiii € KJIH4OoBOIO y 3a0e3neueHHl ePeKTUBHOI peanizallii 3axo/iB 3 MOKpa-
IIEHHS €KOJIOTIYHUX Ta CHEPreTUYHUX IMOKA3HHKIB CYyJTHOBHX CHEPTECTHYHHX YCTa-
HOBOK.

TakuM 4MHOM PO3B'SI3aHHS MPOOJIEMH €KOJIOTTYHUX Ta €HEPTreTUYHUX MOKA3HU-
KiB CYJIHOBUX €HEPreTUYHHX YCTaHOBOK MOTPEOYy€ KOMIUIEKCHOTO MiJIXOy, CILIb-
HUX 3yCWJIb Ta MOCTIMHHUX JTOCHIIKEHb 1 po3poOoK. JIuie nuisgxom criBmparli BCiX
3aI[iKaBJICHUX CTOPIH, MU 3MOKEMO JOCSTTH 3HAYHUX YCHIXIB y 3a0e3IeueHH] cTa-
JIOTO PO3BUTKY MOPCHKOTO CYJHOIUIABCTBA Ta 30€pEKEHHI HABKOJHUIITHBOTO Cepe/Io-
BHUIIA JIJIT MAaOYTHIX MTOKOJIIHb.
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YJ1K629.5
Mapeii B.B.
HanionansHuit yHiBepcutet «Oiecbka MOPChKa akaJeMis»
Onrumizanis npouecy BIOPCKYBAHHSA NAJMBHUX CyMilIei

BukopucTtanHs najduBHUX CyMillel, 0 CKIaay SIKHX BXOAUTH O10MalIUBO, 3Mi-
HIOE TIepedir podoyoro MUKIY B MUIIHAP] AU3eis Ta mporiec 3ropsHHs. Lle mpusBo-
JUTH JI0 3MIHU €KCIUTyaTallliHUX MOKA3HUKIB JIU3€IIB, IPU IbOMY BUHHKAE 3aBJaH-
Hs BU3HAYCHHS (a3 manuBonoadi (HacaMIiepes] KyTa BUIIEPEHKEHHS Mo1adl maiu-
Ba) 3a SIKMX 3MiHA IMX [MOKAa3HUKIB MiBUIIYE e(DEKTUBHICTH POOOTH TU3ETS Ta MOK-
parrye #oro eKOJIOT14HI MOKa3HUKH.

JlocnipkeHHsT BUKOHYBAJIMCh Ha MOPCHKOMY CIICIialli30BaHOMY CYJAHI Kiacy
Bulker Carrier nenseiitom 63246 ToHH. B eHepreTHuuHy YCTaHOBKY CyAHA BXOJWIIU
muzerni SS60ME-C8.2 MAN-Diesel&Turbo ta 6EY18ALW Yanmar [1, 2]. OcHoBHI
XapaKTePUCTUKHU JU3EIIIB IIpeACcTaBiieHi B Tabmmi 1.

Tabmuus 1. OcHOBHI XapakTepuCTUKU au3eniB cyaHa kiacy Bulker Carrier nen-
BeiiToM 63246 TOHH

5S60ME-C8.2 6EY18A
[TapameTp MAN- LW
Diesel&Turbo Yanmar

Hiamerp umninapa, M 0,6 0,18
Xin mopriHs, M 2,4 —
KimpkicTs nimiHIpIiB 5 6
HowminanpHa IOTYXHICTB, kBT 8050 800
Yacrora oO0epTaHHs Bala, XB_1 89 900
[Iuroma BuTpara nanusa, F/(KBT-FOL[) 0, 187... 0,174 (:)|_’§-398 o 0’
Kinbkicts y cknani CEY 1 3

[Tix yac ekcrutyararnii IU3emiB y CHEHlaIbHUX €KOJIOTIYHUX palioHax 3 KOHTPO-
mro emicii BukuaiB cipku (Sulphur Emission Control Areas — SECAs) BUKOpHCTOBY-
Basiocsa nayimBo DMA, mijg yac ekcrutyataiii nu3eniB 3a Mmexxamu SECAs BuUkopuc-
toByBajiocs naimBo RME180. Ie 3abe3neuysano sumoru Joaarky VI MixknapoaHoi
kouBeHIii MAPIIOJI ta crpusiio 3MeHIIEHHIO 3a0pyIHEHHS JOBKIJUISI OKCHIAMHU
cipkamu B ux paiioHax. OCHOBHI XapaKTepUCTUKH MAJIMB HaBEICHI Y TabuIi 2.

BinnoBigHo 10 momnepeaHiX JOCHIKEeHb Ta BUIPOOYyBaHb, Ha CyAH1 OyJna peai-
30BaHa TEXHOJOTIs, KA JI03BOJISIE 3ACTOCOBYBATH 010/1M3€IbHE NAMBO. SIK Take BU-
kopuctoByBasioch nmaaueo B30 kmacy FAME (tabnuis 2). 1le 103B0IsAI0 K ISt TO-
noHoro asuryHa 5S60ME-C8.2 MAN-Diesel&Turbo, Takox 1 ajisi JTOTOMIKHHX
muzeniB 6EY18ALW Yanmar BUKOPUCTOBYBATH MajJuBHI CyMillli, OCHOBHHUM KOM-
MOHEHTOM sIKUX Oyio manuBo HadToBoro noxomkeHHs (RME180 abo DMA), sk
nobaska — najuBo O1ooriyHoro nmoxomxenass FAME B30. Bmict 6iomannsa FAME
B30 B manuBHIi cymini 3MiHIOBaBCs B AianaszoHi 5...20 % BiJ 3arajibHOT0 00’ €My.
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Tabnuis 2 . XapakTepuCTUKH MMATUB

[TapameTp 8%M El DMA BS';AME
B's3kicth 3a 50 °C, cCt 184 12,8 36,3
I'yctuna 3a 15 °C, KF/M3 928 896 914
Bwmicr cipku, % 0,48 0,082 0,018
Temneparypa cnanaxy, °C 73 67 71
TemnmoTBOpHA 31aTHICTE, KI[)K/ KI' 40480 43420 36890

[MamuBo FAME B30 BiZIHOCUTBCS O OJTHOTO 3 HAHOUIBII MOMIMPEHUX THIIB Oi-
omnayiBa, OyHKEPYBaHHS STKHM MOXJIMBO B 0araTb0X MOPCHKHUX TOPTax €BPOTIH.

SIK KOHTPOJIBHI TOKA3HUKH, 32 SIKUMH OLIHIOBAIUCH €KCILTyaTallliHI MOKa3HUKU
CYIHOBUX JIU3€JiB, OOMPATUCh MAKCUMAIILHUM THUCK 3TOPSHHS Pz, TUTOMA €()EeKTUB-
Ha BUTpaTa NajnBa De Ta KOHIIEHTpAIlis OKCHJIB a30Ty y BHUITYCKHHX razax NOx. Ix
BU3HAYCHHS BUKOHYBAJIOCH 32 JIOTIOMOTOI0 CYJHOBOI CUCTEMH MOHITOPHUHTY Ta Jiar-
HoctyBaHHs [199, 200]. Bubip came 1ux MOKa3HUKIB IPYHTYBABCS HACTYITHHM YH-
HOM. MakcUMaJIbHUIM TUCK 3TOPSHHS XapaKTepHU3ye eHEPreTuyHy e(heKTUBHICTD PO-
004Y0T0 IUKITY AU3ETS, 3 HOro 301IBIICHHSIM ITiIBUIYIOTHCS BCl OCHOBHI MOKA3HUKHU
poOoTH au3ens, Hacammepen CepeAHil I1HAMKATOPHUM THUCK Ta I1HAMKATOP-
Ha / e)eKTUBHA TOTYKHICTh. MaKCUMaJIbHUN THUCK 3TOPSHHS € 000B’SI3KOBHM IOKa-
3HUKOM, SKHUH KOHTPOJIIOETHCS IMiJI Yac €KCIUTyaTallii Iu3elisd, MpU IbOMY TaK0X
000B’SI3KOBO 111 BEIMYMHA BU3HAYAETHCSA JJI1 KOXKHOTO OKPEMOTO IMITIHApA, Cepe-
HS JJIS1 BCIX IUJIHAPIB AU3EIs], a TAKOXK BIIXUIICHHS 1IbOTO 3HAYCHHS JJI1 OKPEMUX
MATIHAPIB BiA cepemuboro. lle BiaxuieHHS HE MOBHMHHO mepesuinyBatu *3,5 %.
[Turoma epexTHBHA BUTpaTa MaJIUBa XapaKTEPU3YeE MATUBHY EKOHOMIYHICTH pOOOTH
JIU3EIISl Ta XapaKTepU3ye eKOHOMIUHY JTOIIBHICT, BUOOPY TUX UM 1HIIUX MapamMeT-
piB manuBonoayi. Takok MUTOMa BUTpaTa MaJMBa MPSMO-TIPOMOPIIIHO OB’ s13aHa
3 3araJIbHOI0 BUTPATOIO MajiuBa (TOAMHHOIO ab0 1000BOIO) Ta BIUIMBAE HA CYIHOBI
3amacy MajnBa, MOKa3HUK, 1110 € aKTyaIbHUM caMe sl CyJIeH MOPChKOTO TPaHCIIOP-
Ty, SIK1 3[IICHIOIOTH JIOBTOTPUBAJII MOPCHKI 200 OKEaHCHKI Mepexou 0e3 MOKIIUBO-
cti OynkepyBaHHs. KoHILleHTpalisi OKCUIIB a30Ty Y BUITYCKHHMX ra3ax € OCHOBHUM
MOKa3HUKOM, IO XapaKTEepPU3ye €KOJIOTIYHI MOKa3HUKU pOOOTH CYAHOBHUX JMU3EINIB.
[i 3Hauenns permamentyerscs BianmosigHo Bumor Joxatky VI MAPIIOJI ta 3ane-
KUTb BiJ] MBUIKICHOTO PEXXUMY pOOOTY JIM3eis Ta POKY MOOYAOBH Cy/aHA.

JocnipkeHHsT BUKOHYBAJIMCh TIiJI Yac ekcrutyaTtamii auzeniB SS60ME-C8.2
MAN-Diesel&Turbo ta 6EY18ALW Yanmar Ha cymimn, Ky CKJIaJaid MajJHBO
RME180 ta 6ionanmuBo FAME B30 (3 konmentparieo 15 %), a Takox mnaauBo
DMA Tta 6ionasmuBo FAME B30. [lix yac mocmimkeHb KyT BUTIEPEDKCHHS TMOaadl
nanuBa i cymHoBoro amsens 6EY18ALW Yanmar 3miHroBaBcsi B Jiama3oHi -
18...-6 °moBopoTy KosiHYAaTOTO Bamy (mKB), s aum3ens SS60ME-C8.2 MAN-
Diesel&Turbo — B giama3zoni -7...-1 °nkB. Came 11eit Aiana3oH pekoMeHa0BaHuH ]i-
pMamM# BUpOOHUKAMHU IiJ Yac eKCIUTyaTallii Ju3emiB, Py I[bOMY SIK HalOUIbII parli-
oHanpHUM ans ausens 6EY18ALW Yanmar pekomenaoBanuii KyT -14 °mkB, nms
auzenst 5S60ME-C8.2 MAN-Diesel&Turbo — xyt -4 °nkB. Came 3 TaKMMH KyTaMu
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BUTICPE/HKEHHS BIIOPCKYBAHHS €KCILTyaTyBAJIUCh TU3€II 1]l 9aC BUKOPUCTAHHS T1a-
JauBa 0e3 J0/JaBaHHS J0 HOro 00’eMy MajuBa O10JOTIYHOTO MOXOJKEHHS, caMe IIi
KyTu Oynu oOpaHi sk «0a30B1» IiJl Yac BUIIPOOYBaHb 3 BUKOPHUCTAHHSIM IMAIMBHUX
cymimient. JlocimiikeHHs: BUKOHYBAJIMCH ISl HACTYMHUX €KCIUTyaTallliHUX PEeXUMIB
poootu muzens 6EY1I8ALW Yanmar — 0,4Ncuom, 0,55Neuon, 0,7Neson, 0,85Ncon T2
0,6Neson,  0,7Newos  0,8Nenors  0,9Newon anas  nmuzenss  5S60ME-C8.2  MAN-
Diesel&Turbo (ae Newow — HOMiIHAIbHE HaBaHTaKEHHS BiAIOBiAHOTO Au3ens) [196].

Buxonani Ha cymroBux mm3ensx 6EY18ALW Yanmar ta SS60ME-C8.2 MAN-
Diesel&Turbo mocmikeHHs JO3BOIWIN 3pOOUTH HACTYITHI BUCHOBKH Ta BH3HAYNTH
HAIPSIMOK TTOJAJTBITUX JTOCITIIKEHb.

[Tix gac cmagroBaHHS B MIJIIHIPI AU3ETs MAJMBHHUX CYMIMIEH, O CKIAAy SKUX
BXOJUTH O10MAJIMBO, 3MIHIOIOTHCSA (TMOPIBHSHO 3 €KCIUTyaTalli€lo Ju3ess JIUIIe Ha
HaTOBOMY MaJIMB1) MPOIIECH OKUCIICHHS Ta 3rOPSHHS, 10 MPU3BOJUTH 10 3MIHU
TEPMOJIMHAMIKHU TIpoliecy 3ropsHHs. Lle crae migcTaBoro 3MiHM OCHOBHUX EKCILTya-
TAIIMHUX [MOKA3HUKIB JTU3EIIA.

[TinBuiieHHs €PEKTUBHOCTI BUKOPUCTAHHS MAJTMBHUX CYMIIIEH, IO CKIaAy SKUX
BXOJIUTh MAJIMBO O10JIOTTYHOTO TOXO/KEHHS, TIOJISATa€e HE JIUIIE Y BU3HAYEHHI OITHU-
MaJLHOTO BMICTY Oi0MajiMBa B CyMIlIlll, aJi€¢ TAKOK Y BUBHAUEHHI ONTUMAJIbHUX KYTiB
Mpoliecy Mojadl MajJuBHOI CyMmimnl (KyTiB BHUIIEPEKEHHS BIIOPCKYBAaHHS IaJIUBA),
3MiHa SKUX HEO0OX1JHa Y 3B’ 53Ky 31 3MIHOIO CKJIa/ly TAJIMBHOI CYMIlIIIl, IO MOTPAILIsie
JUISl CHIATIOBaHHA B INHAP au3ens. OOuaBa 3HaYeHHs (BMICT OlomaivBa B MaIUB-
HI/ CyMIIlll Ta KYT BUIIEPEIKEHHS BIIOPCKYBAHHS) BU3HAYAIOTHCA €KCIIEPUMEHTAIIb-
HUM IUSIXOM Ta 3aJIeKaTh Bl XapaKTEPUCTUK TU3CIIA.
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Y]IK621.431.74
[TonoBunka E.M.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
BuzHaueHHsI XapaKTepUCTUK Po00Y0ro mpouecy cyJHOBOI0
MaJ1000€pTOBOIO JU3eJIsl

VY coepi cydacHUX METOMIB PO3PaXyHKY POOOYUX MPOIECIB JU3ETIB CKIIAIUCS
JIBa HAMPSAMH: TEPMOJIMHAMIUYHUX 1 YUCIEHHUX MeTOAIB. OCTaHHI IPYHTYIOThCS Ha
BUPIIICHHI 3aBJaHb MEXaHIKU PIAMHU Ta razy 3aco0amMu KOMI'IOTEPHOTO MOJEIIO-
BanHs — CFD (Computational Fluid Dynamic).

Po3paxyHok mporiecy 3ropssHHS B TEPMOIWHAMIYHUX MOJEISIX 3BOJUTHCS [0
BU3HAYCHHS IMIBUAKOCTI TETUIOBHUIIJICHHS, 5K 3QJICKUATH BiJ MIBUIKOCTI 3TOPSHHS
nanuBa dx/de. Came Oro 3HaXOJKEHHS CTAHOBUTH HAWOLIBII TPYAHOILIL, Oyay4H
BOJIHOYAC HANOUIBII ICTOTHOO BEeTWYMHOI0. CKIAIHICTh PILICHHS MOJSATae y pi3HO-
MaHITTI YMHHHKIB, 1110 BIUIMBAIOTh HA IIBUJKICTH 3rOPSHHS MaJIMBA, & AKTyaJIbHICTh
BU3HAYAETHCSI HEOOX1IHICTIO BUKOPUCTAHHS 1IbOTO MapameTpa Jjisl BUSHAUYCHHS I10-
B'A3aHUX IMOKA3HUKIB JABUTYHA. J[0 HUX, 30KpeMa, HajeXaTh HAMBaXJIMBIII Mapa-
METPH — €KOJIOT14YHI JIaH1 JIBUTYHA.

B naniit po60Ti npu BUBENIEHHI PO3paXxyHKOBUX (HOPMYJ JJisi BUSHAUCHHS Xa-
PAKTEPUCTUK TEIUIOBUIUICHHS BUKOPUCTAHO SIK BUXIJHE CIIBBIJHOIICHHS NEPIIUAN
3aKOH TEPMOJAMHAMIKH:

dQ=dU +dL ,
OKpeMI CKJIaJ0B1 SIKOTO MAKOTh BUTJISIL;
dQ dx '
d(p _QH O d(p i

IIBUJIKICTh BUAICHHS TEILJIa MPU 3rOpaHH1 NajauBa, J1e
p
Q 4 - Hskua Temmota 3TOPSIHHS MAJINBA,

G [IMKJIOBA ITOJa4a najausa,
dx

de _ MIBUAKICTH BITHOCHOT'O TEIUIOBU/IIJICHHS.
3MiHa BHYTPIILIHBOI €Heprii podoyoro Tina
du dT
- = C\(;MGCM N
do do
CM

e ' - TeIIOEMHICTH POOOYOTO Tija,

Cov - kinbKicTs rasis y LWTIHJPI,
dT
d¢ - BuaKicT 3MiHK TEMIIEPATYPH.
Po6ora razis
a_ v
dp ~ do

7€ p - TUCK y LUAJIHAPI,
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av

do . MIBUIKICTH 3MiHU 00CATY.
3 ypaxyBaHHSM TEIUIOBIJa4l B CTIHKM PO3PAaXyHKOBUN BUPA3 MIBUJIKOCTI
BUJIUICHHS] OTPUMaHO Yy hopMi

k pdV+ 1 V@erQW
dx k-1 dp k-1 do do

dp |QF +(cg" —2,9302)T +761,85/q,,

YucenbHe 1HTETpYBaHHS PIBHSIHHS IPOBeAeHO MeToioM Pynre-KyrTa uetBepTo-
r0 TOPSAIKY.

Hactynaum etanom aHamiizy poOOYOTo MpPOIECy € AOCIHIKEHHS MPOLECy 3ro-
psauns. IlepenbaueHo cTBOpeHHs i1H(opMalliiiHoro cepenoBuia st (Hi3UKO-
XIMIYHUX TPOLECIB Y HWIIHAP] Au3ens. Pasom mpo Te, po3risiHyTO METOJOJIOTIYHI
OCHOBHM MOJIEJIIOBaHHSI pOOOYOro MpOIeCy - CTATUCTHYHI XapaKTEPUCTUKH, IO 3a-
MHUKAIOTh PO3PAaXyHKOBY CXEMY 1 MalOTh OyTH OTpUMaH1 IpU BUKOPUCTAHHI THX Ca-
MUX (PEHOMEHOJIOTTUHUX MIAMOJIENIEH, 1110 1 MPU CUHTE31 pOOOYOTO UKITY.

[Ipu BemmkOMy pI3HOMaHITTI YABJICHb IPO MeXaHi3M (popmyBaHHs (akena, a Ta-
KOX pOJIb pI3HUX (DAKTOPIB y MpOIlecax CyMIIIOYTBOPEHHS Ta 3rOpSHHS 0a30BUM Y
BCiX (DeHOMEHOJIOTTYHHX MIX0/IaX € OMUC MOBEAIHKU KParlIi pO3MIICHOTO MajJnuBa.

3MiHA Macu Kpamjli B pe3yibTaTl BUIIAPOBYBAaHHS MOXE OYTH BHPaXEHO
HACTYITHUM YHHOM.

3

70
d(ox TK) = _ﬂdégndf ,

neP — minpHicTs pigunu, 7 — uwac, 91 — norik mapu (mUTOMMIi) 3 MOBEpPXHI
Kparuii.
[ctoTHUM mJis po3paxyHKY BUINAPOBYBAaHHS Kparll € BHU3HAYEHHS PEXUMY
TOpIHHS.
3a JOCBIAYEHUMH JAHUMH 3pUBHI HMIBUAKOCTI JUIsl Kpareib OCH3UHY J11aMETpIB
0,2 - 1 MM mipu TopiHHI MOBITPs 3 TemmnepaTyporo §70°C cranoBnaTh 4-9 M/c. Hum
MEHIINH JiaMeTp Kparelb, TUM HIDKYE 3HAUCHHS IIBUIKOCTEH 3pUBY TOTyM'sl.
OCKUIBKY J1J1s1 IU3EIBHOTO MPOLIECY IMIBUAKOCTI PyXy Kpamelb SIK MiHIMyM Ha
MOPSAJOK BUINE 3a3HAUYEHUX 3HAUEHb, a J1aMEeTp HACTUIbKH XK MEHINE, 3rOpsSHHS
napiB BiI0YyBAETHCS 11032 MEKaMHU HABEIEHOT TUTIBKU B 00'€M1 KaMepH 3TOpsIHHS.
KinueBum pe3ynapTaToOM aHalli3y MNPOILECY 3rOpsIHHS € BU3HAUCHHS BEJIMYUHU
KoeQilieHTa MBUIKOCTI XIMIYHOTO pearyBaHHSI.
Jlnst GIMOJIEKYJIIPHOT CXeMM peakilii MIBUIAKICTh 3TOPSHHS TalluBa TMPEACTaB-
JSIETHCSI HACTYIHOIO 3aJICKHICTIO:
dG,
dt

=K, CrCy,

k .. .
ne # - Koe(ilieHT MBUAKOCTI,

dG
k, = dTT /(crc,,)
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Ta KHCHIO; M’ . JIJIs TAKOT CXEMH CTHIIb PO3MIpHOCTI Ko oyme "

AHajiz po604oro mporecy BUKOHAHHWH 3a 1HJAMKATOPHOIO JiarpaMOI0 JBHTYHA
7SS50ME-C B pexumi 75% moTy»KHOCTI, TOEAHAHOT 3 OCIIMJIOIPAMOTO TTAJTMBOIIO A,
peAcTaBIeHoi Ha puc.1.
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KOHIIEH-
Tpaiis Ta-
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(Tmaroros-
JIEHOTO 10
3TOPSTHHS)

Puc.1. Inaukaropna
niarpama JBUTYHA
7S50ME-C OCITUIIO-

IpaMo¥o MaJTUBOIOAAY1

[TapameTpu pexuMy € HACTYITHUMU. 3arajibHUM KyT BIIOPCKYBaHHA @BO = 11,70
IIKB, xyt nouatky BnopckyBanHs nanusa @H = 0,320 IIKB 3a BMT, kyt nouatky
3ropsaHHsa QH.cr = 2,86 o [IKB 3a BMT.

OcHOBHI mapameTpu ABUTYHa: Aiamerp uuiaiHapa D=500 MM, Xix mnopuiHs
S=2000mM, HOMIHANBHUI cepenHid epexkTuBHUI THUCK pe=20 Oap, nmuroma edek-

TUBHA BUTpATa NajuBa Ha pexxumi 75% notyxHocTi ge=166 r/kBT-ro.

Pe3ynbraTt 00poOKM OcCLHMIIOTpaM MPEACTaBJICH] B TaOJUIll 3 HACTYMHUMHM TIO-
3HAYCHHSIMH, BAKOPUCTAHUMH HAIaJIi A1 CTATUCTUYHOTO MOJICITFOBAHHS 00OPOOKH:
TGM(-3) — Temmnieparypa rasiB y nuiaiHapi Macirrabosana *10-3;
X1 - cymapHa yacTka 3ropijioro rnajuBa;
CT — xoHIIEHTpAIlisl TaJIMBa, MiATOTOBIECHOTO 10 3TOPSHHS,
CO2 — koHIIEHTpAITiST KUCHIO;
RKE — xoedirieHT MIBUIKOCTI peaKiiii 3ropsiHHS;
LogRKE — norapudm RKE.
['pacdiune ysaBIEHHS 3aJIKHOCTI IBUIKOCTI 3rOPSIHHA BlJl KyTa TOBOPOTY NpE-
CTaBJICHE Ha puUC.2).
JI71st oTpuMaHuX mapaMeTpiB MPoLeCcy 3rOpsHHS MO0YI0BAHO CTATUCTUYHI
3QJIKHOCTI Y (hOpMI perpeciiHux piBHSIHB MEPIIOro MOPSIKY. Sk
[TapameTtpu npouecy 3ropsinas ABuryHa 7SSOME-C
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1.105 0.00 0.26 9 9. 0.983626
278 93 5 63 287

1.146 0.05 0.30 8.77 12 1.107209
975 023 9 8 97

1.199 0.10 0.34 8.47 13 1.136720
496 334 ¥ 57

1.259 0.16 0.36 8.14 15 1.176091
766 52 1 26

1.321 0.23 0.37 7.78 16 1.209515
881 243 7 2 01

1.388 0.30 0.38 7.4 17 1.238046
424 704 5 3 1

1.460 0.39 0.38 6.98 20 1.311753
994 017 4 5 86

1.531 0.47 0.37 6.56 21 1.322219
596 618 9 29

1.593 0.55 0.38 6.15 17 1.25042
588 905 7 8

1.640 0.62 0.31 5.78 21 1.340444
943 973 6 9 11

1.680 0.69 0.25 5.44 23 1.371067
549 444 4 5 86

1.704 0.74 0.20 5.15 22 1.356025
657 644 5 N 86

1.716 0.78 0.16 4.89 26 1.416640
711 72 7 1 51

1.720 0.82 0.13 4.65 18 1.264817
401 092 6 4 82

1.716 0.84 0.11 4.44 25 1.409933
588 563 3 T 12

1.707 0.86 0.09 4.25 25 1.397940
855 731 43 01

1.700 0.88 0.07 4.06 27 1.440909
352 838 67 .6 08

1.688 0.90 0.06 3.89 23 1.365487
298 538 29 2 98

1.669 0.91 0.05 3.73 32 1.510545
233 509 45 4 01

1.642 0.94 0.03 3.43 31 1.494154
296 231 46 2 59

1.599 0.95 0.02 3.18 38 1.582063
861 374 58 2 36

1.578 0.95 0.02 3.06 55 1.741939
828 813 26 2 08
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Puc.2 llIBuakicTts BigHOCHOTO TeruioBuauieHHs nBuryna MAN 7S50ME nHa pexumi
75% MOTYKHOCTI

3aJIe’KHa 3MIHHA NPURHATHNA KoeiieHT mBUAKOCTI 3ropsiHHsa RKE.

[TapameTrpamu nociyxunu TGM, X1, CT ta CO2. BuzHaueHHs: koe]illieHTIB
0araro()akTOpPHOr0 PErpeciiHOro PiBHSAHHA Ta CTATUCTUK CTBOPEHUX MOJAEINIEH Ipo-
BEJICHO Yy cepenoBuill nakery Craructuka 6.

3 KITBbKOX BaplaHTiB OOpOOKM JaHWUX MPEACTaBJICHI JBa, 10 MarOTh HaWKparii
MIPOTHOCTUYHI XapaKTEPUCTUKU. /Bl BUXIJIHI BETUYMHU MEPETBOPEHI: MacCIITa0OBa-
Ha TGM*10-3, B ogHomy BapianTi Jiorapudmosanuii LogRKE. ITpu o6poOiii nanux
3 BuximHuM 3HadeHHsIM RKE oTrpumano HacTyrmHe perpeciiiHe piBHSHHS (BIITBO-
proetbes y dhopmi, mogaHiit nakerom Cratuctuka 6).

RKE=261.07+13.13*"TGM(-3)"-151.7*"X1"+ 25.93*CT-30.22* "CO2".

Jpyruii BapiaHT MO/l OTPUMAHO IIPH JiorapumMyBaHH1 3a1€KHOI 3MIHHOI. Pe-
rpeciiiHe pIBHSIHHS Npe/icTaBlIeHe y popMi

LogRKE=7.555+2.804*"TGM(-3)"-7.404*"X1"- .1788 *CT-1.058*"CO2"

[TiICyMKOBOIO  XapaKTEpUCTUKOI MPOTHOCTUYHHUX SIKOCTEH MoJene €
koe(dirienT AeTepminaiii (a00 MHOKMHHUK KoedilieHT Kopensuii) R2, mo xapak-
TEpU3ye YacTKy aucrepcii Y, mosicHeHoi perpeciero Y mo X.

VY nmepmomy Bapianti 00poOku 6e3 kopuryBaHHsi RKE otpumani R = 0,9244 1
R2 =0,8545.

B pesynbraTi norapudmyBaHHS (DYHKIT MPU CTATUCTUYHOMY aHaNi31 JaHUX
CKJIQJICHO perpeciiiHe piBHSHHS, Bepu(iKaIlis SKOro MmoKa3ajia MPOTHOCTUYHI SKOCTI,
mo ckJranu 3HadeHds R=0,9575 ta R2=0,9169.

AHanoriyHoO CiBBIIHOCATHCA KpUTepii agekBaTHoOCTI: Fe =24,96146,91.

3 posnoaunry ®imepa - Caeaexopa npu a=0,05; vT = 1; vD = 20 cnig tabauy-

HUN Fasr v =4,35.
[Iponeaypa anpokcumaiiii BijoopakeHa Ha rpadikax puc. 3,4.
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) ) ) F>F )
OrriHka aIeKBaTHOCTI 000X PIBHSAHB IMO3UTHBHA: ¢~ “'7'o -pIBHSHHS aJeK-

LogREE

—_ =

1-2M | —e— Crocrep.
o ot O R B o Ilepesno.

1 23 45 a7 8 91011121314 1516 17181920 N

HaiikpamuMu nporHoCTUYHUMU BJIACTUBOCTAMM, K 3a Fe 1 1s ouinok R2,

Mae Jpyre piBHsSIHHS, e Bukopuctanuii LogRKE.

Howmep cnioctepexensst N, CIIBBIIHOIIEHHSI €KCIIEPUMEHTAIbHUX Ta PO3PAXyH-
KoBUX 3HaueHb Jorapupmy RKE npexncrasneno Ha puc.3. JlogaTkoBy iH(dopmalio
II0JI0 SIKOCT1 PErPECITHOrO PIBHSAHHS MICTUTD Ipadik pO3CIFOBaHHS JaHUX puc. 4.

BucHoBkHn
e /
17 7
. O
16 @)
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12

11

10 /

09
09 10 11 12 13 14 15 16 17 18 19

MpepckazaHHble 3Ha4YeHust

Habntopaemsle aHaueHust

Puc. 4. I'paduk paccesHus 3HaAUCHUI
lonRKF

3anponoHoBaHO PoOOUY METOIUKY PO3pPaXyHKY XapaKTEPUCTUK

TETJIOBUIUICHHS 3a 1HIUKATOPHUMU miarpamamu. [IpoBeneHo oOpoOKy 1HAHMKA-
TOPHOT JlilarpaMu CyJTHOBOTO Majlo00EpTOBOTO JTU3EJIS.

HaBeneno Metoauky aHamizy MPOIIECIiB CYyMIIIOYTBOPEHHS Ta aJITOPUTM TiTO-
TOBKHM JaHMX JJIsl OLIIHKKA YMOB TIpOliecy 3ropsiHHs. BukopucraHo kKoMOiHOBaHUM
X1 TOeAHAHHS (PEHOMEHOIOTIYHOTO Ta CTOXaCTUYHOTO METO/IIB.

[IpoBeneHo aHai3 XapakTEPUCTHUK CYMIIIOYTBOPEHHS Ta 3TOPSIHHS IO 1HAMKA-
TOpHIM Jiarpami Ta ocuWjorpami nanuBonojadi auzens. OTpuMaHO perpeciiiHi
PIBHSHHA JJI1  Koe(dilli€eHTa IIBUIKOCTI 3TOPSAHHS OIMOJICKYJISIPHOI — peaKilii.
Koedimient nerepminaiiii (MHOXKMHHUN KOE(QILIEHT KOpEJALii) cTaHOBUB R2
=0,9169.
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YK 629.123:621.43.053.4
Kipic O.B., Adrantok B.B., Abraniok A.B.
HanionansHoro yHiBepcutety «Ojiecbka MOPChbKa aKkaaeMishy
AHaJIi3 MOJEJTIOBAHHSA Te4Yiil B roJIOBIi TA30BUX IHKEKTOPHUX KJIANIAHIB
CYJIHOBHX IBUTYHIB

JlocnikeHHsT TOJIOBKM KJIamaHa HarHiTaHHS raszy JBOX-TIAJMBHUX CYIHOBHUX
asuryHiB (GIV) [1], npoBeacHO y BHUIJISAAI KOMIT IOTEPHOTO MOZCIIOBAHHS TEUii,
JUTSI 90TO CTBOPEHI JIB1 TBEPIO-TUTHHI Mojieni 3a qanumu [1] Ta [2]. MeToro poboTu €
JAOCTIKEHHS T1IpOJUHAMIYHOTO PEXUMY POOOTH Ta TiAPABIIYHOTO OMOPY OTBOPIB
rojioBku kiamana GIV.

Komn'torepHe mojenoBaHHSI TO3BOJIIE OTPUMATH JIaHI MPO XapakTep ra3zopos-
MOy B 00'eéM1 MOJIENl, a TAaKOX JO3BOJISE IMIBUAKO 3MIHIOBAaTH KOHCTPYKIIiIO abo
peXUM poOOTH 1 OTPUMYBATHU BI3yallbHI 1 KUIbKICHA 1H(OpMaLis Ipo 00 €KT JOCHi-
JKEeHHS [3].

Jl71st MozienToBaHHSI BUKOPUCTOBYBaABCs Iporpamuuii komiuiekce [4]. [IpoBeaenHs
gyuceNnbHUX po3paxyHkiB y Flow Simulation Bkitouano HacTyIHI OCHOBHI €TaIlu:

- 3aBaHTAXEHHS T€OMETPUYHOI MOJIEINI;

- Mo0y/10Ba CITKOBOI MOJIEJIi PO3PaXyHKOBOT 00JIACTI;

- 3aBJJaHHS MTOYATKOBUX 1 TPAHUYHUX YMOB;

- HaJIalITYBaHHS pO3B’sI3HUKA (BUOIp 1 HAJAIITYBaHHS MOJIEN);

- KOpUTYBaHHS TTapaMETPiB PO3UUHY;

- IOYATOK PO3pPaxyHKY Ta OTPUMAHHS Pe3yJIbTaTiB PO3pPaxyHKIB;

- Bi3yasti3alisl Ta aHaji3 pe3yibTaTiB YUCEIbHUX PO3PAXYHKIB.

Po3paxyHKu mpoBOAMIIMCH HA KOMIT I0TEpl 3 2-siaepHuM mpouecopoMm 3 32 I'b
OMEepaTUBHOI MaM’sATi. Yac OTpUMaHHS pe3yJbTaTy pilIEHHS CTaHOBUB Bix 1,5 mo 2
TOJIVH.

Sk cepenoBuile, MO PyXaeTbCs B3J0BXK royioBkU kiarana GIV, BUKOpUCTOBY-
eThes ra3 npomad 3 Temreparyporo 20 °C i minenicTio 1,84 kr/m3. MogemoBanus
pyXy ra3y MpoBOJMIOCH OKPEMO JUIsl KOXKHOT Mojieni. Mojieni 103BOJISIOTh IUIIXOM
noOy0BH TIOJIIB MIBUIKOCTEH BUSBUTU paIllOHATBHI KOHCTPYKTHBHI Ta €KCILTyaTa-
miiiH1 napametpu CIV.

Bizyanizanis po3noaiy MIBUAKOCTI B MOJAEIAX HaBeleHa Ha puc. 1 - 4. Jlns ce-
penHix 1 61YHUX OTBOPIB B MOJIEIISIX CTBOPEHI CHEIliaibHI eleMeHTH (TIpsiMi BipTya-
JIbHI JIHIT), 0 JOBXKWHI SIKUX MOHA B1JICTEKUTH 3MiHa IIBUIKOCTEH 1 TUCKY.

JuBisiunch Ha Bi3yallizallilo pyxy raszy depes orBopu (B a (y mojeni 1, puc. 1),
MO>KHA TTOOAYUTH, IO MICIs BUXOY 3 OTBOPIB OCHOBHUI MOTIK ra3zy (GopMyeTbes B
HEHTP1 HWIIHPA, MAKCUMAaJIbHI IIIBUJIKOCTI CIIOCTEPIraloThCs B LIEHTP1 UJIIHIpa, Ha
mronti mpuomsHo 0,51 M2, hopMa 30HM 3 MAKCHMAIILHUMM HMIBUAKOCTIMH Ma€ OBa-
aeHy (popmy. Jlami mijg yac pyxy rasy mioila 30HU 3 MiJBUILEHUMH HIBUIKOCTIMHU
PO3ILIMPIOETHCS 10 CTIHOK LMINHApPA, Mo Liel 30Hu 30inbmryersesa g0 0,94 m2. B
KIHIIl HAJTIHAPA MBUIKICTh PyXy ra3y 3MEHIIYEThCS, 30HA MIBUIICHUX MIBUAKOCTEN
Tpoxu 30LIbIyeThest 10 0,98 M?, HOUYMHAECTHECS PIBHOMIPHMI MOTIK Ta3y. PO3IHTHCA.
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a) 0)
Pucynok 1 — MojenoBanss Teuii ra3y Ha Buxozi 3 ronosku GIV B muninap (mogens 1 [1]):
a — B TIOTIEPEYHUX Nepepizax Teuil; O - B M03A0BKHbOMY Tepepisi Teuii

AHani3 MBUAKOCTEN y HMEHTPAIbHOMY Ta OIYHHUX OTBOpax (pHUC. 2), 3HATHX IO
JOBXHHI IHTETPOBAHUX BIPTYaJbHUX €JIEMEHTIB, MOKAa3y€ HAABHICTh CTPUOKIB MPHU
MIPOXOJIPKEHHI Yepe3 OTBOPH Ta MOJANbIIIE MOCTYIIOBE 3MEHIIEHHS IBUAKICHOT I C-
tauiii. Big 0,6 1o 1,2 M BiJg po3paxyHKOBOI TOYKM BXOAy Tra3y. Ha miil Bimcrani
IIBUJKICTh ra3y B HEHTPAIbHOMY 1 O1YHMX OTBOpAX ICTOTHO HE BIAPI3HAETHCS.
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. . . . . .
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a) 0)
Pucynok 2 — I'padik mMBUAKOCTI B310BXK OTBOPiB mpu Tedii rasy B GIV (mozens 1 [1]): a -
10 OC1 IIEHTPAJIBLHOTO OTBOPY; O - TI0 0C1 GOKOBOTO OTBOPY

Bizyamizariis moToky rasy depe3 oTBOpHU (B MOCHIJICHIM KOHCTPYKIli, MOAENb 2
[2]) mokasye, 1110 Micisi BUXOAY 3 OTBOPIB OCHOBHUM MOTIK ra3y GOpMyeThCs B 1IEH-
Tp1 HUJIIHJIPpA, 30HA MIIBUIIIEHUX IIBUIKOCTEH Mae oBaJibHY Gopma (puc.3).

MakcuMalibHi IIBUKOCTI CIIOCTEPITatOThCs B IIEHTP1 UJIIHJIPA, HA IO MPUO-
mzHo 0,48 M2, (hopMa 30HM MAaKCMMAaJbHHUX IIBMAKOCTEH Ma€ oBalbHY (GopMy, Ho-
i0HY 0 GOpMHU MOTOKY B 3BHYANHIN KOHCTPYKIIii ronoBku (puc. 3). Jam mia yac
pyXy Ta3y 30Ha 3 MIJBUIICHUMHU HIBUIKOCTSIMHU MEPETBOPIOETHCS HA KOJIO, TLIOIIA
sxoro 0,7 mM?. ¥V KiHIi OUIiHApa MIBUAKICTH PyXy ra3y 3MEHIIYETHCS, 30HA IiJBH-
IEHUX MBUAKOCTEHN 36inpnryersea 10 0,9 M2 piBHOMIpHHMII MOTIK ra3y 3HAYHO He
PO3CIFOETHCA.

94



a)
Pucynoxk 3 — MoaentoBaHHs Teuli ra3y Ha BuXo/i 3 royioBku GIV B muniaap (moaens 2 [2]):
a — B TIOTNIEPEYHHMX TIepepizax Tedii; 6 - B MO30BKHLOMY Iepepi3i Teuii

AHani3 MBUAKOCTEN y HEHTPAIbHOMY Ta O1YHHUX OTBOpax (puc. 4), 3HATHX IO
JOBXHUHI 1HTErpajJbHUX €JIEMEHTIB, MMOKAa3y€e HAABHICTh CTPUOKIB MPHU MPOXOKEHH1
4yepe3 OTBOPH Ta MOAAJIbIIE TOCTYIIOBE 3HUKEHHS IBUIAKOCTI Ha BijctaHi 0,6 1o 1,2
M BiJl PO3PaxyHKOBOI TOYKH BXOay Tra3y. OJHaK Ha Iii BiJCTaHl MIBUAKOCTI razy B
HEHTPATbHOMY 1 O1YHMX OTBOpPAx iICTOTHO BiApi3HAIOTHCA (mpubau3Ho B 1,4-1,5 pa-
3H).
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) 0)
Pucynok 4 — I'padik mBHAKOCTI B310BX OTBOPiB NpH Tedii rasy B GIV (Moaens 2 [2]): a —
10 OC1 IIEHTPAJIBLHOTO OTBOPY; O - IO 0C1 GOKOBOTO OTBOPY

Jlst BU3HAYCHHS Ta MOPIBHSIHHS BTpAT THCKY B 000X CTPYKTypax OyJid MpoBe-
JIEHI PO3PaxXyHKH 3 ypaxyBaHHSM THUCKY Ta3y Ha BXOJl Ta BUXOJ1 3 MOJIEN, a TaKOX
TeMITepaTypH, TYCTUHU Ta IMIBUAKOCTI razy. Po3paxyHOK TiApaBiIigHOTO OMOPY CBE-
PIUIOBUHU JIJISI 000X MOJENEH MoKasye, 1Mo Koe]ilieHT BTpaTy HAMopy IS MepIioi
mozeni & = 2,2, nis apyroi moxeni & = 2,4.

B pesynbrari ananmizy komm torepuux CFD Mopeneit BU3Ha4e€HO parlioHaIbHI
pO3MipH OTBOPIB I MOCUIIEHOT KOHCTPYKIi rosioBku kinanana GIV (monens 2 [2]).

AHaJi3 TpaekToOpiil pyxy rasy (MporaHy) MoKasye, 10 MOCUJIEHA KOHCTPYKIIis
rojioBku GIV (Moxmens 2 [2]) 31 3riapKEHMMH OTBOPaMH CTBOPIOE OCHOBHE TIOJIE
HIBUJKOCTEN y LeHTpax muiiHapa. Lle no3Bossie 3a0e3ne4nTi KOHIEHTPOBAHY I0-
nady razy B [UIIHIP.

Hesnaune 30umbieHHs KoedilieHTa rijipaBiaidHoro onopy (§ = 2,4) mis Mmouaep-
Hi3oBaHOi ronoBku GIV (Mozens 2 [2]) He BIJTMBA€E CYTTEBO HA TiAPOAMHAMIYHUMN
pEeXUM TI0/1a4l TajrBa B MIJIIHADP 1 HE BUMAra€ 3MIHM KOHCTPYKIIIi (JiaMeTp OTBO-
piB). a00 iX KIJIBKICTB).
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VY miacyMKy MOXKHa 3pOOMTH BHCHOBOK, IO MOCHJIEHA KOHCTPYKIliS TOJOBKHU
GIV (Mozenb 2 [2]) Moke 3a0€3MeUnTH MPOIOBKEHHS peCypCy CYJHOBOTO JABUTYHA
NpYU BUKOPUCTAHHI Ta30BOTO MaJMBa, HE MOPYIIYE T1IPOJUHAMIYHI XapaKTEPUCTHKU
CUCTEMH TaJMBOIIOAa4l IPU BUKOPUCTAHHI Tra3.

B ninomy peanizaiiisi mocusieHoi KOHCTpYKIIii rojgoBku GIV (mozaens 2 [2]) no-
3BOJIsIE 3a0€3MEUNTH TPUBAIY pOOOTY CyIHOBOTO JIBUTYHAa HAa Ta30BOMY IaJIWBI,
TOOTO MIATPUMYBATH Ha BHUCOKOMY PIBHI CTaJICTh €KOJOTIYHHUX Ta €KOHOMIYHUX
MOKa3HUKIB €KCIUTyaTaIlisi CyHa.
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Combustion optimization in a modern diesel engine by means of pre-
injection strategy

One of the most significant disadvantages of direct injection (DI) diesel engines
Is the high level of noise as a result of high rate of heat release (ROHR) during the
premixed combustion period. That high combustion speed is determined by injected
fuel mass during the ignition delay period in DI diesel engines. The more fuel in-
jected during the ignition delay, the stronger the initial pressure rise in the combus-
tion chamber, and the better boundary conditions for NOx formation occurs. For
those reasons it is important to reduce the ROHR during the premixed combustion
period.

There are a few methods of reducing the ROHR such as control of injection rate
at the beginning of injection, dual-stage injection, reduction of ignition delay period
by in-cylinder turbulent flow, pre-injection strategy and etc.. However, number of
research revealed that pre-injection strategy is the most effective approach. In fact,
this approach is realized by one or few injections of small fuel mass shortly before
the main injection. This small quantity of fuel is called preinjection. It is easy to re-
alize that strategy by means of the modern common rail fuel systems Fig.1.

1 - Pre-injection

wik 2 - Main njection Figure 1. Schematic dia-

- a - reclengular type . .. .

© b - boot type gramon multiple |nJecF|ons
5 2c ¢ - ramp type in modern Common rail DI
'§ 3 - Early post-injection Diesel engines

c

4 - Late post-injection

-

TDC Crank angle

A typical injection process in common rail systems consists of a pre-injection,
main injection and post-injection. Mainly, the aim of pre-injection is to reduce the
rate of heat release as it reduces the engine noise. However, the preinjection can be
used for control the NOx formation by mean of temperature reduction in combustion
chamber. Usually, the pilot injection quantity is not more than 5% of the injected
fuel. Common rail systems that use solenoid injectors can realize up to five separate
injections which means that not more than two preinjection can be produced. In or-
der to further reduction of ROHR at the beginning of the combustion process, the
main injection can be realized with different shape such as boot type or ramp type
(Fig.1).

The most commonly used is rectangular type of main injection due to the sim-
plification of injector design. The early post-injection is used in order to soot for-
mation control as the late post-injection is realized at that engine operating mode in
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which the regeneration of the particle filter occurs. Piezo-controlled injectors can
produce more than five injections due to fast response time of the injector control
valve.

Pre-injection strategy
The single pre-injection strategy is most commonly used because it is less

complicate to realize. Both common rail injector (servo and piezo-controlled) can
TDC . The effects of this single pre- injec-

|
v

0 ——— onsideration: the mass of pre-injected
raens i g Srankangle [degl | ..o towwon angle between pilot and main injec-
ti Figure 2. Effect of pre-injection on the ROHR 1as been reported. Based on previous
study 1t 1s important to note that the quantity of pre-injected fuel should be chosen
within the range of 2% and 5% of overall injected mass. The start of pilot and main
injection should be chosen in way that start of main injection coincides with the start
of combustion.

The basic research shows that a single pre-injection is an efficient method of
reducing the maximum pressure rise in combustion chamber respectively the noise
produced by diesel engines. For that reason the main aim of this report is to study
the influence of multiple (dual) pre-injection on the ROHR and pressure rise in a DI
diesel engine.

A simulation model was built in advanced simulation package AVL. The en-
gine performance, pollutant emissions, fuel consumption and other parameters can
be estimated as well.

The engine under study is 2.0 liter four cylinders direct injection diesel engine.
The maximum output power is 101kW at 4000rpm. The engine is equipped with
variable geometry turbocharger. The boost pressure is limited to 1.4bar. The com-
mon rail fuel system; maximum injection pressure is 1600 bar. The injectors can re-
alize up to five injections for a cycle. The engine is also equipped with EGR system
and post treatment system including catalytic converter.

The variation of injection rate estimated by the model in case of double pre-

injection is shown in Fig. 3.

[+
o

= Without pre-injection | g5 much slower at the beginning of
——— With single pre-injection| €0 almost twice. As a result, the max-

D
o

/deg.

)r and BMEP it is necessary to reduce
>e the pre-injection is realized. It is a
e main injection timing has to be re-

Rate of heat release [J/deg]
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Figure 3. Fuel injection rate with two pre-injection, estimated by injector
model

A study of pre-injection strategy was conducted. For rise were estimated as three
injection strategies was applied — without pre-injection, single preinjection and dou-
ble pre-injection. In order to achieve comparative results some constrains was de-
fined.

The overall mass of injected fuel was 25mg; The start of main injection was con-
stant — 8deg BTDC; The overall mass of pre-injected fuel was 1mg; In double pre-
injection case, the pre-injected mass was separate by two equal parts; The start of
first pre-injection was constant — 20deg BTDC.

The influence of injection strategy on ROHR is presented in Fig. 4. It was ob-
served a significant reduction of ROHR in case of pre-injection. The maximum
ROHR was reduced from 89,1J/deg without pre-injection to 67,4J)/deg in case of
pre-injection. The function variation revealed that pre-injection strategy eliminated
the pre-mixed combustion period. It provides slightly increasing of ROHR up to
maximum value.

Obviously, the reduction of ROHR decreases the maximum pressure rise into the
cylinder — Fig.5. Pre-injection reduced maximum pressure rise from

560 TDC
—Without pre-injection

——Single pre-injection
——Double pre-injection

<]
o

Injected mass - 25mg

Injected mass (Pre-injection) - 1mg

Main injection timing - 8deg BTDC

Pre-injection timing - 20deg BTDC
Second pre-injection timing - 15deg BTDC

(2]
o

ROHR [J/deg]
Fy
o

N
o

940 350 360 370 380 390 400 410 420 430 440
Crank angle [deg]

Figure 4. ROHR variation as function of injection strategy
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ROHR [J/deg]

0,65MPa/deg to 0,37MPa/deg. This significant reduction accounts to 43%
lower maximum pressure rise. Although the combustion noise was not studied, we
expected much lower noise level.

TDC
0.8,

—Without pre-injection
—Single pre-injection
— Double pre-injection

e
L

Injected mass - 25mg |
Injected mass (Pre-injection) - 1mg
Main injection timing - 8deg BTDC
Pre-injection timing - 20deg BTDC
Second pre-injection timing - 15deg BTDC

Pressure rise [MPaldeg]
: e o
L by L

e
(&)

040 350 360 370 380 330 400 410 420 430 440
Crank angle [ded]

Figure 5. Pressure rise variation as function of injection

strategy. ;
The influence of double

pre-injection strategy on combustion parameters was insignificant in comparison
with single preinjection. Practically, the ROHR and pressure rise curves were abso-
lutely the same and were not influenced by pre-injection separation. That interesting
fact can be explained with equal preinjected fuel mass.

The single pre-injection

. TDC reduced engine output
il 7\ e | power by 0,3%. In order to
Single pre-injection (Retarded injection) aChleve the same effectlve power’
50/ | . . .
| ot o BB respectively the same engine effi-
¥ | Startof main Inection. &deg BTOC ' ciency injection timing of both pre

Start of retarded pre:nn;og(lo_n-18¢¢\g BTDC | . . .

b et o vtuniad sals fection - ag STEXC and main injection were retarded by
20 . 2deg. It was applied to single pre-
10 / . injection mode. In result of that, the
240 350 380 370 380 3?4?0“ 410 420 430 440 maXImum pressure rise was addi-
Crank angle [deg] tionally reduced to 0,29MPa/deg or

Figure 9. ROHR variation a function of injection

iia the final reduction by 55% was ob-
timing

served compared to the maximum
pressure rise achieved without pre-
injection. The effect of late injection on the variation of ROHR and pressure rise is
shown in Fig. 6 and 7.

Finally, a study of double pre-injection strategy was conducted as the pre-
injected fuel was increased up to 2mg. The injected fuel was separate equally be-
tween first and second pre-injection. The pre-injection timing was the same as that
in the first study. Increasing of pre-injected fuel reduced the engine effective power
by 0,7% and the effect on ROHR and pressure rise was not significant. The maxi-
mum ROHR was 65,6 J/deg and maximum pressure rise was 0,36MPa/deg. In order
to eliminate engine efficiency reduction the double pre-injection process was retard-
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ed by 3deg as the timing interval between each of injection was the same. The pres-
sure rise variation is shown in Fig. 8.

= 0.3 — Single pre-injection

) Single pre-injection (Retarded injection)
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Figure 8. Influence of double pre-injection strategy to pressure “e

Conclusion Pre-injection strategy can be successfully applied as combustion
control strategy due to reducing of maximum pressure rise at low speed and engine
load. The study revealed that single pre-injection strategy can reduce pressure rise
by 43%. By applying this strategy it is necessary to reduce injection timing in order
to obtain the same engine power.

Additionally, it can reduce pressure rise up to 55%. Double pre-injection is
more effective. To achieve significant impact on in-cylinder pressure rise it is neces-
sary to increase preinjected mass and to retard the injection up to 3deg by crank an-
gle rotation for studied operating point. In that case pressure rise reduction by 61,5%
was observed. This study optimized the pre-injection parameters at single engine
operating point. The results revealed that pre-injection strategy have to be precisely
optimized at whole operating maps taking into consideration the injection system
parameters.
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HanionansHoro yHiBepcutety «Ojiecbka MOPChbKa aKkaaeMishy
Po3poOka koM’ I0TepHUX TBEPAO-TUILHUX MO/IeJIeil TOJI0BKHU ra30BoOro
IH/KEKTOPHOI0 KJIANIAHY

[Ipu excrmyaraiiii J0JaTKOBOTO ra30BOr0 00JIaJHAHHS CYy/JHOBOIO JIBUTYHA BU-
SBJICHO HEAOJIKH, 10 3HUKYIOTh €)EeKTUBHICTh BUKOPUCTAHHS ra30BOro nanusa [1].

OpHuM 13 €IeMEHTIB Ta30BOi anaparypu CyIHOBOTO JIBUTYHA, SIKH HE BUTPUMYE
TPUBAJIOTO EKCIUTyaTal[ifHOrO HABAaHTA)XCHHS, € Ta30BUM HarHITAIbHHUM KIamaH
(GIV) [2]. 3a xopoTkuii TIepioJ1 eKCIUTyaTallii crioctepiranucs Tpinwan (puc 1, a) Ha
TOJIIBIN KiTamaHa [2].

) | 6)
Pucynok 1 — I'onoBka razoBoro HarHitainpHOTO Kianany GIV [2]:
a - TpimuHY B ronoBii knanana GIV [2]; 6 - moaepHi3oBana rojgoska kiamany GIV [2]

Buxin 3 many kmamana GIV npu3BoauTh 10 HE0OXiTHOCTI IEPEBOTY ABUTYHA Ha
PEXKUM BUKOPUCTAHHS TPATUIIAHOTO PIAKOTO MajnBa, IO 3HIWKYE €PEKTUBHICTH
€KOJIOTIYHUX Ta EKOHOMIYHUX MMOKA3HUKIB €KCILTyaTaIlii Cy/Ha.

Jlyis yCyHEeHHS 1IbOTO HeJOoJiKy ¢axiBui [2] 3ampornoHyBajid 3MIHUTH JTOBXUHY
rOJIOBKH KJlarnaHa (3MEHLIUTH i) 1 3SMIHUTH MaTepiall, 3 SKOr0 BUTOTOBJICHHUM KIlaraH
(puc 1,6). L1 3MiHK JO3BOJIMIIM MIPOJOBKUTH TEPMIH CITyKOU KianaHa [2].

Jlyst mokparnieHds: poOOTH Ta30BOTO HarHiTaiabHOTO Kiamnana (GIV) namu 3ampo-
MOHOBAHO 3MIHUTH KOHCTPYKIIIIO TOJOBKHM KJIallaHa, a caMe€ 30UTBIIUTHA TOBIIUHY
cTiHku Ta (opMy OTBOpiB. Take pillleHHS J03BOJUTH TAKOX 30UIBIIMTH TEPMiH
ciyx0u kinanana GIV [3].

J{ns mepeBipKH 3ampONOHOBAHUX HAMHU 3MiH Yy KOHCTPYKIIT TOJIOBKH KJIallaHa
GIV po3po0biteHi aBi TBepaO-TUTbHI Mojei. I Moier0OBaHHS BUKOPUCTAHUN TTPO-
rpaMHHI KOMIUIEKC [4].

Po3po06iieHi TBep0 TibHI Mozem rojioBku kianaHa GIV ckiamaroTees 3 TBep-
JO0-TUTbHUX OO0 €KTIB, KOKHUN 3 SKUX MOOYIOBAaHUI HUISXOM CTBOPEHHS LILIICHOI
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(CyuinbpHOI, Sika HEMa€e PO3PUBIB) CYKYIHOCTI MOBEPXOHb, SIKI OOMEXYIOTh MPOCTIp
3aMOBHEHUI MaTepiaaoM.

To6T0 po3p0bIICH] TBEPAO-TUIBHI MOAECII MICTAThH OMKUC 00'€KTa B TPUBUMIPHOMY
IIPOCTOPI1, 3 KOO MOKHA OTPUMATH BCl JaHI IIOJAO0 PO3MIPIB Ta KOOPJUHAT Tijla B
OyIb-Kii TouIll 00'ekTa. Mojenb 103BOJIsIE BUKOHYBATH TEpepi3n Ta BijoOpa)kaTu
reOMETPUYHI TTapaMeTpH y MOPOKHUHAX 00’ €KTY K yCepeauHI, TaK 1 30BHI Tija.

OxpiM TOro MOAeNb 00'€KTa OMUCYETHhCSI MAaTEMaTUYHO, IO A€ MOKIIHUBICTD
MIPOTHO3YBATH BIIACTUBOCTI Ta XapaKTEPUCTUKH BUPOOY IO MPOCKTYEThCs. B Tomy
YHCIIl, PO3PAaXyHKH TUIMHHOCTI P1IMHU MPH Te4ii B TOJOBII KJIanaHy, BU3HAYATH Xa-
PAKTEPUCTUKH MIITHOCTI Ta iH.

3amanuii MaTepian B MOJIEISAX — JIETOBaHA CTab (TIpu HEOOX1THOCTI MOJIEIb JI0-
3BOJISIE 3MIHIOBATH MaTepian Ha OyAb-sSKHUIl ICHYIOUMI a0 Ha «ysIBHUI» MaTepial 3
0COOJIMBUMU XapaKTEPUCTUKAMMU ).

TBepao-TibHI Mojeni rojoBku kinamaHa GIV, 103BONSIIOTH BUKOHATH MPOBE-
JIEHHS MOPIBHSAJIBHOTO aHANII3y Tedill ra30moAiOHOro ImajuBa B ITWIIHAPI 3 BU3HA-
YEHHSIM T1IPaBIIIYHOTO OMOPY FOJIOBKH KJlarnaHa.

[lepmra Mozensb sBisie OO0 KOHCTPYKIIiIO rooBky kianaHa GIV HopmanbHO1
TOBIIMHU (pHUC. 2, @), OTBOPHU Il OJjadl Ta3y BUKOHAH1 B TOHKIHM cTiHIII (puc. 2, 0).

Jns cepenHix 1 O1YHMX OTBOPIB B MOJENISX CTBOPEHI CIEMiaibHI €JIeMEHTH
(mpsimi BIpTyambpH1 JiHII, pUC. 2, @), IO JOBXKHUHI SKHUX MOXXHa BIJCTEKUTH 3MIHY
IIBUJIKOCTEH 1 TUCKY.

a)
Pucynok 2 — Mogens ronoBku GIV 3 HOpMaiabHOIO TOBUIMHOKO CTIHKH (MoJens 1):
a — TIOB3JIOBXKHIHN 1iepepi3; 6 - orBopu B rososii CIV npu HOpManbHIN TOBIIMHI CTIHKH

Jpyra Mmozensb siBisie cO00r0 MOJIEpHI30BaHy KOHCTPYKIIIIO KJIalaHa 1mojavi ra3y

31 30LJIBIICHOIO B 5 pa3iB CTIHKOIO, B SIKil po3TarioBaHi otBopu (puc. 3, a). Jus pos-
PaxyHKY TipaBIiqHOTO ONOPY B APYTiil KOHCTPYKIIT OTBOPH 3aKpyTieHi (puc. 3, 0).
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a)

Pucynox 3 — Moaenb rooBku GIV 31 3011b1IIEHO0 TOBIIMHOKO CTIHKH (MOJEIB 2):
a — TIOB3JIOBXKHii nepepi3; 6 - orBopH B rojosui CIV mpu 3011b1IeH I TOBIIMHI CTIHKA

JInst mepeBipKU TOLIIBHOCTI BUKOHAHHS 3alPONOHOBAHMX 3MIH Y KOHCTPYKIIi
rojioBkn kianmaHa GIV HEoOXigHO MpOBECTH MOCITIHKEHHS Ha PO3POOICHHX MOJIe-
JSAX TIAPOAMHAMIYHOTO PEKUMY pOOOTH Ta BU3HAYMTH BIUIMB 3MIHM KOHCTPYKIIIi 3a
nonomororo CFD-monemtoBanus (Computational Fluid Dynamics - obuucntoBanbHa
ripora3oIMHaMiKa).

CFD-mopnentoBaHHs € BIpTyaldbHUM BUIPOOYBAJIBHUM €KCIIEPUMEHTOM, IIO JI0-
3BOJISIE TIPOTHO3YBATU Ta JOCIIIKYBATH XapaKTEPUCTUKU TMOTOKIB ra3y B TOJOBII
kinanany GIV y 3D-dopmari.

CFD-mopnentoBaHHs Ja€ MOXKIIMBICTH IMTPOBOJUTH Bi3yai3allilo KOJIPHUM IOJIEM
rpajiieHTa 0y/Ib-IKUX MapaMeTpiB MOTOKY ra3y IO JOCTIIKYETHCS y TOJOBIN KJlara-
ny GIV: po3nosain, mBUIKICTh, TEMIIEPATYPy, TUCK. 32 HEOOXIAHOCTI MOXKHA TaKOK
3MIHIOBAaTH BJIACTUBOCTI ra3zy abo Horo Twil.

Tob6to 3a monomororo CFD-moneni MoXHa OIIHUTU Tpane3faaTHICTh 3alporio-
HOBAHOI KOHCTPYKIIii roioBku kinamana GV mif BImmBoM pi3HHX (HaKTOPiB, MEPEBi-
PUTH Ta BUIPOOYBATH 3MIHM B KOHCTPYKIIII.

CIINCOK BUKOPUCTAHOI JIITEPATYPU

1. MAN Energy Solutions. MAN B&W ME-LGIP dual-fuel engines. —
Copenhagen: MAN Diesel & Turbo, 2020. — 29 p. Available from: http://www.man-
es.com.

2. MAN Energy Solutions .Service experience — two-stroke technologies. —
Copenhagen: MAN Diesel & Turbo, 2020. — 52 p. Available from: http://
WWW.man-es.com.

3. Adranrok B.B., Kipic O.B., Adrantok A.B. Anani3 ekcrutyaraiiii Ta MOAepHi3a-
115 KJIallaH1B HAarHITaHHA ra3y JBOXMAJMBHUX CYJHOBHX ABUT'YHIB. CyJHOBI eHepre-
TUYHI YCTaHOBKU: HAYKOBO-TeXHIYHHMM 30ipHHK. Bum. 47 - Opeca: HY «OMAy,
2023. - C. 5-10.

4. Discover the power of SOLIDWORKS with a free trial. Available from:
https://plm-group.ru/solidworks-trial.

104


http://www.man-es.com/
http://www.man-es.com/
http://www.man-es.com/
https://plm-group.ru/solidworks-trial

YK 629.123
Manaxos O.B., Kipic O.B., Ilanaria O.M., HalinsonoB A.l., JIuxormsig K.A.
Hamionaneauit yaiBepcutet “Opecbka MOpPChKa akaaeMis’”
JlyHaWCbKUM IHCTUTYT HAI[IOHAJIBHOTO YHIBEPCUTETY
«Onecbka MOpChKa aKaJieMis»
AJITOPUTM KepPYBaHHS TAPABJIYHOI0 MepeKel0 CYJHOBUX TAHKIB

KoxkHe cyaHo MicTUTh HaOIp CKIAJOBUX TEXHOJOTTYHUX €JIEMEHTIB, IO
BIJIMOBIAAIOTH 32 TPAHCHIOPTYBAaHHSA Ta 30epiraHHs Boau. [0 TakuX eIeMEeHTIB

MOJKJIMBO BIJIHECTH: HarHiTadi, TpyOONpPOBOIH, PEryIIOBalIbHY anaparypy, TaH-
KM 30epiraHHsi, TEXHOJOTIYHI KIHIIEB1 BY3JIM CIIOXHBaHHS Boau. Bci mepepaxoBani
€JIEMEHTH BIAMOBIJAIOTH 32 MIKUPOKiil HaOlp TEXHOJOTIUYHUX OMepalliil ajie TOJIOBHHU-
MU 3 HUX € TIEPBICHUHN Ta BTOPUHHUI KOHTYPU OXOJO/PKEHHS Cy/IHA Ta CUCTEMH, 10
3a0€3Me4yI0Th JKUTTEAISIIBHICTD Cy/IHA B LILIOMY.

SKicTh ekcIuTyaTalii TiIpaBiIiuHOI CUCTEMHU CyJHA MPAaKTHUYHO 3aBXIMU BHU3HA-
YAEThCS SKICTIO BUKOPUCTAHHS aJTOPUTMIB KEpYyBaHHS CYMICHOI pOOOTH MPHUIIAIiB,
110 BIJIMOBIAAIOTH 32 0OCST BOJAW B BUTPATHUX TaHKaX Ta BUTPATHUMHU aBTOMAaTUYHO
KEPOBAaHUMH KJIallaHaAMH.

HaouHuMm npukiagoM BUKOPUCTAHHS BOAM B TEXHOJIOTTUHOMY IPOLIECI € TUIIOBA
cXeMa BUPOOHUIITBA BOJISIHOT HACHYEHOI IapH, 10 IOKa3aHa Ha PUCYHKY 1.

Pucynox 1. — TunoBuii cytHOBUM KOHTYp BUPOOHUIITBA Mapu

3anisHa TEXHOJOTIYHA CXeMa BUKOPHCTOBYE JBa TaHKH TUCTHIIHOBAHOI BOJIH,
110 BCTaHOBJIEHI 3 000X OopTiB cynaHa. [lomanus Bogu B Ooisiepu Nel - Ne3
3MIMCHIOETBCS MO TIAPABIIYHUM JIHISIM 3  BUKOPUCTAaHHSM  KOHTPOJIBHO-
PETYNIOBAIbHOI anaparypu. BuTpaTHi XapakTepUCTHKU CHUCTEMH HampsMy BU3Ha-
YaloThCA 3arajlbHUM 00CSITOM BOJM B TaHKaX 30€piraHHs, a Horo piBeHb HEOOX1IHO
MIATPUMYBATH MOCTIMHO HAa OJHOMY 1 TOMY K 3Ha4€HHI. B 1IbOMy BUINAJKY SIKICTh
poOOTH KOHTPOIBHO-PETYIIOBAILHOI anapaTypy HampsMy BIUTMBA€E Ha SKICTh POOO-
TH CyJIHA, OCKUIbKM 3arajibHa MpOAyKTUBHICTh 1o napy Bciei CEY nanpsimy Bu3Ha-
YaeThCs KiTBKICTIO BOJM, IO TOCTiHHO HAKOMMYYEThCS B TaHKax 30epiraHHs. [i
piBEHb (3arajibHa KiJIbKICTh) Ma€ OyTi MOCTIMHO HE 3MIHHUM HE 3BakKalOyu Ha KOJIH-
BaHHS 30BHINIHIX 30y/PKEHb B CUCTEMI.

Ha noBUIbHO B34TOMY CyZHI HE 3BaKal0uud Ha MOT0 THII, KOHCTPYKTHUBHI 0COO-
JIMBOCTI 1 YMOBH €KCIUTyaTallii BC1 CUCTEMH KE€PYBaHHS TEXHOJOTTYHUMU MPOLIECaMu
1 came cucTeMa KOHTPOJIIO PIBHSI HAllOBHEHHSI PIAMHOIO CYJHOBUX TaHKIB 3aJI€XaTh
BiJl 30BHIIIHIX (PakTOpiB. ['0JOBHUMH TakuMU (PakTOpamu SIBISIOTHCS 3MIHU POOO-
yux yMoB 1 30ypeHHs. L1 ¢pakropu MOXYTh CYTTE€BO BIUIMHYTHU Ha CTAOLIBHICTH PO-
00TH BCi€l TApaBIIuHOT CUCTEMU CYyJIHA Ta 3arajbHy MPOIYKTUBHICTH BUPOOHUUYUX
IPOLIECIB.

Ha tenepiuHiii yac 1HTENEKTyallbHI alrOPUTMHU KEpyBaHHA pPOOOTOIO0 CYIHOBOL
TiAPaBIIYHOT CHCTEMH MOXYTh 1 IIOBUHHI MAaTH TaKi XapaKTEPUCTUKU SK: CAMOHAB-
YaHHS, CaMOOTITUMI3aIIiI0 Ta camoajanTailifo. Ha mijcraBi Takoro mijaxoay TOJI0BHE
3aBAaHHS BUKOHAHUX JOCTIIKEHb MOJSATA0 B PO3pOOIl HOBOTO aNTrOpPUTMY Jie-
TepMiHOBaHOTO rpamieHTa (AJIl") 1y kepyBaHHS CHCTEMOIO PiBHS BOASHOTO pe3ep-
Byapy MOJIBITHOI €MHOCTI 1 TIJBUIIEHHI TEXHOJIOTTYHIX MOKIIUBOCTEHN Ta €(heKTHB-
HOCT1 00pOOKH poOOUNX MapaMeTPiB CYAHOBOI I1PaBIIYHOI CUCTEMH.
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bazytouncey Ha ¢yHKUii mepenadi, MOAEIb CHUCTEMHU pe3epByapiB sl BOIU
no/ABIMHOI eMHOCTI moOyaoBaHa B Simulink 1 kiactepizoBana B moayii «Cucrema
pe3epByapiB I BOJW», K 1€ TTOKa3aHO Ha PUCYHKY 2. Y 3alpONOHOBaHIA CUCTEMI
KepyBaHHS aJalTHBHOIO KOMIICHCAIIIEIO 1HIIN YaCTHHH, KPIM KJIACTEPi30BAaHOTO MO-
nyns «Cucrema pe3epByapiB Il BOJIW», Ta TaHKIB JUIS BOAH, PO3TJIAIAIOTHCS SIK
30BHIIIIHE CEPEIOBHIIIC.

height

R

Pucynok 2. — Moayns «Cuctema pe3epByapoB ISl BOJIN»

VY Mojeni HaBKOJMIIHBOIO CEpEAOBUINA BXIJHUMHU JIaHUMHU CIOCTEpiraya €
1HII1aJII30BaHa BUCOTA PIBHS BOJU B pe3epByapi Ta BIAXUIIEHHS 1IOTo piBHs. [liamna-
30H 3MiH BUCOTHU PIBHS BOJU B TaHKaX CTaHOBUTH BiA 0 10 20 aM. 3HauEHHS Moyat-
Ky MpOILIECY peryiroBaHHs 0a3yeThCsl Ha BpaXyBaHHI KUIbKOX MapaMeTpiB, B OCHOB-
HOMY BKJIIOYAIOYU BIAXWJICHHSI PIBHSA Ta 3HAUCHHS 3aBEpPILUCHHS, JI€ BIIXUJICHHS
MPUIMAEThCS SIK a0COJIIOTHE 3HAYEHHs JUIs omepalii. Bucora piBHS BHUKOPHCTO-
BYETBCS SIK KOHTPOJIbHA L1JIb, 1 i BIAXWUJIEHHS BiJ] 33JaHOTO 3HAYECHHS € IPIOpUTET-
HUM Yy pO3poO0I1ll po3Mipy Yacy CIpalloBaHHs cUCTeMU HaroBHeHHs. Lleit yac Bu3Ha-
Ya€eThCA TAK, 00 OyTH BUIIKM, KOJIU BIAXUIICHHS MEHIIE, [0 CTUMYJIIOE KOHTPOJIEP
HaOJM3UTU BUCOTY PIBHS JI0 IIIIbOBOT'O 3HAUYECHHS.

EdekTuBHICTH Mponecy BIATBOPEHHS I'PAJIIEHTHOTO CITYCKY MOX€ OyTH MOKpa-
IIEHO 3aB/ISKH BBEJICHHIO TTOBHICTIO MMiIKIFOYEHOT0 PIBHS aBTOMATHU3allli HA CTOPOHI
MepIIoi YaCTMHW BUMIPIOBAHHA, SIKa BUKOHYE (PYHKIIIIO CIIOCTEpiradya KpUTHYHOI
Mepexi. B 11boMy BUIIaJKy MOKJIMBO Kpallle BU3HAYaTH KIIIOUOBI XapaKTEPUCTUKU
I KOHTPOJIIO PIBHS BOJAM 3 CEPEIOBUILA pe3epByapa. Y TOUHEHI MapaMeTpH By3Ja
Ta BUKOPUCTAHHS (PYHKIIOHAJIBHUX 3aJE€KHOCTEH By3Ja PEryssiTopa MOXYThb 3a-
no0OiraTv 3HUKHEHHIO TPAJIEHTIB, MO0 TapaHTyBaTH SKICTh OHOBJICHHS MapamMeTpiB
Mepexi.

KoHTposiep ananTuBHOI KOMIIEHCAIll B I[bOMY BHIMAJKy BHUKOPHCTOBYETHCS SIK
nepeaHiid koHTposep. 1[o6 301MpIMTH 37aTHICTE CUCTEMH JI0 CaMOPETYJIIOBAHHS,
MepeHIil KOHTPOJEp HEOOXIHO BHKOPHUCTOBYBATU SIK PETYJSTOP 3BOPOTHOTO
3B’A3Ky B KOHTYpi KepyBaHHs. BXiTHUMH TaHWMU AJI1 HBOTO CTAlOTh BUCOTA PiBHS
BOJIM B TaHKax, BIAXWICHHS PIBHS BIiJ TEXHOJIOT1TYHO HEOOXITHOTO 3HAYCHHS Ta
BUXIJIHI 3HaYEHHSI KOHTPOJEpA 3BOPOTHOTO 3B’S3KY, K1 BiOOpa)xaroTh MOTOYHUI
CTaH y 4aci /Ui cucTeMu KepyBaHHA. CTpyKTypHa OJI0K-cXemMa METOAY aIallTUBHOTO
KOMIIEHCAI[IITHOTO KepyBaHHS, IKUi HEOOX1JHO 3aCTOCOBYBATH Ha CYyJIHI IiJ] 4ac Ha-
MOBHEHHsI TaHKIB MOJABIIHOI €MHOCTI TIOKa3aHa HAa PUCYHKY 3. Sk BUIHO Ha LIbOMY
PUCYHKY MOJIEJIb BXKE MICTUTh JI0JAATKOBY CKJIaJOBY BUXOJIy PETyJsTOpa 3BOPOTHO-
O 3B'SI3KY.
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Pucynok 3. — CTpykTypHa cxema CUCTEMH KepyBaHHS 3 aJallTUBHOIO KOMITCHCAI[IEI0

EdexTuBHICTE pOOOTH CUCTEMU KEPYBAHHS 3 aJJalITUBHOIO KOMIIEHCAIIIEI0 MO-
e BUMIpIOBATUCS QYHKIIIEI0, SIKA BU3HAYAETHCS HACTYITHUM YMHOM
G = E, o100, u(s)]}, (1)
Jie S 03HAYA€ CTaH HaBKOJUIITHBOI'O CEPE/IOBUINA, a «f (DYHKI[II HOT0 pO3MOALTY

E(deKTUBHICTh CUCTEMU KOHTPOJIIO 3a3BUYail OLIHIOETHCSA 3a JOMOMOTOI0 KiJib-
KicHUX NoKa3HUKIB. [1{06 3abe3neunT 0axaHi KpUTepii NPOTYKTUBHOCTI, BaXKJIMBO
MOPIBHIOBATH Ta aHAJII3yBaTH Pi3HI aJITOPUTMHU KEPYBaHHS 3a JOIOMOTOI0 €KCIIepH-
MEHTIB 13 MOJICTIOBaHHSM 32 OJJHAKOBUX MOYaTKOBUX yMOB. Ha oMy erami Ouiio
3po0JieHe MPUITYIIICHHS, 1110 IIJTLOBUM PIBEHb BOJIU B TAHKY Mae OyTH 3adiKCOBaHUMN
Ha piBHI 10 1M. B MOeIpHUX eKCIIiepUMEHTax 3 MOJACTIOBaHHAM Tpaauiiiauii T11]1-
PEryJsaTOp 1 HEUITKUM perynstop Oyiau nopiBHsHI 3 AJIIT anropuTMOM KepyBaHHS,
o0 MEepeBIPUTH MPOIYKTUBHICTH cucTeMH kepyBaHHs. I1lo0 ycyHyTtu cratuuny
PI3HMIIIO CUCTEMH Ta, 3pEIITOI0, CTa01II3yBaTH BUXIJl CUCTEMH, BiH MPAIIOE 3 MOIe-
PEIHBO BU3HAUYEHUMU NapaMeTpaMH Ta 3aCTOCOBYE Pe3yJIbTaTH CBOEI poOOTH 10 Ke-
poBaHOro 00’€kTa yepe3 MpuBia. HediTki perynastopu € 4y10BUM BUOOPOM J1Jisi BUB-
YEHHS CKJIaJHUX CUCTEM Ha BIAMIHY BiJ 3BHYAHUX JiHIHHUX perynsaTopis. o6
JOCSTTA KpalluX pe3yibTaTiB KEpyBaHHS, HEYITKE KEpyBaHHS BKIouYae (a-
3udiKalio TOYHUX 3HaueHb napamertpis I1IJ[-perynsitopa, cTBOpeHHS MpaBUil BHUC-
HOBKY Ta BUKOHAHHSI 3BOPOTHOI Aedazudikariii.

V Bumagkax, KOJIu HaBaHTAKCHHS B CHCTEMI1 3MIHIOETHCS, TOOTO KOJIM B IICBHHIA
MOMEHT 4acy KoeQili€HT HaBaHTAXXYBAJIbHOTO KJallaHa B CHUCTEMI pe3epByapy
MOJIBIITHOT €MHOCTI 3MiHIOEThCA Ha 5% 11 OyJe HEe3MIHHO MPHU3BOJIUTH 10 3017b-
IICHHS BUTPATH MOTOKY, IO TOJIA€THCA B CYAHOBI BOJISIHI TaHKU. B 11boMy BUmaaky
Oy7na oTpriMaHa BHXIJHA KpHBa PiBHS B CYJHOBUX TaHKaX IMOJBIMHOI eMHOCTI. BoHa
nokasaHa Ha puUcyHKY 4. IlyHKkTupHI KpuBI Ha rpadiky BiANOBIIAIOTh BUMAAKY KOJHU
cucTeMa KepyBaHHS mpartoBaia B gomoBHeHHI 3 [1IJ] koHTposepom, a CymisibHi
CTaHJapTHOMY TMPOIIECY PETYITIOBAHHS.
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Pucynok 4. — BuxigHa kpuBa piBHSI BOJIU MPH 3MiHi KoedimieHTa kiamnaHa Ha 5 %

Ha mizncraBi rpadikiB Ha puc. 4 OyJ0 MPOBEAEHO MOPIBHSHHSA CTaHY CYIHOBOL
TAPaBIIYHOI MEPEXH A0 1 MICasA 3MiH B poOOTI KjanaHa, TOOTO Mpu BBeAEHI 30y-
pEHb, 110 BIANOBIJAIOTH 3MiHAM BXIJHUX MapaMeTpiB BiJ HABKOJMIIHBOTO CEPEIO-
Bulla. B pe3ynbrari Oyno BCTaHOBJIEHO, 10 METOI KepyBaHHS Ha miactasi AJIL an-
TOPUTMY JE€MOHCTPYE CTIMKY pEakiil0 Ta JOCTAaTHbO BUCOKY HAJIWHICTh, KOJIH
Koe(iIieHT KJlamaHa KOJMBAETHCS B MEBHOMY Jiala3oHi. 30Kpema, Micias poOoTH
npotsrom 40 cekyH]l ¢ mo4yaTKy 30ypeHb BUHUKA€E MMOBHA cTabini3allisi B poOOTI Cu-
cTteMH. SIK 1ie BUJIPO MeTOJ KepyBaHHS Ha OCHOBI AJIl" alroputMy y Nnoe€IHaHHI 3
[TIJ] koHTpOaEepoM 3aiimae MeHie yacy (Ha 10 cexyHn), 1100 BiIHOBUTH 3HAUCHHS B
cTalioHapHOMy cTaHi. Takoxx Tpeba BIJ3HAYMTH, L0 CUCTEMA pearye HE TUIbKU
HIBY/IIE, aje 1 3 MEHIIUM Jllala30HOM KOJIMBaHb, IO BijoOpaxkae ii XOporry
CTIHKICTh. TakMM YMHOM MOXJIMBO 3pOOWTH BUCHOBOK, mo AJIl" anroputm ke-
pyBaHHs gonoBHeHui [11/] KOHTpoaepoM JEMOHCTPY€E BUHATKOBY HAJ1HHICTb.
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YJIK 620.3.546.621
Ko3unpxkuii C. B.
Hamionanpauit yaiBepcuteT “Opecbka MOpChKa akajaeMis”’
30isb1ICHHS pecypCy CYyIHOBHX YCTAHOBOK HLJISIXOM 32CTOCYBAHHA
HaHOMeTepiaiB

Hanomarepianu, siki yTBOpEHI 3 €JIEMEHTIB, po3MipoM y niana3oni 1 -100 Hm —
HAHOYACTHHOK, MPOSBIIAIOTh HOB1 OCOOJIMBI BIACTHBOCTI 1 moBeaiHKY [1]. s ycix
HAHOYACTHUHOK CIIOCTEpIraeThcs 3MiHAa (PyHIaAMEHTANbHUX (GI3MUHUX MapaMeTpiB
[2], a HaHOMaTepiaii XapaKTePU3YIOThCS MIABUIICHUMHU TBEPAICTIO B 2...7 pasiB,
Mexero MiHocTi B 1,5...8 pa3iB Ta MeXer MIMHHOCTI B 2...3 pa3u y NOpIBHAHHI 3
TpaauiiitaumMu Matepiagamu [3, 4]. [loBemxiHka HAHOYACTHHOK BUXOJHTH 33 PaAMKH
KJIACUYHOT'O YSBJIEHHS MpO iX pyX 1 moTpedye [5] 3acTocyBaHHs pIBHSHb HEPIBHO-
BAXKHOI TEPMOJIMHAMIKH Ta KBAHTOBOI MEXaHIKH.

Y po6orti [6] po3risHyTI NHTaHHS 3aCTOCYBaHHS HAHOYACTUHOK JIJIs 301/IbIICHHS
pecypcy Ta eEeKTHUBHOCTI CYJHOBHX MEXaHI3MiB. Y JaHid poOOTI pO3TIISIar0ThCS
MUTaHHS TEPCIEeKTUBU BUKOPUCTAHHS HaHOMAaTepialdiB 3 METOK e(GEeKTHUBHOTO
30UIBIIICHHST PeCcypCy CYJIHOBHX MexaHi3MiB, 301umbmeHHss KK/ MexaHi3MiB 1 3axu-
CTy JIOBKUJIJISL B1JT BUKHIIB.

Hanomamepian komnanii «XADO»

«XADO» — e ykpaiHChka KOMIIaHisl [7] 3acHOBaHa y XapKoBi, sika € BUPOOHU-
KOM pEBITalli3aHTYy — BHCOKOMOJICKYJISIPHOTO MACTHJIBHOTO Marepiany, T0 CKIamy
AKOTO BXOJUTh AYyX € akTMBHa KapOokcuibHa rpyna — COOH, a Takox cymimn
HaHopo3MipHHX okcuaiB Al,Os, SiO,, Fe,03 Ta ix riapartis, abo Al,03, MgO i Fe,04
gn Al,O3, CaO Tta Fe;O3 Ta ix rigpariB. HanagacTUHKY 11i€1 peYOBUHU MAIOTh (Pop-
My OJU3bKY 10 C(HEPUUHOI.

BBeaeHHs peBiTanizaHTa 10 MAaCTUJIBHUX MarepiaiaiB NpUBOIUTH 10 (popMyBaH-
HS 3aXMCHOTO TOKPUTTS Ha METAJCBUX JCTAIAX MEXaHi3MiB, sKi TPYThCs, Oe3rmoce-
peaHbo y mpoiieci ixHboi ekcruryaTailii. [Iporec ¢popMyBaHHS 3aXMCHOTO MOKPUTTS,
KWW Ha3UBAETHCS pEBiTAII3AIls, 3aCHOBAaHUHN Ha (PI3UKO-XIMIYHINA B3a€MOJIT MTOBEP-
XOHb TE€PTS y MPUCYTHOCTI PEBiTaNI3aHTa MIPU TPAHUYHOMY a00 3MIMIAHOMY PEXKHU-
Max 3MamieHHs. MexaHi3M YTBOPEHHS 3aXHMCHOi IUTIBKM TIpU BUKOPUCTaHHI
peBiTaiizanTa 300pakeHo Ha puc. 1.

Puc. 1. Eranu peBiTanizaiii B 30H1 TEPTS «MeTaJl — METaI» 1 yTBOPEHHSI 3aXUCHOT
ILTiBKH,

B pesynbTaTi mporiecy peBiTanizailii yTBOPIOETHCS METaTOKEepaMidHe TPATIEHTHE
nokpuTTA. OCOOIMBICTh MPOIECY — 1€ 3MIIHEHHS MOKPHUTTS 3 OJHOYACHUM HOTO
«BPOCTaHHSIMY, 1110 Ma€ BUCOKY KOHTAaKTHY MIIHICTb 1 TUIACTUYHICTb, TAPHY TEIIO-
MPOBIJIHICTh, @ MPU HU3BKUX MIBUIKOCTIX 301IbIIye (PAKTHUUHY IUIONLY KOHTAKTY,
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3HIKY€ KOe(ILI€HT TEPTA Ta 3HOIIYBaHHS, a TAKOXK 3aXHUIIA€ MOBEPXHI B1Jl CXOILIIO-
BaHHS 1 3BapIOBaHHS.

SButie pesiTamizallii 1ae MOKJIUBICTh TIOBEPHYTH MPOIEC 3HOCY Y 3BOPOTHOMY
TOPSAKY 1 BIITHOBUTH 3HOIICHY IMOBEPXHIO IIJITXOM YTBOPEHHS METAIOKEPAMidHOTO
MOKPUTTs. PeBiTaimizallis MoYMHAETHCS B 30HI HAMOUIBIIOTO 3HOCY, OCKUIBKH CaMe
TYT JOCUTHh HAJJIHMIIKOBOI €HEeprii JIsl TOYaTKy HOBOTO IMPOIIECY Ta aTOMU METaly
MarTh HAHOUIBITY KiJIBKICTh HECKOMIICHCOBAHUX 3B'SI3KIB, SIK1 3aXOILIIOIOTh 1 YTPH-
MYIOTh CaMe B MICIIIX 3HOCY OY/IBEIbHUI MaTepiai - peBiTami3anT. TakuM 4HHOM,
Ha cTapiii OCHOBI (POPMYETHCS HOBE MOKPUTTSA. PE4OBHHM, IO BXOASATH IO CKIATY
peBiTaNi3aHTy, Mij AI€I0 THCKY Ta TEMIIEpaTypH, IO BUHUKAIOTH B JETajecil mpu
TEpPTi, BUCTYIAIOTh y POJI KaTaji3aTopa yTBOpeHHs KapOifiB meraniB [8] 3a cxemoro

NMe+mC —MenCn,

ne Me— metai; C — ByrJenp.

JleMoHCTpallisi YTBOPEHHS MOKPUTTS 300pakeHa Ha puc. 2: a) 30BHIIIHIN BUTIIS
JOPDKKM  KOYEHHS  MIAIMIUIHUAKA 31 CHElIaJlbHO HAaHECeHUM  Je(PEKTOM,
0) moBepxHs JIeTajl Mpu 30UIbIIEHHI, B) Jisl peBITali3aHTy yepe3 15 XB. - 3HUKAIOTh
piOH1 MOJPSATNHA Ta MMOYNHAETHCS BI1THOBJICHHS MOBEPXHI,
I') yCYHEeHUI AeeKT MOBEpXHI MICIs OJHOI FOJIMHU PEeBiTaMi3allii 32 paXyHOK YTBO-
PCHHS METAJIOKEPaMI4HOTO MOKPUTTA [7].

a) 0) B) — T)

Puc. 2. IIpouec yTBopeHHsS METOKEPaMIYHOTO MIOKPUTTS MPH Jii peBiTali3IaHTa

Komnanis «XADO» moBigomiisie [7], 110 BUKOPUCTAHHS PEBITANI3aHTY Ja€
HACTYTHI pe3yJbTaTH:
" TIOBHE YCYHEHHS MOJIPSTUH 1 MIKpO3aJAupiB HA POOOUii MOBEPXHI HUIIHIPIB
rauounoro 10 0,03 mMm;
" TABUIIECHHS PECYPCy HUIIIHAPO-TIOPIIHEBOI rpynu B 1,5 ~ 2.5 pasu;
" BUPIBHIOBAHHA 1 30UTBIIICHHSI KOMIPECii Ta MaKCUMAJIbHOTO TUCKY 3TOPSHHS
0 IUJIHApaX;

" eKOHOMIIO najuBa 10 8%.

Hanowmatepian «Nano Vit Motor Renovatory (NVMR)

[MpoaykT € cymimmmo HaHoaucnepcHux mopoinkis SiOz - 80%, Al,O5 - 10% Tta
TEPMOPACIIEIVIEHHOTO 1HTEepKadboBaHHOTO rpadity - 10%. CepemHsi po3MipHICTb
YaCTUHOK KOMITIO3MIIIT HAHOTIOPOIIIKiB CTAaHOBUTH 14 HaHOMETpIB [9].

[Ipu Bukopucranni NVMR sk npucanku HaHOPO3MIpHI Marepiaid B3aeMO-
JII0TH 13 MOBEPXHSMH TEPTS Ta YTBOPIOIOTH 3aXMCHI IUTBKH [9] 32 HACTYMHUM Me-
XaHI3MOM. Y 30HI TepTs, € BUHUKAIOTHh BHCOKI HanpyxeHb, B1I[6YBa€TBC$I pospuB
3B'SI3KIB aTIOMIHIN-KUCEHb y TPUOKCHIII ATIOMIHIIO 1 BUKIMKAE 3aMIMICHHS aTOMIB
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3aj1i3a aTOMHU ANIOMIHIIO Ha MOBEPXHI. Y TBOPEHA IUIaKyBaJibHA IUTIBKA MPEACTABIISE
co0010 TBEepAUM PO3YMH 31 3HAYHOIO TUIACTUYHICTIO Ta MIIHICTIO 32 PaXyHOK YTBO-
PEHHsI OKCHIB Ta KapOiJiB aFOMIHIIO 1 3aji3a, Mo 30UIbIIYIOTh HWOr0 3HOCO-
CTIWKICTh, @ YaCTUHKH rpadiTy Ha MOBEPXHIX TEPTA OCPYyTh y4acTh B yTBO-PEHHI
3HOCOCTIHKOTIO IIapy.

Antudpukniiini BnactuBocti NVMR 0GaraTtopa3oBo mepeBipsuics B PI3HUX
yMOBax 3MalleHHs, NMPU PI3HUX BEJIMUYMHAX HABAHTAXKEHHS 1 KOHIIEHTpAIIAX MpPO-
aykry B Macai [8]. Bymm 3poGneni oAHO3HAYyHI BHUCHOBKM TMIPO 3HIKEHHS
Koe(ILi€HTIB TepTs MpH MeBHUX ymoBax 10 3HaueHb 0,01-0,001, mpudomy 3i 30171b-
IICHHSIM HAaBAaHTAXXEHHS PEECTPyBaIHCs OLIbII HU3bKI 3HAYEHHS KOCPIIIEHTIB Tep-
TS

Po30upanHsi IBUryHIB MOKa3ajo, 10 B pe3yibrari BUKopucTtaHHi NVMR nHa
CTIHKAX Je€Tale y 30HaxX TEpTs YTBOPIOIOTHCS CTIMKI T'€I€BHUJIHI IUTIBKH, K1 YTpH-
MYIOTh MacTHIbHUN MaTepian. Jliokcua kpemuio SiO; ta rpadit CTBOPIOIOTH ABO-
BUMIpPHUN KOB3HHUH Iap, MO PI3KO 3HUXKYE OYyJb-AKi JOJATKOBI IOIIKOIKCHHS
GpUKLIMHUX YacTHH JBUTYHA. Maciio He CTIKae 3 i MOBEpXOHb, IO JTOJATKOBO 3a-
XMUIIA€ Tapu TEPTS MPO XOJIOAHOMY MYCKY JABUTYHA BiJl MIJABUIIEHOTO 3HOCY Ta
BIJTHOBITIOE A3epKaiio mutinapa [10].

Puc. 3. Pesynbrar Bukopucranus npoaykry NVMR — BiaMuBaHHS MOBEpXHI1
IWITIHApA Ta BIHOBJIEHHs Horo “n3epkana” [10]

BunpoOyBanHs Ha peaqbHOMY JIBUTYHI TPU BUCOKHX HABAHTAXEHHSIX MOKA3aJIH,
mo o6pobka NVMR mnpu3BoauTh 10 3HUKEHHS IIBHUAKOCTI 3HOCY MOPITHEBUX
Kitems B 3 pasW, a BKIQJWINB MiAIIUIHAKIB KOJIHYACTOIO Bally B
5 1 6ib11IE pasiB.

Biamitumo BB Hanomarepiany NVMR Ha 3MeHIIEHHS BUKHIIB, TOBHOTY
3TOPSIHHS TAJIMBA Ta 3HWKEHHS piBHA mymy. Jlpe3aeHchkuii inctutyT FSD Bumnpo-
OyBaB JH3eJbHI JBUTYHU BHYTPIITHBOTO 3TOPSHHS MPU PI3HUX YMOBAX €KCILTyaTarlii
13 nomaBanaaM NVMR.

ExcniepuMeHTansHO a0BeneHO, 10 HaHoKpuctanu Al;Os, siki BXOOUTh y CKIIaJ
NVMR HakonuuyrTbCS Ha MOBEPXHI KaMepHU 3rOPSHHA 1 AIIOTh K HE3IIYeHHA
KUIBKICTh «MIHI-CBIUOK 3amantoBaHHs». LI «MiHI-CBIUKM» BHUKJIUKAIOTH 3IJ1aJl-
’KyBaHHSI BUOYXOBOI'O MKy MaKCUMaJIbHOTO THUCKY, 1110 300pa)keHo Ha puc.4 Ta KOH-
TPOJIbOBAHE 3TOPSIHHS MaIHBa.
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Buxopucranass NVMR nae nactymai pe3ynbra-
TH:

» Pemenbhe ouunwjeHHs 08UcyHa, 0coOIUBO
NOBEPXOHb Mepmsi;

* Mooughixayiss nosepxonv mepmsi,

* 3menuen s 6HYMpIiuHixX MexanidyHux empam
o0suzyHa,

* 3HudicenHs gumpamu MOMoOpHO20 MAcia;
T » ExoHOMIsL nanuea; .

* 3menutents 6uUKUOi6 3a6pyOHIO-I0UUX PEUOBUH.

Hanomamepian NANOL

Hanomatepian Nanol ¢popmye 3axucHuil HaHO-
iap Ha MOBEPXHAX TEPTs, SIKMM HE Ja€ BOJIHIO PyH-
HyBaTH KOHTakTHI moBepxHi [l11]. Mexanizm mii
Pric.4. 3aCKHBICTS THCKY TIPH HaHoMmaTepiasly Nanol 3BoIUTBCA /10 YTBOPIOIOTH

CIIANIIOBAHHI [AJIMBA TIPH TOHKOTO 3aXHCHOTO IIapy Ha MOBEPXHSIX TEpTS 1y
3actocyBanHi NVMR [10] 30HaX KOHTAKTy 3a PaXyHOK HAaHOYACTHMHOK MIJI, 1O
BXOJISTH JIO CKJIaJy HAaHOMAaTepiamy.

dopMyBaHHS HAHOIUTIBKH Yy mpoaykrax kommanii NANOL BigOyBaetbes [11]
[IUISIXOM TOBEPXHEBOI aKTHUBAIlli, sIKa 3aIyCKa€ OKHUCIIOBAIHHO-BIIHOBHY PEAKIiIO,
110 3MEHIIY€ KIJIBKICTh 10HIB Mijil B 100aBIli 3 MOJAJIBIIUM BIJIKJIAJICHHSIM YaCTHHOK
M/l Ha MOBEPXHI MeTally. B3aemoiis Mi>k MOBEpXHEBUMH HEPIBHOCTSAMHU IMPUBOJUTH
70 3HAYHUX HaNpyXeHb, 10 BUKIMKAE PO3KJIAJaHHS €JIEMEHTIB, 110 BXOIATH [0
ckinagy NANOL, B pe3ynbTaTi 4Ooro yTBOPIOIOTHCS BUIbHI €leKTpoHu. Jlami BiaOy-
BA€THCA BiHOBIEHHS 10HIB Migi CUZ* 3rigHo peakuii

Cu®*+2e— Cu°

Ta YTBOPEHHS 3aXHCHOTO IIapy MiJil, SIKUH YTBOPIOETHCS JIMIIE Y 30H1 KOHTAK-
Ty, TOOTO TIJTLKH HA TIOBEPXHSIX TEPTS.

Po3poonrkn NANOL cTBep1KyrOTh, IIT0 MiJIHA METAJIEBa IJTIBKA 3aXUIIAE€ 30-
HU TEPTS BiJI 3HOCY, 3HIDKYE POOOUy TeMmIlepaTypy BY3JIiB TEPTS Ta MOJOBKYE
TEPMIiH CITY»KOHM MallIiH 1 KoMrnoHeHTiB [11].

Oco6muBy yBary ciin npuaumta npoaykty «Nanol Power+ MH/MLy [12],
akui OyB CHeIiabHO PO3pOOJICHUN NJisi 3aCTOCYBaHHS Y MOPCBHKiH cdepi Ta Ha
MOPCBHKOMY TPaHCIOPTI, 30KpeMa Juist cyaHoBux JIB3.

CyanomnaBna komnanisi «Transfennica Ltd.» noBimomuisie [12], mo BunpoOy-
BaHHs, TpoBejieH1 kommnaHieo «Napa Ltd.» mig Harnmsgom Perictpy cynHomiaBcTBa
«Lloyds Register» Ha cymni M/V «Seagard» (3 rosoBHuM aBuryHom Wartsild
16V46B, MCR-niotyxHicTh sixkoro craHoBuia 15600 xkBT), nmokazanu, mo npu Bu-
kopuctanHi mpoaykty NANOL crnokvBaHHS MajiiBa CKOPOTUIIOCS B CEPEHLOMY Ha
2%.

Druck

Volumen

CynnoruaBHa komnasis — «Bore Ltd.» (excrutyatye cynna tumy "Po-Po", a
came «Ro-Flex», «Ro-Ro» ta «Car Carrier»), 3BiTye [12], mo y nBUryHax cyieH
KOMIaHi1 3arajibHa BUTpaTa nanuBa Oyina 3HMWKeHa mpuban3Ho Ha 4% 3a mepri 12
MICSLIIB BUKOPUCTAHHS MPOIyKTiB Bia kommnaHii NANOL.
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[Ipu 3acrocyBanHi npucaaku «Nanol Power+ MH/ML» Ha MOpchKkux cyaHax,
OyJI0 OTPUMAHO:

o 3MEHILEHHS BUTPAT najausa 110 6%;

o 3MEHIICHHS MIKIJJIMBUX BUKUIIB y atMochepy 10 30%;

o 3MEHIIICHHS MOKa3HUKIB TepTs 10 30%;

o 3MEHIIIEHHS 3HOCY Ta 3a/IUPiB Ha MOBEpXHI WTHPIB 10 10%.
BucHoBku

AHani3 eKCHepUMEHTAIbHUX JOCIHIKEHb MIATBEPIKY€E, 10 HaHOMAaTepialu
XAO, Nano Vit Motor Renovator Ta NANOL BifirpatoTs BUpiIaidbHy poJib Yy MO-
KpallleHH1 eKCIUTyaTallliHUX XapaKTEPUCTUK CYTHOBUX MEXaHi3MiB.

3acTocyBaHHS 3a3HAYCHHX HaHOMATepiadiB 30UIbIIYE Pecypc CYAHOBHUX Me-
XaHI13MIB, 3aXUIIA€ JOBKULIS Bij 3a0pyTHEHHS.

3a3HayeH1 HaHOMAaTepiau AOCTIIKYIOThCS Ta BOIPOBAIKYIOTHCA.
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YK 629.12+621.69
Ko3eminux M.A., UsopHuii €.1.
HamionansHuit YHiBepcuteT «Ofiecbka MOPChbKa akaaeMis»
Bubip xj1agoHy 3 ypaxyBaHHSIM THILy Ta YMOB eKCILUTyaTamii CyJAHOBOI
X0JI0UJILHOI YCTAHOBKH.

B HuHINIHIN Yac mpoliecu 3MiH KJIIMaTHYHUX YMOB Ha HaIlliil TJIaHeT! BIir-
paroTh Bce OUIbIIY 3HAYYLIICTh. | 1151 TEHMIEHIIIsI MOCUITIOEThCA 3 pOKY B pik. Cepen
(bakTOpiB BILTUBY PO3TISAAIOTHCS, K HAHOUIBII Ba)KJIMBI, MAPHUKOBUN €(eKT, TOO-
TO 30UIBIIICHHS KUTBKOCTI TAPHUKOBUX Ta3iB B aTMocdepi, 30kpema CO,, Ta pyiHy-
BaHHS 030HOBOTO MIapy Hamioi riaHetu [1].

3axonu BIUTMBY Ha mepiuil ¢aktop oroBopeHi B KioTchkoMy mpoTOKOMi 10
Pamounoi kouBeniii OOH npo 3MiHu kiimaty. 3axo/d, Moo APYroro GaxkTopy ,
BHU3Ha4YeHI MOHpeanbChKIM MPOTOKOJIOM.

BpaxoBytoun Te, 1110 3aCTOCYBaHHSIM XOJOAWIBHUX YCTaHOBOK, SIK B IIPOMMC-
JIOBOCTI, TaK 1 B TOBCSAKICHHOMY >KUTTI JIOJCHKOIO CyCIUIbCTBA MOCTIMHO 3pOCTaE,
a B SIKOCTI poOOYMX PEUOBUH B TAKMX YCTAHOBKAaX 3a3BHYail BUKOPUCTOBYIOTHCS pe-
YOBUMH, 1110 3a3HAYAIOTHCS BUIIE3TaJJaHUMU MIXHAPOJHUMHU JOKYMEHTaMH, B MPO-
1eci BUOOpy poO0oUO0i peUOBUHHU — XOJOJUIBHOIO areHTy CiijJi KOMIIEKCHO OLIHIO-
BaTH 1i BIUIUB Ha 3eMHY aTMocdepy.

3 iHmoro OOKy HEOOXITHO 3BEPHYTH yBary Ha €HEpPreTHYHY €(EeKTUBHICTDH
XOJIOIUJIBHOT YCTAaHOBKH BPaxOBYIOUH il MMPU3HAYEHHS Ta YMOBH €KCIUTyaTalli B 3a-
JIEKHOCTI B1J1 00paHOT0 XOJOAWIBHOTO areHTy [2,4,5].

Haiimimoim 3HaYyeHHs O0CTaTHHO BEIMKOI KUIBKOCTI MOKA3HUKIB 3/1aTHI CTBO-
pIOBaTH aHTaroHICTUYHI YMOBH 1]l 4aC OOpaHHS KOHKPETHOTO XOJIOAMIIBHOTO areH-
Ty, 1[0 BUMArae BiJ] MPOEKTAHTA MOIIYKIB ONTUMAJIbHOIO PIIIEHHS, IKE B HAMOUIb-
IOMY CTYTeHi, Oy/ie BIAMOBIAATH BCIM HasiBHUM BUMoOTraMm [2].

OpHuM 31 NUIIXIB PO3B’s3aHHS MpoOsieMu 0ysio O OTpUMAaHHS KOMIUIEKCHOTO
KPUTEPIIO OLIHKY JJIsi 0OpaHHS XOJIOJUIBHOTO areHTy, KUl O BpaxoBYyBaB, K HO-
o BIUIMB HA MPOIIECH B aTMOC]epi, TaK 1 BAKOHAHHS TEXHOJOTIYHUX BUMOT [3].

3HIKEHHSI KUTBKOCT1 030HY B 3eMH1M atMocdepi, sIK BiJIOMO, € HACTIAKOM Ha-
JIXOJKEHHS TaJIOTEHIB, SIK1 € CKIIaJ0BOI0 YACTHHOI XJIOP(HTOPBYTIICHIB, O SKUX Bi-
JTHOCHUTHCS 3HaYHA YaCTHHA TPAIAUINIHHUX XOJOJMWIHHUX areHTiB. Taka BIIaCTUBICTh
IIUX PEYOBHUH OINHIOETHCS KOoe(illieHTOM 030HOpYiHYy0Uoro moteHmiany ODP
(Ozone Depletion Potentional), oo 3mintoetses Big 1 (100%) mo 0 mnst OinbimocTi
XOJIOIMIIBHUX areHTiB, 110 3acTOCoBYIOThCS HUHI (R 507, R 404a ta iam.) [1].

JUJist OLIIHKY BIUIMBY Ha MapHUKOBHM €(EeKT 3aCTOCOBYIOTh KOE(ILIEHT ri100a-
apHoro moterwtinas GWP (Global Warming Potentional), B sikocti 6a3oBoro 3Ha-
yeHHs1 Oyno npuitHaTo GWP=1 nna R 11, sxuii Moxke 3MiHIOBaTHCS J1y>K€ B IIUPO-
KHX Mexax BiJ 1 10 O1IbII HIXK TpboX TUCAY Y R 404a, sikuii TeX BUKOPUCTOBYETHCS
B JICSKUX CY/THOBUX XOJOJAWJIbHUX YCTAHOBKAX.

JIJist ocTaTOYHOTO ypaxyBaHHS BIUIMBY (DYHKITIOHYBaHHS XOJIOAMJIBHOI yCTa-
HOBKH Ha MAapHUKOBUI €(eKT B HUHIIMIHIA Yac peKOMEHIYIOTh 3aCTOCOBYBATH TOKa-
sauk TEWI (Total Equivalent Warming Impact), sikuii BpaxoBye He TUIBKH BILTUB
XOJIOJUJIBHOTO areHTy, aje W BIUIMB KIJIBKOCT1 €HEeprii, SIka BXKUBAETHCS XOJIOUIIb-
HOIO YCTaHOBKOIO 32 BECh YacC EKCILTyaTallii.
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TEWI =GWP - M+ a - B,

ne M — 3arajpHa Maca XOJOJUJIBHOTO areHTy, BUKMHYTOTO 0 aTMOchepH Iif
qac eKCIUTyaTallii, Kr;

0. — KUIBKICTh JBOOKHUCY Byrielo (CO-), 10 HaAXOAUTh J10 atMocdhepH i
yac BUpoOku 1 kBT roguam eHeprii, Kr/kBT roauHa;

B — 3arasibHE €JEKTPOBXKUBAHHA XOJIOAWIBHOI YCTAHOBKM 3a BECH 4ac €KC-
mTyararitii, KBT.

He Bakko 3poOWTH BHUCHOBOK, IO HABEAEHI BHUIIE MOKA3HUKH Ta iX MOpIB-
HSTHHSI 3 YMOB BUKOPHCTaHHS PI3HUX XOJIOAWIHHUX areHTIB HE JO3BOJIIOTH OI[IHUTH
e(eKTUBHICTh €KCIUTyaTalli XOJIOJAWJIbHOI YCTAHOBKM Ta ii KOHKPETHHUH BIUIMB Ha
HABKOJIMIIIHE CEPEIOBHUIIIE.

OO6uparoun napameTpu, 1110 JT03BOJSIOTh OIIHUTH €(DEKTUBHICTh BUKOPUCTAH-
HSl XOJIOJWJIBHOI YCTaHOBKH, IMEPII 3a BCE, CJIJI 3BEPHYTH yBary Ha XOJIOAMJIbHHMA
Koe(iIieHT, SIKUW OIIHIOE CITIBBIIHOIICHHS BIJIBEACHOTO BiJ 00’€KTY TeIjia 0 BH-
TpaTH eHeprii Ha 3aiicHeHHs nporiecy (&) [3].

3 KOHCTPYKTHBHOI TOUYHM 30py BaXJIMBUMU MMOKA3HUKAMH € TUCKU KOHACHCAIIIT
(P,) Ta BUMapoByBaHHS (Pgy,) A 3alaHUX TEXHOJOTIYHUX YMOB €KCILIyaTarlii, Ko-
e(IllienHT moaadi KOMIIPECOpY A.

EnepreTnyni BUTpaTH MOKJIMBO OLIIHUTH 3a 3HAYEHHAMH TeOpeTUIHOi N, 1H-
nukatopHoi N;, epextuBHOi N, MOTYKHOCTEH Ta MOTY>KHOCTI Ha Bally €JIEKTPOBHU-
ryHa N ..

Posrnsparoun BUMAIKM 3aCTOCYBAHHS OOpaHUX IS TIOPIBHSIHHS XOJIOIUJIb-
HUX areHTiB MPH CTaHIAPTHUX yMOBaX, TOOTO: TeMIiepaTypa BHUITApOBYBaHHS to=-
15°C; temneparypa xongencauii t,=+30°C; t,,=-5°C; TeMnepaTypa nepeoxoaomLKy-
BaHHA t,,=+25°C, MOKIMBO OTPHMATH BiJIIOBI/HI 3aJIEKHOCTI, 1[0 XapaKTEPU3YIOTh
B3a€MOBIJIHOCUHHU Ta 3MIHY OOpaHUX JJI MOPIBHSHHS [TapaMeTpiB.

Otpumani TpadivHi 3aJ€KHOCTI JO3BOJIAIOTH 3pOOUTU TMOMEPEIHIO OILIHKY
E€HEPreTUYHOI JOIIBHOCTI 3aCTOCYBaHHS OOpaHUX [JISl PO3IJISIAY XOJOIUIBHUX
arcHTIB B 3aJIC)KHOCTI BiJl TEXHOJOTIYHUX YMOB [4].

Tak, mpu BIZHOCHO BHUCOKHUX TeMIlepaTrypax BUmapoByBaHHS (Oyim3bko a0 0
°C) momitni nepesaru mae R 134a, onHax, 3i 3HMKEHHAM Temmeparypu a0 -25 °C
Oinbi OaxkaHuM ctae R 507, 3aBasiku HaAMBUIIIOMY 3HAUYEHHIO XOJIOJAMIIBHOTO Koedi-
LIEHTY.

Jlemio 1HaKmMii XapakTep Mae CIiBBIAHOLIEHHS eKCIUTyaTallliHUX apaMeTpiB
IPU CTaHJIAPTHUX YMOBAX, L0 UIFOCTPYE riCTOrpaMa HaBeJleHa Ha PUCYHKY 1.
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Puc. 1 — IlopiBHSHHS eKCIUTyaTaI[lfHUX MOKA3HUKIB MPU CTAHJIAPTHUX YMOBAX

BpaxyBaHHSI TUIbKM €KCIUTyaTal[lMHUX MOKAa3HUKIB B Mpolieci OOpaHHsS XOJIO-
JWIBHOTO areHTy /IS 3aCTOCYBAaHHSI B KOHKPETHIM XOJIOJMJIbHIN YCTaHOBIII HE JI0-
CTaTHBO JUIsl KIHIIEBOTO BUCHOBKY. SIK IMiJl 4ac MPOEKTYBAaHHS, TaK 1 y BUMAJKaX He-
OOX1JTHOCT1 3aMIHU XOJIOAWJIBHOTO areHTy Ba)KJIMBE 3HAYEHHS MArOTh TUCKH KOH-
nencarii (Py), BunapoByBaHHs (Pg,) Ta iX CIIBBIAHOIIECHHS.

Buxoasun 3 BUIIIEBUKIIAIEHOTO MOMIIMBO JIMTH 10 BUCHOBKY, IO TIPH 0OpaH-
Hi XOJIOAWJIBHOTO areHTy AJI 3aCTOCYBaHHS B KOHKPETHIN XOJIOAMIBHIN yCTaHOBIII
IIPU KOHKPETHUX YMOBAX JOLIIBHO BPAXOBYBATH SIK MIHIMYM TP I'pynu (GaKTOpIB:

— BIUTMB Ha 3eMHY atMocdepy;

— eHepreTnyHa e()eKTUBHICTh XOJOIUIBHOT YCTAaHOBKH;

— KOHCTPYKTHBHI BUMOTH JI0 €JIEMEHTIB XOJIOJAWJIbHOI YCTAaHOBKH.

B skocti yetBepTOoro ¢akropy Oa)kaHO BpaxOBYBaTH BapTICTh E€KCILIyaTallii
XOJIOAUIBHOTO O0JIaAHAHHS, B TOMY YHUCJI1 1 I[IHY XOJIOJUIBLHOTO areHTy, 1o odupa-
€THCA.

B HUHIIIHINA Yyac KOMIUIEKCHUN MOKAa3HUK, SIKMM OM JO3BOJIMB MPUHHATH Pi-
IIEHHS 3 YpaxXyBaHHSM 3ralaHuX (DakTopiB HE ICHY€, X04a, MOXKIMBO CTBEPIKYBa-
TH, 110 WOTO HAsIBHICTh 3HAYHO CIpolye (OpMyBaHHS 3aBJaHb, IK Ha €Tall MPOeK-
TyBaHHsI, TaK 1 €KCIUTyaTallli, a TAKOX Y BUMIAJKY HEOOX1JHOCTI MOJIEpHi3allii.

B siIKOCTI ITOKAa3HUKIB, 10 BAU3HAYAIOTh €KOJIOTTYHICTh XOJIOAUJIBHUX areHTIB
JIOIIUTBHO 3ampornoHyBaTH Taki mokasHuku sik GWP ta ODP, 3HaueHHS AKUX BiOMi
JUIS MalKe BCIX XOJIOAMIBHUX areHTIB Ta HE TOB’sA3aH1 3 CHEPreTUIHOIO e(PEKTUBHI-
CTIO Ta KOHCTPYKTUBHUMHU YMHHUKAMH.

Eneprernuna epexkTUBHICTh XOJOIUIBHOI YCTAHOBKHM MOXJIMBO OIIHUTH 32
3HAYEHHSAM XOJOJIUIBHOTO KOE(ILIEHTY & Ta BUTPATOIO E€JEKTPUYHOI MOTY>KHOCTI
Nsoo (MOXKIIMBO 3acTOCYBaHHS €(heKTUBHOI MOTY>KHOCTI N, 1110 HE Oye 3/11iCHIOBAaTH
MPUHIMIIOBOTO BIUIMBY HA OJIEp>KaHl BUCHOBKH).

KoHCTpyKTHBHI 0COOIUBOCTI XOJOIUILHOIO 00IaHAHHS B IIJIOMY MOYJIUBO
OIIIHUTH 3a 3HAYEHHSMHU TUCKIB BUMNaproBaHHS P, 1 KoHAeHcalii P, koedimieHTa
rmojavi KoMmrpecopa A.
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[Ipu BU3HAUEHHI KOMIUIEKCHOTO MOKa3HUKA CIIiJl BPaxyBaTH MOKJIUBOCTI BU-
najkiB, komu ODP=0, a Takox qoctaTHhO Benuki 3HaueHHss GWP. YV 3B’s3Ky 3 rum
IPOITIOHYETHCS TIPH PO3PaXyHKY UYHCEIBLHOTO 3HAYCHHS KOMIUICKCHOTO IMOKa3HUKA
sacrocyBaru ODP,= ODP+1 ta GWP,= GWP - 10~

TakuMm YMHOM, U1 BA3HAYEHHS KOMIUIEKCHOI'O IMOKa3HHMKA OIJILHOCTI 3a-
CTOCYBaHHS XOJIOJUIBHOTO areHTy MOYKJIMBO 3aIlIPOIIOHYBATH HACTYITHY 3aJIC)KHICTh:

8 ) P@un ) 2’

"~ GWP,-ODP, -P, N, -

Pe3ynbpraTi po3paxyHKy JjIsi OOpaHHX JIJIS MIOPIBHSHHS XOJOIWIBHUX arcHTIB
HaBeeH1 B Ta0m 1.

Tabnuusg 1 - 3HayeHHsT KOMIUIEKCHOTO KOe(DIIIEHTY TP PI3HUX TeMIIepaTypax BU-

ITapOBYBaHHS

K

R134a R407c R410a R507

tgzm (OC)

-25 0,024 0,017 0,02 0,0097
-20 0,05 0,018 0,027 0,011
-15 0,049 0,023 0,033 0,012
-10 0,064 0,03 0,031 0,018
-5 01 0,03 0,027 0,02

AHani3ytour 3Ha4eHHS! KOMIUIEKCHOTO TOKa3HUKA MPH 3MiHI HEOOX1THOT TEM-
nepaTypyu BUIIAPOBYBAHHS MOJKIIMBO 3pOOMTH MOTNEPEHI BUCHOBKH, IO /IO JOILIb-
HOCTI BUKOPHUCTAHHS TOTO YH 1HIIIOTO XOJOJUJIBHOTO areHTy B 3aJISKHOCTI BijJ TeX-
HOJIOTTYHHX BUMOT.

Ha nmepuuit nornsan 3actocyBannst R 134a Oyne HaitOUTbI OakaHUM 3a Oy/Ib-
SKUX TEXHOJIOTIYHUX YMOB, OJHAK BPaXOBYIOUM BHCOKE 3HAYCHHS TOTCHIIIATY TJIO-
6anproro noterutinHsa (GWP=1300) cminx mykaTu oMy 3aMiHy y BHUIJISAL XOJIOIU-
JBHOTO are’Ty 3 MeHIMMH 3HadueHHs MU GWP.,

MOKIMBO B SIKOCTI ajabTepHaTUBH ciij posrisaatu R 32 (GWP=675), R 513a
(GWP=631), R= 450a (GWP=605) ta R 1234 (GWP<1), aje y BUMaaKy MOJEpPHi-
3amii JiF090i XOJIOAWIBHOI YCTAHOBKH TaKe PIMICHHS MOXKEe OyTH HENPUSATHHM Y
3B’SI3KYy 3 BUCOKMMHM 3HAYCHHSIMH THUCKIB, TaK, HAPHUKIAJI, TIPU TEMIEpaTypi BUIIA-
posyBanns -25°C Tuck y BumapHuky Oyme csaratu 3,2 6apa, a Tak KOHIEHcAIii —
Mmaibke 19 6apiB ms R 32. [o mo xomoaunsHOTro arenty R 1234, To BiH MiIX0IUTh
70 BUKOPHCTaHHS 3a TEPMOJWHAMIYHUMH BJIACTMBOCTSIMH, aj¢ HA CHOTOMHIITHIN
JIeHb WOTO IliHA Maike B BiCIM pasiB Buima HIX y R 134 a. KpiM Toro HeoOXiTHO
BpaxyBaTH BIJICYTHICTh HaKOIMMYEHOTO JOCBIYy BUKOPUCTAHHS 3TaJlaHUX allbTepHa-
TUBHUX XOJOJIUIBHUX areHTIB B CEPENIHIX Ta KPYMHUX, 32 XOJOJOMPOTYKTUBHICTIO,
XOJIOMWIILHUX YCTaHOBKaX, SIKi XapaKTepHI JIsI MOPCHKHX CY/JICH.

MO>KJIMBO BUKOPHCTAHHS METOJTY OIIHKH JIOIIIBHOCTI BUOOPY XOJIOHILHOTO
arcHTy 3a JOMOMOTOI0 KOMIUIEKCHOTO IMOKa3HWKA JIJIsl BUITAJIKIB IMOPIBHSIHHS OY/Ib-
SIKO1 IPYNH HASBHUX XOJIOAWJIBHUX areHTIB, OUIBII TOTO, 32 HEOOX1THOCT1, MOYKJIMBO
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BHECTH JI0 3aIIPOIIOHOBAHOT 3JIKHOCTI JTOJATKOBI MOKA3HUKH, HATTPUKIA, TUTOMY
XOJIOJOMPOYKTUBHICTD Ta IIIHOBUM MOKA3HHUK.
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YK 621.564
[Iecromanos K.O., Orypuos /.B., Xmiera O.41.
Hamionansauit yHiBepcuteT “Omecbka MOpChbKa akajaemis”

AHaJIi3 Cy4YaCHUX TeHAeHUIi BUKOPUCTAHHS X0JI0I0AT€HTIB 3 HU3LKHM
NOTEHLIAJIOM IJ1002JIbHOI0 MOTEIUIEHHS Y CY/ITHOBOMY XOJIOAMJIBLHOMY
00J1aHAHHI

3aco0u MOPCBHKOTO Ta BHYTPIIITHBOTOBOJHOIO TPAHCIIOPTY MAalOTh 3HAYHE JIXKe-
peno mpsIMUX BUKHUAIB MapHUKOBUX Ta3iB, SIKE Hapas3l HE PETyJIOEThcs Oe3mnoce-
PEIHBO Ta HE BBAKAETHCS OOOB’SI3KOBUM ISl IHBEHTapHU3allii — BUKUIU T1IpodTO-
pByrieneBux (I'®Y) xonomoareHTiB 13 XOJOAWIBHMX CHUCTEM Ta CHCTEM KOH-
AuiitoBaHHs MOBITPs. CKOPOUEHHS MPSIMUX BUKHUIIB XOJOJOAre€HTIB 3 CUCTEM, IO
BCTAHOBJIEHI Ha 3ac00ax BOJHOTO TPAHCIIOPTY, € HAUCKIAIHIIINM CEepel] YCIX THUIIIB
XOJIOJUIBHUX CUCTEM Yepe3 HaBUILMN pIBEHb BUTOKIB xosogoareHty [1]. Tunose
3HAYCHHS CKCIUTyaTallifHIX BTPAT XOJOI0AreHTY TSl CYTHOBUX MapOKOMITPECIHHUX
XOJIOIUIIBHUX CUCTEM Ta CUCTEM KOHAMIIFOBaHHS NMOBITPs OLIHIOETHCS B 40% Ha pik
[2] a60 30% Ha pik [3] Bi MacH 3alpaBKHu.

Bignosigno no Kirambcbkoi momnpaBku 10 MoOHpeaabChbKOTO MPOTOKOIY, Hail-
MOIIUPEHINI Yy CYIHOBOMY XOJOJIUIbHOMY oOnamHanHi xonomoarentu (R134a,
R404A, R407C Ta noniOH1) MOBUHHI OYTH BUJIYY€H] Yepe3 BUCOKUM MOTEHIIIAJ IJ10-
6anpbHoro norerieHHss (GWP). Ane srigno 3 Jomatkom VI MARPOL, He icHye
000B’s13K0BUX BUMOT 1110710 3HaueHHss GWP 11 X0onoo0areHTiB Ha OOpTYy CyJeH.

XonoaunbHe 00sagHanHs Ha cyAHi mia npamnopom €C, ke BukopuctoBye ['OY
3 GWP > 2500 1 kinpkicTio, 110 Bianosigae 40 TorHam y CO2 ekBiBajieHTi, 3a00poO-
HEHO 3ampaBJIATH HOBUM XxoyiofgoareHToM micis 1 ciung 2020 poky Ta BITHOBICHUM
(Takum, 110 OyB BiAiOpaHuil 3 1HIIOrO 00JIaJHAHHS) XOJ0A0areHTOM micis 1 ciuHs
2030 poky BianosiaHo 10 [lonoxenns €C no perymoBannio F-razis [4]. Kpim Toro,
pernamenT DNV GL RulesforShips [5] moa0 3MeHIIeHHS 3a0py/IHEHHS TTOBITPS pe-
KOMEH/TyIOTh BUKOPHCTOBYBAaTH B CYJHOBOMY XOJIOAMJIBHOMY OOJIaHAHHI XOJI0JI0-
arentu 3 GWP < 2000. Lloyds npomnoHnye «Je 11e MOXKJIHUBO, CJiJ] BUKOPUCTOBYBATH
OpUpPOAHI XoJjomoareHTu, Ttaki sik amiak, CO2 1 rigpodroponedinu (HFO)”. s
['®Y BcTanoBmoeThesi MakcuMaiibHa Mexka GPW=1950. L1i BuMoru BiTHOCSTBCS J10
CUCTEM 3 Macol0 3alpaBKU OUIBII HIXK 3 KI' XOJIOJI0OAreHTy, ajie He 3aCTOCOBYIOThCS
710 aBTOHOMHUX XOJIOIMJIBHUKIB, MOPO3HILHUX KaMep 1 JIboJoTeHepaTopiB [6].

Opnak, ciij maM’sTaTh, 1o BorHeHeOe3neuyHi xomogoareHTH (A3 1 A2 3rimHO 3
knacudikamiero ASHRAE) 3a00poHEHO BUKOPUCTOBYBATH B CYJHOBOMY XOJIO/IUIIb-
HOMY OoOJajHaHHil [6]. €1uHUNM roproYuil X0JI0J0areHT, MO JA03BOJICHO BUKOPUCTO-
BYBaTH y CYJHOBOMY XOJIOJAWJILHOMY OOJIa/IHAHHI 11€ aMiakK.

B Tabnuii 1 HaBeeHO OCHOBHI XOJIOAOAreHTH, SIK1 Ha ChOTOJIHI MOYKHA BUKOPH-
CTOBYBaTH y CYJIHOBOMY XOJIOAWJILHOMY OOJaJHAHHI: 1I€ XOJIOAOAreHTH, K1 BiJIHO-
cateed 1o kinacy 0esneku Al 3a ASHRAE (okpim aMiaky, sSikMid TaK0X J03BOJIECHUIN
JI0 3aCTOCYBaHHS Ha CyJIHaX), 030HOOE3MeuH1 Ta Taku, 1o MatoTb GWP menmn Hixk
2000. logaTkoBO HABEACHO JIBA XOJIOAOAr€HTH HOBOT'O MOKOJIIHHS 3 AY’KE€ HU3BKUM
GWP, ane siki € «X0n0/10areHTaMH 3HIKEHOT MOKEKHOI HEOE3MEeKH 3 MaKCUMallb-
HOTO MBUAKICTIO TOPiHHS < 10 c™m/c (kmac 6e3mexku A2L 3a ASHRAE)
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Ha croroani y mpakTHili 3aMiHU XO0J010areHTiB 3 BucokuM GWP (mampuxnar,
R404A) y cynHoBoMy oOJlaJlHaHHI TE€pEeBaXKHO BHUKOPUCTOBYEThC R407F
(R32/R125/R134a 30/30/40%). He3Baxatoun Ha BigHOocHO Bucokuii GWP=1670,
croroani R407F npononyeThes sik ocHoBHA 3amiHa R404A ta R407C y cynHoBoMy
XOJIOIUIILHOMY 00J1aJHaHH1 0€3 HOro MOJEepHI3yBaHHS, 10 € BAXJIMBUM aCIEKTOM.
Take 3nauennss GWP BignoBizjae cyyacCHUM BHMOTaM J0O XOJIOJOAreHTIB Ha OOpTy
3ac001B MOPCHKOTO Ta BHYTPIIIHBOI'O BOJHOTO TPAHCIIOPTY, 3a3HAYEHUM BUIIE. AJle,
CJIiJT BIA3HAYUTH, IO JJI HOBOTO MapOKOMIIPECIITHOTO O0MaHaHHS CIif Mia0upaTH
XOJIOMIOATeHTH HOBOTO TOKOMiIHHS 3 HU3bkUM GWP (o BigmoBigae BWMoOTram
Kiranscbkoi monpaBku 10 MoHpeaabChKOTO IPOTOKOTY), TOMY 110 B MAOyTHBROMY
OYIKYIOThCS O1TbIII cyBOpi BUMOTH 10 GWP X051010areHTiB.

Yepe3 HEMOXKIIMBICTh BUKOPUCTAHHSA B CyJHOBOMY XOJIOJAWJIbHOMY OOJagHaHH1
MOXKEKOHEOe3MeyHnX poOoUnX pivH (OKpiM amiaky) BHOIp XOJOJ0AareHTiB 3 HU3b-
kuM GWP nocutbh oOMekeHuil: 11e X0J0J0areHTH HOBOT'O MOKOIHHA (T11podTopo-
nedinn), Taki sk R1233zd(E), abo R744 (CO2) ta R717 (amiak)— tabn. 1. IIpo6Gie-
Ma y TOMY, L0 JJisl HU3bKOTEMIIEpATypHOTO 3aCTOCYBAaHHS HEMAE aJbTEPHATUBHOIO
xoJonoareHTy 3 ayxke HusbkuM GWP (oxpim CO2 Ta amiaky). [lepcriekTuBHUMH €
R1234ze(Z) ta R1234ze(E), ane BoHM MawoTh kinac Oesmexku A2L — «cmabko-
3aiiMicTi». OUKyeTbCs MEPEryisiIaHHs BUMOT /10 XOJIOIOAr€HTIB Ha CyAHAaX B CTOPO-
HY JI03BOJIy 3aCTOCYBaHHs «CJ1a0K03aliMICTUX» PEUOBHUH (Taka TEHJEHLIS BXKeE CIIO-
CTEPIraeThCs CTOCOBHO 3aii3HUUHOrO TpaHcnopty y €C ne y 2022 p. posrasganocs
MUTaHHS JT03BOJY BUKOPHUCTAHHS XO0J0J0areHTiB kiacy A2L). B [6] Takox Big3Ha-
Ya€eThCA TEPCIEKTHUBA BYIJIEBOAHIM (Kiac A3) sk adbTepHATUBHUX XOJIOJOArcHTIB
IUTSL CYZTHOBOT'O 3aCTOCYBAHHS.

CO2 sk X0JIOJOAreHT Ma€ BEIUKI MEPCHEKTUBHU JJIsi TPAHCIIOPTHOTO XOJOIUIb-
HOTO 0OanHaHHs [7]. Mloro mepesaroio € HU3bKa BapTiCTh, JOCTYITHICTh HAa PHHKY.
Opnnak yepe3 Bucokuit Tuck CO2 o6yaiHaHHS Ma€ BEJIMKI MacorabapuTHI XapakTe-
puctuku nopiBHsHO 3 oomanHanuaMm Ha HFC. Kpim toro, o6nannanns na CO2 mae
OaraTo BIIIMIHHOCTEH Ta OCOOJMBOCTEH y KOHCTPYKIIi, III0 € TEMOI OKPEMHX J0-
CJIIIKEHb.

Awmiak (R717) BUKOpPUCTOBYETHCS TIIBKM Ha CIEMIaiI30BAaHUX CYyJIHAX JJIs
oOnagHaHHS BEITUKOI MOTYXKHOCTI 3 JOTPUMAHHSM MEBHUX Mep Oe3mneku. Amiak He
BUKOPHUCTOBYETHCA Yy XOJIOAWJIBHOMY OOJaJHaHHI Majoi MOTY>KHOCTI (XOJIOAWJIbHI
MalllMHU MPOBI3IMHUX KaMep Ta CYJHOBI KOHJIUIIOHEPHU MOBITPS HA TOPTIBEIbHUX
Cy/lHaX), TOMy HE MOXXE PO3IJISAaTUCA SK YHIBEpCAJIbHUN XOJOJ0areHT, ajie, Ha
JTYMKY aBTOpIB, TaM JI¢ MOXJIMBO, JOIIJIbHO BCTAHOBJIIOBATH caMe aMmiayHe 00Jiaj-
HaHHS, a He oOnaaHaHHsA Ha [DY abo CO2, ToMy 1m0 caMme amiak 3a0e3neuye
BIJIMIHHI €HEpreTUYHI XapaKTePUCTUKU XOJOAUIIbHOT MAITMHU.
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Tabmums 1 OcHOBHI X0JI0/10ar€HTH, IEPCTICKTUBHI JIJIS1 3aCTOCYBaHHS y CY/I-
HOBOMY XoJioamiibHOMY 00agHanHl ¢ GWP<2000 [8, 9]

WP (IP(?C Mo Hop- Kn

R HOMeED 32 K712~ 2013), xr XimiuHa JeKy- MaJlbHa Temnep | ac Gesre-
cudikamiero ASHRAE CO2 (xr ¢bopmymna JSpHA Ma- | TEMIT KAIIHHS, KH 32

XO0JIOZI0- ca °C ASHRAE

areHTy)-1
R134a w O CF3CH2F o 26.07 Al
R 1234yf <1 CF3CF=CH2 |, ., 2045 | M
R12347¢(E) <1 CF3CH=CHF |, . ' 1895 |,
R1336mzz(2) 2 | e crRchscRe ) B 0.78 Al
R12337d(E) . CF3CH=CHCI | 13 18.11 Al
R717 i NH3 T 3333 | P
R744 1 co2 oL 44. 78.40 Al
407C 0 — 2 s |7 Al
407D 0 — N 394|327 Al
407E 0 — s las | s Al
407F w — L aen | ser Al
425A 0 — s laen |as Al
426A w — 6 |as | 267 Al
437A 0 — 27 lae |02 Al
4427 o — 7 laes ]300 Al
448A o — " |aso |38 Al
449A o — a0 a0 | a0 Al
4498 0 — 2 a1 a2 Al
450A , — 8.67 0 234 | 228 Al
453A 40 0 — 78 % 122|350 Al
513A ., _ on D 29.1 Al

* B noB1IHMKY [8] Hapasi HeMae iHpopmartii mpo GWP, nanH1 HaBeaeHO 3a 1H-
dbopmarliero BUpOOHUKIB

Ha cworopani, xonogoarentu R407F Oyae BUKOPUCTOBYBATHUCS MIUPOKO, 3 TIPU-
YUHU MIHIMaJIBHUX 3MIHA B KOHCTPYKIIIi CYTHOBOTO XOJIOAMIBHOTO 00JIa THAHHS
(1110 HEMOKITMBO TIPY 3aCTOCYBAHHS SIK X0JiogoareHTiB amiaky ta CO2). YV moganb-
IIOMY, a AYMKY aBTOpiB, Oy/ie OUIbIIe 3’ ABIATUCS HA PUHKY CYTHOBOT'O XOJIOIUIb-
HOTO OOJaHAHHS Ha XOJI0J0areHTax HOBOro MOKoJiHHs, iepir 3a Bce CO2. Tax,
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BKE MPOMOHYIOTHCS XOJOAMIbHI MAllIMHU 1711 peproHTeiinepiB Ha CO2. Axe,
OUIKYIOTBHCSl 3MIHU Y BUMOTaX JI0 XOJIOJOAT€HTIB, K1 MO’KHA BUKOPUCTOBYBAaTH Ha
oopty cynHa. TakuMm YMHOM, Ha TyMKY aBTOPIB, XOJI0I0areHTH 3 cepii riapodTopo-
nediniB (Taki sik R1233zd(E), R1234ze(E) — tabm. 1) 3 BeIUKOO J10J1€10 HMOBIp-
HOCTi Oy/1yTh I03BOJIEHI /IS CyHOBOTO XOJIOAUILHOIO 00IaJHAHHS. [X BUKOpH-
CTaHHs He OyJie moTpeOyBaTH 3MIH B KOHCTPYKIIIi MapOKOMIPECIMHOT MalluHu (Ha
BiaMiny Bij CO2), ane OyayTh MOTPIOHI J0IaTKOBI 3aX0/I1 MOXKEXKHO1 Oe3neku. I o-
JIOBHMM HEJIOJIKOM YCIX TiapodToposiediHiB Ha ChOTO/IHI € BUCOKA BapTiCTh. AJe ixX
BJIACTUBOCTI 100pe BuBYeHi [8, 10], a omyOikoBaH1 TOCTIKEHHS MOKa3yIOTh TIEp-
CIIEKTUBH iX BUKOpucTanus [11, 12].
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YK 621.574
Koucraurinos O.1., Xaiea O.41.
Harionanpauit yHiBepcuteT “Onecbka MOpPChKa akaaemis”,
CxeMHe pillIeHHSI CYTHOBOI €KEeKTOPHOI X0J0AWIbHOI MAIIMHH 3
TEPMOAKYMYJIATOPOM /IJISl CHCTEMH KOHIUIIIOBAHHSA MOBITPA

MeTtoto 1anoi poOOTH € Po3poOKa CXEMHOT'O PILIEHHS CYJHOBOT €KEKTOPHOI XO-
noaunsHO1 Mamau (EXM) 3 TepMoakymMyliaTOpoM, sika MpaIioe 3a paxyHOK BUKO-
pPUCTaHHS TEIJIOTHU TEIUIOHOCIS KOTJa-yTUiIi3aTopa Ta 3a0e3neuye 3HayHy eKOHOMIIO
€JICKTPOEHEPTii Ta CKOPOUYEHHS BUKHUIIB MAPHUKOBHUX Ta3iB MOPIBHSHO 3 TPaJMIliii-
HOIO CYJTHOBOIO IMAPOKOMIIPECIHHOI0 X010 AuabHO0 MamrHowo (ITKXM).

3a nmpororunom EXM Oyna npuiiHaTa ogHocTyneHeBamammHa [13] ¢ KOHIYHO-
HATIHAPUYHUM €XEKTOPOM. 3a pPAaXyHOK BCTAHOBJICHHSI JIBOX E€XEKTOPIB PI3HOI
koH(pirypamii [14] cxema EXM Oyna aganToBaHa IiJi CyJJHOBE 3aCTOCYBAHHSI, SIKE
XapaKTEPHU3y€e€ThCsSl 3MIHHOIO y IIMPOKOMY I1HTEpBaJl TEMIEPATYPOIO KOHJEHCAIlli
XoJiofoareHTy. B nonepennboMy aociipkeHH1 aBTopiB [ 14] BigzHavyanocs, 1o oJHa
3 ipobsemM pobotu cyaHoBux EXM € HepiBHOMIPHICTh 110/1a4l BTOPUHHOI TETIOTH.
BrnpoBamkenHss tepmoakymynaropay cxemy EXM nonomoxke BHUPIIIMTHLIIO IPO-
OseMy Ta IpuU3BeAe JOCKOHOMIINaIMBa.

VY naniit poOOTI OIIIHIOIOTHCS TEXHIYHI MOMJIMBOCTI BUKOPHCTAHHS TEPMOAKY-
MyJIsITOpayuIsl 3a0e3MeueHHsl TeIIoBo eHepriero cyqHoBoi EXM min yacnepeOy-
BaHHs Cy/iHAy MOpTy. B gK0CTI TepMOaKyMy 1toBajbHOI pedOBUHU OyB 0OpaHuil Ma-
Tepian 3 ¢azoBum nepexonom (M®DII), 3 npuyrMHU BUCOKOT TEPMOAKYMYITIOBATLHOT
3JIaTHOCTI Ha OJUHUII0 00’ emy MaTepiany. Ha puc. 1 mokazane cxematuuHe pilieH-
Hsl 3aITPOIIOHOBAHO1 CUCTEMM.

OcHoBHa BiamiHHICTE EXM Big [TKXM, siki ChOTOIHI IIMPOKO 3aCTOCOBYIOTHCS
Ha CyJHaX, MoJisira€ B TOMY, 110 3aMiCTh KOMIIPECOpa, SIKUM CIIOKUBAE EJIEKTPOEHE-
prito, BCTAHOBIIOETHCS TEHEPATOP MAPH, B AKOMY XOJIOJ0AreHT KUIUTh 32 PaXyHOK
TEIJIOTH 3 KOTJa-yTUI13aTOpa, 1 €XKEKTOp, IKUi BUKOHYE PoJib Kommpecopa.Bin no-
BHOI 3aMiHM Ie€HepaTopa Ha TEPMOAKYMYJIATOPOYIO NPUUHATO BIIMOBUTHUCA 3 Ha-
CTYIHMX MPUYHH. 3 MPUIMHU HU3BKOTO KoedirieHTa TemioBiaaaydi Big M®OII qo xo-
JIOJIOAT€HTY B PEKUMI PO3PSAIKA TEPMOAKYMYJIATOPA, TUIOIIA TETUIO0OMIHHOT OBEP-
xH1 Oyze myxe Benukoro. [le B cBoIo 4epry mpuBene 10 30UIbIIEHHS T1APaBIIYHAX
BTpAaT B XOJIOAWILHOMY KOHTYpi. ToMy Oyio mpuiHATO pillieHHS 3a0€3MeYUTH CyMi-
CHY poOOTy TeHepaTopa 1 TepMoaKyMyJisiTopa. Takuii maxig He 3MOXKe 3a0e3NeUnTH
MOBHICTIO aBTOHOMHY po6oTy EXM B mopty, ToOTO BoHa Oy/e MaT mOTpedy B Te-
IJIOT1 BiJ] JOTMIOMIXKHOTO KOTJIA, ajie MPUBEJe 10 3HUKEHHSI HABAaHTA)KCHHS Ha TreHe-
paTop mapH i, Ik HacJiJIoK, 10 EKOHOMII MaJuBa.

Hwxue onucano aBa pexumu podbotu 3anpornoHoBanoi EXM 3 tepmoakymyiis-
TOPOM.

Peosicum 1 — 3apsoxka mepmoaxymynamopa (cyouno é mopi). EXM mpairtoe, BUKO-
PUCTOBYIOUM TEIUIO TEIUIOHOCIS BiJ KOTJIAa-yTHii3aTopa. TeMIoOHOCIA Bij KOTJIA-
yTHIII3aTopa MOJAEThCA OJHOYacHO Ha poooTy EXM (B reHeparop mapu) i Ha Tep-
MOAKyMYJISITOP JUJIsl OTO 3apsAaku. Y TePMOAaKyMYJIATOPITEIJIOHOCIH BiA1a€ TEIIOTY
M®OII, saxuit Mmae TeMriepatypy IUIaBICHHSI HUXK4YE TeMIepatypu TeruioHocis. Komu
Becb M®DII po3miaBuThCs 1 HOro TeMieparypa HoYHe IMiBUITYBATUCSA, TOAa4a Tel-
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JIOHOCISI B TEPMOAKYMYJISITOP MPUITHHSIETHCS. 3apKEHUN TEPMOAKYMYJIATOP MOXKE
JIOBTO 30epiraTvl TEIJIOTY 3a PaXyHOK KOMITAKTHOI KOHCTPYKIIii Ta HAsTBHOCTI TEILIO-
BOI1 130JIA1LI1].

Peosicum 2 — PO3PAOKU

TEensIoOHOCIN 3 KoTna-yTunisatopa —p—
mepmoaKymyasamopa (cyoHo 6 nopmy).

TepMoaKkymynsTop Fl 5 [Iparroe JIOTIOM>KHUH KOTEII.
e \% XonogoareHT (Becb ab0  YacTKOBO),

\C r— 0 i MPOXOJUTh Yepe3 TEPMOAKYMYIISITOPTA

Y B 6 KUIUTH NPU OUTBIIT HU3BKIN TeMIiepaTypi,
X reHepaTop % HDK TemmepaTypa 3arBepiainas MOIL Y

X I i R - BN reHepaTop MapamnojaeTbcs TETUIOHOCIH
Yy BII JONOMDKHOIO KOTJIa B MEHIIIN

Y KUTBKOCTI, HIK KOJM BIH TMpalioe Bij
| exextopn KOTJIa-yTuiizaropa. Akio
— 1 BUKOPUCTOBYETHCS MOCJI1JIOBHE
[7] S .
?%’ % NIJKIIOYEHHS  TEPMOAKyMyJSITOp — —
KOHOEeHCaTop X )
D> reHepaTop Imapa, TO BOJIOTMH map
& (C 9 b4
P 3 $ XOJIOJIOAreHTY JIOKHUIIA€E B
) pecusep re’epaTopi. JKiuo BUKOPUCTOBYETHCS
il napajieJbHe 1 KTFOUYEHHS
Hacocn @ @ X
2 ! PR TEPMOAKYMYJISITOP — reHeparop,
Y) " XOJIOJI0areHT IUIMTBhCS Ha JIBa IOTOKH,
= OJIMH KWMHUTh B TEPMOAKYMYIITOPI,
il IHIIMA - B TeHepaTropi, MOTIM BOHU
BANAPHK- 3MINIYIOThCS. SIKuil BapiaHT poboTH €

NoBITPSIOXONOAKyBaY . X .
61.]]]5]]_[ AJOLHUJIBHUM HAJICKUTHh HOCIIAUTU

Pucynok 1. Ilpunimnosa cxeMa 13 BU3HAYUTH B HOJAnbuIoMy. Komu Best

CYAHOBO1 €KCKTOPHO1 XOJIOANUIIEHO1 TeHHOTaM(DHB)Ke HepeﬂaHa

MAIIHITH 3 TEPMOaKyMysATopoM XOJIOJJOAare€HTy, TMOTIK  XOJOJOAareHTy
NEePEeKIIIOUEHUI Ha TeHepaTop.

[IpoanainizyBaBIM OMJISIIOBI POOOTH 3 MOXKIJIMBHX KOHCTPYKIIT TEPMOAKyMYy-
nstopiB[ 18, 19] Oyno BusiBIEHO, 110 OUTBIITICTH 3 HUX MPU3HAYEH] JIJIS1 TOTOKY OJHO-
ro TEIJIOHOCISA. Y 3amporoOHOBaHOMY cXeMHOMY pimeHHI EXM 3 tepmoakymynsaro-
pOM rapsuuii TeroHociit 0yae HarpiBatu M®II, a xonogoareHT Oyne 3adupatu BiJ
MOII Tennory. ToO6TO, TEpMOAKYMYJISITOP TOBUHEH MaTH JIBa KOHTYPH ISl TETIO-
HOC1iB. HaltO11b111 paifioHaIbHOIO 31a€ThCS KOHCTPYKIIis, sKa OyJia 3alporoHOBaHa
y po6oti [20]. Bona 1 Oyna npuifHsTa 3a npoTtoTuntepMmoakymynaropamias EXM -
puc. 2.

Bubip MO®II ana TepMoakymyasiTopa I'PYHTYBaBCsl Ha MOTO JOCTYITHOCTI Ha
puHKy. Sk M®II 6yB obpanuii qumerunrepedranar (DMT, CioH1004), sikuit mae
TemriepaTypy miaBneHus 142 °C, entanpritodazoBoro nepexoay 170 Jx/r, rycTuny
omm3pko 1,2 r/cm®, a Takok € HETOKCMYHOKO PEYOBHHOIO i BUPOOJIAETHCS B IIPOMHUC-
JIOBUX MaciTadax /st XiMI9YHOT MPOMHCIOBOCTI [21].
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Pucynoxk 2. IIporotur TernaooOMiHHOT TOBEPXHI TEPMOAKYMYIISATOPA TS IBOX TETIOHOCITB
[20], 1 KOHCTPYKLIS 3aHYPIOETHCS Y TEPMOAKYMYJIIOBaJIbHUI MaTepian 3 (ha30BUM M1EPEX0/I0M,
SKHAW 3aJIUTUNA Y KOPITYC TEPMOAKYMYJIATOpA

XonogoareHty

[TpuitHsATe TEXHIYHE PIMICHHS TEPMOAKYyMYJISITOPA, 3JAETHCS PaIllOHATHHUM.
Opnak aBTopu 6avath HacTynHy npobsemy. Koedimient remosignaui Big M®OII no
TpyOOK OyJie 1ICTOTHO HMXKYE, HIXK BiJ XOJIOJAOAreHTYy II0 KUIUTh yCEpeauHl TPY-
060k.B poboti [22] koedimienT TemmoBignadi Big M®PII 1o moBepxHITEIII000MIHY
TEPMOAKYMYJISITOPAB PEKUMI 3apsiIKH U PO3PSIKA BapitoBaBcs B iHTepBaii 5—250
B1/(M?-K), 110 € HU3BKMM 3HAYEHHUM IS TEII00OMiHHMKIB. Haliripmoro iHTeHCHB-
HICTh TertonepeHocy Oyne mig yac 3aTtBepaiHHs M®II. [TocTtynoBo HaBKOIO Tpy-
OOK 13 KHUIUIIYMMHU XOJIOJOAreHTaMu Ta Ha peOpax OyJe yTBOPIOBATHUCA TOBCTHIA
mrap tBepaoro MO®II, TemnonposiaHicTs sikoro Husbka.Ha nymky aBropis, me €
HaMOLIBIIO MPO6IEMOI00OPAHOT KOHCTPYKIIT TepMOaKyMynsTopa. 1l BupimeHHs
MOKJIMBE 32 PaXyHOK CTBOPEHHS PO3BMHYTOI MOBEpPXHI TEII000MiHYy (pebpa), ane
BeNIMKa JOBKMHA TPYOOK IO XOJIOFOAreHTy HebakaHa 3 TOUKH 30PY 301IbIICHHS Ti-
JpaBJIIYHUX BTpaT. Bapiantamu pimeHHs: MOXe OyTHUI01aBaHHS! HEBEJIUKOI KIJTbKOC-
Ti BYTJICIEBUX HAHOCTPYKTYp a00 MeTajeBOi BaTH IS MIJABUIIECHHS TETUIONPOBII-
Hocti M®II[10-12].

Ha nymky aBTOpiB, 3ampornoHoBane TexHiyHe pimeHHs EXM 3 tepmoakymysisi-
TOPOM JAOIIJIBHO BIPOBAKYBAaTH Ha CyJHAX 3 KOPOTKUMHU MEPEXOJAAMH 1 9aCTUMHU
3axoAamMH B IOPT (KOHTEHHEPOBO3H, MACAKUPCHKI CYAHA).

Ha ocHOBI npoBeAieHOr0 MONepeHbOr0 aHaji3y aBTopaMu cpOpMyJIbOBaHI 3aB-
JaHHs, K1 TOTPeOYIOTh MOJANIBIIOT0 BUPIIIECHHS:

- mpoaHaimizyBatu 3a jgonoMororo CFD mojnentoBaHHS KOe]illlEHTH TEIJIOBII-
Jadl Ipu 0XoJ0KeHH1 Ta 3aTBepAiHHl M®II(yucToro Ta 3 qoMIIKaMyU HAHOCTPYK-
Typ) B TEPMOAKYyMYJISATODI;

- BUPIIIUTH 3aJady ONTHUMI3allli Maco-rabapUTHUX XapaKTEPUCTHK TEPMOAKY-
MYJISTOPAJIS PI3HUX TUITIB CYJICH 3 PI3HOIO0 TPUBAIICTIO PEUCIB 1 CTOSHOK Y TTOPTaX;
K KPUTEPIM ONTUMI3aIl] aBTOPU TUIAHYIOTh BUKOPUCTOBYBATH MTUTOMI BUTPATH Tla-
JuBa HA BUPOOJIEHHS oauHuUIll Xoimoay EXM, Ta muToMi BUKHIY TApHUKOBUX Ta3iB
HA OJTUHUIIIO XOJIOAY.

- OI[IHUTH palliOHAJbHY YaCTKy TEIJIOBOTO HABAaHTA)XCHHsS TI'eHepaTopa mapa-
EXM, sika Moxxe OyTH 3aMiHEHa TEIJIOM BiJl TEPMOAKYMYJISTOpa ISl PI3HUX THITIB
CYJIEH 3 PI3HOIO TPUBAJIICTIO PEUCY Ta CTOSIHKH B IIOPTax.
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Vnonariii B.b.,
HarionansHuit yHiBepeutet «Opechbka MOpPChbKa akaieMis»
IIpouecu gecyabdypanii: ocTaHHI po3po0OKH Ta BIOCKOHAJIEHHSA
AHortamis.BnpoBakerss O1abin cyBopux npaBuil IMO 11010 BUKHIIB 3 CY-

JIEH MPU3BOJUTH JI0 TOIIYKY HOBUX PIIICHb, BKIIOUAIOUM 1 JeCylb(yparito AUMO-
BUX Tra3iB. CkpyOepH 3 MOPCHKOIO BOJOIO € €(PEKTUBHUM IHCTPYMEHTOM IS BHJIa-
aerHs: SOX 3 IMMOBHUX Ta3iB Ha CyAHAax, Xo4a po3uyMHHICTH SOX y MOPCHKIN BOI1
HWKYa, HDK Yy TPAIUIIAHUX MeTofax. IcHye Takox 6arato oOMekeHb, K1 CIil Bpa-
XOBYBAaTH MPHU PO3IIIAAI MUTaHb Aecyibdyparii. Y il cTaTTi po3risiialoThes 1CHY-
104l KOH(QIrypauii CUCTEM CIPKOOYMILEHHS 1 MOXJIMBI BaplaHTHU MOKPAILEHHS MpO-
OYKTUBHOCTI IIPOLIECY.

Ki1r04oBi c1oBa:eKoJIOTi4HI HOPMH, TIpoIiec Aecylbdyparlii, MOPChKi CKpyOepH,
BIIMpaIibOBaHi ras3u.

Udolatii V.B.,assistant
National University «Odesa Maritime Academy»
DESULPHURIZATION PROCESSES: RECENT DEVELOPMENTS AND
IMPROVEMENTS
Annotation. The implementation of stricter IMO regulations on ship emissions
is leading to the search for new solutions, including flue gas desulphurization. Sea-
water scrubbers are an effective tool for removing SOy from flue gas on ships, alt-
hough the solubility of SOy in seawater is lower than in traditional methods. There
are also many limitations to consider when considering desulphurization. This arti-
cle discusses existing desulphurization system configurations and possible options
for improving process performance.
Keywords:ecological standards, desulphurization process, seawaterscrub-
bers, exhaust gases.

OcTaHHIMU pOKaMU JOKJIAJATUCS Y3TOKEeH1 3yCUIUIS 31 CKOPOUYEHHSI 1 PeryJito-
BaHHsI BUKHJIIB, CTBOPIOBAHUX CYTHOTUIABHUM CEKTOPOM. TEXHOJIOTii CKOpPOUYEHHS
BUKHUIB MOKHA PO3JAUIMNTA HA TPU OCHOBHI raiy3l: TEXHOJOrIi B JABUTYHI, TE€XHO-
JIOT11, TIOB'SI3aH1 3 MaJIMBOM, 1 TEXHOJIOT1i OYUIIIEHHS BUXJIOMHUX Ta3iB. Jl0 OCHOBHUX
KOMITOHEHTIB BUXJIOMTHUX Tra3iB AU3EIbHUX JABUTYHIB Hanexarh N2, 02, H20, CO,
CO2, SOx, NOx,ByrneBoaHi Ta TBepai 4YacTKU[S].biibIicTh TEXHOIOTINH CKOPOUYECH-
HS BUKHIIB TOB's3aHi 3 BukugaMu NOx 1 SOX yepe3 iX MIKIVIMBUN BIUIMB Ha
MOPCBHKE CEpEeIOBUIIIE.

Jlnst epeKTUBHOTO KOHTPOIO BUKUAIB SOX KUTTE3NATHUM BapiaHTOM € Jie-
cynbdypartis agumoBux rasiB ([JII'), OCKUIBKH MOKpi MPOIECH CTAHOBIATH IMPHU-
o6mm3Ho 87 % mpoleciB, sIKi BUKOPUCTOBYIOTHCS B YChOMY CBITI [7]. YCTaHOBKH 3
necynbdyparii JTMMOBHX Ta3iB IMIMPOKO BUKOPHCTOBYIOTHCS IS yioBIMOBaHHS SOX
AK 3 HA3eMHUX CTaHIlM CHamioBaHHS, TaK 1 3 BHUXJIOMIB CYAHOBHUX IU3EIbHUX
IBUTYHIB. MOpCchKa BO/Ia BBAXXAETHCS y:Ke MPUBAOIMBUM a0COPOCHTOM 3aBIISKH ii
PUPOJIHIN JIyKHOCTI Ta JOCTYITHOCTI.
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YunaHai HOpMU 10110 BUKUAIB SOX Mopcbkoro Ttpancnopty (IMO Marpol) cra-
I0Th BCE O1JIBII JKOPCTKUMH 1 BUMArarTh MiABUIIECHHS e(EKTUBHOCTI CIpKOOYHUIIICH-
HS 1, B TOM K€ Yac 3MEHIIICHHS PO3MIPiB YCTAHOBOK, OCOOJIMBO JIJII MOPCHKOTO (hj10-
Ty, JI€ POCTIP Ay>Ke oOMexeHui [1].

Ckpy0Oepy, Skuil € OJIHI€I0 31 cTpaTeriii 60poThOU 13 3a0pyJHEHHSAM JOBKIJUIS,
3a3BUYail HA/alOTh TepeBary, OCKUILKHA BiH Ja€ 3MOTY CyJIHaM IpAIfOBaTH 3 MEH-
MM BUTpaTaMH Ha TMajbHE, BUKOPHUCTOBYIOUM BaXKKE MajbHE 3a YMOBU JOTPH-
MaHHS 0OMexeHb moA0 SOX. BinnoBigHO A0 OO 3pOCTaHHS KUTBKOCTI CKpyOepiB
Ha CyJIHaX MPOJEMOHCTPOBAHO HA PUCYHKY 1.

3ATAJIBHA KIJIBKICTh CYJIEH 31 CKPYBEPOM PO3IIOJILT 3A TUITAMI CKPYBEPIB
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Pucynok 1 — 3poctaHHsl 3arajibHOI KUTBKOCTI CyJieH 31 ckpyOepamu[4]
Sk moka3zaHO Ha PUCYHKY 2, CKpyOepu MOAUISIOTHCS Ha ABI KaTeropii: cyxi Ta
MOKpL.Y LIl poOOTI pO3MIsAAIOTECA TUIBKKM MOKp1 cKpyOepu. EdexTuBHICTh BHaa-
neHHst SOX MO)Ke BapitoBaTUCS 3aJICKHO BIJ] TUITY CKpyOepa.

MopchKi ckpydepn

1
| 1

[Moxpi ckpybepn| Cyxi ckpybepn
|
| 1 1
3aMKHYTHIl Tiopuani Bigkpurmit CKpydepH 3 Bon-
DHKI cKpyOepn THO HAHOTO IPAHY.ATY|

CkpybepH, o BHKOPHCTOBYWTH
TUTBKH MOPCBKY BOJXY

CkpydepH 3 JeKiTbKoMa BapiaHTAMH PoGoTH:
3 MOPCBKOI0 TA OPiCHOI0 BOJI0KY

Pucynok 2 — Knacudikaiiiss MOpCbKHX CKpyOepiB 3a IPUHIUIIOM pOOOTH

KoHcTpykiiii MOKpUX CKpyOepHUX CUCTEM ICHYIOTh Y TPhOX KaTETrOpisiX: BIIKPH-
TOTO MUKy, 3aMKHYTOT'O KOHTYpY Ta TOpUAHI. Y CHCTEMI 13 3aMKHYTUM KOHTYPOM
BUKOPUCTOBYETHCS XIMIYHO 00pOOIICHA MPiCHA BOJIA, TOJII SIK Y CUCTEMI 3 BIAKPUTHM
KOHTYPOM BHUKOPHUCTOBYETHCS MOPChbKa BOJIA, SIKa MOJAETHCS 3 OKEaHy 1 KOHTAKTYE 3
Buxjomanmu Tazamu (BI') mepen ckumanusam B atMocdepy. JlyxHicTh, BiracTHBa
MOPCBKIN BOJII, BAKOPUCTOBYETHCS AJiA MoruHaHHS SOX. 3a 3aMKHYTOTO LIMKITY BO-
1a 31 CKpyOepHOi Bexi 30MpaeTbest 1 peuupKyitoe. JIy)KHY pedoBUHY, TaKy SK
rigpokcust HaTpito (NaOH) abo rigpokcun maruito (Mg(OH)2), nonaioTs y nupKy-
JIOI0YY BOJY JUIsl TIJBUILEHHS JIy>KHOCTI Ta po3urHHOCTI SOX. NaOH € cunbHuUM
€JIEKTPOJIITOM 1 MOXKE JIETKO PO3YMHATHCS y BoJi. 3 iHIIOoro 6oky, Mg(OH)2 nure
cnabo po3YMHHUM, TOMY HE NMPU3BOAUTH A0 pi3Koro miaBuiieHHs pH po3zuuny. [pu
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BukopuctanHi NaOH, micia ckpyOepa He yTBOPIOETHCS TOKCUYHUM MPOAYKT, TOMY
YCTaHOBKA OYHUIICHHS CTIYHUX BOJ BIIHOCHO MpocTta. OnHaK po34yuH 3 BUcOkuM pH
HMIKIJUTUBUH JUIsl TpyOOIipoBoiB 1 arperaTiB. Ha Biaminy Big 1iporo, Mg(OH)2 menm
IIKIIJTMBUE JJISI CUCTEMU, ajie HeOOX1THUM JOJIaTKOBUN MpoIec 0OpOOKH BIJIXOIIB,
OCKUJIbKH YTBOPIOETHCA TOKCHMYHA PEYOBMHA - CyIb(MIT MarHito. bijblia yacTuHa
BIJIMPAaIbOBAHOI1 CyCHeH31i Ta BOJU 30epiraeThbcsi B pe3epByapi B 3aMKHYTOMY pe-
KHMI, y TOM Yac K 1l CKMJIalOTh B OKEaH y peXuMi BiAKpuToro mukiay.HopmarusHi
akTh OOMexXyloTh pH CTIYHMX BOJ, MO CKUAAIOTHCI MOPCHKUMH CyJAHAMHU.
MinimanibHO momyctumuii pH ckumy cTaHOBUTH 6,5 Ha BiACTaHi 4 METPiB BiJl TOUKH
BUKHIY 32 OopT. Ha pucynky 3 cxeMaTHYHO MOKa3aHO PI3HUIIO0 Mk poOOTOIO 3
PO3IMKHEHHUM 1 3aMKHYTUM KOHTypaMu. SIK mpaBuiio, poOOTy 3 pO3IMKHEHUM KOH-
TypOM BUKOPHUCTOBYIOTh y BIJIKDUTOMY OK€aHI, a poOOTYy 13 3aMKHYTUM KOHTYPOM
BUKOPUCTOBYIOTh y MpICHIA a00 HEIOCTaTHHO COJIOHIA BOAL, JI€ JIY>)KHICTh 3amaja
a00 sKIo MoTpiOHE HyIboBE CKuAaHHA.CKpyOepH 3 BIIKPUTUM KOHTYPOM € HaWIIO-
MYJSIPHIIITUMHY, Ha 1XHIO Y9acTKy Ipuraaae 0au3bko 81% ycix ckpybOepiB (PUCYHOK
1). JloBeaeHo, 110 CyHOIIaBHI KOMMaHIi, K1 MalOTh CyXOBaHTa)1, KOHTEHHEPORBO-
3M Ta TaHKEPH, OTPUMYIOTh OUIBIIIY BUTOJY BiJl BCTAHOBJICHHSI CKPYOEpiB Ha CBOiX
CyJlHaXx.

Mopceka Boaa Buxix razy
™ IIpomec >
Bux1omnmi ram OTHIMEHHS | Criupi pon
e
(a)
JIyr
Em—
Mopcbka Bn;m‘r N ‘ Buxix rasy
» Ilponec T e
O THINEHHS S
Buxiaonmi rain m Criuni Boan
—_— -

(b)

Pucynok 3— KonnenrtyanpHa cxema (a) po3iMKHYTOTO 1 (b) 3aMKHYTOTO IIUKJIiB

IcHye nB1 KOHCTPYKITT CKpyOepiB, sIKI HAWYACTIIIE BAKOPUCTOBYIOTh Y MOPCHKUX
ymoBax: |-tun 1 U-moni6uuit tumn. [IpuHIMIOBI CXeMH IIUX ABOX THIIB CKPyOepiB
npescTaBieHl Ha pucyHKy 3. OCHOBHa BIAMIHHICTh MK JIBOMa THUIIaMU CKpyOepiB
MoJIsira€ B TOMY, 110 ckpyoep U-mogiOHOro THUITy MICTUTH y COO01 CEKIi0 Momepe-
HBOTO OXOJIOJKEHHSI, 1€ BUXJIOMHI Ta3u KOHTAKTYIOTh 13 YaCTHHOIO BOJAU (OJIM3BKO
5%) y nmapanenpaoMy nioTotii. Oxonomkeras Bl 3menmrye fioro 06'em, 1mo gae 3Mo-
Iy 3MEHIIUTH TUIONTY CKpYOepHOi cekiii. KpiM 0X0J0KeHHS raps9oro BUXIJIOMTHOTO
rasy, momepeaHiil 0X0JI0/KyBay TaKOXK Ja€ 3MOTY BJIOBJIIOBATU OUIBIIICTh TBEPIAUX
gacTok (TY). 3 uux npuuuH ckpyoepu U-Tuily, sk OpaBuiio, peKOMEHAYIOTbCS IS
BEJIMKMX MOPCHKUX CyIEH[S].
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Mopcrka Boxa Mopcbka Bota

-

Buxaonsi rasn
@ )

Pucynok 3 — (a) ckpy6ep tumy U i (b) ckpyOep tury L.

Ha pucynky 4 moka3aHO TEXHOJIOTIUHY CXeMy Aecyibdyparii 3 po3IMKHEHUM
KOHTYpoM. YuncTa MOpChKa BOJIa, 11O MOAAETHCA 3 OKEaHy, pO3/IijeHa Ha IiCTh MO-
TOKiB. HoTHpH 3 HUX CIIPSIMOBYIOTHCS B CEKIIIIO CKpyOepa, a iBa BAKOPUCTOBYIOTHCS
JUTSL IONIEPEAHBOrO OXOJIOKEHHS. ["apsiunii MOTIK BiANPAalbOBaHUX Ta3iB CIIOYATKY
KOHTaKTY€ 3 MOPCHKOIO BOJIOIO B CEKIIli MOMEPEIHHOT0 OX0JIOKeHHs. [licist cekiii
MOMEPEIHBOI0 OXOJIOMKEHHS - TOTIK CHPSIMOBYETHCS B CEKIIit0 CKpyOepa [6].

Buxigsi rass |
Crpybdep
Posranyvxyeay
ODOTOKY BOIH
_—
o3 N
Mopceka Boaa
Oxonomwernil
TOTIK rasy
—
|CTium
BOIH 3
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L Lt g - , C1iuni BOON
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OXQIOIHVEaYA
LAY
T >

Pucynok 4 — TexHosoriuHa cxema 3 BiIKpUTUM KOHTYpOM

PimnHa 13 cekiii monepeaHbOro OXOJOKEHHS 1 CEeKIii CKpyOepa 3MIITyIOThCS
pa3oM, YTBOPIOIOUHU TMOTIK CTIYHUX BOJ. Y I[bOMY MOTOILl KOHTPOJIOETHCS 3HAYCHHS
pH, mo6 miarpumyBatu pH Boau, MO CKUIAETHCS, BUINE 32 HEOOXITHE 3HAYCHHSI.
SIx mpaBwmII0, TIEpe]] CKUJAHHSIM CTIYHUX BOJ MPOBOJUTHCS eTaml po3BeneHHsA. CBiXKyY
MOPCBKY BOJY JOJIal0Th 1 3MIIIYIOTh 31 CTIYHUMHU BOJAMU JUIsl po30aBlIEHHS COJei
cipku 1 miaunieHHs pH. Hapemiti, ra3oBuii nOTIK, 1110 BUXOJIUTH 13 BEPXHBOT YACTH-
HU CKpyOepHOI CeKllli, Moke OyTH CKUHYTHI B aTMOChepy.

TexHosoriyny cxemy aecyibdyparlii 13 3aMKHYTUM KOHTYPOM IOKa3aHO Ha pH-
cyaky 5. NaOH (50% macu y Boji) 3MIIIYEThCSA 3 0OOPOTHOIO MOPCHKOIO BOJOIO
s migsuiieHHs pH 1 migsumennas po3unHHOCTI SOX. PoboTa cekiiii monepeHporo
OXOJIOJDKEHHS 1 CEKIlii CKpyOepa Taka cama, K 1 miJl 4ac poOOTH 3 BIIKPUTUM KOH-
typoMm. OnHa 3 BIAMIHHOCTEH MOJSATae B TOMY, IO TeMIepaTypa HUPKYIAIIHHOI
MOPCBHKOi BOAM MiJl 4ac poOOTH B 3aMKHYTOMY KOHTYpi BHUIIa, HDK TeMmIeparypa
CBIXKO1 MOPCBHKOI BOJU B peXuMi poOOTH y BIAKpUTOMY KOHTYpi. Llupkysmsiiiina
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MOPChKa BOJIa OXOJIOJIKYEThCS B TEIUIOOOMIHHUKY, aje TeMIeparypa 3alullacThCs
BHUIIIO0, HDK Y MOPCBhKOi Boju. TemmnepaTypa MUPKYJISALINHOT MOPCHKOT BOJIU TIepe/]
cKpyOepoMm konuBaeTbes B Alanaszoi Big 30 °C no 60 °C [7].

[— Llepsynmsien mopessa noa
LI

Py

B ras

N,
v
Crpybep
Poaramkysad noTory

> — >— 4
> HHoTa MEpeRKa 5013
oz rasm

—

Pucynok 5-TexHomnoriyna cxema i3 3aMKHYTHM LIUKJIOM
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Pucynok 6-TexHomnorigyHa cxema i3 TIOpUIHAM THUIIOM CKpYyOepHOT CUCTEMU

Pi3Hu1s MK pO3IMKHEHUM 1 3aMKHYTHM PEKUMOM POOOTH T1OPUAHOI CUCTEMHU
MOJISITa€ B TOMY, 1[0 TEMIIEpaTypHUH Jl1arla30H AJi1 poOOTH B PO3IMKHEHOMY KOHTY-
p1 3aJI€KUTH BiJl TEMIIEPATYPU MOPCHKOI BOJIM 1 JOBKULIS, @ B 3aMKHEHOMY KOHTYpI
BiH 3aJIe)KUTh BiJl YMOB OXOJIOJKEHHS CHUCTEMHU TEIJIOOOMIHHUKA JJIS LUPKYJISALT
MOPCBHKOI BOJIM, 1 TEMIIEpaTypa, 3a3BU4ail, BUIIA, HI)K Y BIIKPUTOMY KOHTYPI.

e ogHMM BaXKJIMBUM IMapaMEeTPOM € BUTpATa LUPKYJIALIMHOT MOPCHKOI BOJIH.
Ha BigmiHy BiJl pO3IMKHEHOTO KOHTYPY, MiJl Yac PELHUPKYISIII MOPCHKOI BOJU MO-
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KYTh HAKOMUYYBaTHUCS COJIl CIPKH, TOMY €(EeKT BiJ 3MIHU BUTPATH MOPCHKOI BOJIU
MOXke OYTH HEe TaKUM CHJIBHUM, SIK M1 9ac poOOTH B PO3IMKHEHOMY KOHTYPI.

[Tix gac poOOTH 3 PO3IMKHEHHM KOHTYpOM €(eKTHBHICTh BUAAJICHHS Oe3rmoce-
pPEeHBO TMOB'SI3aHA 3 BUTPATOI0 MOPCHKOI BOJIM, OCKUIBKU CaMe JIY>KHICTb, TIPUPO/I-
HUM YMHOM TIPUCYTHS B MOPCBHKIiil BOJIi, BU3HAYA€ 3/1aTHICTh MOPCHKOI BOJM MOTJIH-
Hat SOX. OfHak y 3aMKHYTOMY KOHTYpl IBHJKICTh oToKy NaOH nHacammnepen
BU3HAYa€ e(PeKTUBHICThH MOTJIMHAHHS.

KoxHa KOHCTpYKIlisS Ma€ TIEBHI MepeBark Ta HEAOIIKU 3a1€KHO BiJl 3aIy4€HOTO
oOJjasiHaHHs, CTIYHUX BOJ, IO YTBOPIOIOTHCS HAMPHUKIHII MPOIECy, OOMEXEHb BU-
KOPHCTaHHA 1 T. 1H., SIK TOKa3aHO B Taduuiil 1.

Tabmuug 1 — [lepeBaru Ta HEIOMIKU PI3HUX TUIIB CUCTEM Jecybdypari

Tun ckpy- IlepeBaru Henomiku
Oepa
- BukopucroBye MOpPCBKY BOIlY - EdbexTuBHICTD 3MIHIOETHCS
- [lopiBHSIHO TTpOCTa KOH- 3aJIKHO BiJ] JTIy’)KHOCTI MOPCBKOi
Bigiprrmii CTPYKIIisl CUCTEMH . BOJH §
— - Hemae BUMOT" 10 30epiraHHas - Benmukwii monut Ha Tipo-
HeOe3MeYHNUX XIMIYHUX PEUOBUH MUBHY BOJY
- 3HIDKEHHS OTIepaliiHuX 1 - 3anazaro Oararo 3a00poH Ha
KamiTaJbHUX BUTPAT CKHJIAaHHS CTIYHUX BOJ]
- PobGoTa He 3anexuts Bif piB- - CxutafiHima KOHCTPYKITis
H$1 JTY’KHOCT1 MOPCBHKOT BOJIU - 36epiranns HeOe3MEeYHUX
- CTiyH1 BOJAU MOXYTh XIMIKaTIB JIsl €KCILTyaTaii
3aMKHYTHH | 30epiratucs B pe3epByapax y Mexax - O6mexeHa poboTa pe3epBy-
KOHTYp JI03BOJIEHOTO 00'eMy apa aJis1 30epiraiHsi CTIYHUX BOJL
- [ToTpiGHO Ginbie oO1amHa-
HHS Ta MICIISI TSl YCTaTKyBaHHS
- binbm Bucoki onepariiiHi ta
KalniTaJgbHl BUTPATU
- 'HyukicTh B excryaTantii - Halickmaguima cucrema
(He3aneXHO BiJI perioHy eKcruryaTa- - 306epiranHs HeOE3MEYHNX
Ti6prHuii i) o XIMIKAaTIB aist eKanI'yaTaui'i
- - Cri4Hi BOJIM MOXYTh - HOTp16Ho outeIIe 00OagHa-
30epiratucs B pe3epByapax y Mexax | HHS Ta MICIIS A7l yCTaTKyBaHHS
JI03BOJIEHOTO 00'eMy - binb1n Bucoki onepaiiiiti ta
KaImiTaabHI BUTPATH

3 2010 3HaxoauThCs B €KCIUTyaTallii nepiiiid B cBiTI TiOpuaHuil ckpyOep, BCTa-
HOBJIEHUN Ha 0opT cynHa komnaHieroAalborgIndustries. 3 Toro yacy 6yno nokiaje-
HO 6arato 3ycuJiib JJIsl TOKpAIleHHsI Mpoliecy Aecyabdypartii.

3HecipyeHHs JUMOBHUX Ta3iB MOpChKow Boaoro (SWFGD) BBaxkaeTbest KUT-
TE3JATHUM PIIICHHSAM JJI 3aCTOCYBaHHS Ha MOPCHKUX cyaHax. OmHaK el mporec
Ma€ psI HEOOJIKIB, BKJIIOYAIOYM KOPO31MHY AaKTHUBHICTH aOCOpPOEHTY, HHU3BKY
3/IaTHICTh TIOTJIMHAHHS TIAPH, OCKUIBKH PO3YMHHICTH OKCUIIB CIPKH Y MOPCHKIN BOJII
HUK4Ya, HUK Yy BalHAKY, 110 BUKOPHCTOBYETHCA Yy TPAJUIIIIHUX METOJaX, 3HAUHY
BUTpaTy MOPCBHKOI BOJAM, BENMUKI po3Mmipu obnaaHanHda. Lle crmoHykae A0 MOmIyKy
MOKJIUBUX BJIOCKOHAJIEHUX KOHQITYypariil 1l MiJBUIICHHS MPOIyKTUBHOCTI MpPO-
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neciB SWFGD[2].IIponiecu aecynbdypariii MoKyTh OyTH TOKpAIIEeHI 3aBASKA BU-
KOPHUCTAHHIO OKHUCITIOBAYiB Y PO3UMHI MOPCHKOI BOJH, K1 I03BOJISIIOTH OLTBIN e(deK-
TUBHO morfMHaTH SOX 3aBASIKA OKUCITIOBAIILHUM MEXaHi3MaM,sKl MPU3BOAATH /10
yTBOpeHHs cyib(dariB. Ll TexHoyoriss MoOXke 3anponoOHYyBaTU3HAYHY EKOHOMIIO
KamiTaJlbHUX Ta EKCIUTyaTalliiHUX BUTpAT, MIO0 TaKOX MOB'SA3aHO 31 3MEHIIECHHAM
pPO3MIpY YCTaTKYBaHHS, OCKIJIbKA BUMArae MEHIIOro CoKMBaHHs Boau. OHAK, BU-
COKECITO)KMBAHHSI OKHCIIIOBAJIBHOTO peareHry, norpedye o00B’sI3K0BOI ONTHUMI3aIlii
roro mo3yBaHHA.Kibka BJIOCKOHAJIEHUX CHUCTEM Jecyibdyparlii, siKi HEI[0IaBHO
HAJIUIUIA B €KCIUTyaTaIlilo Ta OJJHOYACHO 3aJ0BOJLHSIOTh HOPMATUBHUM BHMOTaM,
MalTh BHCOKY ©(EeKTHBHICTH 1 € JIOCUTh KOMIAkTHHUMH. Kommanis
MitsubishiHitachiPowerSystems, Ltd. po3po6una npsmokytHy cuctemy FGD, mio
JI03BOJIMJIO TIOKPAIUTU CXEMYy YCTaHOBKH, a kommnaHis HanbalMasstechLtd 3ama-
TEHTyBajJa KOMIAaKTHI, THY4YKl YCTAHOBKU MNPSIMOKYTHOI ()OpMH, SIKI 3aliMalOTh Haii-
MeHIn MoxiuBy mionry. Ckpyoepu SOx BupoOnuinra FujiElectric BukopucToBy-
I0Th ITUKJIOHHY TEXHOJIOTI0. 3a II€I0 TEXHOJOTI€I0 MOXKHA €(EKTHUBHO MPUBECTU
MOPCBKY BOAy (200 JTy>KHI XIMIKaTH) 1 BUXJIOIHI Ta3d B KOHTAKT, CTBOPIOIOYH BUXOP
y BUXJIOITHUX ra3ax 3 OJHOYACHUM PO3MHJICHHSIM MOPCHKOi BOJM 3 TpyO, po3Talio-
BaHUX cCripaibHO (pUcyHOK 7) [4]. LlukioHHa TeXHOJIOTIS MOXe OyTH 3aCTOCOBaHa
Ha ICHYIOYMX CyJHaX 3 00MEXEHUM MOHTXKHUM MPOCTOPOM.

Kpim Toro, icuye notpeda y IOCHIPKeHHI T00ABOK, 110 MiABUIIYIOTh €()EeKTHB-
HicTh BuganeHHs SO2. st TOCATHEHHS KpaluX TiIpaBIIdYHAX XapaKTEPUCTUK s
MiIBUINCHHS epekTUBHOCTI BuAaneHHs SO2 HEoOXiTHO PO3POOUTH BHCOKOC(EKTH-
BHI PO3MUJIIOBAYl Ta PO3NOIIIILHUKY Mapu [3].

InTerpartiss 06po0ku SOX3 IHIIUMU Ta3aMH, SIK OUIKY€EThCS, Oy1€ O1IbIIT KOMITaK-
THOIO 1 3HU3UTH I1HBECTHIIIHI Ta eKCIuTyaTtailiiiHi BuUTpaTu. Tomy Oarato [o-
CHPKEHBb CIpsIMOBaH1 Ha ogHouacHe BupaieHHs SO2 pazom i3 NOx ta/abo CO2 B
OJIHOMY TIPOIIEC] 3a JIOMTOMOTO MOKpPOTro ckpyOiHry. HemioaBHO KOHIIEMITisE OJTHO-
gacHoro BugaieHHs SOx 1 NOX 3 BUKOPHUCTaHHSIM MOPCHKOT BOJU OyJia po3po0iieHa
koMmrmaniero YaraMarineTechnology [8].

BucHoBku
3HECIpUCHHS JUMOBHX ra3iB MOPCHKOIO BOJOI0 MOXHA PO3TISAATH K TEXHi-
YHO ¥ €KOHOMIYHO HAJiiiHy TEXHOJIOTIYHY CXEMy JUJIsl YCTAHOBOK 31 CHAJIIOBaHHS
BUKOITHOTO TAaJIMBa 3aBISKU MPHUPOAHINA JTY>KHOCTI Ta TOCTYMHOCTI MOPCHKOi BOJIH,
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MPOCTOTI TEXHOJIOTTYHOTO MPOLIECY, BIACYTHOCTI HEOOXIAHOCTI B XIMIYHOMY copOe-
HTI1, BIJICYTHOCTI TBEPAMX BIAXO/IIB 1 BITHOCHO BUCOKIiH €()eKTUBHOCTI BUAJICHHS.

Opnak, npu po3risgaHHl npoluecy Aecyiabdypalii moTpiOHO BpaxoByBaTH Oara-
TO 0OMEXEHb, a TAKOXXK TEHIEHIIIIO 0 MOKPAIIEHHs MPOJAYKTUBHOCTI MPOIIECY 3 TO-
YKA 30pY KOMIIAKTHOCTI, 3MEHIIEHHSI Baru CKpyoOepa, eHeproeeKTUBHOCTI, 3HHU-
KEHHSI CIIO’KMBAHHS MOPCHKOI BOJIU.Byso BUsBIEHO, IO KiIbKa BJOCKOHAJICHHUX Ta
1HTeHCH(IKOBAaHUX CKPYOEpHHMX CHCTEeM OYJIM peasli3oBaHl Ha CyJIHAX, 1110 MPU3BEIIO
10 6araTh0X MepeBar, Takux SK OUTbIIIa KOMIAKTHICTh, MEHITIA Bara, BHUIIA €HEPTroe-
(EeKTHBHICTH 1 MEHIIIE CTIOKUBAHHS MOPCHKOI Bogu. Uepe3 0OMEXEeHHI MpOCTip Ha
CyJTHax, METOI0JIOTii 0JHOYacHOTO BuaieHHs SOX Ta IHIMUX Ta3iB MOXYTh PO3TJIs-
JATUCS SIK XOPOIIUM HAamNpsIMOK y MailOyTHbhoMy. [IpoTte, m00 mOCATTH BIOCKOHA-
JeHHs Ta 1HTeHCcU(IKalli IpoLeciB y CKpyOepHUX CHCTeMaxX HEOOXITHI MOJAIbIIl
JOCIIJKEHHS. MOJIeJIed, pO3p0OKa IHCTPYMEHTIB IPOEKTYBAaHHS.

Kpim TOr0, HEOOX1JHO MPOBECTH TEXHIKO-€KOHOMIYHUI aHai3 Ta aHali3 >KUT-
TEBOTO IIUKITY MOPCHKUX CKPYOEPHUX CUCTEM.
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Increasing the Efficiency of Marine Engine Parametric Diagnostics Based
on Analyses of Indicator Diagrams and Heat-Release Characteristics

A commonly used diagnostic method to assess the quality of the combustion
process in a marine engine is the measurement of cylinder pressure as a function of
the angle of rotation of the crankshaft (CA). The analysis of changes in the values of
indicated parameters read and calculated from indicator diagrams is used for diag-
nostic purposes, e.g., to identify faults in injection systems. This method has many
advantages: measurements are obtained from a running engine, engine shutdown is
not required, indicator diagrams and indicator parameter values are obtained almost
iImmediately, and the course of cylinder pressure provides an overview of the quality
of the combustion process.

The problems of the diagnosis and monitoring of the combustion process in the
cylinder of a marine engine based on cylinder pressure measurements have been
solved by many leading companies producing marine engines, such as MAN Diesel
& Turbo, Wirtsild, as well as others powered by gas fuel. Wartsila offers the latest
diagnostic and monitoring system, UNIC, which uses the combustion pressure val-
ue.

MAN Diesel & Turbo uses the PMI System, also based on the cylinder pressure
measurement, to control and diagnose its engines. In addition to marine engine man-
ufacturers, other companies also use this diagnostic method—formerly mechanical,
now electronic—offering a variety of indicators. These include Kistler, ABB, and
ICON RESEARCH as well as Optrand, Autronika, Norcontrol, ASEA, AEG, ABB,
and STL. In the stationary or portable indicators offered, cylinder pressure sensors
are placed on indicator cocks or in special adapters outside the combustion chamber.
This introduces large harmful spaces between the pressure sensor and the combus-
tion chamber, which causes disturbances and distortions to the cylinder pressure
measurement results.

Many scientists have examined cylinder pressure interference caused by meas-
urement channels. All stated that the following phenomena may occur in measure-
ment channels:

A delay in the pressure pulse due to the time required for the pressure wave to
move hrough the channel,

* Acoustic resonance of the gas column and wave phenomena in the connect-
ing channel;

* Changes in pressure acting on the sensor measuring node due to throttling or
acceleration of the flow through the channel,

*Gas velocity acceleration due to measuring channel cross-section changes.

Taking the above into account, three different locations for cylinder pressure
sensors were used in the tests as part of this research, including omitting the influ-
ence of the measuring channels. The diagnostic database was also extended with the
parameters of the heat-release function.

Research Preparation
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A medium-speed, four-stroke marine diesel engine Sulzer 3AL 25/30 was used.

To avoid the above-mentioned disturbances during cylinder pressure measure-
ments, was installed the pressure sensor directly into the combustion chamber of en-
gine. The pressure sensors were arranged according to the diagram shown in Fig. 1.

,_._‘_,L.“rﬁ.. 77775 S SN \Y \\ Fig. 1. The arrangement of
H: ci= N N \ cylinder pressure sensors in
K 5XY the engine head for

: . sz/‘ﬁ[& - l i experigmental tests.

# “m R N | N7 37 ~ pl: sensor mounted

3—/{: ......... i ‘ [P , Ina special adapter be-

% * / tween the indicator valve

and the connecting chan-

nel; p2:pressure sensor

mounted after the indicator valve; p3: pressure sensor mounted in the prepared

mounting hole of the cylinder liner flange; 1: indicator valve; 2: start valve; 3: head

safety valve; 4: cylinder connecting channel; 5. measurement channel; 6: cylinder
head; 7: injection valve; 8: combustion chamber.

A new and innovative measuring place was established in the mounting hole
in the cylinder liner flange, marked as p3 in Figures 1.

For an in-depth analysis of the indicator diagrams by means of the analysis of
heat release characteristics, a single-zone model of heat release was used . The mod-
eling of heat release begins with the equation of the first law of thermodynamics.
For an open system it is as follows:

dU = daQ dw — Y dm; h;

4 1N n
77777 % : 7Y ¥

where dU is the change in the internal energy of the charge in the cylinder, dQ is
the elementary heat supplied to the system, dW is the elementary work performed by
the system, dmi is the elementary amount of the substance exchanged across the
boundaries of the system (i.e., blow-by and fuel supply), hi is the specific enthalpy
of gas.

Results and discussion

To compare the results, research was conducted that consisted of the simultane-
ous measurement of the combustion pressure in three different places in one engine
cylinder. The research was performed on a technically efficient engine operating
with selected damage simulations in three engine systems: the fuel injection, the
working-medium exchange and the piston—piston rings—cylinder (PRC) system. Fig.
2 and Tab. 1 show the test results in the form of indicator diagrams. From these dia-
grams, was calculation of the indicated parameters for an engine operating without
damage. The engine load was 75% of the maximum continuous rating (75% MCR).
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Table 1. Values of indicated parameters, recorded in three different places in one
cylinder of an engine, operating without damage at a load of 75% MCR

Indicated Parameters P1 P2 P3
MIP (MPa) 0.79 0.81 0.79

Pmax (MPa) 8.18 8.53 7.96
opmax (~ CA) 16.5 18.0 135

In table: MIP—mean indicated pressure, pmax—maximum combustion pres-
sure, apmax—the angle of occurrence pmax after TDC

As shown in Fig. 2, clear differences were apparent in the course of the cylinder
pressure depending on the position of the pressure sensor. These, for example, in-
cluded: the maximum value of the combustion pressure (pmax) measured at p3,
which was noticeably lower than the pressures measured at other measurement
points.

When analyzing the indicated parameters in Tab. 1, we noticed, In particular,
the following: the values of the mean indicated pressure (MIP) for the measurements
at points p3 and p1 were similar, and the value of the pressure read on the indicator
cock was the highest.

Fig. 3 shows the heat-release characteristics, Qn and ¢, obtained from cylinder
pressure waveforms recorded at three different measuring points. The cylinder pres-
sure measurement location had a significant influence on the shape of the heat-
release characteristics as well as the values read from them.

Heat-release characteristics, Qn and q, recorded (Fig. 3) at three, different plac-
es in an engine cylinder, shown in Fig. 1, operating without damage at a
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Fig. 3. Characteristics of heat-release

load of 75% MCR.
As a result of the analysis performed in the second section of this paper on
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Fig. 4. Characteristics of heat-release characteristics, Qn and g, orded without measuring channels from an engine
operating with damage to the injection system and a load of 75% MCR.

cylinder pressure measurement errors generated by measuring channels and
indicator cocks, only the measurement results read from measurement point p3, i.e.,
read directly from the cylinder liner flange, are analyzed in the remainder of this ar-
ticle. Fig. 4 shows the characteristics of heat release for a technically engine operat-
ing with a fault in the injection system. Selected characteristic values have also been
marked. These values the authors for Agmax, A qTDC, A agmax, A Qnmax, A
aQnmax and A Qn200 could be treated as new and innovative diagnostic symptoms.

These may be useful in the diagnostic process of marine engines.

Tab. 2 presents the values of the selected parameters of the heat-release char-
acteristics for a technically efficient engine, which were treated as reference values
(column 2), for an engine operating with damage to the fuel injection system, charge
exchange, and piston—piston rings—cylinder (PRC) PRC system (columns 3, 5, and
7). Columns 4, 6, and 8 in Tab. 2 show the difference  the values of the reference
parameters and the parameters obtained for the damage.

When analyzing the values contained in Tab. 2, may be concluded, that dam-
age to the injection system had the greatest impact on the values of the selected pa-
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rameters (except for parameter _ Qnmax). For the remaining damage, changes in the
values of selected parameters were noticeable, but they were subtle.

Table 2. Values of selected parameters of the heat-release characteristics of an
engine operating without and with damage to the fuel injection system, charge ex-
change, and PRC system with a 75% MCR

1 2 3 4 5 6 7 8
E"glf“? Leakage of Difference Dirty Difference Combustion Difference
Selected Running Lo ’
. the Injection (Column2-  Compressor (Column 2- Chamber (Column 2—
Parameters Without L -
Damage Pump Column 3) Air Filter Column 5) Leakage Column 7)
- 72.47 5578 16.69 64.01 8.46 66.59 5.88
Xy 19350 197.00 —350 194.00 —0.50 19550 —2.00
qrne 413 23.88 16.25 34.26 5.87 35.08 5.05
Qi 54.44 4158 12.86 52.16 228 52.21 223
Qpmax 323.50 323.50 0.00 323.00 0.50 322.00 1.50
Qoo 21.90 1340 8.50 19.64 2.26 20.69 121

CONCLUSIONS

For the research conducted with the selected damage to the above-mentioned
engine systems, a greater diagnostic usefulness of indicator diagrams and indicated
parameters was observed when the cylinder pressure measurement was obtained
without measuring channels.

The report indicates new, innovative diagnostic symptoms. (Agmax, A qTDC,
A agmax, A Qnmax, A aQnmax and A Qn200). The various damages to the injection
system had the greatest impact on the values of the selected parameters determined
on the basis of the analysis of the heat-release functions.
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Effects of injection strategies on low-speed marine engines using the dual

fuel of high-pressure direct-injection natural gas and diesel

Pilot-ignited high-pressure direct-injection (HPDI) natural gas engines have
drawn much attention since being proposed, as these engines can maintain high per-
formance and lead to clean combustion compared with conventional diesel engines.

Different types of gas engines have been summarized in the literature. These
engines, categorized mainly by two different ignition principles, operate primarily
either by diffusion or by premixed combustion. When burned with diffusion com-
bustion, a pilot of diesel fuel is usually injected into the hot air slightly prior to the
injection of natural gas and serves as an ignition source. Natural gas is directly in-
jected into the cylinder near the top dead center (TDC), and this injection requires a
high gas injection pressure, that is, 250-300 bar.

This prospective concept is not only used in vehicle engines but also used in
large scale marine engines. In this study, the effects of injection strategies of dual
fuels on combustion characteristics and emissions were investigated using the com-
putational fluid dynamics (CFD).

Computational investigations were conducted on a MAN Diesel & Turbo
4T50ME-GI research engine, which is a four cylinder, low speed, two stroke, uni-
flow scavenged marine engine, with an electronically controlled exhaust valve and
fuel injection system modified from those of the 4TS0ME-X engine to introduce

natural gas combus-

Table 1 Main specifications of the 4T50ME-GI research engine fi

on.
Parameters Value Type 4T50ME-GI Two groups
Number of cylinders 4 Bore/stroke 500 mm/2200 mm of in jectors are

Geometric compression ratio 18.14 Engine speed @ MCR 123 rpm | Symmetrically
equipped on the

Power @ MCR 7050 kW IMEP @ MCR 20 bar

cylinder head to ac-

complish the flexible injection strategies fueled with gas/diesel. Fig. 1 shows an il-
lustration such an arrangement such an arrangement.

When switching to the diesel mode, a heavy fuel oil (HFO) amount that covers
the full load is injected from the pilot injectors. In the dual-fuel mode, marine diesel
oil (MDO) or HFO is first injected as a pilot fuel, and when the pilot flame reaches
the front face of the gas injector nozzle, natural gas is injected.

T

Fig. 1. Arrangement of fuel injectors
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Numerical simulation model
The simulation code used in research is the 3D CFD software CONVERGE,36

a commercially available CFD code.
Results and discussion

load conditions (n =112 rpm).

Varying absolute injection timing (AIT)

| . Gas Fuel

Pilot fuel 1 Injection
Injection

Crank

angle

Constant relative injection timing (RIT)

Figure 2. Schematic of the fuel injec-
tion sequence

from —1°CA
ATDC) are used. A schematic of the
injection sequence is shown in Fig. 2.

A parametric study was conducted to study the
effects of injection strategies on the combustion characteristics and emissions
of high-pressure direct-injection low- speed natural gas engines operated at 75%

timing retarded, the ignition delay times are changed
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Figure 3. The in-cylinder pressure and heat re-
lease rate profiles at different absolute injection

timings (A|T)

The natural gas is ignited immediately by the pilot flame.

Both the AIT (absolute injection timing - the
injection interval keeping constant, simultaneously advances or retards the pilot fuel
Injection timing, and gas injection timing) and RIT(the pilot fuel injection timing
was fixed at —2°CA ATDC and the gas injection timing was advanced or retarded

The in-cylinder pressure and HRR profiles at different AITs are shown in Fig.
3. A normal combustion process in an HPDI gas engine is identified to take place
over five stages (Fig. 4), which mainly include the pilot fuel ignition delay, pilot fuel
premixed combustion, rapid combustion the pilot injection timing and gas injection
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Figure 4. Typical heat release rate

diagram. “P” and “G” donate the pilot and natural

gas fuels, “SOI,” and “EOI” refer to start and end of
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slightly, and the start of combustion is delayed. Naturally, the combustion
phase characteristic with a much retarded AIT timing due to the late main heat re-
lease, where the first peak takes place at the top dead center as a consequence of the
retarded initiation of combustion events, while the second peak induced by the heat
release of main fuel natural gas occurs after a drop caused by the downward move-
ment of piston in the expansion stroke.

The in-cylinder temperature is considered to be one of the key parameters for
controlling the autoignition process. Figure 5 depicts the variations in the calculated
mean in-cylinder temperature at different AITs. The peak mean in-cylinder tempera-
ture decreased from 1704 to 1604 K when the AIT varied from A_4 to D_4, with a
retarded peak phasing and a correspondingly higher proportion of late combustion.
As the AIT is retarded, the start of combustion is delayed, providing less time for
mixing, reducing the fuel utilization efficiency.

Accordingly, the combustion gets worse, and the peak mean in-cylinder tem-
perature decreases.

The late comhiistinn rediices the time petween combustion and exhaust valve

1800 —A_4| 1e kinetics of oxidation to occur. The re-
— A2 | generally decreases NOx but increases

1600 —— ORG

—nb_2 | CO and soot, and exhaust temperatures.
D_4

1400 4

A, 5°CA, 10°CA, 15°CA, and 20°CA

1200 +

Mean temperature (K)

& ) slice, the temperature is present on the
ht. The black line with the arrow repre-
N — contribution of the entrainment of the
° ? canmcecny " gand combustion can be seen. Delayed
o> WIEFigire 5. The calculated mean in-cyiinder tem- '€ Original (ORG) case, a large high- tem-
peratuperature vs crank angle for different absolute ~ d>r the D 4 case. Combustion does not start
in the injection timings ion of gas fuel (larger than 2.0) but in areas
with an appropriate equivalent ratio (1.0~2.0). A low equivalent ratio region (<0.4),
which cannot be ignited, initially exists between the cylinder wall and the gas jet di-
rection and also exists in the intermediate region of the cylinder in the late combus-
tion stage. Additionally, a large combustion region with high temperature can also
be seen near the cylinder wall, and this region may result in a high thermal load for
the engine cylinder and adverse effects on the emissions. To solve these problems, a
better distribution of fuel and air may be achieved by optimizing the gas injector ar-
rangement and in- cylinder airflow.

1000 4

800
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Figure 6. The in-cylinder temperature and equivalent ratio distribu-
tions at 0°CA, 5°CA, 10°CA, 15°CA, and 20°CA :left temperature,
right equivalence ratio

Emissions

Figure 7 depicts the effect of different RITs (nanni pexumy cm. Ipunoxene )
on the soot, NOx, and HC+CO emissions. The figure shows that the RIT has dra-
matic impacts on the pollutant formation and emissions. Compared with the AIT
cases, the influence of the RITs is more complicated. Figure 7A shows that the NOx
and HC+CO emissions are not changed much when the gas injection timing is shift-
ed from A_2 to D_2, and the highest and lowest soot and HC + CO emissions can be
obtained in the A 2 case and A_4 case, respectively. For NOx emissions, the peak
value is 12.8 g/kW - h in A_4, which is lower than that of the AlIT's 14.8 g/kW - h.
It is observed that partially premixed gas fuel is beneficial to reduce both

the NOx and soot emissions; however, the ratio of gas fuel is the key parame-
ter that needs further investigation and optimization. The ISFC is increased with re-
tarded gas injection timing. In addition, considering both the soot and HC + CO
emissions, slightly retarding the gas injection timing is also feasible. Figure 7B
shows that the pilot injection timing also has significant impacts on the pollutant
formation and emissions.

When the pilot timing is retarded by 2°CA ATDC compared with that of the
ORG case, the soot and HC+CO emissions are the highest among all these cases.

144




However, a drastic reduction in these two emissions is observed when the pilot tim-
ing is further retarded. Additionally, an advanced pilot timing is also beneficial

0'035—‘-8001 B co-HC 14 040 168
| NOx [l ISFC ) I
-0.35 166
0.030+
= -0.30
' - 164
o
E 0.025 28] 0.25% Y
- - - +
2" 2Pel o
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g% -0.20
Figure 7. The
0.020 L0415 160 effects of
different
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-0.10 S
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(A) Varied gas injection timing HC + CO
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1 Il NOx L injection
Il co+HC 1035 166 timing; and
0.030 B isFc . B, varied
= =lo.30 = = pilot fuel in-
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(B) Varied pilot fuel injection timing

for decreasing soot and HC + CO emissions. For NOx emissions, the highest
and lowest values appear in the A_2 case and D_2 case, respectively. However, a
further advanced or retarded pilot timing results in a reverse trend. Additionally, the
ISFC shows a reverse trend with NOx emissions. Taking all these emissions into ac-
count, the A_4 and D_4 cases have some advantages compared with the ORG cases.

CONCLUSION

The injection strategies (pilot diesel injection timing and gas injection timing)
have a great influence on the combustion and emissions of dual-fuel marine engines.
In the current study, numerical investigations have been conducted to study the in-
fluences of different pilot injection timings on the combustion and emission charac-
teristics of a large-bore two-stroke natural gas/diesel dual-fuel marine engine.

The effects of AIT on combustion and emission characteristics are similar to
those of traditional diesel engines. As the AIT varies from advanced by 4°CA to re-
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tarded by 4°CA, the peak values of the in-cylinder pressure and temperature de-
crease gradually, accompanied by a retardation of the combustion phase. Additional-
ly, a conventional trade-off between NOx and soot/CO/HC/ISFC emissions can also
be observed as the AIT is retarded.

Ilpunoscene. Pexxum RIT- Relative Injection Timing

E 6 Setup for pilot injection timing of relative injection

timing RIT
Gas injection
Pilot injection timing timing (°CA

Case (°CA ATDC) ATDC)
A_4 (Advanced -6 -1

4°CA)
A2 —4 -1
ORG (Original -2 —1

case)
D_2 (Delayed 0 -1

2°CA)
D_4 2 -1
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HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
JocaigkeHHs] IBUIKICHOI XaPAKTEPUCTUKHA CUCTEMHU BUCOKOI0 TUCKY
CY/I0BOT0 cepeaHeo0epTOBOro Au3elisl y CKIadi riOpuaHoi cucTeMHu

BIPUCKYBAaHHS NMAJINBA

CyyacHi CyaHOBI AW3€Jll BHUMAaralOTh 3HAYHOTO MOJIIIICHHS SIKOCTI CyMIIIO-
YTBOPEHHSI, 3TOPSHHSI Ta 3HMKCHHSI IIIKIJJIMBOTO BIUIMBY Ta3iB, IO HAyTh Ha HABKO-
mumrHe cepenopuiie. OTxe, HEOOX1THO BIOCKOHAJICHHS IMAJMBHOI amapaTypH, sKe
MOJISITA€ y MIABUIIICHH] Ta MOKIIMBOCT]I PETYJIFOBAHHS THCKY BIIOPCKYBaHHS 3aJI€KHO
BiJl p&XKUMY JIU3€JIsl, YIPABIIHHS XapaKTEPUCTUKOIO BIOPCKYBaHHS, opraHizaiiii Oa-
raToa3HoOTO BIOPCKYBaHHSI, BIIPOBAKCHHSI €JICKTPOHHOTO YIIPABIIiHHS TPOIECOM
MMaJIMBOIIOAAYl.

[lepcriekTUBHUM € MiIXid, 10 3a0e3mevyye BUKOPUCTAHHS aKyMYJISATOPHOI CH-
CTEMU y BUIJISII IOAATKOBOTO MOJYJIS y MO€EAHAHHI 3 6a30BOI0 CHCTEMOIO MaJIMBO-
nonaui - BCIL. CtBopeHa 3 ypaxyBaHHSIM NaJIUBHOI anapaTtypu CyIHOBOTO Cepe/IHe-
o0epToBOro AM3eis Taka riopuaHa cucrema BropckyBanHus nanusa (I'CBII) cnouar-
Ky BUIIpOOyBaHa y «cTaTU4HOMY» pexkumi (6e3 3amycky BCII) [1]. Meroro nonans-
IUX JIOCTIAIB, TPEACTABICHUX Yy JaHii poOoTi, OyiI0 IOCHIIKEHHS TiApOu-
HamiyHuX miporieciB y ['CBII y peaibHMX yMOBaxX BUKOPUCTaHHS 00'€ JHAHOI CUCTE-
mu: BCII ta akymynsitopHoro moayins (AM).

[Inanom pnocBigy 1bOMY (IMOYATKOBOMY) €Tamll Mepeadadanocss OTpUMaHHS
mBuIKicHOI sikocTi ['CBII. SIk HOMIHaIbHE TPU3HAYECHHS PEKUM 3 YACTOTOIO 00ep-
TaHHS PO3NOAUIBHOIO Baity N, = 250 06/xB pu Buxoxl periku IIHBT m= 20 mm. ¥V
peanpHUX YMOBAX JOCIIIB Aiana3oH N, = 53 -252 06/xB.

MapkyBaHHS 3HATUX oclujorpaM mnpuiinsro: 1, 2, 3, 4 —I'CBII 31 mBuaKocTs-
mu 3oMkH Ve = 0.5, 0.25, 0.5 Ta 1.0 M/c BigmosigHo. KoxxHOMY T0OCBiTy BiAIOBIiIA-
I0Th CBOT MOCTIHHI 000POTH PO3MOAUTEHOTO Baty O0e3motopHoro creHay (BMC): 1 -
103 06/xB12,3,14-53,179, 252 06/XB BIIIOBIIHO.

Cucrema obnagHaHa ONTHKO-EJIEKTPOHHUM AaTyukoM obepranus tumy BE-178,
mio Buaae 2500 immynbciB Ha 1 060pOT Baly, Ta OMOPHOIO MITKOKO MOYATKY BIIUTIKY
(MHB) m1st K0’kHOTO 060POTY Bay.

3'ennannst BCII ta AM 3a1iCHIOETBCS NMUISIXOM BIIKPUTTS 30JIOTHUKOBOTO KJIa-
IIaHa 3a JOMMOMOTOK KOMI'toTepHOro kepyBanHs. AM Bxkimouae [THBT, akymymnsarop
BEJIMKOTO 00'eMy, akymMyJisiTop Masioro o0'eMy 1 crioiyuni Tpyoku BT (puc. 1). Ha
Bx01 10 mtatHoi cuctemu 111 BcTaHOBIIEHMIT 30JI0THUKOBUN OE3MOBOPOTHUM Kila-
naH. KyT nouatky mogadi cMrHaiy, nio yrpasisie, a00 KyT BKJIIOUEHHS ¢'pe; = 60°
n.p.B. Bix MHB Ta kyT yrpumanus ¢'yy = 20° m.p.B.; TUCK 3aTAryBaHHS MPYXKUHU
dopcynku 115 Gap; Thck B akymynistopi 125 Gap. TapyBaHHS AaT4MKIB THUCKY
3MIMCHIOBAJIOCS IS KOXKHOI cepii JOCIIIIB.

147



Puc. 1. ribpuana cucrema Brop-
CKyBaHHS TaJIMBa:

A - BCII 6a30Ba cucrema naju-
Bornojaui; B - cucrema nanuso-
nogavi 3 AM; 1 - [TanusHuii
6ak; 2 - mpusig THB/; 3 -
THB/; 4 - AM Benukoro oocs-
ry; 5 - AM mazoro oocsry; 6 -
KEpYIOUM KJIallaH-30JI0THUK
(KK); 7 - dpopcynka; 8 - manms-
HUH pe3epByap; 9 - pesepByap
3600py nanuea; 10 - ocumnorpad;
11 - maTumku THcKy Ta I11.

Ha puc. 2 npencraBnena ocumiorpama 1 mpoueciB y I'CBII, ne napametpu, 1o
OMHUCYIOTHh po00Ty AM mo3HayeHi MTPUXOM ', a BeTUYUHU 0€3 cIiemiaIbHuX MITOK -
kiibkicH1 xapakrepuctuku BCII. Ilapamerpu, mo onucyrots podoty I'CBII, 6ynu
NPUKAHATI HACTYIHI: 1I'; — KUIBKICTh MiTHOMIB TOJKH (POPCYHKH; Z'; - BiJICOTKOBA
YacTKa MiIHOMY TOJIKM BiJl MAaKCUMAJIBHOTO MPU OCHOBHOMY BIIOPCKYBAHHS; (s,
Qsnp — 3araJIbHUM KyT yNOPCKyBaHHs 1Mo KpuBii III' npy BKIIOUEHH] aKyMyJsITOp-
HOro Mofnyis Ta mraTHoi cuctemu IIII BiAMOBIIHO; @'y - TPUBANICTh KOJMBAHHSA
TUCKY Ha KPHBIN pg IPU NOJA4l KEPYHOUOIrO CUTHAIy Ha 30JIOTHHK; @'y - KyT 3a-
TPUMKH 3MIHU TUCKY B 30JIOTHUKY MICJS MOJA4l KEPYIOUOTO IMITYJIbCY, XapaKTepHu-
3y€ MOMEHT BIJKPHUTTS 30JIOTHUKA; @'y - KYT 3aTPUMKH MIHOMY TOJIKU MICHS IO-
Javl Kepyr4oro IMIyJbCy; @'x — KYT MOBOPOTY PO3MOAUIBHOTO Baly MiX JBOMa
MiKaMu - TEePioJ] Yacy 3a KyTOM MOBOPOTY MK JBOMa KOJMBAaHHSAMH — IiIHOMaMU
TOJIKU; @'yy - KyT YTPUMaHHS, KyT MIXK [TOCAJIKOIO TOJIKM Ha C1JU10 1 Horo miaioMowm;
Ap'ac - BEIMYMHA 3MIHU THCKY B aKyMYJATOP1; Ap'son op - YCEpEIHEHA BEIMUYMHA
3MIHU THCKY B 30JIOTHHUKY TPH pOOOTI KEpyHOUOTo KiamaHa; Ap'sn now - MEPBICHA
3MiHa THCKY B 30JIOTHUKY MPHU BIIKPUTTI 30JI0THUKOBOTO KiamaHa;, Ap'sox yax - MaK-
CUMAaJIbHE 3HAYCHHS 3MIHM THUCKY B 30JIOTHHMKY, III0 BUHHMKA€E MPHU 3aMUKaHHI (op-
CYHKH, Apg; App, Apu Ta Ap'y, Ap'rp, Ap's -aMIUTITYAM 3MIHU TUCKY (DOPCYHKH, TPY-
O0MpoBOIy Ta HAcoca MPU OCHOBHOMY BIIOPCKYBaHHI Ta MPU CIIpallbOBYBaHHI 30-
JIOTHUKA BIANOBIIHO; + Apg, + Apwp, + Apu Ta +Ap'y, TAp'y, +Ap's — 3pocTanHs
TUCKY (POpPCYHKH, TpyOONpOBOAY Ta HAcoca IMIOAO JiHIi 3aJIMIIKOBOIO THUCKY IMPHU
OCHOBHOMY BIIOPCKYBaHHI Ta IpU poOOTI 30JOTHUKA BIATOBITHO; -Apg, -Aprp, ~Apu
Ta -Ap'y, -Ap'rp, -Ap'yw — agiHHA THCKY (QOPCYHKH, TPYOONPOBOY Ta Hacoca 11010
JHIT 3aJUIIKOBOIO THUCKY IMPH OCHOBHOMY BIIOPCKYBaHHI Ta poOOTI 30JO0THHUKA
BIJITTOBITHO.

[Mopsin 13 3anucoM Ha mamip OyJno MPOBEACHO KOMITIOTEpHE OCImIorpadyBaHHs
TUCKY Y (DOPCYHIIL, 110 JO3BOJIMIIO OUIBLI SIKICHO OIIHUTH
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Puc. 2. Octmnorpamal I'CBT npu np, = 103 06/xB:

1 - THCK B aKyMYJIATODI Pax, 2 - TUCK Y 30JI0THHUKA Pon, 3 - KyTOBA IMO3HAYKA
60 ° 1m.p.B. @60, 4 - migitom ronku Gopeynku [T, 5 - kepyrounii curaan
VY1p, 6 - THCK (HOPCYHKH pg, 7 - THCK y TPyOOIPOBO/I pPrp, 8 - THCK IITATHO-
ro ITHBT py.

napamMeTpy Ta XapakTep 3MIHM BETMYMHU B 3aJICKHOCTI B1J] YaCTOTH OOEpTaHHS
po3nojBaja.

KoMIJIeKCHO pO3TISHYBIIM OCHUJIOTPAaMU MOKHA CKa3aTH, 1110 Ha OCLUJIOTpa-
Max Baanocs 3adiKCyBaTH 3MiHY TUCKY B aKyMYJISITOPi, YOTO HE MOHA OyJI0 SAKICHO
OIIHUTH 3 paHHIX ocumiorpaM, nociimxkeHHss ['CBII y crartumi [1], ne xapakrep
3MIHM TUCKY OyB XBHJILOBHUH 3 MaJIOI0 aMIUIiTy1010. TyT ke MO)KHa MO0a4YUTH, 1110
MpU MIHIMQJIBHUX 000pOTaxX THCK B aKyMYJISITOPI Majgae Ha Apaq = 11 0ap 1 31 3poc-
TaHHSIM YacTOTH OOEpPTaHHS 1I€ 3HAYEHHS 3MEHIIYEThCS 10 6 Oap Ha BCIX peKUMaXx.
Xapaktep 3MIHM 1i€1 BEJIMYMHU NPEICTaBICHO Yy TpadidyHOMY BUIJISAI HA puc. 3.
[Ipu monaui kepyro4oro curHany (puc. 2) 1 BeTUYMHA 3HUKYETHCS 10 MOCAIKH
TOJIKH, 1 ATl 3pOCTaE JI0 oAavi HAaCTYITHOTO KEPYIOUOoro CUTHAITY.

3miHa tucky enementax ['CBII BiamoBimae 3akoHy NepeMIllIeHHS TOJKH. Tak,
MIPH TI0J1a41 CUTHAITY, IO YIIPaBJIs€, 30JI0THUK BIKPUBAETHCS 3 JESKOIO 3aTPUMKOIO.
MoMEHT BIAKPUTTS 30JJOTHUKOBOTO KJIariaHa BiAMOBIIA€ MOYATKY 3MIHU THUCKY eJie-
MenTtax ['CBIL

[Tpu BIAKPUTTI KiamaHa, o yIpasisie€, TUCK Y 30JJOTHUKY PI3KO MaJla€ Ha BEJH-
9UHY Ap's0n.m04, AMOBIPHO, B pe3ynbTati 3anoBHeHHs nanuBoM BCII - tak sik Ha oc-
[AJIOTPaMi HE BHJIHO 3MIH B €JIEMEHTAX IITATHOI CHCTEMH IPH IMaJIIHHI TUCKY Y 30-
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notHuka. [licias 4oro THUCK y 30JI0THUKY MOYMHAE 3pocTaTH. MOMEHT MiIBUILEHHS
THUCKY B 30JIOTHUKY BIJIOBIJa€ MOMEHT miaBUIIeHHS TUCKY B enemeHTax bCII. Ko-
JIM TUCK Y MIAIT0JIbYACTii MOPOKHUHI IEPEBUIILYE BEIIMUMHY 3aTATYBAHHS MIPY>KUHU,
rojika MOYMHAE PyX 3 KYTOM 3aTPUMKH BIOPCKYBAHHS (©snr, SIKAW 3pOCTAE 31 301J1b-
HmIeHHSAM yucia o0epTiB. Tak, mpy MakKCUMaJIbHUX 000pOTax rojika MoYruHae migiom
13 3aTPUMKOIO B @'spr = 41° 1L.p.B., @ THUCK Y 30JIOTHUKY 3HUXKYETHCS MPU @ = 26,6°
n.p.B. [Ipu npomy Tuck y BCII nanae, npyxuHa nepecuilye TUCK MajuBa B MOPOK-
HUHI Ta TOJIKa Cijjae Ha mocaakose Micie. [loTim mporec moBTOproeThesl. Benmnunna
nigiioMy ToJKu Z'; BCix ocruiorpamax ctaHoButh 40%. [Ipu migiioMi roiku THCK B
AM 3HUXKY€ETHCS, 10 MOMITHIIIE MPU HU3BKUX YACTOTaX OOEpPTaHHS POCIOABAIA,
ocuuiorpama 2 npu n = 53 06/xB. TpuUBaiiCcTh YHOPCKYBAHHS ('pyp TAKOXK 3pOCTAE 3
oboporamu. KigbKicTh MiAHOMIB TOJKHU 1, 3MEHIIYEThCS 3a 30UIBIICHHS 71, @ TPH-
BAJIICTh KOJIUBAaHb @'y 301JIBIIYETHCS 3@ TUX CaMUX YMOB. 3aJICKHICTh 1IMX 3HAYEHb
B1J1 KUJIBKOCT1 O0OpOTIB, OPAJ 3 IHIIMMHU NTapaMeTpaMH HaBEJACHO Ha pHucC. 3.

[To ocumiorpamMi BUAHO, IO MICIIs OCTAHHBOTO MiAHOMY TOJKHA HA KPUBIH TUCKY
B 30JIOTHUKY € XapaKTE€pPHE KOJUBAaHHS aMIUTITyAA SIKOTO Ap'sox vax BUILE CEPEAHBOTO
3HAYEHHS, 1 € 03HAKOIO TiJIpoyaapy B cuctemi. lLlo roBopuTh npo 3aMUKaHHS CUCTE-
Mmu 3 6oky AM. Ha kpuBiil py NOUMHAETbCA KOPOTKUHM MEPIOJT 3racaHHs KOJMBAHb 3
BEJIMKUM KOe(ili€HTOM 3racaHHs. Tak mepioj] 3MiHU THCKY (DOPCYHKU ¢'¢p OLIbII
TPUBAIUN MOPIBHSIHO 3 @'yyp, UEPE3 MEHILY 3aTPUMKY @'y 1 3aracarouux KOJIMBAHb
MICJIsI TOCAIKH TOJIKH Ha CiAJI0 pO3MIIIIOBAYA.

[Ipu po6oti mratHoi cuctemu 11 migiioM roiku 3A1HCHIOETLCS 10 yIOPY, IO
Bizpi3HseTbes Big III1 npu BigkpuTTi 3050THUKA. [[puitHasim 3navenns I 3a oc-
HOBHOMY BrnopckyBaHHi 3a 100 %, BU3HA4ae€Mo, 110 TOJIKA M1l Yac CIpallbOBYBaHHS
30J10THHKA TigHIMaeThesd Ha 40% BciX pexxumax. XapakTep 3MIHM MaKCUMalbHOTO
THUCKY BIIOPCKYBaHHs B1J 00OpPOTIB B1100pakeHO Ha rpadiky.

[Tpu mocanmi rojgku Ha audepeHiianbaui Mainanauk Tucky bCII magae Huxde
3aJIUIIKOBOTO pg. Iicias mocaaku TonKu xapakrep 3MiHM TUCKY y GopcyHIli, TpyOo-
MIPOBO/II Ta HACOCI MA€ XBUJILOBHUH XapakTep 13 3aracaHsM. [licns mpunuHeHHs KO-
JMBaHb THUCK y CHCTEMI 3pOCTa€ 10 MOJadyl Ha 30J0THUK YNPaBJISOYOrOo CUTHATY.
OueBuaHo, Taka 3miHa TucKy B BCII BinOyBaeThCs yepes

T€, IO 30JIOTHUK NPOITyCKa€ MaJUBO 3 aKyMyJATOpHOI cuctemu (AM), Hanos-
HIOIOYH 11.
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Bucnoexu

Po3po6iieHo KOMIUIEKC TTOKAa3HHUKIB IMapaMeTpiB T1APOAMHAMIYHHIX MTPOIIECIB Y
riOpuIHINA cCUCTEMI BIIOPCKYBAHHS MaJTUBA.

Hocmimxeno B3zaemoznito AM 1 BCII Ha pi3HHX pexkuMax HMIBUAKICHOT XapaKTe-
PUCTUKHU MPU HE3MIHHUX MapaMeTpax yHpaBJIIHHS CIOTYYHUM 30JI0THHUKOM.

[Tpu BIZKpUTTI 30JI0THHKA BOIOPCKYBAHHS MaJIMBa Ma€ IPOOOBUIN XapakTep 13
YaCTKOBUM ITiTHOMOM TOJIKH, 1110 CTAHOBUTH 01u3bK0 0,4 BiJ MOBHOTO XOY.

KyT 3aTpuMK# BIIKPUTTS 30JI0THUKA @'5; € QYHKITIEIO YaCTOTH 00EpPTaHHS.

3o0kpema, micis moAayl Kepyruoro CUTHaly 115 BeJIMYKMHA ckiana 26,6° m.p.B.
MIpU MaKCUMAaJIbHUX 00epTax.

CIIMCOK BUKOPHUCTAHOI JITEPATYPHU
[TonoBunka E.M., MaptunoB C.B. Mockaneup O.P. — Po3BuTok cucrem naiu-
BOIOJIayl CyTHOBUX Au3eNiB ¢. 49 — 57. Marepianu HayKOBO-TEXHIYHOI KOH(pEpEHIIiT

“CynoBi eHepreTu4Hi yCTAaHOBKH: eKCIutyataris ta pemont’, 21.03.2012 — 23.03.
2012. Yactuna I. - Ogeca: OHMA, 2012. - 177c.
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VJIK 621.432.3
Hopoxin I. 1. [TonoBunka E.M.
Hamionanpauit yHiBepcutet «Oiechbka MOPChKa akaJaeMishy
Reduction of NOx on Diesel Combustion by Using Water Injection
Systems

Large two stroke diesel engines have a high efficiency and it relates that ship-
ping has low fuel oil consumption and low emission of greenhouse gasses compared
to other transportation. However, they have demanded dramatically to reduce harm-
ful regulated pollutants, which are Particulate Matter (PM) and Nitrogen Oxide. In
particular, NOx regulations for marine engines will require NOx reduction as much
as 80% from the level in the first Tier. Many engine designing companies and re-
search organizations in maritime field are investigating the technologies realizing
such the low-emission level. Emissions can be controlled either external reduction
methods or internal methods. Various technologies such as Exhaust Gas Recircula-
tion (EGR) with a scrubber tank, Exhaust Gas Separation (EGS)[2] from MES Co.,
LTD and Selective Catalytic Reduction (SCR) have been proposed as external re-
duction methods for marine diesel engines.

Meanwhile, internal reduction methods focus on the combustion process and
emission formation controlled by optimization of injection condition including in-
jection pressure, timing and duration as well as technologies such as Water injection
and charging gas condition of EGR. From above investigations, it is observed that
mixing air with incombustible gases is effective to reduce NOx emission in the
combustion process in the engine. The methods of mixing technology are proposed
as water injection, EGR, Nitrogen Enrichment Humidification (NHM). However,
mixing large amount of in-combustible gases leads misfiring and SFOC penalty.
And it is important to inject the water or incombustible gases into fuel-air mixture
formation effectively for low NOx emission and fuel consumption. Some of authors
have applied water injection into optical marine test engine. And it was reported that
temperature of flame was decreased by optimized water injection timing and dura-
tion. FWE and DWI are practical methods of water injection into the cylinder; the
former method is to replace the diesel fuel with diesel/water emulsions as an alterna-
tive fuel, and the latter is to inject the water directly into the combustion chamber
separately from the fuel with two injectors or a single injector. However, optimiza-
tion of these water injection systems has not been established yet and comparison
between these two injection methods has also not been conducted.

The main objective of this work is to observe the combustion of FWE and DWI
using Rapid Compression Expansion Machine (RCEM) for optimization of these
water injection methods and to reveal the difference of each case. Simulations of
FWE and DWI combustion were also carried out using three-dimensional CFD
code:KIVA3V modified for collision model.

Experimental apparatus and procedure

To observe the combustion process, a RCEM was used in this experiment. Table
1 shows the basic specifications of the RCEM. Figure 1 shows the schematic of
RCEM. The RCEM has a bore of 240 mm and a stroke of 260 mm.

152



Combustion chamber is cubic shaped volume consisted of 200 x 66 x 80 and it
has three quartz windows on the walls for objective of visualization. An air tank
with heats is connected to the intake port of RCEM. The pressure and the tempera-
ture of the initial intake air can be controlled respectively in the air tank so that the
clearance volume is large enough to observe the behavior of spray and combustion

in the actual engine condition.

Hydraulically actuated

Double-needl : i . i
sk e intake valve Table.l Main specifications of RCEM

DWI injector
Bore x Stroke $240 mm x 260 mm
Clearance volume 200 % 66 x 80 mm’
(upper, lower) $240 mm x t5.4mm
Compression ratio 9.08
Engine speed 320 rpm
Compression pressure 100Pa
Quartz window 200 % 50 x 100 mm’
Initial charging conditions
Pressure 0.81 MPa
Temperature 353 K
Compression
Pressure at TDC 10.0 MPa

Figure 1. Schematic of RCEM

Injection system
As shown in Fig. 2, the fuel is slowly mixed to the water before a pump starts

circulating the emulsion through a homogenizer, where the emulsion is forced with
high pressure to narrow channels, leading to a sharp increase in flow velocity while
the pressure declines below the saturation steam pressure, followed by an expansion.

Figure 3 shows illustration of DWI injector installed on the RCEM. This in-
jector is a double needle type injector which can inject water and fuel closely to
merge each other as shown in the figure. Injection rate, timing, duration can be con-
trolled by a linear servo valve through hydraulic intensifier.

Fuel + Glycerin

50 mm

Mergding an-
1200 mm
1=

Homogenizer

Water + SPL-10 Pump 3
Figure 2. Formation of emulsion S 1 e s

Figure 3. Schematic of DWI injection nozzle

In each case, FEW and DWI case, increased amount of injection compared with
fuel-only injection case was conducted by changing injection pressure or injection
duration. In FEW case, water injection was conducted with two ways as shown in
Fig.4; one is to inject with longer injection duration keeping same injection pressure
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as fuel case, and the other is to inject at higher injection pressure adjusting same in-
jection duration as fuel case.

On the other hands, DWI injection settled injection pressure of water as almost a
half of injection pressure of fuel as shown in Fig.5. Injection timing of water is same
as it of fuel and duration is a half of fuel due to inject into a beginning of combus-
tion for prevent a sharp rise temperature of cylinder causing formation of thermal
NOX. Injection condition of each case is listed in Table 2. Injection duration of only
fuel case of FWE was set shorter than case of DWI due to make a small injection
amount to prevent fuel impinging on to the cylinder liner caused from expanded in-
jection duration of FEW.

20 -10 ) 10 20 30 40
Crank Angle ATDC[deg]

Figure 4. Injection rate in FEW case
Experimental result
Figure 6 shows the comparison of apparent heat release rate of DWI case and
FWE case. Changes of merging angle in DWI case and changes of injection
pressure and duration in FWE are shown in each graph and “fuel” represents

160
140
— Pinj(Fuel)
120 === Needle-lift(Feul)
"= 100 - - -~ Needle-lift(Water)
a
> 80
—
g 60
A
40
20 !
0 _.___.,.'I RS Shoupu
20
-20 -10

0 10 20 30 40
Crank Angle ATDC[deg]
Figure 5. Injection rate and Needle-lift in DWI
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Table 2 Injection condition

DWI
FEW Water |
Nozzle hole [mm] 0.23

Injection pressure [MPa] 80 | 130 30 | 80
Merging Angle [degree] 0,5,10
Injection timing [ATDC] -10

Injection duration [CA] 35 | 30 17.5 | 35

Distance between holes [mm] 7

Fuel

300

300 (3) DWI (b) FWE

250 —Fuel
250

—pressure
duration

200
200

150
150

100
100

50
50

10 20 30 40 50 60 ‘ v
ATDCldeg.] ATDCldeg.]
Figure 6. Time history of Apparent Heat Release Rate(AHRR)

only fuel injection without water injection. As can be seen in the graph of
DWI case, there is little difference among heat release rate of each case although
water was injected. This result is the same trend as high pressure injection of FWE
case. There is also little difference with ignition delay. Figure 7 and 8 shows the his-
tograms and images of flame temperature distribution of DWI obtained by two-color
method at different water injection angle and without water injection in the same
timing. As can be seen in these figures, high temperature distribution area was de-
crease clearly by injection of water.

4 4
= 10 pixels = 10 pixels

40 (a) w/o water 40 () MA 5 deg

l [ 30 1 M
- —
I -
101 10 |

02 = = m o= W T 0 | == mm - om B o
-5 0 5 10 15 -5 o s

20 | 25 30 10 15 2 25 0
ATDC[deg. ] ATDC[deg. ]
% 10" pixels = 10" pixels [K]
40 (b) MA 0 deg ™ 407 (d) MA 10 deg 2500
0 0 ] B =:2400
I I 2300
20 I I I 20 - I 2200
o o L O m 2100
ol= = = = m B = 0 m = m = = W E

5 o 5 10 15 20 25 30
ATDC[deg.]

Figure 7. Temperature distribution of the flame at each crank angle

-5 (2] 5 10 15 20 25 30
ATDC[deg.]

Especially, temperature dropped at lower portion of flame cause of the water
spray exists there. In the water injection cases, the area of high temperature were re-
duced as MA was increased. However, flame area was spread Penetration of DWI
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spray was become longer and spread, because momentum of DWI spray was in-
creased due to merge each spray. As a result, the vapor was widely distributed and
area of flame was spread.

w/o water
[K]
2500
MA 0 deg
2400
2300
MA 5 deg
2200

2100
MA 10 deg

|‘ 200mm P‘

Figure 8. The Images of flame temperature obtained by TCM at -5 deg. ATDC in various merging angle

Conclusion

Two methods of water injection, FWE and DWI, were investigated in this

study. For investigation of the effect of NOx formation by water supplying
strategies, spray propagation and combustion process of FEW and DWI system with
a double-needle type injector were observed in detail using a RCEM. In this experi-
ment, injection direction of water spray was changed with three patterns in DWI and
injection pressure and duration was changed in FWE. Simultaneously Simulation
was carried out by using KIVA3V code. Apparent heat release rate of each case has
only little difference with same injection amount of fuel during same injection dura-
tion although water was injected.

From observing flame analyzed by the Two Color Method, high temperature
distribution area was decrease clearly by injection of water in both FWE and DWI.
Moreover, high temperature of flame in DWI case was reduced as Merging Angle
was increased. In the cases of MA10, NO formation was most reduced of all cases.
Numerical analysis can be reproduced trend of the DWI and FWE combustion pro-
cesses by using the modified KIVA3V code about breakup and collision and evapo-
ration processes. However, it could not reproduce the NO formation in FWE cause
of the NOx model which does not take account of OH radical from water.
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VJIK 621.432.3

Henicos B.I'., ®imrin B.B.

ITinBuimenHs HAAIMHOCTI X0JI0ANJIHLHOI0 0012 JHAHHA BAHTAKHUX CUCTEM
Cy/JeH JIJIfl IepeBe3eHHs] CKPAINJIeHoro HaToBOro ra3y, MISIXOM
AIarHOCTYBAHHSIBY3JIiB CHCTEMHM.

CroxuBaHHA TPUPOJHOrO Ta3y B €HEPreTHlll, MPOMHUCIOBOCTI 1 moOyTI Oe3rme-
PEpBHO 30UIbIIY€EThCS. SIK BIAMIYAIOThH MPOBIJIHI MIP)KHAPOAHI €KCIIEPTH B MEpiona 3
2002 mo 2025 pp. cBiTOBU 00’€M CIOXHUBaHHS Ta3y BEJIbMH MOXJIHUBO 3pOCTE B 7
pasis.

[Tpu 3ropsinHi razy B atMochepy 3emili BUKHUAAETHCS MEHIIE 3a0pyTHIOIUUX
PEYOBHUH 1 MAPHUKOBUX ra3iB, HIK MpHU 3ropsAHHI Ma3yTy abo Byruwis. b. E. [1aTon B
CBIM yac MIJKPECIIOBAB, 1110 B MOPIBHAHHI 3 HA()TOBUMH MAJMBAMH MPUPOIHIN ra3
YTBOPIOE 3HAYHO MEHIIE OKCUIB BYTJIEI0, OKCUIB a30Ty 1 quMy (y 5 Ta 8 pasis,
BIJIMOBIHO), OHOYACHO B JUMI BIJICYTHI CBHHENb 1 caxa. L{i oOctaBuHu O6arato B
YOMY CTIPHUSAIOTH 30UIBIIEHHIO BUKOPUCTAHHS MPUPOTHOTO a3y B AKOCTI BaXKIMBOTO
JoKepena TeroBoi eHeprii. Ti )k caMi BUCHOBKHM MOXJIMBO MOIIUPUTH 1 HA HAPTOBI
rasu.

Tabmuus 1. OCHOBHI TUIHU Ta3iB Ta 3HaYEHHS a0COIIOTHOTO TUCKY MMapu Ta TEM-
neparypa KUIliHHS JIJIs Ta31B, [0 TPAHCIOPTYETHCSI MOPCHKUM ILISIXOM

THCK HacH4eHol IIapu
npu +37.8°C (100 F),

Temneparypa Kum=as
IIpI aTMOCepHOMY

Hasga rasy KI/CM’ Tieky , °C
Mertan [Teperpita mapa -161
(txpumrma= -82°C)

IIponan 12,9 -43
Bbyrtan 3.6 -0,5
Awmiak 14,7 -33
Birumxopna 5.7 -14
byramen 4.0 -5

Etnnenoxcnzg 2,7 10,7

CkparuieHi ra3u, 1o TPaHCIOPTYIOThCS MOPCHKUM LUISIXOM, MOKJIMBO PO3/LIH-
TH Ha IIICTh OCHOBHUX TPYII:

-LPG — Liquefied Petroleum Gases/ckparuieHi HadTOBI rasu;
-NGL — Natural Gas Liquids/ npupoaHuii ra30BHii KOHIEHCAT;
-LEG — Liquefied Ethylene Gas/ ckparuieHuit eTuieH;

-LNG — Liquefied Natural gas/ ckparuienuii npupoiHuii ras;

-Nh3 — Ammonia/ amiax;
-Cl2 — Chlorine/ xmnop.
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Take momiieHHS 00YMOBJIEHO PI3HOMAaHITHICTIO XapaKTEPUCTUK Ta3iB, TEMIIEpa-
TypaMu KUMIHHSA TIpU aTMOCHEpPHOMY THUCKY, XIMIYHOK CYMICHICTIO, SIK 3 1HIITUMU
razamu, TaK i 3 MaTepialaMu KOHCTPYKIIIHA CyaHa, TOKCUYHICTIO Ta BUOyXOoHeOe3I1e-
YHICTIO.

3pimxenuit npupoanuii ra3 (3I1I") — e npupoaHMii ra3, kUil 0XOJOKEHUHN 10
piakoro crany npu arMmochepHomy THCKy. Lle poOuth Horo 3Ha4YHO MEHIIUM 3a
00’eMOM, 110 TOJIETHIye TpaHcHopTyBaHHs Ta 30epiranus. 3117 TpaHcmopTyeTbes
MOPCHKHM IUISIXOM CIEIIaJTbHUMHU CyTHAMH, K1 HA3UBAIOTHCS Ta30BO3aMHU.

[TepeBezenns 31" MopchkuM NUITXOM — 1€ Oe3nedHuil 1 epeKTUBHMIA CIIOCIO
TPAHCTIOPTYBAHHS IOTO BHUy MaivBa. ['a30B03M KypCyIOTh IO BCHOMY CBITY, IOC-
tagaroun 311" 1o kpaiH, AKi HE MAIOTh BIACHUX PECYPCIB IPUPOTHOTO razy.

ITepeBaru nepeBesenns 311" cyanamu

Icnye Hu3ka nepesar nepese3enss 3111 cyagnamu, 30kpema:

Exonomiunicte: TpancnopryBanns 311" cymHaMu € eKOHOMIYHO BUTIIHUM CIIO-
co0OM TpaHCTIOPTYBAHHS MPUPOJIHOTO ra3y Ha BEJIMKI BiJICTaHI.

['ayukicts: ['a30B03u MoxyTh nepeBo3utu 3l 10 Oyab-sSKOro mopry CBITY,
AKUW Mae BIAMOBIIHY 1HPPACTPYKTYPY.

Hamiiinicte: Mopcbki mepeBe3eHHs — 1€ HaAllHUN crnocid TpaHCIOPTYBaHHS
3I1I", OCKUJIBKM Ta30B0O3M 00J1aIHAHI CITCI[IaJIbHUMU CUCTEMaMU Oe3IeKH.

[IeBHI CKIaAHOCTI, SIKI MOXYTh YTBOpHUTHCS Ipu nepeBe3eHH1 31" cynnamu:

IcHy10Th TakoX JesK1 CKJIAJHOCTI, OB’ si3aH1 3 mepeBe3eHHsaM 31117 cyqnamu, 30-
Kpema:

besneka: Butik 311" Moxe nmpu3BecTd 10 BUOYXY abO MOXKEX1, TOMY BaXKJIHBO
JOTPUMYBATHCS CYBOPHX TTpaBUI OC3MEKH.

Bapricth: By1iIBHUIITBO Ta €KCIUTyaTalis ra30BO31B € TOPOTUMHU.

3abpynnenss: 3III" € mapHUKOBUM razoM, TOMy HWOTrO TPAHCIIOPTYBAHHS MOXE
MIPU3BECTH JI0 BUKHUIIB MTAPHUKOBUX Ta3iB.

BHCHOBKY 1110/10 €KOHOMIYHOCTI BUKOPUCTAHHS Ta30BO31B CHOT'OJIHI:

[Tepeeszenns 31" cymnamu — 11e 6e3neunwuii 1 epeKTuBHUI COCIO TPAaHCTIOPTY-
BaHHS LIbOTO BUAY nanuBa. [cHye HU3ka nepesar nepee3eHHs 317 cynnamu, Takux
K €KOHOMIYHICTh, THYYKICTb 1 HaJlIiHICTh. OHAK ICHYIOTh TAKOX JESIKI CKIIaTHOC-
Ti, moB’s3aH1 3 mepeBe3eHHsM 3III" cynmHamu, Taki sk Oe3meka, BapTIiCTh 1 3a0py-
HEHHSI.

Takox iICHYIOTh MEBHI POOJIEMHU B €KCILUTyaTallii Ta 00CIyroBYBaHHI CYJTHOBHUX
BY3JIIB cUcTeM. Takumu npoosieMu — € BIIMOBHU B poOOTI By3Jia, 1110 MPU3BOIUTH 10
MOPYILIEHHS pOOOTH BCi€l cUCTEMHU YU MexaH13My. OCHOBHUMU NMPUYMHAMU BiJIMOB
MEXaHIYHMX CUCTEM € HaCTYyMH1 (pakTopu:

-neeKT KOHCTPYKIIii;

-KOpO3is;

-nedexTy mpu 300pIll MEXaHI3MY;

-3HOIITYBaHHS,

-TUTacTUYHI Aedopmartii;

-MIOPYIIICHHS MPABUJI €KCILTyaTarlii;

-IOPYIICHHS LLTICHOCTI MEXaHI3MYy.

[TonepemxeHHs BiIMOB MTPOXOAUTH IBOMA ITUISIXaMU:
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-pernaMeHTH1 poOoTH (POOOTH, SIKI MPOBOAATHCA Yepe3 MEBHUX MPOMIKOK Hacy
JUTS TIEPEBIPKU TEXHIYHOTO CTaHy , 3MIHM 3HOILICHUX JIeTallel Ta JAeTayiel, Kl MoT-
peOyIOTh 3aMIHH);

-po0OTH 3a CTAaHOM Ta MapaMeTpaMu MeXaHi3My (el HUIsX A03BOJIIE HE PO30u-
paTu CHUCTEMYy, MEXaHI3M Y BYy3el, 110 MOKE MPHU3BECTU JI0 HemependadyBaHUX
B1JIMOB B MaiiOyTHBOMY)

AHaJIi3 CTaTUCTUYHMX JIAHUX BIJIMOB CYJIHOBHX MEXaHI3MiB ITOKa3ye, 1110

70-90% B1AMOB, SIK HOBHUX, TaK 1 BIAPEMOHTOBAHUX MEXaHI3MIB, € PE3yJIbTATOM
3HOCY map TepTsa. HeowikyBaHa BinMOBa MeEXaHI3My YW 3yMUHKA, 3 METOIO 3aMiHU
3HOIIEHUX BY3JIIB — MPHU3BOATH 10 3HAYHUX C€KOHOMIUYHUX BTPAT Ta BUKOPHUCTAHHS
JIOJICKKOTO pecypcy. Y 3B’SI3Ky 3 IIUM 3 SBIISIETHCS 3a7a4a 10 BU3HAYCHHIO TEXHIY-
HOTO CTaHy By3Jla CUCTEMHU B OyJb-sKHIl Yac 0€3 MOBHOI 3yITMHKHU Y1 pO30OPKU CHC-
TeMu. BupimenHs uiei npobiemMu noJiirae B BUKOPUCTAaHHI METO/IIB Ta 3aC001B TeX-
HIYHOTO J1arHOCTYBaHHS, sIKI OM BUKIIIOUUIU OU po30ip CUCTEMHU UM By3ia Oe3 MeB-
HOI MOTPeOH.

OmHuM 3 METOIB TEXHIYHOIO JIIarHOCTYBAaHHS — € BUKOPUCTAHHS 3ac001B BOY-
JIOBAaHOTO KOHTPOJIIO (JIaTYUKIB, SIKI BUKOHYIOTh KOHTPOJIb 32 TEXHIYHUMU IMapaMeT-
paMu MEXaHi3MiB, CUCTEM YU By3ja CUCTeMH). TakuM YMHOM, MPOXOJUTH MPOIIEC
1HIUBITyJIbHOTO KOHTPOJIIO MIPOTHO3Y Ta KOPEKTYBAaHHA MEPIOJUYHOTO TEXHIYHOTO
BIUTUBY Ha MeXaH13MU. EPEeKTUBHICTH BUKOPUCTAHHS JIaHOTO METOMY 3aJIEKUTh BIJT
3acTocyBaHHA MeBHUX MeToIB TO, sKi MPU3BOASITH MAKCUMaIbHOI O€3B1IMOBHOCTI
Ta MIHIMQJIbBHUX €KOHOMIYHHUX BUTpAT.

3 L€ METOI0 yC1 MEXaHI3MHU Ta BY3JIM PO3JLJIEHI HA 3 OCHOBHI TUIIU 3 ypaxy-
BaHHSIM HACJIIJIKIB, 1O IKMX MOKE€ MPU3BECTH iX BiMOBA:

-J10 TEPIIIOi TPYNH BIAHOCITLCA MEXaHI3MU Ta BY3JIH, BIIMOBA SIKUX MOXE CIIPH-
YUHUTH aBapilo, JIOACHKI )KEPTBU UM BTPATY (PYHKIIOHATBHUX MOXIMUBOCTEH;

-0 APYroi TPYNH BIAHOCATHCS MEXaHI3MHU, SKI MPU3BOIATH 0 €KOHOMIYHHX
BTpAaT Y MOTIPIIECHHIO MapaMeTpiB (QYHKIIIOHATBHUX MOKIIUBOCTEMH;

-JI0 TPEThOI IPYIU BIAHOCATHCS MEXAaHI3MHU Ta BY3JH, BIIMOBA SIKUX HE MPU3BEIE
710 BITYYTIMBUX MOTIPIIEHB Ta HACIIIKIB.

Tabmung 2. I'pynu MexaHi3MiB Ta BY3JiB B 3aJI€KHOCTI BiJl BUJly IIKOJM Ta HAC-
JIIKIB BIAMOBH

] Bun mxoan Hacmigku BizMOBHA Tun wMexaHiaMy Ta
rpy- BYy3J1a
nu
1 Karactpooiu- ABapis, JIOACHKI JKep- OcHogHi By3mu /]
HUH TBH, BCIUKI  GKOHOMIYHI
BTpaTu
. ExoHoMmiunmit He3nauni exoHOMiYHI MacnsaHi, DaJHUBHI
30UTKH, 3HWKEHA MPONYKTH- | HACOCH, MalyOHI MeXaHi3-
BHICTB MH , CUCTEMI TiJpaBiika Ta
1HIIT
K be3 nachiakis Butparn Ha pemoHT, JlomoMi>kHI MexaHi-
HE3HAYHI BUTPATH Ta BiIMO- | 3MHU
BU
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JlaTuuku Ta npucTpoi A KoHTpous mpoueciB y CC

Jatuuku 1HGOPMYIOTh IIPO CTaH Yepe3 B3aEMOJIIIO 3 CEPEIO0 Ta mepeaae 1Hdo-
pMaIlio MIJISTXOM €JIEKTPUYHUX CUTHAIB.

Yacro mpu kiacudikalili 1aTdyuKiB , B IKOCTI OCHOBH BUKOPUCTOBYIOTH IMPHUHIIMIT
iX i, sKui B CBOIO 4epry, Moke 6a3zyBaTucs Ha (I3UYHUX UM XIMIYHUX SBUIIAX.

OCHOBHI BUIH JaTYNKIB:

-TeMIIEpaTypHi JaTYUKH;

-TepMOTIapH;

-TepPMOYYTIUBI J10]IU Ta TUPUCTOPU;

-OIITHYHI JaTYUKU,

-(oToraNIbBaHIYHA EMICis;

-(oToranbBaHIYHUI €PEKT;

-apoeNeKTPUUHI ePEeKTH;

-IaTYUKU TUCKY;

-IaTYUKU BOJIOTH Ta Ta30B1 aHATI3aTOPH;

-MarHiTHOPE3UCTUBHI IaTUYUKH;

-natuuku Buranna;

-JTaTYUKHU XO0J11a;

-MarHiTHOIHAYKTUBHUM naTtyuk (MIJ]).

OOpanHst METO/IB 1 3aC001B J11arHOCTYBAaHHS BY3JIIB KACKaJHOI YCTAHOBKHU CKpa-
TJICHHS TIApH

3a OCHOBHHMI BYy30J1, IKUH 00paHO Uil aHai3y, BI3bMEMO JBYXCTEIIEHEBUI KOM-
mpecop, SIKUA MO’KE€ BHKOPHUCTOBYBATHUCS, K B HIDKHBOMY, TaK 1 B BEpXHbOMY KOH-
Typi.

Buxonasum ¢ TOTO, 110 BU3HAYUTH TOYHHUI CTaH MOJKJIMBO JIUIIE, KOJIU BIAKPUTH
BCIO CHCTEMY Ta MPOBECTH O ( 3a3BUYAl Take MPOXOAWTH 32 PETJIAMEHTOM YH Y
aBapiiHux Bumnaakax). CiiJl 3a3Ha4UTH, 1110 KOKHE IM03aIIaHOBE BIIKPUTTS CUCTEMHU
Hece 3a cO0O0r0 MEeBHI HACIIIKYA Ta BUTPATH, TaKl sIK 3MEHIIIEHHS Yacy 0e3Bi1JIMOBHOI
po0OTH, 3aTpaTH JIOJCHKOI Mpalll Ta B IaHOMY BUMIAJKY 3alIOBHEHHS CUCTEMH XJja-
JIOHOM.

Otxe, o0 MmomnepeIMTy Taki BUMAJKK MOTPIOHO 3aCTOCYBATH CHEIlialbHI 3aC0-
Ou J1arHOCTYBaHHSI, SKI BUKIIIOUAIOTh OyIb-sIKy po3repMmeTu3aiio cucremu. Jlo Ta-
KHX 3aC001B MO’KHA BITHECTH NAaTYUKH TEMIIEpaTypu Ta TUCKY, JIaHHI MapameTpiB
SKUX JIal0Th 3MOTY TOBHICTIO OI[IHUTH CTaH Ta MOXJIMBICTh O€3BIIMOBHOI poOOTH
CHUCTEeMHM Ta MEBHOTro MexaHi3my. lle mpusBene 10 migBUILCHHS HAAIHHOCTI Ta mpa-
11€3aTHOCTI BY3JI1B CUCTEMH.

BucHoBku
1. JliarHOCTyBaHHSI CUCTEM — € JIy>K€ MEPCIEKTUBHOIO 1 BAXKIMBOIO TEMOIO JIJISl TIO-
JITIIEHHS] HAAIWHOCTI Ta O€3BIIMOBHOCTI YCIX 1i BY3JIB.
2. Benuka BaplaTMBHICTh METO/IB 1 3aCO01B JA1arHOCTYBaHHS J03BOJISIE Mailke MOB-
HICTIO BUKJIFOUMTH MMO3aIJIAHOBI BIIKPUTTS CUCTEM, SIKi HETaTUBHO BILUIMBAIOTh HA ii
mpare3aTHICTh.
3. JliarHOCTYBaHHSI CUCTEMH 3a IapaMeTpaMH JI03BOJIIE€ MIHIMI3yBaTH aBapiiiHi CH-
Tyalii Ta BYaCHO BiJpearyBaTd Ha 3MiHY OyIb-sIKOTO MapaMmerpa, LUISIXOM OTpH-
MaHHSI CUTHAJIIB Yepe3 TaTuYnKH.
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4, Taki 3aco0u 1 METOMM TOBWHHI Bce OuIbIe 1 OUIbIIe BUBYATHCS, OO CYTHO €
00’€KTOM TI1JIBUIIIEHOT HEOE3MEKH, BUaCHA peakKiiis Ha MPo0JIeMy B JICSIKUX CUCTEMAaX
MOJKE BPATYBATH KUTTS IIJIOMY €Killaky CyJIHA.

CIIMCOK BUKOPUCTAHOI JIITEPATYPHU
1. Kozsminux M.A., ynuiep O.I1., Yenamnic [.B. CucteMu ckparieHHs ra3y Ta BaH-
Ta)KHI CUCTEMHU CyieH-Ta30B031B / HaBuanpHuUit mocionuk — 2018
2. llenicoB B.I'. Meroau ta 3acobu Texaiuroro maiarHoctyBanas CEY /2008
3. 3atitieB B.B. Tonumer E.B. TexHiko-eKOHOMIUHI MTATAHHS MIPOCKTYBaHHS Ta Oy-
JTyBaHHS MOPCBHKHX CHUCTEM IepeBo3ku raszis / 2002
4. C. Eagpro Makluarom, ITitep I'. Hoy6n, Kapn JI. Pamnmaxan Mopceke TpaHcop-
TyBaHHSI PUPOAHOTO Ta3y / ctarts — 2008
5. backakos C.II. IlepeBe3enns 3pimkeHux ra3iB Mopem / mocioank — 2001
6. Fox, M. A hazard-based approach to designing with modern refrigerant gases for
naval ships / Conference — 2020
7. Buckingham, J. The Assessment of Alternative Refrigeration Solution / Confer-
ence - 2020
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YK 629.5.069
Ouepersnnii 10.0.
HanionansHoro yHiBepcutety «Ojiecbka MOPChbKa aKkaaeMishy
ExcniepumenTajibHe 10CTiIKeHHS MOBITPSIHOTO TEIUIOBOT0 HACOCY
BI0CKOHAJIEHOI KOHCTPYKUil

ABTtopamu B [1] 3ampornoHOBaHO BJIOCKOHAJIEHHS TEIUIOBOTO HACOCY 33 PaXYHOK
HarpiBaHHs BUITAPHUKA XOJOAMIHHOI MAIIMHU CYMIIIIIIO MiAIrPITOT YaCTKU PELUp-
KYJISIIAHOTO TOBITPS MPUMIMIEHHS 13 YaCTKOK 30BHINTHLOTO MOBiTps. [IpuiiHsaTa
TeMIlepaTypa CyMillli 3a0e3MeuyeThCsl CIIBBIAHOMIEHHSIM 3MIITYEMUX KOMITOHEHTIB.
Lle m03BOJSIE YHUKHYTH HEIOMIKIB TEIUIOBUX HACOCIB, BUMTAPHUKH SIKUX HATPiBAIOTh-
Csl 30BHIIIHIM MOBITPSAM: JIKBITyBaTH 3aJICKHICTh CIIOKUBUOI MOTYXHOCTI HAcoCy
B1JI TEMIIEPATYPU OTOUYIOUOr0 CEPENOBHUILA Ta 3a0€3MEUNTH HAIIHHICTh HOTO po0o-
TH TIPY B’ €MHHUX TEMIIEpaTypax 30BHIIIHBOTO CEPEIOBHUINA TaK SK, MPU POOOTI
KOHJIUIIIOHEPIB 3UMOIO B PEXKUMI TEIUIOBOT'O HAcOCa OCHOBHOIO MPOOJIEMOI0 € 00-
MEp3aHHs BUMApHUKA 1, K HACIIJIOK, KOMIIPECOP YacTO 3YMUHSAETHCA HA Yac BiATa-
BaHHsI BUTIAPHUKA.

TemnoBuil po3paxyHOK 3alpPOINIOHOBAHOTO THUITY TEIUIOBOIO HACOCY IMOKAa3aB, IO
MOTYXKHICTh KOMITPECOpa MOro XOJOAUIBLHOT YCTAHOBKH MEHIIIE MOTY>KHOCTI TEIJI0-
BOT'O HAcOCy, B SIKOMY HarpiBaHHs MPUILTUBHOTO MOBITPS 31HCHIOETHCS 3BUYANHU-
MU €JIEKTPO-HarpiBalOUMMHU €JIEMEHTaMU, B IIICTh pas3iB.

BrpoBamkeHHST B MPakTHUKY 3alpOTOHOBAHOTO BJOCKOHAJCHHS TEIUIOBOTO
HACOCY, KpIM YKa3aHHMX TepeBar, CyTTEBO 3MEHIIUTH TEIUIOBE 3a0pyAHEHHS OTOUY-
I0YOTO CEePEIOBUIIA, OCKIJIBKM 3MEHIIYETHCS poOOTa KOMIIpecopa.

JInst 3icTaBieHHS M1€3AaTHOCTI 1 €PEKTUBHOCTI MPOMOHYEMOI'O TEPMOIUHAMIY-
HOTO IMKJIY TEIJIOBOTO Hacocy 3 €(EeKTUBHICTIO BUKOPHCTOBYEMOTO 3apa3 METoja
KOH/IMI[IOHYBaHHS B 3WMOBOMY PEXHMI BHKOHAHO TEIJIOBUM PO3PaXyHOK 1 po-
3paxyHKy CYIHOBOI cucteMu KoMm@opTtHoro koumuiioHyBaHHs moBiTps (CCKKII)
BUKOHaHO B MOHOTpadii [2]. BrockoHaieHHs! KOHCTPYKTUBHUX €JIEMEHTIB TETIOBO-
ro Hacoca (110 BUKOHAHMM 3a peKoMmeHAarlisMu [1] MoBHHHI 3a0€3MEUYUTH I1iBH-
IIeHHS €(heKTUBHICTD 1 HAJIHHOCTI €KCILTyaTallii X0JIOJUIbHOI YCTAHOBKH.

ToOTO HOCHIIKEHHSI TEIUIOBOTO HAcOca MOBUHHI MICTUTH KOMIUIEKC €KCIIEepH-
MCHTIB TI0 peaji3allii 3ampollOHOBAHMX TEXHIUYHUX PilllcHb. BHUKOHAHHS JOCIITIB
JIOIJTBHO TIPOBECTHU IIJISXOM IMPOBEACHHS €KCIMEPUMEHTY, IO JI03BOJISIE 3’ SICyBaTH
3MEHIIEHHS IIMCHOI MOTYXHOCTI KOMIpecopa.
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Pucynok 1 — IIponecu 00poOKH MOBITPs TEIIOBOTO HACOCY:

3-4 cTUCHEHHS MPUILTUBHOTO MOBITPSl BEHTHIATOPOM; 4-5 ocTaToOuHE HArpiBaHHS 3a PaxXyHOK
TEIUIOTH KOHIeHcaii; 1-6 HarpiBaHHS BUITApHUKA CYMIIIIIIO, sIKA CKJIAAAETHCS 13 TOJJATKOBO
HarpiToi YaCTKH MOBITPsl NPUMILIECHHS 1 YaCTKU 30BHIIIHBOTO MOBITPA 32 pAXYHOK TEIUIOTH IIepe-
rpiToi mapu X0JI0I0areHTy XOJOJMIIbHOI MAaIllIMHU TEIUIOBOTO HACOCY; 6-2 3MIITyBaHHS 3 YaCTKOIO
30BHIIIHBOTO MOBITPsI;7-8 HarpiBaHHs CyMIIlll IPU CTUCHEHHI ii BEHTWJIATOPOM; 8-9 0XONOKEHHS
CyMIIIIL.

JI71st BU3HAYEHHS TEPMIYHUX MapaMeTpiB MPOMOHYETHCS CKOPUCTATUCS OJTHUM 13
BapiaHTIB BU3HAYCHHS TEMIEPATypH Ta TUCKY B XapaKTEpHUX TOYKaX poOOYOro
UKITY XOJIOAUABHOI YCTAHOBKH TEIJIOBOTO HACOCY:

1) 3a HasSBHOCTI JOCTYIMY Y BCMOKTYBaJbHY Ta HATrHITAJIbHY MOPOKHUHY KOM-
nmpecopa, BU3HAYAIOTHCS TUCKM BCMOKTYyBaHHA Pi= Pec =Po y m.l (puc.2), Ta
HarHiTaHHs Punaen = P;=Px XOJIOAWIBHOTO areHTa; 1 BIAMOBIAHO TemmepaTypu {j
BCMOKTYBAHHS Ta HarHiTaHHSA {p; SIKIIO € JOCTYH TUIbKU 10 BCMOKTYBAJbHOI JIHII -
BU3HauUalOThCa Py, t1, t2; a Tak camo Temmeparypa ts Ha Buxoml 3 (uibTpa-
ocyllyBauya.

2) BuznadyeHHs BIacTUBOCTEH O€3 BUKOPUCTAHHS JaTYMKIB TUCKY T.K. B Oararb-
0X CyYaCHHMX XOJOJWIbHUX YCTaHOBKAaX HE nependayeHa MOKIIUBICTD MAKIIOUCHHS
30BHIIIHIX MPUIAiB THUCKY, @ pO3repMEeTH3allisl CUCTEMHU MPU3BOIUTH A0 BUKUIY
XOJIOJUJIBLHOTO areHTta B aTMocdepy, 1 TUM caMHM /10 YCKJIAJHEHHS PEMOHTHHX
poOit. TakuM YMHOM BU3HAYAIOTHCS: TEMIIEpATypy KOHJEHCAIli Ta KUIMHHSI XA t,
Ta to; TemmepaTypu BCMOKTYBaHHs {1, Ta HarHiTaHHs Kommpecopa tp; Temmeparypa
MEePEOXO0JIOHKEHOTO PIJKOTO X0JIog0areHTa ts.

[To Bu3HaueHUM Temrieparypam y miarpamax «T-S» ta «h-1gP» mns npuiiHATOrO
XOJIOIOAreHTy OyAyIOTh POOOYMI UK XOJOJMIHHOI MAITMHU, BU3HAYAIOThH Mapa-
METPH Y BY3JIOBUX TOUYKAX ITUKITY, K1 3aHOCATH B TAOIHITIO 1.
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S h
Pucynok 2 — Po6ouwii UKIT XOJI0JUABHOT YCTAHOBKY TETUIOBOTO HACOCY y Jiarpamax «T-S»

ta «h-1gP».
Tabmuug 1 — [TapaMeTpu X01010areHTy y BY3JIOBUX TOUKAX LUKITY
Bysnosi | Temmeparypa | Tuck p, Enranemis h HH,TOMHH
TOYKH t,°C MIla x/lowc/ke o0’em v,
’ m¥/ke
1-7

Po3paxyHKu BUKOHYIOTBCS B HACTYITHIN MOC1IOBHOCTI:
h, —h,

%

v
Vl

IIMTOMa MacoBa XOJIOONPOAYKTUBHICTb, KJIx/kr do =

[Tutoma 06’€MHa XOI0I0IPOLYKTUBHICTE, KJ[xK/M>
zie Vi — IUTOMMI 00’ €M Iapy Ha BXOJi B KOMITpecop, MY/KT, (B Touwi 1, puc.2)
[Turoma Teopetuuna (agiabatHa) podoTa CTUCKY B KOMITpecopi (poOoTa 3aTpa-

YeHa Ha IUKI), KJ[K/Kr I=h,—h,

TeopeTrnaHMi X0I0AMIBHUI KOSDIIiEHT ly

Hiticaa maca xonomoareHty Go, 1o HAIXOAUTh Y KOMITPECOP i3 BUIMApHUKA
(milicna MacoBa mojiaua KoMIpecopa), Kr/cex

G _ & _ 31 6Q0
=2 =20
B %
ne Q,,- 3asBieHa(MacnopTHa) TEIUIONPOIYKTUBHICTh TEIUIOBOIO Hacocy, KBT
(xkan/ron).
Jiiicauit 00’eM mapu X0J070areHTy Vo, 10 HAAXOAUTh Y KOMIIPECOop 13 BH-

napHuKa (1iificHa 06’eMHa 1oza4a KOMIIPECopa), Mo/ cek Vo =Gy%

i
KoedimienT mogaui kommpecopa Po T

Jie ¢ — BITHOCHA BEJIMYMHA MIKIMBOTO TipocTopy (¢ = 0,015+0,05);

Py Po — TUCK KOHJICHCAITlT ¥ KUMITHHS X0jo0a0areHTy, Mlla;

Ty, To - TemmniepaTypa KoHAeHcallli i KuMiHAA Xojoaoarenry, K, (7=273+t °C).
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O06’eM, 10 OMUCYIOTH TOPIIHI Kommpecopa (TeopeTudyHa 00’e€MHA Tomaya
VO

h
KoMIIpecopa) , M>/cek A

Teopernyna (amiabaTHa) MOTYKHICTH KOMIIpecopa, KBt N, =1G,

[HAMKaTOpHA MTOTYXKHICTH KOMITpecopa, KBT N; =N, /7,

ne #i — inauKaTopuuii koedirienT kopucuoi aii (KK/).
Jlist Bu3HaueHHs inaukaTopHoro KKJ/[ MokHa BUKOpUCTATH eMITIipU4HY (Pop-

wmyiy Jlesina, 7 =% TP

ne % — 06’ emunit KOeQIIIEHT, 10 OI[IHIOE BTPATH, SIK1 OB’ A3aHi 13 MAIrPiBOM

X0JIOJI0ATeHTY 3a PaXyHOK TEIIOOOMIHY TapH 31 CTIHKaMU ITUJIIHIpA,
&)_'I; +40

- I HCIIPAMOTOYHHX KOMHpGCOpiB -I’_‘

b — emmipuunuii koedimienT. s xnamoHoBux kommnpecopis b = 0,0025,
g amiagaux — 0,001;
t, — TeMIiepaTypa KUIIHHS XOJI0/I0areHTy y BUNapHUKYy, °C
(miacTaBisieTbes B GOPMYITY 31 CBOIM 3HAKOM).
[ToTyXHICTh MEXaHIYHUX BTPAT y KOMIpecopi, KBT
N, =10°p,V,

1€ Pmp. — TUTOMUI THCK TEPTH,

Pmp. = 0,020,035 MIIa — 15 ppeoHOBUX HENPSIMOTOUYHUX KOMIIPECOPIB;

DPmp. = 0,04+0,06 MIla — ny1s1 ppeoHOBUX NPIMOTOUHUX;

[ToTy>XHICTh MEXaHIYHHUX BTpaT 3JEKUTh BIJI PO3MIPIB 1 PEKUMY POOOTH
KOMIIpecopa.

EdexTuBHA MOTYX)HICTH HA Bally KOMIpecopa, KBT

Ne = Ni + NM
MexaH14HMi KOeILIEHT KOPUCHOI J1i KOMIIpecopa
77,»1 = Ni / Ne

Mexaniyanit KKJ[ 3anexxuth Bii KOHCTPYKTUBHHX OCOOJUBOCTEH, PEKUMY
poOOTH, SIKOCTI MOHTAXY 1 CTaHY KOMIIpECopa.

Eneprernuna edeKTUBHICTH XOJIOAWIBHUX KOMIIPECOPIB, SK 1 €HEpreThuyHa
€(EeKTUBHICTh XOJOIMWIBHUX MAIIMH B IIOMY, XapaKTepU3yETbCS AIMCHUMU XOJIO-
muneHUME - Koedinientamu (EER- energy efficiency ratio) Ta omnamoBaibHUM
koedimieatom (COP - coefficient of performance). BpaxoByrouun Te, 1110 TeILIOTa,
110 BIIBOJIUTHCS B1JI HABKOJIMIIIHBOTO CEPEIOBUIINA, 3aBXK M BiaMinHA Bix Hyns, COP
TEIJIOBOT'O HAcOCa MOBUHEH OYTH OLJIbIIIE OUHUIIL.

COP =EER +1= %Jrl

e
[TacriopTHI 1aHI KOMIPECOPIB TEIUIOBUX HACOCIB MPUBOASTHCS B CTaHAAPTHO-
My Temriepatypaomy pexkumi (to= 5°C — remneparypa kuminsns; t,=55°C — Temnepa-
Typa KOHJIEHCAIlll.) , Kl He CHIBNAaAa€ 3 pO3PaxXyHKOBUM, TOMY JIOILUIbHIIIE Tepe-
paxyBaTH HOTo Ha CTaHAAPTHUH 1 IEPEBIPATH MO BEIMUUHI V.
3aJIeKHICTh MK CTaHIAPTHOIO XOJIOJOMPOIYKTUBHICTIO 1 pOOOUOI0 BHUpa-
KAETHCSI CITYIOUUM PIBHSIHHSIM:
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COP, :COPM
B g4

Tle COP; COR woedimientoM edekTuBHOCTI 0GIrpiBY Mpu poGOUMX i cTaH-
JAapTHUX YMOBax, KBT;

Qv, Qv - MATOMA 00'eMHA XOJIOIOTPOAYKTUBHICTD MPU POOOYHX 1 CTAHAAPTHUX
yMoBax, KJx/m>

A, Ac- Koe(illieHT moadi Mpu poOOYUX 1 CTAaHAAPTHUX YMOBAX.

Ac BU3HAYAIOTh aHAJIOTIYHO POOOYMM YMOBAM.

Tako>x 32 yMOBH BIJICYTHOCTI JIaHMX JI€SIK1 3 BEJIMYMH MOXKYTh OyTH BU3HAUYEHI
B HACTYITHHUH CIIOCI0:

V, = z-D? .S.n-.z» A€ D, S - miamerp i Xix mopiuHs, M; n - YaCTOTa 00EPTAH-

4.60
Hs, 00 / XB; Z - YKCJIO IUJIIH]IPIB.

Benuunny Ne MOXXHa OTpUMAaTH JOCBIAYEHUM LUIAXOM 32 JIOTIOMOTOK BHKO-
pUCTaHHSI U(PPOBOTO BUMIpIOBaYa CIOXKUBAHOI MOTYXKHOCTI, SIKMM BigoOpaxkae B
PEXHUMI PEAIbHOTO Yacy Hampyry Mepexi, 4acTOTy 3MIHHOTO CTPyMY, CTPYM, IO
CIIO’KUBAETHCS, CIIOXKUBAHY MOTY)XHICTh (MIHIMaJIbHY 1 MaKCHUMAaJIbHY), KIJIbKICTh
EJIEKTPOCHEPT1i, KOEPIIIEHT MOTYKHOCTI.

TakuMm 4MHOM, JOCIIJKEHHSI TEIJIOBOTO Hacoca MOBMHHI OyTH 3/1HCHEHI 3a
JOTIOMOT'O0 MTPOBEICHHS EKCIEPUMEHTIB «J10» Ta «IICIsh peali3allli 3aporoHOBa-
HUX TEXHIYHUX PIIIEHb [0 BJOCKOHAJEHHIO, NPH OJHAKOBUX 3OBHIIIHIX Ta
BHYTPIIIHIX YMOBaX. ¥ pe3yJbTaTl 4Oro MOKJIIMBO Oyje 3’sCyBaTh BEITUYMHY 3MEH-
HICHHS IACHOT MOTYKHOCTI KOMITpECcopa y IPYyroMy BUIIAKY.

OTtxe, nepexia Ha «oOIrpiB» BUMAPHUKA (30BHIIIHBOTO OJIOKY), P 3UMOBO-
MY PEKHMI TEIJIOBOTO HACOCY CYMIIIIIIO MiAIrPITOI YACTKH PEUUPKYJIALIIHOTO MO-
BITPS MIPUMIIIEHHS 13 YACTKOIO 30BHINIHBOTO MOBITPS 1I03BOJISIE T ABUIITUTH:

— HaJIIHHICTh pOOOTH KOHIAUITIOHEPA (BUKITIOYAIOYH MPOIEC OOMEP3aHHS
30BHIIIHBOTO OJIOKY);

— e(eKTUBHICTh pOOOTH YCTAHOBKH T1JBUIITYETHCS 3aBISIKH 3MEHIIIEHHIO PO-
00TH KOMITpecopa Ta 3HWKECHHIO HOTO MOTY>KHOCTI.

Vo=Vid. G, =V, /v,. COP=Gyq,

CITUCOK BUKOPHCTAHOI JIITEPATYPH
1. JlaBpenuenko I'.K., Ciunpko A.I'., Koznosckuii C.B., boituyk A.C.,
[ITamoB A.B., Ouepersanuii 10.0., [Tunatop [.B.. 3asBka Ha crocid obirpiBa Bumap-
HUKA XOJIOJWJIbHOI MamuHu TermioBoro Hacocy . MKB F02B37/00. - Opeca:
«OHMVY», 2024. - C. 1-12.
2. Oueperanbiii FO.A. TexHuueckass 3KCIUTyaTalus CyAOBBIX XOJIOJIWJIb-
HBIX YCTAHOBOK M CHCTEM KOHJIULMOHUPOBaHUs // YueOHOoe nmocodue il KypCcaHTOB

U CTYJICHTOB BBICIITUX MOPCKHUX yueOHbIX 3aBefieHuil. — 2014. - Oneca: Mzn. OHMA,
204 C.
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YK 629.123-621.182
Hynnaiep O.I1.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
HeoOxigHi yMOBH 1Jisi BUBHAYEHHSA CTAHY TYPOYJEHTHOI0 MPoIecy
TOPiHHSA 0 XapPAKTEPUCTUKAM BUIIPOMIHIOBAHHS NP 3MilIyBaHi MOTOKIB.

BusnayeHHs1 cTaHy MPOIECY FOPIHHS B TONKOBHUX MPHUCTPOSX Oa3yeTbcst Ha de-
HOMEHOJIOTTYHOMY MIJIXO0/I1 O KOMIUIEKCHOI TEPMOJIMHAMIYHOI CKAJIIPHOI CTPYKTY-
pH TIOJIYyM'sT 13 3aCTOCYBAHHSIM ONITHYHUX METOJIB aHAJI3y CTPYKTYPH TypOyJICHTHO-
o MpOLIECY.

OCHOBHI TPOLIECH, 1110 BU3HAYAIOTH CTPYKTYPY TypOYJICHTHOTO IPOIIECY:

- IMIBEICHHS 1 B3a€MOTisI TAJIUBA 1 TIOBITPS;

- TEMIIEpaTypa 1 KOHLEHTpallli KOMIIOHEHTIB 1 iX pO3MO/11 B IEpepi3l NOTOKY;

- BUX1J] IPOMI>KHHUX MPOJYKTH 3TOPSIHHS.

Jlis cKansipHOi CTPYKTYpHU IpolLecy Moke OyTH BUKOPHCTaHA BiJloMa MOJEIb
JUTSI «BIJTHOBJICHO1 KOHIIEHTpALlil» Z NajnBa 3 YpaxXyBaHHSIM SBUIA MEPEMIKHOCTI B
TypOYJEHTHOMY MOTOLI.

HeoOxigHuMu ymMoBaMy BUPIIICHHS €T 3a/1a91 € BCTAHOBJICHHS 3aJICKHOCT1 JTU-
HaAMIYHOTO J1ana3oHy CBITJIOBOT €HEPTii, MEX KOJIbOPOBHUX 1 CIIEKTPAIbHUX 3MIH BU-
IOPOMIHIOBAHHS TOJYM's, @ TaKOX CIEKTPAJIbHOIO CKJIaJy BUIIPOMIHIOBAHHS BIJ
EKCIUTyaTal[liHUX XapaKTePUCTHK MPOLIECY TOPIHHS .

JluHaMIYyHUI [1aria30H BUIIPOMIHIOBAHHS MOJIYM'ss OOYMOBIIIOETHCSI 3MIHOKO Te-
MIIEpaTypH BIAMOBIIHO A0 CTPYKTYpH MPOLIECY, MEXK1 KOJbOPOBUX 1 CIEKTPATbHUX -
3MiH 00€'MHOT KOHIEHTpAILIIl YaCTOK CaxKl B AJIp1 MOJyM's 1 30HaX iX CIATIOBaHHS.

Ha puc. 1 HaBeneHo cxemaTuuHe 300pakKeHHS 3MIHM OCHOBHHUX MapaMeTpiB
MPOLIECY TOPIHHS AJISl THIIOBUX CXEM.

T._-! lf"ml 'fu.'!‘ cﬂ'

09 F [ o
. ~ -
08 'l II ™~ el

o7 ']. c, i w{\ ”",.-

o8 f' x\\ W ’r

0s R L
. B '..\

04
| N
0.1 ] "

' "‘ """
1] 01 a2 a3 a4 05 06 o7 03 ns i
Puc.1 3anexHicTh CKaISIpHOT CTPYKTYPH MOIYM'st BiJl «B1THOBJIEHOT KOHIIEHTpAIlii» MajanuBa
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[TepeminryBaHHs MMajyBa 3 MOBITPSIM BIAMOBIa€ MEPEMIIIICHHIO CIIpaBa HaIIBO, a
X1MIYH1 peakIili BiAMOBIAI0Th IEPEMIIIICHHIO 3HU3Y BBEPX.
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B nonym'i monepenHpo HE mepeMiliaHoi CyMimni 3MiHHA 3MILTyBaHHS €BOJIIOIIIO0-
Hye cupaBa (Z = Z,, T = T,) 10 3MIHHOI 3MIIITyBaHHS MMPU MaKCUMaJIbHIN TeMmepaTypi
Z = Zemers I = Temer (1711 Ma3yTIB MaKCHUMaIbHA TeMNEPATYpa 1 per CKIamaE 2065 +
2155 °C, ctexioMeTpHYHE 3HAYEHHsS YMOBHOI KOHIIEHTpallli Ma3yTa Z.me. —0,068)1
Jaji - 70 MePEeMIHHO1 3MIITyBaHHS J0 KIHIIEBOI CyMilll Z = Z,;, TIpU Temmneparypl 1 =
T, KiH*

O6sacth MOOJIM3Y MAaKCUMAIbHOI TeMIEPaTypu 7T¢mex BU3HAUYAE€ MaKCHUMAaJbHE
3HAYEHHS MEX1 JUHAMIYHOTO Jiana30Hy BUIIPOMIHIOBaHHS, a 00JacTh KIHIIEBOI CY-
Mimni npu Temnepatypi T’ = Ty, MiHIMaJabHE 3HAUE€HHS I[HOTO JI1alla30Hy.

Ewmicig gacTok caxi B sapi MOJyM'ss TOTKOBOTO MPUCTPOIO KOTIa 00yMOBICHA
CKaJISIPHOIO CTPYKTYPOIO MPOIECY 1 BUBHAYAETHCS TOPOTOM CaXKEYTBOPEHHS 1 0OMe-
KEHA 3HAYCHHSM Z < 2Z;pey, IKE BU3HAYAE YMOBU ICHYBaHHS TypOYJIEHTHOTO AUPy-
31ifHOro mosyM's. BinmoBigHO 00€'MHA KOHILIEHTpALlld YacTOK Caxl B siAp1 TOJyM's i
30HAax X CIMAJIOBaHHS JJIsl TIOJyM'st B BUJUMOMY CIIEKTpP1 BU3HAYA€E J1alla30H 3MIHU
CTYII€H1 YOPHOTH TOJIyM'st B Mexax € = 0,15 — 1.

Braciniiok BUIIeBKa3aHOTO B MOJIyM'i OPMYIOThCS KUIbKa XapaKTepHUX o0Jac-
TeH, B AKX XapaKTEPUCTUKU BUIIPOMIHIOBAHHS MOJIyM's] BIIMIHHI.

Buainsiors 1B1 XapakTepHi 001acTi:

- IIPO30POro TYpOYJIEHTHOTO MU(y31HHOTO MOIYyM'sl, KOJU YMOBHU BHUIIPOMIHIO-
BaHHSI BIATNOBIAAIOTH CTYIEHI YOPHOTHU MOJIyM'st B Mexax € < 0,15 ;

- o0macti 3 ¢ — 1, 5Kl BIANOBLAAIOTh yMOBaM BUuIipoMiHtoBaHHS AYT.

CITUCOK BUKOPHCTAHOI JIITEPATYPHU
1. Kuznetsov V.R., Sabel'nikov V.A. Turbulence and Combustion. New York :
Hemisphere Publishing, 1990. 362 p.
2. Bapuarn 1O., Maac V., JIu66xa P. I'operne. ®usnyeckue u XUMHIECKHUE aCTICKTHI,
MOJICIUPOBAHUE, DKCIIEPUMEHTHI, oOpa3oBaHue 3arpsi3Hsommx BemecT /Ilep. c
aurin. I'. JI. Aradonoga. [Tox pex. I1. A. BmacoBa — M.: ®USMATJINT, 2003. — 352
C.
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Yepewmicin B.I., ['onuapenko H.}O, Camnira B.B.
[acTutyT BilicbkoBo-Mopcebkux Cui
HanionansHoro yHiBepcutety «OJiecbka MOpChbKa akajaeMishy
IHoxkpaneHHs NAJUBHOI €EKOHOMIYHOCTI JU3€eJIbHUX JBUT'YHIB PIYKOBHX
KarepiB

AKTyaabHicTh TemMHu. OTHUM 3 TOJOBHUX MPOOJIEMHUX 3aBJaHHb JTU3EICOYIy-
BaHHsI, 30KpeMa CYJHOBUX JM3CIIbHUX JBUTYHIB, € 3a0€3MCUCHHS Ta MOKPAIICHHS
MAJTMBHOI €KOHOMIYHOCTI Ha PEKMMax BiJ XOJIOCTOrO XOAy A0 MaKCHMAaJbHO TPUBa-
701 moTyxHocTi. HaykoBii Ta mpoeKTHI oprasizailii MpaiioTh HaJ BUPIMICHHSIM
IIOTO MUTAHHS JUIsl Cy9aCHUX CYJTHOBUX JU3EIBHUX JIBUTYHIB, 1€ 3 OJHOTO OOKY. 3
1HIIOro OOKY, 30KpeMa B YKpaiHi, 3aJIMIIal0ThCA CyJHA Ta KaTepH (pIYKOBI), AKI MO-
Oynosani 30 1 Ou1bLI poKiB TOMY. JIOCB1A BUKOPUCTAHHS PIYKOBHUX KaTepiB AJIA MOT-
pe6 Cui o6opoHH YKpaiHu MoKa3aB iX €peKTUBHICTh SIK OOWOBOI OJUHUIIL, aJie OJ-
HOYACHO, BKa3ye Ha Mpo0ieMy HU3bKOI MaJIMBHOI €KOHOMIYHOCTI, IO 3HUXKYE iX pa-
aiyc Jii Ta yac BUKOHAHHA MiCii, TOMY BUPIIICHHS MPOOJIEMH MOKPAIEHHS MMaJTuBHOT
€KOHOMIYHOCTI TU3EJIbHUX JABUTYHIB PIYKOBHUX KAaTEpIiB 3AIUINAETHCA aKTYaJIbHOIO.

BimoMmi umcenbHi cripoOM CTBOPEHHS CHEIIadbHOI IMaJUBHOI amapatypu JJis
OTPUMAaHHS PI3HUX 3aKOHIB PETYIIOBAHHS IMO/a4l NMajdrBa B LUJIIHIP JBUTYHA BHYT-
pimHboro 3ropsHHsa [1-5]. Bimomi Ha 3apa3 HayKoBI JOCHIIKEHHS, BUHAXOIU Ta
KOHCTPYKTOPCBKI PIIIEHHS, MalOTh JIOCTATHIO CKJIAJAHICTh Ta HEAOCTATHIO HaJlii-
HICThb B po0OOTI a00 BUCOKY BApPTICTh KIHLIEBOTO MPOAYKTY. [l cydacHUX CyJTHOBUX
JU3EIbHUX JIBUTYHIB, 1I€ BIAMOBIIHE KOMIPOMICHE PIIIEHHS MIX MAJIMBHOIO €KOHO-
MIYHICTIO, HaJIIMHICTIO, O€3MeKoI0 Ta BapTicTO. JJIs OTpUMaHHSI MPOCTOTO, EKOHO-
MIYHO OOIPYHTOBAHOI'O TE€XHIYHOTO PIIIEHHS JJIi CyIHOBHMX IW3EIbHUX JBUTYHIB
nmooynoBanux y 80-x — 90-x pokax XX CTONITTS, Ha TOTJIS aBTOPIB € MOJICPHI3AIlisA
NaJUBHOI CUCTEMU JIBUTYHA 32 PAXYHOK BUKOPHUCTaHHS (POPCYHKH (T1APOKEPBAHHOI)
3 peryJbOBaHUM 3aKOHOM MOjaHHs mnanuBa. [Ipyu oMy TEXHIYHOMY PIIICHHI BiJ-
OyBaeTbCs 3MiHA XapaKTEPUCTUKHU YIPUCKYBAHHS 0€3MOCEPEAHBO Mepe]] PO3MUITIO-
IOYUMU OTBOpPaMH, OCKUIBKH B IIbOMY BHUNAJKy YCYBA€ThCS MOXJIHMBICTH CIIOTBO-
PEHHS IMITYJIbCY THCKY B HarHITaJbHOMY TPyOOMpoBoi 1 06’eMax y Hacoca (00’em
Kamepu HarHiTaHHs V, Ta 00’eM mmtyniepa Hacoca V).

im0 podoTH € oTpuMaHHs PI3HUX 3aKOHIB MOJAHHS MajluBa Ha JIOCHIJHIN
ripokepoBaHiii (hOPCyHI 3 peryJbOBAaHUM 3aKOHOM MOJIaHHS MaJUBA.

Buxnan ocHoBHoro marepiany. [lpuknan GpopcyHku xapakTepuCTHKU SKOi J10-
CJIIDKYBAJIMCh, Ma€ B CBO€I KOHCTPYKIIIi T1IAPOKEPYIOUY MOPOKHHUHY, KA YTBOPIO-
€THCS 3 00’€MY HaJ| BEPXHIM TOPIIEM TOJIKM PO3MHIIIIOBAYa Ta KaHamy 3 JUIsl TiBe-
JICHHSI KEpYIUOoi PiANHHU, OCHAIIEHAa 3BOPOTHUM 9 1 MEPEmyCKHHM S5 KjaraHaMH,
npeacTaBieHnit Ha puc. 1. [[ns 3MeHmenHst 00’ eMy TiapoKepyodoi TOPOKHUHHY, B
KOpIyc MTaTHOi (JOPCYHKH BCTABISIIOThCA BTYNkHU 4. Kanan 3 minx yac mporecy yii-
PUCKYBaHHSI, IPY T1AHOMI TOJIKA 1 mig A1€:0 BUCOKOTO TUCKY TajuBa B 00’eMi 2, Bi-
JOKPEMJITIOETHCS BiJl iHIIOTO 00’eéMy 8 3a JOMOMOTrO 3BOPOTHOTO KiamaHa 9 (3
NPY>KHHOIO0 MaJioi )KOPCTKOCTI). JlaHuii KitaraH nepekpuBac KaHam 8, K TUTbKH THUCK
B 00’€MI TiJIPOKEPYIOUOi MOPOKHUHHU, BHACTIAOK MiAHOMY TOJKUA 1, MEpEeBUITUTH
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MOYaTKOBUH THCK Kepyrouoi piauau. [Ipoiec migBuiieHHs TUCKy Oyae TpUBaTH 10
TUX TP, IOKU THUCK, IO BiJIOBi/Ia€ MOYaTKOBOMY CTUCKAHHIO TIPYKUHH 6 Tepemnyc-
KHOTO KJIaraHa 5 He CTaHe MEHIIE TUCKY KepPYIoUOoi PiAMHM, BHACTIAOK I[bOTO TOJIKA
5 mo4He MiHIMATHCS, TMEPENyCKalOUl YaCTUHY PIIMHU HA3a]l y €MHICTh. 3MIHA 3a-
KOHY IMMOJiavi TaJIiBa B JJAHOMY BWIAJKY BiJOyBa€ThCsl HACTYITHUM YHHOM — TOKH
KJIamaH 5 3aKpUTHH, TOJKA PO3MIIIIOBAYa ITiTHIMAETHCS MOBITHPHO Ta HA HEBEIHKY
BHCOTY, BHACJIJIOK I[LOTO MPOXiJHA TUIOMIA ITiI KOHYCOM TOJIKA TaKoX Oyjae mana,
10 MPU3BOJUTH A0 HE3HAYHOI KUTBKOCTI MaIKMBa, 0 YIOPCKYEThCA B LMIIHAP JBH-
ryHa.

Puc. 1. — T'inpokepoBana ¢popcyHKa 3 peryiboBaHMM 3aKOHOM IOJaHHA nanuBa: 1 — roiaka
(hopcyHKH; 2 — TOPOKHUHA 1] TOJIKOI0; 3 — KaHaJI IMiJIBE/ICHHS KEPYIOUOoi PIAMHU 0 TOJIKU; 4 —
BTYJIKHU; 5 — IEpenyCKHUHN KianaH; 6 — Ipy)KnHa; 7 — KaHaJI IepenyCKaHHs Kepyrouoi piAuHu y

0auoK; 8 — KaHaJI M1ABEJACHHS KepY4oi piIuHU 10 GOPCYHKH; 9 — 3BOPOTHUII Ki1anaH

3MIHIOIOUH MMOYATKOBUN THUCK KEPYIOUOi PIAMHM, MOXHA 3MIHIOBATH MOYATKOBY
BHUCOTY MIJHOMY TOJIKM 1, THM CaMHUM BEJIMYMHY MEpBUHHOI mopuii nanusa. Ilicas
MiTAOMY TOJIKM KJIallaHa 5 THUCK B T1APOKEPYIOYiil MOPOKHUHI, P13KO 3MEHIITYEThCS,
10 TPU3BOAUTH J0 MIBUAKOTO MiTHOMY TOJKHA Ta OJHOYACHO JI0 301IBIICHHS TUTOIT
i 71 KOHYCOM Ta KUIBKOCTI MajiuBa, MO YIOPCKYETHCS B MIJIIHAP ABUTYHA. Takuit
croci0 3MIHM 3aKOHY TOJadyi MajuBa Ja€ MOXKJIMBICTh OpPraHi3yBaTH CTYHIHYACTY
XapaKTEPUCTUKY YIPUCKYBAHHS MAJINBA, MAPAMETPHU KO MOKHA 3MIHIOBATH B IITH-
POKHX MeXkax.

XapakTepUCTUKN YNPUCKYBAHHS MaJIMBA 1HIIOTO TUIY MOXKYTh OyTH OTpUMaHi,
AKIIO MEPEKPUTH NEpenyCKHUM KianaH 5. B 1boMy BUMANKy, 3MIHIOIOUH MOYATKO-
BUM THCK KE€PYIOUOi PITUHU Ta 1i 00°€M, MOKHA OTPUMATH P13H1 3aKOHU MEPEMIIICH-
Hs1 (TTAMOMY) TOJIKM Ta XapaKTePUCTUKH YITPUCKYBAHHS.
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Tuck mpu sIKOMyY MOYHMHAE BIIKPUBATUCS NEPEITYCKHUIN KJIanaH MOKHA BU3HAYU-
TH 3 HACTYITHOT'O PIBHSHHS:

_ f,-y
peibkp a. - (V3an _ fu . y

ne P, — THUCK (ITOYaTKOBHI) KEPYHO4Ol pIIUHH;

+p3an’
)

V,,, — 00’eM IiIpoKepyrdoi HOPOKHHUHY;

f — mutoma momepevyHoro nepepizy rojaxku GopcyHKH,;

Y — BeJIMYMHA MEPEMIIIECHHS TOJIKU (POPCYHKHU;

o — KOeQIIIEHT CTUCKYBAaHHA KEpyIo4oi piquHH (B 00’€Mi TiIpOKEpPYyIOUYOi Mo-
POKHHUHH).

O0’eM T1IpOKepyr040i MOPOKHUHU V  ~ OOMpaeThCs K MOXKHA MEHIIUM (B Ja-
= 0,4 cv®).

ExcniepuMmenTanbHe IOCHITKEHHS] HaBeACHOI BUIe (POPCYHKH MPOBOIMIOCSA Ha
0€3MOTOPHOMY CTEH/II 3 MPUBOJIOM MAJIMBHOTO HACOCA BHCOKOTO THUCKY JTU3EIBHOTO
neuryna YH25/34 Bin enekTpoaBUTYHA MOCTIHHOrO cTpymy. IlpuHummoBa cxema
CUCTEMHU T1IPaBIIYHOrO YIPaBJIiHHSA [IPUBEJEHA Ha pUC. 2.

Pinuna (B 1aHOMY BUMAJKY JM3€JbHE MaJMBO) Bl NAJIWBHOIO Hacoca BUCOKOIO
TUCKY | mozaeThes yepes riipoakyMynsatop 3 10 GopcyHKH 5. 3 METOr0 MIATPUMKHU
HNOCTIHHOTO THCKY KEPYKYOi pIAMHM Ta CIIOCTEPEHKEHHS 3a HOro 3MIHO0, J10 T1poa-
KyMYJISITOpa NPUEAHYIOTHCS NEpenycKHui kinanad 4 1 maHoMmetp 2. ['iapoakymyis-
TOp PO3TAILIOBYETHCS OmrKde 10 HOPCYHKU. XapaKTEPUCTUKU YIPUCKYBAHHS MajH-
Ba (pikcyBamucs 3a JOMOMOTO0 ocimiorpady, a came, TUCK Tepel OTBOpaMU PO3-
MUTIOBaYa.

HOMY BUIIQJKy V

3an

r———me—. [10/]dY A [TAJINBA

o

1 5
b =2\

-~
Puc. 2. — [IpuHIMIIOBa cXeMa CUCTEMH TiIpaBIIiYHOTrO YIpPaBIiHHS podoToro hopcyHku: 1 —
MaJIUBHUM HACOC BUCOKOI'O THUCKY; 2 — MAaHOMETP; 3 — rApOoaKkyMyJsTop; 4 — nepenycKHui
KJjanaH; 5 — gpopcyHka
Ha puc. 3 naBeneni audepeHIiiaabHi Ta IHTETPAIbHI XapaKTEPUCTUKHU TTO1aul
najguBa yepe3 GOpCyHKY, sIKi OTPUMAaHHI Mij] 4ac MPOBEICHHS €KCIIEPUMEHTY.
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Puc. 3. — XapakTepucTuku ynpucKyBaHHs NaJKBa 1 iX IHTErpajibH1 KPUB1, OTPUMAaHI1 Ha MITATHIHN 1
pocinuiit popeynkax (n =225 xs; g, = 1,0 1)
O- ¢opcyHka IU3eTBHOTO ABUTYHA, pgpo = 25 MIla;
A~ nociigHa GOpeyHKa, psan = 18,5 MIla; peioy = 28 MIla;
X— nocninHa GOPCYHKA, psan = 24,5 MIa; peioy = 36,5 Mlla

BucnoBku. [IpoBeneHHi ekcriepuMeHTaIbHI TOCTIKEHHS CB1I4aTh PO Te, IIO:

1. Ilporec ymoBUTbHEHHS XOJy TOJKUA PO3MIIIIOBAaYa B MOYATKOBIN (a3l ynpu-
CKYBaHHS TaJMBa 3 MOJAJIBIIUM 11 MIBUAKUM MigHoMoM, 3a0e3reuye moaaqy B IIHITI-
HIp JIBUTyHa MEHIIOI KUIBKOCTI MajiiBa y TEPIOJl 3aTPUMKH TMPOIECY Camo3aii-
MaHHS, 10 B MiJICYMKY MPHU3BOJUTH JO MOKPAIIECHHS XapaKTEPUCTUK JU3EIHHOTO
JBUTYHA.

2. 31 30UIBIIEHHSIM YacTOTH OOepTaHHS KyJIauKOBOTO Bayly ()OPMYBAHHS CTYIIE-
HBbKU BIJOYBA€THCA MPU O1IBIIIOMY XOJ1 TOJIKA PO3MHIIIOBaYa (TOOTO TMOJIOKEHHS
CXOJMHKH BUIIE, HIXK TIPU MEHIIIII 4acTOTI 0OepTaHHs Bajly) 13-3a 3ali3HIOBAHHS 3a-
KPUTTS 3BOPOTHOTO KJIaraHa.

3. IIpocToTa 3anmponoOHOBAaHOTO KOHCTPYKTOPCHKOIO PIIIEHHS, MIATBEPIKECHHS
HOro Ha eKCIepUMEHTATLHOMY CTEH/I1, JI03BOJISIE 3aPOIIOHYBATH JaHE PIIICHHS TS
MOKpPAIICHHS MaJUBHOI €KOHOMIYHOCTI IU3EJIbHUX JBUTYHIB PIUKOBUX KAaTepiB, TUM
CaMUM PO3IIMPIOIOYH X CIIPOMOKHOCTI.
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ExcnepuMeHTaJIbHE TOCJIIKEHHS TApaMeTPiB POOOTH €KEKTOPY y CKIAd|

CYJTHOBOT'0 KOHIHIiOHEPY MOBITPs, 0 BUKOPUCTOBYE BTOPHHHY TEIIOTY

Beryn

TemnnoTra BUXJIOMHUX Ta3iB TOJOBHUX CYIHOBHUX JIBUTYHIB, a TAKOX TEIUIOTA, IO
BIJIBOJUTHCSL B COPOUIll OXOJIOPKCHHS IBUTYHA, MAIOTh BEJIMKUI MOTEHIIIAM JIJIs 3a-
CTOCYBAaHHSI B TEIUIOBUKOPUCTOBYIOUUX XOJOAWIbHUX MamnHax. OCHOBHUMHM THUIIa-
MU TEIJIOBUKOPUCTOBYIOUUX XOJOJWJIBHUX MAIIMH € aOCOpOIiiHI Ta €XKEKTOPHI
mamHu (EXM). ¥V po0oTi po3risgaeTbCcsi MOXIIMBICTh 3aCTOCYBAHHS OCTaHHIX JIJIS
CYJTHOBUX CHUCTEM KOHIUIIIOHYBAHHS IMOBITPS SIK KOMIAKTHIIINX, HAUTIPOCTIIIUX Y
BUT'OTOBJICHHI, KOHCTPYKIIIi Ta €KCIUTyaTarlii.

B po6oTi [1] po3risinanacs HoBa KOMOIHOBaHa €XKEKTOPHO-KOMIIPECiitHA XO0JI0-
JTWIIbHA CHCTEMAa JIUTS TPOBI3IMHUX KaMep TOPTOBUX CyjAeH. bymna mokasaHa mpuHITH-
MOBa MOXJIMBICTh YTHJII3AIlli CYAHOBOI HU3bKOMOTeHIIHOT Teruiotu (85-95°C)
OXOJIO/KYBAJIBHOI BOJIM COPOYKH JBUTYHA. /[Ba €XKEKTOpH p13HOI reoMeTpii s 3a-
Oe3reyeHHsl poOOTH €KEKTOPHOI CTYNEH1 MPU 3MiHI TEMIIEpaTypu MOPCHKOI BOJH B
IIMPOKOMY Jlana3oHi OyJid CIPOEKTOBaHI Ta 3alPOIIOHOBAHI O BCTAHOBJICHHS Ia-
panenbHo. BukopuctanHs Takoi KOMOIHOBaHOT CUCTEMH CIIPUSITUME €KOHOMIT Hau-
Ba BiX 25 1o 33 % 3a peiic MOpiBHSHO 13 KOMIIpEeCiiHO0 cucTteMoro. KomOiHOBaH
cucteMi BiracTuBHM MeHIMM nutomuii Bukua CO, Ha 1 kB1'rom eHeprii xomony,
HDK CTaHAAPTHINA CUCTEMI, JUIsl BCIX PO3MVISTHYTUX PEKHUMIB pOOOTH.

B po6oTi [2] po3pobieHo excrepuMeHTalbHHi MPOTOTHI CyaHoBOI EXM, ska
BUpoOIsie 21-32 kBT xomony 3 75 kBT TemiaoTH, yTUII30BaHOI 3 CYTHOBHX JTUMOBUX
ra3iB. Taki MOTYKHOCTI MMOKPUBAIOTh TOTPEOH y XOJIOA1 3 METOIO KOHUIIFOBAaHHS Ha
MajuX Ta CEPemHIX cyaax. XonoauiabHui koedirieHt cranoBuB 0,32-0,46 mist mo-
CJII/IDKEHUX PEKUMIB.

[Toganpiri TEOpeTUYHI Ta EKCIHEPUMEHTANIbHI JOCIHIJDKEHHS HEOOX1IH1 IS
OOTpYHTYBaHHSI 3aCTOCYBAHHS €KEKTOPHUX XOJOIWIBLHUX MAIIMH Ha CyJHAX, a Ta-
KOX JUISI OTPUMaHHS €KCIIEPUMEHTAILHUX XapaKTePUCTHK POOOTH €XKEKTOpa y Pi3-
HUX PEeKUMax y CKJIaJli MOPCHKOTO KOHAMITIOHEPA.

ExcnepumeHnTasbHe 10CTiIKeHHS

MeToro eKcriepuMeHTaIBbHOTO JTOCHTIKEHHS OyJI0 OTpUMAaHHS BIUTUBY TEMIIepa-
TypH KHIIIHHS Ta KOHJEHcallli mpu (pikcoBaHii TeMIiepaTypl TeHepallii Ha mapaMeT-
pu edextuBHOCTI cyaHOBOi EXM, sika mpairtoe Ha xonogoarenTi R245fa. Excniepu-
MEHTH MPOBOJMIIMCS Ha €KCTIIEPUMEHTaIbHIA YCTAHOBIII, OMUC SKOT HaBEJACHO B [3,
4].

Ha puc. 1 mokazaHa KOHCTPYKIlisSi HaJI3ByKOBOTO €KEKTOpA 3 JBOMA CUMETPHY-
HUMH BCMOKTYIOUUMHU TPUHUMAIbHUMH TTAaTPyOKaMu, HAaXMJICHUMH JI0 OCI €KEKTOopa.
Jlns 3abe3meueHHs] PIBHOMIPHOTO PO3IOALUTY MapH, 10 €KEKTYEThCS, B IPHIMAaIIb-
HIA Kamepl MiABEACHHS IMapy 3A1MCHIOBAJIOCS 3 JBOX MPOTUIICKHUX CTOPIH Yepe3
BCMOKTYBaJIbHI ATpyOKH, po3TaiioBadi mija Kkyrom 30° 10 oci exxekropa. Taka KOH-
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CTPYKIIiA €XKEKTopa 1 TaKui CHociO MiBEJECHHSIM MapH, L0 €XKEKTY€EThCS, CIPUsE
3MEHIICHHIO BTPATH Ha YAap B €KEKTOPi, CKOPOUYE MOBKUHY KiNbLIEBOI IpUHMAaIIb-
HOi KaMepH, a TaKOX MOBEPXHI COIIa, [0 OMUBAETHCS XOJIOAHOIO maporo. J[ist mo-
JIaTKOBOTO 3MEHIIIEHHS BTPAT MPH B3aEMOJIl aKTUBHOTO Ta TACMBHOTO MOTOKIB COII-
JI0 13 30BHIIMIHKOTO OOKY OYyJI0 BUKOHAHO OOTIYHOI ()OPMHU 3 TOCTPOIO KPOMKOK Y
BUXIJIHOTO Iepepizy.

VY Tabnumi 1 HaBEOEHO T'e€OMETPUYHI XapaKTEPUCTUKU EKCIIEPHUMEHTAIbHOTO
eXeKTopa (pikcoBaHOT TeoMeTpii.

KoncTpykitis exxekTopa nepeadadana MOXKIUBICTE OCHOBOTO MEPEMIIICHHS COTI-
Ja 3 METOI0 BCTAHOBJICHHS B ONTHMAaJIbHOMY MOJIOKEHHI MO0 BX1IHOTO MEpepizy
KaMepH 3MIITyBaHHS.

IIpuiimanena  3MinryBandbHA
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Pucynok 1. KoHCTpyKIIisi HAA3BYKOBOTO €KEKTOPA 3 TBOMa CHMETPHYHIMH BCMOKTYIOUHMHU
npuiMaNbHUMU NAaTpyOKaMu: Mp Ta Ms - BUTpaTa poOouoro (IEpBUHHOIO) Ta €KEKTYeMOro (BTO-
PUHHOT0) TIOTOKIB

Excniepument mpoBoauBcs Ha BunpoOyBambHOMY cTeHAl EXM B meBHOMY
miama3oHi Temreparyp KumiHHS Ta kongencanii t, i t. mpu dikcoBaniit Temneparypi
reHepartii t, =95 °C. Pe3ynbratiB BUNpoOyBaHb, OTpUMaHuX Tpu podoti EXM
(EKCIIEpUMEHTAILHOTO CTEHIY) 3 €KEKTOPOM 3 BIIHOIICHHSAM IUIONI A, / 4, =8,33,
AKuii Oys10 crpoekToBano s podoru npu t, =95 °Ci t, = 12 °C 3 BUKOpUCTaHHSM

xonomoareHTy R245fa, mokazano Ha puc. 2—4. [lonoxxenns corta 0yno 3adikcoBaHo
Ha BIJICTaHI BiJl HOTO BXOJIy B KaMepy 3MilTyBaHHs 18 M.

Ha puc. 2 nmokazano BIUTMB TeMIlepaTypu KOHACHCAIIT Ha €(PEKTUBHICTh €KEK-
Topa (KoeilieHT exXeKIii ®) /i 3MiHHUX Temrneparyp kuminas {, = 4 — 18 °C ta

: ot _ ac o

npyu Temneparypi reaepauii t; = 95 °C. 3 oTpuMaHUX EKCIIEPUMEHTAIBHUX JAHUX
MOYKHA TI00AYMTH, IO I KOXKHOTO 3a7aHoro {, xoedilieHT exXeKIii 3aaumaeThes
HOCTITHUM 31 30UIBIICHHSM TeMIlepaTypu KoHjaeHcalii t. 10 JmocsrHeHHs MEeBHOTO
3HaueHHs 1., BIIOMOTO SIK «KpUTHYHA Temneparypa koHnencamii» t. [5]. [licas mo-

CSITHEHHSI KpUTHYHOI TemnepaTypu t, KoedilieHT exeKIii  MBUAKO MaJaeE.
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Tabmuisi1. ['eoMeTpuyHi XapaKTEepUCTUKU HA3BYKOBOTO 3KEKTOpa (hiKCOBaHOI reoMeTpil

Comio HuainapuyHa kaMmepa 3MinryBaHHsI 3
audysopom
1aMeTp KPUTHYHOTO IIEPEPI3 1aMeTp Iepepi3y UUIIHAPUIHOT

Aliavterp p PEPIY | 10y | IAMCTP MEPEPISY WHMIHAP 12,155 v
corma d, cekuii d,
[11oma KpUTUYHOTO IIEpeEpPi3 [Tnoma nepepi3y MWIHAPAIHOL

P PEPBY 113,93 w2 EPEPIY P 115,98 Mm2
comna A cekmuii 4,
JiameTp BUXimHOTO TIEpepi3y JIOBXHMHA IMITIHAPUIHOT CEKIii

7,11 mm 90,62 MM
comta d, den
[Tnoma BUXigHOTO Tepepizy )
corna A 39,68 mm? | oBxuna mudysopa d, 142.9 Mmm
Binnouenus mwiommn 4, / 4, 2,85 Kyt po3xomkenns nugysopa 8,0°
laMeTp BUXI1IHOTO IIepepi3
Kyt cxomxenHs comia 30° A P PepIsy 32,0 Mm
nudysopa d,
IIioma BUX1AHOTO HEpepi3

KyT po3xomkeHHs: BUXoay 3 6.0° pep13y 803,84 M2
coruia mudysopa A,

Ha puc. 3 1 4 nmoka3zaHo eKCIIEPUMEHTAIBHO OTPUMaH1 3aJIeKHOCTI KOoe(DilieHTy

exekuii @, COPR, . 1 X0onoxonpoayKTUBHOCTI Q, BiJ KPUTHUHOI TEMIIEPaTypH KOH-

herm

AeHcauii t, mpu pi3HUX 3HAUYEHHSIX TeMIeparypu KumiHHas 1, .
3 OTpuMaHUX EKCIEPUMEHTAJIbHUX JJaHWX BHIUTUBAE, 1[0 30inbmieHHs

BUKIKKAE 36inbmenns o, COR,. , Q, ta t, . 36inbmenns t, Bix 4 no 18°C npusso-

IUTh 10 3poctanHs o Big 0,23 no 0,53, COR, .., Bia 0,17 no 0,42, Q, Bix 2,9 o 6,8

kBri t. Bix 32,3 no 37,7 °C.

3 puc. 2-4 BUIHO, IO 31 30UIBIICHHSM TEMIIEpATypu KHUIIIHHS, 3pPOCTaE
KOE(IIIEHT eXEKIlT €KEKTOPa, 1 TAKOXK 30UIBIIYETHCS KPUTUYHA TeMIepaTypa KOH-
neHcauii. e o3Hadae, M0 €XEKTOp «JIErmie» Mpaltoe 3a BUCOKUX TEMIIEpaTyp
KUIIHHS (3 OUTBIIOI0 e(eKTUBHICTIO). BianoBiHo, O11bIIa X0J0A0NPOAYKTUBHICTh
3a0€3MeuyeThCs TPU BUCOKUX TEMIIEpaTypax KUIIHHS.

Kputnuna temmnepaTtypa KOHIEHCAIlli BU3HAYAETHCS TEMIIEPATYPOIO 3a00pTHOT
BoM. JIJIst MIBIGHHUX PETiOHIB BHCOKA TEMIIepaTypa MOPCHKOI BOJIU MOKE CIPUYH-
HUTH 30111 y po6oTi EXM. ToMy 11e HEOOXiTHO BpaxoByBaTH MPH BUOOPI PEKUMY
pobotu EXM.

herm
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Temneparypa xonaencauii te, °C
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Pucynok 2. EkciepumeHTanbH1 3Ha4YeHHS KoeillieHTa eXeKI[il @ B 3aJeKHOCT1 Bl TeMIepaTypu
KoHzeHcamii t, s pi3HUX TeMrepaTrypax KAmiHas t,
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Kpurnana remneparypa konpencanii tc*, °C

Pucynok 3. ExciepumenTanbHi 3HaueHHs KoedinienTa exxekunii  ta COP, .

B 3aJIEXKHOCTI BIJT

KPUTHYHOI TEMIIEPATypH KOHJEeHcalll t, mpu pi3HUX TeMiepaTypax KUIiHHA i,
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Kpurnuna remuneparypa Kongencanii tc*, °C

Pucynok 4. ExcniepiMeHTasIbHI 3HaUSHHS XOJIOJONPOIYKTUBHOCTI Q, B 3aJISKHOCTI BiJl KDUTHY-

HOI Temneparypu KoHJeHcauli {, mpu pi3HUX TeMmneparypax KUMiHHA i,
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BucHoBku

VY po0oTi npeAcTaBieH] pe3yabTaTh eKCIEPUMEHTAIBHUX JTOCHIIKEHb €KEKTopa
y cxiani EXM, mo npaitoe 3 xonogoarentom R245fa. Otpumani pe3ynbratu BU-
npoOyBaHb JAEMOHCTPYIOTh, 110 BTOPUHHY TEIJIOTY MO>XHa BHUKOPHCTOBYBATH [IJISI
edexTuBHOI poboTn EXM, 1110 npartoroTs 3 R245fa 1151 KoHauIitOBaHHS MOBITPS Ha
cynHax. [lokazaHo CyTTeBMi BIUIMB TeMIIepaTypu KOHACHcAIll Ha mapaMeTpu edek-
THBHOCTI Ta HAa KPUTUYHY TeMmIiiepaTypy koHaeHcaiii EXM nns exexropa 3 ¢ikco-
BaHOIO reomeTpiero. ToMy, 3po0ieHO0 BUCHOBOK, 10 JyuIsi cyaHOBOT EXM nonisisHO
BCTAHOBITIOBATH €KEKTOP 31 3MIHHOIO T€OMETPI€I0. 3aCTOCYBAaHHS TAKOTO €XKEKTOPY
oyzae crpusiti podoti EXM y edhekTUBHUX pekuMax Mpu 3MiHI TEMIEpaTypu KOH-
JeHcallii.
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TH)KEHEPHI TEXHOJIOT'TI EKOJIOTTYHOI TA TPO®ECIMHOI
BE3IIEKN HA MOPI

YK 629.123
[Tapmenona /I.I'., Koneraes M.O.
HanionansHoro yHiBepcutety «Oiecbka MOPChbKa aKkaaeMishy
3al0e3neuyeHHs eHEPreTUYHOI e(DEKTUBHOCTI Cy/IHA HIVIAXOM YIIPABJIIHHSA
CTaHOM KOPIIYCYy CYy/HA

ExoHOMIs eHepreTUYHUX PecypCiB € OJTHUM 3 HAWUTOJIOBHIIINX 3aBJaHb CBITOBOI
€KOHOMIKH Ta €KOHOMIKH YKpaiHH, a TAaK0X MPUPOJOOXOPOHHOT CBITOBOI MOJITHKH.
3HaYUMICTh 11 BU3HAUAETHCS YCE3POCTAIOUMM CIIOKMBAHHSIM TaJliBa Ta €HEpPTii B
KpaiHi, 3pOCTaHHSM IIH HA HUX Ta 3a0pyAHEHHS aTMOc(epHu MAPHUKOBUMH T'a3zaMu
[1-3].

He3Bakarouu Ha Te, 10 OCHOBHI SIKOCTI CyJIHOBUX JIU3€JIiB, 110 00YMOBIIOIOThH
HOro maJluBHY €KOHOMIYHICTh, 3aKJIaJJAl0ThCs 1 3a0€3MeUyIOThCSl Ha CTaisIX MPOEK-
TyBaHHS 1 caMe JOBEJCHHs M peaizallis 3aKIaJeHUX MOXKIHMBOCTEH 1, TUM OLIbIIIE,
PE3€pBIB 3aJICKUTH BiJ] MPABUJIBHO OPraHi30BaHOI TEXHIYHOI eKCIUTyaTallii CyJHOBUX
IN3EIbHUX €HEPreTUYHUX YCTAHOBOK 1 CyJIHA B LIIOMY.

Exonomiss manuBa Ha MOPCHKOMY (JIOTI MOXKe OyTH JOCSTHEHAa KiUIbKOMa
msixamu. OJMH 3 HHUX MOJIATAa€ B IONOBHEHHI (JIOTY JOCKOHAJUMH CYJHAMH,
OCHAI[ECHUMH CYyYaCHUMHU €KOHOMIYHUMHU IHU3EIsIMU Ta KoTiaamu. Lleil nuisix moB'si-
3aHUMN 3 PO3POOKOI0 HOBOI MPOTPECUBHOI TEXHIKH, JIJI1 YOTO MOTPIOEH TOCUTH TPHU-
Banui yac. Jpyruil nuisix — eKOHOMis MajiuBa Ha MOPCbKOMY (DJIOTI, a caMe MI1JBH-
HIeHHS €()eKTUBHOCTI BUKOPUCTAHHS CYJIEH HUISIXOM 301JIbIIEHHS eKCILTyaTalliiHOro
yacy, 3HW)KEHHSI BTpaT NajluBa, BUOOpPY Ta 3a0€3MEUEHHS ONTUMAJbHUX PEKUMIB
poOOTH CYyJTHOBOI €HEPreTUYHOI YCTAHOBKH, a TAKOK MPOBEICHHS PI3HUX OpraHiza-
IIHHO-TEXHIYHUX 3aXOiB MO0 €KOHOMII MaJIUBHO-CHEPTETUYHHUX PECYPCIB.

MopchKi TBapUHH i BOJOPOCTI, IO MOCENSIIOTHCA Ha MiABOJIHIM YaCTHHI Cy/HA,
30UTBIIYIOTH OMIpP PYXY CYJHA, BIUTMBAIOTh HA MOTO OCAJKY, 3MEHIIIYIOTh HOTO IBU-
JIKICTh 1 MAHEBPEHICTh, BUKJIMKAIOUX 3HAYHE 301JIbIIIEHHS MOTY>KHOCTI €HEPreTUYHOT
YCTAaHOBKH JIJIsl MIATPUMKH 3aJIaHO1 IMIBUJIKOCTI, KPIM TOTO, CTBOPIOETHCS HeOe3meKa
JUTS MOPCHKUX €KOCHCTEM TEPEHECEHHSM 1HBa3IMHMX MIKPO- Ta MaKpOOpraHi3MiB
[4,6]. V cBiTi icHye Omu3bko 4000 BHUIIB OpraHi3MiB, M0 TPU3BOAATH 0 010JI0T1Y-
HOTO OOpOCTaHHSA, NMEPEHECEHHs SIKUX HECEe HACTYyNHI 30MTKU ISl MPUOEPEKHUX
Kpain [4,6-7]:

- €KOJIOTIYHOMY CTaHy MPUOEPEKHUX BOJ KpaiH: MOXKYTh MOPYIIYBAaTUCS BCTa-
HOBJIEH] €KOCUCTEMHU (1HBa31MHI BUAM MOXKYTh HE MaTH MPUPOJIHUX XHKAKIB);

- €KOHOMIIIl KpaiH: BIUIUB Ha pUOAIbCTBO Ta aKBAKYJIbTYPY, MOIMIKOIXKEHHS 1H-
(dpacTpykTypH, HETaTUBHHI BIUIUB HA TYPU3M, MPSMi BUTPATH HA BiTHOBJICHHS €KO-
CUCTEMHU;

- 3JJOpPOB’10 JIFOJIMHU: MOXKYTh OYTH MepeHeceH! TOKCHYHI BUIH, HAPUKIIA] XBO-
poOOTBOpHI OakTepii.

To6T0 Bl BHIE 3a3HaUYeHI TPOOIEMHU 0€3MOCePeTHBO BIUIMBAIOTH HAa €KOJIOT1-
YHHUM CTaH MOPCHKOTO JOBKULIS, TOMY 3aXUCTy CyJIE€H BiJ 0OpOCTaHHS MPUALIAETH-
Csl BEJIMKA yBara y BCiX MOPCbKUX KpaiHax.
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Bimomo, 1110 301bIIIEHHS MIOPCTKOCTI T1ABOAHOI YACTHHHU KOPIYCY CyaHA Ha 25
MKM TIABUIILYE ONip pyXy cyaHa Ha 2,5 %. Hepinki Bunajaku, KoJid 0OpoCTaHHs, 110
yTBOpHUJIOCs 3a 6 MiCsIIiB, BUMarae 30U1blleHHs oTyxkHocTi Ha 100% nmst miarpum-
KM MBUAKOCTI 15 By3miB [4,5].

BonoBonu cyneH, MpUMOPCHKUX €IEKTPOCTAHIIN 1 3aBOJIB 0OpOCTAOTh MpPH
MIBUAKOCTSX MOTOKY BoAM MeHII 4 m/c. CuiabHE 0OpOCTaHHS BOJOBOIIB 1 CHCTEM
OXOJIO/KEHHSI MOYKE€ MPUBECTH J0 IXHBOI MOBHOT 3aKyNOPKH Ta MOPYIICHHS POOOTH
TAPOAKyCTUYHUX 1 IHIMTUX ITABOJTHUX TPUJIAIIB 1 MEXaHI3MIB.

BrnuB oO6pocTanHs Ha 30UTBIICHHS] BUTPATH MaJlMBa 3aJI€KUTh Bl THUITY 00poc-
TaHHS, HANPUKJIAA, OOpOCTAaHHS BOAOPOCTSIMH TPU3BOAHUTH 10 30UIBIICHHS OMOPY
cynHa 1o 10%, a miaii, KiTp4arti 4epBU, paKoOmoiOH1, TPeOiHIIl Ta 1HII MPU3BOASTD
70 30UIbIIEHHSI Oonopy CcyaHy maiixke no 25 %. Ha pucynky 1 300paxkeHO 3aiex-
HICTh BUTPATH MaJuBa BiJ TUITY OOPOCTaHHS.

% FUEL PENALTY vs. INCREASED ROUGHNESS

12.0% -
10.0% . ——t
800; Slime Weed =
. 0
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20% |
0-0% | 1 1 I ) I I 1 I I 1

Shell
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Puc. 1 - 3anexHicTh 3011bIIEHHS BUTPATH MaJIKMBa BiJl IIOPCTKOCTI KopIiycy cynHa. Jhxepeno [5]

3a npuOIM3HUMHU PO3paxyHKaMHu 01000pOCTaHHS CyAEH MPU3BOAUTH 10 KAaTACT-
podiYHOTO BIUIMBY CYJIHOIUJIABCTBA HA HABKOJIMIIHE cepeaoBuiie [4,5]: 101aTKOBO
Moxe OyTu BUTpaueHo 70 MIIbHOHIB TOHH TajuBa, 110 MPU3BEIE 10 MOMajaHHs B
atMocdepy noaatkoso 210 minbiioHIB TOHH niokcuy Byraemto (CO2) Ta 101aTKOBO
5,6 MinbitOHIB TOHH Jiokcuy cipku (SOy).

Haiibisib111 IHTEHCUBHE OOPOCTAaHHSI CIIOCTEPITa€eThCs MPHU €KCIUTyaTallii CyJIeH B
TPOIIIKax, a TAKOXX B MOMIpHUX mupoTax. Ha pucyHKy 2 mokas3aHo, siKi BTpaTH IIBU-
JKOCT1 MOXYTh OyTH BUKJIMKaHI 00pocTaHHAIM 40 % 3MIHHOTO MOSICY KOPILYCY CY[I-
Ha 3JIKHO BiJl TOBIIMHY IIapy oOpOCTaHHS MpH MBHAKOCTI cyaHa 20 By3imiB [8].
Jlo ToTro X, Ty’Xe CUJILHUN BILTMB HA OMip pOOUTH OOPOCTAaHHS T'BUHTA.
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Puc. 2 - BB 00pocTaHHs Ha 3HWKEHHS MBUIKOCTI Xoay cynHa. [xepeno [8]

ExoHOMIUHMI 30UTOK, III0 HAHOCUTHCS OOPOCTaHHSM, HE MIIJAETHCS TOYHOMY
pPO3paxyHKy, TOMY III0 BaXKKO BCTAaHOBUTH JIOJATKOBY BUTpPATY IMalliBa, HEOOXITHY
JUTSI TOCSTHEHHS TIEPBICHOT MIBUAKOCTI CYJHA, OJHAK 3a pe3yJbTaTaMU JOCIIIKEHb
B [5] mpu HasBHOCTI Gi0JIOTIYHOTO OOPOCTAHHS CYJTHO MOXKE CHOXHUBATH 110 25% Oi-
JpIIE NAJIBHOTO, TOOTO CYJTHO MOYMHAE MPALIOBATHU 31 3HUKEHOIO €(PEKTUBHICTIO.

Hampukinaz, 1ist TpaHCIOPTHOTO 1 IPOMHUCTOBOTO (PIIOTY, 110 €KCIUTYaTyeThCs B
TPOIIYHUX paiOHax MPH MaIiHHI IMIBUAKOCTI MPOMUCIOBHUX CyjeH Ha 1,8+3 By3nu, a
TpaHcopTHUX Ha 1+1,8 By3ia, MpOMUCIIOBI CyaHA BTpayaroTh 10 12 116 Ha pik, a
TpaHCIOPTHI - 10 8 110 3a oauH nepexia B 6000 Mub.

TakuM 9rHOM, BUHUKAE HEOOXI1THICTh JOKYBAaHHS, BAPTICTh SKOTO JJIS BEIUKUX
CyJICH CTAaHOBUTH OlJIbIlIe 1 MJIH. €EBPO HA JICHb.

Pe3ynbpraTi qocmmkeHb, HaBeICHI B [8] MOKa3yrOTh, 110 MTOTaHa SKICTh MiAT0TO-
BKM KopIycy nepen ¢papOyBaHHSIM HOBHMX CyJ€H Hajaail Oyae nmotpeOyBaTy BEIUKOI
po0OOTH 1 3HAYHUX BUTpAT HA MPUBEICHHS MiABOJHOI YaCTUHU KOPITYCYy B TapHUU
ctad. Kpim 30ibllIeHHS BUTpaTH NalKMBa, 3pOCTA€ 3HOIIYBAHHA MEXaHI3MIB, IO
MpAaIOI0Th Ha PEeXHMax, SKI MEPEeBUILYIOTh ONTUMAJbHI, 1, OTXKE, 30UIbIIYIOTHCS
TPUBAIICTh PEMOHTY 1 HOro BapTicTh. CKOPOUYEThCS MIKJOKOBUM MEP10J Yepe3 He-
OOX1HICTh OUTBII YACTOTO PEMOHTY MEXaHI13MiB, OUMILIECHHS 1 nepedapOyBaHHs ITi-
JIIBOJHOI YaCTUHU CYZIEH.

3anob6iranHs 0OpOCTaHHsS KOPIYCIB CYJEH 1 MOBEPXOHb, L0 3aHYPIOIOTHCS, Ha
JAaHUM Yac JOCATAETHCS MOKPUTTSAM IiIBOTHOT YACTUHU KOPIYCY CIielialbHUMH ¢a-
pbamMu mpoTH 0OpOCTaHHS.

®apOu mpoTH 0OPOCTaHHS MOAUISIOTHCS Ha /1B OCHOBHI THUIH: O10IUIHI Ta He-
01011 IHI.

Bci Oionuani Gpap6u MicTATh 6louuIM 00 «aKTUBHI KOMIIOHEHTH» Ta CHOJIYYHY
KUCIOTY. MexaHi3M iX [Iii MoJsrae B TOMy, 10 O101M/IM BUBUIbHAIOTHCS 3 MMOBEPXHI
¢bapbu Ha KoOpIyCl CyJiHA MPU KOHTAKTI 3 MOPCHKOKO BOJIOIO, sIKa € Jy>kHOW (pH ~
8), 3aBJIIKM KUCJIOMY KOMITOHEHTY CIIOJIYYHOI PEYOBUHHU, 110 MOXKE PO3UUHSITHUCS Y
MOPCBKiM BOJ1, BUBUIBHSIOUM TMPHU IIbOMY OIOIUAM Ta CTBOPIOIOYM KOHIIEHTpPAIIII0
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Olommmy Ha oBepxHi (PpapOu (TOKCHYHUN MIKpOIIAp), 1 TAKUM YMHOM 3arl00ITaroun
OC1JJaHHIO MOPCHKUX OpraHi3MiB [9].

s edextuBHOI pobOTH Takux (Gapd KIIBKICTh BUIIIEHOTO 010Uy («IIBUI-
KICTh BUBUIBHEHHS» a00 «IIBHJKICTh BHJIYTOBYBaHHS») IMOBHHHA OYTH JOCTATHHO
BHUCOKOI0, 1100 3amo0irTd 0OpOoCTaHHIO MPOTITOM BChOTO TEPMIHY eKCILTyaTtarii dga-
pomu.

3 2003 poky O6iouuaH1 ¢apOu 13 BMICTOM TpUOYTUIONOBA 3a00poHEeHI MixHapo-
JHOIO KOHBEHITIEIO II0JI0 KOHTPOJIIO 3a MIKIUIMBUMH CHCTEMaMH MPOTU 0OpacTaHHs
Ha cyaHax [10], a 3 2022 poxy BHECEHUMH 3MIHAMH JI0 11i€1 KOHBEHITT 0ys10 3a00po-
HEHO TaKOX BUKOpPHUCTaHHS B (papOax GiomuaHoro nmubyTpuHa (cybutryne), mmpoxo
BimomuM sik Irgarol-1051, sikuii € ry’ke TOKCHYHUM JJIs1 BOJHUX OPTaHi3MiB Ta MOXKeE
BUKJIMKATH TPUBaJl HECTIPUATIMBI 3MiHU U1 BOJHOT €KOCUCTEMHU.

[TepeBaramu OiotuaHUX Gapod, 110 CAMOIIOTIPYIOThCS, €:

- IOCTIiHE BUBUIHHEHHS O101IU]Ty — HaBITh Y CTAI[lOHAPHOMY CTaHi;

- caMoIIoJIipyroya Jis, sika 3a0e3mnedye NOoCTIMHUM 3aXKUCT Bl 00OpOCTaHHS;

- BUCOKOIIOTY>KHUM O101IUJI, IKMI € aKTUBHUM MPOTHU OLIBIIOCTI OPraHi3MiB, 110
3a0pyIHIOIOTH [TOBEPXHIO;

- JIIHIMHA MBUJKICTH MOJIPYBaHHS.

HeGilomuani MOKPUTTS 3a MEXaHI3MOM il 3a0€3MedyloTh HU3bKOCHEPTeTUUHY
MOBEPXHIO (AaHTUMPUKPITUICHHS ), 10 SKOi OpraHizMu a00 HE MOXYTb MPUIIUIIATH,
ab0 MOXyYTh JuIIe cIabKo MPUJINIATH, & OPTaHi3MH, SKi MPUINIAIOTh, JIETKO BHUJIA-
JSIOTHCS MiJ Yac X0ay cyAHa abo MpH M'SIKOMY OYHIIICHHI.

OcTaHHI IOCATHEHHS B Tally31 TEXHOJOT1M MOKPUTTS 3HAYHO MOKPAILYIOTh MPO-
JTYKTUBHICTh CUJIIKOHOBUX €J1aCTOMIPHUX CUCTEM.

HoBa mnoBepxHeBa HAHOTEXHOJIOTiS 3a0e3neuye aM(iiIibHy MOBEPXHIO —
rigpodoOHy Ta T1APOPIILHY OCHOBY OJJHOYACHO, IO HE JI03BOJISIE OCIJATH HA TIOBE-
PXHI KOPIYCY CyJHa OpraHi3MaM 3 PI3HUMH BJIIACTHBOCTSIMH, OCKIJIbKA BCTaHOBJIE-
HO, III0 MOPCBHKI OpraHi3MH BUJUISIOTH aJIF€3UBHUKA O1710K a00 TIIKOIPOTEIH, KU
MOK€e MaTH sIK T1ApodoOHMI TaK 1 T1IPOPUIHLHUI XapakTep.

36anancoBana amdidiibHa MOBEPXHS MOXKE MIHIMI3yBaTH XIMIiUHI Ta €JIEKTPOC-
TaTHYHI B3a€MOJIT MK TTOBEPXHEIO Ta aJire3MBOM, 1110 BUAUISIOTHCS 3 IIUPIIOTO KO-
7a 3a0pyIHEHUX OpTraHi3MiB, a BBEJICHHS B CKJIaJa TakuX (GapO O101uaiB MiABUIILYE iX
e(deKTUBHICTh IPU CTATUYHOMY CTaHl cyneH. Ha pucynky 3 300paxeHi pe3yiabTaTu
BUNPOOYBAaHb PI3HUX MOKPUTTIB, 30KpPEMA 33 HOBITHIMHU TEXHOJIOT1SIMHU, Y MOPCHKHX
Bozax BemukoOpuTanii npotsirom 3 micsuis [9].

Taki HAHOTEXHOJIOTIi JTI03BOJISIOTh TOCATHYTH O1IBII IJ1aJKOI MOBEPXHI Ta MEH-
Ui KoeQIiLieHT TEPTS.

3acToCcyBaHHS TEXHOJIOT1i HAHECEHHS] Ha METaJIeBUM KOPIYC Cy/AHA MOKPUTTIB 3
MOJIMEPHUMH CHOJYKaMH, $IKl € ci1ad0 pO3UMHHUMH Y BOJi, JO3BOJISIE OTPUMATH
MPUCTIHHUYN TIap, M0 CKIATAETHCSA 3 JOBTUX MOJIEKYJI, SKI B OOTIKAIOYOMY MOTOII
BOJI PO3TOPTAIOTHCA MapalieIbHO TOBEPXHI i, TAKUM YHHOM, IITYYHO CTBOPIOETHCS
MJIaHapHA CTPYKTYPA, 110 JO3BOJISIE 3SMEHIIIUTH OIIip Ha 3CYB.

Taki MOKpUTTS Ha MPaKTULI MIATBEPAWIU CBOIO edekTuBHICTh. Ha pucynky 4
HaBEeZCHI pe3yIbTaTH BUIPOOYBaHb KOHTEHHEPOBO3Y, SIKUM MICIs HAHECEHHs HeD10-
uaHOTo OararodyHkioHaTbHOTO MOKpUTTS «IITNJIAM», miABUIIMB MIBHIKICTH
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xomy 3 22,5 mo 26 By3miB (Ha 15,5%) nipu ofHIM 1 Ti€T MOTY>KHOCTI TOJIOBHOTO JIBU-
ryna 17000 kBt [11].

N-1073, kBt
201 1
T 2
18 1+
16 T —
+—+ —
20 25 V, y31ibl
Experimental Latest technology 1st generation
Puc. 3 — EdexTuBHICTh TOKPUTTS MICIS Puc. 4 — 3anexHicTh MBHIKOCTI CyIHA
CTaTUYHOTO 3aHYPEHHS TMPOTATOM 3 MICSIIB  Big HOro MOTYXHOCTI:
(BenmuxoOpwuranis). xepeno [9] 1 - 10 HaHeceHHS MOKPUTTS; 2 - MICHA

HaHeceHHs mokputts. xepeno [11]

Oco0nuBICTIO HEOIOIUAHUX MOKPUTTIB MPOTH OOPOCTaHHS € TE, 110 BOHU MO-
KyTh OyTH BUKOPHUCTaHI Ha CyJHAX, K1 MalOTh MIBUAKICTH X0xy > 10 By3miB Ta Ma-
I0Th HEBEJIMKI CTATUYHI MEPIOAN NPOTATOM eKcIutyaTauli cyana [11].

BukopucTanHs TakuxX MOKPUTTIB JI03BOJISIE OTPUMATH 3HAYHY €KOHOMIIO MajinBa
Ta CKOPOYEHHS BUKHUIB MAapHUKOBUX rasiB Ha 9% 3a paxyHOK OTpUMaHHsS OUIbLI
IJIaJIKOI TOBEPXHI Ta, SIK HACTIAOK, 32 PaXyHOK Kpalloro KoeQiluieHTy TepTs, HIXK B
MOBEPXHSX MOKPUTUX Ol0uAHMMU (hapOaMu NpOTH OOPOCTAHHS.

BucHoBku. BaxnuBuM HUIIXOM €KOHOMIl MajiuBa Ha CyAHax € po3poOka Ta
BIIPOBA/PKEHHSI HAYKOBO OOIPYHTOBAHUX HOPM BUTpAT IajnBa, 3a0€3M1eUeHHS CyBO-
poro #oro 00Ky Ta KOHTPOITIO BUTpaT. Lleit HanmpsMOK He BUMarae BEJIMKUX BUTPAT
1 3aJIeKUTH BIJ] OpraHi3aiiifHoi poOoTH (IIOTY.

EdextruBHa ekcrutyaTtamisi CyJeH 3aleKUTh HE TUIBKM B IXHIX MOPEXITHHX
SKOCTEH, 1110 3a0e3MeUyI0Th IJIaBaHHs B Oyb-sKY MMOT0y, aje i BiJ TOTO, HACKIIb-
KM HaJ1WHO MiJBOIHA YAaCTHHA CyHA 3aXUIlleHA B1J OOPOCTaHHS.

3HayHe 301IbIIEHHS YUCEIBLHOCTI CYJIEH B OCTaHHI POKH MPU3BOIUTH JO TOTO,
110 MIOPIYHUN 30UTOK BiJ] OOPOCTAHHS OOUMCIIOETHCS JIECITKAMH M COTHSIMU M1JIb-
HOHIB J0JIapiB , 30KpeMa IMPU3BOJUTH A0 301IbIIECHHS BUTpaT najuBa a0 25%, 110
301/IbIIly€ HEraTUBHUM BIUIMB Ha JOBKULIS Ye€pe3 3pOCTaHHS BUKHUIIB IMAPHUKOBUX
rasiB Ta MOPYyIICHHs 010J0T1YHOT PI3HOMAHITHOCTI BOJ MPUOEPEKHUX KPaiH UykKO-
PITHUMH MIKpPO- Ta MaKpOOpTraHi3MaMH.

3anobiranHss 0OpOCTaHHSI KOPIYCIB CYAEH JOCSTa€ThCS MOKPUTTSAM IiABOJIHOI
YACTUHU KOPIyCy creniadbHuMu ¢apOaMu MpoTH 0OpOCTaHHS, SIKI MOUISIOTHCS Ha
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OlommmHi Ta HEOIONMUAHI. BUKOpHCTaHHS TaKuX TOKPUTTIB JO3BOJISIE 3HAYHO 3MECH-
IIUTH HETAaTUBHUI BIUTUB OOPOCTAaHHS HA €HEPreTUYHY €(PEeKTUBHICTh CYTHOIIABCT-
Ba Ta JOBKLLJIS.

Bukopucranns 6iomuaaux Gap0 3apxau OB’ SI3aHO 13 PU3UKOM JIJI CTaHy MOP-
CBKOI'O CEpEJOBHINA, OCKUIBKM iX KOHIEHTpAIlisi MOXXE CTaTh HEOE3NMEeYHOIO IS
MOPCBHKUX MEMIKAHIIB. TakKuM YHHOM, HEOOXITHO NPAarHyTH J0 BUKOPUCTAHHS
O1IBIIT €KOJOTIYHUX TMTOKPUTTIB IPOTU OOPOCTAHHS, SIKUMU € HEO10IH/THI IIOKPUTTS.

HeGiomumaai TOKPUTTS € OE3MEUHIITUMU JIJIT MOPCHKOTO CEPEIOBUIIA, ajie HE0-
JikoM Takux (pap0 € iX HeePEeKTUBHICTH IS CY/ICH, SIKi MAOTh TIEPEBAKHE 3HAUCHHS
eKCIUTyaTaliitHol mBuaKocTi MeHI 10 By3iniB abo Ais cyzeH, siki 6arato yacy 3Ha-
XOJIATh B CTOSSHKOBOMY PEKHUMI B TIOPTaxX.

TakuM 9MHOM, OCKITBKH OOpPOCTaHHS € 3HAYHOIO MPOOJIEMOIO 7Sl CYTHOTIIIABCT-
Ba, ICHY€ MMOCTIHA NOTpeda B MOJANBIIMX JTOCTIIKEHHIX 1 pO3po0Kax y Lii ramysi,
100 3a0e3neunTr OUThIT €PEKTUBHI Ta €KOJIOTIYHO OE3IMeYH1 PIIEHHS JJI 3aXUCTY
CyJIeH B1Jl 00OpOCTaHHSI.
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YK 656.61.071.1-043.61
[Tapmenona JI.I'., bonmap C.A.
HanionansHoro yHiBepcutety «Ojiecbka MOPChbKa aKkaaeMishy
Poab moacbK0r0 akropys Oe3neuHii ekcmiryaramii CyIHOBHX
eHepreTHYHUX YCTAHOBOK

CydacHuil cTaH MOPCHKOT'O TPAHCIOPTY Ta CYAHOIJIABCTBA BUMAara€ KOMILIEKC-
HOTO MIJIXOMy A0 3a0e3neueHHs Oe3MeKH, 3 OCOOJMBUM aKIEHTOM Ha JIIOJICHKUI
dakrop. [lonpu 3HaUHU MpoOrpec y TEXHIYHOMY OCHAIICHHI CYAE€H Ta PEeryisiTop-
HUX HOpMax, JIOACHKI MOMIJIKH 3aJHIIAIOTHCSA MPOBIAHOIO MPUYMHOIO aBapiii Ha
mopi. [lochimxenns cBiguaTh, mo Bix 60% 10 85% MOpPCHKUX 1HIUACHTIB MOB'sI3aH1
3 JTIOJCHKUM (haKTOPOM, IO MiJKPECTI0€ HEOOXITHICTh OULTBII TIIMOOKOTO aHATI3y
1€l MPoOJIEMaTUKH Ta PO3POOKY M1€BUX CTPATEriil MiHIMI3alli PU3UKIB.

OcTaHHIM YacoM Y CBITI pO3rOpHYTI IHTEHCUBHI 3aXO/H JIJISl MIHIMIi3allli pU3HUKIB
aBapiil HAa MOPCHKOMY TPAHCIIOPTI, BKJIFOUAIOUU BJOCKOHAJIEHHS KOHCTPYKIIII Cy/IEH,
BIIPOBA/KEHHS TEPEIOBUX TEXHOJOTIH, MOCUIIEHHS PEryJISATOPHUX BUMOT Ta pO-
3po0KYy HaJIMHUX CHUCTEM yMpaBiiHHsA Oe3nekoro. L{i 3axoaum crpsMoBaHi Ha IoOIIe-
pEIKEHHS MOJIOMOK Ta aBapiil, MpoTe, He3Ba)Kal0uM Ha MEBHHUM Iporpec, MOBHE
BUpIIIEHHSI MPOOJieMU HE AOCATHYTO. MarepianbHi 30MTKH BiJi MOPCHKUX aBapiit
MPOJIOBXYIOTh OyTH 3HAYHUMH, JIOCATAOYM CyM Onm3bko 540 MinbHOHIB J0JapiB
[1].

Cepen HallaKTyaJIbHIIIUX MUTaHb MOPCHKOI Tally31 € po3poOKa Ta 3aCTOCYBaHHS
CUCTEM JIarHOCTUKH, IO COPHUSIE MOTINIIEHHIO €(EKTUBHOCTI pOOOTH MOPCHKHX JU-
3eJIbHUX JBUTYHIB Ta 3arajbHiil HaAIMHOCTI CyA€H 3aBHASKU ONEPATUBHOMY BHUSB-
JIEHHIO BIIXWJIEHb B1J] HOPMAJbHUX pPOOOYUX MApaMETPIB EHEPreTUYHUX CHCTEM Ha
cynHax. CtaHom Ha ciueHb 2023 poky cBitoBuil (ot HamiuyBaB 105493 cynHa Ba-
no0Bor0 MicTkicTio 100 OpyTTO-peecTpoBUX 1 OUIbIIE TOHH [2], TOMY 3HAYYLIICTh
JIBUTYHIB BHYTPIIIHBOTO 3TOPSIHHS Yy 3amoOiraHHl HECIPaBHOCTEH Ta aBapisM Ha
CyJIHax € BUCOKOIO, OCKIJIbKA BOHHU TapaHTYIOTh CTA0IbHY POOOTY SIK OKPEMHUX Me-
XaHI3MIB, TaK 1 CyJHa B IIUIOMY, TOMY MOHITOPUHT iX CTaHy MiJ Yac €KCIUTyaTarlii
BUJAETHCSI HAJ3BUYAIIHO Ba)XJIMBHM, BPaxOBYIOUM, IO BIJICOTOK HEMOJaIO0K, IO
MpUIIaJla€ Ha ABUTYHHU, CTAHOBUTH 3HAYHY YaCTHUHY 1 ckianae Big 25 mo 40% Bcix
HecnpaBHocTeit[3].

JlocnimpkeHHs, TPOBEACHI PI3HUMH MOPCHKMMH OpPTaHi3aIlisiMH, BHSBHIIH, IO
OUIBIIICTh aBapiii BUKJIMKAHI HE CTUIBKM TEXHIYHUMH HECIPABHOCTSIMHU, CKUIBKH
JFOACHKAMH MMOMHIIKAMH. I, 3TiAHO 13 CTATUCTUYHUMH TaHUMHU MOPCHKHX CTPaXOBHX
KOMITaHI#, JIIOACHKUN pakTop € mpuurnHOo0 npudan3Ho 60% ycix MOpPCHKUX 1HIU-
JICHTIB Ha CBITOBOMY PiBHi, a B JICSIKHX JDKEpesax BKazyeTbes mudpa a0 85% [4].

Ha mpakrtuii po3pi3HSIOTh TPU BUAM HAIIMHOCTI: KOHCTPYKTHMBHY, IO BH3HA-
YaeThCsl HA €Tall MPOEKTYBaHHS; BUPOOHUUY, IO BU3HAYAETHCS IMiJl 4ac BUPOO-
HUITBA Ta MOHTaXy; Ta €KCIUTyaTallliHy, 110 BigoOpaxae SKiCTb poOOTH BUPOOY
i yac oro BUKopucTaHHs. ExcrutyaTariiiina HaliifHICTh OCOOIMBO BUMAara€e yBaru
710 YMOB Ta SKOCT1 €KCIuTyaTallli oOnagHaHHs, B 3a0€3MEUYCeHH] SKO1 3ajisHa came
JIOAMHA.

Crocrepiraerbes, MO 30LIBIICHHS KITBKOCTI TEXHIYHUX Ta TEXHOJIOTIYHUX
BIIMOB YacTO BHUHHUKA€ Yepe3 HEBIAMOBIAHICTh MIX DPI3HUMH €JIEMEHTAaMU KOM-
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IJIEKCHOI CHUCTEMH <(JTIOJIMHA-MAaIlIMHA-CEPEIOBUIIE». YTPABIIHHSI Ta OOCIYyro-
BYBaHHS MAaIlIMH 3/[IHCHIOETHCS ONIEPATOpPaMH, TOMY iX pOJIb SIK KJIIOUOBOTO €JIeMEH-
Ta B 11l CUCTEMI € BUPIIIAIBHOO 11 3a0e3nedeHHs ii HaaiitHoCTi. [5].

Sk 1y BUNaaKy 3 TEXHIYHUMH 3ac00aMH, OJHUM 3 OCHOBHHMX 1HJIUKATOPIB e(eK-
TUBHOCTI pOOOTH omepaTopa € MOro 3AaTHICTh JO OE3MOMMIKOBOI AiSUIBHOCTI, IO
OITIHIOETHCS K Ha PiBHI BUKOHAHHS KOHKPETHHUX OIepallii, Tak 1 B MaciTadl BUKO-
HaHHSI IUTICHOTO 3aBAaHHs a00 anroputMy. Ha piBHI OkpeMuXx orepaliiii BayKJIMBH-
MU € Takl mapaMeTpH, sIK HMOBIpHICTh 0€3MOMUIKOBOTO BUKOHAHHS I Ta 4acToTa
MMOMUJIOK TPU BUKOHAHHI THUIMOBHUX, YacCTO MOBTOPIOBAHUX oreparii [6-8]. Takum
YUHOM, HAIIAHICTh OYJb-IKOTO TEXHIYHOTO O0'€KTy TMOB'sI3aHa 31 3JAaTHICTIO
MiATPUMYBaTH BHU3HAYECHUU PIBEHb MPOJYKTHBHOCTI Ta OE3MEYHOi EeKCIUTyaTallil
MPOTSArOM 33JJaHOTO Yacy 1 B 3aJjaHuX yMmoBax.lle 3yMoBUIIO 301IbIIEHHS yBaru 210
JOJICEKOTO (haKTOPYy Y MOPCHKiH cdepi, 0 MATPUMYETHCS HAYKOBUMH JTOCITIIKEH-
HSIMU, HOPMATHUBHUMH JOKYMEHTaMH 1 pe30JoisiMiu MIDKHApPOIHOT MOPCHKOI Op-
ranizaiii (IMO) Ta HallloOHaJIbBHUX MOPCHKUX B1JIOMCTB.

AHani3 HayKOBUX ITyOJiKaIlii, 1[0 0OTOBOPIOIOTh POJIb «JIHOJICBKOTO (haKTOpY»,
BUSBUB BIJICYTHICTh €JMHOTO Ta 3arajJbHOBHU3HAHOTO BH3HAYEHHS I[HOTO TMOHSTTS,
0 YCKJIQJHIOE HOTo MpaKTHYHE 3aCTOCYBaHHS y BHUPIIICHHI MpoOJieM Oe3MeKu.
Henosniku B TEOpETUUHOMY YSBIICHHI MPO JIOJICHKUI (aKTOp 1 BIICYTHICTh YITKOTO
NepeliKy Moro KOHKPETHUX MPOSBIB YCKIATHIOIOTh PO3POOKY €(DEKTUBHUX PEKO-
MEHAAIIN I monepekeHHs aBapiii. ToMmy HE0OX1THO 30CEepPEIUTHCS Ha JETajlb-
HOMY JOCJIKeHH1 crienu(iuHUX aCHEeKTIB BIUIMBY JIFOJCHKOTO (pakTopy Ha Oe3mneky
MOpETUIaBaHHS Ta Ha 0COOJUBOCTSAX MPUYUH JTFOACHKAX TTOMHJIOK.

BusHaueHHs mpUYUH MOPCHKUX aBapiil € CKJIaJIHUM MPOIECOM uepe3 pi3Hi (dak-
Topu. PO301>KHOCTI y BU3HAYEHH1 Ta KJIacu]ikallii aBapiii MK pI3HUMU KpaiHaMH Ta
OprasizaiisiMd CTBOPIOIOTh TPYAHOLII JUIsl YHI(IKaLii JaHUX Ta ixX aHamizy. KpiM To-
ro, 3araJIbHOIOCTYITHA 1H(OpMaIlis, 30KpeMa Bij CTPaXOBUX KOMIIaHii, 4acTo € y3a-
raJbHEHOI0 Ta HE BKJIIOYAE BCIX JeTalleld 1HIUICHTIB, IO OOMEXYE MOMKIMBOCTI
rnuookoro anamizy[1l]. CremnianizoBaHi po3ciiayBaHHS MOXYTh HAJaTH JCTalIbHY
KapTUHY HEIITaTHUX CHUTYyalllili OKpEeMHUX BHUIIAJIKIB, ajie iX MPOBEICHHS BUMArae
3HAYHUX PECypCiB Ta yacy. Takox MyKe BaKJIMBO BPaxOBYBATH, IO aBapii MOXKYTh
OyTH CIIpUYHMHEH] 1HIIMMHU TPUXOBAHUMHU (PaKTOpaMu, Ta HEOOXITHO 30CEPEIKyBa-
THCS Ha BUSBJICHHI MPUYMHHO-HACTIAKOBHUX 3B'SI3KIB, K1 MPHU3BOJATH IO ITOMHUIIOK
nepcoHainy, mo0 e(QeKTUBHO 3aM00IrTH aBapiiHUM CUTYallIIM Y MalOyTHbOMY.

Y mnepmomy miBpiuui 2023 poky Oyno 3adikcoBaHO 3pOCTaHHS KUIBKOCTI
aBapiiHUX MOAIN, IO CTAJKMCS 3 MOPCHKUM Ta BHYTPIIIHIM BOJHHMM TPaHCIOPTOM
VYkpainu, y ToMy 4HCIi 3 ypaxyBaHHSIM MaJIOMipHHUX cyjaeH. Lls KibKICTh CTAHOBH-
na 15 momiii, mo Ha 4 moaii OibIIe, HIXK 3a aHaoriyHui nepiog 2022 poky, Kojau
Oyno 3adikcoBano 11 amapiii. Ile cBimuuTh NMpo 3pocTaHHs aBapiHOCTI Ha 27%.
BaxnuBo BiA3HAUMTH, IO TONPH 3POCTAHHS KIIBKOCTI aBapiil, BUNAIKH 3aruOeri,

TpaBMYBaHHS 4M 3HUKHEHHS Jt0Jieii 6e3BicTu He Oynu 3adikcoBadi sk y 2022, Tak 1
B 2023 pokax[11].
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Apapiiiai moaii  3aruOmi/3HUKITI TpaBmoBani
Pucynok 1 — 3aranpHuii cTaH aBapiiiHOCTI HA MOPCHKOMY Ta PIYKOBOMY TPaHCHOPTI 3a Ci-
yeHb-rpyaeHb 2023 poky, B nmopiBHsHHI 3 2022 pokom/[xepeno [11]

PesynpraTn anamizy amapiil, mo cramucs y 2023 poiri, BUSBWIM HACTYIHI OC-
HOBHI TPUYUHHM iX BUHUKHEHHs [11]:

1) Opranizamiiiai npuannu (53%), siKi MOJISTAId B HEHAIEXKHIN opraHizaiii Bax-
TOBOT CIYXOM Ha MICTKY, HEJOTpMMaHHI BcTaHOBJeHMX [IpaBun TmIaBaHHA,
OO00B’13KOBUXIIOCTAHOB 110 MOPChKUX IopTaM Ta [IpaBui cyAaHOIIaBCTBA, B MOPY-
IIIEHHI MpaBUI 0€3MEKH Ta OXOPOHH IpalI.

2) Texuiuni npuuunu (27%), 10 MOB'sI3aH1 3 HEHAJIEKHUM BUKOHAHHSAM TIPABUII
TEXHIYHOTO OOCIIyTOBYBAaHHSI KEPMOBOI'O Ta SIKIPHOTO YCTaTKyBaHHSA, a TaKOX
eKcCIUTyaTallli Cy/ITHOBUX TOJOBHUX JIBUTYHIB.

3) Hagirauiiini npuuunu (20%), a came - 31ITKHEHHS 3 IHIIMMU CyAHAMH, SIK1 ITe-
peOyBalOTh Ha IKOP1, HEBIPHE BpaxyBaHHs O€3MeYHOI BiJICTaHI Ta HEBUKOHAHHS Ma-
HEBpIB Il YHUKHEHHS 31TKHEHb, OCOOJIMBO MiJl Yac IIBapTyBaHHs a00 BIIIIBapTY-
BaHHs, Ta MOCTAHOBKH Ha SIKIP.

Bce BuieszasznaueHe BijgoOpaskae Oe3mocepeniHii 3B’SI30K 3 MOMHJIKAMHU a0o
OC3BIANOBIIAILHUM BITHOIICHHSAM JIFOAUHU-0OIIepaTopa. TakuM YMHOM, SKIIO TOJIH-
BUTHCS TIIUOIIIE B aHAJII3H 3BITIB, MIATOTOBJICHUX HA OCHOBI PO3CIiTyBaHb MOPCHKUX
aBapiii, 30kpema B YKpaiHi, TO MOKHAIMOOAYUTH MPUYMHHO-HACIIIKOBI 3B'S3KHU, 110
NPU3BOJAATH 10 TIOMUJIOK 3 OOKY MepcoHany. BaxknuBumH acnekTam, siKi BILTUBA-
I0Th Ha JISUTBHICTH €KIMaXy, € He TUTbKU TEOPETUYHI 3HAHHS Ta MPAKTHYHI HABUYKH,
ajie ¥ cUTyaTUBHUM MCUX0o]i310J0TTYHUN CTaH Ta 0COOJMBI 0OOCTaBUHU KOHKPETHOT
aBapiiHOT cUTYyallli.

Mopchbkl 1HUMJEHTH, CHPUYMHEHI JIOJCBKUMHU TOMMIKAMH, JI€MOHCTPYIOTh
CKJIaJIHICTh B3a€MO/I1i MIXK JIFOJJMHOIO 1 MAIITUHOIO B MOPCHKOMY KOHTEKCTI, a TIOMHU-
JIKU MOXYTb OyTH [4]:

- 3aKOHOMIPHHUMH, SIKI MO>KHA 1IeHTU(IKYBaTH, IPOAHATI3yBaTU T YCYHYTH, Ta

- BHIAQJIKOBUMH, 110 MAlOTh CTOXaCTHYHUHN XapakTep 1 4Wi MPUUWHU 3ajIuIila-
IOThCSI HEBIJJOMUMH.

Takox JTH0ACHKI TOMUJIKA MOXKYTh OyTH MoOJiIeH] Ha mpsimi Ta HenpsiMi. [Ipsmi
MOMMJIKM TIOB’S13aH1 13 HEYBaXHICTIO MiJ YaCc HECEHHsS BaXTH, IIO0 MOE MPHU3BECTH
710 3ITKHEHHS CyZieH a00 MPUIHATTS HEBIPHOTO PIIIEHHS IiJl Yac eKCIUTyaTallil cy/-
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HOBO1 eHepretnyHoi yctaHoBkH (CEY). Taki Hachiaku € BUpa3sHUM MPUKIIAIOM
BIJIMOBIAAIBHOCTI, SIKY HECYTh WICHHU EKIMaxy 3a 0e3neky Ha Mopi. Henpsmi momu-
JIKU, TaKl SIK HEIOCTaTHS KOMYHIKAIlisl MK WIEHAMU €KIMaxy, MOXKYTh MPU3BECTH
JI0 HETIOPO3YMiHb Ta MOMMJIKOBHX JiH, IO TEX HECYTh B COO1 PU3UKH JIJIsi OC3MEKU
CYJIHOIIJIaBCTBA.

3 iHIOro OOKy, MOMUJIKHONEPATOPIB MOXKHA TAKOK YMOBHO TMOJIJIUTH Ha JBi
i rpynu [12]: HOMUIKHA TICHXOMOTOPHI Ta IMOMHJIKH HMPHHHATTSA pimieHb. ITif
MePITy KaTeropiro MiMagaloTh CUTYaIlil, KOJIi ocoda I Jac 37iHCHEeHHS 3a3BUYai
0e3rmeyHoi JiSTIBHOCTI CIPUYHMHSIE HEOE3NMeKy depe3 CBOi OOMEXeHI TICHXO-
¢izionoriuni 3a10H0CTi. HaBiTh Maroum 3HAYHUI JIOCBiA Ta PO3YMIHHS B3a€MOJI1
BCiX KOMITOHEHTIB CHCTEMH, JIFOJIMHA MOYKE OTTMHUTHCS HE B 3M031 aJIcKBATHO peary-
BaTU a00 CBOEYACHO BXKUTH MOTPIOHUX 3aXOJIB uepe3 BIACHUM (yHKI[IOHATBHUN
CTaH, HE BUSBIISIIOYM HAaSBHUX MPOOJIEM y CUCTEMI a00 ITHOPYIOUH MOIEPEIKYBaIIb-
HI CUTHaIM. Y TaKuX BHMAJKaX BeCh MpodeciiiHuil moTeHIlal 0coO0u 0OMeKeHUH ii
ncuxo(}i310I0rTYHUMHE 0COOIUBOCTAMH Ta (DYHKIIIOHAIbBHUM CTaHOM.

B cBo10 uepry ncuxoMOTOpHI MOMUIIKA ONEPATOPIB Ta MOMWIKU MPUMHATTS Ha
CYIHI MOXKYTh OYTH MOJIiJICHI Ha cCeHCcopHiTa MOTOpHI [13].

[ToMunky y NpUHRHATTI pillleHb ab0 JIOT1YHI MOMMIIKH 3'SBIISIIOTHCSA depe3 Opak
iH(opMarii, BiICYTHICTh JOCBITY, HEAOCTATHIN 4yac Jyis 00yMyBaHHS ab0 MEeBHUMN
ncuxo(i3ionoriyHuil ctad orepatopa. Taki MOMUJIKKA CTalOThCS, KOJM OIEPaTop
BUOVpae HEMPAaBWIbHUM Kypc A1i HA OCHOBI HEITOBHOTO aHANI3y CUTYaLlli.

Bumoru 10 cymHOBOTO TEpCOHANTy MIOJ0 TOTOBHOCTI 10 HETAWHHUX EKCTPEHUX
T 3pOCTat0Th, OCOOJIMBO KOJIW MAETHCS MPO HEOOXIAHICTh MIBUAKOIO MEPEXOY BiJl
MOHOTOHHOT POOOTH A0 aKTUBHUX ik mij 4dac aBapii. Ile mMoke mpuszBecTH 110
3HAYHUX CEHCOPHUX, EMOIIMHMX 1 IHTEJICKTYyaJIbHUX NIEPEBAHTAXKEHD Uepe3 NoTpely
IIBUJKOI 0OpOOKHM BEJIMKOI KIJIBKOCTI 1H(POpMaIli Ta yXBaJICHHS KPUTUYHUX PILLIECHb,
BpPaxoOBYIOUU Te€, 110 YMOBU POOOTH Ha CYJHI JJIS CYJHOBOTO MEPCOHAIY CYTTEBO
BIJIPI3HSIIOTHCA BiJ] 3BUYAfHUX yMOB Tipari. OcoOIMBOCTI TaKOi poOOTH BKITFOUYAIOTh
00ME)KEHHS B pyXOBiii aKTUBHOCTI, 3MEHIIIEHHSI (P13MYHUX HABAHTAXKCHB Ta 130JIS1I1F0
BiJI 3BHYHOT'O COIIAJILHOTO CEPEIOBHINA, 30KpeMa, Il BaXTOBUX MEXaHIKIB, M
JUSUTBHICTD BIOYBAETHCS cepell MPUIAIiB 1 IHAUKATOPIB, a HE B CYCHIJIBCTBI JIIOJIEH
[14-17].

[Tigxin, kUil po3risiiac TIOAUHY K JJAHKY B CUCTEMI «CYO'€KT Tparli-3Hapsaias
mpari-rpeaMeT npari», JoromMarae moriMmOUuTH po3yMiHHS BIUIUBY JIFOJACHKOTO (pak-
TOPY Ha HAAIMHICTh Ta €PEKTUBHICTh POOOTH CKIIAJIHUX CUCTEM, TAKUX K CYJAHOBI
enepretnyHi ycraHoBku (CEVY). Busnauenns CEVY sk epratmuyHoi cuCTeMH, IO
OXOIUTIOE B3a€EMOJII0 JIIOJUHU 3 TEXHIYHUMHU €JIEMEHTaMH, JI03BOJISE IPOBECTH
AKICHIIIMK aHaji3 BIUIMBY PI3HUX (DaKTOpPIB Ta BHUSIBUTU NPUYMHHO-HACIIIKOBI
3B'SI3KH, 1110 COPHUAIOTH a00 MEePeIKoKalTh Oe3MeyHii Ta eeKTUBHIN eKcIuTyaTa-
1ii cyaHa.

B cucremi «rtonuHa-MaiivHay JIIOJIMHA BIAITPA€ KIOUYOBY POJIb Yy KOHTPOII,
MPUIHATTI PIlIEHb, MPOTHO3YBaHHI MAaOyTHIX CTaHIB CHCTEMHU Ta OE3MOCEPEIHb-
oMy KepyBaHHI. Taka 0araTo3alayHICTh BHMAara€ BHCOKOTO piBHA mpodeciitHoi
MiATOTOBKH, YBard, BiAMOBIAAIBHOCTI Ta 3JaTHOCTI 0 edeKTUuBHOI KoMmyHikaiii. []e
BHUMarae BiJl MOPCBHKOI Trayy3i BXKHBaHHS 3aXOMIB LIOJO MiJBUIICHHS PIBHS IMiJIr0-

189



TOBKH €KIITaXiB, 3a0€3MeUEHHS iX HeOOXITHUMHU 3HAHHSIMHU Ta HABUYKaMU ISl pOOO-
TH 3 Cy4YaCHMMH aBTOMAaTHM30BaHUMM CHUCTEMaMH, a TaKOX PO3pOOKH Ta BIPO-
BaJDKCHHs €¢()eKTUBHHMX CUCTEM yNpaBIiHHA 0e3mekoro Ha cyaHax [18].

Jlns aHamizy NpUYMH BUHUKHCHHS JIFOJCHKUX MOMHIOK B[1l] mpomonyeThcs
po3IUIsIaTy Jii onepaTtopa y JBOX BHIAJKaxX: B IITATHUX cUTyalisx (A), KOJH 1mo-
Tp1IOHO BUKOHYBATH [Iii, MPOINHUCaHI Y CYJHOBHUX IHCTPYKTHBHUX JTOKYMEHTaxX, po-
3po0JICHUX KOMIIaHI€l0, Ta B HemTaTHUX cuTyamisx (b), komu € moTrpedba BUKOHYBa-
TA [ii, 3a SKUMH Ha Cy,Z[Hl Bl):[cyTHl KOJIHI 1HCTpYKTHUBHI AokymeHtu. lle mina-
Kpecimoe CKJIQ/IHICTD plIHeHL SKi Ma€ TPUAMATH TIEPCOHANT Y peaTbHUX yMoBax, 1
HACJIKY MPUHHATUX PIMIeHb A Oe3nekn. BaximmBuMm € He JuIe aHami3 Mii, 1o
Oynu BUKOHaHI a00 HE BUKOHaHI, a ¥ TNIMOOKE PO3YMiHHS BCIX YMHHHKIB, 110 MO-
KYyTh TPU3BECTH JO MOMIUIOK, BKJIIOYAIOYM TIOTOJHI YMOBH, CTaH OOJaJHAHHS Ta
1HII1 30BHIMHI (hakTopu. B Tabnumi 1 HaBeneH1 roJOBHI YAHHUKH, 110 OOYMOBIIIO-
I0Th 200 MepeIyI0Th BUKOHAHHIO MIEBHUX 1M YiIeHAMHU EKIIaxiB.

AHani3 MOPCHKUX MOAIN Ta aBapiiiHOCTI (JIOTY BKa3ye Ha TICHHM 3B'I30K MIXK
AKICTIO TIJATOTOBKH €KIMaXxKy, PO3BUTKOM MPOQECITHO BAKIUBUX SIKOCTEH Ta ¢op-
MYBaHHSM KOMIIETEHTHOCTEH y MpoIleci HaBYaHHS Ta Mpo¢eciiHOrO CTaHOBJICHHSI.
Oco0nuBy yBary ciiJi 3BEpHYTH Ha ICHUXOJIOT1YHI XapaKTEPUCTUKHU Ta TOBEIIHKY
EKIMaXy Yy pi3HUX YMOBaX, BKJIIOYAIOYM HAJ3BUYAMHI CUTYaIlli, OCKUIBKH HEIOCTaT-
HICTh 3HaHb y Iiil 00JIaCTI MOKE MPHU3BOJUTH JO HEraTMBHUX HACHiAKIB. B Tomy
YUCJI, Ty>KE€ BOKIMBUM € KOMIUIEKCHUHM MiAX1]T 10 MATOTOBKM MOPCHKOTO MEpPCOHA-
7y, IKMI BKJIIOYA€E 1HJIMBIAyalbHy TEOPETUYHY Ta MPAKTUYHY MIJIFOTOBKY, 3a0e3me-
YEHHS MOBHOI YKOMIUIEKTOBAHOCTI €KiMa)y BIJMOBIAHO J0 BCTAHOBJICHHX BUMOT 1
CyBOp€ JOTPUMAHHS BCTAHOBJICHUX BUMOT.

CydacHl HOPMHU MIKHAPOJHHMX KOHBEHIIM MIATPUMYIOTH JABHO BCTAHOBJIEHY
CTPYKTYPY MOPCBHKOi OCBiTH, BKa3ylOUd Ha 3HAYCHHS 3B'SI3Ky MiXK TCOPETUIYHUMHU
3HAHHSAMHU Ta IX MPAKTUYHUM 3aCTOCYBaHHAM. METOJMKM HaBYaHHS, TakKi SK
"Spiral Training" ta "SandwichCourses", 1110 KOMOIHYIOTh TEOPETHYHE Ta MPAKTUYHE
HaBYaHHS, BU3HAHI MIXKHAPOIHOIO CITUIBHOTOO Ta BIAITPaOTh KIIFOYOBY POJIb Y CH-
CTEM1 MOPCHKOT OCBITH Y KpaiHH.

BukopuctanHs KOMI'IOTEpHUX TPEHAXKEPIB y MPOIECI HABYAHHS Ta MEPemiaAro-
TOBKM MOPCBHKHX CIEIIATICTIB € HEBIJ'€MHOIO YaCTUHOIO OCBITHBOTO TPOIIECY, /103-
BOJISIFOUM €(DEKTUBHO MOJENIOBATH KPUTHYHI CUTYallli Ta 3HAYHO CKOPOUYYBAaTH 4ac
HapuaHHs. 3rigHo 3 [IJIHB-78 Ta i#oro mompaBkamu, KOMMI'IOTEpHI TpEHaXepH
PO3IIISIAIOTHCS K OCHOBHHMM 1HCTPYMEHT HaBUaHHS, IO MIAKPECITIOE X BAXKIIMBICTh
y OIATOTOBII MOPChKUX Kaapis [19].

Po3pobka eheKTUBHMX METOAMK HAaBYAHHS Ta OI[IHKHU SKOCTI MATOTOBKH MOPCh-
KMX CHELIATICTIB, 3 ypaxyBaHHSIM MapameTpiB YCIHIIIHOCTI BUKOHAHHS MOCAIOBUX
00OB'SI3KIB Y 3BUYAMHMX Ta CEKCTPEMaJbHUX YMOBAaX, OXOIUICHHS B Iporpamax
IITOTOBKH HE TIIBKH TEXHIYHUX 3HAHb Ta HABUYKIB POOOTH 3 O0JIaIHAHHAM, aye i
PO3BUTOK KOMYHIKAaTUBHUX 3/1I0HOCTEH, yIPABIIHHS CTPECOM, IPUUHATTS PIllIEHb B
KPUTUYHUX CHUTYaIlisIX, a TAKOXX 37aTHICTh aJICKBATHO pearyBaTd Ha Hemepenoady-
BaHI OOCTaBUHU, € KIIOYOBOIO JJIsi 3HMKEHHSI PU3UKIB Ta TMOIMEPEKEHHS aBapiil Ha
MOPCHKOMY TPAHCIIOPTI - BCE 1€ CIPUSITHME IT1IBUIIEHHIO OE3MEeKN Ha MOpPi Ta 3HU-
KEHHIO PU3HKY aBapiil, BUKIMKAHUX JIOACHKUM (akTopom[S].

190



Tabmuus 1 - Bapiantu kom0iHaIiii nepeayMoB (YMHHUKIB) 3/11HCHEHHS NEBHUX il WieHAMH
exinaxiB (ypkepeno [1])

HasiBHicTh . . . )
SHAHL Bononinns Ha- [Tcuxodizionoriu- JHonatkoBi o0cTa-
BUYKaMU HUH CTaH BHUHU
(KnowHow)

A. HltaTrHa cutyauisi (HeoOXiTHO BUKOHATH MEBHY J1il0, MPO-
NUCAHY B iIHCTPYKIIsIX)
Al. Bukonannsa 0ii 32i0n0 eumozamu incmpykuii

+ \ + \ +
A2. Bukonanns 0ii ne y 8ionogionocmi eumozam incmpykuii

+ \ - \ +
A2. Bukonanns 0ii ne y 6ionogionocmi eumozam incmpykuii

+ | + | -

A3. He euxonag scoonoi 0ii
A3 a). 3nas ax _ -HEJI0CTaTHSI YHce-
IIBHICTH EKIaXy;
+ | + | -

-HaAKOIIMYCHHA JIaH-

A3a). 3nas ax [IFOTOBUX TTOMHJIOK;

. ] Hesusnauenuit - KOMYyHIKaTHBHi
YMHHUK (MOBHi) HETTOPO3yMIiHHS
A36). He 3na6 ax
HeBusnauenuit
- B YUHHUK

b. HemiraTHa cutyanis (aii, He mponucaHa B iHCTPYKIIAX)
b1. Buxonae 0iro ionogiono 00 oocmagun
3HaHHs, JOCBIJ Ta 3AATHICTH JI0 pe-
3yNbTaTUBHHUX JIii B HEIITATHIN CUTYyaIlii
‘ b2. He éuxonas cho‘onoi' oii
[TosicheHHst MO3HA4OK: "+" -4UMHHUK B1AMOBIIa€ HAJC)KHOMY PIBHIO
[TosicHenHst mo3Ha4yoK: "-" -4MHHUK HE BIJIMOBIAA€ HATEKHOMY PiBHIO

+

BucokokBami(ikoBaHi Cy/THOBI 0(ILEpH € KIIOYOBUMH JJis1 Oe3MeyHoi Ta edek-
TUBHOI €KCIUTyaTalli Cy4yaCHUX CYJEH, ajleé OCTaHHIM 4acOM MOCTIMHO 3pOCTae Je-
¢iuut Takux (axiBiiB, U0 Bce OlblIe TypOye MOPCHKI aAMIHICTpaIlii 1 Cy/IHOBJIaC-
HukiB. Came ToMy BeJIMKI cynHOIUIaBHI kommaHsii, Taki skOceanNetwork Express
(ONE), iuBecTyr0Th 3HAYHI PECYpPCH B PO3BUTOK MOPCHKHX HAaBYAIHHHUX 3aKJIAdIB 1
mporpaMm MiJBUIIEHHA KBamipikaiii MOPCHKOTO TMEPCOHANTy, OCKITbKH BOHU
YCBIAOMJTIOIOTH BaXJIMBICTh HEMEPEPBHOTO HABYAHHS Ta PO3BUTKY HABUYOK IS 3a-
Oe3reyeHHs BUCOKOTO PiBHA Mpo¢ecioHaTi3My Ta TOTOBHOCTI JI0 €KCTPEeMalbHUX
cutyartii Ha mopi [4, 19].

3abe3nedyeHHsT BUCOKOI SIKOCTI MIATOTOBKU Ta HEMepepBHeE mpodeciiiHe 3pocTaH-
HSl €KIMaXKIB € KJIOYOBUMH €JIEMEHTaMH y 3HWKEHH1 PU3HUKY aBapiil Ta MiJABUIICHHI
0e3MeKr MOPCHKOTO TPAHCTOPTY. |HBECTHIlT Y PO3BUTOK OCBITH Ta TPEHIHTIB IS
MOPCBKHUX CIELIaNICTIB AOMOMAaratoTh MiHIMI3yBaTH WMOBIPHICTh MOMUJIOK, IMTOKpa-
HIYIOTh €(PEKTHUBHICTh EKIMaxy Ta CHPUSIOTH OE3MEeYHOMY Ta BIANOBIAAILHOMY
YIPaBIIHHIO MOPCHKUMH OTIE€paLisIMU.

BucHoBku.BuBUeHHS B3aeMoOJli omepaTopa 3 TEXHIYHUMHU CUCTEMaMH € KOM-
IJICKCHUM 3aBJIaHHSM, 1110 TOTpeOye MINKAUCIUILIIHAPHOTO Miaxoay. E¢ekTuBHICTh
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3HIDKEHHS aBapiiHOCTI HA MOPCHKOMY (JIOTI HE MOXKE IPYHTYBATHCS BUKIIOYHO Ha
TEXHIYHUX PIIIEHHSAX, OCKUJIBKH BaXJIMBY pOJib BiJIrpae Joacbkuit daxrop. Cam
TEPMIH «JTIOJICBKUM (haKTOp», X0Ua i IMIMPOKO BUKOPHUCTOBYETHCS B TEXHIUHIN cdepi,
ajie OTpUMaB KPUTHKY 3a CBOIO 3arajibHICTh 1 (HOPMaJIbHICTb.

BukopuctanHs OUIbII KOHKPETU30BAHOTO TOHSATTS, TAaKOTO SK «JIHOJUHA-
oriepaTop», J03BOJISIE€ Kpallle BiJOOPa3UTH 3B'A30K MK JISJBHICTIO JIIOJIMHU Ta CH-
CTEMOIO.

OcMuCIIeHHsI Cy/lHA SIK CKJIAJHOI TEXHIYHOT CUCTEMH JO03BOJIA€ MOTJISIHYTH Ha
1HKeHepa-CyJHOMEXaHiKa He MPOCTO SK Ha omepaTopa MEBHOTO OOJaJHAHHS, a K
Ha KJIFOYOBY CKJIAJIOBY B CHCTEMI «JIIOAMHA-MAIINHAY, 1€ KOXKHA JIFOJIChKA JIisl MOXKe
MaTy 3HAYHUH BIUIMB HA 0€3MeKy Ta e(PeKTUBHICTh (PYHKITIOHYBaHHS Cy/IHA.

He3Bakatouu Ha MOCTIMHE yIOCKOHAJIEHHS! KOHCTPYKIINA, TEXHOJOTIN Ta CUCTEM
0e3MeK B MOPCbKOMY TPAHCIOPTI, MOBHICTIO YHUKHYTH aBapid, 1HIHUJEHTIB Ta
HEIIACHUX BUITAJIKIB TIOKH 1110 HE BJIA€ThCA, TOMY €(EKTHUBHICTh Ta O€31eKa MOpPCh-
KOr0 TPAaHCIIOPTY B 3HAYHIM MIpi 3aekarh BiJ PiBHSA MIATOTOBKU Ta MpodeciitHoi
KOMITETEHTHOCTI eKinaxy. [loMunku mroauHu, 1mo BiAOYyBalOThCS Mija 4ac poOOTH,
MOXYTh OyTH TIOJ1JIEHI Ha TICUXOMOTOPHI, SIK1 MOB'sI3aH1 3 (i310JIOTTYHUMHE OOMe-
KEHHSIMU JIIOJIMHU, Ta MIOMUJIKA B YXBAJICHHI PIIIEHbB, SIKI MOXKYTh BUHUKATH Yepe3
HEIpaBUJIbHE PO3YMIHHS CUTYallii a00 MpU HEMPaBUIIBHIN OIIHII 0OCTaBUH.

JlocniKeHHsT TTOKa3yloTh, 110 MpodeciiiHa HaAIHICTh MOPCHKOTO MEPCOHAITY,
30KpeMa CYyJHOMEXAHIKIB, TICHO IMOB'sI3aHa 3 iX ICUXOJOTIYHUMHU XapaKTEPUCTHKA-
MU. BusiBnieHHs NpoOJIEeMHHMX AaCHeKTIB Yy poOOTI 3 CYJHOBUMHU EHEPreTUUHHUMHU
yctanoBkamu (CEY) Ta aHami3 NCUXOJOTTYHUX SIKOCTEH, 1[0 BIIMBAIOTH HA PIIICHHS
orepaTopa, moTpeOyIOTh MOAATBIIONO AETATLHOTO JOCIIKSHHSI.

Takuit miaxia A0 aHamizy JIOACKKOro (PakTopy B KOHTEKCTI Cy/IHOIJIABCTBA Mij-
KpPECTIOE  Ba)UIMBICTh  KOMIUIEKCHOTO MIAXOMYy JO TMIATOTOBKH MOPCHKHX
CHEIIAICTIB, SIKWA OM BKJIIOYAB HE JIMINE HABYAHHS MPOQPECiHHUM HaBUYKaAM Ta
3HAHHSM, ajie ¥ PO3BUTOK 3/1aTHOCTI €(EKTHBHO MPAIIOBATH B CKIATHUX YMOBax
MOPCBKOT'O CEpEeIOBUINA, BPAXOBYHOYH IMCUXO0(]1310JI0TIUHI Ta TICUXOJIOTTYHI aCTIEKTH
JOJICHKOT NTisTbHOCTI. DOPMYBaHHS MOPCHKHUX CIICIIAIICTIB Ma€ JOCSITATUCS Yepes
BIIPOBA/HKCHHS HABYAJIBHUX MPOTPaM Ta KypCiB, sIKI MalOTh OYTH 30CEpEIKEHI He
TIJIBKM Ha 3armo0iraHHi MOXKJIMBUX aBapiif, a ¥ Ha aHali3l MUHYJIUX MOMUJIOK. AJe
BIZIMIHHOCTI Y MIIXOJaX PI3HUX KpaiH Ta opraHizaiii 10 kimacudikailii Ta aHamizy
aBapiil yCKJIaJHIOE y3aralbHEHHS JaHUX Ta 3HAXOJKEHHS KOHKPETHUX PIIICHD IS
KOKHOI cutyaitii. [{e migkpecitoe moTpeOy B cTaHaapTU3allii MiAX0/1B 10 peecTparii
Ta aHaJli3y MOPCHKHUX aBapiil Ha MI>KHAPOJIHOMY PiBHI, & TAKOK HEOOX1/IHICTh 3a0e3-
MeYEeHHs OUIBILIOT TPO30POCTI Ta JOCTYIY 10 1H(OpMaIii PO 1HIHUIEHTH.

[TinBuiieHHs piBHA MpodeciiHOol MIATOTOBKM MaiOyTHIX O(illepiB TOProBeEb-
HOTO (PJIOTY € KIIFOUOBUM Yy 3HMIKEHHI aBapiifHOCTI Ta MIJBUILEHHI Oe3MeKu Mope-
MIaBCTBA. BaxxnmBo po3ymiTH, M0 KBami(ikaiis Ta SKICTh MIATOTOBKUA CYTHOBOTO
eKiMa)kxy MaloTh BUpIlIaIbHE 3HAUYEHHS JJIs Oe3neku cynHoruiaBcta. OTxe, 3ycui-
71 MDDKHAPOJIHOT MOPCHKOT CHIJIFHOTH TMOBHHHI OyTH CIIpSIMOBaHI Ha 3a0e3MedeHHs
BHUCOKOI SIKOCTI OCBITM Ta TPEHIHTIB JJIi MOPChKUX (haxiBiiB, abu MiHIMI3yBaTu
HEraTUBHUN BIUTUB JIOACHKOrO (hakTopy Ha (PYHKIIIOHYBAHHS INIOOATBHOTO CYIHO-
TJIaBCTBA.
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YJIK [159.938:007.51]:65.61.071
ITapmenora /I.I'., 'onikoBa B.B.,Kpaiinosa B.I.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
Oc00,1uBOCTI BUPOOHMYOT0 TPABMATHU3MY NPH eKCILTyaTalii 00’ €KTIB
BOJIHOI'0 TPAHCIIOPTY

Beryn. Excrimyataritis OUTbIIOCTI 00'€KTIB BOJHOTO TPaHCIOPTY (CyAaHA Pi3HOTO
IIPU3HAYCHHS, MOPCHKI Ta PIYKOBI MOPTH) 3AIMCHIOETHCS B yMOBAaX ITiJIBHUIIICHOTO
podecitHOTO PHU3UKY 3I0POB'T0 EKIMaXiB CyAEH, MOPTOBUX POOITHHKIB, 1HIINAX
YYaCHUKIB TPAaHCHOPTHOIrO mporecy. HecnpusaTianei yMOBHU mpaii Ta MPOXUBAaHHS
IUTaBCKJIAMy, Taki AK KiiMaTo-reorpadiuni GpakTopu, XapaKTepUCTUKA SKUX MOB'3a-
Ha, HacaMIepes, 31 MBUIKUM MEPEMILICHHSIM Yy IIUPOTHOMY Ta TepUTOpIaIbHOMY
Hampsmax, 0 BUKJIMKAE 3MIHU JOOOBHX Ta CE30HHUX O1OpUTMIB, BUMAarae ajarnra-
1ii 0 HOBOTO MOSICHOTO Yacy Ta J0 HE3BUYHHUX T1APOMETEOPOJIOTIYHUX YMOB. 3
ypaxyBaHHSIM KapJWHAJIbHUX 3MIH Yy CKJIaJi, B OCHOBHUX TE€XHIKO-TEXHOJIOTTUHUX
XapaKTEPUCTUKAX, OpraHi3aliifHO-eKCIUTyaTallliHUX OCOOJIUBOCTSX CY4aCHHX MOP-
CBKHX CYJCH, 3MiHH ()OPM BJIACHOCTI, PI3KOTO CKOPOUYEHHS YMCEIBHOCTI CYJTHOBUX
eKIMaXxiB, IHTEHCU(IKAIIIT Mpalll 1 3pOCTaHHsS HaBaHTAXKEHHsSI Ha KOXKHOTO MOpsKa,
MUTaHHS 3a0e3MeUYeHHsT HaAilHO1 0e3MeUH0i BUCOKOS(PEKTUBHOI pOOOTH € HAI3BH-
YaWHO AKTYaJIbHOIO.

AKTyanpHICTh TeMU. SIK 100pe BIIOMO 3 JIITepaTypu, MOPCHKE CYJIHO MPEICTaB-
asie co00K0 CKIAAHUM 1 cienuPIUHUI pyXOMUH BUPOOHUYO-KOMYHAJIBHUA 00’ €KT.
[Ipodeciiina qIATBHICTh YIEHIB €KIMaXy XapaKTepU3yeThCs OaraToMiCsIYHUM Oe3rie-
pepBHUM nepeOyBaHHSAM Ha pyXOMIN 1HXEHEPHI criopyl (TpaHCHOPTHOMY 3ac001)
3 MOE€JIHAHUMU 30HAMM TIpalll 1 BIAMOYHUHKY, BAXTOBUM PEKUMOM Ipaili, 111710,1000-
BOIO JII€I0 HA OpraHi3M MOpsika 6araTOKOMIOHEHTHOTO 1 IMHAMIYHOTO 32 CBOIMU Tla-
paMeTpamMu KOMILUIEKCY BUPOOHUYMX, MPUPOJIHUX, MOOYTOBUX YMHHUKIB, KUIbKICHI
MOKA3HUKHU SKUX HEPIJIKO TEPEBUIIYIOTh TIT€HIYHI HOPMH 1 HaBITh JOCSTAIOTh €KC-
TpeMaJbHUX BeIW4uH [1,8].

[TocTanoBka 3anaui. [IpoananizyBatu cydacHy iHpOpMaIlito BUPOOHUYOTO TpaB-
MaTHU3MY IIiJ1 4ac TPYJOBOTO MPOIIECY MPH eKCIUTyaTarlii 00’ €KTiB BOJHOTO TPAHCIIO-
pTYy.

PesynbTaTi g0CHiKEeHb.

TpaBMaTU3MOM Ha3WBAETHCSI CYKYMHICTH TPaBM, IO BiIOYyBAIOTHCS 3 TPYIOIO
JOJIeH y TIeBHUX yMOBaxX. TpaBMOIO HA3WBAETHCS aHATOMIYHE MOPYIICHHS UTSTHOK
OpraHiB UM CUCTEMH OpraHi3My JIIOJIMHU BHACIIOK BIUIMBY Ha HbOT'O HEOE3MEUHUX
(dakTOpiB BUPOOHUYOr0O CepeOBHUIIA, 110 BUHUKAIOTh BHACIIIOK HEUIACHUX BUIA[-
KiB.

3a orinkamu MixxkHapoiHoi opranizaiii npaiti (MOIT) 6iu3bko 2,3 MITH. 4OJI0BI-
KiB 1 )KIHOK IIOPOKY TMHYTh BHACJIJOK HEIIACHUX BUIAAKIB HA poOouOMy MicIll abo
MOB'A3aHUX 13 POOOTOIO 3aXBOPIOBaHb — y cepenuboMy 6 000 ocib moaHsa. Y BchboMy
CBITI IIOPIYHO PEECTPYETHCS MpuOIM3HO 340 MITH. HEIIACHUX BWITQJIKIB Ha BUPOO-
HU1TB1 Ta 160 MiTH. )kepTB npodeciitanx 3axBoproBanb. MOII perynspHo OHOBIIIOE
Il JaHi, 3MIHA SKUX MMOKa3yITh 3POCTAHHS KIJTKOCTI HEIIACHUX BHITAJIKIB Ta TIOTI-
pPUIEHHS CTaHY 3/10POB'A.
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Cratuctruni gani MOII mono BUpOOHMYMX HENIACHUX BUMAJKIB, 30KpeMa i3
CMEpTEJIbHUM HACIIJIKOM, Ta NMPpodeCciiHUX 3aXBOPIOBaHb, MOKA3YIOTh, 1110 HAWO1Ib-
Iy CMEPTHICTh CEpe/ NMpaIliBHUKIB BUKJIUKAIOTh 3aXBOPIOBAHHS, IO IMOB'sA3aHi 13
po0O0TOI0. 3 MPUYMH BIUIUBY OJHMX JIMIIE LIKIATUBUX peuoBUH € 651 279 cmepreit
Ha pIK, a MOJIOI Ta JIITHI MPaIliBHUKHU € HAMOUIBII YPa3IMBUMH KaTETOPisIMH ITpalli-
BHUKIB [2].

TpaBMaTu3M Ha BUPOOHUITBI € BAXKIUBOIO, alie HEJAOCTATHHO YCBIJOMIICHOIO
po0JIEMOIO HAIIOTO CYCIIIBCTBA, U PO3B’A3aHHS SKOi MOTPiOHI CHCTEMaTHU4HI Ta
BceOIuH1 3ycwiuid. 3a opimitHUMHU JaHUMH B YKpaiHi, Y CEpPEIHbOMY IIOPOKY Ha
BUpOOHUITBI THHYTH 400 0Ci0 1 5 THUC. TPaBMYIOThCS, 30KpeMa OLTbII HiXK | THC. XKi-
HOK. [Ipubmu3no 500 mpamiBHUKIB cTaroTh iHBadigamu. [loka30Bo, M0 CHiBBiIHO-
IIEHHS MOKAa3HUKIB 3arajbHOr0 TPAaBMATU3MYy Ta 13 CMEPTEIbHUMHU HACIIAKAMH B
VYkpaiHi He BIANOBIJAE 3aKOHOMIPHOCTSIM, 1110 € y CBiTi. YacToTa BUIIaIKIB CMEpTe-
JHHOTO TpaBMaTU3MYy B YKpaiHi BUIIA 1 CTAHOBUTH Maixke 7% BiJl 3arajJbHOI KIJTbKO-
CT1 TpaBMOBAHUX, BOJIHOYAC fK Y KpaiHax 3axoay BoHa gopiBHioe 0,08-1,2%.

Jlo TpaBMaTU3My HaiuyacTiille TPU3BOJATh HEIIACH! BUIAJKH, AKI € OOMEXEHU-
MU B 4Yaci MojisiMu ad0 panToBUM BIUTMBOM Ha MpalliBHUKA HEOE3MEYHOT0 BUPOOHHU-
4yoro (pakTopa Yd CEpelOBUINA, L0 CTAJIUCS y MPOLECl BUKOHAHHA HUM TPYAOBHUX
000B’s13KIB 200 MpU MEPEMIIICHHI HAa TPAHCIIOPTHOMY 3aco0l MiANPUEMCTBA M 3a
JOPYUYEHHSIM POOOTOAABIIS, BHACHIIOK AKUX 3aMOIISHO MIKOY 3/J0POB’I0, SIKE MPU3-
BEJIO JI0 BTpATH MpPAIIBHUKOM IpaIe3/aTHOCTI HA OJUH pOOOYMl JeHb 4K OLIbIIIe
ab0 10 HEOOX1AHOCTI MEePEeBEIEHHs MOro Ha IHIIY (JIErmury) poOOTy HE MEHII SIK Ha
OJIMH poOouMii neHb [ 3].

Bianosinno no «Knacudikaropa BUIIB MOAlM, MPUYHMH, 0OJagHAHHS, YCTAaTKY-
BaHHS, MaIlIMH, MEXaHI13MiB, TPAHCIIOPTHUX 3aCO01B, 110 MPU3BEIU /10 HACTAHHS HE-
I[aCHOTO BHMAJKy, TOCTPOro MNpodeciiiHOro 3axBOpIOBaHHS (OTPYEHHS), aBapli»
MIPUYMHAMH HEIIACHUX BHUIIAJIKIB € HACTYITHI:

TexHiyni: HECTIPABHICTh BUPOOHUYOTO YCTaTKyBaHHS, MEXaHI3MiB, IHCTPYMEHTY;
HEJIOCKOHAIICTh TEXHOJIOTIYHUX TPOIIECIB; KOHCTPYKTHUBHI HEIOIIKA YCTaTKyBaHHS,
HEJIOCKOHAIICTh a00 BIJCYTHICTh 3aXMCHHMX 3aropo/KEHb, 3aM001KHUX MPUCTPOIB,
3ac001B cUrHami3allli Ta OJIOKYBaHHS.

Opeanizayitini: BIACYTHICTh a00 HESKICHE MPOBEJICHHS HaBUYAHHS 3 TUTaHb 0XO-
POHM TIpaIli; BIICYTHICTh KOHTPOJIIO; MOPYIIEHHS BUMOT 1HCTPYKIIiH, IPaBUII, HOPM,
CTaHAapTIB; HEBUKOHAHHS 3aXOJIB IIOJ0 OXOPOHU Mpalli; MOPYIICHHS TEXHOJIOT14-
HUX pErjaMeHTIB, MpaBWJl €KCIUTyaTallil yCTaTKyBaHHS, TPAHCIOPTHUX 3aC001B, 1H-
CTPYMEHTY; TOPYIICHHS HOPM 1 MPaBWJ IUIAHOBO-TIONEPEHKYBaILHOTO PEMOHTY
YCTaTKyBaHHS; HEJOCTATHIN TEXHIYHUIN HArJIsAA 3a HEOE3MeUHUMHU pOOOTaMU; BUKO-
PUCTaHHS YCTAaTKyBaHHs, MEXaHI3MIB Ta IHCTPYMEHTY HE 3a MPU3HAYCHHSIM.

llcuxoghizionoziyni: TOMUIIKOBI 11 BHACIIIJIOK BTOMM IpalliBHUKA Yepe3 HaIMIp-
HY B@XKICTh 1 HaNpYy>KEHICTh POOOTH; MOHOTOHHICTH Mpalll; XBOPOOJMBHUI CTaH
MpaIiBHUKA; HEOOEPEKHICTh;, HEBIIMOBIIHICTh TICUXO0(]1310JIOTIYHUX YU aHTPOIIOME-
TPUYHHX JIAHUX TPaIliBHUKA BUKOPUCTOBYBAHIM TEXHIIl YA BUKOHYBaHIA poOOTI. Ta
1HII TCUX0(]1310JI0TIYHI TPUYHHH.
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TexHnoeenni, npupooHi, exoni02iuHi ma coyiaibHi: BUKU] HEOC3MEUHNX PEUOBUH;
KOHTAKT 3 MPEJCTABHUKAMU TBAPUHHOTO Ta POCIUHHOTO CBITY; CTUXIHHE JTUXO; T1]I-
POMETEOPOJIOTIUHI SBUINA; COLIATBPHUN KOH(IIIKT Ta 1HII TpUIUHH [4].

3a CTaTUCTUYHMMH MOKAa3HUKAMU Y€PE3 OpeaHizauiiini npuuunu BiI0yBAETHCS
OCHOBHA YaCTHHA HEIACHUX BUIAIKIB [5-7].

[1ix gac ekcruryarariii 00'€KTiB BOJHOTO TPAHCIIOPTY MOIIMPEH] HEIacH1 BUTIAI-
KU 3 JIETaJbHUM KIHIIEM BHACIIJOK MOPYILIEHHS MPaBUJ €KCIUTyaTallii Ta TEeXHIKU
0e3neKky Ha 00'eKTax piYKOBOTO Ta MOPCHKOTO BOJHOTO TpaHcmopty. Cria 3a3Haun-
TH, 110 B OLJIBIIOCTI BUMAAKIB TPABMU OTPUMYIOTh YJICHH €KiMaxy, y TOU yac SK Ima-
CaXMpPU TOJMIOHI YIIKOIKEHHS OACpPXKYIOTh Habarato piame. TakoXX MOXKIUBO
OTPUMAaHHS YIIKOKEHb JIOAbMH, K1 ONUHSIIOTHCS Y BOJII 32 OOPTOM PIYKOBOTO UM
MOPCHKOT'O BOJAHOTO Cy/IHA i/ 4ac pyxy.

UneHn eKinmaxiB CyAeH HaWyacTille TpPaBMYIOTbCS [T Yac BaHTAXKHO-
PO3BaHTaXXyBaJIbHUX POOIT, MPU LIBapTYBaHHI CyJHA, OCOOJIMBO B IITOPMOBY MOI0-
ay. HacTuMm BHJIOM TpaBM Ha CyJIHax € MajJlHHS 3 BUCOTH (y TpIOMH, 3 Tpamy, 31
CTPUIM KpaHa) — MPU [IbOMY YIIKOJKEHHSI OTPUMYIOTh K YJIECHH €KINaxy CyJIHa, TaK
1 macaxupu. KpiMm MexaHiuHUX TpaBM, Ha CyJHaX MOXXYTb MaTh MICLE ypaKCHHs
CJIEKTPUYHUM CTPYMOM, OIIKH, IMOIMIKOJKEHHSI B1Jl PI3KUX 3MIH 3arajbHoOro Ta map-
I[IaJIbHOTO THUCKY T'a3iB, a TAKOX YTOILJICHHS [8].

3a 1999 p no 2018 p 145 npaiiBHUKIB MOPCHKOTO TPAHCIIOPTY 3arvHYJIH, Tpa-
LIOIYM B 3aMKHYTUX IpocTopax. [Ilokyrounii cruieck y nepion i3 ciung 2018 poky
o kBiTeHb 2019 poky mpusBeno mo 3arudeni 28 ocid — 16 mokepiB Ta 12 MOpPSKIB -
BIJl 33Jyxu a00 BUOYXIB y 3aMKHYTHX MPOCTOpax, ado BiJ MaAiHb MICJs BUIAJKIB
HEMIPUTOMHOCTI Yepe3 MOoraHe MOBITPSL.

BinbuIicTe miaANpUEMCTB, YCTAHOB Ta OpraHi3alliii MOpPChKOr0 TPAHCIOPTY MPO-
JOBXYIOTh IIPAIIOBATH Yy 1€l HENerkui sl YKpaiHu yac 1 ToMy 30epiraeTbcsi iMo-
BIPHICTh HACTaHHS HEIIACHUX BHUIIAJIKIB HAa BUPOOHUIITBI. BC1 HElacHI BUIIAIKH, sK1
BiJI0OYBaIOThCSA HA MIAMPUEMCTBAX, B YCTAHOBAX 1 OpraHi3allisx 3 mpaiiBHUKaMH, ITi-
JUISTal0Th 000B’I3KOBOMY PO3CiiayBaHHIO [3].

Ha sxanp, y 2022 porii KIIbKICTh TOTEPIUIMX Ha BUPOOHHUIITBI BHACIIIOK HEIlla-
CHUX BUMAJKIB 3pociia mopiBHsAHO 3 2021 pokoMm y 2,6 pa3u 1 ckiana 16 ocio, a Kijb-
KICTh HEIIACHUX BUMIAIKIB 3 TSHKKHUMH Ta CMEPTEILHUMHM HACIIJIKaMHM, SIKI ITiIsra-
I0Th CIEIIaJTbHOMY PO3CIIiTyBaHHIO, 3pociia 3 4 10 7 BumankiB. B geskux Bumagkax
cepell MPUYMH HACTAHHS HEIIACHOIO BUMAAKY, KOMICIi (PIKCYIOTh TPOBUHY CaMOTO
notepnuioro. I e 3po3ymino, ToMy IO MPaLIBHUKK B Il TSAXKKI YaCH 4acTO 3HAXO-
JISATH TT1J1 CTPECOM 1 HE 10aI0Th IIPO CBOIO OE3MEKY.

BucHoBku: Y mpolieci ekcrutyaTalli MOPChbKHUX Ta PIYKOBHX CYJIE€H MOXYTb BU-
HUKATH HEIacHI BUMAIKHU 13 JIOJCHKUMU XepTBaMu. [Ipu IbOMY yIIKOKCHHS 3a-
3BUYAll OJEPKYIOTh WICHHM €Kinaxy, piame — nacaxupu. Kpim toro, TpaBMyBaHb
BHACJIIJIOK BIUTMBY YAaCTHUH BOJHOTO TPAHCHOPTY, IO PYXa€ThCs, TPABMY MOXKYTb
OTPUMATH JIIOH, SKi Tepe0yBalOTh Y BOJII 1103a CYTHOM.

HemacHi Bunagku Ha BHPOOHUIITBI, SIK 1 paHIIIe, € CEPHO3HOI0 TTPOOIEMOIO B
MOPCBKI raiys3i, sika Jisira€ BaXXKUM TsrapeM K Ha MOPSKIB, TaK 1 Ha CyJHOILJIaBH1
KOMIMaHii. 3HIKEHHS BUPOOHMYOTO TPaBMATHU3MY MOXHA JOCATTH 33 PaxyHOK I10-
JINIICHHS YMOB Ipalli Ta SKOCT1 KUTTS Ha OOPTY, 3HIKEHHS PO3yMOBOTO Ta (i3uy-
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HOTO TSATaps Mpail Ta po3poOKH MOJITHKH, 110 3a0X0Yy€ MOPSKIB TOTPUMYBATHUChH
IIpaBUJI Ta IHCTPYKIIiH 3 O€3MEKH.

TpaBmatu3M Ha BHPOOHUIITBI € BaXKIMBOIO, ajie HEAOCTATHBO YCBITOMIICHOIO
poOJIEMOI0 HAIIIOTO CYCHIJILCTBA, JUIS PO3B’sI3aHHS SKOI MOTPIOHI CHCTEMAaTHUYHI Ta
BceO1uH1 3ycuiurst. [1oTpiOHO po3polOIsITH Ta 3M1MCHIOBATH €(PEKTUBHY MOJIITHKY Ta
porpamMu NpoQiTaKTHYIHOTO Ta 3aXUIIAI0Y0TO XapaKTepy.

ToproBenbHe MOpEIUIaBaHHS € OJHHUM 13 HaliHeOe3NMEYHIUX 3aHSATh y CBITI, B
SKOMY TIPUCYTHI (Pi3W9HI, €prOHOMIYHI, XIMI4Hi, 010JIOT19HI, TICHXOJIOTIYHI Ta COIIi-
aJIbHI €JIEMEHTH, 1 SIKI MOXYTb MPU3BECTH J0 HEIIACHUX BUMAJAKIB HA BUPOOHUIITBI,
TpaBM Ta 3aXBOPIOBAHb.
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YK 656.61
MawmkiueB M.A., Kynemos .M.
HamionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»
ITonepen:xeHHs Ta 0COOJMBOCTI raCiHHA MOKeXKI HA KamMOy3i

Beryn. IIpo6iema 3anobiranHs mokekam Ta BUOyxam Ha CyJHaX € MPIOpPUTET-
HUM 3aBJaHHSM, IO CTOITh IEpel MOPCHKUM CBITOBUM CIIBTOBapUCTBOM. [Iporo-
HY€TbCSI KOPOTKUHM aHaJII3 MONEPEPKEHHS Ta MPUYMHY iX BUHUKHEHHS Ha KaMOy3ax
cyneH. HaBeneno HeoOXigH1 opraHizamiifHi 3aX0/1, TEXHIYHI 3aCO0M BUSBICHHS Ta
raciHHs TOXKeX1 Ha KamOy3i, BHUKJIQICHO 3arajibHi NPHHIMIN OOpOTHOM i3 IO-
KEXKEIO.

AKTyajabHicTh Temu. [loxexa Ha cynHi — crpamHe jauxo. [loxexi xoda cTa-
HOBJIATH NPUOIHM3HO 5% BiJ yCIX aBapiil CyJIeH, ajie 3a TSKKICTIO HACJIJIKIB MOCi1a-
10Th Tiepiie Micue. CTaTUCTUKA CTBEPAXKYE, MO 3a3Buyail 20% moxex 3aKiH4yIOThb-
cst 3aru0esuio ab0 MOBHUM KOHCTPYKTHUBHUM PYWHYBAHHSIM Cy/IHA. SKIIO MPOTITroM
15 XBUJIMH MOXKEXKY HE BAAETHCS B3ATHU 1]l KOHTPOJIb, CYJIHO BPSATYBaTH HE BIAETHCS
[2].

IMocranoBka 3agaui. [IpoBecTH KOPOTKMI aHali3 MOMEPEHKEHHS TMOXKEXKI Ha
KamOy31, 3ac001B JIOKaTi3allii MOXKeki Ta 0COOIMBOCTI ii raciHHS.

Buxkiaa ocHOBHOro Mmarepiady.

[Toxerxa Ha CyaHI HaJEXHUTh O OUIbII HEOE3MEUYHOro BUIY aBapiiHUX MOPCh-
kux nomid. Y 20 13 100 3apeecTpoBaHMX BUIAJKIB 3arvOeib CyJHA MOXOJIUThH BIJ
noxexi. He3apaxkarouu Ha Te, 110 ICHYIOTh TI€BHI MPaBUJIa MOXKEXKHOI OE3IMEKHU Ta CY-
JIEH, 5IK1 00JIaJJHAH1 CUCTEMaMH TMOKEKOTaciHHS, MOXKEX1 TPOJOBXKYIOTh B11I0yBaTH-
Csl, IO MIITBEP/KYE AKTYaJIbHICTh MPOOJIEMHU TMOXKEKHOT Oe3MeKr Ha BCiX BUIAX
BOJIHOTO TpaHCIOPTY [2].

Jlo ciy>)k00BUX NPUMILIEHb, 110 MICTATh BUCOKY MOEKHY HEOE3NeKy BiJIHO-
cAThCA KamMOy3H Ta OydeTH1, 0 MICTITh O0JIaIHAHHS 1711 TPUTOTYBAHHS rapsauoi 1K
[1]. IToxexxa Ha KamMOy31 BIZHOCHUTBCS 10 Toxexi kimacy F: F 1 — ropiHus op-
ra”iyaux ofii, F 2 — noxkexa Ha kamOy3i [3]. [Ipu ipomy noskexa kiacy F1 Oinbin
HeOesmeyHa, a F 2 — po3risnaerses sk moxexa y ciiy>kO0BUX MPUMIIIEHHSIX TIEBHO-
ro KJacy.

OcHo6HI NPUYUHU BUHUKHEHHS NOMCENHC HA KaMOY3i:

" HeaOamicTh Ta 6€3/1a]1 y MPUMIIICHHSX;

* nedeKTHI eIeKTPUYHI 3'€JHAHHS, HECTIPABHOCTI €JIEKTPOKa0esiB, OCBITICHHS,

€JIEKTPOO0OJIaJHAHHS Ta TOPYIICHHS MPABUII iX €KCILTyaTarlii;

" [OPYIICHHS MPABHWJI Ta TEXHOJIOTIT PUTOTYBaHHS 1%Ki;

" [eperpiB roprovMx piIMH Ta KUPIB (HArPIB ONIM Ta KUPIB A0 TEMIEpPaTypH

camMo03aliMaHHs, a TAKOX 3aiMaHHs POCIMHHMX OJIIH Y TTTMOOKUX CKOBOPOAAX;
" CKyIUYeHHsI Opyay Ta oJiii Ha MOBEPXHI IJIUT, HA BEHTWIIIHHUX DPEIIiTKaX,
JUMOXO0J[aX Ta Y BUTSDKHUX BEHTWJIAIIMHUX MIaXTaX, 10 HE TITHKWA CTAHOBUTH
PU3UK CaMO3aliMaHHsI, a 1 MOKE CTaTH MPUYMHOIO MIBUIKOTO MOIIHPEHHS BO-
THIO. SIKITO MOKeka MOMUpUiIacs y BEHTHWISIIIINHI KaHAIH, /16 € HAKOTTUYEHHS
XKUpy a00 caxki, BOHa MOXKE 3aXOMMUTH 1HII MPUMIIICHHS Ta NaTyou;

" neperpiB GPUTIOPHHULIB;

" [OTpAIUITHHS MMajJuBa Ta )KUPIB Ha PO3MEUEHI Ta rapsdi MOBEPXHi;
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BiJICYTHICTh KOHTPOJIIO HAJ[ TIPAIFOI0OYNM yCTAaTKyBaHHSIM;

HEXTYBAaHHS BaXTOIO MPABUJI OTJISIAY MPUMILIEHB CY/THA;

MOPYIISHHS MMPaBUJI BUKOHAHHS POOIT 3 BIAKPUTHM BOTHEM, HeoOepekHe abo
Hej0alle MOBOMKEHHSI 3 BIAKPUTHM BOTHEM, HArpiBajJbHUMHU MpUIIAJIaMH,
KYPIHHS Y HCHQJIC)KHUX MICIISX;

HETIPUUHATTS 3a3/71aJIeT1/1b BIAMOBIIHUX 3aMI001KHUX 3aXO0/1B;

ICKpOYTBOPEHHS MPH yaapax Ta podoTi kKaMOy3HHUX KOTJIIB Ta MEYECH;
3aliMaHHs TOPIOYHX Ta3iB Ta MapiB Ha(TOMPOIYKTIB;

camo3aiiMaHHa MaTepiaiB (TaHYip's, KJIO4YYsl, MapyCUHy, OUIU3HY, KOBAPHU Ta
1H111 a0copOyroUl MaTepialiu, Mo 30epiraloTbCs B CHPOMY BHUIJISJII HABaJIOM, B
ymakoBKax a0o 3B's3kax, a00 MpocoyeHi Ha(QTOMPOIyKTaMH, OJII€I0 Ta TBa-
puHHUMHM xupamu) [1,3,4,5].

[TpuminieHHs Ta o0aagHaHHSI KaMOy3y IHTEHCUBHO €KCILTYaTYIOThCS BEJIUKOIO
KUIBKICTIO JIFOZICH, 10 pOOUTH MOTro MOTEHIIHO Hebe3neyHum miciem. Oc-
HOBHI PU3UKM BUHHUKHEHHS TIOKEXKI — BIJIKPUTUNA BOTOHb, MAJMBHI JIHII,
CMITTSI, )KHP, Caxa.

Ipoginaxmuxa nooicedxci na kamoby3i nepedbavac HACMYNHi OP2ari3ayitiHi 3a-
xoou:

3a0e3MeueHHsl BIZICYTHOCTI CTOPOHHIX OCI0;

3a0€3MeUYeHHs] YUCTOTH Ta MOPSAKY, BIJICYTHICTh CTOPOHHIX TpenMeTiB. Bu-
KOpPUCTaH1 KOPOOKH, MIIIKM, MaIlp Ta 3aJIMIIKA 1K1 Tpeda CKIIaJaTH y Hero-
pIoYl CMITTEBI Oaku, Kl 3aKpUBAIOThCS Ta PO3TALIOBYIOThCS Ha Oe€3MeyHiid
B1JICTaHI1 BiJl rapsyoro oOJiaJHaHHSI;

IUTUTH Ta BUTSOKHA BEHTWIALS, TUMapi, 1ICKPOTAaCHUKH, (PIILTPHU, TPYOHU, Mo-
BUHHI YTPUMYBATHUCS B UUCTOTI 1 HE PiJIIE OJHOTO pa3y Ha MICALb, OUHUILATH-
Csl IPOyBaHHSAM, TPOMHUBAHHSIM Ta BUIJAICHHIM Caxi, )XKUPY, Opyay;

BCE Tpallfoloue 00JIalHaHHA Mae TrepedyBaTH Mij] MOCTIMHUM HArjsaoM. 3a-
OOpOHSIETHCS 3aNIUINIATH 0€3 HaTJIALy TMpalorodl winTh. [Ipuminienas kamOy-
3a MOXKHA 3aJUIIaTH yepe3 | roAnHy micias BAMKHEHHS TUIHT;

KOXKEH, XTO MpaIfoe Ha KaMOy31, IOBUHEH 3HATH, JI€ 3HAXOASATHCS BUMHKAUl
€JIEKTPOCHEPT1i, BIJICIYHI MAJMBHI KJIAIIAHW, KJIaNlaHU MPUIIMHEHHS M0/1a4l Ta-
3y IJIs HEraiHOTO MEPEeKPUTTS Mojayl manuBa abo BIIKIIOYEHHS €JIEKTPOe-
HEeprii mpy HaWMEHIIUX HECIPAaBHOCTSX: NP MPOTIKAHHSA MaJINBa, ra3y, MOIIl-
KOJPKEHHSI €JIEKTPUYHMX JIAHIIOTIB Ta BIAMOBITHOTO KamMOYy3HOTO OOJiaHaH-
Ha. L1 BUMUKaui Ta BifICIKatOUM KJanaHu MOBUHHI OYTH JIETKOJIOCTYITHUMHM Ta
pO3TaIllOBYBAaTUCS SIK Ha KaMmOy31, Tak 1 3a Moro Mexamu. 3amyckatu o0iai-
HaHHS HACTYITHOTO pa3y MOKHA JIMIIC ICIIS PEMOHTY, BUKOHAHOTO KOMIIC-
TEHTHUM IIEPCOHAJIOM, Ta HaBEACHHS MOPSIKY IICIIS I[HOTO;

CJI1JT IOCTIMHO CTEXUTH, 00 Ha MAJMBHUX Ta ra30BUX TPYyOOIPOBOJAX Ta iX
3'eJHAHHSIX HE OyJIO MPOTIKAHHS;

3allOBHIOBATH BUAATKOBI OQYKH I1M0J1a4l IMaJIMBa J0 TUTHT BIIKPUTHM CIIOCOOOM
0€3 BUKOPUCTaHHS MAJIMBHOTO HACOCA HE JIOMYCKAEThCS;

BCl KOHCTPYKTHBHI €JIEMEHTH MPOTHUIIOKEKHOTO 3aXUCTY (MIATOHHU Yy MaIHB-
HUX (POPCYHOK Ta 1H.) TOBUHHI OyTH B HAsIBHOCTI Ta CIIPAaBHOMY CTaHi;

200



IUIUTH Ha PIAKOMY NaIKBi, MOBUHHI PO3MNATIOBATHUCS MICIS PETENbHOI BEHTH-
JA1i1 BIAMOBIAHO JIO 1HCTPYKINIT 3 eKCIUTyartariii. 3acToCyBaHHS JIerKo3alMH-
CTUX PIJUH JJIs1 pO3NATIOBAHHS IUTUT HE JOMYCKAETHCS,

HEOOX1THO KOHTPOJIIOBATU OIIp 130T Ta HAAIMHICTh 3a3eMJICHHS CJICK-
TPUYHUX TUTHUT;

MOCY/Jl 3 KUIUITYMM >KHPOM a00 OJ1i€r0 HEOOX1THO 3aKpUBATH KPHILIKAMHU, 110
o0epirarTh BiJl BUIUIECKYBAaHHS KUPY Ta 3aiMaHHS;

y IITOPMOBUX YMOBaX HEOOX1AHO 3a0€3MeYnTH HallHE KPITUICHHS Ha TUITUTax
MOCY/Ty JIJISl TPUTOTYBAHHS 1%Ki;

CKYMUEHHS B IPUMIIIEHHI kKamMOy3a OOpOIIHSHOTO MUY Ha CTIHAX, BUCTYIIAX,
JeTalsAX Ta YCTaTKyBaHHI, CYIIIHHS OJATY, PYIIHHUKIB Ta CEPBETOK, 30epira-
HS JIETKO3AMMHUCTHX PIAWH, OKUCITIOBAIBHUX pPEUOBHH, MPOMACICHHUX
TraHYipOK HE JOIYCKAEThCS;

3aCTOCYBaHHS BIJIKpUTOTO BOTHIO Yy BCiX BHIMAJKaX, KOJU € HeOe3leka KOH-
[EHTpaIlil TOPIOYMX Ta BUOYXOHEOE3NMEUHUX Ira3iB, HE JI0MYCKAEThCS;

IIPU BaHTKHUX OTEpallisix 3 HeOe3MeUHUMH BaHTaKaMH, MUTTA Ta Jiera3aiii
TaHKIB - KaMOy3Hi JIBEp1 Ta UIFOMIHATOPH MOBUHHI OYTH 3a4MHEH];

SKICHE HECEHHsI BaXTH Ta OpTraHi3allisg J030pHoi ciryx0ou. [Ipu cTosHI B op-
Ty (3a MOTpedU Ta Ha MEPEXO0Jil MOPEM) JTOJATKOBO MPU3HAYAETHCS MOXKEKHA
BaxTa, Ha Hel MOKJIaIae€Thes: 00X0AM Cy/IHA 3a IEBHUMH MapuIpyTaMu (BJICHb
- HE pijlle HIX yepe3 2 rOJAWHM, BHOYI - HE pijale HiX yepe3 | roauny) s
CBOE€YACHOTO BHSIBIICHHS MOXKEXKI a00 HAIXOKEHHS 10 KOPIYCy BOJIH, Te-
peBIpKa JOTPUMAHHA NPOPUIAKTUYHOIO MPOTUIIOKEKHOIO PEXHUMY, IIe-
pEBIPKA MPOTUIOKEKHUX 3AKPUTIHN 3riHO 3 iX MapKyBaHHSIM ab00 HaKa3oM I10
cyaHy. UneHu mnoxexHoi BaxTH 3000B's3aHI HEBIJIYYHO mepeOyBaTH Ha
CyJIHI, MalOTh TPABO BiAMOYMBATH, HE PO3IATAIOYNCH Y BCTAHOBJICHOMY Bax-
TOBHMM TIOMIYHUKOM KalliTaHa npumirienHi [1,3,4,5] .

Koncmpyxkmueni 3acobu eussnenus, nokanizayii ma aikeioayii nodxcedsici: 1e-
pebupaHHs Kiacy A, NMPOTUIOXKEXH1 JBEpi, BEHTWIAIIWHI Ta JUMOBI 3a-
CIIIHKH, CTalllOHApHI, MICIIEBl CHCTEMH IT0XKEKOTACIHHS, CTaIllOHApHI 3aCO0n
BUSBJICHHS TOYKEXK1, 3acoou 3B's13Ky [1,3,4,5] .

OCHOBHI MemOOU BUSBNICHHS NONCEINHCI HA KAMOY3i:

MOXKeKHA CUTHAMI3aIisA (JaTddKaM TOXKE)KHOI CHTHAJI3aIlli 3a1a€ThCs KOH-
TposibHa Temmneparypa 6mau3pko 80-100°C, a MIBUAKICTh 3MIHU TeMIIEpaTypH
B1JI BCTaHOBJICHOI B Mexkax 5-10°C/xB. JIluMOBi crioBilyBadi HE BCTaHOBJIIO-
1o1hes) [1,3.,4,5];

BaXTOBa CITyk0a.

OcHo6HI 3ac00U 2ACIHHI NOHCENC HA KAMOY3I.

CTaIllOHAPHI, MICIIEBI CUCTEMH TMOXKEKOTacCiHHsI, TEPEHOCHI BOTHETaCHUKHU
(ByriekucnoTHi, (GpeoHOBI abo0 CHemiaibHO PO3POOJICHI NJisi TaciHHSA Op-
ra"iyaux o (knac F), BoasiHi, MHHI, TOPOIIKOBI);

MPOTHUIIOKEKH] KOBIPH (KOIIMA), MCOK, TUPCA,;

KUPOBI BapUJIbHI arperatu Ha KaM0y31 (ppUTIOpHULIT) 00TaIHYIOTHCA:
— CHUCTEMOIO aBTOMAaTUYHOT'O a00 PyYHOTO MOXKEKOTaCIHHS;
— rOJJIOBHUM  Ta  AyOdIOIOYMM ~ TepMOCTaTaMM 3 aBapilHOIO
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nonepeKyBajJIbHOI0 CUTHAI3aLII€l0 PO BIAMOBY OyAb-SKOTO 3 HUX;

— BJIAIITYBAaHHSIM aBTOMATHUYHOTO BIJKIIIOUEHHS €JEKTPOCHEPTii Mpu
3aTITHHI CUCTEMH MOKEKOTACIHHS;

— aBapiifHOIO 3alo0KHOIO CHUTHAJI3aIll€l0, 1[0 BKa3ye Ha 3aJisHHS
CHUCTEMH TOXKEKOTaCiHHS Ha KamMOy31, 1e BCTaHOBJIEHA (YPUTIOPHHUIIS;

— OopraHaMy YIpaBJIiHHS PYYHUM ITyCKOM CHCTEMH TOKEKOTACIHHS, 110
YiTKO MapKOBaHI JIJIsl HErailHOrO BUKOPUCTAHHS eKinaxeM [4,5].

JI71st raciHHS OpraHiYHUX MAcCTHII, 1110 TOPATh, HEOOX1HO 3aCTOCOBYBaTH BOTHE-
racHUKH, SIK1 MPU3HAYEH1 ISl TaciHHs MoXex kiacy «F». MoxiuBe 3acTocyBaHHS
BYTJIEKHCIIOTHUX, TMOPOIIKOBUX BOTHEraCHHKIB a00 BUKOpPUCTOBYBaTH Kommy. He
MO>KHAa BUKOPUCTOBYBATH BOJly a00 MiHY, TOMY IO B I[bOMY BHUIIAJKYy iX 3aCTOCY-
BaHHS BIAOYJIEThCS PI3KUIl Ta IHTECHCUBHUIM BUKH/]I TTapH Ta OKPOITY.

CrarioHapHi aBTOMaTUYHI CHCTEMH TaCiHHS JIJI BEHTWIAIIMHUX KaHAJIIB Haiie-
(beKTUBHIIII JJIs TACIHHS MAJIAal04u0ro KUpPY.

OCHOBHHMM BHJIOM €HEpTii JUIS MPUTOTYBAHHS € €JICKTPUYHA. 3HAYHO MEHIIIOIO
MIpPOI0 BUKOPHCTOBYETHCS NHU3CIbHE MAJMBO, HA MAJIUX CyTHAX MOXKE 3aCTOCOBYBa-
THCS CKPAIUICHUW TPUPOIHUM Ta3.

EnexTpuuHi MIUTH CXUJIBHI 10 TUX K€ HEOe3MeK, 10 U Oyab-sKe eleKTpoooIai-
HaHHS: KOPOTKOMY 3aMHKAaHHIO, PO3TPICKYBaHHSA 130JiL1i HA MPOBOAAX, MEepeBaHTa-
KEHHIO CJICKTPUYHUX JIAHIIIOT1B.

JI71st TaciHHS €NEeKTPONPUIIAIIB i HAIIPYTOl0 3aCTOCOBYIOTh BYTJIEKUCIOTHI BO-
THEracCHUKU a00 MICIIEBl CHCTEMH IOXKeXOoraciHHg. Mo)KHa 3aCTOCOBYBATH 1 ITO-
POIIIKOBI CUCTEMH Ta BOTHETaCHUKHU.

Tam, 16 BUKOPHCTOBYETRCS Ta30I0i0HE TTAIMBO, 3aX0/IH 11010 HOTo 30epiranHs;,
PO3MOJIUTY Ta BUKOPUCTAHHS MTOBUHHI 3a0e3neuyBatu 0e3rneKy cyaHa Ta oci0, 1o rme-
pebyBarOTh HA HHOMY, 3 YPaXyBaHHSIM MOXKEXKHOT HEOE3MeKH Ta BUOYXIB.

Jlist TaciHHS Ta3y, MO0 TOPUTh, 3aCTOCOBYBATH MOPOIIOK a00 BYTJICKUCIIHH Ta3.
[Ipu raciiHi po3aUTOro najiuBa — IiHYy.

Posmopomieny Bomy MOKHa BHUKOPHCTOBYBATH IS OXOJIOKCHHS TIEpeOipoK,
MpeaMeTiB Ta 00JIalHaHHST KaMOy3a, KOJIM TMOJKeXKa 3arallieHa Ta B MPUMIIIEHHSIX
KaMOy3a eJIEeKTPOKUBIICHHS BiKITIOUEHO.

JI1st 6G0pOoTHOM 3 TIOKEkKEIO CyJIHAM HE3aJeKHO BIJ MPU3HAYECHHS PO3POOIISIOTh-
cst OneparuBHi [Imaau (OI1). OIT po3poOnsieThcss HA HAMOUTBIN MOXKEKOHEOE3MEUH]
NPUMIILIEHHS CYy/I€H, Y TOMY YHCIIL: ..., CYAHOBHIA KaMOy3 13 CyCIAHIMH JOMOMIKHHU-
MH IIPUMIIICHHSAMH. .. [1].

Ipuxnaoui ocHosHi nepuiouepeosi npouedypu 2aCiHHI NONCEHCE HA KaAMOY3I.

" BIJKIIOYMTH JpKepesa mojadi eHeprii abo rnajauBa B KaMOy3HY TUTUTY;

" BUMKHYTH CUCTEMY BEHTUJIAIT Ta IEPEKPUTH 3aCTIHKAMH i1 IOBITPOBOJIH;

" TACUTHU BOTHHUIIE MOXKEXK1 BIAMOBIIHUMH BOTHEraCHUKAMHU a00 MICILIEBOIO CTa-
IOHAPHOIO CUCTEMOIO;

" TIICHIS JIIKBIJIALi1 BOTHUII TTOXKEX1 JJIs1 OXOJI0KEHHS TTepedipoK, MPeMETIB Ta
oOnasHaHHs KamMOy3a Ta MoNepeHKEHHs MOBTOPHUX CIajaXiB BUXOJSYM 3 CH-
Tyalii TpUBECTH B [0 MIHHUN a00 BOJSHHMI CTBOJI Ta HaIPaBUTU CTPYMIHb
Ha TI1JIBOJIOK Ta CTIHM, 100 MiHA/BOJa CTIKAJIM Ta 3allOBHIOBAIIU ILJIOIIY KaM-
Oy3a;
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" 3ar00IrTH PO3MOBCIOKEHHIO BOTHIO TIO TIAXTI;

" pEeTEeNHHO OMIIHYTH KaMOy3 Ta CYCIJHI NMPUMIIICHHS MO TOPU30HTAJl Ta IO
BEPTHUKAJIL, 11100 3'sICyBaTH, YU HE MIT IPOHUKHYTH BOTOHb y MOPOKHEY1 KOH-
CTPYKIIIi IMABOJIOKIB, CTIH, NMAy0 Ta yepe3 CUCTEMY BEHTHIIALIIT;

* 3a JO0MOMOTrOI0 IITYYHOI BEHTUIALIT BUAAIMTHU 3 KaMOy3a rapsiuuii 11Mm.

BucHoBku:
1. KamO0y3 BiIHOCUTBCS J0 CIIYKOOBUX MPHUMIIIIEHb BUCOKOT MOKEKHOT HEOC3IEKHU.
2. Tloxexa Ha kKaMOy31 BITHOCUTHCS 0 TIOXkKex1 kiacy F.
3. 3alesneyeHHs YHMCTOTH, MOPSIAKY Y MPHUMIMICHHAX KamOy3a, CHUCTEeMaTU4YHE
YUIICHHS TUIAT, TPYyO, TMMOXOIB, BEHTHIALII, TOTPUMAHHS MPaBWJI €KCILTyaTarlii
oOjanHaHHS, TIOXKEXKHOI Oe3leku MpariBHUKaMu  KamOy3y  3a0e3MeduTh
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BUBUCHHSI Ta BUKOHAHHS TEXHIKM Oe3MeKku mpu podoTax Ha KaMOy3i — HEoOXiTHi
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YK 159.943(042)
Poznyupkuii O.M.
HarnionansHuit yHiBepcutet «Oiecbka MOPChKa akaeMis»
MexaHi3MHu 3HMKEHHS BILTUBY Cy0 €KTHBHOIO (pakTopa Ha aBapiliHicTh

3HA4YHO 3MEHIIUTHU BIUIUB «CY0 €KTUBHOIO (hakTOpa» Ha piBEHb aBapiMHOCTI Ha
MOPCBKOMY TPAHCIIOPTi, JTOCUTh CKJagHe 3aBaaHHs. [lepenOayuTH yci MOKIIUBI
BapiaHTH PO3BUTKY IMOJIIH, K MOKYTh BUHUKHYTH 4epe3 0COOJUBOCTI KOKHOI KOH-
KpPETHOi 0COOMCTOCTI, YACTO HE YSABISAETHCS MOKIHBHUM.

['0710BHOIO METOI0 KOXKHOTO TpalliBHUKAa MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY
MOBUHHO OyTH 3Ba)XKCHE 3BEJICHHS PU3MKIB 10 MIHIMAJIBbHUX 3HAauYeHb. Pusukom, y
MOPi, HEOOXiTHO OOOB SI3KOBO KEpyBaTH, SIKOMOTA PETEIBHO MPOpPaxoBYyBaTH YCi
MO>KJIMB1 BaplaHTH NOJAJBIINX MOJ1M, YHUKATH HEOOIyMaHUX pilieHb. MOpSK MO-
BUHEH PO3YMITH, IO BIJ HOIO, HACAMIIEpEe, 3aJeKaTh KUTTS 1HIIHUX JIIOJIEH, a pa-
30M 3 TUM, 1 JIOJIA iX p1AHUX Ta HOTro BJIacHA.

JI1st TOCSITHEHHS 111€1 METH OCHOBOIO CIIy»aTh MpodeciiiHi 3HaHHS, BMIHHS Ta
HaBUYKHU. ToMy, TIEpIIOYEproBUM pPIllICHHSIM Ma€ OyTH OTPUMAHHS TIMOOKUX TPO-
(eciifHuX, 3arajlbHUX Ta BCEOIYHMX 3HAHb, a TAKOXK MA€ BEJIMKE 3HAUCHHS MOCTIHE
npodeciifHe caMOBIOCKOHANICHHS. SIKIIO JIr0IMHA BOJIOJIE€ 00 €MHUM CBITOTJISIOM,
THM JIETIIE Ta IIBUAIIC BOHA OPIEHTYETHCA Y PI3HUX CHUTYAIlIIX, MAE€ MOKIUBOCTI
IIBU/IIE MPUHAMATH 3BaXKEH1 pIIIEHHS, NependadyaTd Ta ycyBaTH HeOa)kaHli KOH-
(GaiKTHI cUTyalli B cCepeAnH1 eKIlaka TOIIO.

PoGota B Mopi BuUMarae BiJ JIIOAUHU BOJIOAIHHS CBOIM TICHXOEMOIIHHO-
BOJILOBUM CcTaHOM. CKJIaJHICTh Ta OCOOJUBICTh YMOB Mpalli MOPSKA, BILUIUB BEIUKOT
KUIBKOCT1 CTPECOpPiB, BUMArae BiJl HbOTO HE a0M SIKOi KOHLIEHTpalli yCciX (pI3MYHUX
Ta TyMIEBHUX CHJI, IO, SIK BiJIOMO, YaCTO MPU3BOAUTH J0 iX BUCHAKCHHSI Ta TIOIIYKY
MOXKJIUBUX, MPOCTUX ILIAXIB TOMOBHEHHS BTPAYCHHUX CHJI QJIKOTOJIb, HAPKOTHKHU
TOIILIO.

[To3uTuBHA COIlaIbHO-TICUXOJIOTIYHA aTMoc(epa Ha CYJIHI € 3allOPYKOI CTBO-
pPEHHSI HOPMAJILHOTO MCUXIYHOTO CTaHy cepef ekinaxy. KoxeH cyaHoBuil odinep
MOBUHEH TaM’sITaTH, 10 Mepe]l HUM CTOiTh, TIEPII 3a BCE, JIIOJAWHA, a BXKE MOTIM
migerui. [1o3uTHBHUEN COIiaabHO-TICHXOJIOTIYHUN CTaH 3HIMAe Macy mpoOJieM:
moOOIOBaHHS, TUCKOM(OPT, arpecito, HEHaBUCTh, HEJIOBIPY, HE CIIPUSHHA 1 T. 1. Jlo-
CUTh YacCTO, came 11l HETaTUBHI JIIOJChKI BIMYYTTS CTAIOTh MPUYMHOIO aBapiiHOiI 200
1HIIO1 HAJ3BUYAMHOI cuTyallii Ha cyaHl. B3aeMopo3yMiHHs, moBara, 0Bipa, CIIiB-
YyTTs, BIAYYTTS BIAMOBIJAILHOCTI 32 1HIIOTO — II€ T1 MMO3UTUBHI BIIHOCHHH, SIKI 3a-
Oe3reyaTh NOBHOLIIHHY POOOTY BChOI'O €KIMaxa.

MO>XJIMBO BU3HAYUTH TaKl MPUHIUIIM, SIKI 3a0e31euarh HOpMaJIbHHUM, TO3UTUB-
HUM COLIAJIBHO-TICUXOJIOTIYHUM CTaH €KiMaxy CyHa:

Opranizanis, sika Npu3HaueHa 3a0e3nedyBaTy yNnopsaKoBaHe (DYHKIIIOHYBaHHS
YChOI'O CyJIHOBOTO €KilaXxa.

[{inecipsiMOBaHICTh, SIKa BU3HAYUTH 3arajbHy METYy, YIOPSAKOBAHICTH 3ac001B
Ta CIOCcO0IB CYMICHOT B3a€EMO/IIT YWICHIB EKIMaXa;

MoTtuBaiis, sika TOBOJI YacTO € PYLIHHOK CHUJIOI0 TPYAOBOI, MI3HABAJIBHOI Ta
KOMYHIKaTUBHOI aKTUBHOCTI WIEHIB CY/THOBOTO €KIMaxa;
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EmomiiiHicTh, sika MOBMHHA OyTH JOBOJI MOMIPHOIO y TPOLECI B3aEMOJIl 3 1H-
MUMHU, y crienudill eMOINHUX peakiliid, HeopMaTbHUX CTOCYHKAaX B CepeauHI
eKInaxka;

Bucoka cTpecoBUTpUMKa, XapaKTepU3ye EKIMaxK KU 3AaTHUN B KOPOTKHM yac
BIICBHEHO MOO1TI30BYBaTH €MOIIHHO-BOJILOBUNA MOTEHIIA JUIsl CYIIPOTHUBY SBUIIIAM
MOPOKYIOUHUM CTPECOPH;

[HTerpariis exinaxy cyjHa, sKa 3a0e3NeunTh HeOOX1THUI PIBEHb €THOCTI TYMOK
Ta y3TrO/>KEHOCTI [IiH.

OCHOBHHMM MPUHIMIIOM OpraHi3allii ciy>KOOBHX BITHOCHH €KIMMaxy, BBAXKAEThCS
KOpPCTKa (DyHKIIOHATbHA CTPYKTYypa PO3MOJLIY MOCaJAOBUX OOOB SI3KiB, TTOBHOBA-
’KEHb Ta MpaB MK Horo wieHamu. Taka BaXJIMBa COLIOJOTTYHA Ta TICHXOJIOTIYHA Ka-
TEropisi sIK JAOBIpa, CIY>KUTh OCHOBOI OPraHi3allliHOIO YCIIXy, TOMY IO BOHA, y
MIXK JIFOJICBKUX CTOCYHKaxX, BU3HAaua€ BIEBHEHICTh B 1HIIINM CTOpOHI. JloBipa 11e Bax-
JUBa CKJIaJ0Ba COLIAJIBHO-TICUXOJOTIYHOTO KJIIMAaTy sIKa BIUTUBA€ MPAKTUYHO Ha
BCE, 1110 BIJIOYBA€THCS B CEPEAMHI €KiMa)ka 1 OJHOYACHO € CTPYKTYPHOIO 1 KYJIbTYp-
HOIO0 XapaKTEPUCTUKOIO eKinmaxka B IijioMy. KepiBHUK MOBUHEH JOBIPSITH CBOIM
mijuierauM, 1 HaBnaku. JloBipa, sik mpaBuiio, 0a3yeThCs HAa TaKUX XapaKTEpHUX IO-
3UTHUBHUX JIIOJICBKUX SIKOCTSIX SIK TOPSANHICTh, JOOPO3UUINUBICTh, KOMIETEHTHICTb,
JOSUTBHICTD, BIIKPUTICTh, MPUHIIUIIOBICTD, YECHICTD, PIIIYYICTh, AKTUBHICTb, TUCITH-
IJTIHOBAHICTh, TOBAPUCHKICTh, BBIWIMBICTD, YYHHICTh, IUPICTh, CKPOMHICTH, ITPaB-
JUBICTh, MPAILOBUTICTh, IHIIIATUBHICTh, CYMIIIHHICTb, IIJIECIIPSMOBAHICTb,
000B'S3KOBICTh, IOCTIMHICTh, aKypaTHICTh TOI0. HasBHICTH SIpKO BUPAKEHUX HEra-
TUBHHUX PHUC XapaKTepy, MPOTHICKHUX 3a3HAUYCHHUM, SK MPABHUIIO, ICTOTHO 3HIIKYE
CTYIIHb JOBIPU JI0 OCOOMCTOCTI. 3HAIOUM PUCH XapaKTepy, SKI NpUTaMaHHI KOH-
KpPETHOMY YJIEHY eKila)ka, TO MOXJIMBO MepeadayuTH, K BiH Oy/ie ceOe MOBOJAUTH B
pi3HUX 00CTaBUHAX, Ta Ha 110 BiH Oy/ie 31aTHUI B HeOe3MeUH1i 0OCTaHOBIII.

B ymoBax cyaHa, KOHTpOJIb HaJ BIACHUMHU €MOIIISIMU MAa€ BEJIMKE 3HAYCHHS B
CEHC1 30€peKEeHHsI 3JI0POBOTrO TICUXOJIOTIYHOTO KiIiMaTy B ekinaxi. Kontposnb Biac-
HUX €MOIIIM — 1€ YCBIIOMJICHHS 1 OIliHKa, TICUX1YHUX MPOIIECiB 1 cTaHiB. Takuil KOH-
TPOJIb 3[aT€H 3a0e3MeUnTH CTAOUTbHUNA CTaH OCOOMCTOCTI Ta CYTTEBO 3MEHIIUTH
KUIBKICTh TIOMHJIKOBHX PIIIEHb, OCOOJMBO B EKCTpEMalbHUX CHUTyallisx. Bin-
CYTHICTh KOHTPOJIIO HaJ eMOI[ISIMH, SIK TIPABUIJIO, CTAIOTh MPUINHOIO CEPHO3HMX TI0-
MUJIKOBHX PIIllIeHb Ta Ai. Takoxk, 3aCTOCOBYIOUM KOHTPOJb HaJ €MOIISIMH, eKIMax
CyJIHa 3MEHIIye HeOa)kaHi MPOSBU TICUXOJIOTTYHOT HECTAOUIHLHOCTI, YCYBA€ MOKJIIMBI
OPOTUCTOSIHHSA MDK YIEHaMH €KINMaxy, HEeUTpamizye NposSBU HEKOHTPOJIbOBAHOI
arpecii.

K10 3aCTOCOBYBATH 11 MPUHLMUIIK, BUOYIOBYIOUM COIIAIbHO-TICUXOJIOTTYHUAN
KJIIMAaT eKINaxy, 3a0e3Mevy€eThCsl MOBHOLIIHHA JiSTIbHICTh KOKHOTO 13 WICHIB eKima-
’Ka Ta 3MCHIIYIOThCS PU3WKHA BUHUKHEHHS aBapiiHUX CHUTYaIliid, TOMYy IO TCHXO-
JIOT1YHA CTAOUTBHICTH € 3aMTOPYKOI0 MPABWIBHUX PIIICHb, M1, BIJICYTHOCTI TAaHIYHUX
9H ICTEpUYHUX CTaHIB.

Otxe, poboTa B CKJIaJll CYJHOBOTO €Kila)a MoTpedye BUBYCHHS OCHOB ICHUXO-
JIOT11, IO JOTIOMOYKE MOPSKY B Mpoiieci POpMYBaHHS HOTO K OCOOMCTOCTI, a TAKOXK
B X0/ podeciitHOl TisSIBHOCTI.

[IpiopuTeTHMHU HANIPSIMKaMHU MOKYTh OyTH:
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BU3HAYCHHS BJIACHOI TMCHUXIYHOI TITi€HW — BOHA BKJIIOYAE€ TPHUHIUIHN Ta BiIO-
MOCTI, BAKOPUCTAHHSI SIKMX JIOTIOMarae MmjaTpuMyBaTH 1 YKPITUTFOBATH TICUX1YHE 3/10-
pOB’s;

3aCTOCYBaHHS IHCTPYMEHTIB CaMOpPEryJIAIIii;

0opoTh0a 31 CTpecoM 3a JIOTIOMOT'0OK0 MHUCTEITBA: (PUIBMHU, KHUTH, My3UKa, XKH-
BOIIUC TOIIIO;

1mo0y/10Ba MO3UTUBHOI KOMYHIKAIli 3 yciMa 4WICHaMH eKinaxa.

3anponoHoBaHi MEXaHI3MU MalOTh YCYHYTH 3HAUYHY KIJIbKICTh MPOOJIEMHUX MH-
TaHb, IO MEPIOJUIHO BUHHUKAIOTH Y XOJ1 Mpo(deciiiHOl MiSIIbHOCTI MOpPSKA, TAKUM
YHHOM, 3HM)KAIOTh PIBEHb BIUIMBY «CYO €KTHBHOTO (hakTOpy» Ha O€3IeKy CYIHO-
miaBcTBa. Lle BimOyneTbes TUIBKM B TOMY BHIIAJIKY, SKIIO MOPSIK CBIIOMO Ta
BIJINOBIJIAJILHO CTaBUTHCS J10 ceOe, Ta BUMArae 1poro Bij 1HMKX. [JoMiHyBaHHS T'y-
MaHHUX MPUHIHNIIB IOBUHHO OYTH MPIOPUTETOM y MOOYIOBI CTOCYHKIB Y CEpEIHHI
eKinaxa. J[eMOKpaTUUHUN CTWJIb YIPABIIHHSA €KINakeM, 3HAYHOK MIPOI0 MOKpa-
IIUTh COIIATbHO-TICUXOJIOTTYHUM MIKPOKJIIMAT Ha CYJIHI, 3HU3UTh PIBEHb arpecii,
HEIMOBarv, HEHaBUCTI B PoOOYMX Ta MIX JIOJCHKUX CTOCYHKaX. YuibsiM Yepuisuib
Ka3zaB: “‘/leMokpaTisi — moraHuil METOJl KepyBaHHs, aje 1HII e Tipii’”.

Ane 6e3yMOBHO, ICHYIOTh HaJ3BUYalHI CUTYyaIlll, KOJIU 0€3 3aCTOCYBaHHS aBTO-
PUTApHOTO CTUJIIO BUIIPABUTH IX JTOBOJI CKJIaJHO. BEe3KOHTPOJIbHUI aBTOPUTAPHUN
CTWJIb KEPIBHUITBA KamiTaHa ad0 CTapIIOro 1HXXEHepa, MOKe MPUBECTHU JI0 MEPEBU-
HIEHHSI 0OCOOMCTHX MOBHOBAXKEHb 3 1X OOKY, 3arOCTPIOE CTOCYHKH B CEpEUHI eKiIa-
’a 1 K HACHIJIOK 3pOCTa€ IMOBIPHICTh MOMWJIKOBUX I MIJJIETJIOrO MEPCOHANY Ha
HEpPBOBOMY MiArpyHTI. Take cTaBlieHHs, 3HUXKYE 1HII[IATUBHICTh, (POPMy€E HENOBIPY
10 1HIIKX, 3HWXKYE MOTHBALII IO CAMOPO3BUTKY, 30UIbLIYE PU3UKH CTBOPEHHS
aBapiiHUX CUTYyalll TOILO.

['omoBHOIO yMOBOIO Oe3aBapiiiHOi poOOTH cyAeH € (OPMYBaHHS <JIFOASHUX
CTOCYHKIB Ha MPUHIIMIIAX MOBAru, T1IHOCTI, MOPSIHOCTI, B3aEMOPO3YMiHHSA Ta MPO-
decionamizmy.[1]

[Ile onna mpobyiema, sIKy HEOOX1AHO BUPIIIYBATH, II€ KHUTTS 1 poOOTa Jto/iel Ha
O0OpTy CyaHa, 110 PO3MOBISIOTH PI3HUMH MOBaMH, BUXIJISAMH 3 PI3HUX KpaiH i3
PI3HOIO KYJIBTYPOIO, Tpo(eciitHuM piBHEM Ta MEHTAJIbHICTIO. Bee 11e Moke Cripusitu
BUHUKHEHHIO KOH(IIKTIB Ta CTpeciB. AHTIINChKUN nocnigauk Toni Jlein 3a3naqae:
"be3neuHa Ta epeKTHBHA €KCILTyaTallis CyJIeH MaJOl0 KUIBKICTIO JIOJEH, BUKIIUKAE
HEOOXIJTHICTh IHTYITUBHOTO PO3YMIHHS CIIB, HIOAHCIB (Ppa3eosiorii, KECTiB, PyXIB
TUJIa, MOBYaHHS To1O. Lle mocsraerbes nuie T0CBIIUEHUMH KOPUCTYBa4aMHu OJTHI€T
1 Ti€i )k MoBH". [2]

OpHak, CTOCYHKH MDXK JIFOABMHU Habarato MIWpIi, HIXK IPOCTO BXKUBAaHHS MOBH,
11100 roBopuTH a0 nucaTtv Ha Hil. EQeKkTHBHI B3a€MUHU BUMAraroTh pO3YyMIHHS O/I-
HUM 1HIIOTO Ta ABOCTOPOHHBOIO OOMIHY 1/I€SIMH, TUTAHAMM, I[UUISIMU Ta OLIHKAMU —
10 IPaBWJIbHO, a IO HEBIPHO, 110 100pe 1 mo norano. CynHOMIaBHA 1HAYCTPis
ctana BcecBiTHBOM. [1[00 mpartoBaTti eheKTUBHO, CYTHOBJIACHUKHA, MEHEIDKEPH Ta
crapii odinepu MarTh cTaTh KocMmomnoiitamu. CripaBkHii MeHeKep-KOCMOIOJIT
pPO3yMi€ 1 MOBa)Ka€ KyJIbTYpHI BIAMIHHOCTI IHIIUX, YyTIUBUN MO IXHIX MOTped 1
3MaTHUN TOOWBATHCS MAaKCUMAIbHOI Bi1adi Bijf CBOIX MPAIliBHUKIB YH I1JICTIINX,
HE3aJIC)KHO BiJ] TOTO, 3 IKOT BOHH KpaiHH. [2]
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[Ipodeciss — MOpsK, BUMara€ HasIBHOCTI CBIIOMOTO Oa)XKaHHS TOJOJAHHS
Oap’epiB MK MPEACTaABHUKAMU PI3HUX KYJBTYp, BMIHHS BCTaHOBIIIOBATH KOHTAKTH,
PO3YMIHHS KYJbTYPH Ta 3BUUYOK 1HIIHUX HAIIIOHAIBHOCTEH, BMIHHS IMOCTaBUTH cebe
Ha MICIIE 1HIIIOTO Y CKJIAJHIA CUTYyaIlli, OCh 110 € OCHOBOIO Y BiJHOCHMHAX BCEPEAMHI
OyIb-SIKOTO CYIHOBOTO eKinmaxy. JlJisi 1boro HEOOXiIHO PO3LIUMPIOBATH KPYTro3ip,
CTBOpPIOBATU CHENU(BIYHUN TMCUXOJOTTYHUM KIIIMAT, TPOAYKYIOUMH CHUMMATIIO 1
JIOBIpY, 11O CTaHE 3alMopyKor Oe3aBapiiiHOi poOOTH Ha (PJIOTI Ta 3HUBHUTH PIBEHb
BIUTUBY IIOJICHKOTO (hakTopy».[1]

B momykax MexaHI3MIB 3HWKEHHS BIUIMBY CyO €KTHBHOTO (paKkTopa Ha
aBapifHICTh MOPCHKHUX CYJI€H, HEMOXKJIUBO OOIMTH yBarow Takui «1IHCTPYMEHT» K
TUCITUTUTIHAPHA MPAKTHKA.

Jucuurmiiga - 000B'SI3KOBE JJIs1 BCIX WICHIB KOJEKTUBY MIiANOPSAKYBaHHS BCTa-
HOBJIEHOMY NOpsIKY, NpaBuiaMm. JucuuiuiiHa, Oyaydd 3aco0oM, 3a JOIOMOIORO
SAKOTO JIOCSATAETHCS €IHICTH 1A BCEPEAMHI SKOICh CHIILHOTH, BUHHMKJIA B MPOIEC]
CHUIBHOI TPYAOBOi AisuibHOCTI. OHUM 3 HaMBAXJIUBIMIKUX (PAKTOPIB AUCIUILTIHU €
CBIJIOMA MIITPUMKA 1i CAMUM KOJIEKTHUBOM, YCIMa YJICHAMH CYCIUIbCTBA B CBOIH IO-
BCSIKJICHHIN JIsJIbHOCTI. Y BHUXOBaHHI 1 MATPUMIN JUCHMILUTIHU BEJIMYE3HE MICIIe
3aiiMaroTh 3ac00M MEeAaroTiyHO-TICUXOJIOTIYHOTO XapaKTepy - MEePEeKOHAHHS, BIUIMB
KEepIBHHUKA CUJIOI0 0COOMCTOrO MPUKIAIY, JOBIpa Ta rmosara.|[3]

BucHoBku. HasiBHICTh MIDKHApOJAHUX KOJEKCIB, KOHBEHIIIM, PE30JIIOIIA HOCUTH
y Hal yac OUTbII JEKJIapaTUBHUN XapakTep. SIK MoKa3yrTh OCTaHHI MOJ1i, 0COOIH-
Boi Hazli Ha IMO Tta OOH B muiaHi KOHCTPYKTUBHOTO PO3B SI3aHHSI HAraJIbHUX IH-
TaHb HE Ma€e. B OCHOBHOMY TaM CUASTH Jienapi, As IKUX, OyJb Kl 3MIHH, CIIPUK-
MalOThCSl K IMOrpo3a iXHHOMY ICHYBaHHIO... HaBana KOHBEHIIM, KOJIEKCIB, Ha-
MOBHEHUX 0€3MEXHOI0 CTypOOBAHICTIO PE3OJIIOLIN Ta 1HII., HE CIIPOMOYKHI BUPIILY-
Batu Oe3nekoBi nuTaHHsA. Hacrana mopa pedopmyBaHHS LMX HECHPOMOKHHUX 10
3MIH 1HCTHTYLIH. [[s TmomonaHHsS 3acTOl0 B TNMUTAHHAX OE3MEeKHM MOpEIIaBCTBa
HEOOX1JTHO IIyKaTH HOBI, 1HHOBAIIMHI TIIXOAW JJIS BUPIMICHHS IIi€l TIpoOIeMHu.
Busnanusa cy0 ekKTUBHOTO (pakTopa SK TOJOBHOTO KOMIOHEHTAa MEPEeBaX)HOi Oib-
MIOCTI HAJ3BUYAMHUX CUTYAIllil Y MOP1, BUKJIMKA€E HAraJlbHy HEOOX1JHICTh TIeperTH
BiJl JIEKJIapaTUBHOTO, MMaCUBHOTO BU3HAHHS JAHOTO (DaKTy JAO BUBUYEHHS HOTO TJIH-
OMHHUX MEXaHI3MIB Ta PO3POOKM Ha i OCHOBI JIIEBUX 3aXOJIIB IMOJO0 3HIKCHHS
aBapifHOCTI Ta MIJBUILNECHHS SKOCTI CHCTeMH Oe3leKku MmoperiaBaHHs. lle crane
HAJIMHUM IIISXOM JUIS CYTTEBOTO 3HIDKEHHS BKIIATy <JTIOJICHKOTO (akTopa» B
aBapINHICTb.
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Hamionanpauit yaiBepcuret "Onecbka MOpChKa akajiemis"
IlepcrnieKTHBY BUKOPUCTAHHS AYKCETHYHUX MaTepiajiB B MOPCbKHIA
rajay3i

OaHuM 3 akTyalbHUX 3aBJaHb CYy4aCHOrO MaTrepiajo3HaBCTBA € CTBOPEHHS
MIPUHIIMIIOBO HOBUX MaTepiajliB Kl 3/1aTHI MPOSIBJISATH MPOrPaMOBaHIi, aJlallTUBHI pe-
aKiii Ha 30BHIIIHIO Ji10. 30KpeMa, 10 TAaKUX MO’KHA BIJIHECTH MaTepialii 3 HEraTuB-
HuM koedirieaTom Ilyaccona v. Ili marepianu, Ha BiIMIHY BiJ 3BUYalHUX, 37aTHI
PO3IIMPIOBATUCA B HANPSMi TMEPIEHANKYJISIPHOMY TOB3J0BXHHOMY OJHOBICHOMY
PO3TATYBAaHHIO Ta 3BY>KYBaTHCS MPU CTHCKYBaHHI BiImoBigHO (puc.l). 3a Takumu
MaTepiajlaMu 3aKpiluiacs Ha3Ba ayKCeTHIHHX abo aykceTHkiB (auxetic) [1,2].

Tpaduutiini Ayrcemuuni

Puc. 1. Tpaguuiitni Ta aykceTnyni matepianu [1]

VY O1IbIIOCTI KOHCTPYKIIIMHUX MaTepialiiB 3HAYCHHSI V KOJIMBAIOTHCA B MEXKax
0,2-0,4. IIpote, TeopeTnuHi 3HaYEHHS V AJS 130TPOMHOTO MaTepianty JIeKaTh B Me-
xax - 1 <v <0,5 [2]. Ha choronHi BioMO HeMano BUMAJKIB MPOSIBY HETaTUBHUX
3HAYEHb V B KPUCTAJIAX 1 KOMIIO3UIIMHUX Marepianax. BUIISAIOTE TpU CTPYKTYpPHIi
piBHI peanizarlii 1i€i anoManii neopmariifHol MOBEIIHKH: MaKpO-, M€30- 1 MIKpO-
CKOMIYHUH, aJie 13 PO3BUTKOM TEXHOJOT1H BKE MOYKHA Ka3aTH 1 PO HAHOPO3MIPHI Ta
piBHI [3-5]. AyKkceTHuHY MOBEAIHKY Ha aTOMHO-MOJIEKYJIIPHOMY PiBHI IMPOSBISIOTH
PIAKI KpUCTaH 1 6araTo MOHOKPUCTAJIIB MeTaliB. Tak, cepell TPUTOHAIBHBIX MOHO-
KPHUCTaJIB TaKl BIACTHBOCTI MalOTh MUII'SK 1 BicMyT. Cepes rekcaroHaIbHHUX IUTh-
HOYITaKoBaHUX (a3 MeTalliB IMHK 1 Oepuiiii [6]. Y OiabIIOCTI BUMAAKIB Taki e)EeKTH
MPOSIBIISIIOTECS B KyOIUHUX KpHUCTajaxX Y3MIOBXK JACSIKUX KpUCTanorpapidyHUX OceH.
Ha nanuii MoMeHT Biomi noHan 450 KpucTaaiyHUX MaTepiaiiB 3 HETaTUBHUM KOe-
¢iuientom Ilyaccona [6,7]. Cepen HUX HaOUIbIIA KUTBKICTh KPUCTANIIB 3 HETATUB-
HuM Koedimientom Ilyaccona (6inbie 300) Mmae kyOiuHy aHizoTporrito [7,8]. Aykce-
TUYHA MOBEJIHKA MaTepiaiiB, K MPOUIIOCTPOBAHO HA PUC.2, CIIOCTEPITAETHCS B IIH-
pPOKOMY Jl1ana30Hi MacmTadiB po3MiIpiB BiJl MOJIEKYJSIPHUX J0 00’ €MHUX CTPYKTYp

[9].
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Puc.2. MacitabHuii Aiana3oH NposBY ayKCETUYHUX BIaCTHBOCTEH MaTepiaiis [9]

Ha cphoroani Bemuka KUIBKICTh pOOIT MPUCBAYEHA MOJEIIOBAHHIO CTPYKTYp Ta
PO3paxyHKy iX MPY>KHUX BIACTHBOCTEH Ha MaKpO- Ta ME30CKOMMYHOMY PIBHSIX, aJie
JUTsI BUPIIICHHS 3aBJaHb 10 BUSBICHHIO ayKCETUYHOTO e(PEeKTy Ha PiBHI MOJIEKYI,
HAHOYACTUHOK 1 MaKpOMOJIEKYJ TOTPIOHO pIlIEHHS CKJIAJHUX KBAHTOBO-
MexaHIYHHUX 3aa4. OJTHUM 13 cTOCO0IB IX PIIICHHS MOKE TOJISAraTH B MEPEHECEHHI
NPUHITUITY MOEAHAHHS dKOPCTKUX 1 MOJATIMBUX €JIIEMEHTIB, Peajli30BaHOT0 B KOMITO-
3UTHUX MaTepiajiax, Ha MOJIEKYJSipHUHM piBeHb. Pearnizallisi HeraTUBHUX 3HA4Y€Hb V
Ha aTOMHO-MOJIEKYJIIPHOMY PiBHI JI03BOJIUTH CTBOPIOBATH KOHCTPYKIIIHHI MaTepia-
JIM 3 IPOTPAMOBAHUMH BIIACTUBOCTSIMH, a TAKOXK YHUKHYTHU Ee(EKTHOCTI CTPYKTYpH
1 HOPYIICHHS aAre31ifHOr0 KOHTAKTY Mi>K KOMIIOHEHTaMH.

Pi3HOMaHITHICTP MEXaHIYHUX €(PEKTIB, MOB'A3aHUX 3 AYKCETUYHUMH BIIACTUBOC-
TSAMH MaTeplajiB JO3BOJISIOTh YEKaTH 301IbIICHHS NPAaKTUYHHUX 3aCTOCYBaHb B Oara-
ThOX Tay35X JIIOJCHKOI AISTLHOCTI, 110 Je€TalbHO OrIsiHYyTO B po6oTi [10]. CtocoB-
HO 3aCTOCYBaHHS ayKCETUKIB B MOPCHKOI rajy3i [IKaBUMU € MOXJIMBICTh CTBOPEHHS
(GIIBTPYIOUMX €JIEMEHTIB 13 KOMIPKaMHU PETyJIbOBAHOTO PO3MIPY /I BUKOPUCTAHHS
B MAJMBHIN CHUCTEMi, CUCTEMaxX MalleHHs 1 3BOpoTHOro ocmocy (puc.3, [11]) Ta
CTBOPEHHS KOMITO3UTIB 13 IIIYMO130JIAIIHHUMH BIaCTUBOCTIMHU [12].

b
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|
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:.' N
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Puc. 3. Aykcernuna memOpana [11]
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Hamionanpauit yaiBepcuret "Oniecbka MOpChKa akajiemis"
InTerpajbHMi MOKA3HUK €KOJOTHYHOI Oe31eKH Tu3east

OcTaHH1 POKH XapaKTEPU3YIOThCS IHTEHCUBHUM PO3BUTKOM CYJIHOIUIABCTBA, O-
TIPIIEHHSM SIKOCTI BUKOPHMCTOBYBAHOTO MalMBa, TeXHIYHOTO crany COY, KOpCTKi-
IIIUMHA BUMOTaMU MDKHAPOJHUX OpTaHizalliil 10 3MICTY MIKIJJIMBUX JOMIIIOK B THX,
10 BiANpaloBaiu ra3zy auseniB. Tomy nuzeneOyaiBHi ¢pipMHu BUMYIICHI IHTEHCHBHO
3aiiMaTHCs TOOIYHUM e(DEKTOM BiJ] BUKOPUCTAHHS JU3EIIB - K IJTUBUMH BUKUAIAMU
B arMocdepy.

Yl mKiAJIMBI pEYOBHUHH, IO MICTATHCA B ra3ax AU3ENiB, IO BIAIPALIOBAIH, €
HeOe3neyHuMHy 11 1oBKUUIs. KoxkHa iX rpyna BUMarae caMOCTIHHOTO BUBYEHHS 3
METOI0 3ano0iranHs 3a0pyaHens|1,2].

[Tpote, ik MOKa3aiu MPOBEACHI Cy4acHl JOCIIIKEHHsS, BUKHU]J OKCUIIB a30Ty
NOx B atMocdepy npH 3ropaHHi MajiuBa 3aBJa€ HAWOLIBIIOTO 30UTKY JOBKIUILIIO.
Came TOMY, €KOJIOTH 1 3aKOHO/IaBIIl HAMOJSATAIOTh HA KOHTPOJIi, B MEPITy Yepry, BU-
kuaiB NOX.

CrypOoBaHicTh NBUTYHOOYAIBHUX (GipM cepTU(IKAIIE X TPOAYKINi M0 BUKH-
nax NOX BHUpaxaeThCcsl B 3pOCTArOYill aKTWBIi3allli HAyKOBO-AOCTIIHUX 1 €KCIepHU-
MEHTaJbHUX pOOIT B 1boMy Hampsimi. [Ipo 1e MOXXHa CyIWTH TO KUIBKOCTI
myOJTiKaIii, Mo 301IbIIYETHCS, B IHO3EMHIH 1 BITYM3HSAHIA TEP1OIMIII.

Po6oTr 00nacTi 3HMKEHHS 3MICTY WIKIJJIUBUX JOMIIIOK MOYHA PO3JLIUTH Ha
IIB1 CKJIA[IOBUX:

JOCITIJIKEHHSI MEXaHI3MY YTBOPEHHS, METOAIB 1 CIOCOO1B 3HM>KEHHS;

BU3HAUYCHHSI CIIOCOOIB KOHTPOJIIO SIKICHOTO 1 KIJTbKICHOTO CKJIaJy.

MexaHi3MU YTBOPEHHSI, METOAU 1 CHOCOOM 3HWIKEHHS 3MICTY IIKIIJIUBUX
JIOMIIIIOK BUBYEHI JIOCUTH J00pe 1 omucaHi B jiteparypi. LlumMu nutannsmu 3aiima-
IOTbCSI JTOCHITHUIIBKI 1HCTUTYTH, IU3ENEOYAIBHI 1 CyAHOOYIIBENbHI (BipMH, IO
eKCIUTYyaTyloTh KoMradii [3-5]. Pesynbratu poOiT 3aiexaTh B OCHOBHOMY Bij] €KO-
norigyHo1 qockoHanocti COY, ii TEXHIYHOTO CTaHy, MaTepialibHUX BKJIAJCHb CYIHO-
BJIACHUKA.

OcobnuBa yBara HUHI IPUIIISETHCA METOJIaM 1 cIocob6aM BU3HAYCHHS CKIAdy 1
KOHIIEHTpAIlii IIKiIJIMBUX JOMIIIOK. IX MOMHA PO3IiITMTH HA 1HCTPYMEHTAJbHI i
aHAJIITUYH]1 METOIH.

[HCTpyMEHTanbHI METOAM MarTh Ha YBa3l BUKOPUCTAHHS CHELIaJIbHUX TEX-
HIYHUX 3acO001B 1 XIMIYHUX peareHTiB. Jliroui npucTpoi, K NpaBUIio, CKJIaJHI Y BU-
KOPHUCTaHHI1, IOPOTH, MAlOTh PI3HI MOTPIIIHOCTI, BUMAraloTh CHEIlaIbHUX HABUYOK
B 3aCTOCYBaHHI. BUKOPUCTOBYIOTHCSI BOHU HAYKOBO-AOCITIAHUMHU THCTUTYTAMH, JIU-
3elie-, CyJHOOYAIBEIbHUMHU KOMIIAHISIMHM, KOHTPOJIIOIOYMMU OpraHi3auisiMu (Hanpu-
Knaj, npu Bugadi ceprudikary "Ilpo 3amobiranHsa3a0pyIHEHHS TOBITPSI JBUTYHOM"
(EIAPP)).

VY cbOrojieHHsI TPUBAIOTH JOCTIIKEHHS TI0 PO3pO0Ill aHATITUYHUX METOIB, Kl
JI03BOJISATh Ha OCHOBI CTAaTHCTUYHHUX JAHUX, aHami3y (I3UKO-XIMIYHUX MPOIECIB,
0COOJIMBOCTEM KOHCTPYKIIil, MOKa3HUKIB TEXHIYHOTO CTaHy, MO 3MiHI MapaMeTpiB
po0OOTH mu3ens po3paxyBaTH HASBHICThH 1 KOHIIEHTPAIIO IMIKIUTMBUX JoMimok. Ha-
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SBHICTb 3pY4YHOI 1 JOCTOBIPHOI METOAMKH J103BOJIMIIA O CIIPOCTUTU MPOBEIACHHS J10-
CIIAHUIIBKUX, MOJICPHI3AIlIMHUX 1 PETyIIOBaJIbHUX pOOIT, a TOJOBHE B YMOBax
eKCIUTyaTallii onepaTUBHO POOUTH HEOOXITHI OOYMCIICHHS, MABUIIUTH PIBEHb €KO-
JIOT1YHOT O€3MEKHU.

OpnuMm 13 cnoco0iB, IO CHPONIYIOTh KOHTPOJb 3MicTy NOX y BiampaiboBaHUX
razax MOXe CIIYKHUTH KOMIUICKCHHH (1HTerpaJbHUMN) MOKa3HUK €KOJIOT1YHOI Oe3Iie-
KU, SIKAW JO3BOJISIE:

omiHUTH 3MiHU 3MicTy NOX 3a5Ie’KHO BiJl OCHOBHUX IMOKa3HUKIB pOOOYOTO MPo-
necy;

POOUTH MOPIBHSUIbHY OLIHKY 3MiHH 3MicTy NOX pi3HHX THIIB AU3€IIB MIPHU 3MiH1
OCHOBHHX IMTOKa3HUKIB pOOOYOTO MPOIIECY.

[HTeTpaTBPHUI MOKA3HUK TIOBUHEH BiMOBIAATH OCHOBHUM BHMOTaM:

MIPOCTOTA BU3HAUCHHS B €KCIUTyaTallii;

1H()OPMATUBHICTb;

JIOCTOBIPHICTb.

VY 3aranbHOMY BUMNAJKY IHTETPaJIbHUI MOKA3HUK € BIAHOCHOIO 3MIHOKO 3MICTY
NOx B razax au3zens, 10 BiAXOISATh, 3aJI€KHO Bijl 3MIHU OCHOBHUX MapaMeTpiB Po-
0ouoro nporecy

NO,
We = [NO* ]n - (NOX)H

X
3

Jle n— OCHOBHI MapameTpu poOOUYOro mpouecy, siKi BINIMBalOTh Ha 3MicT NOx
yBiAnpamnboBaHux razax; NOx* — eranoHHuizmMicTNOX, 10 BiANOBITAE€ yMOBaM
MIPOBE/ICHHS MACTOPTHUX a00 HOPMYBAIBHUX BUIPOOYBaHb.

[TopiBusiHHA 3MiHU 3MicTy NOX y BUKHAX ABUTYHA JOIIBHO POOUTH JIJISi yMOB
MOTOYHOTO PEeXUMY Horo pobotu (pi=idem, n=idem).

3a JaHUMHM JOCIITHULBKUX OpraHizarmii, ipM BUTOTIBHHKIB OCHOBHUMHM Iapa-
METpaMH, BiJI IKUX 3aJICKHUTh 3MicT NOX B raszax, o BiIXOASATh, € TUCK 1 TEMIIepa-
Typa HaJlyBOYHOT'O MOBITPS, @ TAKOK KOSPIIIIEHT HAITUIITKY TOBITPSL.

TecTu, npoBeaeHi pipMaMu-BUTOTIBHUKaMU [4-8] mokaszanu, uio:

3HM)KEHHSI TeMIepaTypu HaJITyBOYHOro moBiTps Ha 3 °C mpu3BOAUTH 1O 3HU-
xeHHs1 NOX y BianpanboBaHux razax Ha 1 %;

3HMKEHHSI Koe(illleHTa HAUTMIIKY TOBITPsI B IBOTAKTHUX JBUTYHAX 3 2,2 10 1,9
3HUKYE 3MICT OKCHUJIIB a30TYy B raszax, 10 BiJnpairoBaiy, Ha 15 %.

3miHa 3Micty NOX 3ajeXHO BiJI OCHOBHHUX IMapaMeTpiB POOOTH IU3EINISI MOXKE
OyTH TIpe/ICTaBJICHA Y BUTJISII:

ar
NO — T, —
x| =NOw = A | == | =AT™;
NOX T ' AT [Ts ] AT

NO — p. )" W
i( :NOX = i = Sp;
NO P A“[p j Ap

X/p S

NO
NO

o

- ™
x :NmazA(?) — A G,

X /Ja
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ne Ts, ps — TemrepaTypa, TUCK HAJIyBOYHOTOMOBITPs; [ — KoedimieHT
HagmmmkynoBitps; AT, aT, Ap, ap, Aa, aa — koedillieHTH; 1HAEKCOM * MO3HA4YeH1
napaMeTpH, sIKi BIIMOB1AaI0Th 0a30BOMY PEKUMY POOOTH TU3EIIS.

Toni, iHTErpaIbHUI TOKAa3HUK €KOJIOTIUYHOT OE3MEeKU TU3es, 0 BPaXOBYe 3MIHY
3micTty NOX y BUTYCKHUX Ta3ax au3ens 3 00ikoM (N) Moske OyTu npeAcTaBiIeHUHN y
BUTJISAI1

W, = NOxr NOwp NOwi 4 5o W, = AT pea™ ’

e A = ATApAa.

[HTErpanbHU MOKAa3HUK €KOJIOT1UHO1 Oe3neku Weno3Bolise BU3HAYUTU 3MIHY
3micty NOX y BUXJIOMHHUX Ta3ax CYAHOBOTO Ju3els MpHU 3MiHI OCHOBHHUX Iapa-
MeTpiB poboyoro nporecy Ts, ps, A, MOKE CITy’)KUTH y3araJlbHEHUM KpUTEPIeEM, 11O
XapaKTepU3y€e €KOJIOT1UHY O€3MeKy PI3HMX THUIIIB JIU3ENIB IPH 3MiHI MOKA3HUKIB iX
pooOOTH.

[HTEerpanbHUil TOKa3HUK EKOJOTIYHOI O€3MEeKH MOXE BUKOPHCTOBYBATHCS IS
MOPIBHSJIBHOI OLIIHKY 1 MOHITOPUHTY JIBUTYHA B MEP10J] €KCILTyaTtauii cyjHa 0e3 J0-
JATKOBUX BUTPAT HA YCTAHOBKY JOPOTOTO YCTaTKyBaHHSI.
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Hamionanpauit yaiBepcuret "Onecbka MOpChKa akajiemis"
Multi-cultural crews on board: how to communicate effectively.

Navigating multi-cultural crews on ships requires understanding effective com-
munication, especially as these teams become more common in maritime operations.
Clear communication is vital for safety, efficiency, and team unity.

With regard to culture in everyday life, we’ll most likely think of music, art and
such. However, culture is relevant to almost every aspect of human life. We can
speak of national culture, communicative culture, work culture etc. And all they re-
ally matter for promoting a conducive working environment in multinational crews
on board ships.

In multi-cultural teams, it's helpful to learn about each member's cultural back-
ground to foster respect. Understanding the differences between your culture and
other people’s cultures makes a difference on board, as culture and communication
are closely linked. Maintaining professionalism in dress, manners, and behaviour
sets a positive tone. Patience in greetings and meetings, along with a sincere interest
in colleagues' concerns, builds trust—a key element for successful partnerships.

Dealing with problems in multi-cultural teams involves different strategies.
Adapting to cultural differences openly, restructuring tasks, and setting norms early
are effective approaches. If needed, removing a crew member might be considered
as a last resort.

Identifying cultural differences, coexisting harmoniously, and fostering open
dialogue through occasional multi-cultural crew meetings are essential. Captains
play a crucial role in promoting norm-setting early on, emphasizing expertise over
English fluency in job assignments.

Effective communication at sea goes beyond words—it includes information
dissemination, providing communication facilities, and ensuring awareness of issues
impacting crew members' professional life, health, safety, and welfare. Clear instruc-
tions in face-to-face interactions are crucial for comprehension.

In the maritime industry, effective communication is central to good leadership.
Leadership training standards highlight communication's pivotal role in creating a
cohesive and efficient maritime environment. In the evolving landscape of multi-
cultural teams on board, mastering effective communication is the compass steering
the ship toward success.

Within the context of multi-cultural teams aboard ships, it's imperative to under-
score the significance of cultural competence. Crew members should be encouraged
to participate in cross-cultural training programs that go beyond basic awareness,
delving into the nuances of cultural norms and communication styles. This proactive
approach ensures that individuals not only recognize cultural differences but also
acquire the skills to navigate them effectively.

Moreover, the implementation of a feedback loop within multi-cultural teams
can significantly enhance communication dynamics. Regular check-ins and anony-
mous suggestion boxes provide crew members with avenues to express concerns or
propose improvements, fostering a culture of continuous improvement. This two-
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way communication system reinforces the notion that every voice within the team is
valued, irrespective of cultural backgrounds.

In line with the emphasis on leadership, cultivating emotional intelligence
among captains becomes a linchpin for successful multi-cultural team management.
Understanding and managing emotions, both one's own and those of others, equips
captains with the ability to navigate the nuanced interpersonal dynamics inherent in
diverse teams. Leadership development programs should incorporate modules on
emotional intelligence to empower captains in fostering a positive and collaborative
team culture.

As we navigate the waters of multi-cultural collaboration, the incorporation of
these complementary elements—cultural competence, a robust feedback mechanism,
and emotional intelligence—further fortifies the foundation of effective communica-
tion within maritime teams. This holistic approach ensures not only the successful
navigation of cultural diversities but also the continuous improvement of communi-
cation strategies in the ever-evolving maritime landscape.

Finally, effective communication lies at the heart of good leadership, and that is
why, in developing its standards of training in leadership for sea and shore staff, the
Maritime Industry has set a specific standard for effective communication.

REFERENCES:
1. MonoaumoBa B. Coursebook on intercultural communication for seafarers. —
Opneca, HY «OMAy, 2021. - 96 c.
2. linepxo M., Cubipko O. dopcyBaHHS MDKKYJIBTYPHOI KOMIIETEHIIIT MOPSKIB 5K
nepeayMoBa e€(EeKTUBHOI MIKKYJIbTYpHOI KoMyHiKkaii. (2022). Haykosi 3anucku
Hayionanvnoeo VHIgepcumemy «Ocmpo3svka aKaoemisy: Cepisn
«Dinonocisy, 15(83), 97-101.
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I'aBamox O.C., Ko3nosceka JI.B.
[acTutyT BilicbkoBo-Mopcebkux Cuin
HanionansHoro yHiBepcutety «Ojiecbka MOPChKa aKkaaeMishy
BruiuB BUMYy1IeHOI Mirpaiii Ha CTAHOBJICEHHS TUCTAHLIMHOI OCBITH Y BBH3
fIK JKUTTEBOI HEeoOXiTHOCTI

Beryn. OtpuMaHHs OCBITHIX MOCHYr 0€3 BiJIBIlyBaHHS BHILIOTO BIICEKOBOIO
HABUAJBHOTO 3aKJIay, 3a JOINOMOTOI  CydacHUX  1H(GOPMAIiitHO-OCBITHIX
TEXHOJIOT1H 1 CUCTEM TEJIEKOMYHIKAIIIT - €IEKTPOHHOI ITOIITH Ta CUCTEMH 1HTEPHET —
OJIHA 13 MepCreKTHBHUX (POpM HaBYaHHS — MWCTaHIiiHA. B ymoBax arpecii pd B
VYkpaini - 3 24.02.2022 p. BBH3 O6ynu nocraBieni B cuTyarlito, KOJM YacTHHA BU-
KJIaJlauiB — npaiiBHUKIB 30poiHux Cun Ykpainu Oyjiv BUMYIIEHI BUiXaTH 3 YKpai-
HUA 3a KOPJIOH, MO0 BPATYBAaTH CBOE XHUTTSA Ta XKUTTSA CBOIX JITEH B yMOBax
MOCTIHUX oOcTpuIiB 1 6omMOapayBaHb pd Hamoi kpainu. Tak sik Outemiicte BBH3
30pi€HTOBAaH1 Ha BUCOKOSIKICHY MIJTOTOBKY MalOyTHIX Oo(illepiB TAKTUYHOTO PiBHSA,
a 3aMIHUTH BUKJIaJaqiB-ipodecioHaniB, ki MIrpyBajii 3a KOPJOH, 1HIIUMH BUKJIA-
Ja4aMu He OYJI0 MOKJIMBOCTI, OYyJ10 MPUMUHATO PIIICHHS HAaBYaTH KypCaHTIB JUCTaH-
ITHO, BUKOPHCTOBYIOUH JIOCBIJ 1 3HaHHs BUKJIamaviB-mirpanTiB. [1] Tak, B cuiy
oOcrtaBuH, Bukianayi — mirpantd BBH3 3po0win neBHU BIUIMB HA CTAHOBJICHHS
nucTaHiiiHoil ocBiTh Yy BBH3, uniM BH3HaueHa akTyalbHICTh JOCIIIKEHHSA. PoboTH
BUCHMX CKJIAJH JDKEPEIO3HaBuy 0a3y mociimkeHHs. OcHOBHA YyacTHHA. J[MCTaHIIIH-
Ha OCBITa SIK BEJIHHS Yacy B yMoOBax BiiiHM B Ykpaini 2022-2023 pp.mae cBoi 0c00-
nuBocTi. Hamaranus BuknagauiB-mirpantie BBH3  Bukiagaté  aucUUIUIIHU
BHUCOKOINPO(ECIHHO B EKCTPUMAIbHMX yMOBAaX MIrpallii CHPUAIO MOUIYKY HOBUX
IHHOBAILIMHUX METOAIB Ta METOAWMK HaByaHHsa. OpHa 13 HUX - I1HHOBAI[IMHO-
IHAMBIAyaTi30BaHa MeToauKa. [4] 3ynmMHMUMOCH Ha Hil OLTBII JCTANbHIIIE, PO3TIs-
HYBIIM JesKi TOHKOII HaBuaHHi ojaHoro 13 mpoBimnux BBH3 BMC 3CYV.
OCHOBHUM MPUHIUIIOM JisTbHOCTI [HCeTUTYTY BilicbkoBo-Mopcrkux Cun Hariona-
IsHOTO yHiBepcuTeTy «Onechka Mopchka akagaemismn(IBMC HY «OMAy) € npuniun
JIOIUIBHOCTI 1 parioHanbHOCTI. OJIMH 3a BCIX 1 BC1 32 OJTHOTO, B3a€EMOBUPYYKA 1 B3a-
€MOJIONIOMOTa, BMIHHS CaMO OpraHi30BYBaTUCS, OyTH MOCTIAHO 310paHUM 1 YBOXKHUM
- Tl KOCTI, SIKUMU TIOBUHEH BOJIOJITH CY4YaCHUN BIICHKOBUI MOPSIK, OPIEHTYIOUHCH
Ha gocBig BMC 3CVY Ta kpamii nmpukiaaau BiiickkoBo-Mopcbkoi opranizaiiii HATO.
Came 1 mpodeciiiHa CKIaJ0Ba, BIAMOBIAHO 10 I1HTErPaIbHUX, 3arajlbHUX Ta
crietiayibHUX ((paxoBUX) KOMIIETEHTHOCTEM, MOKJIaJeHa B OCHOBY IHHOBAIIMHO-
1HUBIyaJli30BaHOI METOAMKMA BHBUYEHHS HAaBUAJbHUX MpEAMETIB Ha Kadenpi
«CorianbHOo-TymMaHITapHUX Ta pyHaameHTanbHuX aucuumuiiay IBMC HY«OMA B
(dbopMi TUCTaHLINHOI OCBITH B yMOBax arpecii pd, Koau BUKIaJaM JOBOJUTHCS Ha-
BUATH Ha BIJICTaH1, 3HAXOIIUYUCh 32 KOPAOHOM. B Takux ymMoBax BUKjIanadl kaden-
pH 3aMIOBHIOIOTH MPOTAJWHHU B 3HAHHSIX MaWOyTHIX o(ilepiB TaKTUYHOTO PiBHS
BMC 3CVY 1 MOTUBYIOTh 10 €(pEKTHUBHOTO HAaBYaHHS, KEPYIOUUCH MPUHITUIIOM
palioHaJbHOCTI B HaBYaHHI: TaM, JIe BCE 3pO3yMIJIIO, MOXHA BUHTHUCS IIBUIKO,
iKaBO 1 JOCSTTH 3HAYHHUX BUCOT B OCBITi 1 mpodecii. [3] [lepeiiTu 10 HacTynmHOT
TeMH 3 OyJb-sIKOi HaBYAJIbHOT JUCIMIUIIHA MOKHA TUIBKH MPONUIIOBIIN KOHTPOJIb
piBHs. PosrimsHemMo MexaHi3M  peainizaimii  1HHOBAIIIHO-1HAMBIAYyaNi30BaHOI
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METOJVKHN B KJIACUYHOMY HABYAILHOMY IMPOIIECI BUIIOTO BilIChKOBO-MOPCHKOTO Ha-
BYAJILHOTO 3aKJIay B yMOBaX JUCTaHIIiHOI ocBiTH. [2] [lepen moyaTkoM BUBYCHHS
HOBOT'O HABUYAJLHOTO MpeaMeTy Ha Kadeapi «CormianbHO-TyMaHITapHUX Ta PyH[a-
MeHTabHUX quctuiuiiay IBMC HY «OMA HaykoBo-me1arorivyHuMu MpaiiiBHUKaMu
(baxiBisaMu kadenpu), 1m0 3HAXOAATHCS B yMOBax BiiHM B BHUMYIIEHIM Mirparti,
IPOBOJUTKLCS MCUXOJIOTIUHE Ta MpeAMETHE TecTyBaHHs. lIcuxosnoriyne TecTyBaHHS
JoroMarae BUkiIajadam Kadeapu 3p03yMITH TOHKOII ITCHUXOJIOTIYHOI OpraHizalii Ta
pIBHSI COPUMHATTA MaTepiany (Ha MIBHIKICTb, SAKICTh, TMIMOWHY, TBOPYICTh, PETEIb-
HICTh, OPHUTIHAIBHICTD, JOCKOHATICTH Ta iH.). [5] [IpeaMeTHE TeCTyBaHHS Ja€ MOX-
JUBICTh BUSIBUTH PIBEHH MMOYATKOBOTO IMi3HAHHS B MPEIMETI, IO MOYHMHAE BUBYATH-
csl, 3arajbHe PO3yMIHHSI TEPMIHIB, CIPUHHATTS NMPEAMETY YU HE CIPUIHATTS Ta 1H.
Lle nae MOKJIMBICTh BUKJIaJauy-MITPaHTy Ha BIJICTaHI pO3pOOUTH KapTy 1HJMBIIYya-
JHHOTO CIPHAHSATTS MpeaMeTa KOKHUM KypPCaHTOM 1 BUCTPOITH IUIAH 1HIWBITyaTb-
HO1 poOOTH 3 KOKHUM, HE BUXOJSIYM 32 PAaMKH KJIACUYHOTO HABUAJILHOTO IMPOLIECY.
To6To, mia yac JeKIii BUKIIaJaeTbcsl OCHOBHUM Martepian 3rigHo 3 [THJI Ta PITH/I,
ajyie B TEKCTI JIEKI[lT pOOUTHCS aKIIEHTYBAHHS Ha HE3PO3YMUIOMY Martepiaji 4acTHHI
KypcaHTiB( Hje OUIbII JeTadbHIIIe TOSICHEHHS) , @ TUM YacoM Ti, 10 BXXe 3HaioMI 3
I[I€}0 YaCTUHOIO MaTepiaity 4u A00pe ii 3p03yMisid, ONpanbOBYIOTh 10JAaTKOBUN Ma-
Tepian JJIs MOTrJUOICHOr0 BUBUCHHS 3 JIonoMororo inauBinyansHux [IEOM. [6] Ha
CEMIHAPCHKUX 3aHATTAX € MOXKIIMBICTh 3/1aTH TEMH €KCTEPHOM IUISTXOM TECTYBaHHS
Ta YCHOTO MiATBEP/KCHHS TO3UTHUBHUX PE3yJbTaTiB TECTYBaHHSA. A B 4ac, 1[0 BU-
BUTBHUBCS, KypCaHT MOXE HaJOMYKUTH CaMOIIATOTOBKY 3 TMOJAJBIIMX TEM Ha-
BYAIHHOI JUCIUIUTIHU YW 1HIIOI HAaBYAIBHOI JUCIUTUIIHY, SKIIO 1[0 HABYAIBHY JIH-
CUUILUTIHY BiH Yy>K€ 3acBOiB. Takuil iHHOBalIMHO-1HAMBIIyaT130BaHUN MIIX1] B JIUC-
TaHUIMHOMY HaB4YaHH1 Ha Kadenpi «ComianbHO-TyMaHITapHUX Ta GyHIAMEHTAIBHUX
muciuiuiiey IBMC HY «OMA ctuMynioe poO0Ty KypCaHTIB, OJIETIIYE COPUUHSATTS
HaBYAIBHUX JUCIUIUIIH 1 BUBUIBHAE Yac HA 3aCBOECHHS TOTO, 110 JA€ThCS KypCaHTY
Bakye. TakuM YHHOM BUCTPOIOETHCS 1HIMBIIyalIbHA TPAEKTOPIS HABYAHHS KOKHOTO
KypcaHTa. BoHa BpaxoBye He TUIBKM pealibHUM piBEHb 3HAHb 3 HABYAIBHOI JIHC-
IIUIUTIHU, @ § OCOOUCTY MIBUJAKICTh CHPUUHATTS 1HQOpMaIlii, CIIEKTp 1HTEPECIB,
MICUXOJIOT1YH1 0COOIMBOCTI KypcaHnTa. HaykoBo-nienaroriui npaiiBHUKH Kadenpu
«CormianpHO-TyMaHITapHUX Ta (PpyHmameHtanpHux auciuiuiiny IBMC HY«OMA,
K1 3HAXOMIATHCS Y BUMYIIIEHIM MITpaIlii, 3HaIOTh, SIK 3pOOUTH BUBUCHHS HaBYaJIh-
HUX JUCUMIUIIH JIMCHO 3aXOIUIIOIYMM 1 3pO3yMUIMM, a NpodeciiiHy OCBITY
OCMUCJICHOIO 1 MOBHOIIHHOM.[3] [HHOBAIIIHO-1HIUBIyai30BaHa METOJHMKA BH-
BUCHHS HAaBYAJBHUX JHMCIMILUIIH 3aCTOCOBYIOTH ISl TOTO, MO0 KYpCAaHT OTPHMAaB
BCE, [0 MOTPIOHO MJIsI MOBHOIIHHOTO BIMCHKOBO-MOPCHKOT'O KUTTS 3apa3 1 3a-
KJIaB OCHOBHU OJIMCKy4Ooro MaiOyTHporo odimnepa takruynoro pisass BMC 3CVY,
3aXUMCHUKa BOJHUX pyOexiB Ykpainu. [Ipodecopcbko-BUKIagallbKUN CKIIad Ka-
benpu «CorianpHo-TyMaHITaApHUX Ta (QyHAaMeHTaTbHUX auciuiuiiay [BMC
HY«OMA Bech uac mpaiioe Haj MiABUIICHHSIM CBOTO PIBHS OCBITH 1 PIBHS
ocitu KypcanTiB IBMC HY «OMAY, HaBiib B yMOBax BHUMYIIEHOI Mirparuii.
Humu 3apxam pyxae intepec. [7] Cnenudika BMC 3CY nana HeolmiHEHHHM
JOCBiZT PO3YMiHHS TpPOOJaeM BHIOI BIHCHKOBO-MOPCHKOI OCBITH 1 peajbHUX
npoieciB mi3HaHHA. HaykoBo-memaroriuyni mnpauiBHUKM (¢axiBii kadempu) B
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yMOBaX BUMYIIEHOI Mirpailii, JOCIIKyBadl TOCB1A BUIIOI BIHCHKOBO-MOPCHKOT
OCBITHM pI3HUX KpaiH cBiTy, Bkitouaroun HATO, Bkianu cBO€ pO3yMiHHS 1
JOCBIJI Y BOPOBAKEHHS 1HHOBAI[IMHO-1HJIUBIAyalli30BaHOI METOAUKH BUBYCHHS
HaBuabHuX Auciuiiic B IBMC HY «OMAy. T'onoBHa mera kadeapalbHOTO
IMPOGKTY 3 peaiizallii 1HHOBAI[IMHO-1HIUBIyali30BaHOI METOJWKH BUBYEHHS Ha-
BUAJBHUX JaucuuIuiiH auctanuiiiHo B IBMC HY «OMA». B ymoBax BUMyIIeHOT
Mirpaiii 4acTMHU BUKJIaJ1aviB, MiApo3yMiBae OaueHHs cydacHoro kypcanta BBH3
SK TaKOTO, IO MOXe ayxke Oarato. Bukmagaui-mirpanatu kadeapu «CorriaabHo-
ryMaHITapHHUX Ta cpsz[aMeHTaanHx mucuumiay IBMC HY«OMA namararoThcs
HagaTd iM MOJMJIMBOCTI JJii TIOBHOI[IHHOTO PO3BHTKY 1 pean13au11 B paMKax
mporpaM HaBYaJbHUX THUCIUILIIH - HEOOX1HOT 0a3u JIsl pO3BUTKY 1 CTAaHOBJICH-
Hs npodecioHaniB crerniaabHocTel 254 Ta 255 ranysi 3HaHb «BiiicbKOBI Hay-
Ku». [HOUBIMyallbHA OCBITHS TPAEKTOPisT — NEPCOHANBHUN MNUIAX peai3alii
OCOOHMCTICHOTO TOTEHIlaTy 3/100yBadya CTyINEHIO OakajgaBpa Ta Marictpa Ha
MepIIOMY Ta IpyromMy (OCBITHbO-HAYKOBOMY) PiBHI BUIIIOi OCBITH, IO (pOpMy€ETHCS 3
ypaxyBaHHSIM HOTO 3710HOCTEW, 1HTEpeciB, MOTped, MOTHUBAIlli, MOXIUBOCTEH 1
JIOCBIY, IPYHTYEThCA Ha BUOOP1 KYpCaHTOM BUIIB, GOPM 1 TeMIy 3700yTTs OCBITH,
CyO’€KTIB OCBITHBOI JISUTBHOCTI Ta 3alpPOINIOHOBAHWX HUMH OCBITHIX IMpOrpam, Ha-
BUYAJIBHUX AMCHMILIIH 1 PiBHA iX CKJIaJHOCTI, METOMIB 1 3aco0iB HaBuaHHs. [6] B
OCBO€HHI 1HIMBIAYaIbHOI TpaekTopli HaBuaHHs kypcantam IBMC HY «OMA»
JONIOMAararoTh peTeabHO BiA10paHl mpodeciiiHl neaaroru-KOHCYJAbTaHTH (BUKJIA-
navi-mirpaitd kKapeapu «ComianbHO-TyMaHITapHUX Ta (PYHIAMEHTaJbHUX JIHC-
numwiiey IBMC HY«OMA). HaBuanbHuil npoiiec po3MOYMHAETHCA 3 TPHOX aB-
TOPCHKHUX 1HTEpAaKTHUBHUX (akynbTatuBiB:"EdexTnBHe HaBuaHHA","MHCTELTBO
apyxou", "JlyxoBHi Ta MaTtepianbHi iHHOCTI". MakynbraTuB "EdexkTuBHE HaB-
yaHHS" JO0MOMarae akTHUBI3yBaTH MOTHBALIIO, 30CEPEIKEHICTh, KDUTUUHE MUC-
JIGHHS 1 JJa€ OCHOBHI HaBHYKH poOoTu 3 iHPopmamiero. DakynbratuB "Muc-
TEITBO APYKOu" - JomoMarae MryKaTu piilieHHs 32 TPUHIIMIIOM Win-win i BUTbHO
BUSIBJISITUCS TajJaHTaM KOXHOTO KypcaHTa B KOJEKTUBL. A (daKyIbTaTuB
"JlyxoBHI Ta MaTepiajibHI IIHHOCTI" PO3TrisAaEe «TpolI» HE TUIBKH SK OCHOBY
E€KOHOMIKH, a K (PaKTOp AYXOBHOCTI, IO JOMOMAarae HajalTyBaTUCS Ha edek-
TUBHE HaBYaHHS, JI€TaJbHO TOKa3ye, SIK pIBEHb 3HAHb BIUJIMBA€E Ha PIBEHb
noxonay, npodeciiine craHoBieHHs 1 AKicTh kuUTTA. [5] Kypcantis IBMC HY
«OMA» yekaroThb JeKIii, apr'yMEHTOBaH1 IUCKYCli, MPAKTUYHI 3aHATTS B JUCTa-
HUiMHUX JnabopaTtopii kadenpu «ColianbHO-TyMaHITApHUX Ta (yHIAMEHTAIBHHUX
muciuiuiiey IBMC HY«OMA, po3pobka Ta 3aXHCT MPOEKTHUX pOOIT, a TaKOX
KUBOIKUC, My3UKa, 1HII BUIU O3B 32 BUOOPOM B CIIEIialbHO OpraHi3oBa-
HUX OHJIaWH-TIIatdopMax, Mo AIF0Th AUCTaHLiHHO. TOoOTO, KypCaHTHU MOCTIHHO
3HaxoaAThca y BBH3 sk y BiiicbkOBOMY Mipo3/iii, 1€ BOHU HECYTh CIyXOY,
HaByarounch. A mpamiBauku 3CY, K1 iX HaBYAIOTh JUCTAHIINMHO, 3HAXOISITHCS
y BUMYIIEHINH Mirparii 1 3BiATH 31IMCHIOIOTH SKICHE HaBUYAHHS BIAMOBIIHO IO
nporpamM AUCHMIUIIH, [0 BUKJIAAAIOThCS. SIK BUCHOBOK, 3a3HAYMMO, TPETUHY Ha-
BUabHOTO Yacy kypcantu IBMC HY «OMA) 3aiimaroTbcs peaabHUMHU, IITKOM
KOHKPETHUMH MPOCKTaMHU 3a OOpaHUMH CIeriaibHOCTIMH. [le mae MOXKIUBICTH
BiAYyTH, IO Take KOMaHAHA poOOTa, IIHHICTh 3HAHb 1 KOMIIETEHIIH Ta
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MIATBEPAUTH €(PEKTUBHICTh BUKOPHCTAHHS 1HHOBAIIIWHO-1HIWBITyaTi30BaHOI
METOJIMKU B KJIACHYHOMY HaBYAJIbHOMY IPOIIECI BUIIIOTO BiliCHKOBO-MOPCHKOIO Ha-
BYAIBPHOTO 3aKJ1aJly B YMOBaX JHMCTAHIIIMHOI OCBITH B CHJTy BUMYIIICHOI Mirpariii Be-
JTy4YUX BUKIIQTaqiB 32 KOPOH.
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YK 620.3
Jlatum O.M.
HamionansHuit yHiBepcutet «Oiecbka MOPChKa akaeMis
3HMKeHHs BUTPAT NMAJUBA TA 3MEHIICHHA 3a0pyAHeHHS TOBKLULISA
IJIAXOM BUKOPHUCTAHHS MPUCAT0K HAHOMATEPiaJIiB 10 NAJILHOI0

[Ipobyiema r006aIPHOTO MOTEIUTIHHSA BXKE 3apa3, a 0coOJIMBO y MalOyTHHOMY,
OyJie OJTHUM 13 HAaWOUIBIINX BUKJIMKIB JIBAALATH MEPIIOT0 CTOJITTA. 3a OCTaHHI CTO
POKIB cepefHs Temneparypa 3emii 3pocia npuommsno Ha 0,4-0,8°C .

Excrieptu 31 3MiHM KJIiMaTy MPOTHO3YIOTh, IO SKINO TEHJEHIIS 30epexeThCs,
TO J10 KIHIIS CTOpIYYS cepeHs riodaibHa Temmneparypa 3pocte Ha 2-5 °C. Hacnigku
BUKOPWCTAHHS BHUKOITHOTO TAJMBa CIPUYUHSIIOTH HEOE3MEUHEe MiABUIICHHS PiBHS
HE3ropuIuX BYTJeBOAHIB, okcuay Byriemnto (CO) Ta okcuaiB azoty (NOX), IBOOKHCY
Byriierio (CO), metany (CHa), nBookucy cipku (SO2), 110 NpU3BOAUTH JO HECIIPHSI-
TIMBUX €KOJOT1YHUX 3MiH. KpiM TOro, BUXJIONHI Ta3u CHPUYHUHSIIOTH 3a0pyIHEHHS
MOBITPS, a Ta3H, 110 BUAUIAIOTHCS, 3HAYHOIO MIPOIO BIUIUBAIOTh HA KJIIMAT, YTPUMY-
I0YH TEIU10. BUKONHE NajlvBO 3aUIIA€THCS OCHOBHUM JKEPEIOM EHEeprii st pooo-
TH JIBUTYHIB Ta BUPOOHMIITBA €JIEKTPOEHEPTIi JIJIi MPOMUCIOBUX Ta MOOYTOBHX Ili-
Jied, OJJHAK MPOAYKTU WOTO 3TOPSHHS Ta 30UIbIIEHHS BUKOPUCTAHHS aBTOMOOUTIB
CTBOPIOIOTh HETATHBHHI BIUIMB Ha HAaBKOJIMIIHE cepeposuine. Hadra sk mammuBo —
pecypc, SKui He BIIHOBIIIOETHCS 1 BUYEPITYEThCS, a ii I[IHA € HECTaOlJIbHOIO Yepe3
30UTbLIEHHSI OOCSATIB 1i BUKOPUCTAHHS. TakMM YMHOM, CTaJlO YK€ BAKJIUBUM IH-
TaHHS! BUBUCHHS MOXJIMBOCTEH 1 MEPCIIEKTUB BUKOPUCTAHHS TEXHOJIOTIYHO JOCTYI-
HUX 1 r100anbHO MPUAATHUX BIJHOBIIOBAHUX JDKEPEN €HEprii B IKOCTI aJIbTEPHATH-
BHOTO manuBa. Cepen pi3HUX albTEPHATHBHUX BUIB MaJKBA MPUBEPTAIOTH BEIUKY
yBary BIJIHOBJIIOBAJIbHI JKEpeJia €HEprii, BKII0Ya4K 0101anuBo, NaJIUBHI €JIEMEH-
TU Ta COHSYHI TEXHOJIOTIi, 1100 3MEHIIUTH CIOXWBaHHS BUKOIHOIO TajuBa Ta
OTPUMATH MOKJIMBICTH KOHTPOJIOBATH BUKU/IM MMAPHUKOBHX ra3iB B aTMocdepy. 3a-
CTOCYBaHHSI JIBUTYHIB, SIKi BUKOPUCTOBYIOTh 010/1M3€Jb Y TPAHCTIOPTHOMY Ta €Hep-
TeTUYHOMY CEKTOpPaX OTPUMAJIO PO3BUTOK B OCTAHHI JECSATHIITTA, 1 BIACTEKYETHCS
TEHJICHI[I PO3BUTKY JIOCIIIKEHb, CIIPSIMOBAHUX Ha TMOIIyK HOBHX [IB3 3 HU3bKUM
pPIBHEM BUKHU/IIB, EHEPTO30€pEKEHHSIM Ta BUCOKUMH MOKa3HUKaMH €(heKTUBHOCTI.

JIB3 mupoko BHKOPUCTOBYIOTHCS SIK JIKEpesia EHepTii Ta eJIeKTpoeHeprii y Oa-
ratbox cepax 3aBasku Bucokomy KKJI, MeHIIOMYy CTOKMBaHHIO MaJlMBa, a TaKOXK
3Ha4HIN ekoJsioriyHocTi. JIB3 3anuImaTbCs OCHOBHUM JKEPEJIOM JJis 3a0e3nedyeHHs
eHepriero TpaHcnopty. HailHicTh, JOBrOBIUHICTh Ta NAJMBHA €(PEKTUBHICTh JAMU3€-
JBHUX JIBUTYHIB POOJISTH 1X HAMMOLIMPEHIIINM TUIIOM JIBUTYHIB y PI3HUX raily3siX.

bionuzens € OqHUM 13 alTbTEPHATUBHUX JHKEPEN €HEPTii ISl TPAaHCIIOPTHOL Taly-
31 yepe3 MIBUIKE 3MEHIICHHS 3anaciB HaQTH Ta 30UTbLIEHHS MOMUTY HA €HEPriio, 3
1HIIOTO OOKY, BUKOPUCTAHHS OloAM3eNsi 3MEHIIyE 3a0pyIHEHHS HaBKOJIMIITHHOTO
CepeIOBHILIA.

3a CBOIMM BJIACTUBOCTSIMH O0101U3€1b MOJIOHUM 10 JU3EJILHOIO MajuBa, ajie Bi-
JP13HAETHCA BMICTOM KHCHIO, 110 3a0e3Medye Kpare 3ropsHHsA. TuM He MeHII, pu
CHayIfOBaHH1 010AM3eNs BUAUISETHCS MEHILE €HEeprii, HiK MPU CHATIOBaHHI JTH3ENb-
HoTO manvBa. OCHOBHA mepeBara 010IU3els MOJIATAE B TOMY, 1110 IBUTYH HE TIOTpE-
Oye XOIHUX 3MiH, 30epirarouu Maibke TaKky camy MpPOAYKTUBHICTb, IO M ICHYIOUUI
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TU3ENbHUAN TBUTYH, 3 Maibke HYJIbOBUMHU BUKHJIAMH HE3TOPUTUX BYTJICBOJHIB, OK-
CHUy BYTJICILIO Ta TBEPJIUX YACTUHOK.

OcCHOBHOIO MPOOJIEMOIO CHATIOBAHHS 010/IM3E€IBHOTO MaJbHOTO, MPU BMICTI 010-
nuzenst B cyminri monan 20 %, € 3HauH1 BUKUIW Y BUTIISAL okcuy azoty (NOX), mo
PU3BOJUTH 10 TIOTIPIICHHS XapaKTEPUCTUK 3TOPSHHS.

Jlst ynipaBiiiHHS piBHEM BUKUAIB OKCHIIB a30Ty (NOX), KIFOYOBUMH TE€XHOJIOT1-
YHUMHU (paKkTopamMu poOOTH JIBUTYHA €: CTYMiHb CTHCHEHHS IajuBa, 4ac BIPHUCKY-
BaHHS TMaJNBa, TUCK 3 SIKUM BIIPUCKYETHCS MaIMBO. 3MIHIOIOYH 1 KOHTPOJIOIOUHU I
(dakTopu, MOKHA TOKPALTUTH XapaKTEPUCTUKU IBUTYHA MpU POOOTI HA O101U3EIb-
HoMmy manuBi [1]. JlomaBaHHS HAHOYACTHHOK J0 JU3EIHLHOTO 200 HAaHOYACTHHOK JI0
010IM3€IHHOTO MaJbHOTO - 11€ HOBUH CIOCIO MOKPAIIUTH XapaKTEPUCTUKH 3TOPSIHHS
Ta €(EKTUBHO 3MEHIIUTH BUKHUIM MAPHUKOBHUX Ta3iB JJI1 JBUTYHIB BHYTPIIIHBOTO
3ropstHHs 0€3 HEraTUBHOI'O BIUIMBY HA BUXIJIHY HOTY>KHICTb.

HanonanuBo - 1ie cycrneH3isi HAaHOYACTUHOK (IIPUHANMHI OJMH PO3MIp MEHIIE
100 HM) B 6a30BOMY MaJiMBi 3 BIACTUBOCTSAMH, IO MTOKPAIIYIOTh 3TOPSHHS TATUBA.
Ha BnacTuBOCTI HaHOMaNMBa, 0COOJIMBO HA CTaOUIBHICTh, 3HAUHOIO MIPOIO BILJIMBAE
TUIl HAHOYACTHUHOK, PO3MIPU Ta KOHIIEHTpAIlis, K1 JOJAIOThCSA B PIAMHY, a TAKOXK
crocid MpUroTyBaHHSA I1i€i cyMminri. /lucnepryBaHHS HAaHOYACTHHOK y 0a30BOMY Ta-
JIUBI CYTTEBO BIUIMBAE HA PEOJIOTIYHY MOBEIHKY Ta TETUIO()I3UYHI BIACTUBOCTI Ha-
HomayiuBa. HaHOMaMBO Mae BUCOKY MOBEPXHEBY €HEPIil0 3aBJISKU CBOIM BEIUKIM
IJIOLI TOBEPXHI, 110 CIPUsIE arJioMepanii ajuBa 3 HAHOYaCTUHKaMU Ta (POPMYBaH-
HIO MIKPOYACTHUHOK.

JlomaBaHHST HAHOYACTHHOK 10 O10JM3EIbHOTO MaluBa CKOPOYYE 3aTPUMKY 3a-
HWMaHHS, TOKPAIIy€ MBHUIKICTh OKHCIEHHS Ta 3MEHINYE BUKHUIM BHXJIOMHUX Ta3iB.
ATOMH KHCHIO, IO MICTSThCS B HAaHOYACTHMHKAX, MOKPAIIyIOTh ropinHsa. Hanouac-
TUHKH JIUCTIEPTYIOTHCS B MAJMBI 1 COPUSIOTH KPalOMy 3MIIIYBaHHIO MOBITPS 3 Ma-
JUBOM Ta TMOKPAIIEHHIO XIMIYHOI PEaKTUBHOCTI MiJ 4Yac TOPIHHS, IO MiABUIILYE
IPOIYKTUBHICTH JIBUTYHA, MIOKPAIIY€E 3TOPSIHHS Ta SIKICTh BUKU/IIB.

OCHOBHUMHU IUTSIMU JTOJIaBaHHSI HAHOYACTUHOK JI0 TIU3EJIbHOTO Ta 0101U3€Ib-
HOTO TIAJIBA € CTIIPUSHHS BUCOKOMY CITIBBITHOIICHHIO TUIOII TOBEPXHI JI0 00'eMy Ta
30UIBIICHHS KUJIBKOCT1 PEAKIIMHO 3/IaTHUX MOBEpPXOHb. Lle 103BOJIsIE HAHOYACTHH-
KaM JISTH K e(eKTHUBHHUM XIMIYHMNA KaTami3aTop, KU MOKpallye CXeMy 3Milly-
BaHHS TAJMBa 3 TOBITPSIM 1 €(PEKTUBHICTh 3TOPSIHHS MAJIMBA, IO 3TOJOM IPHU3BO-
JUTH 10 TIOBHOTO 3TOPSIHHS XIMIYHOTO KaTanizatopa. HaHomo0aBKku ClyrytoTh HOCI-
SMH BTOPUHHOI €HEPrii B piIuHaX Ta IHTEHCU(PIKYIOTh MPOIIEC TOPIHHS.

IcHye GaraTo BapiaHTIB HAaHOIPHCAIOK Ha OCHOBI MeTaniB 11e: 3ami3o (Fe), amio-
MmiHiit (Al), maraiit (Mg), mapranens (Mn), cpiono (Ag), 30010 (Au), miab (Cu),
6op (B), kxpemuezem (Si), rpaden, touo. HaHo4aCTUHKM OKCUIIB MeTaliB ja00pe
CyMicHi 3 OionaymBoM, Taki sk okcuj amoMiniio (Al,O3), okena kobanety (Co304),
okcup 1epito (CeOy), okcua tutany (Ti0), okcun muaKy (Zn0O), okcun miai (CuO)
,TOIIIO, I0IAI0THCSI B HAHOPO3MIipax /10 PIAKOTO MaJiuBa JIJIsl MOKPAIIEHHS HOTo SKOC-
Ti. Byrnenesi manotpyoku (BHT) Takox € mpuxinamamMu HaHOYACTUHOK , SIKiI TIOK-
pallyIOTh eKCIUTyaTallliiHI XapaKTepUCTHKHU MajuBa HUIIXOM Moaudikaiii ¢i3uko-
XIMIYHUX BJIACTUBOCTEH.
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Hanodumtoinu - 11e HOBHI TUIT TBEPAO-PIAMHHUX KOMIIO3UTIB, 10 CKIAIAl0ThCS 3
TBEPJAUX YACTUHOK PO3MIPOM B JIeKiJIbKa HAHOMETPIB, JHUCIIEPrOBaHUX B OYIb-sIKiii
0a30Biil piuHI [2]. AHAJIOTIYHO HAHOYACTUHKHM MOJKHA JIoAaBaTh 10 010/1M3EIbHUX
cymimien sik 70 0a3oBoro najgbHOro. Ile HOBe ManMBO HA3UMBAETHCS HAHO-TU3EIb-
0ion3enb. HaHOYaCTUHKYM SIKI BUKOPUCTOBYIOThH JIJIsl TIOKPAILIEHHS IaliuBa, SIK Mpa-
BUJIO, TIOJIUISIIOTHCSL HA PEUOBUHHM ISl TUCTIEPTYBAaHHS MajlMBa Ta PEYOBUHM, IO TIi-
JBUIIYIOTh MPOAYKTUBHICTh ABUTYHIB. BOHU TakoX MOAUISIOTHCS HA aHTUOKCHJIaH-
TH, MIPUCAJIKH IS TABUIIECHHS [IETAHOBOTO YHUCIIA, AaHTUJECTOHATOPH, IPOTH 3aMep-
32104l MPUCAIKHU, PUCATKA IS TiABUIIICHHS CTa0lIbHOCTI, aHTUKOPO3iiHI mprca-
KM, KaTajJi3aTOpu Ha MaJuBHINA OCHOBI, MPOTHBO3HOCHI MPUCAIKHU 1 T.1. [3].

JlomaBaHHS pi3HUX HAHOYACTUHOK JI0 010/1M3€IIs MOKPAIy€e SKICTh PIIUHH, KA €
CTaOUIBHOIO B IIMPOKOMY JI1alla30H1 YMOB, a TAKOX (P13UKO-XIMIYH1 BIACTUBOCTI Ia-
JMBA, MIABUILYE KOHIEHTPALIIO0 KUCHIO B caxkoBoMy ¢iabTpi . Kpim Toro, nonaBan-
HsI HAHOYACTUHOK JI0 010/IM3€eIIs 3HUKY€E PIBEHb BUKUIB BUXJIOMHUX Ta3iB, Ja€ 3MO-
ry OUTBINIM KUTHKOCTI MaJliBa KOHTAKTYBATH 3 aTOMAaMHM IOBITPSI, MOKPAIIY€E 1HACKC
B'SI3KOCTI, 3MEHIIIye Yac ieHTudikamii ta mokpailye xiMiuHy B3aemoaito. Cymiri
HaHO-010/1M3€eNs MoKa3aIu ceOe K BUCOKOC(PEKTHBHE Ta MEPCIICKTUBHE MaauBo [4].
Yepes BenMKy KUIBKICTh €HEPrii, JIEIOHOBAHOI B METAJIEBUX YACTHHKAX, BHUCOKE
CIIBBIHOIIEHHS TUIOIII MTOBEPXHI 10 00’ €My , MIJIBUILIEHY KUIbKICTh aKTUBHUX ICH-
TpiB, 301JIbIIIEHY MBUAKICTh KATATITHYHOI PeakKilii, BACOKY KaTaJiTUYHY aKTUBHICTb,
3/1aTHICTh MIJBUIIUTH TETUIOTBOPHICTh PIAKOIO MalINBa, a OTXKE, MOJIIIIUTH Xapak-
TEPUCTUKH JBUTYHA.

JucnepryBanHs HaHomaTepiamiiB okcuzaa 1epiro CeO,, okcuaa amominiro AlyOs,
okcu UMHKY ZnO, ByrieueBux HaHoTpyOok BHT, amominito Al, Mmapraneus Mn,
MarHiss Mg 1 okcuay rpadgeny GO B unctoMy 010M3€IbHOMY NaJIUBI 3HMKYE 3HA-
YeHHS TeMIlepaTypu crnajaxy Ipu OJHOYACHOMY TIJIBUIICHHI 3HA4Y€Hb B'SI3KOCTI 1
ryctuHu [5], [6]. Kpim TOro, TemioTBopHa 3MaTHICTh YHUCTOTO O10U3EINs 3pOCTaE
MpH J0/laBaHHi ByrieneBux HaHOTPYOok CNT, rpadeHy Ta HAHOUACTUHOK aJIFOMi-
Hito Al [7]. BukoprcranHs HAHOYACTUHOK OKCHAY HUHKY ZnO MiABUIINYE 3HAYCHHS
TEeMIIepaTypH Crajgaxy, B'S3KOCTI, TYCTHHU Ta TETUIOTH 3rOPsSIHHSA MauBa.

Bu0ip piBHA 103yBaHHSI HAHOYACTHMHOK Yy NMaJuBHii cymimi. [Ipucanku - e
PEYOBHHHM HA OCHOBI METAJIB, SIK1 JOJAIOTHCS B MAJMBO 1 OCHOBHOIO METOIO SKUX €
MOKpAILEHHS SKOCTI CyMIIIl 32 paXyHOK HaJlaHHS KOPHCHUX BiacTuBocTell. [liama-
30H KUIBKOCTI MaJMBHUX MPHUCAIOK OOMEXKEHUU Bia 25 ppm. 10 JEKIUIBKOX THCSY
ppm. Mexa 103yBaHHS MPUCATOK 3aJIEKUTH JIUIIE BiJ KoeillleHTa BUKUIIB Caxi Ta
TUTTY OBUTYHA. HaHOYAaCTMHKHW MOKpaIIylOTh €(PEKTHBHICTH MPOIECY 3TOPSHHSA, a
OTK€, 30UIBIIYIOTh MOTY>KHICTh JBUTYHA. BUKOpUCTaHHS BOX PI3HMX HAHOYACTHU-
HOK B SIKOCTI TAJIMBHUX J0OABOK MOXE JOCATTH KOMIUIEKCHOTO BIUIMBY HAaHOYACTH-
HOK 1 MOJIIMILIUTY €KCIUTyaTaliiHl XapaKTepUCTUKHU Ta BUKUU JBUTYHIB.

IIpuroryBanHsi Ta crabiibHicTh HaHomaauBa . CtabiapbHa 1 OMHOPINHA CY-
CIIEH31s HAHOMAJIMBA € HAJ[3BUYAIHO BAXKJIMBOIO XapaKTEPUCTUKOIO, OCKUIBKH BOHA
BIUTMBAE HA 11 MPOJYKTUBHICTH K TEIUIOHOCIS Ta Terutodi3udHi BaacTuBOCTI. Ctali-
JbHY KOJOiJHY CYMII, 110 CKJIAJA€ThCs 3 PI3HOTO MajvBa Ta HAHOYACTHHOK, TOTY-
I0Th OJTHUM 13 METOMAIB 200 KOMITJIEKCHUMH METOJOMH 3 BUKOPHUCTAaHHSIM MIIIAJIKH,
YIBTPA3BYKOBO1 BaHHM, YIbTPA3BYKOBOTO PYHHIBHHKA Ta TOMOTEHI3aTOpa BUCOKOTO
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TUCKy. CTaOlIbHICTh HaHOMANMBAa MOXE OyTH MIJBUIIEHA 3a JOMOMOIOI0 OlIbII
TPUBAJIOTO Yacy yJiIbTpa3BykoBoi 00poOku[8]. IlomoBxkeHHs yacy 0OpoOKU yiabTpas-
BYKOM JIOTIOMAarae 3MEHIIUTH arjioMepallilo YaCTUHOK 1 CIIPUATH CTaOUIbHIN 1 Kpa-
i qucnepcii HAHOYAaCTUHOK y 0a30BUX piHax [9]. PesynbTaTu 3amexarh Bij 4a-
CYy YAbTpa3ByKoBOi 00poOku. OnTuMansHui yac 00poOKHU yIIBTPa3BYKOM BiJIPI3HSIB-
Csl VI PI3HUX THUIIB HAHOYACTHUHOK 1 6a30BuX piauH. [loBepXHEBO-aKTUBHI PEUOBHU-
HU - 11€ XIMIYHI CIIOJYKH, IO AOJAI0ThCS A0 HAHOYACTUHOK, SIK1 IOMOMAararoTh 3Me-
HIIUTH MTOBEPXHEBUI HATAT HAHOPIAWHU 1 301IBIINTH MOTJIMHAHHS YaCTUHOK. JlesKi
TUTIA TIOBEPXHEBO-aKTUBHUX PEUOBHUH , TaKl SK: TEKCAICIUITPUMETHIAMOHINA Opo-
MiJl, TIETHITPUMETHIIAMOHIN OpoMifT , HOACIMIOCH30JICyIb(POHAT HATPIIO , TMOJIO-
KCHETUJICH, HOH1NI(eH1I0BHI edip , IIMPOKO BUKOPUCTOBYIOTHCS [10].

3a OgHAKOBUX KOHIICHTPAIIM MOBEPXHEBO-aKTUBHUX PEUYOBHUHHU TIPH 3MEHIICHI
PO3MIpPiB YACTUHOK TEIIOMPOBIAHICTD 301mblyeThes [11]. JlogaBaHHs mMOBEpXHEBO-
AKTUBHOI PEUYOBUHU IIUPOKO 3aCTOCOBYETHCS JJI MOKPAIIEHHS AUCTIEPCHOCTI HaHO-
YaCTUHOK y 0a30Bii piAWHI Ta MiHIMI3alii Koaryysiii Ta arjioMepariii 4acTHHOK.
Jlyist 3anmo0iraHHst arjioMepailii YacTUHOK i yac (popMyBaHHS HaHOMNAJIMBA 4YacTO
BUKOPUCTOBYIOTh JIUCTIEPTaTOpP.

JIyist o1iHKM CTaOUIBHOCTI HAHOIAJIMBA BUKOPUCTOBYIOTH Pi3HI METOJIU, BKIIIO-
Yalo4yu CeAUMEHTAIIHHUN METO/I, aHalli3 A3eTa-MoTeHIiany, Y ®-CeKTpocKoris, pa-
CTPOBHI €JIEKTPOHHUN MIKPOCKOII, METOJ PIBHOBAru, METO JUHAMIYHOTO PO3CitO-
BaHHs CBITJIa. B1acTHBOCTI mpoliecy 3ropsiHHA MaJliBa MOKHA MOKPAIIUTH NUISIXOM
J0JIaBaHHs /10 MaJIMBa HAHOYACTUHOK METaliB a00 OKCHIIB METANIIB Y HAHOPO3MIp-
HOMY Jiarna3oH1 B MpoMijie a00 BaroBOMY BiJICOTKOBOMY CITIBBIJIHOIIEHHI. MeTa BU-
KOPUCTaHHSI HAHOYACTUHOK METAJIIB 1€ MiABUIIEHHS CTa0UILHOCTI pOOOTH JABUTYHA,
MTOKPAICHHS TPOIIECy 3rOPSHHS Ta XapaKTePUCTHUK MPOIYKTIB 3rOPSHHS 32 PaXyHOK
MOKPAIIEHHS BJIACTUBOCTEH Ta PO3YMHHOCTI MMAaJTUBHOI CyMIIIl.

BucHoBku ./[ogaBaHHs ONTHMaIbHOI KUTBKOCTI HAHOYACTUHOK METaJIlB,0KCHIIB
METaliB, BYTJICIEBUX HAHOTPYOOK B MIHEpATbHOMY IMalivBi, OlomanuBi, abo cymiri
MIHEpaJIbHOTO TaJKMBa Ta OlOMaNMBa, CIPHIE 3HIKCHHIO MUTOMUX BUTpAT TaJUBa,
nokpamenaio KK/I, 3HauHOMYy MOKpaIieHHI0O €eKOHOMIYHUX XapaKTEPUCTUK JIBUTY-
Ha, CIIpHsi€ OUIBII TOBHOMY 3TOPaHHIO Ta 3HIKEHHIO IIKIJJIMBUX BUKHUIIB B BiJINpa-
IIbOBAHUX Ta3ax.
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VJIK 656.61.086.3=111
Tihinian V. Bugaenko T. I.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMisy
Flooding of the engine room

| want to tell you about a situation that happened to me during

Specifically about the flooding of the engine room due to human negligence.

Flooding due to storm conditions, intense precipitation led to complete flooding
of the bilge wells of the engine room. Around 3 a.m., the third engineer on duty was
alerted to a high level of bilge wells. The duty engineer immediately headed to the
engine room. the pitching made it harder to find the leak. Going down to the lower
deck, the duty engineer discovered that all three bilge wells of the engine room were
completely filled, with water reaching 15-20 cm above the covers of these wells. Af-
ter reset the alarm at the control panel, the duty engineer called the second engineer,
two motormen, and an engine cadet. Upon arriving to the ECR, we received instruc-
tions on how to control the situation.

The motormens were sent to the upper decks of the aft superstructure to open the
manholes of the upper decks of the aft superstructure. The water flowing down
along the exhaust pipes was delayed on these decks due to the large number of trays,
completely filling them and overflowing onto the lower decks,
what caused the engine room to flood. Therefore, by opening the manholes on the
upper deck, the water entering through the gaps in the exhaust pipes did not fill the
deck and did not overflow downwards, but drained onto the open deck through these
hatches. This helped stop the influx of water into the engine room.

| was directed to the lower deck to switch the bilge water pumping system. In
normal operation, water from the bilge wells is first pumped by the bilge water
pump into the bilge settling tank, after which, by overflow, the water from the bilge
settling tank enters the bilge storage tank. My task was to switch the systems to
pump water directly from the bilge wells into the bilge storage tank. The reason for
switching the system was the small volume of the bilge settling tank. To switch the
system, | went straight to the pump. On the suction side of the pump, there were two
valves, one allowing water to be pumped into the bilge settling tank, and the other
into the bilge storage tank. First, I opened the valve for supplying water to the bilge
storage tank, and then closed the valve for supplying water to the bilge settling tank.
After ensuring that the valves were switched, | started the bilge water pump.

After ensuring that the operating pressures were normal, | went to assist the duty
engineer. Since the bilge water pump had low capacity, we had to additionally start
the fire pump. Together, we began preparing to start the fire pump. 2 out of 3 fire
pumps available on the vessel could be used for emergency bilge pumping from the
engine room to the bilge storage tank. The situation had been stabilized and the in-
flux of water into the engine room has been stopped. We started the fire pump. Fire
pumps, like most pumps on the vessel, were centrifugal.

After the fire pump was started, the second engineer proceeded to calibrate the
bilge water separator to avoid overfilling the bilge water storage tank. After calibra-
tion, the separator began pumping water overboard. Once the water level in the en-
gine room dropped below the lowest deck, remaining only in the bilge wells, the fire
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pump was stopped. Meanwhile, the bilge water pump continued to remove water
from the bilge wells, and the bilge water separator continued to pump water from the
storage tank. After the water level in the bilge wells dropped to less than 20% of the
total tanks volume, the bilge water pump was also stopped, and the system was
switched back to the bilge settling tank. The bilge water separator pumped water
from the storage tank until it reached half of the tank's volume.

In total, it took 5 people and 3 hours to mitigate the encountered emergency situ-

ation.

226



YJIK 656.61.086.2(09)=111
INanuucebkuit M. B., borau B.O., JIazapes /1. C., KaBanepos €. A.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMisy
Piracy
Discovering piracy

Good afternoon dear group and guests! Today we discuss about piracy, how it
started, about the golden era of piracy and we will demonstrate you problems of pi-
racy nowadays.

We made timeline, and you can see in what order we will tell you about piracy.

and the first thing we start with is the ancient piracy.

Ancient

Piracy, in its original form of sea raids, appeared simultaneously with navigation
and maritime trade; All coastal tribes who mastered the basics of navigation in-
volved in such raids.

As trade and legal ties between countries and peoples developed, piracy began to
be recognized as one of the most serious crimes, and attempts were made to jointly
combat this phenomenon. The heyday of ancient piracy occurred during the era of
anarchy caused by the Civil Wars in Rome, and the base of the pirates was the
mountainous region of Cilicia with its fortresses; Islands, especially Crete, also
served as pirate bases.

Medieval Piracy

In the Middle Ages, the most common method of pirate attack was boarding
(French abordage). The enemy ships approached, as a rule, side to side, grappled
with boarding gear, and pirates ran and jumped onto the enemy ship, supported by
fire from the pirate ship.

In our opinion, we think that this was the golden era of piracy, and now we will
tell you why.

Legend of medivial Piracy
(golden era)
Queen Anne’s Revenge
The first thing we start with is the very interesting ship “Queen Anne's Revenge”
Queen Anne's Revenge was an early-18th-century ship, most famously used as a
flagship by Edward Teach, better known by his nickname Blackbeard. ((A little bit
later we tell you about this person)). The sailing ship was built in 1710 in Great
Britain, when it was bought by the Spanish Navy in 1713, the ship was proudly
named La Concorde and was a three-masted vessel of thirty-six by eight meters, dis-
placement three hundred tons, armed with twenty-six guns. After several years of
service by French sailors, and when pirates were captured the ship (both as a naval
frigate and as a merchant vessel — much of the time as a slave trading ship), at the
first order of the pirates, the crew laid down their weapons and Concorde was cap-
tured by Blackbeard in 1717. Blackbeard used the ship for less than a year but cap-
tured numerous prizes using her as his flagship.
Now we will show you model of Queen Anne’s Revenge from the film “Pirates
of the Carribean”.

227



Blackbeard

Edward Teach, better known as Blackbeard, was an English pirate who operated
around the West Indies and the eastern coast of Britain's North American colonies.
Little is known about his early life, but he may have been a sailor on privateer ships
during Queen Anne's War before he settled on the Bahamian island of New Provi-
dence, a base for Captain Benjamin Hornigold, whose crew Teach joined around
1716. And in 1717, as we said a few minutes ago, he renamed the Concorde the
Queen Anne's Revenge.

Maybe, renaming the ship could be an act of ridicule and defiance. Blackbeard
may have chosen the name "Queen Anne's Revenge" to express his contempt for
royal authority and symbolize his courage and defiance before official structures.

His nickname derived from his thick black beard and fearsome appearance. He
was reported to have tied lit fuses (slow matches) under his hat to frighten his ene-
mies.

On 22 November 1718, following a ferocious battle, Teach and several of his
crew were killed by a small force of sailors led by Lieutenant Robert Maynard.

Now we are approaching the last part of our project — current time of piracy.

Piracy Nowadays

Tactics and Weapons

Modern pirates have greatly advanced in development compared to their ances-
tors. The level of weapons and tactical approach has received its changes.

Modern pirates use a variety of tactics, including lurking in hideouts, fast boats
for attacks, guns and missiles, and false signals to attack merchant ships. This poses
a serious threat to international trade and maritime security.

Also, a variety of weapons surprises. This includes automatic rifles, pistols, ma-
chine guns, as well as missile weapons, including anti-tank missiles (ATGMS).
Some may use bladed weapons such as knives or machetes. In addition, pirates may
have explosives and improvised explosive devices at their disposal. They may also
use ship hacking, traps, and deception tactics to capture their victims.

Piracy in the Strait of Malacca

In the late 1990s and early 2000s, perhaps the most dangerous place in the world
for the threat of piracy was the Strait of Malacca between west Malaysia and the In-
donesian island of Sumatra.

At the beginning of 2004, the number of pirate attacks in the strait again in-
creased sharply. In that year, 325 piracy attacks were reported worldwide; with 9 of
them occurring in Malaysian waters, 8 in Singapore waters and 93 in Indonesian wa-
ters.

Since July 2004, Malaysia, Indonesia and Singapore have organized constant pa-
trols of the entire strait by the armed forces of these countries.

Thanks to cooperation between these countries and, to some extent, Thailand, pi-
racy in the region has been almost eliminated, with only two attempted attacks rec-
orded in 2008.

Now we will show you the map of pirates operations in the southern china sea.
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Somali pirates

Currently, piracy is most active off the coast of the Somali region and the Gulf
of Aden. In this region, piracy began in 2000 due to the unstable situation in the
former Somalia. Immediately after the fall of the government of the autonomous re-
gion of Somalia Puntland, which had previously declared itself an “autonomous
state” on August 12, 1998, local residents who made up the local coast guard began
to go to sea and seize fishing boats flying the flags of Spain, China and Thailand,
demanding “payment fines" gaining from 20 to 50 thousand US dollars.

In picture we can see expansion of operation in region from 2005 to 2010

As a rule, pirates seize ships for ransom. In May 2011, Somali pirates held ap-
proximately 480 sailors and 50 ships awaiting ransom. At the same time, 1011 pi-
rates were in prisons in 20 countries, either being convicted or awaiting a court deci-
sion according to the UN.

Now we will move to a video of hijacking of RO-RO vessel Galaxy Leader in
the Red Sea. At least ten armed Houthi hijackers used a military helicopter to board
the vessel. Onboard the Galaxy Leader were 25 crew members, including 17 from
the Philippines; other crew members came from Bulgaria, Ukraine, Mexico, and
Romania. The Houthis videorecorded their attack and released the footage the next
day, using the attack as propaganda.

«CIIUCOK BUKOPUCTAHOI JIITEPATYPH»
[https://en.wikipedia.orq/wiki/Piracv]

[https://en.Wikipedia.orq/wiki/Queen Anne%27s Revenqe]
[https://en.Wikipedia.orq/wiki/BIackbeard]

[https://en.wikipedia.orq/wiki/Piracv in_the_Strait_of Malacca]

[https://en.wikipedia.orq/wiki/Piracv off the_coast of Somalia]
[https://en.wikipedia.orq/wiki/GaIaxv Leader]
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Mental health at sea

We all like to be happy! But did you know that psychological wellbeing is bene-
ficial for your overall health and can even mean that you live longer? People who
score higher on wellbeing measures live longer and have a 50% lower chance of a
heart attack or stroke.They make better decisions and have higher work perfor-
mance,take fewer risks and have a lower risk of accidents or injuries.

Paying attention to your wellbeing can really make a difference and mean that
you can learn to limit the risks of working at sea and keep yourself fit, healthy and
happy.

TheWorld Health Organisation defines mental health as a “state ofwell-being
inwhich every individualrealises his or her own potential,can copewith the normal-
stresses oflife,canwork productively and fruitfully,and is able to make a contribution
to her or his community” .

Psychological wellbeing is not only about the times when things are going well
but also about how we cope when things are more difficult. It is about both feeling
good and functioning well 3 . If you feel good then you function more effectively,
and if you function more effectively then you feel better about yourself. But it is dif-
ficult to function well if you aren’t feeling good. How you feel on a day to day basis
can change and is affected by all kinds of things in our lives and environment. Our
sense of psychological wellbeing is not fixed, it includes how happy we feel but is
more than just our sense of happiness or the mood that we are in right now. Some
people have defined it4 as the point of balance between the day to day challenges we
face and the resources and skills we have to meet those challenges.

It is fully acceptable - and often expected - that we should look after our physical
health. Many ships have gyms or exercise equipment and many companies encour-
age healthy eating and lifestyle choices to keep seafarers healthy. One of the first
things we do if we are in physical pain is to tell someone close to us about it.We
might even contact a doctor. However,this is often not the case when it’s our mood
that’s low and our discomfort is psychological rather than physical. As a seafarer,
being away from family and friends may mean that you’re less likely to talk about a
low mood or feelings of unhappiness than someone ashore who sees their loved ones
every day. Just as means of communication with home can be limited,seafarers may
face other restrictions to their wellbeing such as limited shore leave, monotonous
routines, long working hours,shift working, and few opportunities for exercise or so-
cialising. It is vital we pay attention to our mental health because it affects how we
think, feel and act.
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Using liquefied natural gas (LNG) as fuel on various types of ships
Today | would like to tell you about using liquefied natural gas (LNG) as fuel on
various types of ships. This topic is becoming increasingly relevant in the context of
the global community's efforts to reduce greenhouse gas emissions and enhance the
environmental safety of maritime transportation.
Advantages of using LNG. Environmental benefits: Liquefied natural gas (LNG) is
one of the cleanest types of fuel because its combustion produces significantly fewer
emissions of harmful substances and carbon dioxide compared to traditional marine
fuels such as heavy fuel oil or diesel. This is especially important in complying with
international environmental standards such as MARPOL.

Economic advantages: Using LNG can significantly reduce the operating costs
of shipping companies due to lower fuel costs, especially considering the prospect of
rising oil prices. Moreover, the use of liquefied gas can help companies save on
compliance costs with strict environmental safety standards, as they reduce penalties
for exceeding emission limits. Technical advantages: LNG utilization systems on
ships demonstrate high efficiency and reliability. Such vessels are usually equipped
with modern management and monitoring technologies, enhancing safety and reduc-
ing the risks of fire or explosion.

Enhancement of competitiveness: Companies transitioning to the use of ligue-
fied natural gas as fuel can improve their image in the eyes of customers, investors,
and the public by demonstrating their commitment to environmental responsibility
and sustainable development.

Now let's consider some potential drawbacks of using liquefied natural gas
(LNG) as fuel on ships: Infrastructure limitations: Special infrastructure including
tankers, terminals, and processing systems is required for storing and transporting
liquefied gas. This may require significant investments and create additional chal-
lenges in fuel supply to remote or underdeveloped regions.

Safety concerns: LNG is a highly energetic material and may pose a risk in case
of mishandling or accidents. Strict safety measures and professional training for per-
sonnel are necessary to minimize the risks of fire, explosion, or leakage.

Storage and handling complexities: Liquefied gas requires special storage con-
ditions at low temperatures and high pressures, which may create additional tech-
nical challenges and expenses for equipment and maintenance.

Possible economic risks: Investments in transitioning to the use of liquefied nat-
ural gas may be substantial, and the outcomes of this transition may depend on fluc-
tuations in gas prices and technological changes in the future.

In conclusion, the transition to using liquefied natural gas as fuel on various
types of ships is an important step towards creating a more environmentally sustain-
able and efficient maritime infrastructure. This process requires significant invest-
ments and technological developments, but the potential benefits for the environ-
ment, economy, and society as a whole make it justified and promising.
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The pros and cons of seafarer jobs

Working at sea isn't for everyone, many people who are already seafarers will
probably tell you that they thought about a life at sea long and hard - while others
find it easy to work on a cargo ship. Before you start seriously thinking about your
next steps, it might help to know some of the pros and cons of a career at sea.

The pros of working on a cargo ship (And when we say cargo ship, we could
just referring to an oil tanker, cruise liner or offshore vessel!)
The opportunity to travel the world

Let's start with the most obvious one - seeing the world. You'll go to places that
some of your friends and family back home can only dream of seeing.

Despite this, long shore leaves are mostly a thing of the past. Don't expect to
stop in every port and drink and party.

An unbeatable sense of camaraderie

Cargo ship crews are typically very close, and there is a strong sense of camara-
derie among the departments. It's normal to develop a bond with the people you
work with after all, many of them spend more time with their co-workers than with
their own family!

The ability to save money

In other words - free room and board. Quite literally! When you're working on a
ship you will be provided with a bunk to sleep in as well as your meals and beverag-
es, saving you a good deal of money on living expenses.

Relatively steady employment

With 90% of the globe's trade being transported by sea, ships and seafarer jobs
are very much in demand. Even the rise of autonomous and self-driving ships won't
have too much impact on seafarer jobs - especially not in the near future.

Career growth

Climbing the maritime career ladder is often of great importance. And the good
news is, that because there is a strict hierarchy of ranks onboard vessels, you will
start in an entry level seafarer job and from there - the only way is up!

With hard work, dedication and the right training and qualifications you will be able
to move up the ranks and may eventually become a senior in your field.
The cons of working in seafarer jobs.

Of course, like any job, there are also some downsides to working on a cargo
ship. or a chemical tanker or even a tugboat. Although i think the pros far outweigh
them!

But being fair, here is a couple of things you need to consider if you're interested in

pursuing a career at sea.
A physically demanding work environment
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| won't sugarcoat it; working at sea can be physically demanding and the hours
can be long. Depending on your actual job and your seafarer rank, there may be lots
of physical, hard work involved.

Long hours and irregular shifts

Cargo ship workers often work long hours, including nights and weekends. It
goes without saying that this isn't a 9 to 5 job! Your shifts or watches may be irregu-
lar and you may even need to be on call.

Spending time away from home

Working on a cargo ship very likely means that you will spend weeks, or even
months, at sea. For some seafarers, this isn't too much of an issue. Others may feel
homesick for the beginning of the voyage, while for others it can be the worst part of
the job.

The pros and cons of seafarer jobs: conclusion

Yes, you may be away from your family and friends for extended periods of
time and yes, the work can be tough. However, for many seamen and women, the
benefits of working on a cargo ship far outweigh the drawbacks
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Offshore vessels are special purpose ships

Everyone knows such merchant ships as: tanker, container vessel, bulker , the
main purpose of which is transporting goods and cargo from one destination to an-
other. But working on offshore fleet is fundamentally different from activities that is
carried out on board merchant ships .

The main purpose of such vessels is to search for oil and gas deposits ,as well as
to drill oil . Mariners on these vessels equip stationary platforms , lay pipes and ca-
bles, equip all the necessary infrastructure in water, install wind turbines etc.

In other words working on offshore fleet can be called construction and installa-
tion processes , carried out in open sea. One of the main characteristics of the off-
shore sector is its diversity

There are several types of vessels of offshore fleet:

A Cable Laying Vessel (cable layer or cable ship) is a sea going vessel specially
designed to lay underwater cables (telecommunications, electric power transmission,
or other). The newest design of cable layers is a combination of cable-laying and re-
pair ships, so they are also able to retrieve broken or damaged sub-sea cables and re-
pair them on board.

Drilling vessels are special purpose vessels which are used for drilling oil and
gas wells on the ocean beds at deep seas. Drillships have always been at the fore-
front of the developments in the offshore industry. All drillships have an opening on
the base of the hull and depending on the mission the vessel is on, drilling equip-
ment, small submersible crafts and divers may pass through the moon pool. Drill-
ships are equipped with a special drilling derrick and have extensive mooring or po-
sitioning equipment, as well as a helipad to receive supplies and transport staff.

Platform Supply Vessels (PSV) specially designed to provide transportation and
logistics support for the supplies and equipment used on oil and gas production plat-
forms, offshore drilling rigs and other types of offshore vessels and installations.

Navigation areas - West and East African coasts, North Sea, Brazilian , Australi-
an and Malaysian waters

To work on such vessels mariner must know how to use and maintain different
equipment. Therefore only specally trained sailors are selected to work on offshore
ships.

A sailor woking on ordinary merchant ship can become the crewmember of off-
shore fleet. But he needs to be trained and obtains a lot of certificates. Also it is nec-
essary to know English at a good level in order to study instructions, perfoming
work and free communication in mixed crew , Ukrainian mariners are valued in off-
shore fleet but count on compatriots is not worth it.

In order to become a crewmember of offshore fleet without experience , majority
of Ukrainian engineers recommend to get a job on offsore vessel designed for trans-
porting something from shipyard to customer . In this case special skills will not be
required from mariner , but such work will be considered as experience on offshore
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fleet. After several months working on this vessel , mariner can expect for offers to
get a job on another offshore ship.

Advantages of work in offshore fleet : convenient work schedule voyages up to
4 months, interesting process of work ,the activities on board offshore vessel is not
identical to routine work performed on board merchant ship , high salary, acquiring
valuable experience

Disadvantages : remember that offshore fleet is only 3% of world fleet , so not
everyone will be able to work here , there is a threat of loss of skills acquired in the
merchant fleet , demand for professionals depends on the cost of a barrel of oil , and
also certificating is very expensive
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The discipline Business English while studying speciality at a technical
university

Summary: English for business communication is without a doubt one of the
main areas of training specialists in universities, both linguistic and non-linguistic
specialities. This article examines various methods and techniques for teaching
business English. It suggests priorities in learning business English both orally and
writing (business correspondence) forms. Thematic plans of authentic textbooks of
English language of business communication are analyzed.

Key words: business English, business correspondence, priority, conceptual-
ization, categorization, communication, presentation, registers.

Jucnumuiina aij1oBa aHIJIIMCbKA MOBA Ml YaC HABYAHHSA CHEHIAJIbHOCTI Y
TeXHUYHOMY BY3i.

AHoTtanis: Juciumiiga JlinoBa Awueniticbka moea € O0OHIEIO 3 OCHOBHUX
HAnpsMKi8 ni020Mo6KU cneyianicmis y euwiax. ¥ cmammi po32isiHymo pizHi mMemo-
ou ma 3acodu 6us4eHHs OiN0BOI AHNIUCLKOI MOBU; NPONOHYEIOMbC NPUOPUMEmU
nio 4ac eueyeHHs OL10BOI AHNIUCLKOI MOBU K 8 VYCHIU hopmi mak u 8 NUCbMOSIU
(Oinosa xopecnonoenyis).llpoananizosani memamuyni NAAHU ABMEHMUYHUX NiO-
PVUHUKIB AH2NIIUCLKOI MOBU 01108020 CNINKYBAHHSL.

KuarwouoBi cioBa: qucumMiuiina 0inosa aHeniticbka Mo8a,0ilo8a KOpeCnoHOeH-
YIA, NPUOPUMEMHICINb, KOHYEeNnmyaui3ayla, Kame2opu3ayis, KOMYHIKAYIA,npe3eHmayis
,pezcicmpu.

The discipline Business English is taught in many universities as part of the
training of specialists in various technical fields. There is a need for specialists who
can communicate on business topics with representatives of foreign companies,
crewing agencies, enterprises, etc. has led to the development of theoretical founda-
tions for this development.

The result of the work of specialists in this area was to create a comprehensive
statement about the boundaries of the English language, its functional varieties and
to develop a step-by-step methodology for teaching it.

According to the definition developed by representatives of one of the schools,
the English language of business communication should be understood as a unity of
different functional orientation of varieties (registers) of spoken and written lan-
guage used for business purposes.

Conventionally, for educational purposes, the English language of business
communication can be represented by two spheres that intersect, the first of which
covers the vocabulary of the English language of business communication, and the
second - the registers of the English language of business communication.
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The vocabulary of the English language of business communication consists of
several layers: General English words, General Business English VVocabulary,
generally accepted business terminology and Specialized terminology of various
industries.

Commonly used words, for example, come, go, warn, give, say, take, etc., are
the most frequent lexical items that can be used in a wide variety of functional types
of language.

General vocabulary - acquire, purchase, assist, terminate, etc.- contributes to
the creation of a formal business style.

Common English business terminology includes terms that denote key con-
cepts of the business world, for example: agent, company, crewing executive,
manager, export, import, etc. Commonly used terms are "shared code"” [2, p.102],
which "unites different and very different spheres of business activity that are dis-
tinct from each other” [2, p.98]. Mastering the common business terminology is a
key point in overcoming the problem of students' understanding of the business
world. For this reason, when creating a professional concept-oriented methodology,
this particular layer of English business communication vocabulary should be in-
volved as a supporter. In relation to business communication and related methodo-
logical issues, it should be emphasized that communication requires more from
business English learners than language skills in the general theoretical sense -
speaking, writing, reading and listening - as well as specific and functionally rele-
vant skills that are in demand in business communication. Business English skills,
which in the English methodological literature includes the following functions (or
registers) of the language:

- Socializing (conversational technique) - common means of verbal communi-
cation aimed at developing and strengthening mutual relations in the business envi-
ronment;

- Telephoning (telephone communication with business partners);

-Business correspondence a set of a set of common patterns of written com-
munication in the business world,;

- Business documents and contracts - the preparation of business documents
that confirm in writing a fact or right to something;

- Business meetings - pre-planned meetings of two or more entrepreneurs to
discuss business-related issues.

- Presentations: A speech made by a company employee in connection with
the presentation of a new product or service to an audience of specialists in a par-
ticular field or to potential investors;

- Negotiating - the process of two or more parties with different approaches,
needs and expectations seeking understanding on an issue of interest to all partici-
pants;

- The business media. newspapers and magazines that offer information about
the business world, development and new trends in the business world.

These registers are inextricably linked in real life, in the case of business
communication. A business meeting is preceded by a telephone conversation, refer-
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ence and business correspondence; presentation of any product or service that may
lead to a contract.

For example, for business correspondence, it is important to adhere to the ac-
cepted formats of business letters, knowledge and use of stable vocabulary, phraseo-
logical turns and final syntactic components (e.g: | would be very interested in...
/Could you let me know if.../Our company policy prevents me from...), as well as
the ability to follow the chosen style of writing, both formally and informally.

Telephone communication, in turn, has a rather limited list of typical commu-
nicative situations (e.g. Getting through, Introducing yourself, Taking messages,
etc.) and is characterized by a wide range of use of phrasal verbs (pick up, call
back, hold on, put through, etc.) and high-frequency reproducible expressions
(Sorry to keep you. I'm afraid the line is busy./Could you put me through to...?/
Can | have extension...?) in stable models of speech production.

Understanding the boundaries of business English, its features and differences
from other types of English for Specific Purposes[2,p.2] allows us to move on to
mastering a step-by-step methodology for teaching business English, which is based
on several important principles. First of all, the methodology of teaching English for
business purposes should not be focused on the language system as a whole. It is al-
so impossible to start with highly specialized areas and it is imperative to take into
account the level of training and the nature of the tasks assigned to them. In other
words, the approach should be learner-oriented [1, p.20].

That is why, when developing the methodology of functional orientation, a
very important role is given to the communicative approach. The new goal of the
learning system in this case is to form and strengthening of students' skills in form-
ing idiomatic language.

Teaching English for business communication, as well as any other subject,
should be based on the principle of "from the general to the particular", which im-
plies a systematic movement from general to business English, from oral communi-
cation to written language, from general ways of expressing thoughts to more spe-
cialized ones.

Adherence to these principles requires a special approach to the organization
of the learning material. Firstly, the proposed program consists of three large blocks.

The first stage is quite short and consists of repeating the material already
learnt and bringing all students to a certain general level of knowledge.

The second stage is the study of English for business communication. This is
the stage of initial entry into the business world. At the third stage, which is referred
to as the advanced stage, students should be directed to learn specialized terminolo-
gy in accordance with their specialization .

The second important point in the organization of the training material is the
application of the methodological triad consisting of three concepts: conceptualiza-
tion, categorization and prioritization, which help to ensure a systematic approach to
mastering key business terminology. The main objective of the learning process at
the conceptualization stage is to explain the concepts that is a base of the business
world.
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The main movement is from a term to an explanation of its meaning (or mean-
ings). For example: chairman- an officer in a company who presents at the annual
meeting of the company and at meetings of the board of directors. In other words,
mastering general business terms is not limited to conceptualization (concept-
terminus-term-definition), but offers the construction of the most typical relation-
ships and interrelationships between them, which involve the systematization of key
business terms by thematic indicators. Thus, categorization means ordering.

The meaning of the third component of this triad is the need for systematic and
consistent identification of the highest priority conceptual relations in terms of un-
derstanding and adequate perception of the business world by an audience of stu-
dents.

For this purpose, the syllabus of such authoritative authentic English textbooks
for business communication as New Insights into Business (G.Tullis, T.Trappe),
The Business (K.Richardson, M.Kavanagh, J.Sydes, P.Emerson), Intelligent Busi-
ness (Ch.Jonson) were studied.

Since, with the exception of the first textbook, all the others are multi-level
publications, the Pre - Intermediate level was chosen as the basis. This choice is
based on the following factors:

The Elementary level is not so much about exploring the business world as it
is about learning the basics of general English: words of everyday communication
are introduced and consolidated, the simplest grammatical forms and structures are
developed, and listening and speaking skills are developed on topics such as family,
hobbies, food, shopping, travelling, etc. It is only at the next level, Pre-
Intermediate, that students are gradually introduced to the realities of the business
world. Let's compare the structure of the textbooks.

New Insights into Business is more academic and covers all the important ar-
eas of the business world, starting with company structure and employment. This
"versatility” is most likely due to the fact that the textbook is not multi-level, and
secondly, it is intended for students whose English is at Intermediate level.

The Business textbook includes the smallest number of thematic chapters,
which nevertheless show similarities with other comparable publications. The other
three textbooks more or less coincide with the topics studied. Students are intro-
duced to topics from everyday life (e.g.: Entertaining, Stress, Training Travel) as
well as more specialized topics such as Marketing, Selling, Company Structure,
the Organization.

This brings us to the next stage of concept methodology development. Its pur-
pose is to eliminate the problems of understanding the business world among stu-
dents by introducing and consolidating commonly used business English terms with
a comprehensive explanation of their meaning and rules of usage in speech. At this
stage, we have to apply the principle of prioritization and respond to

to the following questions: What topics should we start with to get to know the
business world.

Thus, at the stage of initial introduction of students to the world of business in
English-speaking countries, the following topics are relevant in the curriculum:

Company structure
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Recruitment

Company operations and sales

Company performance

Product

Banking

Stock market

Starting a business

A list of English business communication terms should be defined for each
topic section. In this case, the Ukrainian equivalent is given with the necessary a
comment on the coincidence or partial discrepancy in meaning. For example: the
term CEO (Chief Executive Officer) should be accompanied by a commentary
from the teacher on the specifics of its translation into Ukrainian. We are talking
about the fact that the literal translation of the term is "chief executive officer".
However, when researching the definition of the term: CEO is a top manager in a
company who bears the greatest responsibility and makes the most important deci-
sions, we conclude that this is most likely an analogue of the Ukrainian understand-
ing of "general director".

In the future, it is necessary to develop a system of tasks aimed at consolidat-
ing the key concepts of a particular thematic section and activating this vocabulary
in speech.

Obijectively available information confirms the following: in the modern prac-
tice of business communication, the registers that meet the requirements of the mod-
ern business world, such as cost-effectiveness, mobility, flexibility, convenience and
ease of use, have become of the greatest importance.

In this sense, telephone communications for business purposes are the most
popular, on the one hand, and correspondence such as electronic mail (e-mail), on
the other hand.

Face-to-face meetings between representatives of different companies face-to-
face meetings are often and inevitably preceded by telephone and e-mail negotia-
tions.

Continuing to apply the principle of prioritization, it is advisable to distinguish
another block (or combination) of registers: business correspondence (Business cor-
respondence in the traditional sense - letters, faxes and memos, memoranda that
have not lost their importance in the business world, and the technique of socializ-
ing.

Business correspondence is based on the written form of language, while so-
cializing is spoken language. Business correspondence usually requires a formal
business style (the exception is correspondence within the company via memo,
which allows you to deviate from the formal style.

Thus: The first block is the first stage of entering the business world: Tele-
phoning, E-mail English, Business correspondence, Socializing, Presentations.

The second block stage is advanced: Presentations, Business Meetings, Ne-
gotiations, Business documents and contracts, The business media.

This article provides only a general approach to the organization of material in
the ESP program at non-linguistic universities, which requires further elaboration.
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However, the proposed methodology of teaching English for business communica-
tion provides students with a reliable system of methods and techniques, the use of
which provides a set of practical tasks to be solved by students; which in turn will
help to solve two main problems simultaneously: understanding the business world
and the problem of learning to communicate effectively in any communication situa-
tion.
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V]IK:8°76.6:656:6
Kpagenp I'.b., Ko6nik B.B.
HamionansHuit YHiBepcuteT «Ofiecbka MOPChbKa akaaeMis»
BruiuB JUCTAHIIHHOTO HABYAHHS HA COLIAJIbHY i30J1111i10 Ta
MCUXOJIOTIYHMH CTaH 3100yBaviB 0CBITH

Beryn

B enoxy cTpiMKOro T€XHOJOTIYHOIO MPOTpecy 1 MOCTIHHUX 3MiH B OCBITI JH-
CTaHIIIifHE HaBYaHHS CTA€ HE JIMILE aTbTePHATHBOIO, a i TOJIOBHOIO TEHACHIIIEI0, 110
BH3HAUA€ CyYaCHHUM pO3BUTOK OCBITHHOTO cepenoBuIlia. OqHaK BiIIYTTS COLIaTbHOL
1301511111 Ta BIUIMB Ha TMCUXOJOTIYHUN CTaH 3/7100yBayiB OCBITH HaOyBae 0COOJIMBOT
BaYXJIMBOCTI B KOHTEKCTI BIIPOBAKEHHSI I[bOTO HOBATOPCHKOTO (popmaTy. AKTyailb-
HICTh JOCTIPKEHHS MOJISIrae y GyHIaMEHTAIbHUX 3MIHAX, SK1 BiJOYBAalOThCS B HAB-
YJaJlbHUX Tpollecax: BiAalieHI (OpMU HABUYAHHS MEPEUIIM B KaTErOpil0 HOPMH, a
HE BHUHSATKY, 1 Ha Cy4aCHOMY €Talll BaXKJIMBO PETEIBHO PO3IIISAATH iX BIUIMB Ha
COIllaJIbHI B3a€MO/II1 Ta TICUXOJIOTIYHUIN CTaH CTYyACHTIB. PO3yMiHHS TaKOTO BIUIMBY
€ HEOOX1JHUM JJIsl BUPIIIICHHS 3aB/IaHb, OB’ A3aHUX 13 3a0€3MEYEHHSIM IMOBHOI[IHHO-
ro Ta €eeKTUBHOTO OCBITHBOTO Mpoliecy. JJociimkeHHs oOpaHoi mpoOIeMaTUKH T10-
KJIMKaHE HE JIMILE MpoaHali3yBaTu Ta 3p03yMITH IPOOJIEMH, 1110 BUHUKAIOTh Y 370-
OyBauiB OCBITH B YyMOBaX Bi/IJIaJICHOTO HaBYaHHS, a ¥ BKa3aTH Ha MOKJIUBI HUISIXU
BUPIIIEHHS IIUX BUKIHKIB. Pe3ynbTaTil poOOTH BIUIMHYTH Ha OCBITHIH Ipoliec 3ara-
JIOM, CHPUSIOYU PO3pOOI €PEKTUBHUX CTpATEriid, M0 MIATPUMAIOTh SKICHE Ta rap-
MOHIMHE BHUKOPHUCTAHHS JAMCTAHLINHUX (OpMATIiB HAaBYAHHSA B Cy4aCHOMY OCBITHB-
OMY CEpEJIOBHIIII.

Pe3ynbraTi 1OCIIIKEHHS

JucTtanuiiine HaBYaHHS, Xo4ya i 3a0e3mevye MOKJIMBICTb OTPMMAaHHS OCBITH B
0e3neuyHnx YMOBax Ta TEXHOJOTIYHOTO MpOrpecy, MpPOTE€ CYTTEBO BIUTMBAE Ha
COITiaJIbHY 130JIA111F0 Ta TICUXOJIOTIYHUI CTaH CTYCHTIB.

[To-mepiie, BiICYTHICTH 30pPOBOTO KOHTAKTy Ta >KUBOTO CHUIKYBaHHS MOXYTh
BUKJIMKATH TMOYYTTS CAaMOTHOCTI ¥ BIIUYKEHHS y CTYJIEHTIB. Y PaxoBYIOUHU Te, 1110
3/IaTHICTh OOTOBOPIOBATH Matepiajl, BHCIOBJIIOBATH i€ Ta B3a€EMOISTH 3 OJHO-
TPYIMTHUKAMH € BOKIIMBOIO YACTUHOI HABYAIBHOTO MPOIIECY, OHJIAH-HABYAHHS Ya-
CTO MPU3BOAUTH 10 BITUYTTS BIJJAJIEHOCTI Y CTYIEHTIB. BiACYTHICTh TpaaulliiiHOro
KOHTAKTy MO’K€ TMOPYIIUTH 3BUYHY COIIAJIbHY B3a€EMO/III0, CIIPUSIOUN BUHUKHEHHIO
€MOIIITHOTO HANPYXEHHS Ta MCUXO0JIOTTYHOrO cTpecy. s Mmool sika 3BuKIia OyTH
y MOCTIMHOMY pYCl, CIIJIKYBaHHI, TAKUN CTaH € HEMPUITYCTUMHUM JIJIs1 11 BOJIETIOOHOT
ocobuctocti [1.TapnaBcbka Ta Kypat, 2020]. AKTUBHA MIATPUMKA Ta CTBOPEHHS
MOKIIUBOCTEH JI BIpTyajJbHOTO CHIJIKYBaHHS MOXYTh JOMOMOITH IOJONATH I
TPYJHOIII ¥ 30eperTu coliajibHe 01aronoyqysi CTy/ICHTIB.

Kpim TOro, BHCOKE HaBaHTaKEHHS 130JIbOBAHOTO HABYaHHS MOXKE MPHU3BOAUTU
710 TIEpEHABAHTAKEHHS Ta BTOMU. YacTO CTYJICHTH MOXKYTh CTUKATUCS 13 HAIMIPHOIO
KUIBKICTIO 3aBJaHb, CAMOCTIHHUX pOOIT, Ky BUKJIaJadl HAMAratoThCsl KOMIIEHCYBa-
TH 4epe3 BIJICYTHICTh 3aHATh B aynutopii [2. Jlumap, 2022]. Broma Ta nepenaBas-
TaXeHHs € (pakTopamu, sIKi MOKYTh BIUIMBAaTH Ha MOTHBAIIIO Ta Oa)KaHHS CTYJEHTIB
HaByaTHCs. Bucokuii piBeHb (D13MYHOTO Ta €MOIIHHOTO BUTOPAHHS MOXKE ITPU3BECTH
710 3HWDKEHHS KOHIICHTpAIlii, TOTIPIICHHS] TICUXIYHOTO CTaHy, BHACTIIOK I[hOTO —
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OCTaTOYHOTO BHICHKEHHS CTYACHTA. BaXXIWMBO YCBIIOMIIIOBATH, IO HABYAIHHUM
Ipolec y TaKUX YMOBax MOXE 3MEHIIMTH 3alliKaBJICHHS 10 Mi3HAHHS HOBOT'O Ma-
Tepiaqy Ta MPU3BECTH 10 BTpaTH e(PeKTUBHOCTI B 3ycwuiix. HeoOximHo or-
THMI3yBaTH 3MICT HaBYAJILHOTO MaTepially ¥ OpIEHTYBaTHCS Ha Te, SIK BIH Oyje 3a-
cBoeHut yunsmu [3. KpaBuenko Ta Mimenko, 2021]. Ponp Bukiiajadya B Ju-
CTaHIITHOMY HaBYaHH1 BaXKJIMBA, OCKIIBKH 301IBIIYETHCS MMOBIPHICTh HEMPABUJIIb-
HOTO TJIYMAu€HHsSI TEOPETUYHOTO Marepiaiay Oe3 >KUBOrO CHIIKYBAaHHS 3 THIIMMHU
cTyneHTaMu. ToMy JJIsi HBOTO BUHUKA€E BKIIMBE 3aBJAaHHS — HAJaBaTH TOTIOMOTY i
KepyBaTH TISITLHICTIO 3100yBadya B mMpoIieci moOy0BH BIACHOI OCBITHROI TPAEKTOPIT
[4. [Tyrau, 2023]. 36anaHcoBaHe TUIAHYBAaHHS Ta CBOEYACHA MMIATPUMKA € BaKJIUBH-
MU JJIs1 3ar00iraHHs MepeHaBaHTAXXEHHS Ta 30€peKeHHs MCUXOJIOTTYHOTrO0 KOMpOop-
Ty CTYJICHTIB il YaC JUCTAHIIITHOTO HABUYAHHSI.

[lcuxonoriyHui CTaH CTYACHTIB TaKOX MIJIJIA€ThCS BIUIMBY uepe3 3MIHU B pe-
UMl HaBuaHHA. JlucTaHIlliHEe HaBYaHHS OOMEXye KOHTAKT BUKJIajaya 1 CTYJEHTa,
y 3B’SI3KY 13 UMM CTBOPIOE MCUXOJIOTTYHUM JUCKOMDOPT 1 BIAUYTTS B3a€EMOJIIT JIUIIIE
3 1H(OpPMAIIIITHOIO CHCTEMOIO, a HE 3 JKMBOIO JItoAuHOMO [5. JIncayenko Tta iH., 2020].
bararo uacy, npoBeneHOro 3a €KpaHOM, MOKE€ HEraTMBHO BIUIMBATH Ha TCHXIYHE
310poB’a 3100yBadya OCBITU. CHpPUNHATTA BEJIUKOI KUIBKOCTI 1H(oOpMalii, He-
CTaOUIbHICTh Tpadika Ta BIACYTHICTh (DI3MYHOI B3a€EMOJII 3 OJHOTPYIMHUKAMH MU
BUKJIaJlayaMUd MOXXYTh BHUKJIMKATHU TCHUXOJIOTTYHMIA cTpec. OKpiM TOTO, BaKJIMBO
BpaxOBYBaTH 1HAMBITyaJIbHI OCOOJIMBOCTI CTYACHTIB, TaKl SIK CTYyIiHb CaMOJUCIIH-
IUTIHYU, 3/1aTHICTh 10 CAMOPEryYJIALli Ta CTaBIEHHS 10 TEXHOJIOT1H, 1110 BUKOPUCTO-
BYIOTbCS 1] YaC HaBYaHHA OHJAWH. [ KOMyHIKalii MK Y4YaCHUKaMH OCBITHBOI
TSJIBHOCTI BUKOPUCTOBYIOThCS crmerianbHi miatrgopmu: Moodle, Google Meet,
Zoom,Viber, Messenger, eJIEKTpOHHA TOIITA, 5Kl JAIOTh 3MOT'Y MPUCKOPUTH MPOIIEC
ajanTaiii CTYJEHTIB JO HaBYaJIbHOTO Ta BUXOBHOIO MPOIIECIB y 3akjiajl BHUILOI
OCBITH, €()eKTUBHO Ta SKICHO BEeCTH CIiJIKyBaHHs [6. Kucenbos Ta iH., 2023]. [esxi
CTYJIGHTA MOXKYTb JIETIIIE aJanTyBaTUCS 10 AUCTAHIIMHOTO (opmaTy, B TOM 4Hac sK
1HIIT — BITYyBaTH 3HAYHI TpyAHOIT. HeraTHBHUN MCUXIYHUN CTaH MOXE BUPAKATU-
Csl y BTOMI, TPUBO31, HEBIEBHEHOCTI UM BTpaTi MOTHBAIlli. OTXxe, BUKIIaga4l TOBUHHI
HaJaBaTH MIATPUMKY CTyJ€HTaM, MOTUBYBATH iX JI0 MPOJOBKEHHS HABYAHHS, JO-
KJIaJaTu OUIbIIE 3YCUJIb JJII CTBOPEHHS CIPHUSTIMBOTO CEPEIOBUINA JJISI BUBYCHHS
[7. Kpynennna ta Cabamomn, 2023]. Ilegaroru TakoX MOBHHHI BIPOBAKYBAaTH
1HIIIATUBU IIOJI0 TICUXOJIOTIYHOTO CYIPOBOY, 5Kl JOTIOMAararTh CTyJAeHTaM e]ek-
TUBHIILIE BIIOPATHUCS 31 CTPECOM 1 3a0€3MEYUTH CTAOLIBHICTh MICUXIYHOTO 3710POB’Sl.

JluctaHuiiine HaBYaHHS 3a3BUYall IPU3BOJUTH IO BTPATH TPAIAULIMHOTO BIAUYT-
TSl IPUHAJIEKHOCTI CTYJIEHTa J0 aKaJIeMIYHOIO OTOYEHHS. 3a BiICYTHOCTI (hi13MYHOI
B3a€EMOJIIT Ta 0e3MmocepeaHbOTO CIUIKYBAHHS CTYACHTH MOXYTh BiUyBaTH Bijja-
JICHICTh W HEMEBHICTh B COOl Ta CBOIX CHJIaX. YMOBHU OHJIAMH-B3a€MOJIi, K1 9acTO
OOMEXYIOTbCSI TEKCTOBUM dYaToM abo BieOKOH(DEpEeHIIsIMH, MOXYTh CTaTH
Oap’epoM aJisi aleKBaTHOI CaMOOIIIHKU CTYJE€HTaMHU CBOiX JOCSTHEHb, Y 3B’SI3KY 13
YUM BOHU MOXXYTb BI9yBaTU BTPATY CIPUHHSATTS CBOTO MICIIS B HABYAJILHOMY TIPO-
neci. 3a1ys JOCATHEHHS MaKCHMaJjbHO €(PEeKTHUBHOI MCHXOJIOTIUHOI aTMochepu y
HaBUYAJIHLHOMY IMPOIIECI BAXKJIMBI OCOOMCTI AKOCTI BUKIanaadiB [8. bynrapy ta J[3sTKO,
2022]. HeoOxigHO 3ampoBaauTH pO3pOOKY IHHOBALIMHUX 3ac00iB BIpPTyaJIbHOT
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B3a€MO/I1, IKi TO3BOJIAIOTH CTYJE€HTaM €(PEKTUBHO AEMOHCTPYBAaTH CBOi HAaBHYKH.
PozmivpenHss MOXJIMBOCTEM CHIBIpalll B OHJIAMH-CEPETOBUIl Ta BIPOBAKEHHS
MUTTEBOTO 3BOPOTHOTO 3B’A3KYy MOXKYTh CIPHUATH 3MIIHEHHIO BIIEBHEHOCTI CTY-
JIEHTIB Yy BJacHUX 3710HOCTAX. KpiM TOro, cMCTeMHU MIATPUMKH Ta MCHUXOJIOTIYHOT
JIOTIOMOTH TIOBUHH1 OyTH aKTMBHO BIIPOBA/KEHI JJII CTUMYJIIOBAHHS MO3UTHUBHOTO
MICUXOJIOTIYHOTO KJIIMATy ITiJ1 Yac TUCTAHI[IHHOTO HaBYaHHS.

Posrisgaroun npoTuiiexkHy CTOPOHY JUCTAHIIMHOIO HAaBYaHHS, BApPTO BU3HAUMU-
TH WOTO MOTeHIIWHI TepeBard. CaMOCTIHHICTb, CHCTEMAaTHYHICTh, JOCTYIHICTB,
HAOYHICTh, 1HJWBITYalbHICTh, aKTHBHICTh YYaCHUKIB 3pOOMIa AMCTAHLIAHE HaB-
YaHHS MOMYJSIPHUM Y BCboMy CBITi. ChOTO/HI, B yMOBax BilHH, 111 (hopMa OCBITH
3a0e3neyye roJIOBHY BHMOTY OCBITHBOTO TPOIECY — 30€peeHHsS 30pOB’S HOTo
yuacHuKiB [9. Xoma, 2023]. Tak, onnaiiH-popMar oCBITH 3a0e3neuye THYUYKICTh Ta
JOCTYIIHICTh HaBUAHHS JIJISl PI3HOMAHITHUX TPYII CTYACHTIB. 3/11ICHEHHS] HABYAHHS B
OHJIaH-CEPEIOBUIIl PO3IMIMPIOE reorpadiyHi Ta COLIOKYJIBTYPHI MEXIi, HaJalouu
MOKJIUBICTB 3100yTTS OCBITH THUM, XTO PaHillle HE MaB JOCTYIY J0 HABYAJILHUX pe-
cypciB. Baromoro mepeBaroro € Te, 110 JUCTAHIlIITHE HaBYaHHS CTUMYJIIOE BHUPOO-
JICHHSI HABUYOK CaMOCTIHHOCTI Ta CaMOAMCIIUILUTIHU CEpell CTYJEHTIB, BUMArae BiJ
CTYJICHTIB BUILIOTO PIBHS BIJIMOBIIAIIBHOCTI 32 BJIACHHM HaB4YaJbHUH mpoiec. CaMo-
CTiMiHE TUTaHYBaHHS 4acy, YNPaBIiHHS 3aBJaHHSIMH Ta BMIHHS IPUCTOCOBYBATHCS J10
OHJIalH-HABYaHHS CTBOPIOIOTH HEBIJ €MHMI Oarak HEoOXiTHUX HaBUYOK. OTOXK,
JMCTaHIlIITHE HAaBYaHHSI, HE3BAXKAIOYU Ha MEBHI HEJOIIKU, BIIKPUBAE HOBI TOPU30H-
TU Ta (pOpMy€E y CTYIEHTIB BaKJIMB1 KOMIIETEHIIIi, SIKl TOMOMOXYTh iM IPUCTOCYBa-
TUCS 10 Cy4aCHUX BUMOT CYCH1JIbCTBA Ta PUHKY Mparli.

OTxe, BIUIUB TUCTAHIIIHHOTO HABYAHHS € KOMIUICKCHUM, OXOILTIOIOYH SIK TI03H-
THBHI, TaK 1 HETaTUBHI aCMEKTHU. 3 OJHOTO OOKY, OHJIaliH-(pOpMAT HaBUYAHHS PO3ILIH-
PIOE€ MOKIJIUBOCTI JOCTYIY /10 OCBITH Ta CHpPHSIE THYYKOMY OCBITHBOMY Mpoliecy. 3
1HIIOTO OOKYy, BiH CTHKA€THhCS 3 BUKIMKAMH, TaKUMH SK BIJACYTHICTH COIliadbHOI
B3a€EMO/II Ta MCUXOJOTIYHUN TUCKOM(OPT, AKI BUMAraroTh YBa)XHOTO YIPaBJIIHHS
Ta amanTaii. 3abe3nedyeHHs 0alaHCy MK IIMMH acClieKTaMHU € BaXKJITUBUM 3aBJaHHIM
JUISL Cy4aCHUX OCBITHIX CHCTEM.

3acTocyBaHHS THYYKHX CTpATETid I yac opraHizamii JUCTaHIIIHHOTO HaBUYaHHS
€ HEeOOXITHICTIO JUIsl BHINMX HaBYaJbHUX 3akiaaiB. Kommieke 3axomdiB, cipsMoBa-
HUX Ha QIaNTaIlii0 HaBYaJbLHOTO MPOIECY J0 PI3HOMAHITHUX MOTPeO 1 CTUJIIB BUB-
YEHHS! CTYJEHTIB B OHJIAH-CEPEIOBHUILI, MAa€ BPAaxOBYBAaTH 1HJMBIAYalbHICTh CTY-
JICHTIB, MPONOHYIOUM PI3HOMAaHITHI (OpMAaTH HaBYAIBHOrO Marepiany. Tak, BHKO-
pUCTaHHS BIJICOJICKIIH, aynioMarepiaiiB, IHTEPaKTUBHUX 3aBAaHb JA€ 3MOTY CTY-
JIEHTaM OOMpaTH TOW METOJ, KWW BIATMOBIJAE€ TXHIM OCOOUCTHM YIMOA0OaHHSIM Ta
CTWJIIO omaHyBaHHsS 1H(opmalii. BaxiuBum € mepcoHainizailisi HaBYajibHOTO Mpo-
11eCy, /e CTBOPEHHS 1HJWBIAyaJbHUX HaBYAIBHUX TPAEKTOPIA 1 MOXKIMUBOCTEH IJis
KOHCYJIBTAIIIN JTO3BOJISIE CTYICHTaM OTPUMATH HEOOXITHY MIATPUMKY Ta BiJMOBIIL
Ha Bci 3anuTaHHs. Tak, 3aopyKor0 sIKOCTI MIATOTOBKU (DaxiBIIiB 3 BUKOPUCTAHHSIM
JTUCTAHIIIHHOTO HABYaHHA € BHOIp €EKTUBHUX METOIB HAaBUaHHS, 10 3a0e3medy-
I0Th 1HAWBIAyasi3allil0 HaBYaHHA Ta (POpMyBaHHA MPOQPECIHOI KOMIIETEHTHOCTI
3n00yBauiB ocBiTH [10.KoponboBa Ta Jlumapenko, 2023]. 'nyuki rpadiku, HagaH1
CTyJIEHTaM, JO3BOJISIIOTH iM CaMOCTIHHO IUIAaHYBaTH CBIM dYac, IO CHpPHSE OIl-
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TUMIi3alli HAaBYaHHS 3 ypaxyBaHHSM IHIUBIAYaJbHUX PUTMIB 1 POOOYMX TEMIIIB.
VYrpoBaKeHHs CTpaTEeriYHUX 3aXOJlIB B JIUCTAHLIMHOMY HaBYaHHI MOKJIMKAHE OIl-
THMI3yBaTH OCBITHIN MPOIEC Ta MIJBUIIUTH HOTO pe3yJIbTaTUBHICTh. SIK MiJICYMOK,
3a3HAY€Hl1 CTpaTerii HaBYaHHS € KPUTHUYHUM IHCTPYMEHTapieMm, CIPSMOBAHUM Ha
CTBOPEHHS €(pEKTUBHOTO Ta aJJAITUBHOTO CEPEAOBHINA JIsI CTYICHTIB.

BucHoBku

Pe3ynbpTaTu qociiKeHHsl BKa3ylOTh Ha Te, 10 AUCTAHIlIITHE HaBYaHHs € OaraTo-
TPaHHUM CKJIQJIHAM IPOIIECOM, SKUH 3YMOBIIIOE€ SIK HETAaTUBHUM, TaK 1 MO3UTHUBHUN
BIUTMB Ha CTYJEHTIB. 3 OJHOTO OOKy, OHJaWH-popMmaT 3abe3neuye THYYKICTh Ta
PO3IIUPIOE AOCTYMHICTh HABYAHHS JJI PI3HOMAHITHUX TPYH CTYACHTIB, CIIPUSIOUU
PO3BUTKY HAaBHUOK CAMOCTIHHOCTI Ta CAaMOJUCHMIUTIHU. 3 1HIIOTO OOKy, pa3oMm i3
repeBaramMu 3’sSBJISIIOTHCSL M HEJOJIKU, TaKi K COIliaibHa 130JIS1I1s1, ICUXOJIOTTYHUN
CTpec Ta €MOIlliHe BUTOpaHHs. 3a0e3nedyeHHs OajlaHCy Ta MOAaJIbIlla ajaanTarlis
OCBITHIX CUCTEM € KJIIFOUOBUMH (haKTOpPaMH JIJisl YCHIIIHOI IHTETpallii AUCTAHIIIITHOTO
HAaBYaHHS B OCBITHE CEpeIOBHINE. AanTallis OCBITHIX CHCTEM Ta pO3pOOKa THYYKUX
CTpaTerii, COpSIMOBAHUX Ha TMOJOJIAHHSA BUKJIMKIB, CTalOTh HEOOXIAHUMH €Taramu
JUTSl YCTIIIIHOT 1IHTErpallii AUCTAHIIHOTO HAaBYaHHS B Cy4acCHY OCBITHIO TPAEKTOPIIO.
3aBAaHHs MOJSITa€ B CTBOPEHHI FapMOHIMHOI M e(h)eKTUBHOT OCBITHBOI MapagurMu,
SKa BPaxOBY€ PI3HOMaHITHI BUMOTH Ta MOTPEOH CTYACHTIB Y IUHAMIYHOMY CEpE0-
BUIll. MOXIMBI HANPSIMKU TOJATIBIINX JOCTIIHKEHb OXOIUTIOIOTH aHali3 e(heKTUB-
HOCTI MEJaroriyHuX MiAXOAIB, BUKOPHUCTAHHS TEXHOJOTIYHUX 1HHOBALId y HaB-
YaHHI, aJallTallll0 OCBITHIX CHCTEM 10 3MIH, a TaKOX JOCIIJDKCHHS COI[aJIbHO-
IICUXOJIOTTYHUX aCIEKTIB JUCTAHIIMHOTO HaBYaHHS.
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HanionansHuit yHiBepcutet «Oecbka MOPChKa akaJeMis
Personal Behavioral Based Safety on board of ship

Annotation:

The publication updates the issue of personal behavioral safety on board the
ship, which depends on everyone: crew members, passengers and visitors. Non-
acquaintance of the mandatory rules for seafarers under the Code of Conduct for
Merchant Navy does not reduce the responsibility of sailors for critical results.
Therefore, it is very important to know them and adhere to them. To address this
challenge to ensure safe and efficient operations is Behavioral Based Safety (BBS).
That’s programs can help to prevent work related accidents and diseases. Also were
discussed the importance of the issue of interpersonal relations between seafarers on
ships and the ability of department heads to unite the team into one.

Key words:

Accidents, behavior, human factor, accident pyramid, interpersonal relation-
ship, risks, safety, team effort.

AHoOTAILIIA.

[Ty6nikaris akTyanizye TUTaHHA OCOOMCTOI MOBEIIHKOBOI Oe3MeKku Ha OOpTy
Cy/lHa, SKE 3alleKUTh BIJ YCIX: YIEHIB €KiMaxy, MacaXupiB 1 BiJIBiAyBadiB.
He3naitoMcTBO 3 000B'SI3KOBUMH /1J1s1 MOPSIKIB npaBmiiaMu Koaekcy moBeIiHKH TOp-
TOBEJIBHOTO (PJIOTY HE 3MEHIIIYE BIAMOBIIATBHOCTI MOPSIKIB 32 KPUTUYHI pE3yJIbTaTH.
Tomy ayxe BaxiIMBO 3HATH iX 1 goTpuMyBaTucsa. o6 BupimwmTH 110 npodiiemMy,
1100 3a0e3neunT O0e3neyHy Ta epekTuBHY poOOTy, € moBeaiHKoBa Oe3neka (BBS).
[Ist mporpama Moke JOMOMOTTH 3amoOIrTH HEIIAaCHUM BUIIAJIKaM 1 HaJA3BUYANHUM
CUTYallisiM, MOB’s3aHUM 3 po00TO10. Takox O0y’10 00rOBOPEHO BaXKJIUBICTh MUTAHHS
MI>KOCOOMCTICHUX CTOCYHKIB MK MOpSKaMU Ha KOpaOJsX Ta BMIHHS KEPIBHUKIB
M1PO3JIUTIB 3TYPTYBAaTH KOJIGKTHB B OJIHE IILJIE.

Kuarwuosi cioBa:

Hewacni eéunaoku, noeediHka, 100CbKUil (hakmop, nipamioa HeuwiacHux
BUNAOKIB, MINHCOCOOUCMICHI CMOCYHKU, DU3UKU, De3neKa, KOMAHOHI 3yCULIA.

Personal safety on board ships is important to everyone working as marine ac-
cidents happen frequently and can be avoided if proper safety procedures are fol-
lowed. It is generally known that “human beings by their very nature make errors;
therefore it is unreasonable to expect error-free human performance”. It’s really im-
portant for all employees to behave and feel safely as particular tasks can associate
risks. Behavior based approaches work best when physical environment are well
maintained and safety procedures are followed.

A good leader behavior on board the ship should be engaged, communicative,
collaborative, upstanding and empowering. Let's take a closer look at these qualities
and how they can come into play at sea.

All managing companies, all ship owning companies and generally all compa-
nies have Safety Management Systems and safety programs. But accidents hap-
pened, as Safety is treated as an obligation or priority, but not as the most important
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value. Not treating safety like that, so we are losing the possibility of integrating in
the structure of the company. According to Traditional Safety Approach, we are al-
ways targeting at the minimization of marine accidents. When we are talking about
maritime safety, we are actually talking about accidents (fire, explosion, grounding,
collision and other emergency situations).

According to the well-known factor of 80/20%, human factor or employees’
behavior is responsible for up to 80% of the causes that lead to maritime accidents,
whereas the rest of 20% is technological reasons and other factors. However, if we
would like to decompose the word “human factor”, we could say that we have two
major pillars: the failure of professional culture and the failure of behavior. In order
to enhance and strengthen the final task or job performance, we have the integration
of organizational culture and behavior skills.

By the well-known CRM (Crew Resource Management) - the effective use of
all available resources for crew personnel to assure a safe and efficient operation,
reducing error, avoiding stress and increasing efficiency. We pursue safety - “we use
all the available resources (information, equipment, people) to achieve the target,
which is safe and efficient operation”.

The primary goals of Crew Resource Management (CRM) are:

Mitigate the consequences of error (the error is there)

Trap error (avoid some steps of its escalation)

Avoid error

We can achieve that by CRM training, which is based on Non-Technical Skills
training (NTS). According to the very used definition, NTS or Soft skills are the
cognitive (situation awareness, decision-making), social (communication, teamwork,
leadership) and personal resource (managing stress, coping with fatigue) skills that
actually complement technical skills (for instance the knowledge of MARPOL or
SOLAS) and contribute to safe and efficient task performance.

A new way to proceed this task for safe and efficient performance
is Behavioral Based Safety, also known as Behavior based safety (BBS), is a process
of improving safety performance through changing the way people behave. It
achieves this through a systematic application of psychological research on human
behavior to the problems of safety in the workplace. BBS steps in actually to elimi-
nate and reduce the marginal or the remaining unsafe portion in our industry after
the enforcement of legislation, the installation of new technology and new rules.
BBS is: Safe Seafarers vs. Safe Ships; Behavior Management; Observation & Feed-
back; Losses Equal Management Errors; Measure Behaviors vs. Results; Positive
Reinforcement, which can really provide impressive results.

BBS is not: Based on assumptions, personal feelings; Only about observation
and feedback; Concerned only about the behaviors of seafarers, but also of shore
personnel; A substitution for traditional risk management techniques; About cheat-
ing & manipulating people; A focus on accident rates without a focus on behavior;
A process that does not need employee involvement. Ideal behavioral safety pro-
cesses all share following components: Identify unwanted behaviors; Develop ob-
servation checklist targeting them; Educate everyone by briefing, train process fa-
cilitators, observers; Assess and monitor actual behavior via regular observations;
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Limitless feedback provided to all. In practice, two basic processes exist: ones fo-
cused on behavior of everyone in workgroup and those targeting individuals using a
one-on-one approach.

BBS needs the involvement of all levels in a structured and systematic way.
According to the famous accident pyramid (consequences, cause and control) it has
In it: near misses-property damage-minor injury-major-fatality). It illustrate that
most incidents have a relatively mild impact and critical impacts that are infrequent
events. We have the BBS pyramid, which has an extra step in the base, prior to near
misses. This extra step is at-risk behaviors. In this way, human behavior becomes
observable and measurable. Therefore, we can manage it. This is very important, be-
cause if we can have such a model, which is well-calibrated, then training can have a
completely different orientation and practice. Control step is about training, rewards,
sampling, enforcement, feedback systems, safe practices, goal settings and involve-
ment. Attitudes are inside our head and it is really difficult to observe or measure it.
However, attitudes can easily be influenced by altering behaviors. This happens be-
cause an attitude is in a specific time span a set of behaviors for certain topic or
similar topics. So, this set of behaviors comes up with an attitude. If we can alter a
behavior, then we can alter the attitude and the whole way of proceeding a situation.

Mandatory Rules for Seafarers under the Code of Conduct for Merchant Navy
(Not including Emergency Situations):

Merchant navy is a physically as well as mentally demanding profession. Sea-
farers are required to stay extremely disciplined and professional not only during
working hours but also during the spare time on ships.

Seafarers are also often required to work in unfavorable working conditions
and confined environment, which make them more susceptible to professional stress
and strain. Thus, self-discipline coupled with a positive attitude is a must on board
ships to avoid mistakes, professionally speaking. To ensure that seafarers act, be-
have, and work in a certain disciplined manner, the code of conduct for merchant
navy has been drafted in order that there is a reference and standard to which seafar-
ers and authorities can turn to with regard to matters of discipline, decorum and con-
duct.

1. Punctuality is probably one of the primary bastions of professionalism in
any field and needless to say, seafarers are required to be punctual in every aspect of
their life on board ships; opposite shore-leave or reporting for watch-keeping duties,
seafarers must value time on board ships. Delay of any kind of operation can lead to
the delay of the whole ship, resulting in loss of both time and money.

Additionally, punctuality considers that outgoing officers are relieved of their
duties in a timely manner, ensuring that interpersonal relations and operations
onboard are carried forth without hindrance.

2. Drinking is essential to the basic functioning of manpower onboard a mer-
chant ship. With the value of the ship and her cargo running into millions of dollars,
navigating the vessel under the influence of alcohol seems ridiculous in every way.
Most ship owners have prohibited the consumption of liquor onboard, enforced a
‘no alcohol’ policy. In the case where such a policy is in effect, it is mandatory to
adhere to it.
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3. Drugs — the same, all companies have enforced a ‘no drugs’ policy. As with
any other workplace, narcotics are a complete no-no onboard (as well as ashore,
while on shore leave). It is unlawful to consume, possess, or distribute drugs on
board ships. A seafarer found guilty of consuming or possessing drugs, is liable to
dismissal from his or her job and also subject to legal proceedings. It is to note that
certain countries have very strict rules against drugs which involve capital punish-
ment. The act of transporting it is a guaranteed route to really long imprisonment; it
Is therefore advisable to every seafarer to steer completely clear off of any such ac-
tivity or habits. Not to forget, the risk posed to the safety of the vessel when narcot-
ics are in question, whether it pertains to consumption or transportation, is immense.

4. Weapons - Any kind of offensive weapons which can be fatal are not al-
lowed on board ships. A seafarer found guilty of such acts is liable to legal proceed-
ings and suspension. It is possible that the country one is in has lax gun laws ena-
bling easy purchase and use of weapons; as with the contrabands mentioned above,
it is best to steer clear. Certain flags might allow the Master to have a gun for the
safety of the vessel but under no circumstances is the individual carriage of any
weapon allowed onboard. Punishment for this is also extremely harsh, and rightfully
SO.

5. Carrying out of duties - Every seafarer is required to perform duties to the
best of his or her abilities. It is necessary that seafarers properly understand their du-
ties and obey all the commands and instructions which are within their scope. The
precise allocation of duties can be found in the SMS Manual as per the ISM
Code and so far as possible, be adhered to. Obviously, there arise circumstances in
which it is not practicable to stick to a job description; emergencies and exceptions
notwithstanding, seafarers should diligently carry out the duties that they are as-
signed. Seafarers should also know whom to report to and what to do in case of
emergency situations.

6. Smoking - Most of the ship owners follow No-Smoking policy onboard their
ships, especially on tankers and those carrying dangerous flammable cargo. No
smoking rules should be strictly followed on board ships to prevent fire accidents.
Designated smoking rooms are the only places where a smoker should smoke.
Smoking poses a threat to the safety of the vessel when done on deck, owing to the
flammable nature of the cargo. Smoking in cabins should also be prohibited for the
chances of a mishap due to human error can be devastating.

7. Behavior towards Colleagues onboard: Misbehavior and anti-social attitude
are not tolerated on board ships. Seafarers who are involved in actions such as abu-
sive language including racism, sexual harassment, aggressive attitude, and offen-
sive personal habits can face suspension or discontinuation of their job contracts.
Owing to the multicultural nature of shipboard work, it is important for every sea-
farer to adapt to the various needs and customs of different individuals and imbibe
the positive aspects to further the efficiency of work. Do unto others as you would
want others to do unto you.

8. Bringing unauthorized persons on board are not allowed. Ship and port au-
thority rules should be strictly followed regarding bringing of unauthorized persons
on board to prevent legal actions. Standing rules prohibit the entry of unauthorized
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persons into the port facility or the ship itself. If the need arises, proper permits shall
be obtained to facilitate any such entry. One must not skirt the existing security laws
to allow anybody to enter the ship.

9. Treatment of Ship’s property and accommodation area: When seafarers are
on ships, the ship is not just their place of work but also their place of living. It is
therefore important that seafarers treat ship’s property and accommodation area with
respect and take proper care of the same. Not to sound pedantic but treat the ship
like you would treat your own home. The property and everything else contained
within is bound to be part of one’s daily usage in some form and it must all be treat-
ed with a level of respect.

10. Unlawful Activities: Apart from above-mentioned practices, there are cer-
tain unlawful activities and misconducts seafarers should avoid. Any seafarer found
guilty of actions such as assault, willful damage to ship’s property, persistent diso-
bedience, actions endangering ship or person on board, continuous failure in per-
forming duties, normal or cargo theft, actions compromising safety of the ship, and
ill-treatment towards onboard personnel can face suspension of the contract or other
severe actions against him or her.

Interpersonal Relationship among Seafarers on board Ships

Working on ships is a “team effort”. A “one-man-show” cannot run the whole
ship. In order to perform operations smoothly and safety on board ships, good inter-
personal relationship among seafarers is a must. As the number of people on board
ships is limited, there are high chances of dissatisfaction among crew members. As
Important it is to avoid politics on ships, equally important it is to enhance interper-
sonal relationship between people on board to ensure that all jobs are done smoothly
and safety. Working on ships is not an easy task and demotivation can easily be de-
veloped among seafarers as a result of various kinds of stresses. Having my own ex-
perience as an example, | can testify that it is so. Each member of the crew came on
board the ship from different countries and has his own character, opinions and pref-
erences. But when we are on board, every sailor must understand that he has come to
work. Therefore, it is worth finding compromises in work and agreeing on it. During
such situation, it is the job of chief-engineer/chief officer/captain to get rid of dis-
contentment among people on ship and instill the importance of interpersonal rela-
tionship. They should monitor the state of the team and leadership qualities, so that
the team unites around them and, in case of anything, can openly talk about emerg-
ing problems. Safety leadership can positively impact people’s safety behavior and
reduce incidents. Leaders, who set their crew up for success and show their care, are
successful at positively impacting performance. The first step towards developing
interpersonal relationship on board ships is to understand the values, knowledge and
skills each one has. However, heads of department can use following:

1. Morning meetings (Tool box meeting): that are conducted to assign work to
team members, is the best time to get all the crew members together. It is necessary
that crew members talk to each other during such meetings and discuss their views
and opinions. Each member should be given a chance to provide suggestions regard-
ing improvement of work process and safety precautions to be taken. This activity
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gives members a sense of responsibility and importance and also works a great deal
in enhancing their performance and interpersonal relationship.

2. Tea-Breaks: mostly the same, but if used efficiently can work wonders to-
wards enhancing “team effort”. During a break in a relaxing atmosphere, it should
be made compulsory to get all crew members together and discuss the work in pro-
gress and other important things that they feel are necessary.

3. On board training sessions: is another important opportunity to get crew
members together to impart important working knowledge or conduct safety com-
mittee meetings. Captain and chief engineer should arrange the meeting in such a
way that maximum crew members are able to participate. It is also necessary to train
drills to know actions and duties in unpredictable situations.

4. Spending free time together, arranging events or sports days: Watching
movies and playing games in free time is a solid way to know each other and build
great relationships both on and off work. During team games, it is a great way to in-
culcate the importance of team spirit and building interpersonal relationship among
crew members. Find out more about sports played on board ships here.

5. Parties and Get-together: Everyone likes to party and unwind once in a
while. Party is a great method to bond people together and improve scarred relation-
ships on board ships. However, it is necessary that they are arranged in such a way
that maximum crew is able to participate. Festival celebrations are also a great way
to enhance interpersonal relationships between people onboard.

Summing up all above written, well-designed and well-executed behavioral
safety processes fully engage both management and employees, within a mutually
trusting and supportive atmosphere, to improve safety. That proven method is effec-
tive way of positively impacting safety and reducing maritime incidents on board
ships. Seafarers should be familiarized with written rules under all circumstances to
ensure the safety of the ship, their lives, their careers and also all crew members
should be open to each other as “do unto others as you would want others to do unto
you”. I think, it is important for every seafarer to adapt to the various needs and cus-
toms of different individuals and imbibe the positive aspects to further the efficiency
of work and personal safety.
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Many are attracted to cruise ships due to the luxurious experience, mindblowing
seascapes and endless exploration options at sea. Though conventionally cruise
ships are associated with poolside lounging, entertaining evenings, musical nights,
shopping, and a plethora of dining options, modern cruise ships have evolved a lot
and include much more to cater to the needs and growing demands of a wide and di-
verse audience that always seeks something new.

The quest for this has led to the introduction of golf courses on cruise ships. In
the late 1900s, when the cruise industry was in its infancy, passengers onboard lei-
sure vessels hit golf balls with no pin in sight, just for the fun of it. However, it was
in 1990 that the International Maritime Organisation barred the dumping of plastic
waste into oceans and seas, including the golf balls.

Cruise Lines realized they could lose tourists to land-based hotels and resorts
since cruises did not offer a diverse vacationing experience at that time, and hence,
many in the industry sought to look for ways to solve this issue.

Focusing specifically on golf, a vital development led to the intertwining of
cruising and golfing. A San Diego-based company called Full Sing Gulf sold its
first-ever golf simulator to Princess Cruises in 1997. This computerized simulator
enabled people to experience the joys of golfing while being surrounded by water
and scenic views of the beautiful blue ocean.

In the present time, cruise lines have actually incorporated stops at real and
world-famous golf courses on land as part of itineraries that incorporate a halt at a
different golf course during the entire cruise trip.

Let us embark on an insightful journey to explore the top cruise ships with golf
courses that are apt for masters of the sport and novices alike. [1]

1. Qasis of the Seas, Royal Caribbean

Qasis of the Sea is a 360 m long and 47 m wide cruise ship and the first ship of
her class. She has 18 decks and can accommodate a maximum of 6699 people.

She is the most loved ship of her class, thanks to the amenities and fun-filled ex-
periences it offers for people of all ages and interests. The Pool and Sports Zone is
located on decks 15 and 16 and has 4 big pools and several whirlpools. The Beach
Pool has salt water and features a sloping sandy shore leading to it.

The ship also has a Mini Golf Course, which is accessible without any prior res-
ervations and is included in the fare. [2]

The 9-hole golf course is situated on Deck 15 of the Oasis of the Sea, close to
the recreation area and the sports court. It offers stunning views. The green grass is
in good shape, while the holes have tiny bumps and obstacles around them. Statues
of golfers and animals are kept throughout the golf course.

Putters are usual for a golf course of this size, and the golf balls were lighter,
likely because nobody wants golfers to take a full swing with a heavy ball on a
cruise ship. The cups were made of metal and decreased the chances of a ball bounc-
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Ing out. However, there were no scorecards or any way to know what par was for
each hole.

This is a simple and relaxing course ideal for those who want to play golf for lei-
sure and fun while enjoying the views. [1]

2. Norwegian Escape, Norwegian Cruise Line

This breakaway plus-class cruise vessel was the first ship of the class to be de-
livered. She was constructed with bigger dimensions and gross tonnage than her sis-
ter ships, Norwegian Getaway and Norwegian Breakaway.

When it was constructed, it had the biggest water park among all the Norwegian
Cruise Line’s Ships, which made it an attraction. [2]

The Norwegian Escape has a 9-hole, Nickelodeon’s Teenage Mutant Ninja Tur-
tles-inspired rooftop 9 miniature golf course on Deck 18. It is not included in the
fare, and those wanting to enjoy the golf course have to pay an additional fee for the
same. Inspired by the hit animated series that aired on TV, it is a unique miniature
golf course that has people saying ‘turtle power’ when they sink a hole in one while
enjoying the company of characters like Leonardo, Raphael, Michelangelo and Don-
atello. [1]

Norwegian Escape offers a famous cartoon channel, Nickelodeon branded enter-
tainment, such as an opportunity for kids to meet and play with their favorite cartoon
characters like Dora the Explorer, SpongeBob SquarePants, Patrick Star and others,
along with participating in many fun contests and interactive experiences. This is
why Norwegian Escape has become a preferred choice for families having kids.
Apart from the Norwegian Escape, Norwegian Bliss and Norwegian Joy also feature
golf courses.

3. Celebrity Silhouette, Celebrity Cruises

Celebrity Silhouette features an outdoor park-like area perfect for relaxing.
Called the Lawn Club, it spans over 2000 m2 and is lined with living grass. It is
used for trivia games, sunbathing, and also hosting live concerts on the ship.

When the ship was upgraded in 2020, the Law Club was equipped with 8 Al-
coves and an outdoor movie screen, making it an even more happening place. The
Alcoves are private cabanas that can be rented and can accommodate 4 guests each.

[3]

The Club room remains open from 9 a.m. to 5:30 p.m. and gives equipment for
all the lawn games, including the 3-hole Mini Golf Course, Lawn Bowling, Croquet
and 2 Bocce courts.

Adjacent to this is the Lawn Club Shop that sells Brand Golf equipment and ac-
cessories and merchandise of the Celebrity Cruises.

4. MSC Divina, MSC Cruises

MSC Divina is the most advanced among the 3 Fantasia Class Ships of MSC
Cruise Line. Major upgrades include its redesigned interiors, 100 additional cabins
and new and exciting entertainment options like the Infinity Pool. Decks and restau-
rants have been revamped to provide more comfort and luxury to every guest.
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There are 14 passenger decks, all named after ancient Greek Gods. MSC Divina
can accommodate 4363 passengers in its 1751 staterooms, most of which have an
ocean view and a veranda. It also has 4 different types of suites. [3]

Public spaces on MSC Divina cover 30,000 sg m and include 7 restaurants, 20
bars and lounges, 4 swimming pools, a gymnasium and a bowling alley. The MSC
Aurea Spa, which is located on deck 14, provides 21 types of massages and 8 kinds
of facials.

The main entertainment venue on the ships is the Pantheon Theatre, which can
accommodate 1600 guests. The MSC Sports Arena offers basketball, tennis and vol-
leyball courts along with a 235 m jogging track. There is also a smurf-themed play
area on deck 15 for children.

The mini-golf course is easily accessible and is included in the cost. One can get
together with friends and family to see who becomes the king or queen of golf.
Apart from MSC Divina, MSC Lirica, MSC Opera, Sinfonia, Musica, Orchestra,
and Poesia have golf courses. [1]

5. Carnival Vista, Carnival Cruise Line

Carnival Vista was built in the Fincantieri Shipyard of Monfalcone and was de-
livered in 2016. It has 15 decks and a capacity for 3936 passengers and 1450 crew
members. The ship is known for its Cuban-themed staterooms and Family Harbor
Staterooms. It has a Havana Bar and pool, a seafood shack and the first IMAX at
sea. [3]

The grand Carnival Vista is loaded with tons of family-friendly activities and in-
novative and delightful entertainment options. For adventure lovers, there is the
SportSquare with the Skyride, where one can zip around a bike course above the
deck. There is a basketball court, a ropes course, a mini-bowling area, and also a
mini golf course.

The miniature golf course is found on almost all Carnival Ships except the Car-
nival Luminosa. The golf course on Carnival Vista lies on Deck 12, is open to pas-
sengers of all ages, and has 9 holes. It is advised to wear athletic gear and sneakers
on the course. [1]

6. Regal Princess, Princess Cruises

This Royal class cruise ship of Princess Cruises is equipped with world-class fa-
cilities, including several pools, a theater, an atrium, a lounge and entertainment are-
as. Regal Princess is 330 m long and 38.27 m broad and has 19 decks.

It has 1780 cabins for passengers and 751 cabins for the crew members. Most
passenger cabins have a balcony to enjoy the beautiful ocean views. The ship can
carry a maximum of 5600 people.

The ship’s putting green is situated at the very top of the cruise ship on the Sky-
Deck, which overlooks the Sports Court. Apart from putting, croquet and bocce ball
also takes place here. The Greens leading to the Sports Court on Deck 18 are the
vessel’s indoor golf driving range.

One can also play football, basketball and volleyball in the sports court. A sepa-
rate area for table tennis and a simulator laser shooting range are also here. Near the
sports court is a 2 lane outdoor jogging track that goes around the Sports Deck.
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7. Queen Mary 2, Cunard Cruise Line

Cunard’s Queen Mary 2 is a remarkable cruise ship known for its style and ele-
gance. It offers many dining options, gala evenings, and Cunard’s signature after-
noon tea, apart from the plethora of entertainment options offered onboard.

The ship has two main pools on Decks 8 and 12. Minnows Pool and Splash Pool
are mainly for families on deck 6, and there is another Splash Pool on deck 13. [2]

For lovers of golf, Queen Mary 2 has golf simulators with 51 golf courses to
pick from.

The Fairways is on deck 12, and the Sports Centre is on deck 13. The latter has a
basketball court and a tennis court. Also, nautical games such as shuffleboard and
deck quoits are also available here. One can challenge friends or family in a game or
participate in any tournaments advertised in the Daily Programme. [1]

8. Oceania Marina

This 66,000-tonne cruise ship is known for its appealing proportions, stylish,
luxurious furnishings and excellent cuisine. It is laden with dark wood, granite, fine
carpets, and soft leather, which give a sense of comfort and grandeur. If it weren’t at
sea, a passenger would feel they were in a classy country club.

It has many attractive art pieces made by renowned artists. Guests are given a
tour of these remarkable works of art. Oceania Marina has 625 cabins, and most
have their teak-decked veranda.

Entertainment options for adults are plenty. One can play mini golf on Deck 16,
which has golf cages and a paddle tennis court. There is also a ping-pong table and
bridge games on Deck 12.

One can also go to ballroom dance classes, martini tastings, boutique presenta-
tions, poker tournaments and so on.

9. Azamara Journey, Azamara Club Cruises

This cruise ship has been described as a luxury boutique hotel at sea. This medi-
um-sized cruise ship is intimate and perfect for a relaxing vacation or getaway. It has
everything for modern voyagers. [1]

This ship has a golf driving net and offers several exciting activities along with a
range of entertainment options. Azamara offers a golf cruise program in collabora-
tion with PerryGolf, an operator of international golf travel.

Azmara’s golf cruises halt at more than 25 nations every year, where guests can
play on over 80 courses, including 20 of the top 100 in the world. The PerryGolf
staff takes care of all arrangements so guests can enjoy the fame and socialize with
like-minded people who are also passionate about golf. Green and cart fees, gratui-
ties, on-course lunch and drinks are included.

For the non-golfing passengers, Azamara ensures that its late evening entertain-
ments and overnight halts at the port are exciting, and every person onboard is ca-
tered to throughout the various shore excursions organized by the cruise line. [1]

Conclusion

Golf courses on cruise ships have become a must-addition nowadays, and cruise
ship operators are looking to enrich the experience of their guests in multiple ways.
As the cruise industry continues to grow in the coming years, we can expect more
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additions  that will appeal to consumers of all age groups.
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Hamionanpauit yaiBepcuret ““ Oecbka MOpchKa akajaemis
Contemporary american idioms of nautical origin

In the contemporary English spoken language, there is a great bulk of colloquial-
isms and idioms of nautical origin, the roots of which fact go deep into history.
Since the beginning of the great geographical discoveries and the development of
the world trade the British had to build reliable fleet to reach other countries by sea,
because the British lived on the islands. Many men of the medieval times practically
lived on board their ships, only occasionally coming back home and stepping on
land. Needless to say, their lives centered around their routine professional duties on
board, and the seamen brought into their everyday life the professional marine lan-
guage,applying the meaning of the nautical terms and expressions and transforming
them intothe common general English language, spoken by all people living on the
British Isles, not only seamen.

When researching contemporaryAmerican idioms of nautical origin, we need to
trace back to the history of American marine trade and shipping. Primarily the sea-
men on board American ships were of British and Irish origin, just like the first set-
tlers who came to live in the North America. Needless to say, that all these people
spoke English as their mother tongue, so while combatting the profession of seamen
they used English as their professional nautical language. That is why the predomi-
nantbulk of the contemporary American idioms and colloquialisms have the same
meaning as the contemporary British idioms and colloquialisms, only a slight por-
tion of dictionary entries demonstrate different interpretation of meaning in both var-
lants of the English language, British and American.

The aim of this paper is to investigate and systematizethe American idioms and
colloquialisms and to trace the similarities and differences in their usages in British
and American variants of English and also to compare the existence of parallel
common meanings of the investigated idioms and colloquialisms in the Ukrainian
language.This article is the first attempt of such systematization made in the domain
of nautical English of British and American variants initiated in the Ukraine. The
methods used weremostly historical comparative and contemporary comparative.
The suggested paper will hopefully trigger the interest not only of the seafarers and
people related to the maritime business, but also to all those interested in the devel-
opment of contemporary spoken English.

Key words:colloquialism, idiom, nautical terms, contemporary spoken English,
seafarers, literal meaning, maritime business.

Hikynina O.JI.
CyuacHi aMepUKaHCHKI i1I0OMH MOPCHKOI0 NMOXO0/I?KEHHS
HartionanpHuit yHiBepcuteT “ Onecbka MOpPChKa akaaemis
VY cygacHiii aHTTHCHKIN PO3MOBHIM MOBI € BEJIMKA KUIBKICTh KOJIOKBIATI3MIB Ta
111I0M MOPCBHKOTO TOXOJKEHHsI, 1110 CSATa€ CBOIM KOPIHHSAM B ICTOPit0. 3 MOYATKOM
BEJIMKUX reorpapiuHux BIAKPHUTTIB Ta PO3BUTKY CBITOBOI TOPTIBIII OpUTAHIIl MYCHUITU
30yayBatu HaAiHUHN (0T, MO0 TOCATATH THIMX KpaiH MOpeM, 00 BOHU caMi KUJTU
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Ha ocTpoBax.baraTo 4onoBIKIB y cepeaHi BIKM MPAaKTUYHO MEILIKaIu Ha OOPTY CBOIX
YOBHIB, 3pijika cxoasuu Ha 6eper. To K 04eBUIHO, IO IXKUTTS OyJI0 30CEPEIKEHO
HABKPYTHU 1X IpoQecioHaTbHUX PYTUHHUX 000B’S3KIB Ha O0pTy . Tak MOpSIKU MIPHB-
HOCWJIM Y iXHE TMOBCAKACHHE XHUTTS MPOQPECIOHATIbHY MOPCHKY MOBY, BXKHMBAIOUH
CJIOBA Ta BUPa3u Y MOPCbKOMY 3HAY€HHI Ta TPAaHC(HOPMYIOUH IX Y CIIJIbHY 3arajbHy
aHTJIIICHKY MOBY, SIKOIO CIIUIKYIOTHCSI BCl JIFOJIH, 1110 )KUBYTh Ha BpUTaHCHKUX OCT-
pOBax, a HE TIIIBKU MOPSIKU.

Jlocnmimxyroun cydacHi AMEPUKAaHCHKI 1TIOMH Ta KOJIOKBi1aJli3MU MOPCBKOTO TI0-
XOJKEHHS. MU TIOBHHHI 3BEPHYTHCS A0 1CTOPii MOPCHKOI TOPTIBIIL Ta CYHOIJIAaBCTBA
[TiBaiunoi Amepuku. Crepiry Ha aMEpUKAHCHKHX CyAHAX MpPAalfoBald TOJOBHUM
YUHOM BUXiami 3 AHTHIT Ta Ipianaii, Tak camo K TepIii MOCENIeHIIl , 0 TPUOYIH
no ITiBaiunoi Amepuku. 1o 1 ka3zaTu, BCl 111 JTIOIA PO3MOBIISUIA CBOEIO aHTITHCHKOIO
PIIHOI0 MOBOIO, TOMY OITAHOBYIOUM CBOIO MOPCBHKY IpO(ecito, BOHU BKUBAJIU aHT-
JHCBKY SIK IpogecioHaIbHy MOPChbKY MOBY. OCh 4OMY JIEBOBA YacTKa CyYacHHX
aMEpUKaHCHKUX 1J1IOM Ta KOJOKBIaTI3MIB Ma€ Take X 3HAYCHHS, 10 1 OPUTAHCHKI
17IOMH Ta KOJIOKBIaJIi3MH, 1 TUIBKA MaJICHbKa JIOJIsI CIOBHUKOBUX BKJIIOYEHB JIEMOH-
CTpYy€ pi3HY IHTEpIIPETAIlil0 3HAUY€Hb Y JIBOX BaplaHTaxX aHMINChKOI — OPUTAHCHKO-
My Ta aMEpUKAHCHKOMY.

MerToto 111€i CTATTI € JOCHIIUTH Ta CUCTEMATU3yBaTh AMEPHUKAHCHKI 1IOMHU Ta
KOJIOKBIaJII3MH Ta JOCTIUTH CXOXICTh Ta BIAMIHHICTB X BUKOPHUCTaHHS B bpuTaH-
ChKOMY Ta AMEpPUKAHCHKOMY BapiaHTl1 aHIJIIHACHKOI MOBU a TaKOK MOPIBHATH HAsIB-
HICTh MapajelbHUX CXO0KUX 3HAYEHb JOCIIKEHUX CTPYKTYp B YKpaiHCHKIM MOBI.
st crarts € mepmior crnpoOor MOAIOHOT cucTeMaTu3allii, 3po0JIeHOI Ha MacHBI
MOPCBKO1 aHTIIMChKOI MOBH BpuUTaHCHKOrO Ta AMEpPUKAHCHKOTIO MOXOJKEHHS, 110
Oyna 3aiiicHeHa B YkpaiHi. MeTtoau BkuBaH1 OyJiM ICTOPUYHO MOPIBHSUIBHHUM Ta Cy-
4acHO MOpPIBHAJIbHUK. [IpomoHyemMo yBa3ziuMTayiB JOCHIJIKEHHS , K€, CIIOJIBa€E-
MOCh, BUKJIMYE 1HTEPEC HE TIJIbKU Y JIFOJCH, MOB I3aHUX 3 MOPCHKOIO CHEIllabHIC-
TIO, a 1y BCiX, XTO LIKaBUTHCS PO3BUTKOM CY4acHOI aHTJIIHCHKOI PO3MOBHOI MOBH.

KitouoBi ciioBa: KOJOKBialli3M, 1710Ma, MOPCBhKI TEpMiHH, CydyacHa PO3MOBHA
aHTIichKa, OyKBaJIbHE 3HAYEHHS, MOPChKa CTIpaBa.

Introduction. In the suggested research we studied 150 entries from Cambridge
Dictionary of American Slang [ 1] which are of nautical origin. We compared the
meaning of them with the British and Ukrainian variant and singled out 19 entries
that demonstrate pretty similar meaning in three languages. 11 expressions were reg-
istered in the American English and not in the British English.Out of the 19 idioms
we found out the correspondence of 16 with the Ukrainian language.

So, we decided to study the idioms of nautical origin in four different groups:

1. Idioms of similar meaning in American and British English

2. Idioms of similar meaning in American, British English and the Ukrainian lan-
guage

3. Idioms which can be met only in American English.

In the first group we found such idioms as:a clean bill of health, meaning “
news that you are healthy or well; news that an organization is working correctly”,
based on the literal meaning of ‘a statement from a health official that all the people
working on a ship are in good health ‘[ 1, p. 30] compare to‘ a statement that some-
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body is well or something is in a satisfactory condition, based on ““ an official docu-
ment given to the captain of a ship when leaving a particular port that said that no-
body on the ship carried any disease or infection* [2, p. 62];stay the course, mean-
ing “ to continue doing something even when it isdifficult”, based on the literal
meaning of a ship continuing in the same direction, even in bad conditions [1, p.79]
compare to “continue doing something until it has finished even though it is difficult
[2, p. 379];the coast is clear, meaning “ there is no danger of being seen /there is no
danger of anything more happening esp. trouble “[1, p. 70] compare to  there is no-
body around to see or stop what you are doing “[ 2, p. 65];stay the
course,meaning‘“to continue doing something even when it is difficult”, based on a
literal meaning of a ship continuing in the same direction, even in bad conditions [1,
p. 79]; up a/the creek,meaning® in an extremely difficult situation, based on an idea
of being in a small boat in a stream and not having a paddle” [1, p. 81] compare to
‘up creek without a paddle’ [ 2, p. 75] ; clear the decks,meaning “ to finish what you
are doing, to do something more important, based on the idea of “preparing a ship
to fight by putting away everything that is not necessary“[ 1, p. 90] compare to ° get
ready for some activity by first dealing with anything not essential toit’ [2, p. 62];
plumb the depths, meaning“ to carefully examine something in order to understand
or explain it, based on plumb line ( a cord with a heavy piece of metal attached to it,
used to measure the depth of water under a ship) [1, p. 91] compare to ‘reach the
lowest or most extreme point of something’, originally this referred to finding out
the depth of the sea’ [2, p. 296]; between a rock and a hard place = between the
devil and the deep blue sea,meaning “ having only two very unpleasant choices [1,
p. 342] the second idiom is more frequently used in British English, compare to ‘in a
situation when you have to choose between two things that are equally bad [2, p.87];
in the doldrumsmeaning “ lacking activity or progress, feeling sad and lacking the
energy to do anything; based on the literal meaning of ‘the doldrums ( the part of the
world’s seas near the equator where there is little wind, making it difficult to sail)
[1, p. 97]; compare to‘quite or depressed’without referring to nautical origin in the
British dictionary of idioms[2, p. 93], open the floodgates,meaning “to make it pos-
sible for something to happen” , based on the literal meaning of ‘to allow water that
had been held to flow freely’[1, p. 133-134], compare to ‘ remove the restrictions or
controls which for a long time have prevented a lot of people from doing something
they want to do’ [2, p. 273]; walk the plank,meaning ‘ to have to leave your job,
based on the literal meaning of ‘to punish someone who worked on a shipby forcing
them to walk off the end of a narrow board into the sea’ [ 1, p. 310], compare to ‘be
forced to leave your job or position’, dating back to the past ‘walking along the
board placed over the side of a ship and fall into the sea as a punishment’ [2, p.434]
; on the radar, meaning ‘ among the things being considered by someone’ , from the
literal meaningof ‘radar — a system that uses radio waves to follow the movement of
aircraft or other objects’[1,p. 330], compare to ‘ be on/off the radar screen’ , used to
say that people are aware or are not aware of something or are thinking or not think-
ing about it’ [2, p 314]; at sea,meaning ‘ confused’ [1, p.356] compare to ‘confused,
not organized’ [2, p. 342]; jump ship,meaning ‘to leave a job or activity suddenly,
based on the literal meaning of” to leave a ship without permission while it is tempo-
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rarily in a port in the middle of a trip’ [1, p. 367] compare to ‘(of a sailor) leave he
ship on which you are serving , without permission; leave an organization that you
belong to, suddenly and unexpectantly [ 2, p. 198]; full steam ahead,meaning ‘ with
all possible energy and enthusiasm, based on the literal use of ‘full steam in ships,
which makes them go at their top speed’ [1, p.395]; compare to ‘as much speed or
energy as possible; this expression refers to the order given on a ship by the captain-
to the engine room’ [ 2, p. 142]; from stem to stern,meaning‘completely, based on
the literal meaning ‘from the front end to the back end of a ship’[ 1, p. 396]compare
to ‘ all the way from the front of a ship to the back’ [ 2, p. 380]; the tip of the ice-
berg,meaning ° a small part of something much larger, based on the literal meaning
‘the small part of a large mass of ice floating in the sea that can be seen above wa-
ter’[1, p. 435] compare to ‘what you can see of a problem or difficult situation is on-
ly a small part of a much larger hidden problem [ 2, p. 413-414]; sail close to the
wind,meaning ° to take risks, based on the literal meaning of ‘%o sail a boat as near
as possible to the direction the wind is coming from’ [1, p.469] compare to * behave
in a way that is almost illegal or socially unacceptable [2, p. 336]; take the wind out
of someone’s sails,meaning ‘to make you feel less confident or determined, based
on the literal meaning of ‘7o slow down a competing boat by catching the wind in
your own sails and preventing it from filling the other boat’s sails * [1,p. 469]. Com-
pare to ‘make somebody less confident or angry, especially when you do or say
something that they do not expect’[ 2, p. 449].We studied 19 idioms altogether.

In the second group we found such idioms as: the coast is clear —o6pii
yucmutt, from coast to coast —6io depeca 0o bepeza, up the creek — seopy(npomu)
3a meuicro,between the devil and the deep blue sea —mioic nebom i 3emnero, in the
eye of the storm —s eniyenmpi 6ypi, open the floodgates —sioxpumu winiosu, go
overboard —suxunymu 3a 6opm, keel over —docopu opucom , walk the plank —
xooumu no medxci, on somebody’s radar -3acixmu, full steam ahead —na scix napax,
from stem to stern — 6i0 i do, in dire straits —y cmucnymux o6cmasunax, the tip of
the iceberg —sepxiska aiicoepea, catch a wave —nompanumu ¢ cmpymins, Sail close
to the wind —nusmu 3 to ride a wave; a simpom, meuicro.\We studied 16 idioms al-
together.

In the third group which is the smallest one, we found such idioms as: on deck,
meaning ‘ ready or available’, based on the idea of being on thedeck (= flat surface)
of a ship, ready for whatever must be done [1, p. 90]; to dive into, meaning ° to start
something enthusiastically without first thinking about it’, based on the literal mean-
ing of dive in (= to go ahead first into water) [ 1, p. 95]; reel in, meaning: a) to pull
someone or something toward you or b) to attract someone or something, from the
use of a reel(= an object shaped like a wheel) used to pull in the fishing line when a
fish is caught [1, p. 335]; off coursemeaning ¢ not moving forward as anted or ex-
pected’, based on the literal meaning of a ship or spacecraft going in the wrong di-
rection [1, p. 78]; go overboard, meaning ° to do or say too much because you are so
enthusiastic’, based on the literal meaning of to go overboard (= to fall over the
ship’s side)[ 1, p. 153] ; go under, meaning ° to fall financially’, based on the literal
meaning of go under (= to sink below the surface of some water) [ 1, p. 153]; keel
overmeaning ‘ to fall down suddenly because of illness or weakness’ based on the
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idea of a boat thatkeels over (= turns over) with itskeel (=bottom) up [1, p. 203]; get
one’s sea legsmeaning ° get used to a new situation’ , based on the literal meaning
of ‘ getting used to being on a moving ship’ [ 1, p. 356] ; in dire straitsmeaning ° in
extreme danger or difficulty “ [1, p. 400] based in the literal meaning of sailing un
very narrow thus dangerous sea channels;to catch the wave, meaning ° to under-
stand and behave according to the most modern fashions in social behavior’ based
on the literal meaning of catch a wave (to start riding a boat across the rolling sur-
face of the sea) [1, p. 457-458];ride a wave/ ride the wave of something, meaning *
to be helped by being connected to something attractive or interesting’, based on the
literal meaning of ride a wave (= to stand on a board moving across the rolling sur-
face of the sea)[ 1, p. 458].11 idioms altogether.

Conclusions.In this research we studied similarities and differences of colloquial
and idiomatic meanings of nautical terms in American and British variants of the
English language on the one hand, and the correspondence of such terms meanings
in two languages, English and Ukrainian. In this article we analyzed the idiomatic
expression of nautical origin and distributed them in three groups:

1. Idioms of similar meaning in American and British English (19 entries)

2. ldioms of similar meaning in American, British English and the Ukrainian lan-
guage (16 entries)

3. Idioms which can be met only in American English. (11 entries)

This article may be of interest to all those studying the contemporary English of nau-
tical origin, and also to all the seafarers and people dealing with maritime business.
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Digital tools in educational process

Digital transformation is taking place in all spheres of our life. The information
technology is an integral part of the modern world. The training system also requires
revolutionary changes. Now high-quality teaching of different subjects cannot do
without using the means and capabilities provided by computer technologies and the
Internet. This is the attempt to get acquainted with some of the digital tools now
used in the educational system of Ukraine.

In general, the digitization of education today is the main trend in the develop-
ment of educational systems in almost all countries of the world and covers all lev-
els—from primary education to masters and doctors of sciences. Ukraine is also in
this general trend.

The essential characteristics of digital technology are:

- mobility, availability, and free,

- storage and use of information regardless of location,

- no need to update and install software, as technology has become cloudy.
Thus, one of the challenges of a digitized society is the teacher’s willingness to digi-
tally transform the learning process. Digitization is becoming the main trend of our
time and is radically changing the substantive characteristics of educational process-
es. Today, it is no longer possible for an educational institution to stay away from
digital transformation. The latest technology has become an integral part of our eve-
ryday life. Use of digital technologies in the educational process opens access to
non-traditional sources of information, increases the efficiency of independent work,
provides completely new opportunities for creativity, and allows implementing fun-
damentally new forms and methods of training. This allows you to influence the
emotional sphere of the student, contributing to an increase in cognitive activity, an
increase in interest in the subject, the activation of educational activities. The effec-
tiveness of the development of a modern personality provides for updating the
methods of interaction using the capabilities of digital technologies. It should be un-
derstood that digital transformation is not a fashionable temporary phenomenon but
a global trend, the maximum benefit from which will be given to educational institu-
tions that will become leaders in the field of transforming the educational process.
The main task of training is considered to be the transition to a qualitatively new
level of building interaction between participants in the educational process, in par-
ticular, using the capabilities of digital technologies. These tasks are realized in the
joint activity of the teacher and students, which implies mutual understanding,
common interests and aspirations for the purpose of personal development. It is well
known that we expect a complete digitization of education. Training will go through
apps and platforms, and artificial intelligence and virtual reality will open up new
opportunities for education and develop key competencies. In Ukraine, Prometheus,
EdEra, Preply are already developing this area. Such startups make a direct contribu-
tion to the future, because high-quality education gives an impetus to all other sec-
tors.
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Speed learning keeps up to date, because the usual accumulation of knowledge
has long lost its relevance. Enthusiasm and motivation are fundamental principles in
education, where teachers become coordinators, guiding students online and offline.
The availability of materials in real time, which simplifies the process of obtaining
new knowledge. Interdisciplinary content erases the rigid boundaries between pro-
duction, business, and other areas; therefore it requires the integration of knowledge
from various spheres of life. It should be noted that the development of technology
leads to the introduction of new teaching tools and makes the learning process more
effective.

The present requires a transition to a higher level of use of digital technologies
in education, improvement of public administration of this process. Significantly in-
creased requirements for the level of training of specialists who should have a store
of theoretical knowledge, practical skills, who should be able to navigate in a diffi-
cult situation, be ready to make innovative decisions. This requires the introduction
of developed forms and training methods that contribute to the formation of the per-
sonality of a future specialist. The introduction of information and communication
technologies in the education system is not a tribute to fashion, but a necessity, since
most children get to know the computer much earlier than the school can offer them.
Information technology is becoming a powerful multifunctional learning tool. Their
use teaches the pupil to live in an information environment, contributes to the attrac-
tion to the information culture. Computerization should concern only that part of the
educational process where it is really necessary. Thus, the digital transformation
(digitization) of education is not just a new trend of the time, but a necessity and a
search for a new meaning of knowledge.

Digital tools are actively used in the process of teaching students and the society
has been adapting to uncertain conditions and has completely revised its attitude to
"online" learning as normal, equal to offline. That is why it is necessary to expand
the list of popular online learning tools.Such educational tools are numerous nowa-
days. A number of them are free.

Jamboard, Pinup, Mindmaster, Kahoot, Quizlet,Mentimeter,Padlet,
Trello,Whiteboard and many others.

Creation of intelligence maps, joint performance of work, visualization of
thoughts,designing educational games using templates.You can create your own
cards to visualize and simplify memorizing information,make express polls in the
classroom during online classes, create a word cloud, collect and organize resources
for connecting and processing them on an interactive whiteboard.

Digital tools are for effective communication and work of teachers with students
in online learning.Let's take a closer look at some of them.

Pinup — an electronic board for notes, the use of which allows you to work in
real-time with information while editing it by the participants. It is convenient to
work with students in case of discussion of a certain idea, everyone can express their
opinions, write on the board (electronic analog of the usual board for notes), then
discuss the vision and organize the material with the ability to edit and make the ad-
justments. It is convenient that all participants see each other's statements and have
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the opportunity to summarize the posted information, comment, and come up with
it.

Padlet board is an interactive tool, which allows to create virtual boards with audio-, video-
and text notes, images and many others.

An interesting and useful tool is MindMaster, which serves as a basis for nur-
turing ideological and creative ideas

. Creating smart maps, collaboration, sharing, team management, and mapping
capabilities on mobile devices. It is extremely useful in mindmaps (intelligence
maps) the ability to visualize your own visions and opinions, and their step-by-step
building, and structuring. It is advisable for students to use this service when writing
essays, and creative assignments, since writing down individual visions and ele-
ments allows them not to miss the most important thing, and then systematize and
generalize the material, and highlight the most important thing. Simplifies the work
with MindMaster a list of templates that allow you not to waste time creating them,
but immediately write down the idea.

The construction platform Kahoot allows you to create an educational game us-
ing ready-made templates and send it to students. Using the tool, you can create both
a quiz (there are 4 answer options for each of the questions, and only one of them is
correct) and a test (there are only two answer options for each question, one of
which is correct) (True or False)). The resource Kahoot integrates game in educa-
tional discipline. This tool has a lot of advantages: it is colorful, social, quite simple
and interesting for user. Digital platform Kahoot was elaborated in 2013 as a tool for
quick creation of all interactive: quizzes, polls, discussions etc. In self-created mini-
game one can include topic videos and images, and the process of creation new ex-
ercise takes only e few minutes. Thus preparation time to the lesson is reduced. One
more advantage of the given service is the system of ready made games, created by
other users of the service i.e. you can use your own tests or copy the tasks of others.
It is important that the tests results are stored in the form of table in MS Excel and
the teacher can have a detailed monitoring of the students achievements. Educational
games consist of a number of question and variants of answers to them. Kahoot ena-
bles easily and quickly to check students’knowledge of the topic. Everything you
need for using this tool is a computer, a laptop or smart phones. The process of
checking comprehension or discussion of some matters turns into a really exciting
game.

Trello is a visual instrument for managing team work. This tool allows to sim-
plify and make a uniform working process of the team by intuitively clear way. But
the simplicity of Trello hides great abilities. Trello has only four key components
but its abilities are boundless.

It is useful to use the Quizlet service in the educational process, which allows
you to memorize information that can be provided in the form of educational cards.
To work, you need to either find materials in the database or create new interactive
material — your own cards, which may contain pictures, and audio files. The map
mode allows the student to perform exercises on memorizing the material in the
game mode: see all the cards, turn them over to learn, and repeat concepts and defi-
nitions to them. In the memorization mode, an individual training plan will be creat-
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ed based on mastering the material of the module. To complete this step, you must
answer each question correctly twice. After completing each stage, all terms will be
grouped according to the level of mastery: familiar means that the student answered
correctly once, and learned twice. It is advisable to set a deadline for mastering, it is
possible to track progress in the study of the material by a student, as well as re-
minders on topics and deadlines for them. In the card mode, you can set a deadline
for memorizing all cards, track progress and receive reminders from the program. In
the modes: writing — displays the term and grade, how well the student has mastered
the material; testing — test variants are automatically created (matching, multiple
choice, true/false, fill the gap)

Mentimeter is a tool for immediate feedback.

The online service Mentimeter is designed to create and conduct instant polls in
the classroom and during webinars. The features and limitations of the service ver-
sion are the following:

& 0ne access code provides students with access to two surveys (no more
than), as well as five questions in the Quiz mode;

& the teacher can create an unlimited number of polls of different types (for
different access codes), as well as organize them in his profile in folders

& you can create online presentations with an unlimited number of text slides,
to which you can add images or links, as well as embed videos and add polls;

& to create polls and slides in Mentimeter you need to have access to the glob-
al network;

& to take part in surveys, participants must log in from their device (mobile
phone, tablet, computer) to the menti.com website or enter the survey code into a
pre-downloaded application;

& there are no restrictions on the number of the survey participants, which al-
lows using the tool with a large number of students in groups.

On training webinars or online classes you cannot do without Whiteboard. It
is digital analogue of classroom blackboard. You can write on it, make marks, use
pointer etc. The board and drawing tools are to make classes more visual. Instead of
long explanations one can highlight the necessary thought on a slide, add note, show
by an arrow the elements to be paid attention to. All this contributes for the audience
to be more concentrated on what is going on and better remember the material. And
in general the webinar becomes more dynamic.

A significant advantage of online learning is the maximum visualization of
materials during classes since in this way the communication between the applicant
and the teacher is most effectively set up, and most importantly, the material is mas-
tered, since it is video information that is best perceived and remembered (text edu-
cational materials. Information should be presented in tables, graphs, figures, illus-
trations, diagrams). Analysis of digital tools and evaluation of their implementation
in the online educational process indicates the most appropriate and effective ad-
vanced tools that should be used in online learning and with their layout, and suc-
cessful combination, it is possible to fully recreate the traditional format of online
learning. The students’ work is intensified, interest in studying the discipline is in-
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creased, and their interest is enhanced, as the combination of digital learning tools
allows you to keep students' attention and focus on key learning issues. The intro-
duction of digital tools in online learning brings the audience as close as possible to
traditional learning, as it stimulates communication between the participants of the
educational process.
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Icebreakers as a special class of ships

Icebreakers are a special class of ships that are designed to overcome even the
thickest ice. They allow you to explore the most inhospitable regions of the world -
the ice-covered waters of the Arctic. For a ship to be considered an icebreaker, it
must have three features that most conventional ships lack: power, a reinforced hull,
and a special shape for “breaking” ice. This allows such vessels to navigate through
pack ice or frozen waterways.

The main function of an icebreaker is to clear trade routes in icy waters, espe-
cially in winter. Thus, icebreakers accompany merchant ships when crossing these
areas to ensure smooth navigation of ships.

Nuclear fuel contains fissile material, usually uranium or plutonium. When
atomic nuclei split, a lot of energy is released. To reduce the high energy of neu-
trons, a moderator is used: graphite, beryllium or water. And this energy is convert-
ed into mechanical energy. The advantage of this plant is a practically unlimited
cruising range and very low fuel consumption.

To effectively break ice, such ships must be very powerful, relatively short,
wide, and extremely heavy. They break ice using momentum and force. At its core,
a nuclear icebreaker is a steamship. The nuclear reactor heats water, which turns into
steam, which spins turbines, which excite generators, which generate electricity,
which goes to electric motors, which turn 3 propellers.

The social marginal cost of an average assistance operation (which may involve
more than one ship) is estimated at EUR 6476 and for each assisted ship EUR 5304.
The same cost is EUR 907 per running hour for the icebreakers and EUR 1990 per
hour a ship is assisted.

Travel companies offer a unique opportunity to explore the Arctic Ocean, in-
cluding visiting historical sites and observing wildlife, by crossing the Arctic Ocean
on an icebreaker. The cost ranges from $28,000 to $45,000, and trips are scheduled
in the summer,

In the event of evacuation of the crew from the icebreaker, the process can take
place using lifeboats and helicopters. But since lifeboats or other means are unavail-
able or ineffective due to icy conditions, helicopter evacuation from the icebreaker is
usually part of the overall plan. For this purpose, some icebreakers have a helipad if
the ship is intended for harsh operating conditions in the Arctic or Antarctic regions.
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A multidisciplinary course approach in marine engineering education

In the current educational paradigm, we can see a steady trend towards blending
English language skills with technical disciplines, especially in marine engineering
education. [Ribéreau-Gayon, 142] There's a growing understanding that when these
two fields intersect, it leads to the best results.

In maritime sphere, known for its global scope, mastering English is just as im-
portant as understanding engineering concepts. Marine engineers are not focused
solely on the mechanical and technical aspects of their work; strong language skills
are a must-have today. Those who are proficient in both English language and engi-
neering sciences tend to have better job prospects and faster promotion. These prac-
tical confirmations support the idea of the effectiveness of reshaping the maritime
education through blending these disciplines.

Recognizing that students require language tools that directly correlate with the
context of their technical discipline, that these language skills shall be tailored to re-
flect the specific needs they will face in their field. In this article, we will talk about
the potential of a multidisciplinary course that integrates English language and an
engineering discipline taking the best out of each to maximize students’ benefits and
ensure optimal preparation for their future career.

The course can be structured into three key components. Firstly, an introduction
phase focusing on vocabulary acquisition customized to meet the specific needs of
the technical discipline. Secondly, a contextual technical section based upon the vo-
cabulary previously acquired, exploring practical applications within the field. Final-
ly, a language integration phase aimed at facilitating effective communication, ena-
bling students to apply what they've learned in meaningful interactions. This com-
prehensive approach ensures that students not only understand technical concepts
but also develop the linguistic skills necessary for successful communications and
collaboration in their professional sphere.

Beginning a multidisciplinary course requires a careful exploration of various
methods to introduce professional vocabulary, as a preliminary step before diving
into the core content of the course. Educational games proved high effectiveness in
grasping technical vocabulary in particular. [Nikitakos, p.267] Virtual simulations
can help students learn technical language in realistic scenarios, allowing to see and
understand specialized vocabulary being used naturally. Group activities like discus-
sions and learning from peers can be included. This not only helps students feel
connected but also lets them share different views on technical words, leading to a
better overall understanding. Videos, podcasts, and online platforms make learning
technical vocabulary more interesting and adaptable. These resources can be tailored
to suit different learning styles, ensuring all students have access to a complete range
of language tools. Regular quizzes and tests will help assess how well students un-
derstand and remember the technical vocabulary.

The middle segment of the multidisciplinary course is dedicated to an engineer-
ing discipline. Here, students delve into the intricacies of engineering concepts and
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practices, building upon the foundation laid in the initial language immersion phase.
This section not only enhances students' technical proficiency but also reinforces the
integration of language skills within the engineering context. By applying their lin-
guistic knowledge to real-world engineering scenarios, students gain a comprehen-
sive understanding of how language operates in their professional sphere. Addition-
ally, collaborative projects and discussions foster teamwork and peer learning, al-
lowing students to exchange ideas and perspectives while developing their commu-
nication skills.

The middle part of the course serves as a crucial bridge between language acqui-
sition and its practical application in engineering. It reinforces the interdisciplinary
nature of the program, preparing students to effectively navigate the complexities of
their chosen profession with confidence and proficiency.

At the heart of this multidisciplinary course lies a vital aspect: applying language
skills in real-life situations. The speaking part involves immersive role-playing ac-
tivities, serving as an active method for students to practice the technical vocabulary
learned earlier. This specific part moves beyond theory, making the practical use of
the professional knowledge. This section serves as a workshop for boosting commu-
nication skills. Through immersive role-playing activities, students participate in
simulated situations, hold professional discussions, and give effective presentations.
Students get a practical understanding of how language functions in engineering
contexts. Apart from professional communication, role-plays provide students with
practical experience in diplomacy and effective communication. They learn how to
handle sensitive situations, and express their own opinions convincingly, thus mas-
tering soft skills essential for successful collaboration in professional settings.

Benefits of a multicultural approach in marine engineering education are as fol-
lows [Ercan, p.2]:

o Enhanced technical communication skills.

In the maritime industry, where collaboration spans across borders, English
serves as the lingua franca. The integration of English for Specific Purposes (ESP)
with engineering disciplines in the multidisciplinary course enhances marine engi-
neering students’ technical communication skills, enabling them to convey technical
information conveyed accurately and comprehensively.

o Improved problem-solving abilities.

The multidisciplinary course encourages students engage critical thinking and
effective communication strategies while dealing with complex challenges often en-
countered in marine engineering sphere.

o Intercultural competence

Beyond technical competence, the multidisciplinary course develops interper-
sonal skills vital for working in multilingual environments. Students learn not only
to communicate effectively but also to navigate cultural nuances. This cultural
awareness is particularly crucial in the maritime industry, where crews often com-
prise individuals from various cultural and linguistic backgrounds.

The fusion of Engineering disciplines and English for Specific Purposes (ESP)
in a multidisciplinary course is reshaping modern education, offering a fresh ap-
proach to preparing professionals for their careers. This initiative doesn't merely
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combine separate disciplines; it builds a close collaboration between English teach-
ers and engineering science teachers, resulting in a mutually beneficial boost in ex-
pertise for both domains. English teachers, equipped with a profound understanding
of technical language, delve into the intricacies of engineering terminology, which
fosters their technical knowledge. Conversely, engineering science teachers, en-
gaged in this multidisciplinary course, gain insights into the nuances of effective
communication and language precision. Collaborating with their English counter-
parts, they refine their ability to message complex engineering concepts with clarity.

This collaboration can extend beyond the teaching. Joint workshops, where
English teachers and engineering science teachers co-create lesson plans and as-
sessments, become platforms for knowledge exchange. So, such collaboration be-
comes a catalyst for continuous improvement. This partnership fosters mutual ex-
pertness that elevates the proficiency of both groups.
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Autonomous shipping: the future of the marine industry
1.What is automomous shipping?

In the vast expanse of maritime evolution, a significant transformation is quietly
taking place: the rise of autonomous ships. These self-navigating vessels, once rele-
gated to the realm of science fiction, are gradually making their presence felt in the
maritime industry.Autonomous ships, often called unmanned vessels, are like self-
sailing sailors of the sea. They can perform tasks without needing direct human in-
volvement onboard. These ships use advanced technologies like sensors, artificial
intelligence (Al), and self-learning systems to navigate safely, steer clear of obsta-
cles, chart routes, and carry out other important functions. They come in various siz-
es, from small boats to large container ships, and serve different purposes like trans-
porting goods, watching over maritime areas, conducting research, and more.

It is worth mentioning that autonomy is not necessarily a means to cut crew
numbers but is supposed to help reduce collisions at sea, work long hours without
distractions, increase fuel efficiency, and perform mission-critical tasks. Indeed, the
adoption of integrated Al-based software and hardware solutions is the technical en-
abler which defines situational awareness as well as collision avoidance capabilities.

2.Autonomous ships: defining and tracing their voyage through time

Early Exploration (Pre-2000s):

The seeds of autonomous maritime technology were sown in the late 20th centu-
ry when researchers and innovators began experimenting with unmanned underwater
vehicles (UUVs) for scientific exploration and data collection. These early attempts
laid the groundwork for the integration of technology into the maritime domain.
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Image showing the structure of one of the simplest UUVs

Nautical Autonomy Takes Shape (2010s)

The 2010s marked a turning point as the capabilities of Al and machine learn-
ing began to shape the autonomous maritime landscape. Researchers and companies
embarked on pilot projects and trials to demonstrate the feasibility of unmanned
navigation. These efforts often focused on specific tasks, such as autonomous ves-
sels safely crossing busy shipping lanes or navigating through intricate channels.
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Regulation and Standardization (Present)

As technology matured, so did the discussions surrounding the regulatory and
legal aspects of autonomous navigation. International maritime organizations, gov-
ernments, and industry stakeholders engaged in dialogues to establish a framework
that addresses safety, liability, and operational standards for autonomous ships. The
ongoing efforts to define regulations underscore the seriousness of transitioning
from theory to practice in autonomous maritime operations.

Industrial Adoption (Present and Beyond)

The maritime industry’s gradual shift toward embracing autonomy became ev-
ident as more players started to invest in research and development. Collaborations
between technology firms, maritime companies, and research institutions flourished.
Integrating autonomous systems into existing ships and developing purpose-built au-
tonomous vessels for specific tasks showcased the industry’s eagerness to explore
and adapt to this transformative wave.

3. Automomous shipping: pros and cons

Potential cost savings and reducin )
B Safety and reliability
the risks associated with human error
Autonomous Ships Market
——3
Enhanced safety of the vayage | }- U4 | Vulnerability to cyberatiacks
g .
. egal and regulatory framework
Autonomous ships are eco-friendly Legal and regulatory framework
Y surrounding autonomous ships
Inspiration for new technologies Impact on the environment
and global trade

1. One of the primary benefits of autonomous ships is the potential cost savings. By
removing the need for a crew, shipping companies could save on labor costs and re-
duce the risks associated with human error. Autonomous ships use smart sensors to
keep an eye out for danger, avoiding accidents that can happen due to human mis-
takes. Additionally, they could increase efficiency by optimizing routes and reduc-
ing transit times.Plus, they can sail day and night without breaks, making shipping
faster and more efficient.

2. Autonomous ships could also enhance safety, as they are designed to operate in
challenging and dangerous conditions, such as storms or heavy traffic. With the use
of advanced sensors, machine learning, and artificial intelligence, autonomous ships
could make better decisions in these scenarios, reducing the risk of accidents.These
smart ships swiftly spot obstacles and change their course, making voyages safer for
them and other ships.

3. Autonomous ships are like eco-friendly explorers. By using fuel more wisely and
taking shorter routes, they produce fewer pollution-causing gasses. This is good
news for the environment and helps the maritime world follow cleaner practices.

4. Last but not least, autonomous ships are like pioneers of new ideas. They inspire
new technologies, like super-smart ports and fancy communication systems. This
leads to exciting new businesses and investments, making the maritime world more
exciting and competitive.
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While the benefits of autonomous ships are significant, there are several chal-
lenges that need to be addressed.

1. One of the foremost concerns with autonomous ships is ensuring their
safety and reliability. While these ships are designed to navigate independently,
there’s always a worry about how well they can respond to unexpected situations.
The absence of human judgment onboard raises questions about whether the tech-
nology can reliably handle complex and dynamic maritime environments.

2. As autonomous ships heavily rely on digital technologies, they become
vulnerable to cyberattacks. Hackers could potentially gain unauthorized access to
ship systems, disrupting navigation, communication, and other critical functions.
Ensuring robust cybersecurity measures is essential to prevent such threats.

3. The most complex challenge is the regulatory landscape, which has not
caught up with the technology yet. Creating a consistent legal framework that covers
issues like liability in case of accidents, collision avoidance protocols, and compli-
ance with maritime rules requires collaboration among nations and organizations.

4, While autonomous ships offer potential environmental benefits, such as
optimized routes and reduced fuel consumption, there’s a need to assess their com-
plete environmental impact. This includes evaluating their energy consumption, the
materials used in their construction, and potential disruptions to marine ecosys-
tems.The transition to autonomous ships could have significant impacts on the ship-
ping industry as well. The shift towards autonomous ships could lead to significant
job losses in the maritime industry, as crew members are replaced with automation.
However, it could also lead to the creation of new jobs, such as those related to the
development, maintenance, and operation of autonomous ships.

4.Autonomous Maritime Pioneers and Leading Companies

In the world of ocean innovation, some companies are like explorers, trying
out new things with autonomous ships. One of them is Rolls-Royce.Rolls-Royce.
For a while now, Rolls-Royce has been dedicated to creating self-driving technology
for ships. They’ve come up with various systems and tools, like self-steering, man-
aging the ship itself, and taking control.

Kongsberg, a Norwegian firm known for its expertise in maritime technology
and defense, has been consistently engaged in the advancement of self-navigating
ships while also teaming up with various ship manufacturers. In the year 2021, a
significant development came about when Kongsberg joined forces with Yara Inter-
national. Their collaboration led to the introduction of the world’s inaugural electric
and self-driving container ship.

Wartsila, a Finnish enterprise renowned for its power solutions in the marine
and energy sectors, has been deeply engaged in the creation and delivery of self-
operating shipping solutions. Notably, in 2020, Wartsila unveiled a partnership with
a swiss companyABB aimed at augmenting their array of autonomous shipping so-
lutions.

DNV GL, headquartered in Norway, specializes in furnishing technical guid-
ance and risk management solutions for the energy and maritime sectors.In April
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2022, DNV, alongside Kongsberg Maritime, Kongsberg Seatex, Basto Fosen, and
NTNU, introduced the SAFEMATE initiative, the core objective of this project in-
volves refining and evaluating the reliability and effectiveness of self-guided naviga-
tion systems.

ProMare is an American organization dedicated to propelling the progress of
self-piloting vessels. They have dedicated substantial time to advancing autonomous
shipping, resulting in the creation of a variety of remedies, notably autonomous nav-
igation systems.

5.Utilization of autonomy in the modern-day shipping

-Falco makes world's first autonomous ferry crossing back in 2018.

Rolls-Royce and Finnish state-owned ferry operator Finferries have successful-
ly demonstrated the world’s first fully autonomous ferry in the archipelago south of
the city of Turku, Finland.According to Rolls-Royce, the Falco is equipped with ad-
vanced sensors which allows it to build a detailed picture of its surroundings in real
time. The situational awareness picture is created by fusing sensor data and relaying
it to Finferries’ remote operating centre on land, which is 50km away in Turku city
centre. Here, a captain monitors the autonomous operations, and can take control of
the vessel if necessary. This early demonstration proves that the autonomous ship is
not just a concept, but something that will transform shipping as we know it.

-Electric, autonomous Ro-Ro freight ferries begin service in Norway

The vessels, which ASKO refers to as sea drones, are 67 m long and weigh 60
tons each. Powered by 1846kWh batteries, the vessels will be able to recharge when
they dock at ports. The vessels have started operations and will sail with a crew of 4
for the trial period of the first two years. After this period the plan is to let them sail
completely unmanned and be remotely operated from an onshore site in Horten.

-Yara Birkeland the world’s first fully electric and autonomous container ship

In Norway, Yara International teamed up with the Kongsberg Group to build
the world’s first autonomous and zero-emission container vessel, the Yara Birke-
land.With this vessel, Yara will remove 40,000 diesel-powered truck journeys every
year, and reduce NOx (Nitrogen oxide) and CO2 emissions, improve road safety, re-
duce road dust formation and traffic noise. The zero-emission vessel will transport
mineral fertilizer from Yara's production plant in Porsgrunn, Norway to the regional
export port in Brevik. She was put into commercial operation in the spring of 2022.
During the first to years of operation, the vessel will go through a gradual transition
towards full autonomous sailing.

6. The Autonomous Ship Journey in Review

In conclusion, the future of autonomous ships is both exciting and challenging.
But the key message is evident: autonomous shipping is not a distant dream, it is a
tangible reality taking shape within shipping and logistics. The implementation of the
autonomous ship concept on a mass scale will have a huge impact on the efficiency
of the industry, human resource management, and accident prevention. The benefits
of environmental protection are also important. Although the existing maritime
technology may cover any safety, environmental, and commercial concerns, the lack
of a proper regulatory framework may delay the actual use of such vessels.
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Institution of the International Maritime Consultative Organization
(IMCO)

The International Maritime Consultative Organization (IMCO) is an internation-
al institution that deals with the development of international shipping and ensuring
maritime safety. This organization emerged in response to the needs of trade devel-
opment and the increasing number of ships crossing seas and oceans.

The causes of accidents and disasters involving maritime vessels in the past dec-
ade are:

- Unscrupulous shipping companies that neglect the technical condition of ves-
sels.

- Decreased control and requirements for shipowners by flag state governments.

- The desire of many (especially small) shipowners to maximize profit by reduc-
Ing expenses on vessel supply and maintenance, among other factors.

Clearly, to ensure the unconditional compliance with existing international
standards and regulations, it is essential to have a thorough understanding of them:
knowing the purpose, key provisions, and requirements of IMO, ILO, and WHO
documents, as well as the associated practical tasks for management personnel and
ship crews. Thus, every crew member, according to their level of responsibility,
should be aware of and adhere to the current requirements of IMO conventions on
maritime safety.

The tragic event of the sinking of the Titanic in 1912 led to increased attention to
maritime safety and prompted the creation of international standards and rules. As a
result, the first International Convention for the Safety of Life at Sea was adopted in
1914, but it did not enter into force due to the First World War.

After the Second World War, the issue of maritime safety became relevant
again, leading to the decision to create a permanent international body to coordinate
the efforts of states in this area.

In February 1948, a UN maritime conference was held in Geneva, where they
agreed to establish the International Maritime Consultative Organization (IMCO).
This organization began operating on March 17, 1958.

The goal of establishing IMO is:

a) To create a mechanism for cooperation among governments in the field of
governmental regulations and practices related to technical issues of international
shipping and to promote the adoption of practically achievable high standards for
maritime safety and navigation efficiency.

b) To promote the elimination of discriminatory actions and unnecessary re-
strictions imposed by governments pertaining to international shipping, in order to
expand the provision of maritime services for commerce worldwide without any
discrimination. To assist and promote governments in the development of national
shipping so that safety is a top priority.

c) To facilitate the exchange of information among governments on matters
within IMO's competence.
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Changing the name and status of the International Maritime Consultative
Organization

In 1975, the Assembly changed the organization's name from the International
Maritime Consultative Organization to the International Maritime Organization
(IMO), which became effective in 1982. Now, IMO has a more important status and
Is mandatory for all member countries. Currently, IMO has 172 member states and 3
associate members (Ukraine became the 152nd member of IMO in 1994).

Goals, tasks, and structure of the organization

Goals and tasks of the organization:

The main goal is to encourage and support the implementation of the highest
possible standards of safety at sea in all countries.

The organization provides:

- Mechanism of cooperation in the field of governmental regulation of technical
issues of international maritime shipping, so that global trade can use shipping ser-
vices without discrimination.

- Discussion of issues regarding unfair limitations by shipping companies.

- Consideration of any maritime issues transferred by UN bodies or specialized
institutions.

- Exchange of information among governments on issues addressed by IMO.

The main activity of IMO is the development of recommendations and conven-
tions on maritime navigation, shipbuilding, and environmental protection. IMO con-
venes international conferences to discuss documents and their adoption by states.

Structure of the organization

The Assembly is the highest body of IMO, consisting of all members of the or-
ganization. It determines policy, approves the work program and budget, and rec-
ommends rules on maritime safety and pollution prevention.

The main bodies in the Organization are the Committees:

1. Marine Safety Committee (MSC)

2. Technical Cooperation Committee (CTCC)

3. Marine Environment Protection Committee (MEPC)

4. Facilitation Committee (FC)

5. Legal Committee (LC)

IMO Committees rely on Subcommittees:

1. Bulk Liquids and Gases (BLG)

. Radio Communication and Search and Rescue (COMSAR)
. Design and Equipment (DE)
. Dangerous Goods, Solid Cargoes and Containers (DSC)
. Fire Protection (FP)
. Flag State Implements (FSI)
. Safety of Navigation (NAV)
. Stability Load Line and Fishing Vessels (SLF)
. Standard of Training and Watchkeeping (STCW)

Documents on maritime safety and environmental protection are developed by
the Marine Safety Committee (MSC) and the Marine Environment Protection Com-
mittee (MEPC). The MSC investigates maritime safety issues and related technical
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matters, preparing draft resolutions for Assembly consideration. Membership in the
MSC is open to all IMO Members. The MEPC considers measures to prevent pollu-
tion from ships and addresses cooperation with regional organizations dealing with
these matters.

Participation in the Committee is open not only to IMO members but also to
those states that, while not being members of the Organization, participate in the de-
velopment of documents regulating the prevention of marine pollution.

International organizations closely cooperating with IMO participate in the prep-
aration of conventions, codes, and resolutions. The main ones include intergovern-
mental organizations such as the International Labour Organization (ILO), the Food
and Agriculture Organization of the United Nations (FAOQ), the International Atomic
Energy Agency (IAEA), the United Nations Environment Programme (UNEP), and
the World Health Organization (WHO).

To assist in addressing significant issues, non-governmental organizations are
engaged as consultative bodies:

- International Chamber of Shipping (ICS)

- International Shipping Federation (ISF)

- International Organization for Standardization (1SO)

- International Chamber of Commerce (ICC)

- Baltic and International Maritime Council (BIMCO)

- International Association of Classification Societies (IACS)

- International Federation of Shipmasters' Associations (IFSMA)

- Intertanko, and others.

International cooperation in maritime safety is primarily governed by documents
developed by IMO and national regulations, with the national requirements of IMO
member countries not being allowed to be less stringent than those of the Organiza-
tion.

Main international IMO maritime safety conventions

The main international IMO maritime safety conventions are:

- International Convention on Standards of Training, Certification and Watch-
keeping for Seafarers (STCW) - 1978.

- International Convention for the Safety of Life at Sea (SOLAS) - 1974/1988.

- International Convention for the Prevention of Pollution from Ships
(MARPOL) - 1973/1978.

- Maritime Labour Convention (MLC) - 2006.

- International Convention on Oil Pollution Preparedness, Response and Cooper-
ation (OPRC) - 1990.

- Ballast Water Management Convention (BWMC) - 2004.

- International Convention on the High Seas - 1958.

- International Convention on Load Lines - 1966/1988.

- International Convention on Tonnage Measurement of Ships - 1969.

- International Regulations for Preventing Collisions at Sea (COLREG) - 1972,

- International Convention on Search and Rescue at Sea (SAR) - 1979, and the
International Aeronautical and Maritime Search and Rescue Manual (IAMSAR) -
1999.
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Monitoring Methods in Machinery Spaces on Ships

Monitoring various parameters in machinery spaces on ships is crucial for ensur-
ing the safe and efficient operation of the vessel. In this report, we will discuss sev-
eral key parameters that are commonly monitored in machinery spaces, including
lubrication, temperature, vibration, pressure, and voltage.

Lubrication Monitoring

Lubrication monitoring is essential for maintaining the health and longevity of
machinery components. By monitoring the condition of lubricants, it is possible to
detect potential issues before they lead to equipment failure. Common methods for
lubrication monitoring include:

1. Oil Analysis: Oil analysis involves taking a sample of lubricant and analyzing
it for various properties, such as viscosity, particle count, and additive levels. This
information can be used to detect contamination, wear particles, and other issues that
may indicate a problem with the equipment.

2. Wear Debris Monitoring: Wear debris monitoring involves analyzing the de-
bris that is present in lubricants to detect signs of wear or damage to machinery
components. This can be done using various methods, such as ferromagnetic particle
detection or spectroscopy.

3. Online Sensors: Online sensors can be used to continuously monitor the con-
dition of lubricants in real-time. These sensors can measure various properties, such
as temperature, pressure, and flow rate, and can provide early warning of potential
issues.

Temperature Monitoring

Temperature monitoring is important for ensuring that machinery components
are operating within their recommended temperature range. Overheating can lead to
equipment failure, reduced efficiency, and even fires. Common methods for temper-
ature monitoring include:

1. Thermocouples: Thermocouples are temperature sensors that consist of two
dissimilar metal wires or strips that are joined at one end. When the junction of the
two metals is heated or cooled, a voltage is generated that can be used to measure
temperature.

2. Resistance Temperature Detectors (RTDs): RTDs are temperature sensors that
measure temperature by measuring the resistance of a wire or film that changes with
temperature. RTDs are known for their high accuracy and stability.

3. Infrared Thermometers: Infrared thermometers measure temperature by de-
tecting the infrared radiation that is emitted by an object. These thermometers are
non-contact and can be used to measure temperature from a distance.
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Vibration Monitoring

Vibration monitoring is important for detecting potential issues with machinery
components before they lead to failure. Excessive vibration can indicate issues such
as imbalance, misalignment, or looseness. Common methods for vibration monitor-
ing include:

1. Accelerometers: Accelerometers are vibration sensors that measure the accel-
eration of a machine or structure. They can be used to detect issues such as imbal-
ance, misalignment, and looseness.

2 .Velocity Sensors: Velocity sensors measure the velocity of a machine or
structure. They are often used in conjunction with accelerometers to provide a more
complete picture of vibration.

3. Proximity Probes: Proximity probes are non-contact sensors that measure the
vibration of a machine or structure by detecting changes in the magnetic field around
a target.

Pressure Monitoring

Pressure monitoring is important for ensuring that machinery components are
operating within their recommended pressure range. Overpressure can lead to
equipment failure, reduced efficiency, and even explosions. Common methods for
pressure monitoring include:

1. Pressure Transducers: Pressure transducers are sensors that measure pressure
by converting the mechanical force of pressure into an electrical signal.

2. Pressure Gauges: Pressure gauges are devices that measure pressure by meas-
uring the force required to move a piston or diaphragm.

3. Bourdon Tubes: Bourdon tubes are mechanical devices that measure pressure
by converting the mechanical force of pressure into a linear or rotary motion.

Voltage Monitoring

Voltage monitoring is important for ensuring that electrical equipment is operat-
ing within its recommended voltage range. Overvoltage or undervoltage can lead to
equipment failure, reduced efficiency, and even fires. Common methods for voltage
monitoring include:

1. Voltmeters: Voltmeters are devices that measure voltage by measuring the po-
tential difference between two points in an electrical circuit.

2. Current Transformers: Current transformers are sensors that measure current
by converting the magnetic field around a conductor into an electrical signal.

3. Power Monitors: Power monitors are devices that measurevarious electrical
parameters, such as voltage, current, and power factor. They can be used to detect
issues such as overload, short circuit, and ground fault.

Ship Mechanism Overload Monitoring System

The Ship Mechanism Overload Monitoring System is a critical component of
modern marine vessels. It is designed to monitor and manage the load on various
mechanical systems, ensuring safe and efficient operation. This report provides an
overview of the system and its importance.
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Overview

The monitoring system continuously tracks the load on various mechanical com-
ponents such as engines, propellers, and pumps. It uses a network of sensors to
measure key parameters like temperature, pressure, and vibration. The data collected
by these sensors is processed and analyzed to detect any signs of overload or mal-
function.

In case of an overload, the system triggers alarms to alert the crew. It can also in-
itiate corrective actions, such as reducing the load or shutting down the affected sys-
tem. The system is designed to be robust and reliable, capable of operating under
harsh marine conditions.

Importance

The Ship Mechanism Overload Monitoring System plays a crucial role in ensur-
ing the safety and efficiency of the vessel. By monitoring the load on mechanical
systems, it helps prevent overloads that could lead to equipment failure or even cata-
strophic accidents.

Moreover, the system contributes to the efficient operation of the vessel. By en-
suring that the mechanical systems are not overloaded, it helps maintain their per-
formance and longevity. This leads to reduced maintenance costs and increased op-
erational efficiency.

Conclusion

The Ship Mechanism Overload Monitoring System is an essential tool for man-
aging the mechanical systems on a marine vessel. It not only enhances safety but al-
so improves operational efficiency. As such, it is a vital component of modern ma-
rine engineering.

In conclusion, monitoring various parameters in machinery spaces on ships is es-
sential for ensuring the safe and efficient operation of the vessel. By using various
monitoring methods, it is possible to detect potential issues before they lead to
equipment failure. Regular monitoring and maintenance can help to extend the life
of machinery components and reduce the risk of accidents and downtime.
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Listening in the Digital Age: Strategies of Improving it in Higher
Education.

In the digital age, the way we listen to and engage with information has changed
significantly, and this has important implication for higher education. With the con-
stant influx of information from various digital sources, students and educators alike
are faced with the challenge of discerning what is reliable and relevant. This necessi-
tates the development of critical listening skills and the ability to filter out noise and
distractions.

Higher education institutions must adapt their strategies to help students navigate
this new landscape. This can involve teaching students how to evaluate the credibil-
ity of online sources, providing guidance on effective listening techniques in digital
environments, and foster a culture of active and reflective listening in both in-person
and virtual settings.

Furthermore, educators can leverage digital tools and platforms to create interac-
tive and engaging learning experiences that promote active listening and participa-
tion. This can include incorporating multimedia content, interactive discussions, and
real-time feedback mechanisms to enhance students listening skills.

There are several strategies that higher education institutions can employ to im-
prove students listening skills in the digital age. Here are some effective approaches:

1. Active Listening Workshops: Offer workshops and training sessions that fo-
cus on active listening techniques. These can include exercises, role-plays, and
group discussions to help students develop their ability to focus, comprehend, and
respond to spoken information.

2. Digital Literacy Training: Provide students with training in digital literacy, in-
cluding how to critically evaluate online sources, filter out noise and distractions,
and discern credible information from unreliable sources.

3. Multimedia Learning: Incorporate multimedia content into lectures and
coursework to engage students in diverse ways. Visual aids, videos, podcasts, and
interactive simulations can enhance students listening skills by providing varied
forms of content delivery.

4. Real-Time Feedback: Use digital tools to provide real-time feedback on stu-
dents listening skills. For instance, online platforms can be used to conduct quizzes,
surveys, or interactive discussions that require active listening and immediate re-
sponses.

5. Collaborative Learning: Encourage collaborative learning activities that pro-
mote active listening and peer-to-peer engagement. Group projects, discussions, and
debates can provide opportunities for students to practice their listening skills in a
social context.

6. Reflective Practice: Integrate reflective practices into the curriculum, such as
journaling or self-assessment exercises, to encourage students to evaluate their own
listening habits and identify areas for improvement.
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7. Virtual Communication Skills: Give the increasing prevalence of virtual
communication, incorporate training on effective listening in virtual environments,
including video conferencing, online meetings, and digital collaboration tools.

8. Encourage Questioning: Foster a culture of questioning in the classroom to
promote active listening and critical thinking. Encouraging students to ask questions
and engage in dialogue can enhance their listening skills.

By implementing these strategies, higher education institutions can help students
develop strong listening skills that are essential for success in academic, profession-
al, and personal contexts in the digital age.

In summary, the digital age presents both challenges and opportunities for higher
education when it comes to listening. By recognizing the implications of these
changes and implementing effective strategies, institutions can better prepare stu-
dents to navigate the digital world and become critical listeners in their academic
and professional pursuits.
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Ensuring the safety of shipping from pirates

According to Article 101 of the UN Convention on the Law of the Sea of De-
cember 10, 1982 (ratified by Ukraine on June 3, 1999), piracy is any unlawful act of
violence, detention or any robbery committed for private purpose by the crew or
passengers of any private vessel against any vessel, person or property on board the
vessel. Piracy is also considered voluntary participation in the use of a ship, if it was
known that the ship is pirated. Piracy also includes inciting or knowingly facilitating
such criminal acts. But how to counteract such a barbarian, we will analyze in more
detail.

And where are sailors not at ease today? Risk zones include the coastal waters of
Asia, Africa, and Latin America. Main areas attacked:

1. Southeast Asia and the South China Sea (Strait of Malacca, Indonesia, Philip-
pines, Thailand).

2. West Africa (Nigeria, Senegal, Angola, Ghana), Indian Ocean, East Africa
(India, Sri Lanka, Bangladesh, Somalia, Tanzania).

3. South America and the Caribbean Sea (Brazil, Colombia, Venezuela, Ecua-
dor, Nicaragua, Guyana). The most "popular" place for those attacked is the Gulf of
Aden and the waters of the Indian Ocean near the coasts of Somalia and Kenya. The
abovementioned water area is more than 1.1 million square miles (2.5 million square
km), approximately equal in size to four Texases or the size of the Mediterranean
and Red Seas combined. The length of the coast of Somalia is approximately equal
to the length of the entire East Coast of the United States. The route through the Su-
ez Canal, through the Gulf of Aden, is the main route for ships going from Asia to
Europe and the East Coast of the USA. These shipping routes account for 1/10 of
world trade. This area is one of the world's most important shipping lanes, where oil
tankers and other commercial vessels transport cargo worth billions of dollars.

To study the state of affairs and develop preventive measures, the International
Maritime Bureau (IMB) of the International Chamber of Commerce (ICC) in 1991.
created the Piracy Reporting Center (PRC), which publishes annual reports on ter-
rorist attacks on ships. However, information provided by shipping companies
(shipowners) covers only about 10-20% of all cases of pirate attacks. But already
these data convincingly indicate that attacks on sea vessels have significantly in-
creased in recent years and have begun to seriously threaten the safety of navigation.
So, for example, the number of attacks on commercial vessels in 2000 amounted to
469 cases, which is 1.6 times more than in 1999, and 4.5 times more than in 1991. In
the future, this process began to acquire a systematic character, and the amount of
damage to international justice5 increased more and more. Piracy has taken on the
character of a constantly active dangerous factor on sea routes
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Draw 1. Chart of pirate attacks from 1991-2011

A typical attack. Usually, a ship is attacked by two or more boats at a speed of
up to 25 knots, as a rule, they enter from the stern, pirates prefer to try to get on
board the attacked ship from the port side. To go far into the ocean, pirates use sea-
going vessels, usually local dhows, sometimes fishing or other vessels captured by
them. Boats used for the attack are usually towed behind the base ship. Boats try to
come close to the side to give the opportunity for at least 1-2 pirates to climb on
board, often they do this with the help of long, light ladders. Having climbed aboard,
pirates, as a rule, go to the bridge to take control of the ship. After that, they demand
that the crew stop the ship or slow down so that other pirates can get on board.

How to protect sea vessels from piracy? To protect a vessel, a ship, any water
transport or a floating device from pirates, it is enough to install a barbed spiral of
Egoza on board. It is almost impossible to overcome this barrier on the go. Cheap
and angry. Therefore, container carriers, merchant ships use this means of protec-
tion, which prevents pirates from boarding the ship. One of the most effective means
of protecting a ship against pirates today is barbed spiral barriers, including the Hal-
berd barbed spiral. It is installed along the perimeter of the ship's side and pirates
cannot climb onto the ship without injuring themselves. However, this method of
protection has a significant drawback. A barbed spiral fence is enough for one flight,
after which the hot-dip galvanized ego or barbed spiral begins to rust. You can, of
course, use it for a couple of more voyages until it turns into dust, but in terms of de-
sign, such a ship will lose significantly, and | would not want a rusty barbed wire to
fly into the sea at the most crucial moment.

Foam protection. The use of water and/or foam monitors has proven to be an ef-
fective way to protect against pirates, water jets not only prevent boats from getting
close to the ship's side, but also prevent pirates from climbing aboard. Chart of pirate

286



attacks from 1991-2011 to shooting by pirates. It is recommended to install monitors
(cannons) in advance in the most vulnerable places for pirate penetration, well-
proven sprayers installed on the trunks. If hot water is supplied to the system, the
water protection becomes much more effective. It is recommended to install and
configure monitors in advance and turn them on remotely during an attack. It is ad-
visable to check in advance the action of foam water protection and its coverage of
vulnerable places.

During the attack: Follow a pre-planned plan. Activate the emergency communi-
cation and notification plan:

- Contact UK Maritime Trade Operations (UKMTO) Dubai.

- Maritime Security Center Horn of Africa (MSCHOA).

- Activate the panic button.

If AIS was turned off, turn it on. Announce the shipwide alarm "Pirate attack™ by
voice and signaling. By VHF - send a Mayday distress signal on channels 16 and 8.
Send a distress signal via DSC (Digital Selective Calling) and Inmarsat-C. Establish
a telephone connection with UKMTO. The crew - all those who do not participate in
the direct protection of the ship must go to the "citadel”. If the pirates landed on the
ship. Before they reach the bridge, have time to warn the UKMTO, MSCHOA and if
there is time - the ship-owning company.
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BukopucraHHs NPOEKTHOI METOAUKH HA 3AHATTSX 3 AHIVIIICHLKOI MOBH Y
MOPCHLKOMY BY3i fIK OJIMH i3 HLISAXiB ()OPMYBAHHSI KOMYHIKATHUBHOI
KOMIIETEHTHOCTI

Hapasi € Benuka pi3HOMaHITHICTIO (OpM 1 METO/IIB 1HHOBAIITHOTO HaBYaHHS,
CIpSMOBaHUX Ha €()EeKTUBHE 3aCBOEHHS 3HAHb CTYACHTAMHU, PO3BUTOK iX PO3YMOBOI
TISUTBHOCTI, BUSIBIICHHS BMiHb Ta HAaBUYOK KPUTHUYHOTO OCMHUCJICHHS TpoOiieM, Ha-
OyTTS SIKOCTEH, SIKi CTAaHYTh Yy HAro i B TOJAJBIIIOMY PO3BUTKY Ta caMmopealtizarii.

MeTor0 BUBUEHHS aHTJIIACHKOI MOBH Y BYy31 € OBOJOJIHHS 3JJaTHICTIO BUKOPHC-
TOBYBaTH MOBY, Y TOMY YHCIII IPY BUKOHAHHI PO eciiitHNX 000B’A3KIB.

HaBuanHs Mae mpakTU4YHE CIPSIMYBaHHS, BUCYBAIOYH IMPOTIO3HIIIIO MIOA0 HA0YT-
T 37100yBayaMu BUIIOi OCBITH NpodeciiHoi Ta (yHKIIOHATBHOI KOMYHIKATUBHOI
KOMIIETEHIII1 Y KOPUCTYBaHHI aHTIiIHChKOI0 MOBOIO. 1€ 31CHIOETRCS MIJIIXOM 1HTE-
rpaiiii MOBJICHHEBUX BMIHb Ta MOBHUX 3HaHb B paMKax TEMAaTUYHOTO 1 CUTYaTUBHO-
ro KOHTEKCTY Ta HaOYTTs MOBHOITIOBE/IIHKI,TOTYBaTH IMyOI14HI BUCTYIIH 3 TaTy3€BUX
MUTaHb; 3HAXOJIUTU HOBY TEKCTOBY, rpadiuHy, ayJio Ta Bijeo iHhopmaIlito, 1o mic-
TUTHCS B QHIJIOMOBHHUX Tajly3€BUX MaTepialiax, KOPUCTYIOUUCH BIAMOBIIHUMU TO-
IIYKOBUMHU METOJIaMU; aHaTI3yBaTh aHTJIOMOBHI JKepena iHdopmalii ajis oTpu-
MaHHS JIaHUX, 110 € HEOOXITHUMHM JIJIsi BUKOHAHHS Npo(eCIMHUX 3aBJaHb Ta MPUH-
HATTA NPOQPECIHHUX PIILIEHB;

Buxonsum ¢ mpboro MeTos MpOeKTiB MOXe OyTH MOITBHUM JJIsl BUKOPUCTAHHS
1T Yac MIATOTOBKYU CIIEIIAJIICTIB.

Inest BKITIOUEHHS MPOEKTHOI AiSTILHOCTI B OCBITHIHM Mpoliec Oyiia 3anporoHOBaHa
aMepUKaHChKUM megarorom 1 ¢putocopom J>xoHom Jlproi Oibine cTomiTTsa Tomy. Lle
nearoriyda TEXHOJIOTIs, 30pIEHTOBAHA HA 3aCTOCYBaHHS 1 HAOYTTS HOBHUX 3HaHb
(dacto nursixoM camoocBiTh).IIpoekTyBaHHs B 3arajbHOMY HOTO PO3yMiHHI - 1€ Ha-
YKOBO OOTpyHTOBaHa moOy0Ba CUCTEMU MapaMeTpiB MaOyTHHOTO 00'€KTa YU SIKIC-
HO HOBOTO CTaHy ICHYIOYOTO MPOEKTY MPOTOTHUITY MepeadadyBaHOTO a00 MOXKIIUBO-
ro 00'exta crany uu nporiecy. [I[poekTyBaHHs - 0OCOOJIMBHI TUI 1HTEIEKTYaIbHOI JTi-
SUTBHOCTI, BIJIMIHHOIO OCOOJIMBICTIO SIKOI € TIEPCIEKTHBHA OPIE€HTAIliSl, MPAKTHIHO
CIIPSIMOBAHE JIOCIIIIKEHHS.

MeTon MpoeKTiB 3aBXAU OPIEHTOBAHUM Ha CAMOCTIHHY poOOTY sKa MOXe OyTH
IHUBITyaJIbHA, TPYTIOBA, MapHa, poOOTa SIKYy BUKOHYIOTH MPOTSTrOM IEBHOIO 4acy.
SIK110 rOBOPUTH MPO METOJ MPOEKTIB SIK MEIaroriyHy TEXHOJIOTII0, TO BOHA BKJIIO-
yae B ceOe CYyKYMHICTh JTOCHIIHULIBKUX, TOIIYKOBUX, MPOOJEMHUX METOMAIB, TBOP-
YHX 32 CBOEIO CYTTIO.

VY BUKIaJaHHI 1HO3€MHOI MOBH 11€ BIJIHOCHO HOBA METOJIUKA, sIKAa JO3BOJISIE CTY-
JICHTaM TMPOSIBUTH CAMOCTIMHICTH y BUOOPI /pkepen iHopMaitii, criocobi ii BUKIamy
1 Tpe3eHTallli, a TakoX BECTH 1HAMBIAyaJbHY poOOTYy HaJa TEMOIO, SIKa BHKJIMKAE
HaNOUIBLINI IHTEpEC Y KOXKHOTO YUaCHHUKA MPOEKTY, 10 CIIPUYMHSIE MIABUIICHY MO-
TUBOBaHY aKTHBHICTb CTYJICHTA.
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[TpoexkTHa pobOTa BKIIIOYAE HACTYTIHI €TAIN:

1. ITizroroBKa.

Busnauennst Temu i1 MeTu npoekty. Tema mpoekTy He MOBUHHA 3aMIHIOBATH-
HaBYaJIbHUIMAaTEpiall, a MTOBUHHA BOY/IOBYBAaTUCS B MPEIMET, IOMOBHIOBATH Ta MO-
CUJIFOBATU3MICT IIPEIMETA, CIIBMAIATU 3 TaTy3€BUM MTUTAHHSM.

2. IInanyBaHHS:

Busnauenns mxepen, 3aco0iB 30UpaHHs, METO/IB aHai3y 1HdopMallii, 3aco0iB
MOJIaHHS PE3yJIbTaTIB;

3.I1ouryk

Jocnimxenus npobiemu i 36ip iHdopMarlii, 110 MICTUTHCS B aHTJIOMOBHHX Ta-
Jy3eBUX MaTepiajax,BUOip ONTHMAaJIbHOTO BapiaHTa BUKOHAHHS MPOEKTHOTO 3a-
BJIaHHA (TeHepyBaHHs 17€1); po3po0JeHHs MUIaHy poOOTH HaJ NMPOECKTHUM 3aBJaH-
HsAM; 00Ip MaTepialiiB Ta 1HCTPYMEHTIB; BHOIp (popMH MIpe3eHTalli pe3yJbTaTiB
IPOEKTY.

4.BukoHaHHS POEKTY,

3niCHEHHS 1HAMBIAYalbHOI AISUTBHOCTI a00 MiSUTBHOCTI KOXKHOTO Yy4YaCHHUKA
MPOEKTY 3T1JIHO 3 TJIAHOM pOOOTH HaJ MPOSKTHUM 3aBJIaHHAM (peati3allis MPoeKTy);
MJIrOTOBKA MPE3EHTAlll] pe3yJIbTaTiB MPOCKTY.

5.IIpe3enraitist pe3yabTaTiB,

[IpoBenenHs mpe3eHTalii (3aXUCT MPOEKTY) Ta OI[IHKA Pe3yJbTaTiB BUKOHAHHS
npoekTy.[IpoekTHUI NPOAYKT - 1€ Te, 0 Ma€e OyTH CTBOPEHO BHACIIAOK poOOTH
HaJl IPOEKTOM,LI€ MOXe OyTH MyJlIbTUMEA1MHA Tpe3eHTalis. MynbTUMeA1iTHI Tpe3eH-
Tallii BUXOJATh 3a MEX1 BUKOPUCTAHHS TEKCTYy Ta 300pakeHb. Lli mpeseHTarii 3a-
3BMYaAll BKIIIOYAIOTh aHIMaIlilo, BiJieo, ayaio abo iHTepakTuBH1 ¢QyHKIIi. B ymoBax
JAVCTAHIIMHOTO HaBYAaHHS MOKJIMBO BUKOPHCTOBYBATH J0JIaTKOBE Bi3yanbHE 0(op-
MJICHHSI, BUKOPUCTOBYIOUM OCTYIHE MporpaMHe 3a0e3meueHHs, Take fK, HampH-
kiag Microsoft Office PowerPoint,inTepakTBHI OHIaH-TOMIKK (Taka QYHKILS 10-
cTymnHa, 30kpeMa, B GoogleClassroom abo Zoom), 11e Moxke 0yTu podoTta 3 miatdo-
PMOIO JJIs CTIIBHOT BiJIZJAJIEHOT pOOOTH 32 JI0MIOMOTOI0 OHJIAMH-T0IIKK Miro.

TakuM 4yMHOM, CyTh METa MPOEKTY — MOKa3aTH MPAaKTUYHE 3aCTOCYBaHHS Haj0a-
HUX 3HaHb ,COPUATH (OPMYBAHHIO CUCTEMHU 3HaHb Ta BMiHb, BTUICHHX Y KIHIICBUI
IHTEJIEKTYaIbHUNA MPOIYKT, COPUSITA CAMOCTIHHOCTI, BMIHHIO JIOT1YHO MUCJIHTH, Oa-
YUTH MPOOJEMHU Ta MPUUMATH PIIICHHS, OTPUMYBATH i BUKOPUCTOBYBATH 1H(OpMa-
1110, 3aiiMaTUCs TUIAHYBAaHHSIM, PO3BUBATH T'PAMOTHICTD Ta 1HIIIE.

CIINCOK BUKOPUCTAHOI JIITEPATYPU
Meron MPOEKTIB = e(deKTUBHA TEXHOJIOT 15 HaB4YaH-
Hshttps://ru.osvita.ua/school/method/technol/1415
1. Kutnuk b. O. Meroanunuii nopaauuk. @opmu 1 metoiu HaBuanHs / bopuc One-
kcanapoBuy KutHuk. — X. : Bua. rpyna «OcHoBay, 2005. — 128 ¢
2. OcBiTHI TexHoorii: HaB4d.-meToA. moci0. / O. M. Ilexota, A. 3. Kikrenko, O. M.
JIrobapcrka Ta iH.; 3a 3ar. pex O. M. Ilexotn. — K. : A.C.K., 2002. — 252 ¢
3. Cankina B. I. 101 mikaBa nenaroriuna iges. Sk 3poobutu ypok / Banentuna Iani-
BHa Cankina. — X. : OcHoBa, 2008. — 88 ¢ (Cepis «3010Ta memaroriyHa KOJEK-
IS ).
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4. Cenesko I'. K. CoBpemenHbie00pa30oBaTebHBIETEXHOJIOTHH: yue0. mocodue / 'e-
pman KoncrantunosuuCeneBko. — M. : HaponnoeoOpazoBanue, 1998. — 256 c.
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Application of Neural Networks in Ship and Marine Power Plant
Operations

Ship systems are complex technical structures, and efficient management re-
quires reliable and innovative approaches. In recent years, neural networks have
emerged as powerful tools in various fields, and their application in maritime sys-
tems promises significant advantages.

Prediction and Optimization of Energy Consumption

Route optimization and fuel management are crucial aspects of maritime opera-
tions that directly impact both economic efficiency and environmental sustainability.
Here's a more detailed explanation of how machine learning algorithms can be uti-
lized in these areas:

Route Optimization: Machine learning algorithms can analyze vast amounts of
data related to weather patterns, sea conditions, traffic congestion, and historical
voyage data to calculate the most efficient routes for vessels. By considering factors
such as wind speed and direction, ocean currents, wave heights, and vessel charac-
teristics, these algorithms can identify routes that minimize travel time, fuel con-
sumption, and overall operating costs. Additionally, they can take into account fac-
tors such as navigational hazards, restricted areas, and port schedules to ensure safe-
ty and compliance with regulations.

Fuel Management: Fuel consumption is one of the largest operating expenses
for maritime transportation. Machine learning algorithms can play a crucial role in
optimizing fuel usage by dynamically adjusting vessel speed, engine power, and
route selection based on real-time data and predictive analytics. By continuously
monitoring fuel efficiency and performance metrics, these algorithms can identify
opportunities for fuel savings and recommend operational changes to minimize con-
sumption without compromising voyage schedules or safety.

Environmental Impact Reduction: Efficient route optimization and fuel man-
agement not only lead to cost savings but also contribute to environmental sustaina-
bility by reducing greenhouse gas emissions and other pollutants associated with
maritime transportation. By minimizing fuel consumption and optimizing routes to
avoid environmentally sensitive areas, machine learning algorithms can help miti-
gate the negative environmental impacts of shipping activities.

Detection and Prevention of Failures

Enhancing safety: The utilization of artificial intelligence (Al) for the detection
and prevention of potential maritime accidents involves employing advanced tech-
nologies such as computer vision and data processing algorithms. These Al-driven
systems are designed to continuously monitor various aspects of a ship's surround-
ings and operational conditions, enabling early detection of potential hazards and
proactive intervention to prevent accidents.

Computer Vision: Al-powered computer vision systems are deployed onboard
ships to analyze visual data captured by cameras installed on the vessel. These sys-
tems can detect and recognize objects in the ship's vicinity, including other vessels,
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navigational hazards, and obstacles such as icebergs or floating debris. By continu-
ously monitoring the surroundings in real-time, computer vision algorithms can alert
the crew to potential dangers, allowing them to take evasive action or adjust course
accordingly.

Data Processing Algorithms: In addition to visual data, Al algorithms process a
wide range of sensor data from onboard instruments such as radar, sonar, and GPS.
By integrating and analyzing data streams in real-time, these algorithms can identify
patterns and anomalies indicative of hazardous conditions or potential malfunctions.
For example, Al systems can detect deviations from expected navigation routes, ab-
normal weather patterns, or sudden changes in environmental conditions that may
pose risks to the vessel's safety.

Predictive Analytics: Al-powered predictive analytics tools are used to forecast
potential safety risks based on historical data and current trends. By analyzing vast
amounts of data related to past incidents, weather patterns, vessel performance, and
maritime regulations, these algorithms can identify potential areas of concern and
provide early warnings to the crew. This proactive approach enables the crew to im-
plement preventive measures and mitigate risks before they escalate into serious ac-
cidents.

Additionally, there are simpler and less extensive methods of using Al in the life
of a ship:

Improving port operation efficiency: Al can help optimize processes in ports,
including cargo handling operations, documentation processing, planning, and coor-
dination of vessel arrivals and departures. This helps reduce ship downtime and in-
crease overall port productivity.

Preventing collisions and accidents in ports: Al can be used to monitor vessel
movements in ports and prevent collisions through automatic control and warning
systems. This includes using machine learning algorithms to analyze data from ra-
dars and other sensors to identify potential conflict situations and provide recom-
mendations for vessel traffic management.

Enhancing working conditions on the ship: Al can be utilized to automate
routine and hazardous tasks on the ship, such as equipment inspections and mainte-
nance, cargo handling operations, etc. This helps reduce the workload on the crew
and improve working conditions on the ship.

Yara Birkeland

In 2017, Yara, a global leader in fertilizers, and Kongsberg, a company spe-
cializing in maritime technology, announced a collaboration to develop the world's
first fully autonomous container vessel named Yara Birkeland.

Vessel Specifications: Yara Birkeland is being developed as an electric container
ship capable of transporting cargo between Yara's fertilizer plants and ports on the
west coast of Norway. The vessel will be equipped with advanced navigation and
control systems, as well as sensors for detecting other vessels and obstacles.

Plans and Goals: Yara and Kongsberg see Yara Birkeland as a potential solution
for reducing transportation costs, improving safety at sea, and reducing environmen-
tal impact through the use of autonomous technology. According to plans, the vessel
was expected to enter operation in 2020.
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Challenges and Obstacles: Despite ambitious plans, the Yara Birkeland project
has faced several technical and legal challenges, including the development and cer-
tification of technologies for autonomous vessel operation, as well as the establish-
ment of regulatory frameworks and standards for the safe operation of such vessels.

While the timeline and plans for the Yara Birkeland project have been adjusted
due to technical complexities, it still remains one of the most prominent examples of
the use of autonomous ships in the maritime industry, demonstrating the potential
benefits and challenges of this innovative technology.

Overall, the application of artificial intelligence for enhancing safety on ships
involves a combination of advanced technologies and data-driven decision-making
processes. By leveraging Al-driven systems for real-time monitoring, predictive
analysis, and proactive intervention, maritime operators can significantly reduce the
likelihood of accidents and ensure the safety of crew, passengers, and cargo during
voyages.

The application of neural networks in ship systems represents a promising direc-
tion that can significantly improve the efficiency, reliability, and safety of maritime
operations. Developing this technology requires collaborative efforts from engi-
neers, scientists, and industry specialists, which will lead to new innovations and
advancements in the maritime industry.

REFERENCES:
1. https://chat.openai.com/c/e
2. https://www.scaleai.ca/about-us/publications/ai-in-the-real-world-transportation-and-logistics/
3. https://www.americanactionforum.org/list-of-proposed-ai-bills-table/?gad_source=1&gclid

293


https://chat.openai.com/c/e
https://www.scaleai.ca/about-us/publications/ai-in-the-real-world-transportation-and-logistics/
https://www.americanactionforum.org/list-of-proposed-ai-bills-table/?gad_source=1&gclid

YK 811.111:656.61
Motuzko A., Koblik V.V.
National University “Odessa Maritime Academy”
Fire Systems On Board
A little bit of history

Fire was not so well addressed within this first version of SOLAS, which is
mainly due to the fact that in 1914 there were no automatic fire detection or fire-
fighting systems because the technology did not exist. In the 1974 Convention sepa-
rated the fire requirements into a separate chapter: SOLAS chapter Il of the 1960
SOLAS Convention was divided into two new chapters: chapter -1 on Construc-
tion Structure, machinery and electrical requirements and chapter I1-2 on Construc-
tion — Fire protection, fire detection and fire extinction.

In December 1992 as a consequence of a tragic fire on the passenger ferry Scan-
dinavian Star two years earlier in which more than 150 people perished, IMO adopt-
ed a comprehensive set of fire safety amendments, applicable to both new and exist-
ing passenger ships. The amendments required the installation of the latest fire safe-
ty features applicable to any modern hotel such as automatic sprinkler and smoke
detection systems, and the upgrading of fire safety bulkheads to non-combustible
materials and improved methods for assisting escaping persons, such as use of low
location lighting.

Following the addition of a new final chapter on fixed hydrocarbon gas detection
systems in 2007, the FSS Code consists of 16 chapters. Each addresses specific sys-
tems and arrangements. Fires pose a significant threat on vessels, frequently origi-
nating from engine rooms, machinery spaces, holds, and tanks. Containerized car-
goes, in particular, present challenges as traditional firefighting equipment is often
ineffective. While automatic fire detection systems are prevalent on ships, crew
members or passengers often spot fires before these systems activate. This shift from
traditional fire patrols to automated detection reflects the ongoing efforts to enhance
onboard safety and address the common hazard of maritime fires.

Fire main system and related machinery

Fire main: Whilst the various types of portable extinguishers form the front line
of attack against a fire detected in its early stages, the fire main or one of the other
fixed fire-fighting installations is used if a fire becomes established. The fire main
extends to the full length of the ship and from the machinery spaces to the highest
levels. Hydrants served by the main, are situated so that with suitable hoses any area
on the ship can be reached.

For example for the cargo ship it has two powered pumps supply engine room
hydrants and the deck main through the screw down isolating valve which must be
accessible from outside of the machinery space(to prevent loss of water). The emer-
gency fire pump is situated in a tunnel, with a supply to the deck main through the
tunnel escape and also to the twin hydrants in the shaft tunnel by the engine room
watertight door.

The deck main has a drain at the lowest position so that the pipe can be emptied
in cold weather. If this is not done, the pipe can be damaged and it will be blocked
by the ice and not usable.
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Automatic sprinkler systems

The combination of structural fire protection and an installed sprinkler system
which incorporates detection, alarm and fire-fighting capability, has proved very
successful in combating the outbreak of fire in passenger ship accommodation. The
structural fire protection is based on zones separated by fire proof bulkheads and
having fire proof divisions within them.

A network of sprinkler heads is arranged throughout the spaces to be protected.
Each sprinkler head is normally kept closed by a quartzoid bulb which is almost
filled with a liquid. When the liquid is exposed to abnormal heat it expands rapidly
to completely fill the bulb. Further expansion is sufficient to destroy the bulb. Water,
maintained under pressure by compressed air, is then expelled from the sprinkler
head of a heavy spray. Each head adequately showers a deck area of 16 mz and the
heads are arranged so that every part of each space requiring protection, can be cov-
ered by water spray.

When a sprinkler comes into operation water flows through the section alarm
valve. The water lifts the non-return valve exposing an annular groove which con-
nects to a diaphragm alarm switch. This switch is coupled to an alarm and to an in-
dicator panel on the bridge which gives audible and visual warning that a sprinkler
has operated and fire has probably broken out in the section indicated.

Multi-spray system for the machinery spaces

This system is similar to the sprinkler used in accommodation areas but the
spray heads are not operated automatically. The section control valves are opened by
hand to supply water to the heads in one or more areas. Fresh water is used for the
initial charging and the system is brought to working pressure by means of the com-
pressed air connection. The air bottle prevents cut-in of the pump due to any slight
leakage of the water. The pump is automatically operated by pressure drop in the
system when the control valve to one section is  opened.
The pump must be able to maintain working pressure when supplying all the sec-
tions simultaneously in one compartment. It is installed outside the compartment it
serves.

Spray nozzles are designed to give the correct droplet size for fires in flammable
liquids such as fuels and lubricating oils, when working at the correct pressure. They
are located so as to give adequate water distribution over the tank top and all fire
risk areas.

Water spray is a potentially good fire-fighting medium because (a) it produces a
large quantity of steam which has a smothering action;(c) the spray will protect per-
sonnel in the compartment; (d) water is readily available. Damage to any electrical
equipment by the salt water is dealt with by washing with hot fresh water before
drying out.

Fire fighting equipment

Fire pumps and emergency fire pumps

Two independently powered pumps must be provided in all ships. Larger pas-
senger vessels and passenger ferries must have three such pumps. The pumps are fit-
ted with non-return valves if they are of the centrifugal type, to prevent loss of water
back through open valves when not running.
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Normally, cargo vessels are provided with emergency fire pumps because a fire
in the engine room could put all of the other pumps out of action. Such a pump is
located away from the engine room in the shaft tunnel or steering gear. The suction
lift of any pump is limited and for this reason emergency fire pumps are restricted to
being at a maximum of 6 m from the water level. Ideally they are installed below the
waterline to guarantee avoidance of suction problems.

Hoses and nozzles

Fire hoses must be of approved materials. They are positioned adjacent to hy-
drants together with suitable nozzles. Dual purpose nozzles can be adjusted by rota-
tion of the sleeve to produce a jet or spray. These are an alternative to having availa-
ble separate jet and spray or fog nozzles.

Foam adaptor

Foam branch pipes which operate in a similar manner to those used in deck in-
stallations for tankers, are fitted for use with the hydrants in some machinery spaces
and in particular for passenger ferry car decks. These are available in various sizes
for operation at a range of pressures and outputs.

General information about fires on board ships

Fire protection on ships is provided by detection and fire-fighting equipment to-
gether with structural features which are intended to contain an outbreak of fire and
the employment when required of non-combustible materials to prevent its spread.

For reference purposes fires may be grouped in four classes:

Class A: Fire of solid materials usually of an organic nature such as wood, furni-
ture, plastics, rope, etc.

Class B: Fire of liquids such as petrol, oils, paraffin, cooking fats, etc.

Class C: Fire of gases such a propane, butane, acetylene, etc.

Class D: Fire of burning materials such as aluminum, magnesium, etc.

And an electric fire: it may be caused by a short circuit or sparks. An electric fire
is a Class A, B, C or D fire. After the electric circuits are isolated, the fire is extin-
guished as normal according to its normal class.

Fire aboard can be disastrous. Common causes are:

Smoking
Conspicuous warning notices should be displayed in any part of the ship. Ashtrays
or other suitable containers should be provided and used at places where smoking is
authorised.

Electrical and other fittings

All electrical appliances should be firmly secured and served by permanent con-
nections whenever possible.

Flexible leads should be as short as practicable.Makeshift plugs, fuses should not
be used.

Circuits should not be overloaded since this causes the wires to overheat, de-
stroying insulation and thus resulting in a possible short-circuit which could start a
fire.

Spontaneous combustion

Dirty waste, rags, sawdust and other rubbish - especially if contaminated with oil
- may generate heat spontaneously which may be sufficient to ignite flammable mix-
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tures or may set the rubbish itself on fire. Such waste and rubbish should therefore
be properly stored until it can be safely disposed of.

Machinery spaces

All personnel should be made fully aware of the precautions necessary to pre-
vent fire in machinery spaces - in particular, the maintenance of clean conditions, the
prevention of oil leakage and the removal of all combustible materials from vulnera-
ble positions.

Galleys
Galleys and pantries present particular fire risks . Care should be taken in particular
to avoid overheating or spilling fat or oil and to ensure that burners or heating plates
are shut off when cooking is finished. Extractor flues and ranges etc should always
be kept clean.

The first line of defence against fire in any area of the ship, is the portable fire
extinguisher. Some common portable extinguishers that have been used at sea.

1.Dry powder can be used on wood, paper, flammable liquids, gaseous fires, live
electrical equipment.

2.Foam spray can be used on wood, paper and flammable liquids. It can not be
used to extinguish gaseous fires, live electrical equipment.

3.Water can only be used on a wood, paper and textiles.

4.Co2 can be used on a flammable liquids and live electrical equipment. Can not
be used to extinguish wood, paper and textiles.

REFERENCES:
1. Ship fire protection systems
http://generalcargoship.com/fire-protection.html
2. Fixed fire fighting systems
https://oceantimemarine.com/en/fixed-fire-fighting-systems/

297


http://generalcargoship.com/fire-protection.html

VJIK 811.111:656.61
Yuriev O., Hrynchuk H.V.
National University "Odesa Maritime Academy"
Modern vessels

Modern shipbuilding plays an important role in ensuring maritime safety, the
development of maritime transport and the environmental sustainability of the indus-
try, and therefore constantly strives to innovate and improve technologies and work-
ing methods. It is an integrated process of designing, building and maintaining ships
using modern technologies and methods.

Do you know what innovative types of ships exist?

With technological and engineering innovations, new opportunities are constant-
ly emerging to improve the functionality, safety and convenience of marine vessels.
There are many new and unique types of ships that have been developed or intro-
duced in recent years.

Types of ships that we will consider today:

1. Hybrid and electric ships

2. Hydrogen fuel ships

3. Platform ships for underwater exploration

4. Solar powered boats

5. Autonomous ships

6. Amphibious vessels or hovercraft

7. Underwater transport systems

Hybrid and electric ships

Hybrid ships use a combination of traditional power sources, such as diesel en-
gines, and alternative sources, such as electric motors or batteries.

This reduces emissions and increases energy efficiency. Electric boats run en-
tirely on electricity, making them cleaner and quieter.

Ships with hybrid and electric propulsion are becoming increasingly popular in a
bid to reduce emissions and reduce dependence on traditional fuels.

Hydrogen fuel ships

Hydrogen-fuelled ships use hydrogen as an energy source to produce electricity.
They produce zero carbon emissions and are one of the most environmentally
friendly types of vessels.Hydrogen still needs to undergo risk and explosion analy-
sis, studies into bunkering and onboard storage practices, and pressure release devic-
es and onboard fire prevention have to be developed.

Platform ships for underwater exploration

These vessels are designed to support underwater research activities. They are
usually equipped with modern equipment for scientific research, underwater life and
geological formations. Platform ships for underwater exploration are vital assets for
scientific research and exploration of the oceans. Their specialized design, advanced
equipment, and capabilities enable researchers to study and understand the oceans'
depths, marine life, and geological features. These vessels play a crucial role in ad-
vancing scientific knowledge, addressing environmental challenges, and promoting
sustainable ocean management. As technology continues to evolve, platform ships
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will likely become even more efficient and effective in their mission to explore the
world's oceans.

Solar powered boats

These boats use solar panels to convert solar energy into electricity, which is
used for propulsion. Solar boats are environmentally friendly and can be used for a
variety of purposes, including recreation and tourism.Solar-powered boats are more
efficient than gasoline-powered boats because they convert more of the sun's energy
into usable power. Gas engines convert only about 20% of the fuel's energy into use-
ful power, while electric engines can convert up to 90% of solar energy into useful
power.

Autonomous ships

Autonomous ships, often called unmanned vessels, are like self-sailing sailors of
the sea. They can perform tasks without needing direct human involvement onboard.

These ships use advanced technologies like sensors, artificial intelligence (Al),
and self-learning systems to navigate safely, steer clear of obstacles, chart routes,
and carry out other important functions. They come in various sizes, from small
boats to large container ships, and serve different purposes like transporting goods,
watching over maritime areas, conducting research, and more.

Amphibious vessels or hovercraft

Amphibious vessels are capable of moving both on water and on land. They are
lifted above the surface by a cushion of air, making them especially useful for opera-
tions in hard-to-reach or difficult environments.Both amphibious ships and hover-
craft are essential assets for military and humanitarian operations, each with its
unigue capabilities and advantages. Amphibious ships are large vessels designed for
transporting troops and equipment to shore, with the ability to launch landing craft
and support helicopter operations. Hovercraft, on the other hand, are versatile vehi-
cles that can travel over a variety of surfaces, making them ideal for accessing shal-
low waters and challenging terrain. Both types of vessels play critical roles in am-
phibious and rescue missions, contributing to the effectiveness and success of opera-
tions in diverse environments.

Underwater transport systems

These systems are means of transportation that can operate underwater. They can
be used to transport cargo and passengers, as well as for scientific research and ex-
ploration of the underwater world.

What conclusion can we come to?

Modern shipbuilding is undergoing a period of intensive development, introduc-
ing new types of ships capable of combining high efficiency with a reduced envi-
ronmental impact. New types of ships include hybrid and electric ships that use al-
ternative energy sources, as well as hydrogen fuel ships that can operate without
carbon emissions. Innovative underwater transportation systems and amphibious
hovercraft offer new opportunities for transportation and exploration in difficult to
access environments. In addition, solar boats and autonomous ships are examples of
environmentally friendly and innovative solutions in shipbuilding. These new tech-
nologies and concepts open up new horizons for shipbuilding, making it more sus-
tainable, efficient and adaptable to the challenges of the modern world.
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Drones have become increasingly common for a variety of maritime monitoring
operations. The European Maritime Safety Agency (EMSA) is making drones avail-
able for a range of tasks including monitoring and testing emissions from ships op-
erating in restricted areas well as coordinating with coast guards for safety and res-
Cue operations.

The Port of Antwerp and The Port of Rotterdam has also been testing drones to
monitor activity and maintain safety across the port complex.

The Ports Authority says it wants to find out if the drones are suitable for sup-
porting inspectors and shipping masters in their work. The trials are focused on sea-
going and inland shipping inspections by the Harbor Master’s Division on bunker-
ing, water pollution, ship-to-ship transfer, zoning for hazardous substances, shore-
to-ship transfer, air pollution (smoke or soot), and repairs on board vessels.

The primary task for the drones will be monitoring activity in the port. The Port
Authority reports for example, “if the drone detects an open tank filler cap, this
might be an indication of illegal degassing by the vessel.” They would then be able
to follow up with the specific ship to ensure that it is following the regulations.

Among the other tasks that they believe the drones would be suited for is moni-
toring during an incident in the port. They would be able to quickly have a drone
over the area to see what was happening and monitor the response. The drone can
also carry small cargoes of up to 3 kilos, such as refrigerated medical supplies, ves-
sel parts, or cargo samples, facilitating the transfer of such items in the port.

Inspection drones in the Ukrainian ports

The port of Yuzhny began studying environmental monitoring of the water area
using special drones back in 2019.

Such monitoring makes it possible to identify, localize and eliminate pollution in
the port waters.It is noted that before this, monitoring of the water area was carried
out only by vessels of the port fleet and during regular visual inspection of the water
area by specialists of the USPA security service.

The administration says that monitoring drones makes it possible to respond
much faster and prevent spills of pollutants in water areas and in the harbor, estab-
lish communication between economic entities, provide state supervision and con-
trol assistance and, using all possible forces and means, in the event of detection of
pollution in water areas .

Environmental monitoring using drones will be implemented not only in all ma-
jor Ukrainian ports, but also on river routes.

Drones to monitor sulphur emissions from ships

TheEuropeanMaritimeSafetyAgency (EMSA)
usesdronestomonitorsulphuremissionsfromships. Mostshipsrunonheavyfueloil,
whichcausessignificantemissionsofsulphuroxides . Theseemissionscauseairpollution,
acidrain, oceanacidificationaswellasrespiratoryandotherdiseasesinhumans.
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Thedronesareequippedwithsensorsthatdetectandmeasurelevelsof SO., CO2, NO2
and NO inshipexhaust. Thisallowsforremoteassessmentof a
ship’sfuelcompositionoutsideofport. Ifmeasurementsareabovethestipulatedlimit,
theship’sportofcallgets a notificationtoproceedwithfurtherfuelsampling.

Concretebenefits

Remotemonitoringwithdronesallowsmaritimeauthoritiestomeasuresulphuremissi
onsfrommorevesselsinlessamountoftime.
Moreefficientandprecisemonitoringmayinturnmakeitlessattractiveforvesselstousehig
hsulphurfuels. Inthelongterm, thiswillbenefitboththeenvironmentandhumanhealth.

Extensiveuseofremotesulphurmonitoringcanalsoimprovetheauthorities’
understandingandawarenessofwhereandwhenvesselsdonotcomply,
enablingthemtofocuscomplianceeffortswheretheywillhavethebesteffect.

Underwater inspection drones

Inspection of the hull of a ship can be done quickly and easily with the help of
an underwater drone. Everything must be inspected regularly to view and keep an
eye on its condition so that action can be taken quickly if necessary. This inspection
work is often labeled as risky assignments. Various constructions can be affected by
weather conditions, making the risks even greater.

The use of an underwater drone is particularly suitable for these purposes: safe,
convenient and cost-effective. The underwater drone is easy to control and via the
live streaming of the images to the surface, everything can be properly viewed and
assessed immediately.

An underwater drone can be quickly deployed for, for example, an inspection of
the hull of a ship or of the propeller. The images can be viewed and assessed imme-
diately.

The use of drones during PSC

Currently, the biggest single use of drones in shipping is for inspection purposes
and some class societies are already using drones as part of their survey programme.
The Chinese authorities actively use drones during PSC (Port State Control). This
allows for a much more comprehensive survey given the ease with which drones can
access hard-to-reach areas as well as reduce risks. Examples include:

inspection of flare stack, tops of cranes and confined spaces. If repair work is
necessary, the drone’s findings can be used in writing job specifications and access
requirements

remote inspection of the hull exterior or interior of tanks and other areas where
surveyors cannot get to during typical on/off-hire condition surveys or routine in-
spections

inspection during repair, conversion and newbuilding of ships or prior to hando-
ver

damage surveys (aerial/tank) after an incident

inspection prior to reactivation of ships

inspections of moorings and anchorages
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Marine drones are becoming increasingly popular in shipping. Thanks to the
work of these drones, monitoring the sea is much easier and safer. Technology is the
future.
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First, it is necessary to say that approximately ten years ago everything this arti-
cle will be about was literary impossible because of the absence of the needed for it
technology. Some institutes boasted of having several computers connected to the
internet at that time and there was not such a thing as mobile internet. But about five
years ago things began to change and with the establishing of fast mobile internet
services educators started to act as well. ‘Integratingtechnologyintoeducation pro-
videsstudentswithanengaginglearningexperience,allowingthem toremainmoreinter-
estedinthesubjectwithoutbeingdistracted. The utilisationofprojec-
tors,computers,andothercutting-edgetechnical gearintheclassroommaymakestudying-
fascinatingandentertaining forstudents’ [1]. That is correct to some extent because
nothing will substitute a human, but when there was an outbreak of Covid-19, peo-
ple did not have other choice and started using such platforms as Microsoft 365,
Zoom, Skype and others fordistance learning.

Now we have to agree upon the definition what the digital learning is: there is a
common opinion that it is the process of learning which is aided by technology that
gives studentsa kind of possibility to have control over time, place, path and pace at
which they gain their education. While speaking about time, we can say that stu-
dents are no longer restricted by it because they can learn anytime taking into con-
sideration that besides double periods they have plenty of self-study hours and in or-
der not to leg behind the group they have the possibility to attend consultations with
their teachers weekly just to have chance to catch up with the group. While speaking
about a place, we can say that students are no longer restricted by it either because
they can learn anywhere which is seen in our everyday life, for example, they can be
in other cities, villages, sometimes at a campus or even abroad and still have the
chance with the help of mixed learning ask their teachers to start say a zoom confer-
ence so that to join the double period or consultation. While speaking about a path,
we can say that students are no longer restricted by their teachers in choosing the
material because they can learn from different sources. While speaking about a pace,
we can say that students are no longer restricted by the pace of an entire group be-
cause knowing the curriculum they can adjust their timetables to learn at their own
pace and achieve the same level education as the rest of the group. To sum up it is
necessary to say that digital learning requires a combination of technology, digital
content and instruction.

Nowadays nearly everything might be done or solved distantly so when one has
a good high speed internet plan, they can get educational services distantly as well
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and this is an advantage if you are in the situations mentioned above or for people
with different disabilities. ‘The digitalclassroomentirelyfocusesonteachingvi-
atheuseoftechnology.Studentsusetechnologicalorinternet-connectedgadgetslikelap-

tops,tablets,Chromebooks,etc.Insteadoftakingnotesonwhatthe teacher-
hastaught,mostofthecurriculumisdeliveredtostudentson-
linethroughanengagingandinteractiveplatform.Despiteitsmany fac-

ets,educationisfundamentallyakindofcommunication. Theinternethasresultedintherise
ofnewcommunicationchannels,which haveextendedtheoptionsforthetransmissionan-
daccesstoeducationalinfor-

mation. Thesemediaandvirtualvenuesserveaslearningfacilitators’
[2].Variouscharacteristicsofadigitalclassroomarepresentedin Fig. 1. So having at
least a smartphone will get you involved into the educational process through partic-
ular groups in various messengers where you will be able to find plenty of educa-
tional material and your home tasks.
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Fig. 1 Features of a Digital Classroom are as follows [1]:

Needless to say that the internet and YouTube are full of readymade materials
which can be used by teachers in their everyday teaching practice. So it is only the
matter of being prepared well in advance with proper links which can be instantly
sent via a messenger group to every its participant to study and to get their thoughts
and ideas in class or distantly. ‘Educationalapplicationsandwebsitesareusedindig-
italclassrooms  toassiststudentsinimprovingtheirlearningexperience.Feedbackloops
andtechnologyaretwocriticalcomponentsofadigitalclass-
room.Feedbackloopsareessentialforstudentstoobtainreal-timefeedbackfrom their-
teach-
ers.Teacherscanusefeedbackloopstoprovidefeedbackdependingonmanyfactorssuchas
student,lesson,group,etc.PPTs,video presentations,e-
learningmeth-
ods,onlinetraining,andotherdigitalapproachesareincreasinglyusedintheteaching-
learningprocess’[3]. One of the possible outcomes is students creative work or a pro-
ject which they can show to the rest of the group or even at an international confer-
enceand defend their position as for the point of view they have chosen.

Besides the things mentioned above there a lot of tools on the internet which
both teachers and students can use in order to mutually inspire each other and they
are virtual boards. Some of them are worth remembering: Padlet, Jamboard, Miro,
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Conceptboard, Trello, Wooclap, Dashboard, and such digital tools as Canva, Genial-
ly, Slido and so on. They are good for placing your study materials there and for mu-
tual project work with your students.

Conclusion:

So we can say now that educators make use of digital learning in order to be at
the forefront of teaching English, for instance, as a second language and take a small
step ahead everyday into the unforeseen future together with their students. ‘Asare-
sult,classroominstructionisbecomingmoreparticipatory.Studentsmaynowlearnmanyto
picsontheirownbyusinginternetresourcesanddigitalclass-

rooms.Inschools,colourcharts,graphs,and modelsdescribethefinestinstruction-
oftheclass.However,theyare nowconsideredold-
fashionedmethodsofgivingeducation.Education intheclassroomisnolongerrestrict-
edtoreadingbooks,writingonthe blackboardtoexplainchaptersandcon-

cepts,andtakingnotesintheir books’ [4].

REFERENCES:
1. Understandingtheroleofdigitaltechnologiesineducation:Areview: SustainableOpera-
tionsandComputers / AbidHaleemet al.VVolume 3.Beijing :KeAi Publishing, 2002.P.
276.
2. J. Roschelle, M. Sharples, T. W. Chan, Introduction to the special issue on wire-
less and mobile technologies in education, Journal of Computer Assisted Learning
21 (3).Menlo Park :Blackwell Publishing Ltd,2005. pp. 159-161.
3. F.Ozdamli,N.Cavus,Knowledgesharingtechnologiesinhighereducation:Preference
sofCISstudentsinCyprus,EducationandInformationTechnologies26(2).Nicosia
:SpringerScience+BusinessMedia, LLC, 2021.pp. 1833-1846.
4. H. L. Schnackenberg, Tablet technologies and education, International Journal of
Education and Practice vol.l (4).StateUniversityofNewY orkatPlattsburgh
:ConscientiaBeam, 2013. pp. 44-50.

306



VJIK 811.111:378.091.33 (045)

Hikonaesa T.C.
HamionansHuit yHiBepcuteT «Opechbka MOpPChbKa akaieMis»
IlepeBepuyTHii kiaac: IHHOBaUIHUN MiAXiA 10 HABYAHHSA

Ha cyuacHomy erari po3BUTKY YKpaiHU, HAaBYaHHS KypCAHTIB BUIIMX HAaBYAJIb-
HUX 3aKJIaJiB 1HO36MHOI MOBHM HaOyBa€e OCOOJIMBOI akTyallbHOCTI. . EdhekTHBHA KO-
MYHIKaIllg Ha 1HO3EMHUX MOBaX, IO JIO3BOJIIE OOrOBOPIOBATH POOOYl MOMEHTH Ta
OOMIHIOBATHCS JOCBIZIOM 3 3aKOPJOHHUMH KOJIETAMH, € Ba)KJIMBOIO KOMITETCHIIIEIO
IUJI Cy4acCHOI JIFOIUHU.

JIst MOCSITHEHHSI TaKWX pPe3yJbTaTiB y HAaBUYAHHIHEOOX1THOBIPOBAIHKYBATHUCY-
YacHI METOIMBUKJIATAHHSIAHTIIIHCHKOIMOBH, IO BIMOBIIal0Th MOTpeOaM TUHAMIY-
HOT'OOCBITHBOTOIIPOIIECY.

MeTton nepeBepHyTOro Kiaccy Mae cBOi KOpiHHsS B poOoTi J>koHaTana beprmana
ta Apona CamMepca, BUKJIaaadiB 3 XiMii B mkoii y mictiBynnang [Tapk, mrar Ko-
nopano, CIIIA. Bonu movanu BUKOPUCTOBYBATH IIeH Miaxia y cBoikmpaktuill y 2007
pOIIi, KOJIU BOHH CTaJM 3alIUCyBaTH BIJCOYPOKH JIJIsi CBOIX CTYJ/EHTIB, K1 BOHM Iie-
perisiaiy nepea Kiacom, mod MaTu OuIblle yacy Ha MPaKTUYHI BIIPAaBU Ta OOTOBO-
PEHHS T1]] 4ac YPOKY.

Inest mepeBepHyTOro Kjaccy MIBUAKOMOIIMPHUIACS CEpEBUKIAAAUIB 1 cTajla Mo-
nyJsspHOIO y OaraThbox KpaiHax. BoHa TakoXx 3HallIa CBOE 3aCTOCYBAHHS Yy
BUILIAOCBITI, 30KpEMa YHIBEPCUTETaX, /1€ BOHA BUKOPUCTOBYETHCA JUISl 3AIy4CHHS
CTYJICHTIB JI0 aKTUBHOT'O HaBYaHHS Ta CTUMYJIFOBAHHSI KPUTHYHOTO MUCJICHHSI.

Mogenp mepeBepHYTOro Kiacy HpeaCcTaBisie OO0 MapagurMaibHUN 37BUT B
OCBITI1, IEPEOCMUCITIOIOYH TPAAUIIIHHI POl BUKIaAayiB 1 cTyaeHTiB. Llei miaxin, ta-
KO BIJIOMHIA SIK 3BOPOTHE HaBYAHHS, TIEPEBEPTAE TPAIUIIHHY MOJICTbHABYAHHS, 1€
BUKJIAIANYUTAIOTH JICKI[Ii HA ypOoKaX, a CTyJICHTH BUKOHYIOTHh 3aBIaHHS BIOMA. Y
MEPEBEPHYTOMY KJIACC ICTYJEHTH 3HAWOMIISITRCA 3 HABYAIBHUMM arepiajoM 3a
MEKaMH KJIacy, 4acTo 4epe3 BieoaOOuMTaHHS, a yac Ha ypolll BUKOPUCTOBYETHCS
JUISl IHTEPAKTUBHUX, CIIJIBHUX aKTUBHOCTEH, 1110 3aKPITLIIOIOTH HaBYaHHS.

MeTonu 3aCTOCYBaHHS IEPEBEPHYTOTO KIacy:

1. ITinroToBka: BubipabocTBOpeHHsIHABYAIbHUXMATEpiaiiB (Bi1€0, YATAHHS, Te-
CTH) JIJIsl CTYJICHTIB JIJISl TIEPETJIsiia mepe/l KJIacoM.

2. 3anarta B knaci: Po3poOkaiHTepakTHBHHMX3aBaHb, SKiIO3BOJSIOTHCTY/ICH-
TaM3aCTOCOBYBAaTUBHMBUCHIKOHIICTIII1, TAKUX K OOTOBOPEHHS, IPYIOBIIPOEKTH, PO-
3B'sI3aHHS 3a]1a4 a00CUMYJIALIII.

3. OuintoBanHs: BukopuctaHHsA()OpMaTUBHOTOOIIHIOBAHHS JUIsl  OIL[IHKUPO-
3YMIHHSICTYJIEHTaMUMATepiady J0 1 MCIIKIacy Ta HaAaHHSA3BOPOTHOTO3B'SI3KY .

4. Pednexciga: 3a0X04eHHSACTYIEHTIBpe(IIeKCYyBaTUCBIMHABUYAILHUUIIPOLIEC, K
110, TaK 1 MICIIS YPOKY, JIJIs MOKPAIICHHAIXMETaKOTHITHBHUXHABUYOK.

5. IlocTiitHeBAOCKOHANEHHA: 301pBIATYKIBBIICTYICHTIB JJIs1 BIOCKOHAJICHHS Me-
TOJly TIEPEBEPHYTOTO KJIaCy Ta BHECEHHSI3MIHBIAMOBIIHO 0 iX MOTPEO.

[lepeBaru MeToTy MEpEeBEPHYTOTO KIACY:

- 30inpmeHHs3aTy4eHocTl: CTyIeHTHOUIbII aKTUBHO 3aJy4aloThCcsl 10 Ma-
TEpiaTyTiJl Yac 3aHsTh, @ HE MPOCTO CIyXaIOTHICKIIII.
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- IlepconanizoBaneHaBuanHA: CTYyJ€HTUMOXYThIIPOCYBAaTUCS Y HaBYaHHIBIIAC-
HUM TEMIIOM, 3yMUHSIIOYU Ta MEPEMOTYIOUUBIICO 3a TOTPEOOIO.

- [Tokpamenuszanam'sToByBaHHs: AKTUBHEHABYAHHS Ta 3aCTOCYBAHHS KOHIIEI-
AT Yac 3aHATh MIBUIYIOTh PO3YMIHHS Ta 3amaM'sTOBYBaHHS.

- MosxnuBocTi s nudepenitianii: Bukiaagadi MoXXyTh Ha/laBaTU 1HAUBITYyIbHY
HIITPUMKY CTYJ€HTaM, K1 IIbOTO TOTPeOYIOTh.

[Ipuknaza 3acToCyBaHHS NMEPEBEPHYTOIO Kiacy JJisi HaBUYAaHHS aHTIIIMCHKOT MOBH
KypCaHTIB MOPCBHKOI akajiemii MOke BKJIIOUATH MIATOTOBKY HaBUaJIbHHUX BiJIEO MPO
HeoOX1Hy Temy, Hanpukiaa «KOHCTpyKIio CyaHay, sIKl KypCcaHTH MeperisgaloTh
nepen kiaacoM. Ha ypolii BOHM MOXYTh MPAIOBaTH B IPyMax Jjisl CTBOPEHHS CXEM
KOHCTPYKLII CyaHa Ta OOrOBOPEHHAIX, IIO0 JO03BOJIAE IM 3aCTOCOBYBAaTH Ta 3a-
KPIIUTIOBAaTH BUBYEHUI MaTepia.

Tema ypoxy: KoHcTpykKiiis cyiHa

IIman ypoky:

1. ITigroToBKas0 ypoka:

- Kypcantu neperisiiatoTs BiJ1€0 PO OCHOBHI €JIEMEHTH KOHCTPYKLIL Cy/IHA.

- YuTaThCTaTTI MNP0 BAXKIUBICTb KOXHOTO E€JIEMEHTAaKOHCTPYKIi Ta
HorodyHKIIii Ha Cy/IHI.

2. 3aHATTA B KJIACi:

- OOroBOpPEHHSAKIIOYOBHX MOHATH Ta TEPMIHIB, MOB'SI3aHUX 3 KOHCTPYKIIIEIO
CyJHa.

- 'pynoBa po0oTa HaJ CTBOPEHHSIM CXE€MHU KOHCTPYKIIii Cy/IHAa, BAKOPUCTOBYIO-
YU HOBI3HAHHSI.

- [IpesenTarrist cxeM KypcaHTaMu Tiepe]] KI1acoM.

3. OuiHOBaHHS:

- IlpoBenenns tecty 3 temu "KoHcTpykuis cygHa" s HEpeBIPKUPO3YMiH-
HsMaTepiamy.

4. Pednexcis:

- KypcanTuBin3nayaroTbHaHO1IBIICKIIAIHIA00I[IKAaBIMOMEHTH Y BUBYCHH1 TEMHU.

- Buknanaunae3BopoTHUI3B'A30KIOIOPOOOTH HaJ CXEMaMHU Ta BUCBITIIOEOC-
HOBHIACIIEKTH, Ha SIKIBAPTO3BEPHYTHYBAry.

[e#t miaxig 10 HABYAHHSA JOMIOMArae Kypcantam 3/100yTH TuoIiIe po3yMiHHS Ta
Kpalle 3amam'siTaTi MaTepial, Mo € BaXIUBUM JIs IXHBO1 MallOyTHBOI podeciitHol
TISUTBHOCTI.

JInst cTBOpEHHABAAIMXYPOKIB 3a Temoro "KoHCTpykiis cyaHa" 3 BUKOpPUCTaH-
HSIM METOJTy MEPEBEPHYTOTO KJIACYBHUKIIAIaYMOKEBUKOHATHHACTYITHI KPOKH:

1. BubipabocTBOpeHHSIHABYAIbHUXMa-
TepiaiB: BukiagaumMokeniaroTyBaTuBi1e0ad0CcTaTTI PO  OCHOBHICJIEMEHTHUKOH-
CTPYKIUIi cy/Ha Ta IXQyHKIII].

2. [linroroBKa3aBaaHp sl ONMUTYBaHH:: BUKIaqauMoXKecTBOPUTH TECTU a0OTH-
TaHHS I TEpPEeBIPKUPO3YMIHHSAMATEpIaNy, SKICTYACHTUMOXYThBUKOHATH TMEpe[
YPOKOM.
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3. [1nanyBaHHSAIHTEPAKTUBHUX AKTUBHOCTEN Ha
ypoui:BukiagauMoxepo3poOUTUTpyOBI3aBJaHHsl UIi  CTBOPEHHSI CXEM KOH-
CTPYKIIIi Cy/THa Ta 0OTOBOPEHHSIX Ha YPOII.

4. IlpoBenenns ypoky: Ilig yac ypoky BHKIa1auyMOKECHPSIMOBYBAaTUKYPCAHTIB
Ha aHai3 Ta OOrOBOPEHHSKIIIOUOBUX IOHATh Ta TEPMIHIB, IOB'I3aHUX 3 KOH-
CTPYKLIEIO CyJIHA, a TAKOXK HA PO3B'I3aHHANPAKTUYHUX3aB/IaHb.

5. ®opmyBaHHA3BOPOTHOTO3B's13Ky:Iliciast  ypoky — BHKIIagaumoxe3i0pa-
TUBIATYKUBIAKYPCAHTIBIIOJOIXHEOTOPO3YMIHHS TEMU Ta BUKOHAHHS3aBIaHb.

6. Ilincymok Ta BUCHOBKHW:BuKIanmaumMoxeniicyMyBaTH YpOK, MiTKPECIUTUTO-
JIOBHIMOMEHTH Ta 3alMTATUCTYICHTHUB, 1110 BOHU BUBYIIIH.

CTBOpEHHSALIIKAaBUX Ta 1HTEPAKTUBHUXYPOKIB 3a JOMIOMOTOI0 METOAY IepeBep-
HYTOTO KJIacyJOMOMOXEKypCaHTaMKpaIe3acBoiTUMaTepian Ta pO3BUHYTHCBOI3HAH-
HS Ta HABUYKH.

Jljis CTBOPEHHSBAAIMXYPOKIB 3 BUKOPUCTAHHSAM METO/AY MEPEBEPHYTOrO Kiacy
BUKJIaJaUMO>KEBUKOPUCTOBYBATUHACTYIHIIIIATQPOPMHU 1 IHTEPHET-PECYPCH:

1. Bineoypoku:

- YouTube: BukinanauiMoxyTh3HAUTHAOOCTBOPUTHUBIJICOYPOKHUHA TEMY YPOKY,
MIOOCTYIEHTHU MOTJIM NIEPETIISIHYTUIX Tepe]] KJIaCOM.

- Vimeo: [Hima mnatdopma a1t po3MIllEeHHs Ta Meperiisiy BiJieo, ika Moxke 0y-
TH BUKOPHUCTaHAa JJI1 CTBOPEHHSHABYAJILHOT OBlJIeoMaTepiaiy.

- OpenShotVideoEditor: Ile 6e3xomToBHNI BiIcOPENAKTOP 3 BIAKPUTHUM BUXIJI-
HUM KOJIOM, SIKUH JI03BOJISIE BAM CTBOPIOBATH Ta PEaryBaTH BiJCOYPOKH.

-Screencast-O-Matic: Ils muratdopma 103BOJIsIE 3aMUCYBATH €KPAH KOMITHOTEPA
Ta J0JaBaTU KOMEHTAap1 AJis1 CTBOPEHHS B1JIEOYPOKIB.

-Loom:IlenonaTok njst 3amucyekpana Ta BeO-KaMepH, SIKUH03BOJISEBUUTEIISIM-
CTBOPIOBATHBIICOYPOKH Ta HAJCHUIATUIXYIHSIM.

-Googlellpe3enTarii: BukianauiMoKyThCTBOPIOBATUIIPE3CHTAIlIl Ta JI0JaBaTH-
TOJIOCOBHIKOMEHTAP /10 KOXKHOTO Claiiia Jijisi CTBOPEHHSIBIICOYPOKIB.

2. EnexTpoHHI KHUTH Ta CTaTTI:

- Google Kuauru: Jlo3BossentykaTu Ta 3HaXOAUTHEICKTPOHHI KHUTH 31CTaTTSIMU
PO TEMY YPOKY.

- AxaneMiuHDKypHaNU: JesaKiKypHaTuHAAAIOTh TOCTYII A0 CTaTei 3 HAyKOBUX-
JTOCHTIKEHb, SKIMOXYTh OyTH KOPUCHMMH JUIsl BUKJIQJadiB TpPH IMIATOTOBI[IMA-
Tepilany s ypPoKy.

3. Tectu Ta 3aBaaHHA.

- Google®opmu: [103BOJIAE€BUNTENIMCTBOPIOBATH TECTU Ta OMUTYBAHHS IS T1€-
PEBIPKUPO3YMIHHIMATEPIAy Mepe]l ypOKOM adoIIil yac HbOTO.

- Quizlet: [lnaTdopma, e MOXKHACTBOPIOBATHHABUAIBHIKAPTKU Ta TECTH IS
BHUBUYCHHSHOBHXTEPMIHIB Ta MOHSTh.

4. CucremuynpasniaasHaBuanusaM (LMS):

- Moodle: J03BOMsi€BUNTENIMCTBOPIOBATUKYPCH Ta MaTepiain g HUX, a Ta-
KO)KBUKOHYBATHBIACTS)KCHHIIPOTPECYCTY ICHTUB.

- Canvas: [nma mmardopma A1 CTBOPEHHS OHJIAMH-KYPCIB Ta B3a€MOJIL 3 CTY-
JICHTAMUII]] YaC HaBYAHHSI.
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5. Ilnardopmu 1u1st criBmpari Ta 0OrOBOPEHHS:

- Slack: Jlo3BouisiecTBOpIOBaTH KaHAIW JUIsl CHIJIKYBAHHS Ta CHIBIpaI[iMIXXBYH-
TEJISIMH Ta CTy/ICHTaMH.

- Microsoft Teams: Ilmardopma nms cmiBmpaii Ta KOMYHIKaIli, ska Ta-
KO>KMAa€iHCTPYMEHTH JIJIsl CTBOPEHHS Ta 0OrOBOpPEHHIHABYATILHUXMATEPialiB.

[{iiHCTPYMEHTHIONIOMOXYTh BHKJIaJadyCTBOPUTHUIIIKABUI Ta €PEKTUBHUN ypOK
3a JIOMOMOTOI0 METOJy TMEPEBEPHYTOTO KiIacy, CHPHUIIOYHKPANIOMY3aCBOEHHIOMA-
Tepianay Ta pO3BUTKYHABUUOKCTY/ICHTHB.

MeTton mepeBepHYTOro Kiacy - IereAaroriYHUMmIX11, MI03MIHIOETPAAHIIIiHI-
MeTonuBUKIagaHHs. Llelniaxin mepeHoCHTh akKIEeHT 3 BHKJIaJada Ha CTYJCHTa,
CIPUSIOYN aKTUBHOMY 3alTy4€HHIO, CIIBIPalll Ta KpUTHYHOMY MHUCIICHHIO.
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