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

YK 629.563.42

['onixoB B.A., I'omikos B.B., Kpymos [.B.
Hamionansauii yHiBepcuteT «Ofechka MOPChKa aKaaeMis

BusHaueHHs NPOMYCKHOI 3IaTHOCTi BHYTPIlIHBOT0 KaHaay nopty «k:xkuuib»

[IputinsTo, 1m0 pyX ycixX cyjaeH Oyae 3M1MHIOBATUCS JIUIIE TI0 KaHATy. Y 3B’S3KY
13 IIUM BU3HAYEHHS MIPOITYCKHOI CIIPOMO>KHOCTI KaHAITy ¥ IPU3HAYEHHS PEXKUMY PY-
Xy CYJeH 3A1MCHEHO BIAMOBIIHO 10 npoleaypu Bukiaaenoi y PJ[ 31.31.47-88 «Ho-
PMU TIPOEKTYBAHHSI MOPCHKUX KaHATIBY» [2].

3rilHO0 HOpPM, BUXITHI JaHl JJi1 PO3pPaxyHKIB TNapameTpiB KaHaly IOBHHHI
BKJTIOUYATHU:

B1JIOMOCTI IPO PO3MIPHU PO3PaXyHKOBOTO Cy/IHA;

B1JIOMOCTI MPO TJIaHOBAHUM CYJTHOMOTIK;

XapaKTePUCTUKU MPUPOJIHUX YMOB pailoHy IIPOKIAAKU TPACU KaHATy;

3a pa3paxyHKOBE CYyJIH MPUUMAEThCS KOHKpETHE a00 yMOBHE CyaHO. BimomocTi
PO HHOI'O MOBUHHI BKJIIOYaTH: D — BOIOTOHHAXKHICTD, T; ' — OCaJIKy CyJIHa Ha PiB-
HOMY Kinmi 6e3 X0o4y y BoAi cranaapTHoi minbHOCTI (p=1025 kr/m®), m; B — mmpuny
no Migento, M; L — MOoBKUHY MiK meprneHaukynspamu, M; A=Aq/A| — BiIHOIICHHS
TJIOIII TTAPYCHOCTI HAJBOIHOI 1 ITiJIBOJIHOT YACTHH KOPITYCY.

B ocHOBY po3mipiB yMOBHOTO cyaHa OepeThbCsl BEIMYMHA OCAJIKH, 1HIII €JIeMCH-
TH BU3HAYAIOTHCS 3aJICKHO BiJ| TUITY CYJIHA 11O (popMymax:

D=36'TB=t-T,L=c-T, (1)

ne ¢, t — koedimieHTH, K1 BU3HAYAIOTHCS 110 TaoI. 1.

A=12 (HIT), (2

ne H — BucoTta HalBOJTHOTO OOPTY, M.

Tabmuis 1 — Busnauenns xoedimieHTiB t Ta C

Twun cygHa
Roe- Mopcb- MNaca-
bium- | Yausep- | flixte- Kombi- Up KoHTei- L Byrne-
TaHkep | [a30B03 KWK no- Nicosi3 | »xup-
eHT Ca/ibHe | poBO3 HOBaHe HepoBO3 pyAoBO3
pom CbKe
t 3,3 3,5 2,6 3,0 2,4 3,6 3,2 2,4 4,0 2,7
c 17,5 18,2 17,5 16,5 15,5 19,5 17,8 17,5 20,1 17,2

BimoMocTi po mraHOBaHM CYTHOTOTIK TOBUHHI BKITFOUATH:

KUIBKICTh CYJTHOTPOXO/IIB Ha PIK 1 CEPeAHBOI000BHI CYHOIOTIK MPOTITOM Mi-
CsIS 3 HAOUTBIIMM CyTHOOOITOM;

CKJIaJ] Cy/THOMOTOKY IO THUIIaX CYJEH, IX po3Mipax 1 KiabKOCTi. BimikoBwuii pi-
BEHb TTIMOMHU KaHaTy MPU3HAYAETHCS 13 3a0€3MEUEHICTIO Bij



98% mo 99,5% (BimnmoBigHO Mo Tab6m. 2 m. 12.5 CHIill 2.06.01-86), ne BxigHUM
aprymeHToMm € pi3Huusg piBHIB 50 % 3abe3nedeHocTi Hspy 1 MIHIMAIBHOTO PiBHS
Hpin, 1110 criOCTEpITaBCH.

[Ipu pexoHCTPYKIIii AIFOYMX KaHATIB JOIYCKAEThCS, MPU JIOCTATHHOMY OOTpPYH-
TyBaHHI, 30epiratu pasiiie MPUHHIATHN BIJIIKOBUN piBeHb IMUOWHM KaHainy. [Ipu-
BEJICHHS HaBIramiitHoi TIMOMHM TPHW MpH3HAYCHIN 3a0e3MedYeHOCT] PIBHS 0 HYIS
IMOWH MOPCHKOT HaBIraIiiHOT KapTH MPOBOIUTHCS MO POPMYIi:

d.=dn+AH, (3)

ne d; — rmbuHa, Bka3aHa Ha KapTi, M; AH — pi3HuI aOCOTIOTHIX 3HAYEHD TIPH-
3HAYEHOTO BIUTIKOBOTO PIBHA 1 PiBHS MPUIHATOrO Ha MOPCHKIN HaBITramiiHii KapTi,
M; d, — HaBiramiiHa riuOWHA KaHATY, M.

BiamoBigHO 3MiHIOETHCS 1 TpoekTHA TmOnHa d kaHamy, [1pu oMy J101aTKOBO
BpPaxOBY€ThCS HACTYITHE:

['MuOuHM Ha MOPCHKUX HaBITAIlIMHUX KapTax HaBEJEHO g 0e3 MPUIMBHUX MO-
PIB IO CepeIHhOr0 OAraToJiITHHOIO PiBHsI, TOOTO MarOTh 50% 3a0e3nedeHICTh; s
MOPIB 3 MPUIUITMBHO-BIUIMBHUMU SIBUIIAMHU — J10 HAMHIKYOTO TEOPETUUHOTO PiBHS,
10 Ma€ Ha yBa3i JUIIE aCTPOHOMIYHI YAHHUKHU.

[Ipu (Hso% — Hmin) > 1,40 M, BI/UTIKOBUH piBeHb MIMOWHU Ma€ OYTH TaKuM, 1100
3a0e3meuyBaBcs MPOITYCK MJIAHOBAHOTO CYHOTIOTOKY.

Hagiraniiina rimouna d, i mpoektHa riuouHa d (puc. 1) kaHaly BU3HAYAIOTHCS
o opmynax:

dy = (THAT) + £ Zo _ 3, 4)

d=dy + Z4, (5)

ne T — ocajgka po3paxyHKOBOTO CyJiHa, M; AT — momnpaBka Ha 3MIHY OCaJIKU PO3-
PaxyHKOBOI'O CYyJIHA MPHU MIUILHOCTI p (COTOHOCTI %0) BOJU B paiiOHI MPOEKTOBAHOTO
KaHajy, 10 Bigpi3HsAeThCA Bix cranmapTHoi p = 1025 kr/m%;, Bennunna AT Bu3Ha9a-
€TbCA 1O TaOM. 2; Zo - 3 — CyMapHUN HaBITAllIMHUIN 3amac riamOuHU, M; Z4 — 3amac
INIMOWHYU HA 3aMYJTIOBAHHS, M.

Pucynok 1. [Toriepeuni npodini cyaAHOBOT0 X0y (IIPUPOIHBOTO Ta IITYYHOTO)
Tabmurs 2 — XapakTeprcTUKa BIUTMBY MIUTFHOCTI MOPCHKOI HA MOTMPABKY ISl OCAAKHU CY/-

Ha

[linbHicTh p, KI/M° Comnonictb %o AT, M

1025 32 0,000 T
1020 26 0,004 T
1015 20 0,008 T
1010 13 0,012T
1005 7 0,016 T
1000 0 0,020 T
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[TpumiTka. BanTakHa mikama MOPCHKHX CyIE€H OyAy€ThCS B MPUITYIICHHI, IO
CYJIHO IIJIaBa€ y BOJII CTAaHIAPTHOI MIIILHOCTI (p = 1025 xr/™mM3).

Cymapuuii 0e3neynuii HaBirauiiiHuii 3anac rIMOMHU BU3HAYAETHCA MO op-
MYJIi:

YXZo 3=21+2r+ 723+ 2o, (6)

ne Zi — MiHIMaJIbHUHN HaBiraIliiHUM 3amac, HeoOX1THUM 11 3a0e31eueHHs Kepo-
BaHOCTI CyJHa, M; Z — XBUJICBUI 3allac Ha 3aHYPEHHS Kpalo CyJHa MpU XBHIIOBaH-
Hi, M; Z3 — MIBUIKICHUN 3arac Ha 3MiHY OCIJIaHHS CyJHA Ha XOJy Ha THXid BOJI B
MOPIBHSHHI 3 OCITaHHAM 0€3 X0y, M; Zo — 3amac Ha KpeH CyJIHa, 1[0 BUHUKAE BiJl il
PO3pPaxyHKOBOTO BITPY 1 TIpOJUHAMIYHUX CHJI Ha TIOBOPOTI, M.

Miunimanbanii HaBiramiiinuii 3anac Zi, M, BU3Ha4a€ThCA 1O Tabm. 3 y 3ayiex-
HOCTI B1J1 OCaJiKu cyaHa T 1 BUIly TPYHTY.

Tabnuns 3 — BuznaueHHs MiHIMaIbHOTO HaBIraliiHOro 3anacy Zi, M

FPYHT AHa B iHTepBani Mix d, i (dn+ 0,5), m Zi, M
Myn 0,04T
HaHOCHWIA rpyHT (NiCOK 3amy/iIeHUIA, paKkyLua, rpasii) 0,05T
LWinbHMIA rpyHT, WO 3/1eaBca (MiCoK, rMKHa, CyniCoK, CYr/IMHKWK, 0,06T
ranbka)
CkanbHuM TPYHT, BaNYHMW, 3UEeMeHTOBaHiI nopogm (nilwaHmKn, 0,07T
BaMnHAKK, Kpenaa i iH.)

[Mpumitku: 1. [Tpu HeogHOPITHKUX IPyHTaX B iHTepBaii Mix Oy 1 (dy + 0,5), Bpa-
XOBY€ThCA HAWOUIbII MITBLHUN TPyHTY; 2. [Ipu miimpHOMY IPYHTI, IO 3J€XKaBCH,
CKaJIbHOMY TPYHTI, IPYHTI 3 BKJIFOUEHHSIM BJIYHIB 1 31IEMEHTOBAHUX TOPIJ JTHOIOT-
TMOIIIOBaIbHI pOOOTH MOBMHHI 3aKIHUYBATHCS TMEPEBIPKOIO MIMOMHM Tiaporpadiy-
HUM TpaJICHHSIM.

XBuwiieBuii 3anac Z; 1Jiss OAUHOYHOIO CY/JHA i Cy/JeH, 10 PO3XOJAThCsI, BU3HA-
YaeThes MO rpadikax 300pakeHHSIM Ha pUC. 2, 3aJ€KHO BlJl JOBKHUHHU PO3PAXYHKO-
Boro cyaHa L, M, uncina ®pyna i hay, BucoTn Xt 3% 3a0e3MEeYeHOCTI B CUCTEMI
XBWJIb HAUOUIbIII HEOE3MEYHOr0 HANPsIMy B pailoH1 CYJTHOBOT'O XOAY IpH il po3pa-
XyHKOBOro BiTpy. LIIBuAKICTh BITpY @ NpUIMAETHCS 3 YMOB KE€POBAHOCTI CyJIHA 1
nopiBHIOE SV.

LM

" \ L\
YN RN

a

JKITHA CYL
N
S 2
&

R AN S
% \\\\ Fr=/\/g

0,06 0,10 0.I5 0,20

J1oB
8

Pucynok 2. Homorpama BusHaueHHs yncna Opyna s po3paxyHKOBOIO CyAHA MO HOTo JOBXKHHI
L, M 1 BHUIKOCTI V, BY3.

11




IIBuakicHuid 3anac Z3 mig yac pyxy OAMHOYHOI0 CyJAHA BU3HAYAETHCA 32 J10-
rmomororo rpadikis 3 PJ[ 31.31.47-88 «HopMu mpoeKTyBaHHS MOPCHKUX KaHAIIBY.

Ipuuyomy puc. 3 3 PJ[ 31.31.47-88 cirykuTh 1151 BABHAUYCHHS IIBUAKICHOTO 3a-
nacy mnpu pyci cyJHa Ha MUTKOBia1 Z3. 3HaueHHs uynucna Opyna Fr BusHavaeThest Ha
puc. 2. X213 = Z1 + Zy + Z’3. Z3 BU3HAYAETHCSI METOJIOM TTOCIIIOBHUX HAOJIMIKEHb.
Benuunna TpeThoro A0 noaaTky Z’s, MO BXOAWTHh B XZj.3, CIIOYATKY MPUUMAETHCS
piBHoto 0,35. 3 rpadika BuOUpaeThcsi Z3 MOTIM, 3Hal/IeHEe 3HaUYCHHS Z3 MiACTaBIIs-
€ThCSl B XZ1.3 3amicTh 0,35 1 oOunCICHHS MOBTOPIOIOTHCS. SIK mpaBmiio, il oOMe-
KYIOTBCS IBOMA TIEPIIMMH ITi/ICTAHOBKaMHU.

BucHoBku

Hapenenuii rpadiuHo-TaOMMyHUNA CHOCIO BU3HAYEHHS MPOIYCKHOI 3AaTHOCTI
KaHaJIIB MOPTY JOLIJIBHO 3aCTOCOBYBATH Ha CTAAIsIX MPOTHO3YBAHHS JHOMOTINOIIO-
BAJIbHUX POOIT Ta PO3POOKH TEXHOJIOTIYHUX KapT ISl BCTAHOBJICHHSI HaBIiraliiHUX
rIMOWH 71 0€3MEYHOT0 MTPOXOKEHHS 110 KaHally MOPTY BETMKOTOHAKHUX CYJICH.

JI1s modaTtKy JHOMOTIMOIIOBAILHUX POOIT HEOOXiaHI JAaHl MPO TIAPOTEXHIYHI
rIIMOWHY, sIK1 0a3yIOThCSl Ha pe3yJibTaTax OTPUMAaHUX MPOMIPHUMHU MapTisIMHU T1APO-
TEXHIYHUX TJIMOMH 3a YYacTIO MPEJCTAaBHUKIB 3arajbHOl KUIBKOCTI TPYHTa, 30
MJUTSITa€ BUSIMII.

Ha »anpb, 3acTocoBanuii crocid He BioOpaka€ MOMKJIMBICTh KOHTPOIIIO SIKOCTI
JTHOMOITUOJIEHHS y pealbHOMY Yacl y BY3KOCTSIX KaHaNIB 3 YIIOBUIBHEHOIO TEUIEIO.

CIIFICOK BUKOPHUCTAHHUX JPKEPEJL
PJ1 31.31.47-88 «Hopmu nmpoekTyBaHHS MOPCHKHX KaHaJiB», 52 C.

YK 656.61.052

['omikoB B.A., n.1.H., mpodecop, Kpynos 1.B., acnipant
Hamionanpauii yHiBepcuret «Oiechka MOPChKa akaaeMisDy

AHaJi3 aBpapiiHMX NPUIOJ 3 3¢eMCHAPAAAMHU NP BUKOHAHHI
JHONOTJIMOJII0BAJILHUX POOIT

JlnonornuOoBaNIbHI Cy/HA, 110 TPAIIOI0Th Ha KaHam ado ¢apBaTepi, a TAKOXK B
THIIMX MICIIX Ha NUIAXY TPAIfOBAHHS TPAH3UTHUX CYJIEH Ta BIHCHKOBO-MOPCHKHUX
KopalJIiB, 32 BECh Yac MPOBEICHHS JHOMOMIMOIIOBAIBHUX POOIT, KOJIM BOHU OOMe-
KEH1 Y MOMJIMBOCTI MaHEBPYBaTH, BCTAHOBIIOIOTh BOTHI Ta 3HAKH, 10 MPHUMUCAHI
npasuiiom 27(B) MII33C-72, 1 k1o icHye nepemkoa s IpoXoy 1HIIUX CYJIEH,
TO J0JaTKOBO Ha Mepimx (KapaBaHax, 3eMJICCHAPSIaX, TOIIO) BCTAHOBIIOIOTHCS BO-
T'HI Ta 3HaKU PO3TAIIOBaHI 1O BepTUKaIi [1].

JlHonornuOIroBaibHE CYJIHO, SIKE 3A1MCHIOE THOMOIIMOJIOBAIBHI POOOTH TIPU
oOMeXeH1 BUAOMOCTI, MEHIIIOT HI’K 3-U MUJI, MOJA€ 3BYKOBI CUTHAJIM BiJMOBIIHO
npaBuiy 35 MII33C-72 anst cyneH, 1o CTOATh Ha SKOP1, a IS MMONEPEeKEHHS CY-
JIeH, 10 HAOMMKAIOTHCS, PO CBOE MICIE3HAXOKEHHSI Ta MOXKJIUBICTh 31TKHEHHS
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MO/Ia€ TPHU TMOCIIIOBHUX 3BYKa CBUCTKOM: OJIMH KOPOTKHWH, OJIUH TPUBAIUHN 1 OIWH
KOPOTKHH.

[Tpu migxomdl 70 MpaItorYoro JHOMOTIMOIIOBAIBHOTO Cy/IHA Ha BiICTaH1 5 KOT.
CYJIHO 3 MEXaHIYHUM PYIIIiEM ITOBUHHO MaTH caMy MaJjly MIBUAKICTh, IPH KM CYTHO
3QJIMIIIAETHCS KEPOBAHUM, 1 JaTH OJUH TpHUBAIui (4-6 C.) 3ByKOBHUM CUTHAJ — 3aIUT
PO MOKJIUBICTB TTPOXOJTY.

3 AHOMOTJNOIIOBAIIFHOTO CYHA, MOYYSBIIA TPUBAIUN 3BYKOBUN CUTHAI 3 CY/I-
Ha, SIK€ MiIXOUTh, IOBUHHO MIATBEPAUTH CTOPOHY BUIBHOTO MPOXOy a0o0 3aiHs-
TOCTi HOTO 3BYKOBMMH CHTHAJaMM: oguH Tpupammii — «MJITh BIIPABO ITO
XOY»; nBa TpuBaIux — «ITH BJIIBO I10 XOVY»; Tpu TpuBasux — «ITPOXI/]
3AUMHEHNH, 3YIIUHITHCS».

CyaHo, OTpUMAaBIIM 3 JHOMNOMIMOJIOBAIBHOIO CyJHA BIANOBIIHUNA 3BYKOBUU
CUTHAJ, MIATBEPKYIOUUM OKOBUMIPHI CUTHAIM, B 3aJIEKHOCTI BiJl HOTO 3HAYCHHS
a00 TPOXOJUTH TOB3 JHOMOTIUOIIOBAIIPHOTO CyJHA Ha caMiii Maiil MIBHIKOCTI,
Jep>KaTUCh BIJT HROTO HA MOXJIMBO BEJIMKIM BifcTaHi, a00 3yNMUHSAETHCS W 4YeKae
3BIJILHCHHS IIPOXO.Y.

BincyTHicTh 3ByKOBOi BIZIIOBI/II Bl JHOTIOTJIHNOIIOBAILHOTO CyAHA O3HAYAE IS
CyJIHa, SIKE€ MPOXOJUTh, 3aKPUTTS MPOX0y 3 000X cropiH. Tpebda 3ynmuHUTHUCH 1 Ue-
KaTH 3BUTBHEHHS MMPOXOTY.

3a00pOHSETHCS CyaHAM, MPOXOJSIYd MOB3 JTHOMOIIHOIIOBAILHUX CYJEH, o0ra-
HSATH OJWH OJHOTO, a TAKOXK PO3XOAUTHCH OJIUH 3 OJTHHM.

VY BUMaAKy OJHOYACHOTO MIiTXOy JO JTHOMOTIUOIIOBAILHOTO CyJHA ABOX CY-
JICH, 10 PYXAIOThCS MPOTHIICKHUMHU KypcaMH, Tpeba KepyBaTHUCS 3araibHOIPUHHS-
TUM TIPABUJIOM: TIEPIIUM TIPOXOJUTH CYAHO, SKE PYXAEThCS BHHU3 3a TEUI€I0, BUXO-
JSTY0TO 3 TIOPTY a00 TepecyBa€eThes 10 (papBarepy B CTOPOHY MOps. BUKITFOUeHHS 3
1IbOTO MpaBuIa OOMOBIIIOIOTHCSI B MICIIEBUX MpaBUiaxX IJIaBaHHS.

3a00pOHSAETHCS CyAHY TIPH MPOXOJHKEHHI MTOB3 JHOMOTIHOIIOBAIBHOTO CYyIHA!
TATTH 32 COOOIO MO TPYHTY TPOCH, JAHIJIOTH Ta IHIII MPEAMETH, a TAKOXK TPUMATH
SIKOPS IPUCITYIIICHUMHU.

3a00pOHSETHCST AHOMOTIIMOIIOBAILHOMY CYJIHY: TPUMAaTH TMapajelibHO TpH-
IIBApTOBaHI JB1 MAJaHI{ OJTHOYACHO 3 OOKY BUIBHOTO MPOXOY; MIIX0I, IITBAPTOB-
Ka 1 BIIX1J] BiJl HBOTO IIaJIaHJ, OYKCUPIB, KaTePiB 1 APYTHX CYACH B MEPIOj] MIPOXOTY
TPAHCTIOPTHUX CYJIEH Ta BIHCHKOBO-MOPCHKHUX KOPaOJIiB.

HermpaitrorouriM BBaXKaETHCSA CYHO THOTOTIHOIOBAIBHE CYIHO, Y SIKOTO aBaH-
TOBI Ta MaNiILOHAXHI SIKOP1 MPUOpaHI.

JIHOTOT MO TIOBAIBHI CY/THA, IO MPAIIOIOTh HAa XOAY 3 MpHMaveM, 110 BOJIO-
YuThCs a00 aTakye, 3rigHo 3 npaBuiiom 27(d) MII33C-72, HecyTh BOTHI 1 3HaKU JIJIst
CyJIeH, 3alHITUX MPOKJIAJAHHAM a00 MiTHATTSIM I1JIBOJHOTO Kabeo.

Takum YWHOM, YIIPaBIiHHSA JHOIOTJIMOMIOBAILHUMH CYyIHAMH IiIKOPSIETHCS
MII33C-72, HOCHTH CTPOTO JIOTIYHUH, MPOIECYATbHUNA 1 MPOIEAYPHUIN XapakTep,
KWW Ha TIPAKTHUII PETIAMEHTYEThCS YEK-JIMCTAMU.

OxpimM TOTO, Ha YIIPaBIIHHS JHOTOTIHOIIOBAIBHIME Cy/THAMH Ta IUITMMH Kapa-
BaHAMHU HAaKJIaJeHl >KOPCTKI Ta THY4YKi OOMEXEHHSI TEXHOJOTIYHOI Ta €KOJOT14HOI
CIpsIMOBAHOCTI. BOHU BpaxoOBYIOTHCS, MOYMHAIOYU 3 CUTYAIIMHOTO TUTAHYBAHHS
JTHOTOTTMOMIOBAIBHUX po0iT. Ha 11eii yac oCHOBHUMU 3aX0jjaMu, 5K 3a0€31e4yI0Th
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Oe3reKy 3eMcHapsay (KapaBaHy CyAeH) pu poOOTI Ha HeOe3NeuHiil B HaBiraiiHo-
MY BIJIHOIIEHHI JIUISHII, € CBOEYACHE 3AJIUIIICHHS Ta BIAXIJ JO MOPTY 3aXHCTY; 3a-
noOiraHHs MOMJIMBOCTI BHHMKHCHHS aBapiiHOi CHUTyallli, Npu BUHUKHEHHI
aBapiHOI cUTYyallii 00poTUCS yCiMa 3aXx0/1aMH Ta 3aco0aMu s ii JikBigamii [2,3].

B oMy ceHci kopucHoro ctae MmoHorpadist A.b. Kaunncrekoro [4], B sikoi 3 110-
3UIIT CUCTEMHOI'O aHali3y PO3TJISIHYTO METOJM MATEMaTHYHOTO aHaiizy Oe3lnexku
CTPYKTYpP CKJIAJIHUX CHCTEM, METOAM MAaTEeMAaTHYHOTO MOJICTIOBaHHS 3arpo3 1 pu3u-
Ky, a TaKOX Cy4acHi 3arajbHi MiAXOAH 100 (GopMaizallii CKIaJHUX CHCTEM Oe3-
MEKH, JI€ BPaxOBYIOTbCSA BC1 OCHOBHI CKJIAJIOBI 3arajibHOI1 Teopii Oe3neku: Oe3rneka-
HeOe3IeKa, 3arpo3y Ta PU3UKH.

Jlna 3a0e3meuyeHHsT CTajgoi BHU3HAYEHOCTI WIEHIB EKIMaxy 3I1HCHIOIOTHCS
BIIMOBIHI MIJITOTOBY1 pOOOTH Ta MOMEPEIKYBaJIbHI 3aX0AW MPH 3I1HCHEH] JHOIO-
MIHOJIIOBAILHUX POOIT.

TunoBuMu cxeMaMy YCTaHOBKH 3€MCHApPSTy, 3HIMAHHS Ta BIIXOY 3€MCHapsIIy
B YKPHUTTS, MPAIIOI0YOro Ha HeOe3MeyHid y HaBIramiiHOMY BIJHOIICHHI AUISHKU
puiHATI [5]:

— JIIJITHKA PO3TaIllOBaHA HA aKBATOPii, 3aXUINEHOT OOMEKyBaIbHUMU CHOPY/ia-
MH, IO CXOJIATHCS, Ha BIJICTaHI B1Jl OTOJIOBKIB OTOPOKHHUX CIIOPY/I;

— JUIsTHKa poOOTH 3HAXOJIUTHCS Ha BXOJIl aKBaTOpii, sfKa OropojpkKeHa 00-
MEXYBaJIbHUMU CIIOPYAAMH, 110 CXOASTHCS;

— JUJIIHKa poOIT po3TanmioBaHa Ha BIAKPUTIM akBatopii 3a Mexamu 00-
MEXYBaJIbHUX CIOPY[, a 3a0poBayHi IIITMOMHM J103BOJISIIOTH BUXIJ 3€MCHapsay 3a
OpiBKy Ta BIACTIi HA AKOPSAX;

— JUISIHKa poOOTH po3TalloBaHa Ha BIAKPUTIN aKkBaTopii, TTIMOMHU 3a OPOBKOIO
J03BOJISIIOTH BUX1J] 3€MCHApsYy 3a OpIBKY Ta BiJICTIM HA AKOPSAX;

— JUISTHKa poOIT po3TalioBaHa Ha MUIKOBOII a00 B Oepe3l Ha BIAKPUTINA aKBa-
TOPIi, ITMOUHM 32 OPOBKOIO MEHIII MTPOXITHUX TTTUOMH 3€MCHAPSTY;

HagpepeHi TUIIOBI cXeMH HE OXOIUTIOIOTH BCi€i PI3HOMAHITHOCTI BapiaHTIB YMOB
poboTtu 3eMcHapsny. Kamitan-Oarepmernicrep y KOKHOMY KOHKPETHOMY BHUITAJIKY
IpuiiMae pileHHs 1010 3a0e3MeUYeHHs 0e3NeKn poOOTH 3eMCHAPSIY BiIMOBIIHO JI0
(hakTU4YHOT 00CTAHOBKH Ta 3 ypaxyBaHHSIM XOPOIIIOi MOPCHKOT MPAKTHKHU.

OcHOBHMMHU 3axofaMu TIO 3a0e3MeueHHI0 Oe3MeKH 3eMKapaBaHa IpHU TOTIp-
IIEHHI Toroau ado OTPUMAaHHI IMITOPMOBOTO TMOMEPE/KEHHSI € CBOEYACHE TIOTepe-
JOKEHHS, MOCTIHA TOTOBHICTh Ta YIEPEIKCHHS B JTIsX.

[Ipu BUHUKHEHHI aBapiliHOI CUTYallii, 30KpemMa, Mocajlll CyJHa Ha MUIMHY, OT-
pUMaHHS TOIIKO/KEHb KOPITYCYy, CYJTHOBHX OYyJIOB Ta CHEIiaJbHOTO OOJa HAHHS;
00 SIBJIIETHCS 3arajbHOCYJHOBA TPUBOra; OMOBIAAIOTH S KaliTaHU CYyAEH 3eMKapa-
BaHy MpO IOYATOK Jii CXEMU B3a€MOJIii; OINMOBIIIAETHCA MOPTHAIJIAL MPO HACTYI
aBapiHOi cUTYyallli, CAaMOCTIHHUX isX, Kl TPUHAMAIOTHCA IO BUXOAY CyJHa 3
aBapiiiHOI cuTyaIllli, a TakoX MPO HEOOXITHICTh HAJAaHHS JOIMOMOTH 3€MCHApAIY 3
OOKy KamiTaHa MOPTYy; BCTAHOBIIOETbCS MOCTIMHUN 3B’S30K 3 JUCIETYEPCHKOIO
CITy’0010 Cy/THOBJIACHUKA 3 TIOJAJBIITUM 1HGOPMYBAHHSIM CYJIHOBJIACHUKA MPO CTaH
3eMCHapsAy 1 CyACH KapaBaHy; Ia€ThCS PO3MOPSKEHHS MPO BBEACHHS B IO IO-
IIYKOBUX Ta aBapiiHuX rpym. Exinmaxi AiFOTh 3T1IHO KOHBEHIIT M0 00poThOI 32 Ku-
BYYICTh CyJIHA, BIJITOBITHO PO3KJIaTy Ta TPUBOTaM [6].
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XapakTepHUMHU MTPU3HAKAMU aBapiiHOI CUTYAIlli 3aJTUIIAI0ThCS:

npeid HaBITPEHHUX SKOPIB,;

0OpYB HaBITPSIHHUX POOOUYUX TPOCIB;

HEYNPABIIIEMICTh 3€MCHAPSIY;

MOsiBa BOJOTEYHOCTI KOPITYCY;

BUMYIIICHE OIYCKAaHHS YE€pPIaKOBOi paMU Ha I'PYHT MPHU Jii BUCOKOI XBHUII;

oOpHUB IpyHTONpHiIIMaya y CIIMOBIJIBO3HOTO 3eMilecoca MpH 31MCHEHH] AHOIO-
TIIHOTIOBAIEHUX POOIT HA MUTKOBOJTHUX JUTSHKAX.

Jlo paiioHiB, 00’€KTIB Ta AUISTHOK JHOIOTJINOMIOBAILHAX POOIT 3 T ABUIIIEHHOIO
HaBITaIiiHOI0 HEOE3IEKOI0 BITHOCITRCS [S5]:

Ykpaiua:

Opneca - Kanan Hadrorasani nepiie KOJiHO;

YopHomopcek - [TiaxiaHuii kaHan,

OuakiB — O4akiBChbKe KOJIIHO;

Jlony31aB — 30BHIITHS IIISTHKA KaHATY;

Snra — AxBatopis opry;,

Kepu — Kepu-€Hikanbchkuit Kanan: IlaBnosceke, Uymkuncske, Yypybdachke,
BypyHcbKe KOI1HO;

Kamum-6ypyn — Kanaun nepioro koJiHa;

Kpum — [liaxigHuii kaHai,

INeniuecwk — ITigxigaui kaHai 2 .. 3 KM;

bepnsHcrk - [Tiaxiaauil kaHai;

Mapiynons - [ligxigHuii kaHai;

A3oBcraisb - [Tigxigauii kaHan,

byras - [ligxigauii kaHai;

FOxuui - Ilinxiaauii kaHa,

€pnaropis - [TigxigHuii kaHan;

I'pysia:

IToti - ITigxigHM KaHAa,

Jlumea:

Knaiinena — 30BHIIIHE KOJIIHO KaHATy Ta BHYTPIITHE KOJIHO IO MPUYATy CY/ACH
PO-PO;

Jlienas — kaHaji MoOpTYy;

Jlamsia:

Benrcmiuic - ITiaxigauii kagai,

Ecmounia:

Tamnin — Kanan Poxyxmtona-Ceuosbio;

HoBotamnincek — Kanai, akBaTtopist nopry;

Azepbaiiodcan:

baky - [ligxigHi KaHaIM Ta IPUYAIIH;

Anmepon — Kanau,

Typxkmenucmanu:

KpacnoBoxacek — KpacHOBOICHKHN KaHAII MOPChKA YaCTHHA,;

bexram — Kanai;

Kazaxcmanu:
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Kianmm — [Tigxiqauii kagai,

Amajoka - [Tigxigauii kagad.

3a odiniiaumu ganumu [5] 3 cepenunn munynoro cropivus (1964 p.) no terme-
pilHIA Yac HaBesleHo He Oubiie 10-Ty aBapiit Ta aBapiiiHUX BUMAAKIB OB’ I3aHUX 3
pPOOOTOIO JHOMIOTIMOIIOBATILHOTO (PIIOTY B 3a3HAUEHUX KpaiHaXx.

3aranpHl IPUYUHU aBapiid:

HEJIOOIlIHKA KaIliTaH-0arepMercTepoM 3arpo3u 3eMCHAps Iy MpH MOCUJICHH] BIT-
Py Ta XBUJIIOBaHHS SE-HampsMKy;

HENPUUHATTS KamiTaH-0arepMeicTepoM i€BUX 3aX0JIiB 11010 BiJIBEICHHS 3€MC-
HapsAy BiJ HEOE3MEYHOTO MICIS Ta 3aIli3HUIe 3BEPHEHHS 10 MOPTHATIISAAY 3a JOTO-
MOT0I0;

BIJICYTHICTh KBaJII()iIKOBAHOTO CIIOCTEPEIKEHHS 3 OOKY MOPTHATJISAIY 3a pOOOTOIO
3eMCHapsily B HeOe3MeyH1i 30H1 akBaTOpli MOPTY Ta HENPUUHATTA BYACHUX 3aXOM1B
1010 Ha/IaHHSI JIOIOMOTH.

Henpsimi npuynHmM aBapii:

HE3aJI0BUIbHE MPOTHO3YBaHHS TMOTOJM Ta BIACYTHICTh IITOPMOBOTO MoOIEpe-
JOKCHHS;

BIJICYTHICTh pO3p00JIeHOI KepIBHUIITBOM THUMYacOBOi THCTPYKIIIT 11010 3a0e31e-
YeHHS! HaBITraIiiiHoi Oe3neku poOOTH 3eMCHapsy y CKIAIHUX HAaBITAIIHUX yMO-
Bax.

BucHoBkH

B3aemonist tHONOrIMOMIOBABHUX CY/ICH 1 KapaBaHy CYJICH 3 BEIMKOTOHXKHUMU
TPAaHCIIOPTHUMHU CYJHAMU Ta BICHKOBO-MOPCHKUMH KOpaOIsiMU Ha KaHaJIax Ta Mpo-
TOKaX BU3HAUYA€ThCs mpaBuiamu 27(B), 35 ta 27 (d) MII33C-72 3a 101oMorow Bo-
T'HIB, 3HAaKIB PO3TAIIOBAHNX BEPTUKAIBHO Ta 3BYKOBUX CUTHAJIIB P13HOI TPUBAJIOCTI.

B ocHOBI 3ax0iB Ta 3ac001B MPOTH/I1i BHUHUKHEHHS aBapiiHUX CUTYaIliil MOKJa-
JIeHWN cUcTeMHMM aHami3. Jyisg 3a0e3nedyeHHs CTajnoi BU3HAYEHOCTI MOTPiOHE 1CTO-
pUYHE TIaHYBaHHS Ta MOTEPEKYBAIBbHI 3aX0U JJIs OE3MEeKH TOHOTOTIHOTIOBAITb-
HUX pOOIT.

["0n0BHY BIJIMOBIATIBHICT 32 peai3allilo TAIOBUX CXEM O€3MEeYHOro po3Tally-
BaHHSI 3€MCHapsI/IiB Hece KamiTaH-OarepmeicTep 1, AKUH OKpIM PEKOMEHIOBAHOI 1H-
(dbopmariii MOBUHEH BPaXxOBYBAaTH JOCBI XOPOIIOT MOPCHhKOT MPaKTUKU. OCHOBHUMU
3axoJlaMHi MO 3a0e3rnedyeHHI0 O€3MeKu 3eMKapaBaHa IMpHW MOTIPIICHHS Moroau ado
OTPUMAHOTO IITOPMOBOTO TMOTEPEIKEHHSI CTalI0Th MOCTIHHA TOTOBHICTh EKIMaxy Ta
YIEPEKEHICTh B HOTO JisX.

OCHOBHOIO MPUYUHOIO aBapiil 3 JHOMOTIUOTIOBAILHUM (DIOTOM € JIOJCHKHIMA
dakTop Ta popc-MaKOpHi YMOBU POOOTH.

CIIUCOK BUKOPHCTAHOI JIITEPATYPHU
1. MixkHapoaHi npaBwiia 3ano0iranHs 3iTkHeHHIo cyjaeH (MII33C-72). Mukonais:
HIT «JlenpTa -mormany, 2006 — 52 c.
2. PJ131.31.47-88. Hopmu npoeKTyBaHHsSI MOPCbKUX KaHAJIB.
3. PJ1 31.29.04-90. Cynna gHomormmoOmoBambsHOTO ¢uioty. Poboui mpuctpoi. [pa-
BHJIA TEXHIYHOI eKCIUTyaTarii.

16



4. Kaumacwhkuii A.b. 3acaam cucTeMHOro aHamizy OE3MEeKH CKIATHUX CHCTEM
[Tekct])/ A.b. Kaunncekuii. — K.: JII1 «<HBL] €BpoaTnantukindopm»,2006. —336 c.
ISBN 966-8809-22X.

5. PJI 31.60.14-81 HacraBnenHs mo 60poThO1 3a >XKMBYYICTh CYJI€H MOPCHKOTO
dnory (HBXC).

6. PJI 31.74.07-95 HacraBneHHs 1mo 3a0e3MeUeHHIO HaBITaIIiHOI 0e3meKu poOoTH
JTHOTIOTJIMOTIOBAIBHOTO (DIIOTY.

YK 629.563.42

Kpymos 1.B., acmipadt
Hanionansuuit yHiBepcutet «Ojiecbka MOPChKa aKaaeMis

KoHTpoJIb THONOTJINOJ/IEHHS CY/THOIJIABHUX LUISIXIB y peajibHOMY 4aci

OnHi€ero 3 HAMOUTBIT YACTUX MPUYMH aBapii, 1110 BUHUKAOTh, 3aJIUIIAIOTHCS T10-
caaki Ha MITMHY. BOHM mMOB’s3aHl 3 HECHIBNQAIHHSAM TIJIUOWH, HAaHECCHUX Ha
HaBirauiHii kapTi 3 (akTUYHUMHU TauOuMHamu. lle 31a1HCHIOEThCS MiJ BIUIMBOM
PI3HOMaHITHHX (PAKTOPIB: AUHAMI3M 3MIHHU pelbe(y AHA; IITOPMOBI XapaKTEPUCTH-
KM TOr0/IM; 3rOHHO-HATrOHHI SIBUINA; 3MIHU mapameTpiB reoina 3emui, Tomio. [1[o6
YHUKHYTH BKa3aHOTO HECIIBIAIHHS TJIMOWH CIiJi CBOE€YACHO 3/IIMCHIOBATH JHOIIO-
MIKOJIIOBaNIbHI pOOOTH HA XapaKTEepHUX AUISHKaX AHa. [{i AUISTHKY BUSBISIOTHCA
IUISIXOM MPOBEAECHHS MOBTOPHUX TiporpadiyHuX, OKeaHOrpapiyHUX Ta TigpoMe-
TEOPOJIOTTYHUM JOCITIIPKCHHSIM.

B mporeci qHonmornmOIeHHS, a TaKOX IMPH 31a4l poOIT JTOCUTh YacTO BHHHUKA-
I0Th MPOTUPIUYS MK BUKOHABIIEM Ta KOHTPOJIIOIOYUM opraHoM. Taki mpotupiuus,
SIK TIPaBUJIO, TOB’sI3aH1 3 TUM, IO KOXKHA 13 3aIlIKaBJICHUX CTOPIH 31MCHIOE KOH-
TPOJILHI MPOMIPH B Pi3HI BIAPI3KH Yacy 0e3 BpaxyBaHHS JTUHAMIYHUX CKJIAJO0BHX, K
B MPOIIECI MTPOBEACHHS MPUMIPIB, TaK 1 B IHTEpBaJaX MK HUMHU. Y 3B’SI3KYy 3 IIUM
aKTyaJIbHUM CTAHOBUTHLCS PIIIEHHS MPOOJIEMHU OB’ A3aHO1 3 KOHTPOJIEM JHOIOTINO-
JIEHHSI y peajJbHOMY pEXUMI Yacy, 10 T03BOJISIE 3HATH PSAJ IPOTUPIYYb, IKI BUHU-
KaroTh.

Ha miarpyHTi BUBYEHHS JOCBIY Mpailb aMEPUKAHCHKUX TOCTIAHUKIB [1] Hamu
OyJM 3anmpOIOHOBAH1 HACTYITHI PeKOMEHAAIIl1, K1 IOLIJIbHO BUKOHYBATH IMepe]] Mo-
YaTKOM MPOBEJICHHS JHOMOTINOIIOBAIbHUX POOIT:

— 3[IIACHUTH BUOIP 3eMCHAPAY, AKUHM BIJMOBIA€ YMOBaM MPOEKTY;

— BU3HAUUTHU CTYMIHb BIUTUBY BUTATHYTOTO IPYHTA HA €KOJIOTIIO;

— BU3HAYUTH MICLIE 3BAJIKU/YTHIII3A1ll] BUTSTHYTOIO TPYHTA;

— 3J1MCHUTH TIJIaHYBaHHS MIPOEKTY MOTJINOJICHHS;

— BU3HAYUTH SKICHI XapaKTEPUCTHKU HACOCIB JJII PO3pPaxXyHKY iX pO3MOBCIOJI-
YKEHHSI B TIPOIICC] JHOMOTITUOICHHS;

— JIOKaJTi3aIlis 3a0pyTHEHUX OCI/IKiB;

— 31IICHEHHSI KOHTPOJIIO Y peaibHOMY Yaci eKOJOTIYHOI Oe3MeKH.

Sk mokasye A0CBiA, MPU PO3TISAIl TPOEKTY AHOMOMIUOJIEHHS! OCHOBHUMH (pak-
TOpaMH SIBJISIOTBCS MICIIe MPOBEJICHHS POOIT, 00’€M Ta SIKICHI XapaKTEPUCTHKU
rpyHTta. Ilpu miaHnyBaHHI JHOMOTIMOIOBAIILHUX POOIT HA TPUBAJIOMY IMPOMIKKY
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Jyacy B MPOIleci po3poOKH pO3paxyHKIB YaCOBUX 1HTEPBAIIB TaKOX HEOOXITHO Bpa-
XOBYBAaTH JIMHAMIYHY CKJIQJIOBY peibedy JHA Ta BOJIHOI MOBEPXHI, MPUHMAIOUU 10
yBaru €KoJIOriyHy Oe3IeKy.

JIJist BU3HAUECHHS JUHAMIYHUX XapaKTEPUCTUK JAHA HEOOXI1JHO 3HATU BIJHOCHY
HIUTBHICTh TPYHTA. 3 II€I0 METOI0 OyJM MpOBEACHI Ja0OpaTOpHI AOCTIIHKEHHS, 3a

pe3yJbTaTaMu SIKUX BU3HAYCHI IMTOKAa3HUKH, 1110 HaBeeH1 B Ta0I. 1.
Tabmuns 1. XapakTepucTHKU BITHOCHOT IIIJILHOCTI MiABOJIHOTO IPYHTY.

KoeilieHT NpoHUKHOCTI IPYHTY BinHoCHA HIUIBHICTD IPYHTY
0-4 Jyxe Hu3bKa

4-10 Husbka

10-30 Cepenns

30-50 [ineHa

Bue 3a 50 Jyxe minpHa

B sikocTi mpuknagy AMHAMIKHE MiIBOAHOTO penbedy Ha MIMSHKAX MMOTTHOICHHS
IIPY HAKOMMYECHHI MIIIaHO-MYJIOBUX TPYHTIB MiJ BIUINBOM MOBITPSHO-XBUIBOBHUX
3riHHO-HariHHKUX Teuil 011t octposa Nott, USA HaBeneHo y po6oti [2].

==
=

Puc.1 3amyneni QUISTHKM MOPCHKOTO JTHA Yepe3 MiCSIlb MICHs MPOBEICHHS THOMOTITHOTIOBATHHIX
pooiT

BucHoBKH

Buxonsuu 3 HEOOX1JHOCTI BpaxOBYBaTH JUHAMIUHI MMOKA3HUKUA XapakTepy Mif-
BOJIHOTO penbedy, METOI0 MOAAJBIINX JOCTIIKEHb CTA€ CKJIAJaHHI MaTeMaTUYHOl
MOJIeJIl IUHAMIKH MM1IBOAHOTO IPYHTA Yy CIOJYYEHHI 3 KOJIMBAHHAMM PiBHS MOBEPXHI1
BOJIH.

VY nonanplioMy Take Ha/la€ MOKJIMBICTh CKJIACTH MPOTHO3 3aHOCHMOCTI Ta
BHU3HAUUTH YacOBI 1HTEPBAJIM, Yepe3 Kl CNiJl MPOBOJUTH JHOMOTIHOIIOBAIBHI PO-
6otun
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CIIHCOK BUKOPUCTAHOI JIITEPATYPU
1. Smith, H. K. 1998 (Dec). "An Introduction to Habitat Development on Dredged
Material,” Technical Report DS-78-19, U. S. Army Engineer Waterways Experi-
ment Station, CE, Vicksburg, MS.
2. Symcon Publishing Company. World Dredging and Marine Construction, 2011,
p. 11-23 San Pedro, CA.

VJIK 656.61.052

Kpymos I.B.
Hamionansauii yHiBepcuteT «Ofechka MOPChKa aKaaeMis

Oco01uBOCTI MAHEBPYBAHHS MiJl YA€ POOOYNX NepeMillleHb
JTHOTIOTJIMOJII0BAJIBHUX CHAPSAIIB

Po6oui mpumileHHs: THOMOTIMOMIOBATILHUX CHApAIB (IPYHTO3a0ipHOTO Opra-
HY) B IpoIieci poOOTH ySBIIsI€ HOTO PyX Y BU3HAYEHI MOCIIJOBHOCTI, KA 3a0e3mneuye
HaNOUIbII e(DEeKTUBHE BUKOPUCTAHHS CHApsALy. Po3pobiisioTs mpopi3u JBOMa OCHO-
BHMMH CTIOcOOaMHM: TpaHIIEHHUM 1 naniiboHaKHUM [1]. Tlepmmii crioci6 peamizy-
I0Th NapaJIeIbHO NEPEMILLIEHHSAM Cy/IHA B3I0BXKIPOPI3Y, APYTHM — MONEPEUHUM I1e-
peMillleHHd  BIAHOCHO mpopidy. KepyBaHHA mepeMIlIEHHSIMH 3E€MCHapsiay
3MIIACHIOETHCS TpOMa ONEPATHUBHUMM KaHATaMU 3aKpIIJICHUMH 3a poOoul SKOps B
3aJIEKHOCTI B1J KOHCTPYKTUBHUX 0COONMBOCTEN cyaHa. [Ipopi3b MO TOBKUHI JUISAThH
Ha JUISTHKUA — cepii, a mupuHl — Ha Tpanuei. [[lupruHa TpaHiiei n1OpiBHIOE MIUPUHI
KOpIyCy CHapsija, a JOBXHHA cepiid MPUIMAETHCS TaKO0, I100 PO3pOOISTH MPOpi3
0e3 NpokJIa K OOKOBUX SIKOPIB.

[Tpu poOOTI 3eMIIECOCHOTO CHAapsAy MOro mepeMilieHHs 31MCHIOEThCS B3OBXK
pOpi3y 3a JOMOMOTOK BUOOPKH 3aBEJICHOTO BIEpE]] CTAHOBOTO KaHATY, BUWMAaIOUn
IPYHT Ta CTBOPIOIOYM TpaHuUIel0 BuiiMaroun rpyHT Ta CTBOPIOIOYHM TpPAHILEIO, TIIU-
OuHa BOM HA TpebeHi SIKOi MYCUTD PIBHITHCS 33JlaHHIN TTTUOWHI pO3pOOKHU MTPOpI3Yy.
[Ipopi3, K npaBuUio, MOYMHAIOTH YIIIYOJSATH y BEPXHIN 3 BEPXHBOI 3a Teui€ro cepii 1
3aKIHUYIOTh HI)KHBOIO cepieto. IlepeBara cnocoOy NMpUMIIIEHHS CHapsy cepisiMu
3BEpXy BHH3 32 TEUIE€I0 Y TOMY, L0 MEPEKIaAar0Th SIKOPS 1 MEPEBOJATh I'PYHTO-
MIPOBIJI, MEPEMIIIYIOUYH IX BHU3 3@ TEUI€I0 MPU MIHIMAJIBHUX MPOCTOSIX CHApSAY, a
qacTille YChbOTO He MPUMHUHIIOYH HOTO pOOOTH.

[TpumiteHHs: cHapsAy cepisiMU 3HU3Y BBEPX 32 TEUIEIO 3/11MCHIOETHCS Y BUAAKY
KOJIM CHapsiJl Ma€ OCaJKy OUIbIIY HIXK OUIbIIY HIXK y IIUPUHA MPOPI3Y 10 HOTO po-
3pOo0KH.

Po3pobsisiti mpopi3 cepisiMu 3HU3Y BBEPX CKJIAJHIIIE TOMY OMepallii Mo mnepe-
KJIA1 SKOPIB MOB’s3aH1 3 iX 3aBOJAKOIO MpoTu Tedii. [Ipu npoMy mpocTtoi cHapsiay
1] 9ac Iepexoy 3 OJHIET cepii Ha IPYTy 3pOCTaOTh.

UeprosicTe mepeMillieHHs CHapsa TPAHIICHHUM CIIOCOOOM B MeEXaxX OJHIET
cepii BU3HAYAE€ThCS YMOBAaMU IMPOITYCKY TPAHCHOPTHUX CYACH Ta YKJIAIKU TPyHTa,
BIUTMBAIOYM T'a MPUIYCTHUMY JIOBXHUHY cepii. Ha minsHkax piuku ne € Teyis me-
PEMIIIEHHS CHapsITy 3A1MCHIOETHCS TPhOMa POOOYUMHU SIKOPSIMU: HOCOBUM CTaHO-
BHUM Ta JBOMa OOKOBUMU (HOCOBUMHU 200 KOPMOBUMH).
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Tpanmeitauit croci6 nepemilieHHs CHapsAAl BaXKKO 3aCTOCOBYBATH MPHU 3HAU-
HOMY BiJIaJIEHHI CTBOPHHUX 3HAKIB BiJl mpopizy. Ciij 3aCTOCOBYBAaTH 3aCO0M BU3HA-
YeHHS KOOpJMHAT CHapsiay 13 3aCTOCyBaHHsIM cateniTHOi cuctemu DGPS abo 3a-
co6iB AIS [2].

[TaminpboHAXXHUN CHIOCIO PO3POOKH MPOPI3Y BIAPIZHIAETHCS IMEPEMIIICHHIM
3eMCHapsIly BiJl OJIHIET KPOMKHU MPOPi3y AO APYroi 3 BU3HAYEHUM KYyTOM HAKJIOHY
BiC1 TpaHIeH J10 Bici mpopizy. J[oBkuHa po3po0IsseMHUX TPaHIIICH BU3HAYAETHCS KY-
TOM HAKJIOHY BiCl TpaHIIel A0 Bicl Mpopi3y Ta HOro HIMpPUHH.

[Tig wac po3poOKu Mpopizy TPAHIIEHHUM CIIOCOOOM 3 MOXWJIMMHU TPaHIIEIMU
CTaHOBUH SIKIp 3aKJIaJalOTh JEKBIbKA BUIIE BEPXHHOI KPOMKH MTOYATKOBOI TpAHILE],
3a MPOTHIICKHY KPOMKY Mpopidy. OauH OOKOBHI SIKip 3aKpajaloTh HA IMOYATKY
TpaHIIel, NapaJesbHO ii BiCl, 32 KOPMOIO MPOPi3y, APYrHil OOKOBUM SIKIp — Ha KIHIII
TpaHIlei, TakoXX 3a KOPMOIO Mpopizy. Po3poOKy MOYMHAIOTH 3 HUKHBOTO KIHIIS
TpaHuei. CHapsii Npy LbOMY MiJIHIMA€ETHCS MO OOKOBOMY KaHAaTy 3 MPOTHJIEKHOI
KPOMKH Tpopi3y. Jloxoasauu 10 KpOMKH, CHapsJl CIyCKarOTh 3@ TEUi€l0 B3JOBXK HeEl
Ha HACTynHYy Tpaniier. [loTiM, BUOMparoun HIDKHIN OOKOBUN KaHAT Ta KEPyHOUH
MICHE3HAaXO/KEHHSIM CHapsly CTAHOBUM KaHATOM, MEPEMIIIYIOTh MOro 10 MpOTH-
JIEKHOI KPOMKH, IO MOYaTKy po3poOKH HAacTymHOi TpaHmiei. Micue3HaxomKeHHs
CHapsA1y BU3HAYalOTh [0 CTBOPHUM 3HAaKaM, BCTAHOBJIEHUM Ha OAHOMY 3 O€periB y
Oe3rnocepeiHiii  OMU3BKOCTI BiJl po3poOJsSeEMOTO Mpopidy. BIM3BKICTE CTBOPHUX
3HAKIB Ja€ CYTT€BI NEPEBAru coco0y po3poOKH, IKUH PO3IIIAIAETHCSA, TOMY IO 3a-
Oe3neuye HeOOX1THY TOYHICTb MEePEMIIICHHSI.

[Ipu po6oOTI cmocoOOM MOXMIIUX TpaHIIEH MOKPAILIYEThCS YMOBU 3aCTOCY-
BaHHSI aBTOCTBOPIB, BijiNajae HEOOXI1IHICTh PO3OMBKH MPOPI3y Ha cepii, 3’ ABISETHCS
MO>KJIUBICTh 3aCTOCYBaHHS CTPUIKOBHUX MPUCTPOIB JJIs1 NEPEKIAIKK OOKOBUX SIKOPIB.

[Ipy nmanuibOHaXKHOMY CIMOCO01 PO3POOKHU MPOPI3y JHOMOTITHOIIOBATBHUIMA
CHapsiji, TIEPEeMIIIA0Th BiJ OJIHIEIT KPOMKH MPOPi3y A0 APYroi, BUAAISE TOJIOCY
rpynta mupunoro 0,5 ... 2,0 m. Ilotim 371licHIOETHCS TIEpeMileHHs (T10/ja4a) CHa-
psiza Boepen B3I0BXK mpopizy Ha 0,5 ... 2,0 M, a HOBY MOJIOCY PO3POOJISIFOTH B 3BO-
POTHHOMY HampsMKy. Ha minsiHkax, e BIACYTHS Tedisl, CHapsii BCTaHOBJIIOIOTH Ha
HIECTU POOOUUX SIKOPSAX: HOCOBOMY, CTAHOBOMY, KOPMOBOMY CTaHOBOMY, JIBOX HO-
COBUX OOKOBHX Ta JBOX KOpPMOBUX OOKOBHX. CTaHOBHUU KaHAT BUKOPUCTOBYETHCS
JUTSI IATPUMKH CHapsy Ha PO3POOJIIEMOI MAMIbOHAXHIN CTPIYIll BiJl OHIET KPOM-
KU TIpopi3y 10 apyroi. [Ipu HassBHOCTI Teuli KOPUCTYIOTHCS TIIbKH CTAHOBUM HOCO-
BHUM Ta JBOMA NepeHIMU OOKOBUMHU KaHATaAMH.

[Tpu po6OTI maniibOHAXKHUM CIIOCOOOM CHapsij (MO JiaMeTpalibHIN TUIONIUHI)
MOY€ PO3TallIOBYBAaTUCh MapasiesibHO Bici Mpopizy ado mia KyToM Ao Hei. B mepio-
My BHUMAJKy croci0 po3poOKH HA3UBAETHCS MapajeNbHUM MaNJIbOHAKHUM, a JIpYy-
ruil — 6arepMeicTepchbkuM. Y OCTaHHHOMY BHUMAJKy TPyHT03a00pHUI OpraH po3Ta-
IIIOBaHUWI TOTMEpeny CHapsa Mijg BU3HAYCHUM KYTOM JI0 Bici mpopi3y. Ha kpowmiri
Mpopi3y MicIs MoAadi BIEPEl CHaps PO3BEPTAIOThH Tak, 00 BITHOBUTH BKa3aHUI
KyT HaXWJIy TPYHT03a00pHOTO OpraHy.

[lepeBaroto 11p0r0 ciocoOy Haja MONEPEIHIM HACTYMHA: 3MEHIIYETHCS MOXK-
JUBICTH 30pacyBaHHs YEpPIAKOBOTO JAHIIOTa 3 HIXKHBOTO OapabaHy; MOJETUIY€EThCS

20



NEepEeMIIIEHHS CHapsAy, TOMY IO Te4isl BOAM BIUIMBAE Ha OOKOBY MOBEPXHIO KOPIY-
Cy; BUHMKA€E MOXJIMBICTh MPAIfOBAaTH 0€3 KOPMOBHUX OOKOBHX SIKOPIB [3].

3eMJIECOCHI CHapsaau 3 (pel3epHUMHU pO3MyILIyBauaMU Ta CBasMH, PO3POOKY
Opopi3y BEAyTh NANUIbOHAXKHUM CIOCOOOM, SIKHM 3BEThCS CBalHO-TPOCOBUM
NaniJIbOHAKHUM.

[lepemilieHHs OAHOYEPIIAKOBOTO IITAHTOBOIO CHAapsALy aHaJOriyHa Iie-
PEMIIIEHHIO CBallHO-AKIPHOTO 3€MJIECOCHOrO cHapsany. llpopise po30uBaroTh Ha
JeKigbKa TpaHmiei. B mMexxax ofHOi TpaHInei Ha KOXKHIM MO3MINT 3aKOJIOTHX CBai
IpyHTO3a00pHUH OpraH (KOBII) MEPEMIIIaloTh monepek Tpanmei. s nepemiiieH-
HS CHapsAJa B MEXax Mpopi3y A0JAI0Th Ba OOKOBHUX SKOPS Ta HOCOBUN CTAHOBUI.

['peiidepni cHapsau B Mexax po3poOJIIEMOTO MPOpi3y MEpeMillatoThes 3a
JOTIOMOT'O0 3aBEJIEHUX YOTUPbOX OOKOBHX SIKOpIB. JIUISTHKY Hpopi3y po3poOIIaiOTh
B OUIBIIOCTI BUIAJIKIB TPAHILEAMH, IIUPHHA SIKUX 3aJE€KHUTh BiJl BHIETY CTPLIU
rpeiepHOro KpaHy.

[Tpu poOOTI Ha MIIKOBOJ/II, KOJIM TJIMOMHH 32 KPOMKAMH MIPOPI3y MEHIIIE 32
0CaJIKy Koprmyca il BiICYTHI MICISl IJIsi pO3BOPOTY MPOPi3 po3poOIIsiIOTh YOBHUKO-
BUM CIIOCOOOM.

BucHoBkH
[lepeMieHHs: 3eMCHapsAia 3IUCHIOETHCS IBOMa OCHOBHUMH CIIOCOOAMU TpaH-
MIEHHUM Ta MaMiJIbOHAXHUM. 3a JOMOMOTOI0 TPOCIB 3 SIKOPSAMH, OJUH 3 SKHX OC-
HOBHUU CTaHOBHH, a ocTaHH1 0 10-TU AKOPIB TOMOMIXHI.
CtBOpHU# (OKOMIpHHMIT) CTIOCIO OpieHTAIlli 3eMCHAPSAY BIIHOCHO BiCi MPOPi3y
HE JIOCTaTHbO TOYHUH 1 BUMAarae mepiouaHoro CUCTEMHOT'0 KOHTPOJIIO Y peasbHO-
My Yacl.
3acToCcyBaHHS TOTO UM IHIIIOTO TUITY 3eMCHAapsi/ia 3aJIeKUTh Bij CTaHy TPYHTA,
HaAMPSAMKY Teuli Ta 3a0poBavyHUX IIHMOWH, a TAKOXK CIoco0a Horo mnepeMilieHHs, 1m0
3a0e3Meuye TapMOHI3alliio MPOIECY AHOMOTIMOJICHHS MO0 €KOJOTIUHUM, €HEPTreTHY-
HUM Ta TEXHOJIOTIYHUM TTOKA3HUKAM.
Ha >xanb, yacoBi MOKa3HUKH I[LOTO MPOIIECY BUSBUTH HE BAATIOCH.

CIIUCOK BUKOPHUCTAHOI JIITEPATYPHU

1. T'op6ynoB /I.I. Jlnomornubnenus [en.pecypc|:miapyunux/II.I. 'opOyHoB. —
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2. KepiBHl mpuHIUNN 1 peKOMeHamii I piuKOBUX 1H(QOPMAIIHHUX CITyXKO
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—58c.

3. PJI 31.29.04-90 Cynna muomornubmtoBanmbHOro ¢iora. Poboui mpuctpoi.
[IpaBmia TeXHIYHOI €KCILTyaTalii.
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VJIK 629.12.01

Kop6an B. X.
HamionansHuit yHiBepcutet «Onechbka MOpPChbKa akaieMis»

Exosnoriuaumii migxix 10 ouiHoBaHHA 320py/IHEeHHS IPUPOJIHOIO Cepel0BHIIA
BUXJIOITHUMHM ra3amMM CyJAHOBOI'O IHM3eJIs

VY matepianax AOMOBiAI PO3MISIHYTO MiAXia J0 3a0e3nedeHHs] TEOPETUYHOTO Ta
NPAKTUYHOTO MOHITOPUHTY 3a0pyJAHEHHS MPUPOJAHOTO CEpeOBUIA BUXJIOMHUMU
ra3aMu CyJHOBHUX nu3eniB. HaBeeHO OCHOBHI MaTeMaTHUYHI 3aJI€)KHOCTI, SIKI MOXKHA
BUKOPHCTOBYBATH IPU PO3PAXYHKY KOHIIEHTpAIlii BUXJIOMHUX Ta3iB CYJAHOBUX JH3eE-
niB. [loka3zaHo BIUIMB OMajiB Ha MPOIIEC BUMHUBAHHS 3 aTMOC(EpPHOro MOBITPS 1HT-
PEIIEHTIB BUXJIOMHUX Ta3iB 3aJIe’KHO B1J] IHTEHCUBHOCTI Ta TPUBAJIOCTI iX BUIIA/IaH-
HSI

ITocranoBka npodaeMu B 3arajibHOMY BHIJIsIAL. OJHIEIO 3 HAWBAKIUBIIINUX
npoOJeM Mpu IHTEHCUBHOMY CYJIHOIUIABCTBI B JJaHWW 4Yac € 3amoOiraHHst 3a0py/-
HEHHS MOPCBKOTO Ta MOBITPSHOTO CEPeIOBUII MIKIJTUBUMUA PEYOBUHAMHU, 10 BUKHU-
JIAI0THCS 3 BUXJIOMMHUX TPYO CYAHOBHUX JM3EIIB y Mpolieci iX ekcruryaraiii. MixHa-
poara KoHBeHI1is 110710 3amo0iranHs 3a0pyaHeHHs Mops 3 cyaeH MAPITIOJI-73/78,
npuitHaTa Ha MixkHapoHii koHdepeHIi B 1973 poui (JIonaon), nependayae xopc-
TK1 0OMEKEHHsI Ha CKHJIaHHS B MOope HaTOBMICHUX BIIXO1B, BUMAarae o01aJHaHHs
CyJIeH PI3HOMaHITHUMH MPUPOJTOOXOPOHHUMH MPUCTPOSIMU, NPUSIaJJaMU aBTOMATH-
KM Ta KOHTPOJIIO, Y TOMY YHUCJH1 1 KOHTPOJIKO KOHIEHTpaLli MKIJJIMBUX PEUYOBUH, 110
BUKUAIOTHCA 3 BUXJIOIHUX TPYO CYyJTHOBUX JM3ENIB, 0 3yMOBIIIOE HEOOX1IHICTbD SIK
TEOPETHUYHOTO, TaK 1 MPAKTUYHOTO MOHITOPUHTY €KOJOTIYHOTO CTaHy CEepeIOBUILA
3a TPacor pyxy CyAHa.

AHaJII3 OCTAHHIX J0CJIi/I’KEHb | BUIiJICHHS] HeBUPIiLIeHUX pPaHillle YaCTHH 3a-
rajbHoi nmpoojemu. Y poOoTi [1] peryitoBaHHs SIKOCTI IPUPOIHOTO CEPEIOBUIIA
CIPSIMOBAaHO Ha OOMEXEHHS aHTPONOTEHHUX BIUIMBIB (Hacammepe. 3a0pyJaHEHb),
SIK1 BEAYTh JI0 HETaTUBHUX HACHIAKIB. Y poOOTi [2] aHAM3y€EThCS MOPYIICHHS €KO-
JIOT1YHOT PIBHOBArv MOMMJIKAMHU y TEXHOJIOTTYHIN moituiii. Y po6oTi [3] aHamizy-
€THCSI BIATBOPEHHS MPUPOJHUX PECYPCIB MICNs 3TyOHOTO BIUIMBY HA HABKOJIMUIIIHE
cepenoBuilie. MeTo0 TOCHTIKEHHS € aHaji3 MPUHIMIIB MOHITOPUHTY 3a0pyIHEHb
MIPUPOIHOTO CEPEOBUIIA BUXJIOMHUMHU ra3aMu CYJHOBOTO AU3EIS Ha HUIAXY CyIHA.

CxopoueHuil BUKJIaJ OCHOBHOI'0 MaTepiajy 3 00IPYHTYBaHHSIM OTPUMAHMX
HAYKOBHMX pe3yJbTaTiB. Y CydacHHX yMOBaxX PO3BUTKY MOPCHKOTO TPAHCIIOPTY
JOBOJIUTHCS BPaxOBYBATH SIK JIOKAJIbHI JKepesa 3a0py/IHeHHsS (MOpPChbKE CYNIHO), a
TaKOX 3a0pyJAHEHHS MOPCHKOTO 1 MOBITPSHOTO CEPEAOBUIL TPACAMU 1HTEHCHUBHOTO
CYIHOILIABCTBA, TOOTO 3 MPOTSHKHUMHE 3a0pyIHIOIOUUMHE JKepenamMu. Takum 4MHOM
BUHHMKA€E HEOOXIAHICTh 100pe PO3yMITH Ta BPaxOBYBATH LIISXH MOLUIUPEHHS, TPaH-
chopmailii, a TaKOXK HAKONMUYEHHS 3a0pyAHIOIOUMX PEUOBHH, 1[0 BUKHIAIOTHCS 3
BUXJIOITHUX TPYO CYAHOBHX JIU3EIIB, XapakTep ix B3aeMoii 3 010 THYHOIO Ta abi0TH-
YHOIO CKJIQJ0BUMU y Oiocdepi, CIIBBITHOMICHHS MK KOHIICHTPAIISIMU BUXJIOMTHUX
ras3iB qu3es, o 3a0pyIHIOIOTh MOBITPSHE Ta MOPCHKE CEPEIOBUINA Ta MOKIUBUMU
MIBUAKOCTAMHU iX HAJIXOJUKEHHS B OpraHi3mMu Jrojeil Ta tBapuH. KoHueHTpauis Q
BUXJIOITHHX Ta3iB, 1[0 BUKUIAIOTHCS 3 BUXJIOMHUX TPYO CYTHOBUX TU3EIIB Y MPUBO-
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JHOMY TIOBITP1 Ha NEBHIM BiCTaH1 B CyJHa, MOXe OyTH po3paxoBaHa 3a BiIOMOIO
dbopmymoro [1, 2] Ha miACcTaBl pillIeHHS] HAMIBEMIIPUYHOTO PIBHSHHS TYpOYJICHTHOI
nudy3ii:
2 2 2
A_y A, WAy 24 g g (1)

+W, +W :
ot oz ox  “ox* Yoy* tor?

32 HACTYIHUX IPAHUYHUX YMOB (W, ?-qu) =39, A€ ( - KOHLIEHTpaIlis rasis, U0 BU-
z

KAJAIOTHCS 3 BUXJIOMHUX TPYO CYJHOBUX JIN3€JIiB y HABKOJHUIITHE TIOBITPS;

W,,W,,W, - KoedimieHTH TypOyJieHTHOi Judysii (MOpANOK BEIMYUMHU
w, =10"..10° cM?%/c);

B - Koe(IIlieHT, 1110 XapaKTepU3ye B3aEMO/III0 BUXJIOMMHUX Ta31B AU3ENs 3 BO-

JTHOIO TIOBEPXHEI0 HA NUISIXY CYJHA;

V - mBUAKICTH OCA/PKEHHS YaCTUHOK BHUXJIONMHHUX Ta3iB (IpU pO3paxyHKy
npuitmMaeThes 1 cm/c).

Koediuientu TypOyneHTHOT 1udy31i BUBHAYAIOTHCS CITIBBITHOIICHHSM:

2
_ 0,5day, (t) 2)
Y dt
ne oy, (t) - TOpU30HTANIbHA AUCIEPCid, AKa BU3HAYAETHCA 13 PIBHAHHSL:
ny (t) = o) +a’u’t?, (3)

J¢ o, - MoYaTKoBa JAUCIIEPCis, MPU3EMHOT KOHIIEHTpAIIl Ta3iB y 3a0py HEHOMY 00-
Cs131 MOBITPS HABKOJIO CY/THA;

U - WIBUAKICTb BITPY, M/C;

0. - Koe(ILIEHT, O 3aJeKUTh Bl BACOTH 3a0pYyJHEHOr0 00CSITy MOBITPS BiJI-
HOCHO BOJTHOI MOBEPXHI.

BepTukaibHuii OTIK 3a0pyAHIOIOUHX Ta3iB 3 BUXJOMHUX TPYO CyIHOBHX JIU-
3€J11B BUBHAYAETHCS 32 YMOBHU:

q
W, —= ﬂq . (4)
oz
[Mpu migiiomMi BUXJIONMHKMX Ta3iB Ha BUCOTY N, KOJW IHTPEIIEHTH Ta3iB 0XOJIO-
HYTh 1 TOYHYTh BUITQJIATU HA BOAHY MOBEPXHIO, IIIIBHICTE P, (X) CyXuxX BUMaIiB

(6e3 onaniB) /i i-ro ra3y BU3HAYAETHCS HACTYITHUM BHPA30M:
P
P.(x)=Que "*Afa(xy,0,t,h)t, (5)
0

ne Qg; - moYaTKkoBa KUTHKICTh 1HTPEIEHTIB BUXJIOITHUX Ta31B CYJTHOBOTO U3, 1110
BUNAJIAIOTh 3 aTMOC(EPHOTO MOBITPs MPH BUCOTI iX migiomy h (M) Ta mpu ImBUIKO-
CT1 BITpY u (M/C).

[Ipu HasBHOCTI BUMAJal0YUX OMAJIB, SKi COPUSIIOTH IIIBUJIKOMY BUMHBAHHIO 3
aTMOC(EpHOro MOBITPS THIPEIIEHTIB BUXJIOMHUX Ta3iB, IIUIbHICTh BOJIOIOrO BHUIIA-
naHHs Py(x) 3a1€XUTh BiJl TPUBAJIOCTI OMAIIB, iX IHTEHCUBHOCTI, KoeillieHTa 3axo-
MJICHHS O0CaJIKaMU YaCTHHOK PI3HUX Ta31B Ta BUBHAYAETHCS 32 (POPMYJIIOHO:

P)_ hu
AN ©
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ne ho - BUcoTa 11apy, 3 IKOTO OXOIUTH BOJIOTE BHITAIaHHS IHTPEIIEHTIB BUXJIOTHUX
rasiB Cy/THOBUX JIM3EIiB.

[Ticrist BUKOHAHHSI PO3PaxyHKIB IIUIbHICTh BUIIAQJAHHS IHTPEIIEHTIB BUXJIOI-
HUX Ta3iB CyJHOBHUX JHU3€JIB B aTMOC(PEpPHOMY TMOBITPI HA MOPCHKY MOBEPXHIO BHU-
HUKAa€ HEOOX1AHICTh IPOBEACHHS €KOJOTIYHOT0 (DOHOBOTO MOHITOPHUHTY MOPCHKOTO
cepenoBuiia. Jlani 1ocaiKeHb MOXKYTh YBIUTH J0 TNI00aIbHOI CUCTEMH MOHITOPH-
Hry HaBkoiumHbsoro cepeposuina (JCMHC) ta nporpamu OOH 3 npobGiemu Ha-
BroymmTHLOTO cepenoBuia (FOHEI) 3 ominku 3a0pyaHEeHHST OKE€aHy TOPTOBUMH Ta
BIICHKOBUMH CYJaMH.

KonnienTpartis 3a0pyIHIOIOUNX PEUOBHUH, 110 TMOB'SA3aH1 3 BUKAJAMU BHXJIOII-
HUX Ta3iB CyJHOBUX JM3ENIB, 3aJICKHUTH BiJl iX PO3CIIOBaHHS 1 MEPEMIIICHHS, TOOTO
B1Jl T1IAPOMETEOPOJIOTIYHUX Ta (PI3UUYHUX XAPAKTEPUCTUK HABKOJIUIIHBOTO CEPEHO-
BHUIIIA, & TAKOX € PYHKIII€IO JpKepell (CyTHOBUX TU3ETIB).

[Ipu oriHIOBaHHI CTyIEHS BIUIMBY BUKHJIIB BUXJIOMTHUX Ta31B CYJHOBUX JU3€-
7B HEOOX1/IHE 3HAHHS 3aKOHOMIPHOCTEH MEPETBOPEHHS JIaHOTO IHTPEIIEHTA [-TOTO
KJacy Ha iHmmi (i+1), a TakoX 3HaHHS 3aKOHOMIPHOCTEH MEepPEeXo/y 3 OJTHOTO cepe-
nosuia B iHme (I —1+1). BusHaueHHs €KOJIOTTYHOTO 30UTKY Ta MPAKTUYHOI OLIIHKU
3arajbHOTO BIUTMBY BUXJIOIHUX Ta3iB CYIHOBOTO JIU3€JId HA €KOCUCTEMY MOXKe OyTH
PO3paxoBaHO 3a HACTYITHOO 3aJICKHICTIO [2]:

Ave ()= 221 (ROC N, (R)CR,
(7)

ae I; . (R,t) — KoHIEHTpAIlis BUXJIOIHMX T'a31B AU3EII;

Ci€em — TEOMETPUYHHM (PAKTOP BIUIMBY PO3MOJIIJICHOTO y MPOCTOPI Ta B Yaci
KOHIIEHTpAIlli BUXJIOMHKX Ta3iB cyaHoBoro ausens /; . (R,t);

Nm (R,t) — KiTbKIiCTh OpraHi3MiB m — MOMYJIAILIT # — EKOCUCTEMH Ha IIIJISAXY CY-
TTH.

[TigiaTerpanbuuid Bupa3 y gpopmyii (7) oOUUCTIOETECSA y BEIMUMHAX TPAHUY-
HO JIONTyCTUMUX Ta KPUTHYHHUX 3HAYCHHSX KOHIICHTpAIlli BUXJIOITHUX Ta3iB CyIHOBO-
TO JTU3EIIA.

BucHoBku
[IpoBeneno aHami3 MO0 BU3HAYEHHS CTYMNEHS KO, IO 3aBIAETHCS BH-
XJIOMHUMU Ta3aMU CYJHOBHUX JU3€JIIB HAa MPUPOIHE cepenoBuiie. [lokazaHo, o npu
eKCIUTyaTarlii CyJHOBUX JTU3€JIB HEOOX1THO 3BEPTATH CEPHO3HY yBary Ha KOHTPOJIb
KOHIICHTpAIlli BUXJIOMHUX Ta3iB, M0 3a0pyIHIOIOTh JOBKULISA HA MIJISAXY Cy/IHA.
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1. 3axmouna ponoBiak BMO npo cran knumaty y 2021 rony (omy6ma. y 2022 p.,
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2. lIBapu C. C. TeopeTnueckue OCHOBBI I00ATBHOTO 3KOJIOTHYECKOTO MPOTHO3M-
poBanus. B kH.: BcecTOpoHHUN aHaimM3 OKpy’Karolen npupoaHou cpeasl. Tpyast 11
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191.
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3. [lonmokeHHs Mpo MOpPCHKI ekojoriuni iHcmekiii. Hakas Minnpupoau Ykpainuy;
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Kop6an /I. B.
Harionansauit yHiBepcuteT «Ofechka MOPChKa aKaaeMis

Cenexkuisi pagioioKaliiiHAUX CUTHAJIIB HaBiraiiHuX 00'€KTIB, 110 3HAXOAATHCA
y 30Hi aTMOC()epHUX YTBOPEHb

Y po60Ti 00rpyHTOBaHO HEOOX1HICTh BUKOPUCTOBYBATH Y CYJHOBOMY PaaioJio-
KalllifHOMY MOJISPU3alliifHOMY KOMIUIEKC] IIECTUKAHAIBHOTO TOJIAPU3AIIITHOTO PO3-
JIBHUKA JIyHA-CUTHAJIIB HaBIraIllIiHOTO 00'€KTa Ta aTMOC(EPHOrO YTBOPEHHS IMPHU
BUIIPOMIHIOBaHHI Ta MPUHAOMI €JIEKTPOMArHITHUX XBWJIb JIHIHHUX Ta KPYrOBHX IO-
nspuzaniii. HaBeneHo aHaii3 poOOTH MIECTHKAHAIBLHOTO MOJISPHU3AIIHOTO PO3/I1Ib-
HUKa 32 JIOTIOMOr'00 MaTpHIIl PO3CIIOBaHHS, sIKa 3a BIACYTHOCTI HEB3AEMHHX €JIEMe-
HTIB € CHMETPUYHOI0. [[1arOHAJIbBHUMH €JeMEHTaMU MaTpULl PO3CIFOBAHHS € Koedi-
LIEHTHU BIIOUTTS 1O K - TOMY KaHally, y pa3l MOro/KEHHS 1HIMX KaHamB. OTpUMaHO
3QJIEKHICTh BUXIJTHOT HAaIpYrd pO3JAUIbHMKA BCIX IIECTH KaHAMIB BIJ MOJSpHU3aLli
aHaI130BaHO1 XBWJI1 Y BUIJISA/Il MATPUYHOTO PIBHSIHHS.

IHocTanoBka npodJiemn B 3arajibHoMy BurJsai. Ha pamgionokariiiine crnocre-
peXEeHHsl HaBIralliHUX OO'€KTIB CYJHOBOIO pajiojokauiiHor cucremoro (PJIC),
aTMoc(epHi YTBOPEHHS, [0 BUHUKAIOTh HAa NUIAXY CyJHA, 32 TIEBHUX METEOPOJIOTi-
YHUX yYMOB Tporochepu € 00'€eMHUMHU PO3MOJIICHUMH 00'€KTaMu, JyHa-CUTHAIIN
SAKUX, CTBOPIOIOTh HA €KpaHaX 1HIUKATOPIB MOMMIIKOBI 3aCBITKH, III0 MACKYIOTh Jy-
Ha-CUTHAJl HaBIramiiHux 00'exTiB. J[0 TemepimHbOro 4yacy MOBHICTIO III€ HE BHUPI-
IIICHO 3aBJaHHS BHUJIUICHHS JIyHa-CUTHAJIy HaBIramiiiHOTro 00'€KTa 31 CKJIaJAHOI CHC-
TEMH JyHa-CUTHAIIB, IO CKJIAAAIOTHhCS 3 JIyHA-CUTHAJIIB HaBiramiiHoro o0'ekTa Ta
JyHAa-CUTHAJIIB aTMOC(EPHOro YyTBOPEHHS Ha BUXOJ1 NpuitmMada cynHoBoi PJIC. Po-
3po0sieHa 10 TEMEPIlIHbOTO Yacy AWHaMidHa MOJEIb CEJIeKIli Ta pOo3Mi3HaBaHHS
00'eKTiB, BpaxoBY€ BIJJOMOCTI MPO LIEHTPU O0'€KTIB, IO BIAOMBAIOTH, 1 € BKpail Ipo-
MI3/IKOI0, TOMY 1110 BOHA 3aCHOBaHa Ha BUPIIIECHHI 3BOPOTHUX 3aBJaHb TEOPii PO3-
ClIOBaHHsI, TOMY ii peamizaiis B cyqHoBux PJIC, mo ekcrutyaTyoThCsi, HE AOIUIbHA.
Jlns peamizaiiii ceiekiii paaioioKallfHUX JIyHa-CUTHAIIB HaBIrallliHUX O0O0'€KTIB,
10 3HAXOATHCA B 30HI aTMOC(EpPHUX YTBOPEHB, CiIij cTBopuTH cyaHoBy PJIC 3 no-
TSpU3alifHIME (QYHKITIOHATFHUMH MOKJIMBOCTSIMH, IO JTO3BOJISIIOTH 31HCHIOBATH
MOJISIPU3AIIIHHY CENIEKINII0 HaBIraliiHuX 00'€KTIB Ha NIIAXY CY/HA.

AHAJI3 OCTaHHIX J0CJiIKeHb Ta MyOJikanii, B AKUX 3alI0YATKOBAHO PO3-
B'SI3aHHSI 32 HANPSMOM MpenacTaBieHi B myOumikamisx [1 - 6]. MeToro crarti € 00-
I'PYHTYBaHHS MOKJIMBOCTI BIOCKOHaJICHHS cyqHOBOi PJIC Ha BupilieHHS 3aBAaHHS
MOJIIPU3AIINHOT CeIeKITli HaBIraliiHuX 00'€KTIB 32 HAIBHOCTI aTMOc(epHOi neper-
KOJY Ha MIJIAXY Cy/THA.

Bukian ocHOBHOro marepiany aocJikeHHss. Buxogutumemo 3 Toro, 1o cu-
CTeMa € pe3ybTaToM MeBHOro mnepioay B ii po3sutky. CyaHoBa PJIC € cucremoro y
il BAOCKOHAJIEHHI Ta pO3BUTKY. Takui MiaXia TO3BOJSE OKPECIUTH MEX1 Y PO3BUT-
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Ky, BUWICHYBaTH HalXxapaKTEpHIIll CUCTEMHI O3HaKH, BPaXOBYBAaTH B3a€EMO3B'SI3KHU
CTPYKTYPHUX XapaKTEPUCTUK PaJi0JOKAIIAHOI CUCTEMH Ta MOIIYK ONTHUMAaIbHOI
CTPYKTYpH B3a€EMO3B'SI3KY Yy MOJSApU3AIIAHIN CceJeKIlli HaBiramiiHux o00'€KTIB Ha
nuiAxy cynHa. Ha manomy ertamni po3BUTKY CUCTEMH BUHUKAE HEOOXIIHICTH Y pO3pO-
0111 cyaHOBOrO pajiosiokauiiHoro nosspusaiiinoro komiuiekcy (CPIIK) i3 mectu-
KaHAJIBHUM MOJIAPU3AIIMHUM PO3IIJILHUKOM JIyHA-CUTHAJIIB HaBIramiitHOTO 00'€KTY
Ta atMocdepHoro yrBopeHHsa. Ockiibku ocHoBHE 3aBaanHs CPIIK Biamosimae Bmo-
CKOHaJIEHHIO (PYHKIIII1 OTpUMaHHS paJioJOKaIHUX JaHUX MpO HaBirariitHuUX 00'e-
KTaX Ha NUIIXY CyAHA (BUSBIICHHS Ta OTPUMaHHS KUIBKICHOI 1HGOpMAaIii mpo pyx
Hapiramiianx 00'ekTiB), To CPIIK Mae Takox 3miMCHIOBATH X CEJEKINIO Ta PO3IIi-
3HABaHHS. 3aBJaHHS PO3II3HABAHHS Ta CEJEKII1 HaBIralifHuX 00'€KTiB MIPU3BOIUTH
710 pO3pOOKH OaratokaHaJIbHUX CYAHOBUX PaJIOJOKAIINHUX MOISPU3ALIAHUX KOM-
IIJIEKCIB, SIKI TOBMHHI 3a0€3M€UNTH B CY4YaCHUX YMOBaX CYJIHOBOJIIHHS O€3MeKy Tpa-
HCIIOPTHUX TIEPEBE3€Hb, MEPEIIKOI03aXUIICHICTh, €KOJIOTTYHI MOKa3HUKHN 3 MiHIMa-
JHHUM PIBHEM HIKIJUIMBUX BIUIMBIB Ha HABKOJUIIHE CEPEIOBHINE Ta MOKA3HUKHU
oesneku cyaHoBoi komannu. Ilig crpykryporo CPIIK Maerbest Ha yBasi xapakrtep
3B'S3KIB Ta BIIHOCHH MIXK HOTo eJeMEHTaMHu SK €quHe IIiJie, a IiJ repe0ya0BOor0
CTPYKTYpPH — 3aJI€KHO BiJl 0OCTAaHOBKHU Ta BUJYy €KCILTyaTallii, 3MiHU CKJIaay Ta QyH-
KifioHasbHOTO B3aeMO3B's1i3Ky yacTuH CPIIK, siki 3a0e3nedytoTh BUKOHAHHS MTOCTaB-
JIEHUX 3aBJaHb 3 PaJl0JIOKALIMHOTO CIMOCTEPEKEHHS, PO3IMi3HABAHHS Ta CEJEKIi
HaBIraliiHUX 00'€KTIB HA NUIAXU cyHA. OCOOIUBICTIO YIIPABIIHHS PYXOM CYJIHA SIK
ABTOHOMHOTO TPaHCIOPTHOTO 3aco0y B CKJIQJHHX YMOBaX aTMOC(EPHOTO Cepeo-
BUIIIA € HASBHICTb KOMIUICKCY JIOCUTh PI3HOMAHITHHUX 3aBiaHb, SIKi 3a0€3MEUYIOTh
po0OTYy ekinaxy, 0e3reKy nepeBe3eHb, a TAKOXK JIOCATHEHHS €()eKTUBHOCTI pOOOTH 3
BUKOHAHHS KOHKPETHUX 3aBJIaHb BCHOT'O TPAHCIIOPTHOTO 3aC00Y.

B nanuit yac npoctexyerhbcsi TeHIeHIis 10 niasuineHHs edextuBHocTi CPITK
MpU BUKOPUCTAHHI METOJIB MOJSPU3ALIMHOI CENeKIlii HaBiraliiHuxX 00'€KTIB, IO
3HAXOAATHCS B 30HI aTMOC(HEPHUX YTBOPEHb, Y AKUX OCHOBHUM XBUJIEBOIHHUM €Jie-
MEHTOM, 1110 3a0e3neuye npuHIMI 1 TouHicTh podotn CPIIK, € mecTrkaHaibHi 1MO-
JSpU3aLliifHl PO3AUTHBHUKY, 1110 TOB'SI3YIOTh OJMH 3 KOMIIOHEHTIB €JIEKTPUYHOTO T10-
7 aHTEHU 31 CTpyMaMH Ta Harmpyramu B ogHoMy 3 kananiB CPIIK, a iHmry kommo-
HEHTY 31 CTpyMaMH Ta HallpyraMu B iHIIOMY KaHami (puc.l).
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Martpuus po3citoBaHHS IIECTUKAHAJIBHOTO MOJIAPU3AIIMHOTO PO3AUIBHUKA, 10
XapaKTepu3ye HOro poOOTY, 3aIUCYEThCS Y BUTIIS/IL:

. 1
[S] = . &

_SSl S82 883 S84 SSS 886 S87 S88 _
Marpuis CTOBILIB aMIUIITY] BXiJHOTO JyHa-CUTHaly [A] Ta MaTpuus CTOBII-

I1B aMIUTITYI BUX1THOTO JyHa-CUTHATY [B] MAarOTh BUTJIA;

a

QD
IN)

: (@)

H p P

o

T oo P

=

[Bl.=|, | (3)

& T

3B'130K aMIUTITYAM MaTpHIlb CTOBIMI[IB BX1JHOTO JIyHa-CUTHAIY (2) 3 MaTpHUIIEIO
CTOBMIIIB aMIUTITY/l BUX1THOTO JyHa-curHaiy (3) 3 maTtpuiiero posciroBanns (1) 3a-
MUCY€ETHCS Yy BUTIISIIL:

[B], =[S],, +[Al.- (4)

A 3a BIZICYTHOCTI 3B'SI3Ky MK BX1JJHUMH Ta BUX1JTHUMH XBHJISIMH B KO)KHOMY 3
1€ MOJISPU3AIIHHOTO PO3AUIEHUKA MATPHUIISl PO3CIFOBaHHS Oy/1€ MaTU BHUTJIS;
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Sll S12 S13 S14 S15 S16 S17 S18

S21 S22 SZS S24 S25 S26 S27 S28

S31 S32 S33 834 S35 S36 S37 SSS Sll SlZ SlS Sl4 0 S12 S13 Sl4

[S] — S41 S42 S43 S44 S45 S46 S47 S48 — SZl S22 S23 S24 — S21 0 SZS S24 ) (5)

" SSl S52 S53 S54 S55 S56 S57 S58 SSl S32 833 S34 S31 S32 O S34

Sﬁl S62 S63 SG4 S65 866 S67 S68 S41 S42 S43 S44 S41 S42 S43 0

S71 S72 S73 S74 S75 S76 S77 S78

_881 S82 883 884 S85 886 S87 S88 n
BucHoBKkH

1. Ins epexTUBHOTO BUPIIICHHS 3aBJaHHS IMOJSPHU3AIIAHOI CeNleKIlli HaBiramnHux
00'eKTIB, 1110 3HAXOIATHCS B 30HI aTMOC(EPHOr0 YTBOPEHHS (3JIMBOB1 OMaIu Pi13HOI
IHTEHCUBHOCT1) MPOBEJACHO aHalli3 pOOOTH MIECTUKAHAIBHOIO MOJISPU3ALIIAHOTO PO-
3IUTbHUKA, IKAHHA € OJHUM 3 OCHOBHUX XBWJICBOJIHUX €JIEMEHTIB CYJTHOBOTO PaJIioJIo-
KallITHOr0 MOJSPU3aLIMHOIO KOMIUIEKCY, SIKHI 3a0e31euy€e TOYHICTh BUMIPIOBAHHS
JyHa-CUTHAIIB HaBIraliifHOTO 00'€KTa HAa BUXOJ1 JBOKAHAJIHHOTO JIHIMHOTO MpUii-
Maya.

2. [IpencraBineHo B3aeMOJIIIO JTYHA-CUTHAIIB Ha BXO1 Ta BUXOJ1 IIECTUKAHAIBLHOTO
MOJISIPU3ALIIHOTO PO3/IIBHUKA 32 JIOMIOMOTOK0 MAaTPUYHOIO PIBHSHHS, IO CKJIajia-
€THCSA 3 TPHOX MATPHIIb.
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Oco0MBOCTI MOBEAIHKH HAHOMATEPiaTiB

VY 21 cToniTTi pO3BUTOK Marepiajio3HaBCTBA, CIPSAMOBAHUI HAa OTPUMAaHHS Ma-
TepiaiiB 3 0COOJMBUMH BIACTUBOCTSIMU, KOJIU AOCTIIKYIOTHCS XapaKTEePUCTUKU Ma-
KpOOO'€KTIB MPH BUBUYEHHI 1X BJIACTUBOCTEH Ha MOJEKYJIsIpHOMY piBHI. Ll oG1acTs
HAyKH 1 TEXHIKA OTpUMaJia Ha3By HaHOTEXHOJoris [1].

Hanomarepianu y mOpiBHSAHHI 3 TPaAUIIMHUMU MaTepiajliaMu, SIKi € MOHOKpHUC-
TaJaMH YU YTBOPEHI MOIKPUCTATAMH, XapaKTEPU3YIOTHCS MiIBUILIEHUMH TBEPICTIO
B 2...7 pa3iB, Mexero MiHOCTI B 1,5...8 pa3iB, Mexero mmuHHOCTI B 2...3 pasu [1, 2].
Tomy HaHOMaTEpiaii Ta BUPOOU 3 HUX 3HAXOIATH IIMPOKE 3aCTOCYBAHHS Y PI3HUX
00JTacTsX HAYKH Ta TEXHIKH, y TOMY YUCII 1y IHAYCTpii BogHOTO Tpancnopty [1 -3].

Mema podomu: NOSICHUTHA OCOOJIMBOCTI TTOBEIIHKHM HAHOYACTHHOK.

1. Ponb nogepxHi

VY 3BHYAWHUX TUIaX MAKPOCKOMIYHHX PO3MIPIB, 3 SIKUMH MU BCl 3BUKIU MaTH
CIIpaBy B MOBCSIKJICHHOMY KHUTTI, KUJIbKICTh MOJIEKYJI Ha MTOBEPXHI Tijla HEBEJIUKA, Y
MOPIBHSHHI 3 1X KUIBKICTIO y 00’ eMi. ToMy 111 MaKpOCKOTIYHUX Ti (po3mipoMm Oi-
JTpIIUM | MKM Ta OLTBIIMME) YCi (PI3UUHI BIACTUBOCTI TUJIa BU3HAYAIOTHCS BJIACTUBO-
CTSIMU 00'€MHOTO 3pa3Ka.

Ouinku Bka3yroTh [4], mo npu po3mipi chepuunoi yactuaku 50, 20 ta 10 HM,
JacTKa TOBEpXHEBHUX aToMiB ckiamae 6%, 15% rta 30%, BignmoBigHO. 301TBIIICHHS
J10J11 TIOBEPXHEBHUX aTOMIB (MOJIEKYJ) IPUBOJUTH JO AKTHUBHOI B3a€MO/I1i YACTUHOK,
10 3HaXOATHCSA HA TOBEPXHI HAHOYACTHHKH, 13 30BHIIIHIM CEPEIOBULIEM.

3MEHIIEHHS PO3MIPY YaCTUHKH MPUBOJUTH 10 30IBIIEHHS CyMapHOi MOBEpXHe-
BO1 €HEprii, a TOMy /10 HEPIBHOBAaYXHOT'O CTaHy HAaHOYACTUHOK. [IpocCTi po3paxyHKu
MOKa3yioTh [5], moOBepXHEBa e€HEPrisi 3pOCTa€ y CTUIBKU pasiB, Y CKUIbKA 3MEHIITY-
€THCSI PO3MIp YaCTUHKHU. TOOTO Mpu 3amMiH1 YACTUHOK MIKPOHHUX Ha HAHOPO3MIPHI y
TUCSYY pa3iB 30UIBIIYETHCS TOBEPXHEBA eHEepris. ToOTO HAHOYACTUHKU MArOTh Ha/I-
JUIIKOBY TIOBEPXHEBY €HEPrito, TOOTO 3HAXOIAUTHCS Y HEPIBHOBAXKHOMY CTaHi, 1110
HE0OX1THO BpaxOBYBaTH MPHU MOSICHEHHI iX BJIACTUBOCTEH.

2. Hepienosascnuii cman HAaHOYACMUHOK

Oco06mMBOCTI HAHOCTPYKTYPHU BU3HAYAE Ta 00CTaBUHA, IO MPAKTHYHO BC1 HAHO-
Matepiaiay 3a CBOEIO MPUPOJIOI0 HEPIBHOBAXKHI, IO 3yMOBJICHO METOJAMH iX CHHTE-
3y [4,5], ki MO’kKHAa YMOBHO PO3JIIMTH HA JABI BeiMKi rpym. J{o mepinoi rpynu Bija-
HOCSITh TPAJIUIIIMHI TEXHOJIOT1I, SIKl JIIOTh 32 CXEMOIO «3BEpPXY-BHU3Y», MOJIPIOHIOIO-
Yy Martepiaji BiJl MAaCUBHOI 3aroToBKU. J{o Apyroi rpymnu BiAHOCAThCS (I3UYHI Ta Xi-
MIYH1 METOJIY, KOJIM HaBIAKU 3 OKPEMHUX aTOMIB yTBOPYIOTh HAaHOMATepiajid YM Ha-
HOBUPOOH.

VY nepiiii Tpymi OTpUMaHHS HAHOYACTUHOK JIOCSTAEThCS B MPOIIECt IPIOHEHHS Y
MJIMHAX PI3HUX KOHCTPYKIIM, JETOHAIIE0 BUOYXOBHX PEUOBHH, €JIEKTPOBUOYXY
MPOBITHUKA TPHU MPOXOJPKEHHI MO MPOBIIHUKY MOTYKHOTO IMITYJbCY CTPyMy a0o
KaBITAI[IHHO-T1IPOIMHAMIYHANA METOI.
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Jlo npyroi rpynu OTpuMaHHS HAHOYACTUHOK (DI3MYHUMHU Ta XIMIYHUMHU METO/a-
MU 3aCTOCOBYETHLCS TaK 3BaH1 TEXHOJIOTII «3HU3Y Bropy», skl nepejadadae oTpumMaH-
HSl 00'€KTIB 3 OKPEMHX aTOMiB. 30BHIIIHIM BIJTUBOM NEPEBOJATH PEUOBUHY Y Ta30-
BUW CTaH Ta 30BHINIHIM BILUTUBOM 3YIUHSAETHCS MPOIEC POCTY HAHOYACTHUHOK IILISI-
XOM iX BUBEJICHHSI 3 30HU YTBOPEHHSI.

BiaxuieHHs BiJl piBHOBarv 3yMOBJICHO HACTYITHUMH NPUYUHAMU:

— HasBHICTIO HAJUIMIIIKOBOI BUIBHOI OBEPXHEBOT €HEPT i,

—BeJIMKa KUIBKICTh MOBEPXOHb PO3IUTY, II0 OOYMOBIIOE HAJIUIIKOBY BUIbHY
TOBEPXHEBY €HEpriio;

— HasBHICTb B CprKTyp1 HeplBHOBa)KHI/IX a3, MEPECHYEHUX TBEPIUX PO3UMHIB,
MOTPAaHUYHUX CErperaiii, mop i Mi>K3epeHHUX HECYIIbHOCTEH;

— HaJUJTMIIKOBA KOHIIEHTpAIlisA Ae(EKTIB KpUCTANIYHOI Oy/10BH;

— HasIBHICTh HAJUIMIIKOBUX HAIMPYT, OB’ 3aHUX 3 YMOBAaMHU OTPUMAaHHS.

OTtxe, skUM OM YMHOM He OyJIM yTBOpPEHI HAaHOYACTHHKH, BOHU 3HAXOJATHCS Y
HEPIBHOBAXHOMY CTaHl, TOMYy BHUHHU OYyJyTh HaMaraTucs MO30YyTHUCS HAJJIMIIKOBOI
eHeprii Ipu B3a€MO/IIi 3 OTOUEHHSAM. Taka B3a€EMO/isl MOKE IMPUBECTH 10 YTBOPEHHS
BIJIKpUTOI TEPMOJMHAMIYHOI CHUCTEMH, /€ BHUHHUKAIOTH IPOLIECH CAMOOpraHi3arii
[5,6]. Ilpu camoopranizaiii BigOyBa€eThCs MEPexXia BiJi XaOTUYHOTO PYyXy 1 XaOTHY-
HOTO CTaHy 4epe3 30UIbIIeHHS MaciiTaly (QUIyKTyalliid, HapocTaHHs (BIyKTyarii Ta
MOILMPEHHIO Ha BCIO CUCTEMY, 1110 IPUBOAUTH 10 HOBOTO MOPSAKY Y BIIKPUTIN CHUC-
TeMmi.

3. KBaHToBO-MexaHIYHAa MOBEAIHKA HAHOYACTHHOK

VY po3mipHOoMy MacmTabdl HAHOYACTUHKH Mepe0yBaloTh HA TPaHULl KBAHTOBOTO
[7] Ta KJIaCHYHOTO CTaHy 1 LI METACTAOLIbHUN 1 CTPYKTYPHO-HEOIHOPIIHUIA CTaH
BU3HAUYAE YHIKAIBHUNA KOMITIEKC iX (Di3MKO-XIMIYHMX 1 MEXaHIYHUX BIACTHBOCTEH.
[X cyTHicTh monsrac y HaCTyIHOMY:

1. [Ipunnun nHeBusHaueHocTi ['eitzenOepra. Mexa TOYHOCTI OJTHOYACHOTO BH-
3HAYEHHS Mapy BEJIUYUH, 1110 OMHUCYIOTHCS HEKOMYTYIOUMMU ONlepaTopaMu oOMexe-
Ha. Bumiprorouu, HanmpukIia, KOOPAUHATY Ta IMITYJIbC YACTUHKH, OTPUMYEMO

Ax + AP>h

ne AX - HEeBU3HAYEHICTh (MOXUOKA BUMIPIOBAHHSI) IPOCTOPOBOI KOOPJUHATH Mi-
KpOouacTUHKHU, AP - HEeBU3HAUEHICTh IMIYJILCY YACTKHU.

2. TyHensruit epext. MOBIpHiCTH KBAHTOBOT YACTUHKHM IPOHUKHYTH B 0071aCTh

[%,,%,], ne sHauenns norenuiansroi eneprii Ujy)> E , Bu3HaYaeThCs

3ayBaxxuMo, 10 3 HaBeAEHOI (opmynu ciuiaye: ko E <u orpumyemo W>0
(KBaHTOBA YaCTWHKA Mae€ IIaHC TPOUTH uepe3 Oapep, KOJu ii €Hepris MEHIlla MaKCH-
MaJbHOT MOTEHITIATBHOT, I KJIACUYHOI YaCTUHKH Y 1bOMY BHUMAAKy W= () Ta KoJIu
E >uTto W<I (151 KJIACHYHOT YaCTHHKH y IIbOMY BHUIAaIKy W= 1).

OTxe mpolecH TYHEIIOBAHHS €JIEKTPOHIB 3 HAHOYACTUHOK JI0 Tap TePTS LIJIKOM
niMoBipHi. [Ipu TyHenmtoBaHHI €JIEKTPOHIB 3 MOBEPXHI HAHOYACTHMHOK JIO Map TEPTs
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BUHUKA€E JIOJJaTKOBA KYJIOHIBChKA B3a€MOIII MK HAHOYACTHMHKOIO Ta MaTeplaliom
nap TepTsl, 10 MPUCKOPIOE MPOIEC BIPOBAHKEHHS aTOMIB HAHOYACTHHKH J0 Mate-
piaiy map TepTs.

3. Kopnyckynapno-xeunvosuii oyanizm.

3 pyXOM YacTMHKH MOB’s13aB MOLIMPEHHS TJI0CKOT XBUIIL 1e-Bpois, JoBXHHA
AKOT A BH3HAYAETHCA Yepe3 BEIMUMHH, 1[0 XapaKTEPU3YIOTh YaCTHHKY

_h_n
P 2mkT '

ne P - immynsc yacTHHKH, M- ii Maca, T - Temmeparypa , h — crana [1nanka, K —
craia bonprMmana.

O1uiHka JOBXKUHU XBUJIl Ae bpoilns nis aroMa mpu KIMHATHUX TeMIleparypax
srigao piBHsHHIO (3) mae 3HaueHHs A =0,2-0,1aM, TOOTO aToMH, MO 3HAXOAUTHCS
Ha MOBEPXHI HAHOYACTHUHOK, MOBOSATH ce0e AK KJIACUYHI YACTUHKH, 1 1X PyX OMH-
CY€TbCS PIBHSHHSMHU KJIACUYHOT MEXaHIKHU.

JI71st eNeKTpOHIB y MeTanax JoBkWHA XBuil Ae bpoitna cknamae 1,0 HM, ToOTO
BIUTUB PO3MIPY HAHOMETANIB Ha iX €JIEKTPOHHI BJIACTUBOCTI MOKE MPOSBISITUCH
TITBKH JJIS1 MAJTMX YaCTHHOK YH B JTy’KE€ TOHKHX ILTiBKaX.

JInsi HaHOCYANCTUHOK CIUIaBiB, HamiBMeTadiB (Bi) Ta HamiBNpOBIAHMKIB, SIKi
BIJIPI3HSIOTBCS MMM 3HAYEHHSIM K €(EeKTHUBHOI Macu eneekTpoHiB m~0,01 miy,
Tak 1 eHeprii HocliB E ~ 0,1 eB, 3nauenHs nosxkuHa xBuji ae bpoiins ckianae 611
10 HM, TOOTO BUSIBIEHHS KBAaHTOBUX €(EKTIB JUIsi LBOTO TUIy HaHOMAaTeplaiiB
3HayHe. Jlis  eNeKTpOHIB  MOBEPXHEBUX  aTOMIB  Taka  OIIHKa  Ja€
A =5-10 HM, TOOTO NJIA TTOSICHEHHS TTOBE/IIHKA €JICKTPOHIB Y HAHOYACTUHKAX HE00-
X17JHO BUKOPUCTOBYBAaTH KBAHTOBY MEXaHIKY.

4. UmogipHichuii xapakmep.
MIMOBipHOCTI 3HAXO/KEHHSI MiKpOYacTHHKH B 00’ emi dV, 1110 oTouye Touky I B
MEBHUI MOMEHT 4Yacy U BU3HAuYaeTbCAd KBAAPATOM MOJIYJA ii XBUJIBOBOI (PYHKIIT

2
"/’(r,t)
CBbKOI KBaHTOBOI MEXaHIKH, IKEC Ma€ TaKUH BUTJISI:

hé
AW +U(x,y,z,t =EW
A (x,y,z,t)

1e , M — Maca YaCTUHKH;

A — oneparop Jlamiaca ,

W(x,y,z,t) —xBuiIboBa QYHKIIis YACTUHKH,

U(x,y,z,t) —NOTEHIIIIIHA eHepris YaCTUHKHU B CUJIOBOMY IOJI
E — eHepris YaCTUHKHU.

, SIKY 3HaXOAATh 31 cTarioHapHoro piBHsHHS Llpeninrepa nns HepenasTUBICT-

5. /luckpemni cmanu.

KBanToBa yacTMHKa MOke mepe0yBaTH y CTIMKMX CTaHaX, SIKMM BIiJIIOBIJAIOThH
JMCKPETHI 3HAUCHHsI €Heprii, 3HaleH1 Mmicis po3B’s3aHHs piBHsHHs [lIpeninrepa.
JIMCKpeTH1 3HAYeHHS MPUHUMAIOTh 1 1HI (I3UYHUX BEJIMYMH, [0 XapaKTEPU3YIOTh
KBaHTOBY YaCTHHKY.
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https://elementy.ru/trefil/planck_constant

[epexin B iHIIl cCTaHU BiAOYBAETHCSI CTPUOKOM. SIKIIO 3K 30BHIIIHE 30ypeHHS HE
€ JIOCTaTHbO 1HTEHCHBHUM, TO CHCTeMa He Oyjie 3MIHIOBATH CBiil CTaH, a 3MIHUTH
CTaH MOXE JIMIIE 3a YMOBH, 110 30ypeHHS Ma€ IHTEHCUBHICTh, JOCTATHIO JUIS TIepe-
BCJICHHS y 1HIIIMIA CTaH.

Bucnoexu.
1. IIpu mosicHeHH1 0COOIMBOCTEN MOBEAIHKM HAHOYACTMHOK HEOOX1THO BpaxoBYBa-
TH:
2. KoHIleHTpaIlito MoOBEpXHEBUX aTOMIB, TTOBEIHKA SKUX CYTTEBO BIAPIZHAETHCS BiJ
ITOBEAIHKU 00’ €EMHHX;
3. HepiBHOBaXkHMIA CTaH HAHOYACTHHOK, III0 3YMOBIIIOE MOKJIMBICTh CaMOOpPTaHi3a-
11T TTpU B3a€EMO/Ii1 3 OTOUCHHSIM;
4. TIposiB iX KBAaHTOBHUX BJIACTUBOCTEH.
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IinBumeHHs ekcnyaTaniifHMX BJAaCTUBOCTEN TPUOOJIOTIYHUX BY3JIiB
CYHOBOT'0 00JIa/IHEHSI HAHOPO3MIipPHUMH 0araTo(pyHKIiOHAJTbHUMHA
NOKPUTTAMH

Cy4acHi yMOBH €KCIUTyaTallli CyJleH MOPChKOTO 1 PIYKOBOTO TPAHCHOPTY HEPO3-
PUBHO TIOB'sI3aH1 3 MPOOJIEMOI0 Horo 6e3mevHol eKCITyarTallii Ta MiJBUIICHHS eHep-
roe()eKTUBHOCTI.

Hoga ctparerist excriiyarairii CyieH TICHO TOB’s3aHa 3 TAKUMU MPOOJIEMaMH SIK
BiJTHOBJICHHS «CTapil040T0y» MapKy CyJeH, 3aXMCT iX BIJ KOPO3ii, a TaKoXK po3podKa i
BIPOBA/DKCHHS CYYaCHMX 3aXWCHUX TOKPHUTTIB IS BiIHOBJICHHS 1 TIABUIIICHHS
eKCIUTyaTalliiHUX BIACTUBOCTEH JeTaleil Cy/IeH.

OpHuM 3 NIISXIB M1IBUIIEHHS JOBTOBIYHOCTI Ta 3aXUCTy MOBEPXOHbB BiJl 3HOCY 1
KOpO3ii € HaHeceHHs OaraToPyHKI[IOHAIBHUX MOKPUTTIB Ha iX poOOYl MOBEpPXHI.
Cepen 3aXMCHUX MOKPUTTIB, SIKI MPU3HAYEHI JJIS BITHOBJICHHS PI3HOMAHITHHUX IIO-
BEPXOHb, IMPOKOTO 3aCTOCYBaHHS HaOyIu HaHOMOpPOUIKU. JlOCTIKEeHHS HaHOMa-
TepiaiiB JO3BOJISIIOTh pealli3yBaTH BUCOKUN PIBEHb (PI3UKO-XIMIUHUX Ta MEXaHIYHHUX
MaTepiaiiB B HaHOCTaHi. Benuke 3HaueHHs 3aliMalOTh HAHOMATEepiaid Ha OCHOBI
IUTIBOK, $IKI MalOTh HAaHOPO3MIPHI po3MipH, xoua 6 B ogHOMY 3 HampsimiB. CydacHi
TOHKOIUTIBOYHI HAHOPO3MIPHI CTPYKTYPH BiAIrparoTh 3HAYHY POJIb B YTBOPEHI aJICO-
pOEHTIB, KaTasli3aTopiB, HANOBHIOBAUIB KOMIIO3ULIIMHUX MaTepialliB, MEMOpPaHHUX
cuctem, Touo[ 1].

TexHonoris HaHeceHHs1 3axucHuUX NOKpUTTIB (3II) mocsraerbest nuIsIXOM oOca-
JOKEHHS Ha B1IHOBJIFOBAaHI MOBEPXHI MaTepialiB, sIKi 32 CBOIMU BJIACTUBOCTSIMU BiJI-
PI3BHSIIOTHCS BIJT OCHOBHOTO MeETally JeTajl 1 BIJAMOBIIAIOTh YMOBaM EKCILTyaTallii
(3HOC, KOpO3is, TOMIO). [0 HEJ0MIKIB HAMMIIEHUX MOKPUTTIB BIIHOCSATH HU3bKY MIIl-
HICTb 3YETUICHHS 1 BUCOKY TTOPUCTICTh, TOMY MOKpAIIEHHS 1X BJIACTUBOCTEH JocCsTra-
I0Tb KOMOIHOBAaHUMH METOJ[aMHU.

[[upoko HaOyM TEHAEHIIT PO3BUTKY KOMOIHOBAaHMX METOIB HAaHECEHHs Oara-
TO(YHKITIOHATLHUX MOKPUTTIB ISl BIIHOBJICHHS Ta IIJBHUINCHHS €KCILTyaTaIliiHUX
BJIACTUBOCTEH neranet [2]. Jlo HUX BITHOCATD:

— TIOE€THAHHA XIMIKO — TE€pMIYHOT OOPOOKH 3 TTOBEPXHEBUM IUIACTUYHUM Je(op-
MYyBaHHSIM;

— Tra3oTepMiuHEe HAMWJICHHS 3 XOJOJHOK MPOKATKOK, 3 TapsSYMM i30CTAaTHUYHUM
IpeCcyBaHHsIM, 3 HaKJIaJCHHSIM BiOpaIlii, 3 yIbTpa3ByKoBOIO 0OPOOKOIO ;

— EJICKTPOMArHiTHE HAIUIABJICHHAM 3 TEPMOMEXaHIYHOIO 00pOOKOIO Ta 3 TOBEPX-
HEBUM ILIACTUIHUM JIePOpPMYBaHHSIM;

— TIOBEPXHEBO IJIACTUYHE Ae(OpMYBaHHAM 3 U(Y31MHUM HACUYEHHSM, 3 Ja3ep-
HOIO0 00pOOKOIO , 3 MYHUM Ta €IEKTPUYHUM HArpiBaHHSIM; 3 MIKPOJIYTOBUM OK-
CUyBaHHS, 3 €ICKTPOIMITYILCHOIO 00poOKoT0; TOtIO [2, 3].

CyTTeBe MiABHUILEHHS MIKPOTBEPAOCTI 1 3HOCOCTIMKOCTI 3a0e3nedye eIeKTpOoH-
HOMPOMEHEBa 00poOKa HamuiIeHUX MOKpUTTIB [3]. Taki CTpyKTypu MarOTh cepeaHii
pO3Mip 3€pHa B MOKPUTTI BiJ] COTEHb MIKPOMETPIB JI0 COTEHb HAHOMETPIB, @ MIKpPOT-
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BEpAICTh 30UIbIIYEThCS B 5 pasiB. Ilicia enekTpoHHO-TPOMEHEBOT 0OpOOKH Mexa
BUTPUBAJIOCTI TAKUX MOKPUTTIB MiABUINY€EThCS HA 60—80 %, a MIITHICTh 3YETIJICHHS —
y 2,5...3,5 pazu [3].

CydacHuM e(EeKTUBHUM CIIOCOOOM 3aXHUCTY MMOBEPXOHb 3 HAHECEHHS YJIbTPa3BY-
KOBOTO TOKpUTTA. [lpu ymbTpa3ByKoBiii 00poOIll po3Mip 3epHa B MOKPUTTI 3ajie-
KUTb BiJ] IHTEHCUBHOCTI 00pOOKH, 3MIHIOIOYHCH B 45 10 24 HM. A, 3HOCOCTIHKICTh
MOKPUTTIB, HANpuKiad, 31 ctaini CB-08 mpu cyxomy TepTi miBuinyeThes B 10 pas.
[3].

[TpoBeneni gocmimkeHHs: apTopamu [2, 3], moka3amu, mo 311 go3BoysIOTH 30i-
JBIIATHA TEPMIH €KCIUTyaTallii BajliB CYJHOBHX JIBUTYHIB MPU BUTOTOBJICHHI HOBHX
JIeTaJIel 1 BITHOBJICHH] 3HOIICHHX, a TAKOX 1 TIPH IIbOMY 3MEHIITUTH BUTPATH JIETO-
BaHUX cTalied 1 crasiB [4]. 3actocyBanHs 311 103BOAUTH 30UIBIICHHS TEPMIH €KC-
ITyaTalii BajiB MUISIXOM MJBUIIEHHS 1X 3HOCOCTIMKOCTI, 3MIIIHEHHS TTOBEPXHEBOTO
mapy Ta, BIIHOBJIGHHS 3HOIICHHMX JIeTajeil MpH 3aMiHl JOPOTUX MartepiajiB OUIbII
JCIICBUMH MaTepiaiamu [2-4].

B momrykax miBUIIIEHHS 3HOCOCTIMKOCTI, PO3POOJISIIOTHCS TEXHOJIOTI, K1 J10-
3BOJIIIOTh OTPUMYBATH KOMITIO3MIIIMHI MaTepiaii 3 BUCOKMMHU TPUOOTEXHIYHUMU
XxapakTepuctTukaMu. Tak aBTopu [5] moCHiauiu KOMMIO3UIIAHI MaTepiaid THUITY
CTaJib — O YaByH. 3a JJOMIOMOT'OI0 €JIEKTPOKOHTAKTHOTO METOY, SIKUii BUKOPHC-
TOBYE KOHTAKTHE HArpiBaHHs HE MDXK €JEKTPOJIaMUd MallliHU TOYKOBOT'O 3BaprOBaH-
Hsl, @ MK €JIEKTPOJOM Y BUIJISA1 TpadiTOBOrO IUCKY Ta CTAJIEBOIO MOBEPXHEIO 3 Ha-
HECEHUM Ha Hei BOJOKHUCTHX BYIJICIICBUX MaTepiajliB, OTPUMAHO MOKpPAIICHY 3HO-
COCTIMKICTh KOMITO3MIIIITHMX MartepianiB. Taka MeTonuKa XapaKTepU3yeThCS 3HAY-
HOIO HAJIMHICTIO Ta J03BOJIAE€ (POPMYBaTH 3HOCOCTIMKI CMYTM HaBYIJIELIbOBAHOTO
mapy. Taki mapu, 1o MaroTh TapHE 3YEIJIEHHS 3 OCHOBHUM MeTasoM [5].

Jlo nepcnexktuBHUX OaratomapoBux 3II, siki MarOTh 3HAYHY MILHICTh Ta BHCKI
(b13uKO-XIMI4HI 1 TPUOOTEXHIYHI BIIACTUBOCTI, BIIHOCATHh MaTepiaJid HA OCHOBI aJIfo-
moHiTpuaa tutany AITIN. Jocmimkeni [6] Gpukiiiiai xapakTepucTuku OaraToiia-
POBUX aIMa30MOAIOHUX MOKPHUTTIB, JIJIsi TOBEPXHEBUX IIAPIB SKUX BUKOPUCTOBYBA-
JIM TOHKI aJIMa30Ioi0Hi TOKPUTTS 3 BUCOKMM BMicToM sp® ¢asu. I[Iposeneni Tpubo-
norivecki gociiau B 311 Ha OCHOBI aTIOMOHITPHUAA TUTAHY Ta aIMa30IOAI0HOTO BYT-
JIELIO 3 BUCOKMM BMICTOM Sp° (ha3u, MoKa3any e(eKT 3HMKEHHS Koe(illieHTy TepTs
npu 301IBIICHA] HaBaHTaXEHHS. TakoXk crocrepiraiach JOCUTh XOPOIia eKpaHyrda
1 aHTUGPUKLIAHA 151, BIACYTHICTh J€()EKTIB MOKPUTTS, 110 TOBOPUTH PO HOTO BU-
COKY HECyYy 3/IaTHICTh Ta 3HOCOCTIUKICTS [6].

CygacHi TexHOJIOT1i 00pOoOKH MOBEPXOHb J03BOJISIIOTH 00paTH ONTUMAaJIbHI Ma-
pametpu noBepxHeporo mapy (IIL), sxi cyTTeBO BIUIMBaIOTh HA €KCIUTyaTalliiiH1
XapaKTEPUCTUKU JEeTalei: 3HOCOCTINKICTh, MIIHICTh Ta KOPO31MHY CTIMKICTh. 3a-
Oe3neueHHs 3aaanux Biactuocter [1II xapakTepu3yeTbesi BIMOBIIHUM XapakKTe-
PUCTUKAMH TIOBEPXHI, K1 0€3MmocepeIHhO BIUTMBAIOTH HA X BIACTUBOCTI. OCcOOIMBO
11€ BKHO JJI JieTajeil cyiHoBux arperaTiB. Lle moB’s3aHo 31 cnenudikoro 06cmyro-
BYBaHHsI Ta PEMOHTY CYJHOBHUX YCTAaHOBOK, SIK1 BIUTMBAIOTh HA 1X HAIIHHY poOOTY Ta
JOBroBIYHICTh. OTKe, MOIIYK HOBUX METO/Il 3aXHCTY OKPEMUX MMOBEPXOHb CYAHOBUX
MEXaHi3MIB, € aKTYaJIbHHUM.
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VJIK 621.91

Kappames /I. JI., I'purop’eBa O. C.
HamionansHuit yHiBepcuteT «O1echbka MOPChbKa akaaeMis»

IHigBuIeHHS eKCILIyaTAllliiHMUX BJIACTUBOCTEH BY3JIiB CYyTHOBOT0 00JIaJHAHHSA
ByIJleleBUMHU KOHCTPYKUIHHUMH MaTepiajamu

P03BUTOK CBITOBOI €KOHOMIKM 3YMOBJIIO€ HEOOXIJHICTh AMHAMIYHOTO PO3BUTKY
MOPCBHKOi rany3i. Jljig AocArHeHHS HEOOX1JHUX MOKA3HUKIB PO3BUTKY MOXKYTh OyTH
BUKOPHUCTaHI BYTJIMIIEB] KPHCTPYKIiHI MaTepianm. [loenHaHHs BIacTMBOCTEH ap-
MYIOYUX HAllOBHIOBAYIB 1 MOJIMEPHUX €THATBHUX J03BOJISE HAOyBaTH 3aaHUX (Hu-
3MKO-MEXaHUYECKHE BJIACTUBOCTEH.

Martepianu Ha OCHOBI BYIJICLIO 3aiiMarOTh OCOOJMBE MICIE B PI3HUX Taly3sax
HApOJIHOTO TOCIIOAAPCTBA 3aB/SKH MOETHAHHIO KAPOMIITHOCTI, MEXaHIYHIN MIITHOCTI
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Ipy BHUCOKHX TEMIeparypax, XIMIYHIH CTIMKOCTI B arpecMBHUX CEpeAOBHUIIAX,
GpUKIIAHUM, aHTUQPUKIIHHUM, SJICKTPUIHUM BIIAaCTUBOCTSM] 1 ].

KoHcTpykiiiHUMHU Ha3UBalOTh MaTepiayid, 1[0 MPU3HAYEHI JJIi BUTOTOBJICHHS
JeTajgel MallluH, TPUIaJIiB, 1HXEHEPHUX KOHCTPYKIIH, MIITA0ThCd MEXaHIYHUM
HaBaHTaXEHHsAM. JleTani MamuH 1 NPWIA/liB XapaKTEPU3YIOThCA BEIUKOIO PI3HO-
MaHITHICTIO (hOpPM, pO3MIpiB, YMOB eKCIUTyartarlii. BoHu mpaiforoTh Mpu CTaTUYHUX,
MUKJIIYHUX 1 YIApHUX HABAaHTAXEHHSX, MPU HU3bKUX 1 BUCOKHUX TeMIepaTrypax, y
KOHTAaKTl 3 PI3HUMH cepeloBUINaMU. LI YWHHUKKM BU3HAYaIOTh BHUMOTH IO KOH-
CTPYKIIHHUX MaTepiaiiB, OCHOBHI 3 SKHX EKCIUTyaTalliiiHi, TEXHOJOTIYHI 1 €eKo-
HOMIYHI.

ExcrutyaTariiiini BUMOTH MalOTh NEpBUHHE 3HaueHHs. lyig Toro, mob 3abesre-
YUTH MpalEe3IaTHICTh KOHKPETHUX MAILMH 1 MPUJIaaiB, MaTepiaia IOBUHEH MaTH BU-
COKY KOHCTPYKIIIMHY MILIHICTb.

KoHCTpyKIIHHOIO MILIHICTIO HA3UBA€ETHCS KOMILJIEKC MEXAaHIYHUX BJIACTUBOCTEH,
1110 3a0€3MevyI0Th Ha/IIiHY 1 TpUBAITY poOOTY MaTepiaidy B yMOBaX €KCIUTyaTallii.

HeoOxigH1 3HaYeHHS] MEXaHIYHUX BIACTUBOCTEH Marepiany Jjsi KOHKPETHOTO
BUPOOY 3aJIe’KaTh HE JIMIIE BiJ] CUJIOBUX YMHHHKIB, aJie 1 BiJ A1l HAa HbOT0 POOOUOTO
CepeIoBHILA 1 TEMIIEPATYPH.

BBeneHHs1 B mojiMepHiI MaTepiajid BYIJICLIEBUX BOJIOKOH JO3BOJIUJIO CTBOPUTHU
IPUHILIMIIOBO HOBUHM KJac KOHCTPYKLIMHMX MaTepiajiiB - BYIVICIJIACTUKIB. BoHM €
KOHCTPYKUHHUMHU MareplajJaMy Ha OCHOBI MOJIIMEPHOI MaTpulll, apMOBaHO1 Oe3Iie-
pepBHUMH a00 AUCKPETHUMH BYTJICIICBUMH BOJIOKHAMH. 3aJIe)KHO BiJl BUTJISILY ap-
MYIOYOr0 BYIJIELIEBOTO MaTepially BYIVIEITUIACTUKU MiAPO3AUISIOTECS Ha BYTJIEBO-
JIOKHITH, BYTJIETEKCTOJUTH 1 BYTJICTIPECBOJIOKHUTH.

ByriieBOJIOKHITA BUTOTOBIISIFOTHCSA 13 3aCTOCYBAaHHAM O€3MEpEPBHUX BYTJIECIIEBUX
HUTOK 1 JUKTYTiB. BOHM MatOoTh MaJivii 1 cTaOUIBbHUN KOE(DIIIEHT TEPTS 1 BOJOIIIOThH
XOpOIIOI0 3HOCOCTIHMKICTIO. TemmneparypHuii Koe(illieHT JiHIHHOTO PO3UIUPEHHS
yrieBooKHUTOB B iHTEepBaii 20-1200 C 6mm3bkuil 10 Hys./lo HEOMIKIB BYTJIEBO-
JIOKHUTOB BITHOCSITh HU3BKY MIIHICT MIPU CTUCKYBAHHI 1 MDKIIIAPOBOMY 3pYIIEHHI.

ByriieTekcTosiTi BUTOTOBIISIIOTH 3 BUKOPUCTAHHAM TKAaHUH 200 TKAHUX CTPIYOK
PI3HOTO MEeperyIeTeHHS.

ByrnenpeccBoaoKHITH BUPOOISIOTh HA OCHOBI JUCKPETHUX BOJIOKOH.

BnacTuBOCTI yriemnacTUKOB 3ajiekaTh Bl XapaKTEPUCTUK apMYyHOUHUX Ma-
TepiaiiB, BUMIISIAY 1 TEKCTYpU BOJOKHA, MIpH HAIMIOBHEHHSI, BIIACTUBOCTEN MOJIMEpP-
HO1 MaTpHIIl 1 TaK JaJi.

BiamiTHI 0COGIMBOCTI BYTJIEIJIACTUKOB, SKUMHU BOHHU BOJIOAIIOTH 3aBASKH BY-
[JICIIEBUM BOJIOKHAM, - BHCOKa MIIHICTh TPU HAJI3BUYAHHO BHCOKOMY MOAYJI1
MPY>KHOCTI 1 HU3BKOI MIUIBHOCTI 1 moB3y4ocTi. Kpim Toro, y HuX gyke BUCOKa Tel-
JIOCTIMKICTB 1 CTIMKICTh 10 TepMiuHOTO cTapinHs. Bouu tpusano (500-1000 4) But-
PUMYIOTh MEXaHIUHY Hamnpyry npu ogHouacHid naii remmneparyp po 2000 C. i ma-
Tepialiid BOJOAIIOTH B 2-3 pa3u BUIIOI0 BTOMHOO MIITHICTIO, HIXK CKJIOTJIACTHKH.

KoHcTpyKIifiH1 ByTJIEIIACTUKH MICTSTH SIK HallOBHIOBaYa BUCOKOMOY bHI (E =
342 - 540 ITla) 1 Bucokomimui (o = 2,5 I'Tla) Byrmemnesi BojokHa. [lnsi KOH-
CTPYKUIHHUX YTJIETJIACTUKOB XapaKTepHI HU3bKA IUIBHICTh 1 KOe(ILI€HT JIHIHHOTO
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PO3IIUPEHHS 1 BUCOKI MOJIYJIb MPY>KHOCTI, MILIHICTh, TEPMOCTIMKICTh, TEIJIO- 1 €JIeK-
TPONPOBIAHICTE.

Cepen HeIOIIKIB BYTJICIIACTUKIB - MEHIIA, B MOPIBHAHHI 3 1HIIUMHA apMOBaHU-
MU TIJIaCTUKAMH, MUTOMAa yAapHa B'S3KICTh, HEJIOCTATHS TPIIUHOCTIMKICTD 1 BHUIIA
YYTIUBICTh A0 KOHIEHTpalil Harpyru. YepryBaHHs B CTPYKTYpi MaTepialy apMylo-
YUX HAMOBHIOBAYiB PI3HOI XIMIYHOI MPHUPOAM TO3BOJISIE YCYHYTH I HEIOJIKH. 3
I[1€0 METOI BUPOOJIAIOTh KOMOIHOBaH1 TKAHWHU Ha OCHOBI CyMIiIlIeH CKIISTHUX 1 BY-
TJICIEBUX BOJIOKOH [2].

XiMiyHa CTIMKICTh BYTJICIUIACTHKIB JIO3BOJISIE 3aCTOCOBYBATH iX Y BUPOOHHUIITBI
KHCIIOTOCTIMKMX HAcOCiB, YIIUJIbHEHb. ByrienesBi BoJIOKHA MalOTh HU3BKUH
KoediuieHT TepTa. Lle mae MOXIMBICTH BUKOPUCTOBYBATH iX SK HAllOBHIOBaYa JIJIs
PI3HUX €JHANBHUX, 3 SIKUX POOJATH MIIIMIMIHUKK, MPOKIAJIKH, BTYJKH, IIECTEPHI
[3].

Byrnennactuku Biipi3Hs€ BUCOKHI OMip BTOMHUM HaBaHTaxeHHsM. [lo Bemu-
YUHI MEK1 BUTPUBAIOCTI HA OJMHUITIO MACH BYTJICIUIACTUKY 3HAYHO MEPEBEPIIYIOThH
CKJIOTUIACTUKH 1 MeTanu. OJIHa 3 MPUYMH [[HOTO - MEHINA (Y1M, HAIPUKJIA] B CKIIO-
IUTACTHKIB) Aedopmallisi Ipu OJHAKOBOMY PIBHI HANpPYTH, 110 3HUXKYE PO3TPICKY-
BaHHA MojiMepHoi Matpuill. KpiM TOro, BUCOKA TEIJIONPOBIIHICTH BYTJIEIEBUX BO-
JIOKOH CIIpUSiE PO3CIIOBAaHHIO €HEpPrii KOJMBaHb, LI0 3HI)KYE CaMOpa3orpeB Ma-
Tepialy 3a paXyHOK CHJI BHYTPIIIIHBOT'O TEPTH.

KomToBHa BIIaCTUBICTh YIJIEIJIACTUKOB - iX BHCOKa JeMII(yroya 3JaTHICTH 1
BIOPOMILIHICTh. 3a MMM MTOKa3HUKaMU BYTJIEIJIACTUKH NIEPEBEPUTYIOTh METAJIH 1 JIe-
4Kl 1HIII KOHCTPYKIiMHI MmaTepianu. PerymioBatu aemndyrody 30aTHICTh MOXKHA,
3MIHIOIOYH KYT MIXK HalipsiMaMy apMyBaHHS 1 J0JJaTKa HABAaHTAKEHHS.

VY Tabnuui 1 mpeacTaBieHl A NOPIBHSAHHS XapaKTEPUCTUKH JIEIKUX MeTalie-
BUX, MOJIMEPHUX MaTepiajiB KOHCTPYKUIMHOTO MPU3HAYEHHS 1 YTIIETUIACTUKOB.

Byrnenesi BojlokHa BOJIOIIFOTh BUCOKOIO XIMIYHOKO CTIHKICTIO JI0 BCIX arpecuB-
HUX CEePEOBUII 32 BUHATKOM CHIIBHUX OKHCIIOBayiB. Brcoka XiMiuHa CTIHKICTh BY-
IJICLEBUX BOJIOKOH BH3HAUMIA PO3POOKY XEMOCTOMKHX YTJIEMJIACTUKOB 3aMICTh
HEIpP)KaBIIOUMX CTajei, CIUIaBIB 1 KOJIHOPOBUX METATIB JjIs BUTOTOBIICEHHS Pi3HOI
amapatypH 1 BY3JiB MaIllWH, 1110 MPAIIOI0Th B YMOBaX il arpeCUBHUX CEPEOBUIIL:
KOPO31HHOCTINKHUX HACOCIB, EMKOCTEH 1 TpyOOIIPOBO/IIB.

Pa3oM 3 BUCOKMMHU MEXaHIYHUMHU BJIACTUBOCTSIMH 1 XEMOCTOMKOCTBIO ByTJIEILIA-
CTUKU BOJIOJIIOTh XOPOIIMMH AHTUPPUKIIAHUMU XapaKTEPUCTHUKAMHU, MOPIBHSIHO
HU3BKUM KOE(]IIIEHTOM TEpTs 1 MIJABHINEHOI 3HOCOCTIMKICTIO. KoedimieHT TepTs
yraeminactTukoB Baraetses Big 0,1 mo 0,17 3amexHo BiJ yMOB BUIIPOOYBaHHS, a IO
3HOCOCTIMKOCTI BOHM B 5-10 pa3ziB mepeBepllytoTh aHTU(GPUKIIIHI MapKu OpOH3H,
BUKOPHUCTOBYBAHI1 JJis1 BATOTOBJICHHS MIAIIMITHUKIB KOB3aHH [3].

B po6oti [5] y3arajnpbHEHO AOCBIJ CTBOPEHHS 1 3aCTOCYBaHHS IIBUAKICHUX
MIIITUITHUKIB KOB3aHHS BIIIEHTPOBUX HACOCIB JIJISi Cy/IHOBUX €HEPTeTUYHUX YCTa-
HOBOK, TCIUIOBHX CJICKTPOCTAHIIIM, aTOMHUX CJICKTpOCTaHIlii. IliMmUAIHIKA KO-
B3aHHS CHEPreTUYHHX YCTAHOBOK MpAIIOI0Th Ha meperpitiii Boai mo 200°C mpwu
mBUAKOCTAX KoB3aHHs 20-40 m/c. Ha BiaMiHy Bij MeTasiB ITUM MiJNTUITHAKAM HE
MOTPIOHO JOJATKOBE MACIISIHE MACTHIIO.
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Tabmuns 1 — BnactuBoCTi JeKUX KOHCTPYKIIHHUX MaTepiaiis [1]

I'yc- MimHicTh Mo- [Tuto- [Tuto-
Marepian THHA, [pU poO3TATY-mynb FOH-Ma ~ MII-MHHA ~ MO-
kr/mM3 BauHi, MIla [ra, I'Tla  |HiCTB, TyJib,

Byrnennactux 145 780-1800 120- 53— 9-20 aK
CkJonuaacTuk 212 1920 69 91 3,2 UM
Bucokominna 780 1400 210 18 2,7 un
AJTOM1H1EBUI 270 500 75 18 2,7 HO
TuranoBuii criiaBs 440 1000 110 28 2,5 M,
IMomiamiz 6,6 114 82,6 28 7,24 0,24 BY-
[Tomiamig 6,6+40 146 217 112 8,87 0,77 e
Mac. % ckiioBoJIokHa [0 e
[Tomiamig 6,6+40| 134 280 238 21,0 1,92 Bi
Mac. % ByrieneBoroQ KO
ooz s

O3UTHI MaTepiajid JOUUILHO BUKOPHCTOBYBATH B PI3HUX Taly3siX TEXHIKH B THUX
BHUMAJKaX, KOJU TPAJAMIIIHI MaTepiaJii Hempare3aaTHi, TOOTO B yMOBaxX BHCOKHX
TEIJIOBUX HABAHTAXKEHB 1 Y By3/1ax TepTs [3], Hampukiaa poTopiB TypOiH, TpyO BHU-
COKOTO TUCKY, JIJIsl TTIIIUITHUKIB KOB3aHHS, YIIUIBHEHb 1 T.JT

Pucynox 1 — [Ipuknan BukoHaHHs: BUpOOIB 3 BYTJIUIIEBUX KOMIIO3UTHUX MaTepi-
ajiB

Orusig 3po0sieHo y paMKax BUKOHAHHS kKadeIpaabHOT HAyKOBO-A0CIIIHOI po0o-
TH «3aCTOCYBaHHS HAHOKPHUCTAJIIB Ta HAHOMATEPIaIiB JIJIsl MiABUIIEHHS €(DEKTUBHO-
CT1 1 30UJIBIIIEHHS PECYPCY Cy/AHA Ta oro o0JiaTHaHHS
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Maxkapenxko JI.M.
HarionansHuit yHiBepcutet «Ojiecbka MOPChKa akaJeMis

Buxopucranusi HaHoMaTepiajiB Ta BIPOBA/KEHHS! HAHOTEXHOJIOTIi B
CYIHOOYAyBaHHI
HanotexHosorii Ta HaHOMaTepiadu JOCUThH IIBUJIKUMU TEMIIAMU 1HTETPYBAIUCS
B MOBCSIKJICHHE KUTTS, BKOPEHUJIUCS ¥ CBI1JIOMOCTI MIPEICTABHUKIB CBITOBUX YPSIIIB,
3MYCHUBIIH 1X YCBIJJOMHTH, [0 HABKOJIMIIIHE IPUPOJIHE CEPETOBUIIE MOTPEOye 3axXu-
CTY, UIUIHHO 3aCiJIM B YMaX BUEHUX BChOT'O CBITY SIK HAJI3BUYANHO MOTY>KHUI BaXK1Ib
BILJIMBY JJIs1 BUPILIEHHS BCIX ICHYIOUUX MPOOJIEM 1 3aBAAHb JIFOJICTBA.

JIumie 3a OCTaHHE AECATHPIUYS Taidy3b HAHOTEXHOJOTIM IMIBUJIKO PO3BHHY-
nack. BueH1 0CATIM KOJOCAIbHOTO MPOPUBY Ta MAIOTh BEJMKHUI yCMiX Y BUBYEHI
MOJIMBOCTE HAHOTEXHOJIOT1 Ta CTBOPEHHI MaTepialiB, 100 MaTH MOXIJIHMBICTh
KOPUCTYBATHUCS iX PO3LIMPEHUMH BJIACTUBOCTAMM, TAKMMHU SIK MEHIIA Bara, Oijiplia
MIIHICTh, TIJBUIIIEHA €IEKTPOIPOBIIHICTh, CKOpIlIa XiMIYHA peakIliiiHa 3AaTHICTh
MOPIBHSTHO 3 1X BEJIMKMMU €KBIBaJICHTaAMHU.

11 xoua cTanh Hapasi € HafGiIbII PO3MOBCIOKEHHM CYIHOOYIIBHAM MaTepia-
JI0OM, B po3po0lii BUEHUX 3HAXOATHCS HOB1 CYJHOOYIBHI CTaJl.

3 nouarky 2000 po3snouanucs MaciTabHI HayKOBO-AOCI1IHI BUTIPOOYBaHHS CY-
JIEH 3 KOpITycaMu, CTBOPEHUMH 3 TaKMX HOBITHIX MatepianiB. [licis TpuBanoro gacy
pO3pO0OK HACTaB HOBUU €Tall PO3BUTKY CYIHOOYIyBaHHSA, C 3aMIHOIO 3BHMYAMHUX
MaTepianiB Ha KOMIO3UTHI, O1JIbIII €KOJIOTIYHI.

Hapasi B cynHOOyAiBHUI MPOMUCIOBOCTI JiJIsi CTBOPEHHSI TaKUX MaTepialiiB BU-
KOPUCTOBYETHCS TP €JICMEHTH — BOJIOKHHUCTI MaTepiaJivi, HalmoOBHIOBaYi 1 cmonu[1].

BonokHucTi MaTepiaal € CTpyKTypHUM KOMIIOHEHTOM, SIKE€ BUKOPUCTOBYE CKIIO
abo ByrJjereBe BOJOKHO. HamoBHIOBaYi1, Taki SIK 3aKpUTOKIITUHUNA MOJ1BIHUIXJIOPUT
abo comoiiMep criposia i akpuioHiTpuia(styrene-acrylonitrile copolymer - SAN),
10 BUKOPUCTOBYIOTHCS JUIsI BATOTOBJICHHS JIETKUX, aJleé MIHUX Ta O0€3[eYHNX KOHC-
TpyKuUiHUX naHenel. KoHcTpykiii 3 HanmoBHIOBaUYE€M MalOTh TapHI XapaKTePUCTHKU
NOTJIMHAHHA yAapHOTro BIMBY. CMoiH, Taki sk nosiedip, CKIagHui BiHIIOBUN edip

39



1 MOJIMEPU HA OCHOBI €MOKCUAHUX CMOJI 3B’SI3YIOTh BOJOKHUCTHI MaTepiai 1 Haro-
BHIOBAY JIJIs CTBOPEHHS MII[HUX, [II0 HECYTh HABAHTAXKEHHS KOHCTPYKIIIH.

ByrienieBe BOJIOKHO, TaKOK BYTJIEBOJIOKHO, IpadiTOBE BOJOKHO — IITY4YHE BO-
JIOKHO, IO CKJIAJAEThCs 3 ByIJIelto; ¢dopma rpadiTy, B K1 aTOMH BYTJICLIO BUIIIH-
KyBaH1 B TOHKI JIOBT1 rpadiToBi BojIoKHa [2].

ByriienieBe BOJIOKHO € THUII T1IPaTUEIIOI03HOT0 a00 BUCKO3HOTO, a00 MITYYHOTO
BOJIOKHA — MaH-aKPWJIOHITPUIIOBE BOJIOKHO, SKE € BYTJICIIEM Mailke B YUCTOMY BU-
risaal. Lleit matepian BUTOTOBIIOETHCS METOJIOM Mipoi3y, TOOTO PO3KIagaHHS MO-
JIEKyJI CLIONYKH T1/1 BILTABOM BHCOKOi TeMIIepaTypu 0€3 OKHCIECHHS Ta TOPIHHS.

Koxue monoTHo mo OymoBi KPUCTATIYHOI TpaTKH OJM3bKe 10 TpadiTy, mpoTe
CTBOPIOE JIUIIIE TIOCK] MIPOCTOPOBI CTPYKTYpH. besmniu rpadiToBuX monoTeH, neper-
JITAIOYHNCh, YTBOPIOIOTH BOJIOKHO. BYTJIEBOJOKHOM HEBIpHO HAa3WBaIOTh TaKOX
Oyab-sIKU KOMIIO3UTHUN MaTtepiai, J0 CKJIaay SKOrO BXOASTHh BYTJICIIEBI HHUTKH,
HaWOUIbII BIIOMHM 1 B@XXJIMBUM 3 HUX € IUIACTUK, MOCWJICHUN BYIJIEBOJIOKHOM
(arrn.CFRP, Carbon Fiber Reinforced Plastic).

ByrieBolOKHO  OTPUMYIOTH  CKJIAJHOK  TepMiuHOK  00poOkoro (400—
3000 °C) nmomakpuIOHITPHUILY.

Caix BIAMITUTH, 11O BYIJIELIEBE BOJIOKHO — MaTepiai, KU CKJIaJa€eThCsl 3 TOH-
KHX HUTOK J1aMeTpoM Bia 3 10 15 MIKpOH, CTBOpEHUH NMEPEBAKHO aTOMAMH BYTJIE-
110 1 SIBJISIE COOOIO JIOBT€ MAacMO MaTtepially, BATOTOBJIEHOTO 3 aTOMIB BYTJEI0. TH-
CSYl TAKUX MacoM O0'€ AHYIOTBCS Il CTBOPEHHSI 0COOJIMBOI MPSXKI, KA MOTIM 00'e-
THYETHCS 31 CMOJIOO /ISl BUTOTOBJICHHS BYTJICIIEBUX apPKYIIIB.

ATOMU BYIJICLIO Y TAKOMY BOJIOKHI 00’€/JHaHI B MIKPOCKOITIIYHI KPUCTAJIU, BUPI-
BHSIHI MapajeabHO OJIUH JI0 OJIHOTO, 110 Haja€e HoMy OUIbIIOT MIITHOCTI Ha PO3TATY.

[ToniMepHuii maTepian - kapOOH MpeNCTaBisie COOOK0 TOHKOBOJIOKOHHI HUTKH
JiaMeTpoM BiZl 5 10 15 MKM, yTBOpEHI aTOMaMH BYTJICIIO 1 00'€THAHUMU B MIKPOK-
puctanu [3]. Came BUPIBHIOBAHHS ITPH OpPi€HTAIlll KPUCTAIIIB HAJa€ HUTKAM XOPOIITY
MIIIHICTbh 1 pO3TATYBaHHS, HE3HAYHY MTUTOMY Bary 1 Koe(illieHT TeMIepaTypHOro po-
3MIUPEHHS, XIMIYHY 1HEPTHICTb.

Byrnenesi BOJIOKHA XapakTepU3yIOThCS BUCOKOIO CHJIOI HATSATy, HU3BKOIO IH-
TOMOIO Baror0, HU3bKUM KOE(IIIEHTOM TEMIIEPaTypHOTO PO3IMIMPEHHS Ta XIMIYHOIO
IHEPTHICTIO.

Byrnenese BOJIOKHO € IyKe >KOPCTKUM BiTHOCHO WOTO Macy i BUKOPUCTOBY€ETh-
csl, K TPABWIIO, IIJIsl apMYBaHHS AUISHOK KOHCTPYKIIIH, /1eé HEOOXigHa IMiIBUIIEHA
MIIHICTB 1 KOPCTKICTh. KpiM TOTO, BYTJI€BOJIOKHO BiIPi3HAETHCS BHCOKOIO MPYKHI-
CTIO 1 MEXaHIYHOIO MIIIIIO, CTIMKICTIO IO il BUCOKUX TeMIepaTyp, XIMiYHUX peare-
HTIB Ta yJIbTPadioJeTOBOr0 BUIPOMIHIOBAHHS.

Martepianu 3 ByTJieBOJIOKHA MIMPOKO BUKOPUCTOBYIOTHCS y aBia Ta pakeToOyIy-
BaHHI.

Jlo xapOOHIB Hapa3i BIHOCITHCS YC1 KOMIIO3UTHI MaTepiaiu, B SSIKHX OCHOBOIO €
BYTJICIIEBl BOJIOKHA, a 3B’ SI3yI0YM MOXKYTh OyTH pi3HUMH. KapOoH Ta ByriemnaTiuk —
1LI€ OJHE 1 TE caMe.

CMmounu, 30kpema sik nostiedip, CKIaaHuN BIHUTOBHUM edip Ta mojiMepH Ha OCHOBI
€MOKCHIHUX CMOJI, BUCTYNAIOTh 3B’ SI3YIOUMM €JIEMEHTOM, KUl JO3BOJISIE MOETHATH
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BOJIOKHUCTHUI MaTepiall Ta HAMIOBHIOBAY JIJIsi CTBOPEHHS MIITHUX, HECyYnX HaBaHTa-
KEHHSI KOHCTPYKITIH.

JIns 3MeHIIeHHs KUTBKOCTI CMOJIM B MaTepiajil Ta MOKpalleHHsT Horo MexaHid-
HUX SIKOCTEH BUKOPUCTOBYETHCS MPOIEC BaKyyMHOI 1H(DY311, 1110 i 103BOJISIE 3MEH-
IIIUTH Bary KoMio3uty Ha 30-35%.

OpHak MOKM CKJIQHICTh MPEACTaBg€ TOM (akT, M0 Marepial KOMIIO3UTHOTO
CyJlIHa CTBOPIOETHCS O€3MOCEPeIHBO 1]l Yac MPOCKTYBaHHS Ta MOOYIOBU CyJlHA, Ha
BIIMIHY BiJ MeTalleBUX cyAeH. KOHCTpyKTOp 3aBXAHM MOBHHEH MAaTH MOXJIHBICTH
BIJIKOPUTYBaTH THUIl apMaTypH Ta HampsM apMyBaHHS B 3aJI€)KHOCTI BiJ] A1IFOYOTO Ha-
BaHTKCHHA. TaKUM YMHOM € MOKJIMBICTH ONTUMIi3yBaTH KOHCTPYKIIIIO, B TOMY YH-
CJIl 3TMHAJIBLHI MOMEHTH, II1JT JIIF0Yl HAaBAHTAKCHHS.

Cepen BUEHHUX ICHYE QyMKa, IO 3aCTOCYBAaHHSA KOMIIO3UTIB B KOPITyCax CYAEH
Oinbi HIX 30 MeTpiB HE HaJa€e 3HAUHMX IepeBar 1o Basi, 3BaXal04u Ha BUMOTH JI0
KOPCTKOCTI TIpHU 3arajibHoMy BUTHHI. [IpoTe Tpaguiliiine BUKOPUCTAHHS MOJIMEp-
HUX KOMIO3UIIIHHUX MaTepialiB Jyisl BATOTOBJICHHS OKPEMHX €JIEMEHTIB 3/1aTHE ic-
TOTHO 3HU3UTH Bary KopIrycy HaBiTh 80 METpPOBOIO Cy/aHA.

OpHuM 3 PUKIAAOM TOTO, 110 JIyMKa PO HEBEJIHMKI PO3MIPU CYJEH 3 KOMIIO3H-
Ty — XUOHA, € BUTOTOBJICHHS I[IJIbHOTO KOPITYCY BEJIUKOI0 PO3MIPY METOJIOM 1H(DY311
y 2002-2003 pokax Ha Bepdi Vosper Thornycroft Shipbuilding y Benuko6puTasii.
Kopnyc sxtu Mirabella V (momxunoro 75,2 MeTpiB) CKIIAAa€ThCS 3 KOMIIO3UTHOTO
Marepiany - CKIOIUIACTHKA.

Jns pexpeatiiinux cyneH Baroto mnoHana 500 tonn (Mirabella V' Baxuts 740
TOHH) KOMITO3UTHA KOHCTPYKIlisi HE 00OB’S3KOBO JIETIA BiJ] HAMOJIMKUOTO KOHKY-
pEeHTa - aJIIOMIHII0, ajle BOHA MPOMOHYE NEePeBark MILIHOCTI, MEHILIUX BUTPAT Ha 00-
CIIyrOBYBaHHS (BKJIFOYAIOYM 3MEHILEHHS BUMOT A0 (apOyBaHHs), TOBFOBIYHOCTI, 1
BIJIHOCHA THUIA MiJa BOJor0. Bucokuit Moaynb Ha 0a31 XamOia, BiAramy>XKeHHsS OJl-
HOMMEHHOTO CIeliaicTa 3 MOPChbKUX KOHCTpYKIliK HoBoi 3enanmii, 0yB mpusHaue-
HUW JUIS BTUIGHHS 3arajbHOI KOHIEMIii nu3aiiHepa Pona Xosmanga B iHXEHEpHY
peabHICTb.

Kouctpykiis sxtu Mirabella V € ynikanpHOMO 3aBAsSKKM HasSBHOCTI JIMIIIE OTHIET
HIOTIH. 3a 3BUYail CyJHA JOBKHHOIO O1IbIIe HIXK 25 METpiB OyIyIOThCA 3 IBOMA YH
HaBITh TPhOMA IIOTJIAMH 3 METOIO PO3IIJICHHS IUIOINI BITPHJI Ha JEKIJIbKa TUIOMINH,
O1IBLI JIETKMUX Y MiJoMI Ta KepyBaHHI. Bucora mjornu cknanae maixe 88,5 metpu.
HasanTtaxenus B ocHOBI mioriu ckiagac 440 TOHH.

3a 3ayMOM BJAacHHUKA, 1H)XEHEpU Majl CKOHCTpYyHOBaTH MaillOyTHE CyAHO Yy
BIIMOBITHOCTI 2 OCHOBHUM TE€XHIYHUM BHMOTIaM:

1) OyTH MIBUIKUM - CTBOPEHHS MIBUAKICHOI BITPHIIBHOI AXTH, sKa 3a0e3MedyBa-

Ja piBeHb KOM(OpPTY, paHillie MOKIUBOTO HA MOTOPHHX SIXTaX.

JIJIsl MOCATHEHHS IBOTO Pe3yJbTaTy BUKOPUCTOBYBANIACh KOHCTPYKIIS 3 KOMIIO-
3UTHUX MaTepiaiiB, sika 3abe3neunsia HeoOX1IHy KOMOIHAIlIF0 MIITHOCTI, Baru, MIBH-
JKO1 301pKH, OFOKETY, TEXHOJIOT1H Ta T03BOJIMJIa BUBUIBHUTH MIPOCTIP JJIsI TTACaXKH-
piB. IIpu pomMy po3paxyHKOBa MIBUAKICTh SIXTU MiJ BITpUIAMU MPU COPUSITIMBOMY
BITpY MOke nepeBuiirye 20 By3JiB.

2) 3matHe yBilTH 10 OyxTH [Tanm-bi, 3a 1y1st 4oro iHKeHepy MPUUIILIOCS 3aCTO-

CYBaTH IMiTHOMHUN KiJIb JJIs 3HIDKECHHS Ocaaku cyaHa [4].
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OOpanHs 17151 MOOYZAOBH SXTH KOMIIO3UTHOTO HaHOMAaTepialy MO3BOJIUIIO BHUPI-
IIUTH OJJpa3y TPHU NpoOJIEMH, a caMe:

1) npumBUAIKATH OYIIBHUIITBO;

2) CKOPOTUTH Yac Ta BUTPATHU, OCKUIbKM KOMITO3UTHI MaHEJl HE BUMAararmTh pe-
MOHTY 1 aHTUKOPO31iHOT 00pOOKH;

3) HOKpAaIUTH TEPMO- Ta 3BYKO130JIs11it0 [5].

Kpim toro, Bukopuctanus y oOyayeansi sxtu Mirabella V ckiomnactuka 103B80-
uno npu nepepoodmi y 2012 pori 301TbIUTH Ha 3 METPH IIJIONTY KOPMH Ha TPaHIIL,
noOyayBaTH BIAKUAHY Tu1aTGopmy B 60OpPTY.

[TpoTe GinbII CKIAAHUMU € BUTIAQAKU MOOY/TOBU KaTaMapaHiB, Y 3B 3Ky 3 THUM,
110 B JIOTIOBHEHHS JI0 TIO370BKHIM HAaBAaHTAXEHHSM BiAUyBalOTh TAKOXK TOMEPEUHUI
3TWH, TONEPEYHUI 3CYB Ta KpPY4YEHHS, SIKI BUPIIIYIOTHCSA 332 JOMOMOI'OK MOJIEIIO-
BaHHSI.

VY 2014 poui aBcTpaniiicbki po3pOOHUKH 3alpONOHYBAIM CYJIHO-TpaHchopMep
Kormaran K7 [6], rooBHa cTpyKTypa sIKOTO BUTOTOBJICHA 3 BYTJICIICBOIO BOJIOKHA,
AK€ TaKOX BUKOPUCTOBYIOTh IIPU CTBOPEHHI TOHOUHHUX 00iiiB. ['iipokpuia abo ri-
JPaBJIIYHI «PYKU» 3pOO0JIEH] 3aBSKH MOETHAHHIO HEPXKABIFOYOI CTaJll Ta TUTAHY, 1110
JI03BOJIJIO CKOPOTUTHU CymnpoBia Boau 10 80%, THM caMuM 3a0€3MEUHUBIIN BUCOKY
IIBUJIKICTH NMPY 3MEHIIICHUX 3aTpaTax eHeprii.

MakcuMalnbHa JIOBXKMHA CyJIHA cKiagae 7,1 M, JOBXKMHA IO BaTepiiHii 5,5 M,
IIMpPUHA PI3HULA B 3aJIEKHOCTI Bl 00OpaHOTO pexumy:1,6 M B OJIHOKOPITYCHOMY
pexumMi, 2,7 M B pexKuMI KaTamapana, 3,5 M B pexuMi TpuMmapana. Ocajaka cyasa 0,3
M, a B KOH(Irypauii 3 miABOJHUMHU Kpujiamu 1,4 M.

Kpim Toro cepen 6ararbox ocoOIMBOCTEN OO CyaHA € Te, 1o Kormaran 31a-
TEH TePEeTBOPIOBATHCH 3 OJIHOKOPITYCHOTO YOBHA B KaTaMapaH, TPUMapaH Ta CYAHO
Ha MIABOAHUX KpWUJIaX, a TaKOX 3JaTeH OOEpHYTHUCS IUIaTGOPMOIO ISl KyMaHHS.
[Ipu oMy TpaHchopmarliss MOXKE 3A1IMCHIOBATUCS MPAMO 1] 4ac Pyxy.

HeoOxigHo BIAMITUTH 1 HampaltoBaHHs ykpaiHchkux BueHux Ille y 2009 BuHa-
xigauk Onekcanap bepesnn Ha BucrtaBmi «HoBwuit yac» y M. CeBacToros mpescra-
BUB Ha TOW 4Yac YHIKaJIbHUU MPOEKT KaTepa-TpuMmapaHna[ /], skuit MaB Ou OyTH HEBH-
JTUMUM JUTS pagapiB. ['0JIOBHOO OCOOMBICTIO MAJIO CTaTH BUKOPUCTAHHS y KOPITyCl
CyJlHa TIOPSI/T 3 AIFOMIHIEBUMH Ta THTAHOBUMHU CIJIaBaMU, KOMITO3UTHUX MaTepialliB.

3a TBep/HKCHHSIMU BHHAX1IHUKA, KOpaOeab MOXKe MaTH OBXUHY Bix 25 g0 100
MeTpiB 1 OuIbLIE, 1 PO3paxoBaHMi Ha MIBUIKICTH MoHAJ 100 KiloMeTpiB Ha TOJUHY.
[Tpu mpoMy TpuMapaH 31aTHHIA Oy/ie XOAUTH 3a OyIb-SIKUX IMOTOJHUX YMOB, HaBIiTh
M1 Yyac 3Ha4YHOro mtopMmy. Bunaxin Oyno 3anaTeHTOBaHO 1 HOMy Ha TOW yac He Oy-
JI0 PIBHUX.

[Ipote nns ykpaincbkoro BMC Bce 3anumumnocst mpieto, siky y ceprui 2021 Oy-
70 BTUIeHO ypsanoM Innonesii y tpumapani KRI Golok 688.

KRI Golok — € opurinanbHiM CyIHOM iHIOHE31HCHKOTO BHPOOHUIITBA, Maike
MOBHICTIO MTOOYIOBAHOTO 3 KOMIIO3UTHOTO Matepiaiy, SIKHil OKpIM TOTO, IO YCKJIa-
JTHIOE BUSIBJICHHSI BOPOXKMMH pajiapaMu, Ma€ BUCOKY MUTOMY MIIHICTh, 3MEHIIIEHY
Bary, il 4y10By BTOMHY Ta KOPO3iiHy CTIHKICTb.

3aranpHa npoBxkuHa TpuMmapany KRI Golok 688 cranoButs 62,53 metpu, mmpu-
Ha -16 meTpiB, BucoTa — 18,7 meTpiB Ta Bary 53,1 TOHHH, Mae MaKCUMAaJIbHY IIBH/I-
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KICTb y 28 BY3IB 1 KpelcepchbKy HIBUAKICTH Y 16 By3miB. 34aTeH MepeBO3UTH 25
YJICHIB €KIMaXY.

B HemonaBHbOMY MUHYJIOMY MPAaKTUYHE BUKOPUCTAHHS BYTJICIEBUX BOJIOKOH Y
cynHOOyayBaHHI OyJI0 3HaYHO OOMEKEHO iX BHCOKOK BapTICTIO, TOJJIOBHUM YHMHOM
yepes 3aBHILEHY BapTiCTh IMpekypcopis[8].

[IpoTe ByriemiacTuku, ByrJIeBOJIOKHO, BaKyyMHa 1H(Y3isl 3 4aCOM CTarOTh BCE
O1IBII TOCTYITHUMH Ta €KOHOMIYHO €(DEeKTHUBHUMHU.

CynanHa mpy 3HaUYHUX Po3Mipax CTalOTh MAHEBPEHUMHU, IIIBUAKICHUMH, CTIHKAMH,
exosorigyHuMu. KoMmo3uTHI Martepiaau CTalOTh OCHOBOIO CY4YacHOTO CYIHOOYIY-
BaHHs. [lepeBaramu Takux CyleH CTa€ BEJIMKa IMIBHIKICTb, 3/aTHICTh MEPEBO3UTH
O1JIbIIIE BaHTAXIB MPH TOW camiil MOTYKHOCTI MPOITYJIbCUBHOI YCTAHOBKU Ta BUTPAT
MajanBa.

TakuM 4YMHOM 3aBJSIKM BUKOPUCTAHHIO HOBITHIX TEXHOJIOT1H BIA€THCS peai3y-
BaTH Mpil BUHAXI/JHUKIB, pO3POOHHUKIB, ekonoris. M Te, mo aekinpka pokiB ToMy Gy-
JI0 HEMOXKJIMBO, Hapa3i 3HaXOJUTh CBIl MPOSIB y CTBOPEHHI CYJICH, 10 MiATBEPIKYE
PYX B HOBY €py CyJHOOY/IIBHOTO BUPOOHHIITBA.
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3acTrocyBaHHs 3eJIeHMX HAHOTEXHOJIOTI y CyIHOOYAYBaHHI Ta CyITHOPEMOHTI

Mope 3aBxau Oyno 1 Oyne cheporo HAMBaXKIMBIIIKUX 1HTEpeciB JtoquHu. CBITO-
BUU (JIOT MIOPIYHO TIEpPeBO3UTH MopeM A0 10 mipa ToHH BaHTaxiB. Y XXI cTomiTTi
Il 1HTEepEeCH ICTOTHO TpaHCcPopMyBaTUMyThCs. [IpuuMHAMU CTaHYyTh JOKOPIHHI
3MIHM MDKHApOJHOI OOCTaHOBKH, a TaKOX 3POCTaHHS €KOHOMIYHOI Ta BIMCHKOBO-
cTpareriunoi poiii CBITOBOTO OKE€aHy Y PO3BUTKY LIMBIII3AlIi].

[IpiopuTeTHUMYU HanpsIMaMH HAyKU € TIPOMHCIIOBICTh HAHOCHUCTEM 1 MaTepiaiiB i
panioHalIbHE MPUPOJTOKOPUCTYBAaHHS [1].

1. 3esieHi HAHOTEXHOJIOTIT

3eJieHI HAHOTEXHOJIOT1i — IIe TaKi TEXHOJIOT1, B IKUX BUKOPHCTOBYIOThCS O€3-
MeYHI1 /IS TOBKULIA XIMIYHI, TEXHOJIOT1YHI Ta BUPOOHUYI MPOIECH, a OTPUMaHi 3a ix
JIOTIOMOT'OI0 HaHOMAaTepiaJld HE MPOSIBISAIOTh HETATUBHOTO BIUTMBY HA OpPraHi3M JIiO-
JIMHU ¥ TBapuH [3].

3esieHa HAHOTEXHOJIOT1A Ma€ /1Bl METU: BUPOOHUIITBO HAaHOMATEpialliB Ta HAHO-
OPOAYKIIl 0e3 MIKOIW JJIsi HaBKOJIMIIHBOI'O Cepe/oBHILA ad0 310pOB'd JIIOAMHH, 1
BUPOOHMIITBO HAHOMPOAYKTIB, SIKI 3a0€3MeUy0Th BHUPIIICHHS E€KOJOTIYHUX TMpo-
OsieMm. BoHa BUKOPUCTOBYE 1CHYIOUI MPUHIIUIH «3E€JEHOI» XIMIil Ta «3€JICHO» 1HXKe-
Hepii, 1100 CTBOPIOBATH HaHOMaTepiaiu Ta HAaHOIPOJIYKTH
0€3 TOKCUYHUX IHTPEIIEHTIB, 32 HHU3bKUX TEMIIEpaTyp, BUKOPUCTOBYIOUM MEHIIE
eHeprii 1 MOHOBJIIOBAHUX PECYPCIB, KOJU 1€ MOXKJIMBO, Ta 32 JOMOMOTOI MHUCIICHHS
3 ypaxyBaHHSIM JKUTTEBOIO LMKy Ha BCIX CTA/IISIX MPOECKTYBAHHS Ta PO3POOKHU.

Ha nonarok 10 cTBOpeHHs HAHOMATepiaiiB Ta MPOAYKIIi 3 MEHIIUM BIUIMBOM Ha
JOBKULIS, «3€JICHa» HAHOTEXHOJIOTiS TaKOXX O3HAa4a€ BUKOPHUCTAHHS HAHOTEXHO-
JIOT1H JIs1 TOTO, 1100 3pOOUTH TOTOYHI BUPOOHHMYI TIPOIIECH JIJIsl He-HaHOMAaTepiasiB
1 BUpPOOIB OUIBII €KOJIOTIYHO YMCTHUMH. Hampukiaza, HaHOpO3MipHI MeMOpaHu MoO-
KYTh JIOTIOMOTTH BIJOKPEMHUTH MOTPIOHI MPOJYKTH XIMIYHOT peakiiii BiJ BIAXOJIB.
Hanopo3mipHi kaTaaizatopu MOXKYTh 3pOOUTH XIMIYHI peakiiii OuIbil e(eKTUBHUMU
Ta eKOHOMHUMHU. HaHOpO3MipHI TaTYMKK MOXYTh OyTH YacTMHaMH aBTOMaTH30Ba-
HUX CHCTEM YIPABIIHHS TEXHOJOTIYHUMH IMPOIECAaMH, KOTPI MPAIO0Th 3 1H(OP-
MaIlifHUMHA CUCTEMaMH, CTBOPEHUMH Ha OCHOB1 HAHOTEXHOJIOT1H. BukopucTaHHs
CHUCTEM aJIbTEPHATUBHOI €HEPrii CTajJ0 MOXJIMBUM 3aBISKH HAHOTEXHOJIOTII, 11e 11
OJIMH CIOCI0 3p00UTH BUPOOHUY1 IPOLIECH «3ETICHUMMY.

Jpyra meTta 3el€HOT HAHOTEXHOJIOTIT BKJIIOYAaE B cebe po3poOKy MPOAYKTIB,
npsMo abo OMocepeKOBAaHO KOPUCHUX A MOBKULIA. Hanomatepianu abo HaHO-
MPOAYKTH MOXKYTh O€3MOCepeHhO OUMINATH MICHS CKUJAHHS HEOE3NMEeUHUX Bij-
XOJI1B, ONPICHIOBATH BOAY, 3HEIIKOKYBAaTH IIKI/UIMBI PEYOBHHM, a00 3HAXOIUTH 1
KOHTPOJIIOBAaTH PEUOBMHU, KOTP1 3a0pyIHIOIOTH HaBKOJMIIHE cepeaouiie. Omnoce-
PEIKOBAHO, JIETKI HAHOKOMIIO3UTH [JIsl aBTOMOOUIIB Ta IHIIUX TPAHCHOPTHHUX 3a-
co0iB MOrM 0 €KOHOMHUTH MaJMBO 1 3MEHIIMTU KIJIbKICTh MaTepiajiB, MOTPIOHUX
JUTsI BUPOOHUIITBA; MaauBHI KoMipku Ta cBiTiomionn (LED) Ha ocHOBI HaHOTEXHO-
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JIOTi MOXYTh 3HU3WUTU 3a0pyAHEHHS BiJ BUPOOHHUIITBA €HEprii 1 JOMOMOrTH 30e-
pPErTH BUKOIHE IMajJMBO; CAMOOYHCHI HAHOPO3MIipHI MOKPUTTS MOBEPXOHH MOXKYTh
3MEHIIUTH a00 CKacyBaTH 3aCTOCYBaHHs 0araThOX XIMIYHMX PEYOBUH JIJISI OUYHCTKH,
KOTPI BUKOPHCTOBYIOTHCSI y PETYJSAPHUX MPOIEAypax OOCIyroByBaHHS; JOBIIUI
TEePMIH CITy>KOu Oarapei Moxe MPU3BECTH J0 3MECHIIICHHS BUKOPHUCTAHHS MaTepialiB
Ta MEHIIOI KUILKOCTI BIIXOIB. 3€JIeHa HaHOTEXHOJIOrS OXOIUII0E 0arato HaHoMa-
TepiajiB Ta HAHOIPOAYKIIli, TapaHTYIOUH, 10 HenepeadadYeHl HACTIAKUA 3BOASITHCSA
10 MiHIMYyMY 1 110 Oy/Jb-SiKi BIUTUBU € TependadyBaHUMHU MPOTATOM BCHOTO KUT-
TEBOTO IUKIY [2].

2. CyuacHi qocJiiKeHHs

2.1. CoHsauHi ejieMeHTH

OnHUM 3 BEIMKHUX NMPOEKTIB, IKUWA PO3POOIIAETHCS 3apa3, € PO3BUTOK HAHOTEX-
HOJIOT1M B COHSYHUX elieMeHTax. COHsAYHI €NeMEHTH € OuIbll edEeKTUBHUMM,
OCKUIBKM  BOHM  CTalOTh  yC€  MEHIIMMHU 32  pPO3MIPOM, A COHsSIYHA
€HEepris € BIIHOBIIOBaHUM pecypcoM. OIMH BaT COHSIYHOI €HEprii KOIUTYE MEHILE
noJapa.

HanoTtexHo0ri1i B’)k€ BUKOPUCTOBYIOTHCS JUIsl HOKPALIEHHSI MPOAYKTUBHOCTI T10-
KPUTTIB Uil  (OTOENEKTPUYHUX Ta  COHSYHUX  TEPMAJbHUX  IaHeJeH.
IxHi rigpoho6Hi Ta CAMOOUKCHI BIACTHUBOCTI MOEAHYIOTh, 00 3pOOMTH COHSAUHI Oa-
Tapei OuIbIl e(heKTUBHUMHU, 0COOJMBO B Heroay. DOTOENEKTPUYHI MaHesl 3 HaHO-
TEXHOJIOTTYHUM TOKPUTTSM 3aJUIIAIOTHCS YUCTUMH JIOBIIIE, 3aBISIKH YOMY MiATpH-
MY€EThCSI MAKCUMaJlbHa €HEPrOeEKTUBHICTD [2].

2.2. HanoouneHHs Ta 00poOKa BOaH

HanoTexHos0rii mMponoHy0Th MOTEHIIal HOBUX HaHOMaTepiamiB JJisi 0OpOOKH
MOBEPXHEBUX Ta IMiI3EMHUX BOJ, CTIYHUX BOJI, Ta 1HIIMX KOMIIOHEHTIB HaBKOJIUIII-
HBOTO CEpEIOBHINA, 3a0pyAHEHUX 10HAMU TOKCUYHUX METAJIB, OPTaHIYHUMH 1 He-
OpraHIYHUMHU PO3YMHEHUMHU PEUOBHMHAMH, Ta MIKPOOpTaHi3MaMU. 3aBJSIKA CBOIH
YHIKaJbHIA aKTUBHOCTI CTOCOBHO CTIMKHMX 3a0pyJHUKIB, 0arato HaHOMAaTepialiB €
00'eKTaMi aKTHUBHUX JOCIHIKEHBb 1 PO3POOOK NJisi 0OpOOKHM BOAM Ta 3a0pyIHEHUX
JIUISHOK.

CydacHUil pUHOK HAHOTEXHOJIOTIH, IO 3aCTOCOBYIOTHCS ISl OYMIICHHS BOJIH,
CKJIQJIAEThCS 3 MeMOpaH 3BOPOTHHOTO OCMOCY, HaHO(bTpalii Ta ynbTpadiibTpa-
uii. CopaBai, cepell HOBUX MPOAYKTIB MOYKHA Ha3BaTW HAHOBOJIOKOHHI (DUIBTPH, BY-
IJIelleBl HAHOTPYOKU Ta PI3HOMAHITHI HAHOYACTUHKH. OUIKY€ThCS, 1110 HAHOTEXHO-
jorii e(eKTUBHIINIE BIOPAIOThCA 3 3a0pyIHIOBaYaMH, 3 SKUMHU OOPIOTHCA KOH-
BEKI[I{HI CUCTEMH BOJIOOYHMILEHHS, B TOMY YHCIHI 3 OaKTepisiMH, BIpyCaMH Ta Bax-
KUMHU MeTanaMmu. L[ epexkTuBHICTh 3a3BMYail BUILIMBAE 3 YK€ BHCOKOI MHUTOMOI
TJIOMI TTOBEPXHI HAaHOMATEPialiB, IO IMiIBUIYE PO3YUHEHHS, PEAKIIIHHY 31aTHICTh
Ta COpOIit0 3a0pyAHIOIOUNX PEUOBHUH [2].
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2.3. 3a0py/AHeHHs
Bueni nmpoBoavIM TOCTIKEHHS 3TaTHOCTI OaKMIHCTEpPYIIIEpEeHy A0 KOHTPOJIIO
3a0pyIHEHHS, OCKUIBKHA BiH MOYKE€ KOHTPOJIIOBATH IEBHI XIMi4yH1 peakiii. bakMin-
cTepdyIIepeH MpoJeMOHCTPYBAB BIACTUBICTh IHAYKYBAaTH 3aXUCT aKTUBHUX (HOpPM
KHCHIO 1 COPUYMHSATH MEePEeKUCHE OKMCHEeHHs mmiAiB. Lleit Mmarepianm Moxe 3po0uTH
BOJTHEBE MAJIMBO OUIBII TOCTYITHUM JIJIsl CITOKUBaviB [2].

2.4. 3acTocyBaHHSI HAHOCTPYKTYPHHUX NMOKPHUTTIB y CyIHOOy1YBaHHIi Ta CyI-
HOPEMOHTI

3acToCOBYBaHHSI HAaHOTEXHOJIOTIi, 30KpeMa HAHOMOKPUTTS KOPIIyCiB KOpaOIiB,
301BIINTG TEPMIH EKCIUTyaTallli Ta rapaHTye €KOHOMIYHY Ta €KOJOTI4Hy edek-
TUBHICTBh Yy cepi cyaHoOynyBaHHs [1].

Puc. 1 TeXHOJOTIYHMIA ITUKJT BUTOTOBJICHHS TipodoOHOro mokpurts [1].

[Napodobui mokputTsa Ta HaHO(MAPOM 3pYyUHI Y 3aCTOCYBaHHI, 3aXHUIIAIOTh KOP-
myc KOpalJIst BiJ KOPO3ii Ta MOJETTIYIOTh poOOTy CyaHA.

['inpodoOHicTh — 11e (13UKO-XIMIYHA BIACTUBICTD, 3a SIKOi TBEpP/a MOBEPXHS Ma€
KYT 3MOYyBaHHs piauHoo 0 > 90° ( 0 — kpailoBuil KyT 3MOYYBaHHS PIAMHOIO TIOBEP-
xH1 TBepaoro Tina). IIpu oOBoOMIKAaHHI BOJIOKOH TiApo(OOHOI0 IUIIBKOIO BOAA HE
MPOHUKAE BCEPEANHY TKAHWHU 1 HA/a€ MOBEPXHSIM BOAOBIIIITOBXYBALHUX BIACTHU-
BOCTEM.

[Tpy MOKPUTTI HUTOK T1IpoPOOHOIO IJIIBKOIO, PiIMHA HE MPOXOAUTH Yepe3 Ma-
Tepial, abo Oe3MepenIkoHO CTIKae, a00 PO3UIAEThCS HA JAPiOHI Kparu, 110 3aJIH-
MIAI0THCA HA TJIOMIMHI 1 He 3MOouyroTh Horo (Puc.1) [1].
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BusiBiieHO MOXJIMBOCTI BUKOPUCTAHHS €KOJOTIYHO Oe3neyHux HaHodapO B 1H-
Tep'epHoMy nu3aiiHi cyneH. HJIOM mist miTakiB MO)KHAa BUKOPHUCTOBYBATH JIJIS Ka-
MyGbIISKY CYJIeH Ta MiABOJHUX YOBHIB.

["'0710BHOIO 03HAKOIO HAHOYACTUHOK € iX po3Mip — He Oubie 100 um. Came po3s-
MipaMH BH3HA4YalOThCs YHIKAJIbHI BJIACTMBOCTI HaHOMAaTepianiB. Hampukian, enek-
TPOMPOBIAHICTh TOYMHAE 3aJICKATH Bl PO3MIPY YaCTUHKH MPH 3MEHIIICHHI KPUCTa-
na pedoBuHH A0 10-20 HM 1 MeHIle. HaHOHUTI MaByTUHHS MOXXYTh YTPUMAaTH BeEJIU-
Ye3HUX Y MOPIBHSAHHI 3 11 TOBIIMHOIO KOMaX.

HanocTpykTypoBaHe MOKPUTTS AJISl CTEJIC-JIITAKIB CKIAJAEThCS 3 BYTJICIICBUX
HAHOTPYOOK Ta MpPUXOBYy€e O00'€KT y HiuHOMY HeOl. HaHOTpyOku MaioTh BHCOKY
MILHICTh Ta EJIEKTPONPOBIIHICTh, MOTJIMHAIOTh CIEKTP BHUIPOMIHIOBAHHSA BiJ
panmioxBuib 110 yabTpadionety. Lle 3a0e3neuye kamyduisik, crenc-iaitaku GapOyroTh
y TEMHHI KOJIIp, 00 MPUXOBATH iX Bl BUAUMOCTI. [loKa3HMK 3a710MJIEHHA Maiixke
JOPIBHIOE MOKa3HUKY MOBITpsA. Lle o3Hadae, 1m0 CBITIO HE PO3CIIOBATUMETHCS BiJl
HAHOTPYOOK O3 MOTJIMHAHHSI.

B aBTOMOOUIBHIN TPOMUCIOBOCTI BUKOPUCTOBYIOTHCS HAHOCTPYKTYPHI Ma-
Tepiaju, 10 MalOTh BUCOKY MIIHICTh. PO3pO0ISIOTHCS JIaKu Ha OCHOBI HAHOCHUCTEM,
0 MalTh 3JATHICTh JO «CaMOJIIKyBaHHS» MOBEPXHI. BUBYAIOTHCA MOMXKIMBOCTI
HaJaBaTU €(EeKT CAMOOUYHUIIEHHS «JIOTOCa» BCIM JlaKaM 1 CKJiaM, II0 BUKOPHCTOBY-
IOThCSL.

HanogapOy st jiTakiB MOXHA BHUKOPUCTOBYBATH MJIA KaMy(QUIsDKy CYAEH 1
MiJIBOJIHUX YOBHIB, 100 BOHM CTajdd HEBUAUMUMM Ui panapa. [linBumieHa
MILHICTh JO MOLIKOKEHb KOpadiisi Moke OyTH 3a0e3reueHa BUKOPUCTAHHIM HaHO-
JaKiB, 110 BUKOPHCTOBYIOTHCS aBTOMOOLIeOyayBaHHSAM. MOKHA 3aMIHUTH MaJIMBO
Ha KOpaOJiiX Ha BOJAEHb, IKUM HEOOXIJHO aKyMYJIIOBATH B MPHUCTPOSX, IO MICTITh
HaHOMaTepiau (Hanpukiaj, CKIagHl QyaepeHn).

3acTocyBaHHS KOMIIO3UTHHX MaTEpialiB € IEPCIEKTUBHUM HAIPSIMOM Y CYJTHO-
OynyBaHHI — OCOOJIMBO TijJ Yac CTBOPEHHS BHCOKOIIBUJKICHUX, MACAKUPCHKUX Ta
prbanbChKUX cyleH. ['0JOBHI SIKOCTI KOMITO3HUTIB: 3HOCOCTIMKICTh Ta CTIMKICTH J0
Iii arpeCUBHHMX cepeoBUIl. MiHIMaabHa HIIJIBHICTh JI03BOJISIE BUTOTOBJISITH JIETKI
KoHCTpYKIIii. [le miaBuinye 6e3mnexky Ta eKOHOMIYHICTh CyiB [1].

JlakoapOoBi mMaTepianu, y CKIajl KX € HAHOCTPYKTYpHU, HA3UBAIOTh HAHOJIA-
koapoosumu (HJIIOM). HJIIOM rotyioth ABOMA NUISXaMU: BBEICHHSM HaHOYa-
CTUHOK 200 cuHTe30M HaHo4YacTUHOK JIOM. IIpu npuroTyBaHHi NepumM cnocooom
BUHUKAIOTh TPYAHOIIII:

- PIBHOMIpHUI po3M0Ail HaHOYAaCTUHOK Yy JIOM MOXIIMBUI JUIIEe yIbTpa3By-
KOM;

- CKJIQJIHICTh 30€peXeHHsI PO3MIPIB HAHOYACTUHOK, OCKUIBKH Yepe3 BUCOKY MO-
BEPXHEBY €HEPril0 BOHU IHTEHCUBHO arperyrThCs;

- BUCOKA BapTICTh, OOyMOBJICHA BEJIMKMMH €HEPTOBUTPATaMU OTPUMAHHS HaHO-
YaCTUHOK.

Hpyruit crioci6 orpumanus HJIOM — "301b-rens TEXHOJOTIS" — HE Mae€ IHX
HenomiKiB. CMHTE3 HAaHOYACTHHOK 3/A1MCHIOEThCA B JIOM muisixoMm mepeTBOpEeHHS
MOJIEKYJI PEUOBHH, 3BaHUX IpeKypcopamu 1 1o BBoAsAThCs B JIOM, crnovarky Ha
"3071p", a moTIM Ha "Tenp" (cTymHomoaiOHe Timo). HaHowacTHHKHM JemeBIni 3a Ti, sKi
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OTPUMYIOTh MOAPIOHEHHAM TBEpAUX TI. LI TexHomoris mpocTa Ta eKOJIOoriyHO Oe3-
neyna [1].

BucnoBok: HJI®M moxHAa BUKOPUCTOBYBATH B CYJTHOOYIyBaHHI1 JIJIsl YCYHEHHS
MOPOIIMHUA KPEHAOBUX MOOIIOK, MIIBUIIEHHS X BOJOCTIMKOCTI, MOXHA 3HM)KYBaTH
B'sI3KICTh 011 Ta papO, 3aMIHIOIOUHN MOKEKOHEOESIMEUH1 PO3UMHHUKH, IT1ABUIIYIOUN
MIIHICTB Ta TEIJIOCTIMKICTh KOHCTPYKITIH.

HJI®M BupoOsi0Th €IeKTPUUYHHUN CTPYM, SIK COHSYHI OaTapei 1 BUIIPOMIHIOIOTh
O1sie CBITIIO MOAI0OHO A0 CBITJIOAIOAIB, KUBJISYUCH IPU IILOMY CTPYMOM, SIKMii BOHH
cami BUpoOIsitoTh. HIIOM yTBOPIOIOTH M'€30€IEKTPUYUHI TOKPUTTS, 10 KOHTPOJIIIO-
I0Th BTOMY MaTepialliB.

3 rpadiToBUX HAHOTPYOOK, TOBIIMHOK B KiIbKAa aTOMIB MOKHAa BHTOTOBHUTH
HEMpPOOMBHY OpOHIO, BOTHECTIMKI KOpIyCH KOpaOJiiB, KaHATH, IO JOCTaBISIOTH
BaHTaX1 Ha KOpadeJb.

Hanodapb6a BUKOPUCTOBY€E HAHOTEXHOJIOTIIO, 3aB/ISIKU AKIN HA TOBEPXHI 00'€KTa,
10 TIOKPHUBAETHCS, CTBOPIOETHCS Oap'ep MOBITpsi. BiH MOBHICTIO BijoOpaxkae BOMY,
rycti onii, ¢papou, 3aIMIlIal0ouu MOBEPXHIO MPHU IILOMY CYXO10 Ta 6e3 6akrepii. Liero
(bhap60r0 MOKHA TTOKPUBATHU JIJIsl 3aXKCTY BiJ] BIUIMBY BOJIM Ta Macel IUIACTHK, CKIIO,
TKaHWUHU, METaJI TOIIO.

Exonoriyno 6e3neuni Hanodapdbu New Nanomat (antuOakrepianbHa), New
Nanotex (BomoBiamToBXyBajgbHa) Ta New Nanoson (BOrHe3axuMcHa) MOXKYTh BHUKO-
pPUCTOBYBAaTHCS B CyJHOOyAyBaHHI Ta cyaHopeMoHTi. HanodapOu, mo OJ0KyrOTh
0€3pOTOBl CUTHAJIM MOXKYTh BUKOPHCTOBYBATHUCS B IHTEp'€PHOMY JM3alHI CYJEH.
Hanodap6u Seajet 033 SHOGUN, 034 EMPEROR Ta 039 PLATINUM - camo-
MOJipyro4dl 3aco0u JIg 3aXMCTY Bl OOpOCTaHHSI 4epemnalikamu Ta BOJIOPOCTSIMHU.
B3aemonitoun 3 MOpPCHKOIO BOJIOKO 3a0€3MeUyl0Th ONTHUMAJbHI XapaKTEPUCTUKU
MIPOTATOM MOPEIUIABHOTO Ce30HY [1].

CITHCOK BUKOPHUCTAHOI JIITEPATYPH
1. https://school-science.ru/8/11/42754
2. 3eseH1 HAHOTEXHOJIOTI - Bikine s
https://uk.wikipedia.org » wiki » 3eJeHi_HaHOTEXHOJIOT'11
3. https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad
=rja&uact=8&ved=2ahUKEwiTIbOl4Lb2AhXJk4sKHSLaAYEQFnoECASQAQ&uU
rl=http%3A%2F%2Fscinn.org.ua%2Fsites%2Fdefault%2Ffiles%2Fpdf%2F2011%2
FN1%2FChekman.pdf&usg=A0vVawlOpTmdgunYu8cJVRAJi5Yi
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batuncekuit Al
Hamionansuuit yaiBepcuteT «Oecbka MOPChKa aKajeMisny
AJITOpUTMI3alifl TEXHOJIOTIYHO-OPraHi3aniiHOro npouecy 00podKM BaHTAa-
’KiB HA KOHTEHEPHOMY TepMiHaJIi MOPTY

TpancnopTHa JIOTICTHUKA — 11€ TOCTaBKAa BaHTAXIB B1Jl MOCTAYAILHUKA JO CIIOKH-
Baya 3 MIHIMI3alll€l0 BUTPAT Yacy Ta pecypciB. Y mepion uudposizaiii Mopcbka Jo-
riCTHKa PO3BUBAETHCA 3 IOMOMOro0 BUKOopucTaHHs [T-TexHos0ri#l y OCHOBHHX BY3-
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JaxX JIAHIFO’KKA TocTaBok [1]. B aBTOMaTu3arii JTOTICTUYHUX TPOIIECIB 3alliKaBIeH]
BCl YYaCHUKU PUHKY MOPCBKHUX TepeBe3eHb. [Ipu BUpIilIeHH] JIOTICTUYHHUX 3aBJaHb
HEOOX1THO pO3pOOISTH MapIIPyTH, BUOMPATH TPAHCIIOPTHI 3aCO0M, BU3HAYATH TOY-
KM HaBaHTa)KCHHSI Ta BUBAHTaKEeHHS [2].

3HAYHOIO0 YaCTUHOIO PUHKY TPAHCIOPTHHUX TMOCIYT € MEPEBI3HUKH Ta CTPYKTYPH,
110 YIIPaBJISIIOTH CKJIajaMu Ta moptaMu. Bei mporiecu o0poOKu BaHTaXIB A0Ope ITijI-
JAI0ThCsl aBTOMaTU3allii. ToMy JOUUIBHO 3BECTH iX TEPUTOPIAIbHO HA OJIHY ILIOILY.
Ile 0co60 TeXHOJOTIYHO BUIPABAAHO MPH OpraHizaiii 00poOKH BaHTaXiB B MOPTax
[3]. TakuM 4yrHOM, 3’SBISETHCS MOKJIMBICTH OpraHi3allii KOHTEHHEPHOTO TEPMIHATY
Ha TePUTOPii MOpPTy. MOXKIIMBA TEXHOJOTUYHO-OpTraHi3aliifHa CTPYKTypa TaKoro Te-
pMiHay MpeCcTaBlieHa HAa PUCYHKY.

BAHTAXKHUI TEPMIHAJI

BIIIIPABHUKH t
lﬁt HTAKIB O®IC TEPMIHATY { > OTPHMYBAYI
4> BAHTAXKIB
1PHIIOM 3ABAHTAKEHHA TA BH/IAYA
BAH TA BAHTKIB 4» PLEJB;:IE T’;;I’(;I;V:}I 4? BAHTAKIB //_1 BAHTA
o 2

S S S -

APHHOM 3BEPITAHHA BHAAYA
KOHTEIHHEPIB 4’ KOHTEFHEPIB 4’ KOHTEFHEPIB

Y

7

7

N

Puc. Texnonoruuno-opranizaiiiiina cxema poo0TH KOHTEHHEPHOTO TepPMIHAITY

Ha oMy pUCYHKY KOXHOMY CTPYKTYpHOMY €JI€MEHTY CTaBUTHCS Y BIIMOBI-
HICTh KOMIUJIEKC OpraHi3aliiHuX 3aco01B, sKi nepeadayaroTb BUCOKHUI PIBEHb aBTO-
Matu3alii BCIX MpPOLECIB, 3 BUKOPUCTAHHSAM TEXHIYHMX Ta MPOTrpamMHUX 3acoOiB
KOMM'IOTEPHOI TeXHIKU. PO3rIsTHEMO 111 eeMEHTH (32 CXEMOI0 — 3 BEpPXY JOHM3Y 1
3J]1iBa HAIPaBo):

odic TepMiHally, LIe CTPYKTYpa, A€ 0OpOoOISIIOTECA BC1 JOKYMEHTH HAa BaHTaX, a
TaKOX 3/[IHCHIOIOTHCS KOHTPOJIb Ta YIPaBIIHHS pOOOTOIO TEPMiHAITY.

- BIANPaBHUKW BaHTaXIB, I1¢ (I3WYHI Ta IOPUIWYHI OCOOM 3 JIOKYMEHTaMU Ha
BaHTaX, 1110 BiMPABIISETHCS.

- BaHTaXI1 (HE B KOHTEWHEpax), 1€ BaHTaXI, Kl HA TEPMIHAI PO3MINIYIOTHCS B
KOHTECUHEPH.

- MPUHAOM BaHTAXIB, IO BIAMPABIISIOTHCS, IJIs1 3aBAaHTAKyBaHHS B KOHTEHHEPH.

- 3aBaHTaXCHHS KOHTCWHEPIB, MPU3HAYCHUX IS BIIMIPABKH, a TAKOXK PO3BaHTA-
YKEHHSI KOHTEHHEPIB, 1110 TPUOYJIH.

- BU/Iaua BAaHTAX1B, BUBAHTAXEHUX 13 KOHTEHHEPIB, OJIEPKyBauaM.

- KOHTEWHEPH, 1€ BaHTaX 1110 HAAXOAUTH 10 TEPMIHAIY y KOHTEHHEpax 1 HE BH-
Marae J0JIaTKOBO1 MIATOTOBKHU JIO BIJIIIPABKHU.

- IpUIIMaHHs KOHTEHHEPIB, MPU3HAYCHUX JJIS1 IPSMOTO BiIpaBICHHS.

- MaliJaHYuK 30epiraHHsl KOHTEHHEPIB.

- BUJIaya KOHTEWHEPIB 3 BaHTaXEM OJIEp>KyBauaM, a TaKOK BIANPABICHHS KOH-
TEHHEPIB [ MOAABIIOI 0OPOOKH.
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Ha Bcix eramax 37iHCHIOETHCS aBTOMaTH30BaHM 30ip 1 00poOka iHdopmarii
odicoM, 110 3a0e31nedy€e KOHTPOJIb Ta YIPABIIHHSA pOOOTOI0 TEPMiHATY.

Hanani 3HamoOuThest nmeramizaris (QyHKIH, BUKOHYBAaHUX Ha KOXXHOMY eTarli
00pOOKM BaHTaXKIB.
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3acTrocyBaHHs ByIJIelleBUX HAHOTPYOOK B €JIEKTPOTEXHilli CyIHOBOI'0
o0JIafHAHHSA

BiakputTs ByrjielneBuX HAHOTPYOOK HANEKHUTh 1O HAM3HAYHIIIMX JOCSITHEHb
cyuyacHoi Hayku. Lls ¢popMma Byriemto 3a CBO€I0 CTPYKTYpOIO 3aiiMae MPOMIKHE I0-
J0XKeHHsI MK rpaditoMm Ta dyuiepeHoM. [IpoTe 6arato BIacCTUBOCTEN BYIJICIIEBUX
HaHOTPYOOK HEMA€ HIUOTO CIUIBHOTO Hi 3 rpaditom, Hi 3 pymnepeHom. e 1o3Bosie
pO3IUIAIaTh Ta JAOCIIKYBAaTU HAHOTPYOKHU SIK CAaMOCTIMHUI MaTepial, 1110 Ma€ YHi-
KaJIbH1 (P13UKO-XIMIYH1 BIACTUBOCTI.

JlocniKeHHsT BYTJICIIEBUX HAHOTPYOOK CTAHOBJIATH 3HAUYHUN (DyHIaMEHTATHHUI
Ta MPUKIATHUN iHTepec. DyHIaMEHTAIbHUN 1HTEpeC 10 1bOro 00'eKTa 00yMOBIIE-
HUW HacamIiepes] Horo He3BHUAWHOIO CTPYKTYPOIO Ta MIUPOKUM J1alla30HOM 3MIiHU
(h13UKO-XIMIYHHUX BJIACTUBOCTEHN 3aJI€KHO BiJI X1PAIBHOCTI.

ByrnenieBi HAaHOTPYOKH — 11€ IPOTSKHI IMMTIHAPUYHI 3rOPHYTI TPpadiTOBI CMYX-
KM 3aBTOBIIKH J0 KIJTBKOX JICCATKIB HAHOMETPIB 1 3aBJOBKKH J0 KIJIBKOX CAaHTUMET-
piB, 110 MAaIOTh KapKacHy BYTJEUEBY CTPYKTypy. Ilig 1mi€eto cTpykTyporo MaroTh Ha
yBa3l BEJIUKI MOJIEKYJIH, TIOB'sS3aH1 MK COOOI0 JIUIIe aToMamMu Byrjem. Ha kiHisgx
HaHOTPYOOK 3a3BHYail yTBOPIOIOTHCS HamiBC(epUuyHi rojiBKH.

ByrineueBi HaHOTpyOkHM OyBaroTh pi3HUX (HOPM 1 PO3MIPIB — MPsAMI Ta 3BUBHUCTI,
oJHOIIapoBl Ta Oaratomaposi (puc.l). He3Baxkaroum Ha Te, 110 BOHU Ha TEPIIHI
NOTJIsi] 34AI0ThCS KPUXKUMHM, HACIIPaBIl BOHU € JOCUTh MIIIHUM MaTepiajioM, IO
OyJo JOBENEHO HUIAXOM 0aratboX AOCHIIKEHb. Bbyno 3'sicoBaHo, 110 BYIJIELEBUM
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HAHOTPYOKaM MpHUTaMaHHI TakKl XapaKTEPUCTUKHU, SIK PO3TAT 1 BUTHUH, TOOTO, MiJ 1i-
€10 PI3HUX MEXaHIYHMX HABaHTAXCHb CIIEMEHTH HE JIAMAIOThCSI 1 HE PBYTHCS, aje I1e
CBI/IYUTD, 1110 BOHU MOXYTh I1JJIAIITOBYBATHCS I/ Pi3HY HAIIPYTY.

a 4]

Puc. 1. Cxematuyne 300pakeHHs BYTJIELI€BOi HAHOTPYOKH (a) Ta po3TallyBaHHS aTOMiB Ha 11 MO-
BepxHi (0); OaraTomapoBa HAHOTPYOKa (C); «KOJIOHI» BYTJICIIEBUX HAHOTPYOOK ().

3aBISKHU TaKUM XapaKTEPUCTUKAM, SIK BUTMH, MILHICTb 1 IPOBIJIHICTh BYTJICLEBI
HAHOTPYOKH BUKOPUCTOBYIOThH y 0aratbox o0JacTsIX: SK JO0ABKH JI0 MOJIMEpIB, 5K
MOTJIMHAY €JIEKTPOMArHiTHUX XBHJIb, IIPU BUTOTOBJICHHI PI3HUX JATYUKIB 1 KOHJCH-
CaTopiB, JJII MIEPETBOPEHHS €JIEKTPOCHEPrii, Y BUPOOHHUIITBI KOMIIO3UTIB 3 METOIO
HOCUJIEHHS 1X CTPYKTYpH Ta BIIACTUBOCTEM.

baraTopa3oBi eKClIepUMEHTH, IPOBEIEHI PI3HUMH BUEHUMH, [TOKA3YIOTh, IO BY-
JICIIeBl HAHOTPYOKH € HAMMIIHIIINM 1 HaHKOPCTKIIMIUM 3 yCiX BIJOMUX MaTepiaiiB
— MaTepiaioM 3 PEKOPJAHO BUCOKMMHU 3HAUYEHHAMH MEKI MIITHOCTI Ha PO3TSAT Ta MO-
nynb FOHra. Lle noB'si3aHo 3 JOCKOHANICTIO CTPYKTYpPHU Ta CUJIIBHUM XIMIYHUM 3B'SI3-
KOM MiXK aTOMaMH BYTJICIIO, IO CKJIAIAr0Th HAHOTPYOKY [1].

HaHoTpyOKM TakoX € XOpOIIMMH TEIUIONPOBIIHUKAMU B3JIOBXK TPYOKH, BHSIB-
JSIFOYM BJIACTUBOCTI TaK 3BaHOI O€3MepenIkoAHOl MPOBIAHOCTI a00 HAAMPOBIAHOCTI.
Opnak momepek Ocl HAaHOTPYOKHM MarOTh BHCOKI TEIJIO130JIALIMHI BIacTUBOCTI [3].
[{ikaBa 0COOJMBICTH BYTJIEUEBUX HAHOTPYOOK MOJSATa€ B TOMY, II0O BOHU MOXKYTh
OyTH MeTajeBUMHU a00 HAIMIBIPOBIIHUMHU 3aJI€KHO BiJl iX JlaMeTpa Ta XipajabHOCTI.

B pesynbTaTi cuHTE3y 3a3BUYall BUXOAUTH CyMilll TPYOOK, JIBI TPETUHU SKUX
MaloTh HAIBIPOBIHI BIACTHBOCTI Ta OJ[HA TpETHUHA — MeTaieBl [2]. Meranesi Tpy-
OKM 3a3BHYail MaIOTh KPICEIbHY CTPYKTYPY, @ HaIlIBIPOBIAHUKOBI — 3UT3aronoiony
Ta cripajibHy. MeTasieBl Ta HaMiBIPOBIAHUKOBI BYTJICIIEBl HAHOTPYOKH, IO Bipi3-
HSIOTHCS MIDK COOOI0 TIPOBIJTHICTIO CTPYMY — METAJIEB1 MOXKYTh IMTPOBOJIUTU CTPYM 32
temriepatypu 0°C, a HamiBIPOBIIHUKOBI — TIIBKH 32 MIABUIICHUX TEMIIEPATYP.

[[Iupoke BUKOPUCTAHHS BYIJIELIEBUX HAHOTPYOOK B €JIEKTPOTEXHIL MOKIIMBE
3aBASIKA TOMY, III0 BOHM MOXKYTh MPOMYCKATH CTPYM IIUIBHICTIO BHILE, HIK MPOBII-
HI METajM, Taki, K HampuKjiIag Mijb. Tak oJHOMIAPOBI HAHOTPYOKH MPOMYCKAIOTh
cTpyM 1inbHicTIO 10 109 A/cm?, a GaraTomaposi — 10 100 MkA/cM?, a Minb 3a Ta-
KHUX 3HaY€Hb IILIBHOCTI CTpyMY TUIaBUThCA. KpiM Toro, rpu onopi, KUl MO>KHa 10-
PIBHSITH 3 MIJJII0, BYTJIEII€BI HAHOTPYOKU B YOTHPHU Pa3u JIETIII.

Takox ByrJieleBi HAHOTPYOKH MEPEBEPUIYIOTh MiJb 32 TAKUM MOKA3HHUKOM, SIK
Koe(ILIEHT TETUIONPOBIAHOCTI B3A0BXK oci. Ille onHa mepeBara HaHOTPYOOK MOB'SI-
3aHa 3 XOJIOJHOIO €MICIEI0 €NIEKTPOHIB, 10 BUHUKAE TIPH JOJIATKY B3JOBXK OCl TPYO-
KM €JIEKTPUYHOTO MoJisd. HampyXeHiCTh Mol Ha OKOJINIII BEPXHBOI YaCTUHU B COTHI
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pa3iB MEPEBUILYE Ty, IO ICHYE B 00Cs31, 1 IPU3BOAUTH JO AHOMAJILHO BHCOKHX 3Ha-
YeHb CTPYMY €MICii NPHY MOPIBHAHO HU3BKIM 30BHINIHIN HAMpy31 1 JO3BOJISE BUKOPH-
CTOBYBAaTH HAHOTPYOHI MaKPOCKOIIIYHI CHUCTEMH SIK XOJIOJIHI eMiciiiHi Katoau. Emi-
CiliHa 3/IaTHICTh BYTJICIICBUX HAHOTPYOOK MOXke OyTH BUKOPHUCTaHA MPU BUPOOHUII-
TBI1 IUIOCKUX JMCIUIEIB Ta CECHCOPHUX MaHeJeH KepyBaHHs Cy/IHa.

3acTocyBaHHS BYTJICLIEBUX HAHOTPYOOK Y BUPOOHHUIITBI PI3HUX CYJTHOBUX €JIEK-
TPOTEXHIYHUX MPHUCTPOIB € OJTHUM 13 HAMMEPCIEKTUBHIIINX HAIMpPsAMIB poOOTH BUe-
HUX YChOTO CBITY. 3aBISIKU BIACTHBOCTSIM HAaHOTPYOOK, HABEJICHUM BHIIE, X BUKO-
PUCTaHHS y BUPOOHUIITBI, HAIIPUKIIAJ, KaOEIiB Ta MPOBOJIIB € JOCUTH BUTIIHUM. 3a
PaxyHOK CBOE€1 JIGTKOCTI Ta ITiIBUIIEHO1 MMPOBIAHOCTI KaOeb, BATOTOBJICHUH 3 BUKO-
PUCTaHHSM BYTJICHIEBUX HAHOTPYOOK, ICTOTHO MEPEBEPIIyBATUME CBOT'O MITHOTO
MonepeHuKa, 110 POOUTh HOTO MPOMUCIOBE BUPOOHUIITBO O1IBII BUT1THUM.
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BueHi mponmoHyI0Th BUKOPUCTOBYBATH BYTJICIIEBI HAHOTPYOKH MPU BUTOTOBJICH-
HI PI3HUX E€JIEMEHTIB €JIEKTPUYHUX MalluH. Tak, HapuKiIad, UITKH s eJIeKTpUd-
HUX MAIIIWH, 1110 SIBJSIOTH COO00 CleliaibHI €JIEKTPONPOBIIHI AeTall CTPYMO3HIMA-
JBLHOTO TIPUCTPOIO, K1 3/IMCHIOIOTh KOB3HUM KOHTAKT MI’)K HEPYXOMUMHU YaCTHHAMH
1 yacTUHaMH, o0 obOepTaroThesa. BoHU ciykaTh I MiaABEASHHS a00 BIIBEICHHS
CTpyMy, MPU JOJIaBaHHI B HUX T Yac BUPOOHHIITBA BYTJIEIEBUX HAHOTPYOOK, SKi
OynyTh CIY>KWTHU JOBIIIE, HIK 3a3BU4ail. AO0, HANpUKIad, HaHOMOAU(]iKOBaHE TIOK-
PUTTS KOPITYCIB €JEKTPOJIBUTYHIB MAIIMHOTO BIIIIJICHHS JO3BOJIUTH TOKPAIIUTH iX
TEIUIOBIIat04l BiacTUBOCTI. Taki 3aX0AM 1O3BOJSATH 30UTBIIMTH TEPMIH CITYKOU
€JIEKTPOJIBUTYHIB, 110 CYyTTEBO CKOPOTHTH BUTPATH ITiJT Yac IX eKCIuTyaTaIllli.

B nanuii yac 3aBISKM CBOIM BJIACTUBOCTSIM BYTJICLIEBI HAHOTPYOKH € OJTHUM 3
HaWIMepPCHEeKTUBHIMIMX MaTepiaiiB, 1110 3aCTOCOBYIOTHCS B Tally34X MOPCHKOI 1HAYC-
Tpii. He3Baxaroun Ha 1X HEJOJIKH, TaKl IK TOKCUYHICTh, 3aCTOCYBaHHSI HAHOTPYOOK
B €JIEKTPOTEXHIIl 00YMOBIIEHO HEOOX1IHICTIO CTBOPEHHSI HOBOI'O MaTepiaiy, 3aBis-
KM BJIACTUBOCTSIM SIKOTO 3'IBUTHCSI MOYKJIMBICTh 3MCHIITUTH BUTPATH HA BUPOOHHUIIT-
BO Ta €KCIUTyaTaIlio eJIeKTPoOoOIaHEHHS.
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AJITOPUTM POOOTH CUCTEM OYHUILECHHS JUMOBHUX I'a3iB BiJl JOMIlIOK NpHU
BHKOPHCTaHHi CKpyOepiB

Bix BMICTYy CipKH B MaJjivBl, HA AKOMY MPALIOE CyTHOBA €HEPreTUuYHa yCTaHO-
BKa, 3aJIEKUTh BMICT SOy y BUXJIONHUX Ta3ax. Aje npubnu3Ho Tuibku 20% HadtH 3
BIJIOMHMX Ha ChbOTOJIHI poAOBUI HAhTU, MatOTh 3MICT cipku MeHII 0,5 %. OcCKiIbKU
BUJI00YTOK Ha(TU 3 HU3BKUM BMICTOM CIpKH B1OYBa€TbCs B MEpUIy Yepry, TO 301-
JBUIYETHCA CEPEHIN 3MICT CIPKH Y BUKOPUCTOBYBaH1A Ha(TI.

IcHye BenMka KUIBKICTh TEOPETUYHO OOIPYHTOBAHHMX CIIOCOOIB OYMILECHHS
BIJIMpAaIlbOBAHUX ra3iB BiJl OKCUIIB CIPKH, ajie, MPAKTUYHEe 3aCTOCYBAaHHS 3HAXO/ISITh
TIJTBKU TEXHIYHO HE CKJIaTHI i eKOHOMIYHO BUT1IHI TPOCKTH.

Haiiuactime Ha mpakTUIll BUKOPUCTOBYIOTHCS: MeEXaHIYHHUM, (Di3UKO-
XIMIYHHH, €IeKTPOXIMIYHHUMA 1 O10XIMIYHUN METOIU M CIIOCOOM OUYHIIECHHS JTUMOBHUX
razis [1].

Haiinpocrimmm crioco6oM BUIaIeHHS OKCHIIB CIPKU 3 Ta3iB, IO BiAMpaIiro-
BaJii, € METOJI 3 3aCTOCYBAHHIM CKpYOEpiB 3 BUKOPUCTAHHSIM MOPCHKOI 200 MpICHOT
BoAM. B ckpyOepi BinOyBaeThCs mpouec abcopOIIii 1 TAKOK CKpyOep OJJHOYACHO MO-
e TIPAIfoBaTH K TIIYIIHKUK. [Ipukian cucTeMu BOASHOTO CKpyOiHTa, SKY BIIPOBa-
JUKYy€e (piHChKa MalMHOOYIBHA KoMmaHig Wartsild, sika € mpoBiAHUM MOCTa4YaJIbHU-
KOM YCTaTKyBaHHsSI 1 TEXHOJIOTIHA JIJIl PUHKY €HEPIreTUKH 1 CyAHOOYyBaHHS, HaBe-
JNEHUI HA PUCYHKY 1.

VY ckpy0epi BiiOyBaeThCsl MPOLIEC TEIJIOMAacOOOMIHY MIXK, Ta3aMu, IO BiJmpa-
IIIOBAJIM 1 MOPCHKOIO 200 TIPICHOIO BOJIOTO, SIKA PO3MUIIIOETHCS B MMPOTUTEUIIO Ta3aM.
Oxcuau CipKu i 3BaKEHI YaCTKH MOTJIMHAIOTHCS Bojoto. [licis ckpybepa Boja Ha-
XOJUTh Y CUCTEMY OUMILEHHS I HelTpamizallii, y fKiil HOCIII0BHO MPOXOIUTH Yepe3
TIAPOIMKIIOHN W cerapaTopy IuiaMy. Y MONEPEeIHbOMY T1IPOIUKIOHI BUJATISETHCS
caxka; y IpyromMy - MEHII MUIbHI YacTKH (y BUTJISAA1 HAQTOBMICTHUX BiAXOAiB). Bi-
XOJIi TOCTYMAlOTh B CEMapaTop, B SKOMY BiIOyBaeThCsA MpOIEC iX KOaryssilii, a B
CKkpyOepi BiIOyBaEThCS MiKUBJICHHS YacTUHU Boau. [Ipubmm3no 20% 1mupKyItoro-
401 BOJM CKHMIAETHCS 32 OOPT, 1HIIIA YAaCTHUHA BiJJa€ TEIUIOTY Ta3iB, 10 BiAMpaIlto-
BaJii, B IJIJACTUHYATOMY TEIIOOOMIHHUKY 1 MICJIsI OXOJIOJKEHHSI TOBEPTAETHCA B CH-
cremy ckpyOepa. Boaa, 1o ckugaeThest 3a 60pT, MOMOBHIOETHCS Bij] MOXKUBHOTO Ha-
coca 4yepe3 aBTOMAaTUYHUN BEHTWIb. Y IUJIACTUHYATOMY TEIJIOOOMIHHUKY OXOJIO-
JUKYBaJbHA MOPChKa BOJA MOTJIMHAE TEIUIOTY Ta3iB, 110 BIAMPAIOBAIH, 1 TICIS 3Mi-
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IIyBaHHS 3 BOAOI0 CHCTEMHU LIUPKYJIALII BUKUIAETHCS 3a 00pT. B pesynbrati 3minny-
BaHHS OKHCJICHOI BOJIM 13 CKpyOepa 1 CBI?KOT MOPCHKOI BOJIM BiI0YBA€ThCS YaCTKOBA
HeWTpasizalis cylb(aTiB BYIJICKUCINM KaJbIlIEM, III0 3HAXOUTHCS B MOPCHKIM BO-
1, BHAC/TIZIOK YOTO BUXOIUThH CYIb(MaT Kajbllito (TITC) 1 JBOOKUC BYIJICIIO. 3aKiH-
YeHHS TPoIlecy HelTpaizallii Bii0yBaeThCsl Ha BIJCTaHI JEKIIHBKOX METPiB BiJl MicC-
151 ckuganus [2].

Binunonna tpyba ||

Crpvbep OxomooxreHHA
MOPCBKOK BOIOK

IpicHa BODa

‘ Tex. pezepevap Tlonanus vy
Bianpausosasuit .(

OuMmeHHa CTMHMX

ras BII ABHIYHA BOII 3a bopT (TimeRM ¥
I 1 > . .
EiIKpHMTOMY MOPi)
. HaronmuayeansHuii
Mymozbipank :
/ TaHK
(posTamyeaHHA B
nopTy)

Puc. 1. YcranoBka JJIA SMCHIICHHA 3MiCTy ClpKI/I Y BUITYCKHUX I'a3ax AU3CJIsd

VY 3akpuromy pexumi nyr, 30kpeMa Mg(OH),, nomaeTbcst B TEXHOJIOTTYHUHN
pe3epByap uis 301abieHHs pH, oTxe, IS MiABUIIEHHS 3JaTHOCTI PO3YHMHY IOTJIH-
Hatu/3B's13yBaTu SOy. JIyr M0/1a€ThCcsl B TEXHOJIOTTYHUN pe3epByap Mo TpyOOmpoBO-
Iy B IKOMY BCTaHOBJICHMH J103YyIOUM HAcOC, AKUM 3a0e3neuye mogaHHs HEOOX1IHO1
KimbkocTi Iyry. OcHoBHa yacTuHa SOy € MIPUCYTHROIO Yy BUXJIOMHUX Ta3ax y BUTIISIL
SO,. V ckpy0bepi BinOyBaeThest po3unHeHHs SO, y Boai. Mg(OH),, nonanuii B ckpy-
O0epHy Boay, pearye 3 SOz BIANOBIAHO O HACTYITHUX PIBHSHB!

Mg(OH),+S0O,—MgS05+H,0

Mg803+SOg+H20—>Mg(HSOg)2
Mg(HSOs3),+Mg(OH),—2MgSO3+2H,0.

Mg(OH), 3aBaHTaxkyeThcsi Ha OOPT CyJaHA 1 TOJAETHCS B TEXHOJIOTIYHHUEA MPOLEC Y
3aKPUTOMY PEKUMI pOOOTH CKPYyOEpHOT CUCTEMH.

B 3amexxHocTi Big morped 3aMOBHMKIB KoMmaHis Wartsild, po3pobuia i mpo-
MOHY€E CKpyOepH TphOX BapiaHTIB: 3BuuaiiHuii ckpyoep V - SOX 3 uncinom Tpyo Be-
HTYpI 710 4-X, KOMITAKTHIIINH 1 3py4yHIIui 1ig MoHTaxy ckpyoep I - SOX 1 ckpybep
Q — SOX. KoxHa KOHCTPYKIIisl Ma€ CBOi IMepeBary i HeJOIIKU, K1 3aJI€KaTh Bij| TH-
Ny Cy/JHa 1 KOMIIOHYBaHHS, TOMY JIy’K€ BaXXJIMBO BPaXOBYBaTH KOHKPETHI TE€XHIYHI
YMOBH KOXKHOTO MPOEKTY. Y i CKpyOepr MOXKYTh MPAIIOBATH 32 CXEMOIO 13 3aMKHY-
TUM ab0 BiAKpUTUM KoHTypoM. Kommnanigs Wirtsild cTtBopuia yHiBepcaibHy CKpY-
OepHy CUCTEMY, 3/IaTHY MpPAIfOBaTH SIK y BIIKPUTOMY, TaK 1 B 3aKPUTOMY KOHTYPI.
Ile Tak 3BaHuii riopuaHui ckpyoep. Pimenns Ha 6a3i ribpugHoro ckpyoepa 3abes-
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nevyye MaKCUMasbHy €KCILTyaTallliHy THYUYKICTb 1 I03BOJISIE 3 BUCOKOIO €(peKTUBHIC-
TIO 1 6€3I1eKOI0 MPAIIOBATH 1 B CJIA00TYKHUX BOJIaX, 1 y BIAKPUTOMY MODI.

B 3anexxHoCTi BiJi KOMIOHYBaHHS CKpYOEpH TaKOXX MOJUIAIOTHCS Ha OJHO- 1
OararoxkananbHi. OJHOKAaHATBLHUN — 1€ CKpYyOep, SIKUW BUKOHY€E OYMILICHHS Tas3iB,
110 BiJIMPaIFOBaJIv, BiJl OJHOTO JBUTYHA 1 Ma€ TUILKH OJWH BXiJ. Y BUMNaAKax, KOJIU
OJIHUM CKpyO€pOM BUKOHYEThCS 00pOoOKa BiIIIpallbOBaHUX T'a31B BiJl JEKIIbKOX JIBH-
T'YHIB, SIKi HaJEXaTh 10 CKIAJy CYJHOBOI €HEPreTHYHOI YCTaHOBKH, CKpyOep mae
JeKiJIbKa BXO/IB 1 BBAKAEThCS OaraTokaHambHUM. Y Ta0nuii 1 3BeleHi mepesaru i
HEJIOJIIKM OOMIBOX CXEM KOMITOHYBaHHS.

Tabmmist 1. KoHcTpyKTHBHI 0COOIMBOCTI.

KoHncTpykTrBHI IlepeBarn Henoniku
0COOJIMBOCTI
OnnokaHanbHMM | 3aiiMae MEHIIY IpOIy, Ko Bexka | CkiaaHia yCTaHOBKA BEXKI.
CKpyOep MOXe OyTH OJHOYACHO 1 TAyIIHH- | [IJsl MOKPUTTS OUIBIIOT KUTHKO-
KOM. CT1 IBUTYHIB BUMAarae J10JaTKo-

LlenTp TSOKIHHS HU3BKUN, HE 3Me- | BUX BEK.
HIIY€ CTIHKICTb.

binbmr HU3bKE CHOXXWBAaHHS EHEp-
rii.

[IpuaaTHuii 1 U151 CyXOTO X011y

(He TOMYCKAETHCS B ACSIKUX MOpTaxX

1 30Hax).
bararokananpauit | OnHI€I0 CKpyOepHOIO Bexker 00- | CkiuagHile mpoKiIaiaHHs
CKpyOep poOJIsi€ neKiIbKa MOTOKIB ra3is. TpyOOIPOBOIIB.

binbmr mpocTima yctaHoBKa.
ExoHoMHIIIE pillIeHHS IS JBUTY-
HIB, 00'€THAHUX B EHEPIeTUYHY
YCTaHOBKY.

[Ipu ycranoBui ckpyOepiB NOTpiOHO KamiTaJlbHI BUTPATH, AK1 3a OLIHKaMu [H-
CTUTYTY MOPCBKHX AochixeHb OIHASHIIT cKIagaoTs npuoau3no S0 eBpo 3a 1 kBT
MOTYXHOCT1 Cy/IHOBOiI YCTaHOBKH. [IpH 1IbOMY I11€ CKOPOUYETHCS KOPUCHUIA TTPOCTIP
Ha CYJH1 1 TOMY 3HM)KYIOTBCS IOXOJU CYAHOBJIACHUKIB.

BucHoBku

Bcranonenns c1<py6ep113 TUTS CYyJICH JICSKUX THITIB HOTpe6ye JI0JTaTKOBOI Tie-
PEBIPKH OCTIMHOCTI, 13-32 HEOOXIMHOCTI 30epiraHHs, 3/1a4l 1 OTpUMaHHS posunHy
CEYOBHHHM 1 HOTO MOXITHHX, YCKIAIHIOATHCA 1 JIoTicTHKA cyaHa. HoBi cyaHa, siki 00-
JajHaHl CKpyOepHUM YCTaTKyBaHHSM, OyAyTh MHEUI KOHKYPEHTO3aTHUMH 13-3a
30UTbLIEHHS COOIBAPTOCTI.

TexHiuHl pilIeHHS 3 BUKOPUCTaHHSAM abcopOepiB 1 CKpyOepiB Ha MOPCHKHUX
CyIHaX MPOXOJSATh CTaJ1I0 BOPOBAIKEHHS. BUKOHYIOTBCS JOCHIKEHHS 110 Oe3merrl
METOZy BHUAAJCHHS OKCHUJIB CIpKM 3 Ta3iB IO BIJNpalOBald, 3 3aCTOCYBaHHSIM
CKpyOepiB I JOBKULISA, pO3pOOJICHI 1 pO3pOOISIOTHCS T0JaTKOBI MpaBuia eKCILTY-
aTallli CUCTEM OYHUIIEHHS, sIKI BXK€ MPUUHATI a00 MarOTh OYTH 3r0JI0M MPUHHSTI BiJI-
MOBITHUMU MIKHApOIHUMH opradizamismu. Jlogatok VI MixaapogHoi KOHBEHIIIT
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no 3anoOiranHio 3a0pyaHenH:o 3 cyaeH (MARPOL 73/78), Bumarae HeraitHux 3a-
XOJIIB ISl IPUBEJICHHS TOKCUYHUX BUKHJIIB 3 CYJICH y BIJIMOBIIHICTh 3 BBEJICHUMU
HOPMaMH 3a PaXyHOK BIIPOBA/PKCHHSI HOBUX TEXHIYHHUX PIIICHb B CYJHOBI CUCTEMHU
OYHILIEHHS.
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1. Bozauukwuiit U.B., ITynna A.C. CyaoBslie ABUTAaTENN BHYTPEHHETO Cropanus. Tom
2.: M. MOPKHMUTI A, 2008. 470 c.
2. Ynonatiii B.b. Hanpsmu BIOCKOHAJICHHS CHCTEMH OYHWINEHHS BiAIPaibOBAaHUX
ra3iB Ha cyaHax ./ Science, research, development Ne 29 TECHNICS AND
TECHNOLOGY. — I'mansck\Gdansk — 2020. — C. 66-609.
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nocrymy: http://  www.imo.org/en/mediacentre/hottopics/pages/sulphur-2020.aspx
(mata 3Bepranns: 11.12.2021).
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pecype]. — Pexum moctymy: https://shipandbunker.com/news/world/482202-iso-
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xum pocryny: https: // www.dnvgl.com/maritime/publications/global-sulphur-cap-
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6. What you need to know: The 2020 IMO fuel sulphur regulation [Enextponnwuii
pecypc]. — Pexum JOCTYIY: http://www.seatrade-
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nenns: 10.11.2021).
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8 Ckpy00epbl — anmapaThl )11 OTYUCTKH ra3oB [EnekTponnuii pecypce] / Enexrposn-
Hi ganHi. — Pexxum poctymy: http://mrc.org.ua/sistemy-ochistki gaza/216-skrubber-
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XuroHiH C. T
Hamionanpauit yaiBepcutet «Oniechbka MOPChKa akaJaeMish»

HigBuieHHs epeKTUBHOCTI pOOOTH a3MMYTAJIBLHOI TBUHTOPYJIbOBOI KOJOHKH
HA HU3bKUX HIBUAKOCTSX

3riJIHO 3 MPOrHO30M €KOHOMIYHOTO 1 COLaIbHOTO PO3BUTKY YKpaiHU MPOJOB-
’KEHHSI BIJIHOBJICHHSI CBITOBO1 eKOHOMIKH y 2022 — 2024 pokax 3a0e31e4uTh OCHOBY
Ui 3pocTaHHs mnonuty Ha HadTy. Tak, 3a mporHo3om Opranizaiii KpaiH-
excrioptepiB HadTu (OIIEK) y 2023 Ta 2024 pokax cBiTOBHIA MOMUT HA HaTY 3poc-
Te, Ta Oyze BUIIMM MO BITHOIIEHHIO 10 MoKpu30Boro 2019 poxky [1].

Ha nanuit gac ¢axiBiii cXoaaThCs HA ITyMIIl, IO TepeadavyBaHi 3amacu ByTJle-
BOJIHEBO1 CUPOBUHU, PO3TAIIOBAHI B OCAJOBUX MOPOAAX MOPCHKOTO Ta OKEAHCHKOTO
7HA, CTAaHOBJIATH 70 BiJICOTKIB YCIX 3amaciB, 1o € Ha maHeTi [2]. Lle# BiacoTok 3ro-
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JIOM 301IBIITYBaTUMETHCS Y 3B'SI3KY 3 THUM, 110 BUCHAKEHHS HA3€MHUX POJIOBUIIT BiJI-
OyBaeTbCsl MIBUIIIE, HIXK MOpChKUX. Lle 3yMOBI€HO Jy’kKe BUTpATHUMHU TEXHOJOTIs-
MU, 10 3aCTOCOBYIOTHCS IIPH OpraHizailii MOPChKOT0 Ta OKEaHCHKOTO BUIOOYTKY IO
BIJTHOIICHHIO 10 Ha3eMHOro. TakoX MOPChKUN BHUIOOYTOK MOB'SI3aHUM 3 BUIIMMHU
pU3UKaMHU, K1 3aJIe’KaTh BiJ 30BHINIHIX OOCTaBUH, HE MOB'SI3aHUX 3 JTOOYBHOIO TEX-
Hikoro. KpiM mouyaTkoBUX BKJIaJeHb TaKUX MOPCHKHUX OypoBHX Ij1aTopMm (a BOHHU
MOXYTh csaratu 113 minbiioniB gonapiB CHIA [3]) Tako BUCOKI Ta MOCTIHHI €KC-
TUTyaTalliitHi BUTPATH.

[TigBuIIEeHHS EKCIUTyaTallliHUX XapaKTEPUCTHK TAaKWX CKIATHUX Ta JOPOTHUX
1H)KCHEPHUX KOMILJIEKCIB 1, OTXKe, 30UIbIIEHHS MepioAy TEXHIYHOTO 00CITyrOByBaHHS
oONagHaHHS € aKTyaJIbHUM 3aBJIaHHIM Ta JI03BOJISIE€ 3HU3UTH MOCTIHHI TOTOYHI TEX-
HIYH1 BUTPaTH.

VY Xonl ekcruryaraiii HaliB3aHYpPIOBaJIbHOI IUIaBy4oi OypoBoi mmiaaTdhopMu
(HITBIT) yacto BWHMKae cUTyallis, KOJM a3uMyTallbHa TBUHTOPYJIbOBA KOJOHKA
(AT'PK) cnpsmoBye moTik piauHu mia gaunie miatdopmu. [Ipu mpomy € WMOBIp-
HICTh BUHUKHEHHs edekTy KoaHa, Koy Mmija i€ 1boro edeKTy I JTHOM CTBOPIO-
€THCSI PO3PAIKEHHS, SIKE€ BIAXUIISE TIOTIK, 1110 PYXA€EThCS.

UuHHUKH, 10 BIUIMBAIOTh HA BUHUKHEHHS edekTy KoaHna MoXHaA MoenHATH Y
YOTUPH TPYNH 3a HanmpsMamu BIUTMBY (puc. 1): cama miardopma, BoJIHE CEpPelOBU-
i€ 1 MOBITpPsiHE cepenoBulle. TakoX BIUIMB MOXKE OyTH Bl HIABOJHOrO pelibedy
nHa, ipote aisa Bunanaky HIIBIT Bona cranoButh 10 200 METpIB 1 AKOTOCH BIUIMBY
no36asneHa. Lleil (hakTop MOXKHA BpaxoBYBaTH ISl 1HIIHUX O0'€KTIB — OYKCHUPIB, CY-
JeH-KabeneyKiagayiB, NacaXXKUpPChbKUX CyiB, HAYKOBUX CY[IB Ta BIMCHKOBHUX ILIAT-
(GopM cTapTOBUX KOMIUIEKCIB Y BUIMAJIKY, KOJIM BOHH MPALIOIOTH HA MIJTKOBOJ/II.

[IpoBeneHe kKOMIT'IOTEpHE MOJIeNIIOBaHHS (pUC. 2) TTOKa3aJ0 PI3HUIIO TUCKIB, 10
BHHHKAE 1] 4ac pyxy poO0YOro cepeoBuIlla B3JOBK NPAMOJIHIHHOT TOBEPXHI.

@ IIBHJIKICTh Cy/lHA

@ I[IBUIKICTH
Ta HAMPSMOK
o0epTaHHs TBUHTA

IMIBUIKICTH TA

@ XIMIYHHUU CKJIaq

@ TeMmIeparypa

@ XBUJIFOBAHHS MOPs

HanpsMok iHmux AI'PK,

10 MPAIIOIOTh CIUTHHO

Ta BXOIATH 10 CUCTEMH

® J(MHAMIYHOTO MO3UIIIOHYBaHHS

® BOJIOTICTH

® THCK

MOPCBKHI BOJHE MOBITPsIHE JTHO
00'exT CepeoBuUlIIe cepeioBulIlIe OKEaHy
® LIBHJKICTH TCYll @ Temmeparypa ¢ mibuna

BOJIIHOI TTOBEPXHI

& TIIBOIHUI penbed

Puc. 1. YunHukwy, 10 BIUIMBAIOTh Ha BUHUKHEHHS epexTy Koanaa
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Puc. 2. [IporpamHe MOJIe/IIOBaHHS PO3MOILUTY TUCKY Y pOOOYOMY CEepEeJOBUIII

Jlannii eexT BUHUKAE TUTBKU TPU HU3BKOMY PyCi poOoUdoro cepeaoBuina (moBi-
TPSIHOTO Ta BOAHOTO), mpote pobounii ctan HIIBII sikpa3 1 monsArae y yrpumanHi
00'ekTa Ha MICIIl IUIAXOM NOBUIbHOTO miapymtoBanHs Bcima AI'PK i came npu poGo-
Ti X 00'€KTIB 1iel e)eKT BUHUKAE HAMJaCTIIIIE.

[ToTik pimuHU, IO MIAHIMAETHCS, KU CTBOPIOETHCS TBUHTOM 3MIIIYE TaKOX 1
foro camoro, 1 i gieto miei cwum B AI'PK BuHMKaIOTh miporiec, 1o mpu3BOASITH 10
MIBUIIEHOTO 3HOCY JEHUJIBYJHOTO, OTIOPHOTO 1 3aB3ATHUX MIAIMUIHUKIB. BupoOHu-
kam AI'PK Bimoma 1151 cuTyanis, 1110 NpU3BOAUTH 10 3MEHILIEHHS Mepioy TEXHIYHO-
ro o0CIIyroByBaHHs, IPOTE HA JaHU MOMEHT MPOTH IS MPOBOJUTHCS MUISIXOM BHE-
ceHHs B KoHCTpYKIit0 AI'PK kyTa Haxwity, 110 CrOYaTKy BIAXWUJIISAE TMOTIK, 10 TPO-
X0auTh [4]. IHIHMM crmocoOoMm, 10 3aCTOCOBYETHCS Il OOPOTHOM 3 BUHMKHEHHSIM
1bOro eeKTy, € MeXaHIuHI HacaJK{d Ha TBUHT, IO TaKOX BIIXUJISIOTH MOTIK Piau-
HU. TakoX MOpYyIIMTH BUHUKHEHHS MOXKHA [IUIIXOM 301JIBIICHHSI IIBUIKOCTI TTIOTOKY
(BUIKOCTI pyXYy), MpoTe y 3B's13Ky 3 BuMoroto miarpumkud HIIBII va omniit TouIn
11 3pOOUTH HEMOKITHBO.

[TpoTe Bci 111 3aX0M HOCSTH 3aralbHUMN 3aMO01KHUN XapaKTepi 1 He T03BOJIAIOTh
O0pOTHUCS 3 HACTAHHIM IILOTO €(PEKTY y 3B'A3KY 3 HEMOMKJIMBICTIO BiJICTEKEHHS Yy pe-
aIbHOMY 4Yacy MOro BUHUKHEHHA. [IpoBeneHi mocmipkeHHs [S] M103BONUIN PO3PO-
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OUTH KOMIT'IOTEPHY CUCTeMy (hiKcallii MOMEHTY BUHUKHEHHs JaHoro edekry. Haii-
npocTimuM pimeHHsM € 3actocyBanHa AI'PK i3 3mMinHuM kyToM nepa 6anepa. On-
Hak i1 3aCTOCYBaHHsI MPU3BEJIE 10 JOPOTUX KalliTaloBKIaJAeHb. [loTpiOHO MiHIMI3Y-
BaTH BTPATH IIiJ] 9ac MOJICpHi3allii MOPCHKOTO 00'€KTA.

Ha BigMiHy Bia kopabneOyayBaHHS B aBiallii, 1iei epekT JaBHO BiAOMUM, JOCITi-
JUKYETBCS 1 BUKOPUCTOBYEThCS [6 — 8]. Ha ocHOBI gaHoro edekty moOyaoBaH1 JIesKi
tunu jitakiB (Boeing YC-14, QSRA, Boeing C-14, Au-72 ta AH-74), BepTOJILOTIB
(MD 520N, MD 600N, MD Explorer) i HaBiTh y MalmMHOOY/yBaHHI IIeH eeKT 3a-
CTOCOBYETKCS IMi/T 9ac TMPOCKTYBAHHS JEAKUX aetaneid aBTomoO01miB (McLaren MP4-
28, Red Bull RBS).

Buxoasum 3 11poro Oyria BUCIOBIIGHa HayKOBa TIMOTe3a, IO 3MINTYBAHHIM ITUX
JIBOX CepeloBUILl (MOBITPSHOI 1 BOJIHOT) MOKHA JOMOTTHUCS TOro, 110 edekT Koanna
BUHHMKATUME MPU PI3HUX MIBUIKOCTAX poOOYOro cepenoBuia. /s npboro noTpioHo
OpraHizyBaTu CHUCTEMY I0jaui MOBITps 70 TpedHoro reunTa. [loBiTps, 110 Mpoxo-
JIUTH TIOB3 TPEOHUI TBUHT 1 3MIIIIAHE 3 P1JIMHOIO, YTBOPIOE Y BOJI1 MIKpOOYIHOAIIIKH 1
OyIb0aIIKy 3 BUCOKOIO IIBUJIKICTIO.

[Tpuniun nii aeparrii JonaTeil 3aCHOBAaHUN Ha MOPYIIEHHI CTPYMHUHHOTO OOTI-
KaHHsS TIOBEpXHI Jiomari TpeOHOro T'BUHTA, 10 3acMokTye. [loBiTpsiHa mosmyiika
CTBOPIOETHCS IIISXOM IOJadl MOBITPS Yepe3 MOBITPONPOBOIM Ha PO3MOAUIbHHIMA
NPUCTPIN, BCTAHOBJICHWH HA MaTO4YMHI rpebHOro reunta [9]. binbm Toro, B cucre-
Max Azipod kommnanii ABB sik poGoue Tij10 B CUCTEMI OXOJIOIKEHHS €JIEKTPOIBUTY-
Ha TrpeOHOro0 IBUHTA BUKOPUCTOBYETHCS MOBITPSIHA CyMIII 3 OJIOKOM YIpaBIiHHS
nojayi noBiTps [4], 110 COPOCTUTH MiABEICHHS MOBITPS J0 JIONAT rPeOHOro0 TBUHTA.
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JABUI'YHU TA EHEPI'ETUYHI YCTAHOBKHU

VJIK 621.43.05

Mapnen B.B.
Hamionansauit yHiBepcuTeT «O1echka MOPChKa aKaaeMisDy

BusHaueHHsI panioHAJBLHUX PeKUMIB POOOTH CyTHOBMX JU3EJIIB I Yac
BUKOPHUCTAHHS NAJUB HEHA(PTOBOI0 MOXO/I2KEHHSA

[ToctynoBe BucHaxkeHHs CBITOBHX 3amaciB HadTU Ta OYIKyBaHE 3 LIUM 3MEH-
IIICHHS BUPOOHUIITBO KIJILKOCTI MajiiBa HAQTOBOTO MOXOKEHHS, 3MYIITY€E 10 BCeOl-
YHOTO BUKOPUCTAHHS MaJIUB HEHA(TOBOTO MOXO/KEHHS. [[01aTKOBUM MOIITOBXOM
JUTSI ITLOTO € Cy4YacCHI BUMOTH JI0 3a0€3MEUYEeHHS €KOJIOTTYHUX MOKa3HUKIB pOOOTH Te-
IUTOBUX JIBUTYHIB Ta JI0 3MEHIIEHHS KUIBKOCTI ByTJjeleBux namus. [lepeniyeHe Bu-
1€ CIPUsi€ PO3BUTKY aJIbTEPHATUBHOI EHEPTETUKHU Ta BUPOOHUIITBY MAJIUB, FTOPIOTY
YACTHHY SIKUX CKJIaJa€ pociuHHa cupoBuHa. CaMme Taku manuBa (Tak 3BaHi MMaauBa
010JIOTTYHOTO MOXOJKEHHs, a00 OlomanuBa) Ha ChOTOJHI BIPOBAKYIOTHCS B TeEIl-
JIOBY CHEPIETHKY, B TOMY YHCIIH CYIHOBY [1].

Bukopucranns 6iomanuBa B CyJTHOBHX JIBUTYHaX BHYTPIIIHBOTO 3TOPSHHS Mae
JesiKi 0COOJIMBOCTI, IO MOB’A3aHI 3 HEOOXIJHICTIO BPaXxOBYBATH MOKJIMBICThH IO-
MOBHEHHS 3amaciB OionanuBa (OyYHKEpPOBKA CyJE€H MOXE 3A1HCHIOBATHUCS B MOPTaX,
K1 HE TepeadavyaroTh HOTo MocTadyaHHs abo 30€peKeHHS); HECIIPOMOXKHICTh CYIHO-
BUX TMaJIMBHUX CHUCTEM 0 BUKOPHCTAHHS TAKOTO MaiuBa (110 BUKIUKAE HEOOXIM-
HICTh BUKOHAHHS JOJATKOBUX POOIT MIOAO0 3MIHM iX KOHCTPYKIIIH, SKi TOTPEOYIOTh
y3rOJKEHHS 3 KBali(piKaliifHUMH TOBAapUCTBaMHU). TaKoX HEOOXiJHO BU3HAUMWTH,
110 BUKOPUCTAaHHS TUTBKH Ol0TaiuBa i 3a0e3nedeHHs] poO0Yoro UKy CyIHOBOTO
JU3eIsT HEMOXJIMBE (TepeayciM 4Yepe3 MOoro HHU3bKYy TEIJIOTBOPHY 3JaTHICThH, Ta
MOB’sI3aHE 3 IUM 3MEHIIIEHHS KPYTHOTO MOMEHTY Ta 301IBIIEHHS BTPAT KOPUCHOI
noTy>HocT1) [2]. TlpoTe manuBHI Cymilll, IO CKIAAAIOTHCA 3 NajiiBa HA(TOBOIrO
MOXOJ/PKEHHSI (SIK OCHOBHOI'O KOMIIOHEHTa) 1 OlomajuBa 3 KOHIIEHTPAIIE 10
20 ... 25 % (sx AOMIIIKKA) OTpUMAaTN BIPOBAKEHHS B CyIHOBIH enepreruii. [o
TPYJHOILIB, 1110 BUHUKAIOTH M1 YaC BUKOPUCTaHHS Ol0MaliviBa, TAKOX BITHOCUTHCS
MIUPOKUIA J1aNla30H €KCILTyaTallitHUX PeXUMIB poOOTH JU3ETiB Ta YMCIEHHI Bapia-
HTH CKJIAy NAJTUBHUX CYMIIIII.

BusHaueHHs! palioHAIbHUX PEXUMIB pOOOTH CYJHOBUX AM3ENIB MiJl 4ac BUKO-
pUCTaHHS CyMimli 3 HaQTOBOro MajnBa Ta OlomanuBa HEOOXiTHO BUKOHYBAaTH 3a
YMOBOIO 3a0€3Me4YeHHsT iX €KOHOMIYHOCTI Ta €KOJOTIYHOCTI poOOTH. Y 3B’SI3KY 3
OUTBII HU3BKOIO (B TOPIBHSHI ¢ HA()TOBHMM) TEIUIOTBOPHOKO 3JaTHICTIO OlomayimBa
MiJ 9aCc MOro BHUKOPUCTAHHS 30LIBIITYETHCS MUTOMAa BUTpATa MajiuBa, TOOTO 3MEH-
Iye eKOHOMIuHICTh. OTHOYACHO 3 IIMM, BUKOPUCTAHHS OlOMajMBa MPU3BOIUTH 10
3MeHIIeHHs KoHIeHTpalii okcuaiB a3oty NOx Ta okcuais Byriemio CO B BHUITYCK-
Hux razax (BI') nuzens, To0TO 3011bIIy€e €KOTOTTYHICTS [3].

3 ypaxyBaHHSIM BUKJIAJEHOTO, JOCIIJI)KEHHSI BUKOHYBAJIMCh Ha CIEIlali30BaHO-
My cyaHi aeneiitom 10820 ToHH, 110 3A1MCHIOBAIO KOPOTKOYACHI (MPOTAToM 4 ... 6
JTHIB) TIEPEXO0/IM MK TTOPTaMH, B SIKUX OyJa mepeadadueHa MOXKJIMBICTh IMOIMTOBHEHHS
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3amaciB OlomanuBa. SIk Take BHKOpuCTOBYBajoch OiomanuBo B99.9 FAME, mio
ckianaerbes 3 99,9 % OGioauzenbHoro nanuBa Ta 0,1 % au3enpHOro majauBa Kiacy
Ultra-Low Sulfur Diesel fuel (3 Hamausskum Bmictom cipku S=0,03 %). Sk nanuBo
Ha(TOBOroO MOXO/KEHHS BHKOPUCTOBYBaJOCh mMajmnBo DMB, mo pexomMeH10BaHO
JUISL CepeTHbOOOEPTOBUX JU3EIIB, Kl BUKOHYIOTh (DYHKIII JOMOMDKHUX JABUTYHIB.
Bwmict GionanuBa B mMaJIMBHOT CyMillli 3MiHIOBaBcs B Mexkax S ... 20 % Bij 3aranbpHo-
ro 00’emy. JlocmikeHHs BHKOHYBajaucs Ha cyaHoBux auseiasx SDC-17A Tier Il
Daihatsu Diesel 3 HacTymTHUMEI OCHOBHUMH XapaKTEPUCTUKAMHU:

niametp mmiaapa — d=0,17 m;

xig mopmrast — $=0,27 Mm;

gactoTa oOepranns — N=1000 xB;

HOMIHAJIbHA NOTYXHICTh — Neron—=490 kBT;

KUIBKICTh IUIIHAPIB — i;=D,

10 Y KIJIBKOCTI TPhOX IITYK BXOJUJIN J0 CKJIaay CYTHOBOI JIOMMOMIKHOI €Hepre-
TUYHOI ycTaHOBKHM. I[laqMBHA HHMCTEpHA OJHOTO 3 JM3EJIIB HE 3MIHIOBaJach Ta Iel
Iu3enb eKcruryaTtyBaBcs Ha manuBi DMB (3 B’s3kictio 8 cCt 1 BMICTOM CipKuU
0,08 %) Ta BBakaBCS «KOHTPOJbHHMY. J[0 MAJIMBHUX CHCTEM JBOX IHIIHUX JIU3EIIB
JI0JIATKOBO BCTAHOBIIIOBAJIOCH OOJIaHAHHS, 110 JO3BOJISJIO BUKOPUCTOBYBATH B HUX
Oionanuso [4].

MeTtoro mocnikeHHs: OyJo BU3HAYEHHS BIUIMBY O10IajuBa Ha €KOHOMIYHI Ta
€KOJIOT14H1 TOKa3HUKHU POOOTH CYAHOBOTO Jau3ensi. KpurepieM eKOHOMIYHOCT1 poOo-
TH TU3ens Oyina oOpaHa muToMa epeKTHBHA BUTpaTa nanuBa De. Sk exoyoriyxi mo-

: . : : C
Ka3HUKHU pOOOTU CYJHOBHUX JIU3ENIB TPUUMAINCH KOHIIEHTPAIIISl OKCUIIB a30Ty  NOx

Ta 00’€MHUN BMICT OKCHJIYy BYTJIEITIO Ceo 5 BT

[lin yac mpoBeneHHS JOCHIKEHHS JJIsl 3a0€3MEeUeHHs CIOKMBaUiB €HEPTIEI0
CKCILIyaTyBaBCs «KOHTPOJBbHUI» JIH3elb (110 BUKOPUCTOBYBaB manuBo DMB) Ta
OJIMH, 200 /1Ba 1HIIKX (B AKUX BUKOPUCTOBYBajach cyMim naiuea DMB Ta 6ionanu-
Ba). /{uzeni, HA SKUX BUKOHYBAJIWCS €KCIIEPUMEHTANbHI JOCTIIKEHHs, 3a0e31euy-
BaJIM TIOTYKHICTIO TIOCTIMHI Tpynu croxuBayiB. [Ipu mpoMy (3a1exHO BiJl JOCIHI-
JDKYBaHMX PEXHUMIB) iX MOTYXHICTh craHoBuna 270 kBt, 320 kBt, 365 kBT,
415 kBT, mo Bianosigago HaBaHTaXKEHHIO 0,55Ncuon, 0,65Neuons 0, 75Nenon; 0,85Neron.
[ToxnOka B HaBaHTaXEHHI TiJ] Yac MEePEXOy TU3EI 3 OJHOTO CTAJIOTO PEKUMY JI0
1HII0TO HE MepeBuiyBaia +1,5 %.

[lepen moyaTkoM MPOBEAEHHS EKCIIEPUMEHTY BCl AU3€I1 Malli MOPIBHAHUNA MO-
TOpeCypC MaTMBHOI anapatypu, AeTajled HUIIHAPOBOI IPYIU, MIAMIUIHUKIB PYXY, a
TaKOXX OJHAKOBUW TEXHIYHUHN CTaH. Y BUIAJKY 3MIHI KITLKOCTI CIIOKUBAYiB €HEPrii
Ta iX TOTYXHOCTI HEOOX1/THE HaBaHTAXXCHHS TIEPEPO3MOAUISIIOCS HA AU3ET, 110 He
3aJlisiHI B €KCTIEPUMEHTI, MPU IIbOMY JIU3€Jb, HA SKOMY MPOBOIMINCS JOCIIKEHHS,
EKCIUTyaTyBaBCsl Ha MOCTIMHOMY HaBaHTaKeHHi. Kpim Toro, mij 4yac MmpoBeACHHS
EKCIIEPUMEHTY Ha JU3eJ1 MIATPUMYBAIMCS MOCTIHHI TEMIEPaTypHI PEKUMHU B CHC-
TeMax 3MallyBaHHs Ta oXoJoukeHHs. i yac mpoBeneHHsI €KCIIEPUMEHTY JAU3EITh
npotsarom 1,0 ... 1,5 roaun npairoBaB Ha MOCTIMHOMY HaBaHTAKEHH1 MPOTATOM SIKUX
BUKOHYBAJIOCh BUMIPIOBaHHSI OCHOBHHMX MapameTpiB 1 YCEpPeAHEHHS OTPUMAHUX
3HaueHb. lle 3abe3neuyBano KOPEKTHICTh MPOBEACHHS AOCTIIKEHb 1 MOXIUBICTh
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31CTaBJIEHHS! BUMIPIB, BUKOHAHUX Ha PI3HUX JU3ETAX. Y 3B’S3KYy 3 BEJIMKUM 4acoM
MPOBEJICHHS EKCIIEPUMEHTY 1HEPIIMHICT, BUMIPIOBAaHHS BUTPATH Ta3iB IOBHICTIO
HiBeJIOBaIacs 1 HE BIUIMBAJa Ha pe3yJbTaTU. 3a TAKMX YMOB TaK0X MOCTIHOIO MO-
*1uBo BBakaTu koHueHTparii CO ta NOx B BT

BignocHi 3minu koHneHTparlii okcuaiB a3oty ANOx Ta 06’éMHOT0 BMICTY OK-
cuny Byriemto ACO B BI', a Takoxx muromoi edektuBHOT BuTpatu manusa Abe pos-
PaxoBYBAJIMCh 3a BUpa3aMu

DMB 6io CO DMB COGio
NOX NOX -100%, ACO =

O)l:zMB CO DMB

6io DMB
be B be .
6io
e

100%,

ANO, = -100%, Ab, =

NoDMB No6i0 bDMB b6i0 .
Je X X e 'Y — KOHIEHTpAIlld OKCHIY a30Ty B BUITYCKHHX ra3ax

Ta muToMa e(eKTMBHA BUTpaTa MajvBa MiJl 4Yac EKCIUTyaTalli Au3esis Ha MajiuBl
DMB Ta 6ionanugi, r/(kBt-ron);

CO DMB C06i0 X .
’ — 00’eMHHI BMICT OKCH/y BYIJICIIO B BHITyCKHHX rasax ITijJ dac

eKcruTyararii au3ens Ha maymei DMB Ta 6ionanusi, %.
OTtpumaHi 3HaYCHHS y3arajbHEHi y Ta0nuill 1, a TakoX BiOOpa’keHi Ha jiar-
pamax, HaBeJIeHUX Ha puc. 1.

Tabmuus 1. Pe3ynpTaT eKCriepuMeHTy

Bun nanusa
Pexum DMB+5 DMB+10 % DMB+15 % DMB+20 %
pobotu quzens | % OlonmaiuBa OlomanvBa OilomanuBa OlomanvBa
BIJTHOCHE 301JIbIIEHHS MUTOMOI e()eKTUBHOI BUTPATH NajuBa, %
0,55Nerom 1,92 3,37 4,81 8,17
0,65Nenom 1,48 2,96 3,94 7,39
0,75Nexon 1,52 2,53 4,04 7,07
0,85Nenom 1,04 2,08 3,65 6,77
BiJIHOCHE 3MEHIIIEHHS KOHIIEHTpaIlii okcuiB a3oty B BI', %
0,55Nerom 4,45 12,13 18,73 10,11
0,65Nenon 6,13 13,41 21,07 12,64
0,75Nexon 6,12 19,95 23,13 15,18
0,85Nenomn 6,35 23,83 24,31 15,21
BIJIHOCHE 3MEHIICHHS 00’ €MHOTO BMICTY OKCUY ByrJierio B BI', %
0,55Nerom 4,14 9,55 15,45 23,25
0,65Nenon 4,83 10,75 15,73 24,14
0,75Nexon 5,95 12,5 16,96 25,3
0,85Nenomn 5,99 13,14 17,81 25,4
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Ab,,
r

kBT ron

<«<— 0,55 N; <«<— 0,65 N,

EHOM

<«— 0,75 N, «— 0,85 N;

CHOM CHOM

1 1

<«— 0,55 N;

CHOM

«— 0,65 N;

CHOM

<«— 0,75 N;

E€HOM

«— 0,85 N;

€HOM

Puc. 1. BimnocHa 3miHa nmokasHukiB poootu auzens SDC-17A Bijg HaBaHTa)KEHHS i Yac BHKO-
PHUCTaHHS MaJuBa PI3HOTO CKIIAY:

a — 301IIbIIIEHHS MUTOMOT BUTPATH MaJINBA; O — 3MEHIIICHHSI €MiCii OKCHIIB a30TY;
6 — 3MEHUIEHHS 00’ €MHOT0 BMICTY OKCHAY BYTJIEII0 B BUITYCKHUX ra3ax;
1 - DMB+5 % 6ionanusa; 2 — DMB+10 % 6iomanusa;3 — DMB+15 % GionanwuBa; 4 —
DMB+20 % 6iomanuBa
Takum 4rHOM, BUIIPOOYBaHHSMU, 110 BUKOHYBAJIUCh HA CYJTHOBUX CEPEIHBOO-
oeproBux musensax SDC-17A Tier Il Daihatsu Diesel B miama3oni iX ekcrutyatariii-
HUX HaBaHTaxeHb 55 ... 85 % 3 manuBHOI cyMimto, sika Bkirodana 80 ... 95 % nu-
3eapHOTO NManuBa DMB ta 5 ... 20 % 6iomanuBa B99.9 FAME, BcranoBneHo:
® Ha BChOMY Jiana3oHl HaBaHTa)KEHb HA BMICTY O10MAJIUB B MAJUBHOI CyMIIIl 3/1H-
CHIOEThCS 301IbIIIEHHS MUTOMOI €()eKTUBHOI BUTpPATH MAJIMBA; HA €KCILTyaTallii-
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HUX peXuMax, II0 BIAMOBIAAIOTH 55 ... 65 % HOMIHAJIBLHOIO HABAHTAXKEHHS Ta
5 ...10 % BmicTy GiomaniBa B cymiti 1ie 301IblneHHs ckiamae 1,92 ... 2,96 %, na
pexumax 75 ... 85 % HaBaHTa)XXEHHS Ta IiJl YaC BUKOPUCTAHHS CYMIIlli 3 BMICTOM
15 ... 20 % OiomanmBa 3017bIIIEHHS BUTpaTH naiuBa gocsrae 4,04 ... 6,67 %;
HaWOIIBII 32 BCHOI'0 €KOHOMIUHICTh POOOTH AU3EIIS MOTIPIIYEThCS i Yac HOro
eKCIUTyaTallli Ha HaBaHTaXeHHAX 55 ... 65 % 3 15 ... 20 % BMmicToM GlomanuBa B
CyMillli, 32 TAKUX YMOB IiJIBUILIEHHS TUTOMOI €()eKTUBHOI BUTPATH MaJMBA JA0CH-
rae 7,39 ... 8,17 %;

® [IiJl Yyac eKCIuTyaTallii Iu3elisd Ha Jiama3oHl HaBaHTaKeHHI 55 ... 85 % cmocrepi-
raeTbCs 3MEHILIEHHS eMIcCii OKCHJIB a30Ty, MpHU I[bOMY HalOumbmmii edext (1m0
23,8 ... 24,3 %) Bignosimae 10 ... 15 % BmicTy GionanmBa B CyMiIlli; 3 3pOCTaH-
HSIM BMICTY OlomnanuBa B ckiaal cymimni 10 20 % 3HMKEHHS eMicii OKCUIB a30Ty
3HaxoauThes B mianasodi 10,1 ... 15,2 %;

® BHUKOPUCTAHHS OloMaiuBa CHpUSE 3MEHIIECHHIO 00’€MHOI KOHIIEHTpaIlii OKCHUILY
BYTJICIIO Y BUITYCKHUX Ta3ax; HalOlIbIna e()EeKTUBHICTh NP 1bOMY BIJIOBiJIA€
HaBaHTaXEeHHIO 75 ... 85 % Ta BUKOPUCTAHHS MAJUBHOI CyMiIi, mo MicTiTh 20 %
OlomanuBa, 3a TaKUX YMOB 3HMKEHHSI KOHIICHTpAIlli OKCHJY BYIJICIIO JOCSTa€e
25,4 %; n1oaTKOBO BU3HAYMUMO, IO I1€ CIPHSIE TiABUIIICHHIO CHEPTETUIHOI eeK-
TUBHOCTI MOPCBHKUX CY/ICH.

Cknaja majguMBHOL CyMill, 110 MICTUTh 010MaIMBO, AOILIHHO BU3HAYATH JIJISL KO-
YKHOTO HABAaHTAXEHHS JTU3EJIs 3 YpaxXyBaHHSAM HMOTO €KOJIOTIYHUX (Hacammepen emi-
cii OKCH/IIB a30Ty Ta 00’ €MHOI KOHIIEHTpAIlii OKCUIY BYIJICIIO Y BUITYCKHUX ra3ax),
a TaK0’X EKOHOMIYHHUX MOKa3HUKIB POOOTH CYJHOBOTO JU3EIIS.
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Cariu A.C.
Hamionansauit yaiBepcutet «Onechbka MOpChKa akaaeMish)

3a0e3nevyeHHs eHepreTHYHOI e)eKTUBHOCTI Cy/IeH BiANOBIAHO HOBITHIM
sumoram loxarky VI MAPITIOJI

Mixunapogna mopcbka opranizaiiss IMO 17 uepBus 2021 poky mnpuitHsiia pi-
IeHHs 11010 BBeAeHHs nornpaBok 10 Jomatky VI MAPIIOJI na 76-# cecii MEPC.
bynu BnpoBamkeHi myHKTI npaBui 23 1 25 moa0 BBeneHHs [HIekcy epeKTUBHOCTI
icayrounx cyaeH (Energy Efficiency Existing Ship Index — EEXI). Takox BmpoBa-
JDKEHO TYHKT TpaBui 28 MI0J0 BBEIEHHS [HauWKaTopa BYTJIENEBOi MICTKOCTI
(Carbon Intensity Indicator — CII) 3a mormomMoror sSKOro OyAyTh CTEKUTH 32 PIBHEM
BUKH/IIB BYTJICIIO Ta KOHTPOJIIOBATH MOAAJBIIIE HOTO 3MEHIIICHHS.

VYci cynna noBuHHI po3paxyBaTu 1HAekc EEXI Ta BHecTH 3MiHM 1O CYZHOBOIO
wiany exeproedextuBHocTi (Ship Energy Efficiency Management Plan — SEEMP),
MPOJIEMOHCTPYBATU PE3yJIbTAaTH BIAMOBIIHOCTI Ha HACTYIHOMY KiacuikailiiHOMY
OTJISiAI CyAHA JJIA OTpuMaHHs MixHapoaHoro ceprudikara 3amnoOirands 3a0py-
HeHHs noBiTps (International Air Pollution Prevention Certificate — IAPPC) a6o mno-
YaTKOBOMY OTJISAJII TIEpe/l BBEJACHHSIM CYyJIHAa B €KCIUTyaTaIlllo JiJIsi OTpuMaHHsa Mixk-
HapojHOTO ceptudikary eneproedexruBHocTi (International Energy Efficiency
Certificate — IEEC) [1, 2].

TakuMm ynHOM, Oe3mocepeHsl yBara Mae OyTH 30Cepe/keHa Ha BUKOHAHHI PO3-
paxyHkiB EEXI Ta mokpalieHb €KOJOTIYHUX XapaKTEPUCTHUK BUKOPUCTAHHS CYAEH
AKIIO PO3PaxyHKOBIN 1HAEKC Oyze BHILE 3a AOIMYCTUMI HOPMHU. SIK pO3paxyHKOBY
(dhopmyity 3anpornoHOBaHO

EEX]| — SFOC,,c xCF, 50 % Pyg + SFOC ,c xCF ;50 % Pye

DWT xF__ xV

iccr

ne SFOCwg/ag — muTOoMa BUTpata naausa, I/(kB1-roxm);

CFwmpo — BigHocHa KibKicTh CO2, ToHH CO2/TOHHY IaJIuBa;

Prgi4e — TOTYXHICTB 1BUTYHA, KBT;

DWT — nenBeiit cyaHa, TOHH

V — po3paxyHKOBa IIBUJIKICTh Cy/IHA, BY3JI1

[ns mpukiiany po3riiiHEMO KOHTEWHEpOBO3 3 aeaseritom 206117 ToHH 3 Ha-
CTYITHUMH TIOKa3HUKAMHU:

SFOCwe— 173,56 r/(xkBT roa) jyist TOJ0BHOTO JBUTYHA Ha 75% MOTY>XHOCTI;

CFwmpo — 3,206 Tonn CO2/ToHHy nanuBa (iKCOBaHE 3HAYEHHS IS JAU3EIbHOIO
najgnBa;

Py — 17949 kBt a5 To10BHOTO ABUTYHA Ha 75% MOTYKHOCTI

P4r—716,5 xBT nns gonomi>kaux napuryHa Ha 50% moTy>KHOCTI;

SFOCwe — 220 r/(xkBT ron) nns nonomixkaux apuryHa Ha 50% MOTYKHOCTI;

V — 16,6 By3miB [3].

OTpuMy€eMO HACTYITHHUH pe3yIbTaT
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EEX| — 17356x3,206x17949+ 220x 3,206x 716,5 —306.
206117%x1x16,6

[ToTpi6HO 3a3HauuTH 110 iHAeKC EEX| B nanomy Bumnanky 3,06 BUMIiproeThCs B
rCOy/(mopcbka MusixToHHy) — gCO2/(nmxt). OTpuMaHHUH MPOKA3HUK MEHIIE 3a
peraaMeHTOBaHINd Al TaHOTO TUIY CyJHA Ta MOTro JEABEHTY IO PO3PAXOBYETHCS
BIJITOBIAHO THITY CyaHA Ta nopiBHIOE 7,45 gCO,/(nmxt).

PospaxoBanmii nokasuuk EEXI nmoTpiOHO 3icTaBUTH 3 peKOMEHIOBAaHUMHM 3HA-
YEeHHS 110 3MIHIOIOThCS JUIsl TUITY CYIE€H Ta MOro JeABEUTY, Ta y BUINAJKY IIEpPEBU-
IMICHHS PO3pPaxOBaHOr0 IMOKa3HHWKa MOTPIOHO BMIPOBAKYBATH Jii Ta 3aco0W IS
3MEHIIICHHS Ha caM Iepej BUTpaTH najiusa [4].

Innexc EEXI HeoOX11HO OKpeMO po3paxoByBaTH JJisi KOKHOTO cyAHa. BiH Bka-
3yBaTHME Ha €HEproe(eKTUBHICTh CYJHA, MOPIBHIHO 3 PEKOMEH/I0BAaHUM IOKA3HU-
KOM. 3a3HauyMMoO, 1110 CyJHa MOBUHHI BIAMNOBIATH KOHKPETHOMY HEOOX1THOMY 1H]IE-
kcy EEXI, skuil rpyHTyeTbcsl Ha KOE(IIEHT! 3HUKEHHS (BUpaXEHOMY IO BIJIHO-
meHHIo 10 6azoBoro iHaekcy EEDI).

OxpiM mnoka3sHUKH OUIHKH eHeproeexkTuBHOCTI EEXI; BnpoBamkyroTh ekc-
IJTyaTaliiHl BUMOTHY 10 3HMKEHHSI BUKHU/IIB HA OCHOB1 HOBOT'O 1HJMKAaTOpa BYTJeElle-
Boi mictkocti CII. IMonpitauii miaxia BnpoBakenHs EEXI ta CII cnpsmoBanuii Ha
pPO3B’sI3aHHS TEXHIYHMX 3aBJaHb, 0 perymoerbes EEXI, Ta ekcruryatamiinux 3a-
XO/I1B, 110 3a6e3neuyroThes ClI.

Excrmyarariiini 3axoau peanizoBaHl 4epe3 PEUTUHTOBY CXEMY 3aCTOCYBaHHS
koedimienta ByrieneBoi iHTeHcuBHOCTI CII Ta Bmockonanenwit [lnan ymnpaBiiHHS
eneproedektuBHicTIo SEEMP, sxuii BpaxoBye (akThuHE CIOKHBAHHS TaInBa Ta
MPOWJIEHY B1JICTaHb Ha Cy/JHaX KOHKPETHUX TUMIB BajoBoi MicTkicTio 5000 Ta O11b-
11e, o 3A1MCHIOIT, MiKHapoaHi peiicu. He miznime 1 ciuns 2023 poky Ha 60pTy
TaKHUX CyleH Mae O0ytu noomnpanboBanuii SEEMP.

Ha mincraBi oTpuMaHuX AaHUX LIOAO BUTPATU MajduBa HEOOXITHO BU3HAYUTH
nocsiruytuil cynHoM pisenb CII 3a kanennapuuil pik, nounHarouu 3 2023 poky, Ta
MOPIBHATH HOro 3 HEOOX1JHUM piuHUM ekcrutyaTauiiauM CII 1o pekoMeH10BaHo.

Hocsaruytuit paktuunuid piunuid ingukarop CII mae Oyt 3adikcoBanuil y no-
KYMEHTax JjIsl TOPIBHSHHSA 3 MOYaTKoBa po3paxoBanumM nokazaukom CII. Ile mo3Bo-
Tuio 0 BU3HAYUTU PEUTHHT BYTJICIIEBOT MICTKOCTI cynHa. [Imanyerbes, mo BiH Ha-
naBaTuMeThes 3a mKkanow A, B, C, D a6o E, ne A — naliBummii pedTHHT e()heKTHB-
HocTi, a E — HaltHmwkuuil. PiBenp edexTuBHOCTI Oyzae 3adikcoBaHO y IUIaHI yIpaB-
niHHA eHeproedektuBHicTiO. CynHO, 10 Mae pedtuHr D a6o E mpoTtsarom Tphox po-
KiB TOCIIIb, MA€ HAJIATH TUTAH KOPUTYBAJIBHUX JIii, MO0 MOKa3aTu, K Oy/e T0CAT-
HyTO HeoOxiaHoTO 1H1ekcy (C abo Bule).

Pospaxynok inaekciB EEXI 1 CII noBuHHO OyTH mpoBeAeHO Kiacu(iKaliiHuM
TOBAapUCTBOM a00 cepTu(iKoBaHOO KoMIaHiero. [Tics mpoBeaeHHs pO3paxyHKIB Ha
OCHOBI MOKAa3HUKIB KOKHOTO CyJHa Ta TEXHIYHUX XapaKTEPUCTUK T'OJIOBHOI MPOITY-
JIBCUBHOT YCTAaHOBKHM BHUJAETHCA TEXHIUYHWN (pailn 3acBimueHHs KiacuikamiitHum
TOBapucTBOM [5].
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Jns oTpuMaHHsl cepTU(iKaTiB MpPO BIAMOBIIHICTE CYJHOBJIACHUK CIIJIBHO 3
KjacugikaiiHUM TOBAPUCTBOM ITOBHHHI 3pOOUTH HACTYITHI KPOKHU:

- posrysin TexHiuHoro daitny EEXI (3 po3paxynkamu inaekcy EEXI);

- PO3IJISIZT CY/IOBOT'O KEPIBHUIITBA 3 OOMEXXEHHS MOTYKHOCTI;

- OIJISI7 CYJIHA 13 3aMiHOI0 MI>XKHApOIHOTO CBIJIONTBA PO €HEPTroe(PEKTUBHICTD;

- posrisin, SEEMP na BianosigHicTh HOBUM BuMmoram MAPIITOJI,

- uzHaueHHs ClI Ta Bujada BiAMOBIIHOTO MTOCBITYCHHSI.

BpaxoByroun BCi BUMOTHY L1010 BEICHHS BIAMOBIIHUX HOPM BCi CyZiHA MIOBUHHI
nposectu po3paxyHok EEXI ta CII. Ilicns mpoBeneHHsI po3paxyHKIB y pasi SKIIO
1HJICKCH BIJIMOBIIa€ TMPUWHITAM HOPMaM Jii JJIs TIOJIMIIECHHS €KOJIOTIYHNX XapaK-
TEPUCTUK HE MOTpiOHE, MpOoTe HEOOXIAHO MIATPUMYBATH CYAHO Ta MPOMYJIbCUBHY
YCTaHOBKY B HAJIEXKHOMY TEXHIYHOMY CTaH1 JUIsl BIAMOBIAHOCTI 1HAEKCY Hagam. Og-
HaK SIKIIO pO3PaXxyHKOBI 1HJIEKCH HE BIANOBIAATUMYTh MPUIUHATUM HOpMaM HeoOXi-
JTHO TIPUMHATH HU3KY TEXHIYHUX PIIIeHb JJI TMOKPAIICHHS €KOJIOTIYHOrO Cy/IHA Ha-
camriepe/l 0OOMEXKEHHsI BUTPATH MaJMBa HA MPOUJIEHY MIJIIO Ta KUIBKICTh IEepeBe3e-
HOTO BaHTaxy Hagam IMO BuaacTh Kijbka peKOMEHJIAllli, 6 TOYHO BKake HEOO-
X1IH1 IIJISIXU 17151 TOKPAIISHHS €KOJIOTTYHOCTI CY/IEH Ta 3MEHIIICHHS] BUKU/IIB.
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AHAaJi3 0c00JMBOCTEN CHCTEM HUJIIHAPOBOr0 MAallleHHSI CYAHOBHX IM3eJiB

MortopHI1 MacTuia, 110 BUKOPUCTOBYIOTHCS B ABUT'YHAX BHYTPIILIHBOTO 3rOPSHHS
(IB3) cyaeH MOpPCHKOTO Ta BHYTPIIIHBOIO BOJHOTO TPAHCIOPTY, HAUOIIBIIOK Mi-
POIO JIETOBaHI MPHUCAIKAMHU 1 BIPI3HIIOTHCS BEIMKHUM 3aIlacoM SIKOCT1 3a CBOIM Tep-
BUHHUM BJacTUBOCTSAM. CepelHii BMICT MPUCATOK B CYJHOBHX MAacTHJaX B KiIbKa
pa3iB MepeBHUIIye Lel MOKa3HUK MOTOPHMX MAaCTHJI, IO 3aCTOCOBYIOTHCSI B 1HIIHUX
cdepax texuiku [1]. Lle mop'a3aHo B mepiry uepry 3i cnenudikoro CyaHOBOI TeXHi-
KM, BUCOKHMH POOOYMMH MapaMeTpamMu, 3aCTOCYBaHHSIM B TOJIOBHHX 1 JJOMOMIKHUX
JBUTYHAX MaJIUB 3 BUCOKOIO B’SI3KICTIO, 110 OOYMOBIIIOE BUKJIFOYHO BUCOKUW PIBEHB
BHUMOT JI0 BJIACTUBOCTEN MacTu [2]. [lyKe BaXKJIIMBUMHU NPENCTABISAIOTHCS IUTAHHS,
NoB's3aHl 3 KBalTi(hiKOBAHOIO OILIHKOI EKCIUTyaTal[liHUX BIACTUBOCTEH CYJTHOBUX
MOTOPHHUX MacTWJ. BUKOpPHCTaHHS NTOCBiAY, a TakOK Pe3yJbTaTiB €KCIUTyaTauii i
BUIIPOOYBAHb MACTUJI 103BOJISIE BHECTH MEBHUM BHECOK Y MOJAAIBIINNA PO3BUTOK Me-
TOJIIB OI[IHKH MOTOPHHUX SIKOCTEH MACTHJI CyTHOBOTO Mpu3HadeHHs [ 3].

Mertoro gociimkeHHs Oyiia OLIHKA €KCIUTyaTalliHIX XapaKTEpUCTUK MOTOPHUX
MacTHJI, 110 BUKOPUCTOBYIOTHCSI B CUCTEMaX MalICHHs LWJIIHAPONOPIIHEBOI IPyIH
(IIT1T") cynuoBux JIB3 [4].

AHani3 Cy4yacHMX TEHACHIIN pO3BUTKY CYAHOBHX Majo00EpTOBUX [IM3EIIB
(MOJ) — came B Hux ais 3abe3neueHHs MaieHHs LI BUKOprCTOBY€EThCS crielia-
JIbHA CHUCTEMa Ta CHelliajbHI MacTUiia — MOKa3ye, 110 i 3a0e3MeueHHs] He0O0X1AHO1
JOBrOBIYHOCTI 1 HaJIMHOCTI Cy4aCHUX ABUTYHIB, A0 IMJIIHIPOBOIO MacTuja BHUCY-
BalOThCS 0COOJIMBI BUMOTH, 0araTo B YoMy OUJIBII >KOPCTKI, HIXK Ti, SIKI BUCYBAJIUCS
JUISI CUCTEM MAIlEHHS 1HIIMX JHU3eNiB (CepeHbOOOEPTOBUX T4 BUCOKOOOEPTOBHX).
30Kkpema, BUMOTH JI0 3a0e3neueHHs IUIMHHOCTI MacThjia Ta Moro 3JaTHOCTI TMTOKPH-
BaTH TOHKOIO TUTIBKOIO BCIO TIOBEPXHIO JA3€pKajia HUIIHAPOBOI BTYJIKU, a TAKOX PIB-
HOMIPHICTh PO3MOJILTY MAaCTWJIa MO BTY/I HuutiHaApa. OJHUM 3 HAMBaXKJIUBIIIHMX 3a-
BJIaHb € 3a0€3MeYeHHs TOBIIMHM 1 MIIIHOCTI MAaCTHJIBHOI IIJIIBKM B YMOBaX HU3BKUX
IIBUJIKOCTEH MOPILIHS, HAIIPUKIIAJ, IIPH PYCl CYJeH Ha €eKOHOMIYHMX XO0Jax, 10 JI0-
CUTH LIIMPOKO MOLIUPEHE B CYy4YaCHOMY CYIHOILJIABCTBI.

Bucoka moTyXHICTh, SIKa MPUITAJIa€ HA OJUHUINI0 PoOOYOro 00'eMy IUIIHAPIB
cydyacHux MOJ/I, nae Benuke TETUIOBUAICHHS, 3HAYHA YaCTKA SIKOTO CIIPUHMAETHCS
MacCTUJIBHOIO IJIiBKOIO. [Ipu HemocTaTHIN TepMiIYHIN 1 OKUCITIOBAIBLHOT CTa0lIIbHOCTI
MacTuia CTBOPIOIOTHCS MEPEIyMOBHU [JIsl MIJBUILIEHHS YTBOPEHHS HarapiB B 30HI
NOPIIHEBUX KiJellb, 110 3HmKye pecypce LIIT. Tomy macTuiio moBUHHE MaTH J10CTa-
THIA CTyNEHb JETEPreHTHOCT! (MUIOUMX BIACTUBOCTEH) 1 BUCOKY TEPMOOKHCIIOBA-
JBHIO CTAOUIbHICTh. TakMM YMHOM, SIKICHMH CTPUOOK y pPO3BUTKY cyaHOBux [IB3,
0e3nocepeIHIM YUHOM BITMHYB Ha 3MIHY BUMOT JI0 IUJIIHAPOBUX MAaCTHII 1 BUCYHYB
3aBJaHHs CTBOPEHHS HOBOT'O ITOKOJIHHS MacTHII, IO Biamosigae im [5].

CynnoBi MO/] 1 cucremu oOpoOKM manuBa CydacHUX CyJeH Moau(ikoBaHi Ha
3aCTOCYBAaHHS HaJBAKKHX maiuB 3 B's3kicTio A0 750 cCt mpu 50 °C 1 TyCTHHOIO A0
1010 xr/m3. OcobauBocTi yMOB poOOTH HWIIHAPOBOTO MAcTUIIA HA MOBEPXHI JeTa-
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newt L{III" mpu BUKOpUCTaHHI MAMB 3 BUCOKOIO B'SA3KICTh Ta TYCTUHOIO BU3HAYAIOTh-
csl OLIBII TPUBAIUM 3TOPSHHSM TalIMBa Ha JHII PO3IIMPEHHS, BUCOKUM CTYIEHEM
TEPMIYHOTO BIUIMBY Ha MAaCTWJIbHY IUTIBKY, MOMAJaHHAM Ha i MOBEPXHIO BEIUKOI
KUTBKOCT1 CaX1 B Pe3yJIbTaTl HETIOBHOTHU 3rOPSIHHSA, MOTPAIUISTHHS KpareliboK He3ro-
pLJIOTO MajuBa B IUTIBKY Yepe3 30UIBIICHHS TaIbHOCTI PO3IMUJICHHS MMaJIMBa BEIUKOI
rycTuHU. Takuil mporiec 3MillyBaHHS YaCTUHOK, 110 3HAXOASTHCS HA MOBEPXHI IIH-
JHpA, YUHUTH HETAaTUBHUM BIUIMB Ha 3MallyBaJibHI BIACTUBOCTI MACTUJIA, CIIPUsIE
3HIDKEHHIO HOT0 TEPMIYHOT 1 TEePMOOKHCITIOBATILHOI cTaOLIBHOCTI [6, 7].

BukopucTanHs BaXKUX 1 HAJBAKKHUX MajJUB B KPEUIKOM(PHUX AU3EISIX 3yMOB-
JIIO€ TIOCUJICHHSI BUMOT JI0 pSAAy BIACTHBOCTEH HWiIiHApoBoro Mactuia. [lepmr 3a
BCE, 11 CTOCYEThCS 3a0€3MEUCHHS HEHTPaIi3yl04oi 31aTHOCTI, BUCOKOI TEPMOOKHC-
JIOBAJIBHOI CTAOLIBHOCTI Ta aHTUHArapHUX BIACTUBOCTEW MacTuia. KoHCTpyKTHBHE
BrockoHaneHHss MOJ/] Ta nocuiieHHsl yMOB iX ekcrutyartanii ()OpMyHOTh OCHOBHI BU-
MOTH, 1110 BUCYBAIOTHCSI 10 LIUITHAPOBUX MACTHII HOBOT'O MTOKOJIIHHS:

MacCTUJIO Ma€ BOJIOAITH BIATMOBIHOIO B'SI3KICTIO Ji 3a0€3MEUYEeHHS JIOCTATHHOI
MaCTHJIBHOT 3JaTHOCTI IIPYU BUCOKUX poOOYMX TeMIiepaTypax 1 B TOH ke 4ac MBUIKO
PO3TIKATHUCS 1O OBEPTHSM, 1110 TPYTHCS;

CTBOpPIOBAaTH €(PEKTHUBHE YIIIJIBHEHHS MK MOPIIHEBUMHU KUIBISIMU 1 BTYJIKOIO
HUJIIHIpA,;

3HIDKYBATU JI0 MIHIMAQJIbHOI BEJIMYMHU TEPTs KOB3aHHS 1 3a0e3meuyBaT BUCOKI
aHTU(PUKIIIIHI BIaCTHBOCTI;

HEHTpali3yBaTH CUJIbHI MIHEPAJIbHI KUCIIOTH, SIKI YTBOPIOKOTHCS MiJ Yac CHalto-
BaHHS MaJIMBa, U0 MICTITh CIPKY;

3ano0iraTd yTBOPEHHIO Harapy B 30H1 MOPIIHEBUX KUIELb, BIKHAX BTYJKHU LIWJI-
HJIpa, Ha KJIalmaHaxX ra3opo3nojiay 1 3a0e3neuyBaTu PYXJIUBICTh KiJelb B MPOIIEC]
TPUBAJIO] EKCIUTyaTallii;

CHAIOBATUCA B IIWJIIHJPI1, 3aJUIIAI0YN SKOMOTA MEHIIIE Harapy MOKIIMBO OLIbII
M'SIKOT KOHCUCTEHIII1.

Takum yuHOM, (OpPCYBaHHS CYAHOBHUX JHU3EINIB MO IUJIIHAPOBOI MOTYXHOCTI
MIPU3BOAUTE JI0 IMABUINEHHS TEIJIOBOI Ta MEXaHIUYHOI HANPY>KEHOCTI sK JeTajiei
UATTHAPO-TIOPITHEBOT TPYMH, TAaK 1 €IEMEHTIB KPUBOIIUITHO-IIIATYHHOTO MEXaHI3My
1 KoJiHYacToro Baja. Bee 1e yckiiagHIOe yMOBH pOOOTH MacCTWJIBHOTO Martepiaiy,
10 3HAXOJUTHCS HAa MOBEPXHAX TepTs. I miaTpuMaHHs eKCILTyaTaiiHuX Xapak-
TEPUCTUK CYAHOBUX MOTOPHHMX MACTHJI iX JIETIPYIOT CHELIaJbHUMU XIMIYHUMHU pe-
YOBUHAMHU, 1110 3a0€3MeUyI0Th MiABUIICH] TEPMOOKHUCIIOBAIBHY 1 MPOTU3HOCHI BJIac-
THUBOCTI.
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BruinB HepiBHOMIPHOCTI HABAHTAKEHHS M0 HWJIIHAPAaX HA KOJUBAJIbHUH CTAH
CYIHOBOT'0 BaJIONIPOBOAA

Ha mouaTtok 90-x pokiB Ha BITYU3HSIHOMY (DJIOTI B OCHOBI OpraHizaiiii TEeXHI4HO-
ro OOCIyrOBYBaHHS JIOMiHyBajla CUCTEMa OE3MEepepBHOTO TEXHIYHOTO OOCIYTOBY-
BaHHA (TO) 1 peMOHTY CYyTHOBUX TEXHIYHUX 3ac001B, a came Mmetoj «[IpeBeHTHBHE
TexHIYHe 00cmyroByBanHs» (Preventive maintenance) abo 0OGCiIyroByBaHHs 3a Iijia-
HOM PEMOHTY CYJHOBHMX TEXHIYHMX 3ac001B. OCHOBHUM KEPIBHUM JTOKYMEHTOM B
i cucremi OyB 3BimHMA rpadik TO 1 peMOHTY Ha yBeCh HOPMATHBHUUN TEpPMiH
CITy0H, O CKJIAJAETHCS 3 JCKITBKOX eKCIUTyaTalliiHO-PEeMOHTHUX TEPIOIiB 1 pe-
MOHTHHMX IHKIIB JJII CHJIOBUX YCTaHOBOK iX CHCTEM 1 MPUBOIIB, KU BHU3HAYAB
momicsuHi, mopiyni 1 moaeHHi TO (TO Ne 1, 2, 3, 4 1 1. 1.), TpyHTOBaHI Ha JiAX
maH-Tpadika.

s TooBHUX CyAHOBUX au3enbHUX ycTaHOBOK (CIY) 3a mepioa (mepiogny-
HicTh) TO abo peMOHTy IpuiiMaBcs 1HTEpBaJl Yacy MiX JBOMa IMOCHIIOBHUMH BU-
JaMUd TE€XHIYHOTO OOCIYroByBaHHSI a00 peMOHTY Oynb-sikoro enementy C/Y. Ha
mijcTasi 3BiTiB Mo TO B maporuraBcTBax MPOBOAMBCS CUCTEMAaTUYHUM 301p JaHHUX 110
BigMoBax eneMeHTiB CJIY, ski JoBOAWINCS IO BiJOMa BHUTOTIBHUKIB 3 METOIO IIO-
JinmeHHsa BUpoOiB 1 kopuryBaHHs cuctemMu TO Ha cynax.

Ane Bxe 3 cepenunu 90-X pokiB 3HaUHA YacTUHA (DIOTY HEBEIMKUX KOMITaHIN
noyasia MepexoAuTH Ha cuctemy TexHiuHoi ekcrutyatamii(TE), B ocHOBY sikoi Oyna
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MOKJIaJIeHa KOHIICTIIISI « YTIPaBIiHHS TEXHIYHUM CTAaHOM CYJTHOBOTO YCTAaTKYBAaHHS
BUKJIIOYHO 10 pakTHaHOMY cTaHy» (Predictive maintenance).

He BukiIt04aroun neBHy IpOrpecUBHICTD IOT'O HAMPSAMY CIIiJl 3a3HAYMTH, 110 13-
3a MparHeHHs! CyJTHOBJIACHUKIB CKOPOTUTH BUTPATH B YMOBAX KOPCTKOi KOHKYPEH-
1ii 1 IX oOMexxeHuX (HiHAHCOBUX MOKIMBOCTEH 1 JJIsI MIATPUMKH (PJIOTY B HAJIEIKHO-
My TE€XHIYHOMY CTaH1 00'eM MpOdUIAKTHYHUX POOIT, IO MPOBOIITHCSA, YaCTO 3BO-
JTUBCS 10 MIHIMyMY.

3 METO0 BHKJIIOUEHHS ITUX HACTIIKIB 1 HAIIHHOTO BIPOBAHKCHHS CUCTEMH IS
3a0e3mnedeHHs Oe3MeKH Cy/THa peKOMEHIYEThCs [3] 3acTocyBatu MeTO (IHCTPYMEHT
) dopmanbHOi ormiHku Oe3neku, 3aTBepkeHnil B 2002 p. KomiTeTom 3 Oe3nexkn Ha
Mopi(MSC) 1 xomiTeToMm i3 3axucty goBkimit (MERC)[3].

[nctpyment @OB (FSA) rpyHTOBaHMI Ha 3aBYAaCHUX AISX 1 € CTPYKTYpPOBAaHUM
METOJIOM, 110 JI03BOJISIE BU3HAUUTH IMOTEHLINHO HeOe3MeuHl CUTYyaIlli 3a37ajierijib,
JI0 BUHUKHEHHS aBapii 3 TUM, 1100 MICIIs [IbOTO OLIHUTH BEJIUYUHY PU3UKY, TPOBEC-
TH OIIIHKY BUTpAT 1 BUTOJl, MOB'SI3aHUX 13 3aCTOCYBAHHSAM MOXJIMBUX BapiaHTIB YII-
PaBIIHHS pPUCKaMU 1, Ha MIJCTaBl CUCTEMAaTU30BAHOTO aHaJI3y, MPUHHATA OOIPYH-
TOBaHI PillIEHHS N0 3HIKEHHIO BEJIMYMHU pU3UKy. [louaTkoBoo 6a3010 10 3aCTOCY-
BaHHs DOb sBisieThCS aHAN3 KOMIUIEKCY MapaMeTpiB HAIIHHOCTI poOOTH MeXaHi3-
My 3a MIEBHHH MepioJi eKCIUTyaTallii 1 IporHo3y Ha IJIaHOBAaHUU Mepioj] 3 ypaxyBaH-
HSM BXK€ BUPOOJIEHOTO( 3aJIUIITKOBOTO ) HOTO pecypcy.

VY 3B’s3Ky 13 [IUM € JOILIBHUM 3MOJICNIIOBATH SIK BIJJOMBA€THCS 3HIKCHHSI MaK-
CUMAaJIbHOTO THUCKY B IIWTIHApPaX Ha PO3BUTKY KPYTHIHBHUX KOJIMBAHb CYJHOBOTO Ba-
nonpoBoay. 3a npukian Oymo B3sTo rojoBuuil nuryn KAWASAKI-MAN B&W
7S60MC-C7 Bcranosnenuii Ha aBToMo06151eB031 « DELHI HIGHWAY».

Tabnuus 1- Xapakrepuctuku Basonposoxy [3]
. MowmeHT Kopcr- . Hiametp
ol HaiimeHyBaHHS | . : : JUISHKA  BaJIOTI-
Z . 30CEDEIBKEHOT MACH 1HepIli Macu, | KICTb  JUISIH- OBO
9 pea KI*M? k1, MHM/pan POBOLY
= 30BH/BHYTp., MM
1 dnanenp 546.00 1639.40 720.0/150.0
2 Ipminap Ne 1 11447.00 1404.50 720.0/150.0
3 Iumingp Ne 2 11447.00 1459.80 720.0/150.0
4 Ipminap Ne 3 11447.00 1351.40 720.0/150.0
5 [uminap Ne 4 11447.00 1353.20 720.0/150.0
6 Iumisgp Ne 5 11447.00 1457.70 720.0/150.0
7 [umisgp Ne 6 11447.00 1499.20 720.0/150.0
8 Iumingp Ne 7 11447.00 1901.10 720.0/150.0
9 Ipusig I'PM 3608.00 2739.70 720.0/150.0
10 MaxoBHK 6337.00 51.60 485.0/0.0
11 dnanenn 513.00 160.90 590/0.0
12 '®K 79613.70 --- ---
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Po3paxyHOK pO3BUTKY KPYTHJIBHUX KOJMBAHb BAJOMPOBOIY JUISl MOPSIAKY CHa-
JaxiB B HuIiHApax 1-7-2-5-4-3-6, i3 Bukopuctanusam ganux Tadi. 1 [3], mpoBoauscs
nporpaMuuM KoMmiiekcom TORS_VIBR.

Ha puc. 1 npuBeneHi BEKTOpU KOJMMBAIBHUX CTaHIB Mac BaJOMPOBOAY Ta HaBe-
JICH1 pEe3yJIbTaTH PO3pPaxyHKy CyYMapHHUX HaIpy>KeHb Ha HAHOUIBII HAMPY>KEHUX Ii-
JITHKaX BaJIOTIPOBOJY B 3aJIC)KHOCTI BiJl 4aCTOTH OOEpTaHHs KOJIHYATOTO Bajia JJIs:
a) OJIHOBY3JIOBOI (popMM KoJIMBaHb 3 4yacToTO 280 KOJI/XB. (HaWOLIbII HANpyKeHa
TiIsTHKA — TpoMikHMMA Bast Mk 10-10 Ta 11-10 Macamu); 6) TBOXBY3/10BOi (pOpMHU KO-
JUBaHb 3 9acToTO0 1349,2 koi/xB. (HaWOIIBIN HAMPYKEHA AUISTHKA KOJIHYACTOTO
BaJia TOJIOBHOTO IBUTYHA MiXK I’ SITUM Ta MIOCTUM IFUTIHIAPAMH ).

3aTeMHEHUM KOJIBOPOM BHJILJICHI 30HH KPUTUYHUX 00epTiB: 35- 43 00/xB. Ta §85-
98 00/xB. UepBOHOIO KPMBOIO BiIONTO TPAHULIO TOMYCKAEMUX HAMPYKEeHb 71, Kparl-
KaMH — TPAHUIIIO TOMyCTUMUX MaKCUMAJIbHUX HANPYKCHbD T2.

B sxocti mpukiagy Oynia 3Mo0/I€NIbOBaHA CHUTYyaIlld 3HUKEHHS MaKCUMaJIbHOTO
TUCKY B choMoMy mmitiHpi Ha 10%. KonuBanus onHOBY3110BO1 (hOopMU 30UTBITYIOTH
aMILTITYly (CHUHIN IITPUX MyHKTUP, PUC a)), B TOM K€ Yac aMILTITya JBOXBY3JI0BOi
dbopmu 3MeHITY€eThCs (OIAKUTHUN TTYHKTHUD, pUC 0)).

a) OpHoBy370Ba (hopMa KOJIH- 0)/IBoxBy3/10Ba hopmMa KOJUBaHb
BaHb (N2=1349,2 xon/xB)
(N1=280 ko11/xB)
A 7
<O | 1 gl 7
: IS
ri
g g
= 0
7 0 %
%]
=
$ 1 =i i
= &
m _2 1 | | | | | 1 | 1 1
op—t 111111 1 2 3 4 35 6 7 8 9 1011 12
1 2 3 4 5 6 7 8 9 10 11 12 H
oMep MacH
Homep macu
120 200
3]
24 E 160
L, T
E 1'3 53 2
i n : B 1205 S
2 | |® W
@ —— i _-"""-- 1=
E{ 48 iy o =) S :
& | Lot 3 T
I:E 2-1:':-” [ :::_ .‘:‘::‘:-._ - 4Dmm=m;=
0 o -
10 19 28 37 46 35 o4 73 82 91 100 1 1% 28 37 46 35 64 73 B2 91 100
YacToTa 0fepTaHEA KOIHYATOTO BAIA, 06/XB YacroTa obepTaHHEa KOIIHIATOrO BAala, 0d/xB

Pucynok 1 - Bektopu KOMUBaJIbHUX CTaHiB I ABOX (POPM KOJIMBaHb Ta

HaNpy>KEeHHs Ha HAWOUIBII HANPY>KEHUX AUISTHKAX BATOIPOBOITY
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VIIK 621.426

Manaxos O.B., Koneraes M.O., Kipic O.B., Macnog 1.3., [Tob6epexuuii P.B.
Hamionanpauit yaiBepcuret «Ojiechka MOPChbKa akaJaeMisDy

I'inpomexaHivyHi oco0mBOCTI B3aemozii 0ararogasHux MOTOKIB 3 00TIYHUKAMM

[Ipu pyci oOMexeHoro moToKy modau3y Tijia, Mo 00TIKA€E, 3aBXKIU CIOCTEPi-
ra€ThCs BIAMIHHICTB y XapakTepl HOro MOBEIIHKU 3aJI€KHO KIJTBKOCTI, a TAKOX BiJl
BUJly IPUCYTHIX Y HhOMY (a3. SAKIo B MOTOIII, 110 PYXAETHCS, TPUCYTHS JI0AaTKOBA
TBepJa (a3a, TO NMpU BEIMKUX 3HAUYCHHSX 4Kces PeliHonblica pyxoMoro 6ararogas-
HOT'O cepefioBHUIa OyAyTh crocTepiraTucs epeKTH, SKi HIKOJW He BUSBISIOTHCS B
OJIHOP1THOMY TOTOIII.

[Ilo crocyeTbest mpoliecy MiITOTOBKY MajuBa 3 BUKOPUCTAHHIM OOTIUYHHUKIB, Oy-
U PO3MVISIHYTI JAEsKI 3 IUX TiApoAuHaMIYHMX edekTiB. BBaxkanocs, 10 MOTIK €
NBO(A3HUM 1 32 arperaTHUM CTaHOM CKJIQJIOBHX, SIKI BXOJSATh JO HbOTO, MOXKE OyTH
pPO3AUICHHI HA TpU TUNH: "piauHa-piauHa", "piiuHa-TBEpl BKIOYeHHS" abo "pinu-
Ha-Ta3". 301IbIIEHHS KUIBKOCTI (a3 He € MPUHLIUIIOBUM MUTAHHSAM, OCKUIBKH T1ApPO-
TUHaMIvH1 €(eKTH, 1110 BUHUKAIOTh, BUSBISAIOTHCS 0€3 3MIH IIPH OYIb-sIKik 1X KiJlb-
KOCTI, @ OCTaTOYHO KapTHUHA PYXY 3aBXKIU Oyje 3aIUIIaTUCS TTOCTIHHOIO.

Sk mepuuit xapakTepHU MPUKIIaA OCOOTMBUM YMHOM CII1J] BUIUTUTH KaBiTa-
[IAHI PEKUMH PyXy 0OMEKEHOT0 MOTOKY Mmo6ym3y o0TiuHuka. KpiMm Toro, 1mo nep-
a CTaais 3apoJKEHHS KaBITallll 3aBXKIU BUKIHUKAETHCS HEPIBHOMIPHO PO3MO/IiJIC-
HOIO IOPCTKICTIO TTIOBEPXHI CAMOTO OOTIYHHKA, T€HEPATOPOM TMEPIINX MapOBUX a00
ra3oBUX BKJIOUEHb y MOTOIl MOXKYTh OyTH Oe3mocepeHbo TBEp/i YaCTUHKU 1HIIOT
dazu. Y pasi Koau uncenbHe 3HAYCHHS BEIMYMHHA THCKY PYXOMOTO MOTOKY MOOIN3y
T1JIa 3MEHIIIYETHCS 10 TOTO PIBHS, SKUW 3HAXOSITHCA HI)KYE BEJTUYUHU, IO BIJIIMOBI-
JIa€ TUCKY HaCUYEHUX MapiB, MPUCYTHI B MOTOI[l TBEPAl YACTUHKUA MOYMHAIOTH BU/II-
JISITU Ta30B1 (MOBITPSIHI) BKIIOUEHHS. Taki ra30Bi BKIIOUEHHS! HEMUHYY€E MPUCYTHI Y
napax. [TogaTkoBa mosiBa TaKMX T'a30BHX BKJIIOYECHH y MOTOILI MPU3BOAUTH J0 TEHE-
pyBaHHS T'a30MapOBUX sIEP KaBITallil, pO3MIp SIKUX MOXE nepedyBaTH B MEXKax Bl
15 no 178 mk. HaBenenuii mpukiaa € HAOUYHOIO JEMOHCTPAIIIEI0 MPUHIIAIIOBOT BifI-
MIHHOCTI TIPUYHH 3aPOHKEHHS TIEPINOi CTaAll KaBiTallii MOPiBHSIHO 3 BUMIAJKOM PyXy
POCTOro 0AHO(A3HOr0 MOTOKY MOOIN3Y TiNa, 10 OOTIKAETHCS.

JlpyruM xapakTepHUM MPUKIIAJAO0M € TMOTIK, [0 CKIAAA€ThCA 3 TBOX PLAMH, IO
HE 3MIITYIOThCS. Y LbOMY BHUIAJKy MeXa PO3ALUTY MK HUMU HaBITh HA MIKPOHHOMY
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piBHI IO BCHOMY >KMBOMY Mepepi3y MOTOKY, a 0COOJIMBO MOOIM3y O1YHOI MOBEPXHI
00TiKaHOTO Tij1a Oy/ie MPU3BOJUTHU 10 BUHUKHEHHS J0JAaTKOBUX 3CYBHUX Hampyr. Y
TIH YacTHHI MPOCTOPY, J€ BIAMOBIIHI JOAAHKH MOBHOI'O TEH30pa Hampyr OyayTh
HaO0yBaTH MaKCUMAaJbHUX YUCEIbHUX 3HA4Y€Hb, JlaracoBuil THUCK IO BUHUKAE 1
pI3KO 30UIBIIYETHCS HE3MIHHO MPHU3BEAE /10 YTBOPEHHS BUXPOBUX CTPYKTYp. Y
IbOMY BUIAJKY BXKE€ Ha MOJEKYJSIPHOMY PiBHI PO3MOYHETHCS MPOLEC 3apOIKEHHS
anep KapiTallii. 3a3BUyail y MapoBUX BKIIOYEHHSX chepuyHoi (HopMH BcepelrHi
00OJIOHKH, 1110 TEHEPYIOThCA, 3aBXKIU MICTATHCS MapU TIIBKU TIET PITUHY, SIKA Ma€
OB BUCOKE 3HAYEHHS BEJIMYMHU THUCKY HACHYEHHX Tap. Y JaHOMY BHIAJKy Ma-
JMBOMIATOTOBKU TaKOIO PIAMHOIO 3aBXaM Oyje manuBo sike sermie. [loBepxus, sika
oOMexye KaBiTallliHy OJMHHYHY KaBEpHY, CKJIAJaTUMEThCS 3 TOHKOI IUTIBKH, IO
HAJICKUTh OPYTid pIAUHI 31 3HUKEHUM 3HAYEHHSIM THUCKY MMapOYTBOPEHHS. Y LbOMY
MPUKJIAA]l TAaKOK PIIMHOI MOXe OyTH Bakke nmanuBo. Hanami, o0'eqHaHHS 1 CXJI0-
ITyBaHHs MIKPOHHUX KaBEPH 3a JOMOMOI0I0 CIPUSATIMBOIO IrpaJileHTa TUCKY 00J1acTi
BIJIpUBY TIOTOKY BijJl 0OTIYHHKA, TOOTO Yy MOr0 THJIbHIN YaCTHHI — y 30H1 OJMKHBOTO
CHiAy, TPU3BEAYTh 1O BUHUKHEHHs 00'€MHOI CTIHKOI MPOCTOPOBOi KaBITAIIHHOT Ka-
BepHU. Po3mipu npueaHaHoi 10 MOBEpXHI OOTIYHUKA KaBITAIITHOI KaBEpHU MOXKYTh
ctaHoBUTH Big 0,2 10 5 AiaMeTpiB TUIBLHOI YaCTUHU OOTIKaHOTO Tina. Exciepumen-
TadbHO OTPUMAHUMH TPUKIAJAMUA TAaKUX KaBITAIlWHUX KaBEPH € MaJtOHKU 1-3,
B35T1 3 poboTH [1].

JIBodazni cymimni tumy "piavHa - raz" € HaWmpoCTIIIMM MPUKIAIOM BIAXHU-
neHHs1 OaraToda3HUX MOTOKIB BIJ OJAHOPIAHUX PYXOMHX cepenoBull. Taki moTOKu
CIIOYaTKy HE BIANOBIAAIOTH BIJOMIM YMOBI HEPO3PUBHOCTI (CYLIJIBHOCTI) PIAWHM,
10 PYXa€ThCA.

[IpucyTHi B pigKOMY MOTOIll ra30B1 BKIIOUYEHHS MPH MONaJaHHI B 00JacTh 3HU-
KEHOT0 THUCKY TOYMHAIOTH pI3KO 30uUTbLIyBaTHCS Yy po3mipax. Ilin 4dac cBoei
B3a€MO/Ii1 HaJ1aJll BOHU 00'€THYIOTHCS 1 TTOTIM I10 Mipi 3pOCTaHHS Yacy pyHHYIOThCH,
10 TPU3BOAMTH JI0 TTOBHOI NIepeOya0BH T0JI Tedii moOau3y 0O0TIUHOI MOBEpXH1 200
Tija.

Pucynok 1. - JlokaneHO npuenHaHi kaBepHu (B3410 3 [1])
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Pucynok 3. - [Ipuennana kaBepsa (B3s170 3 [1])

Sk TOKa3yloTh pe3ylbTaTH pO3pPaxyHKIB Yy IbOMY pa3i CIOCTEpIraeTbes
MOCTilHE HECTAIIOHAPHUA MTEPEPO3MOILI MO 3aBUXPEHHOCTI 0OMEXEHOTO MOTOKY.

3 MpakTUYHOI TOYKH 30py MPHU T'eHEepyBaHHI KaBiTallii mooJmn3y moBepXHi 00TIY-
HOTO Tijla TIPOIIEC CYMIIIOYTBOPEHHS MPOXOJIUTUME HA0araTo MIBHAIIE 1 SAKICHIIIE.
['on0oBHOIO MPUYMHOIO TOAIOHOTO TOJIMINEHHS XapaKTEPUCTUK MAIUBHOI CyMIIIi
BHUCTyNaTUME 1HTEHCHQIKAIis MPOIIECIB TEIUIO- 1 MAaCOOOMIHY B JIOKAJIbHO BHIiJIC-
HOMY 00'e€Mi1 PiJIUHU, 110 PYyXAETHCS.

Sk HacTynmHUM XapaKTepHUN MPUKJIAJ] BIAMIHHOCTI B MOBEiHIN OaraToda3zHoro
MOTOKY BiJl OJHO(A3HOTO MOKHA HaBECTH €(PEKT paHHbBOI TypOyIi3ailii MPUKOPI0H-
HOTO IIapy Ha MOBEPXHI TLIA, IO OOTIKAETHCA. Y IIbOMY BHUIIAJIKy Ma€ MicCIle pi3Ka
3MiHA TaKOTO MapaMeTpa K KOeQilieHT omopy 0O0TiuHOTO Tina abo 30UTBIIICHHS J0-
BXXMHU OJIMKHBOTO CIIYy, [0 BUHUKAE 32 OOTIYHUKOM. 30KpeMa, SIKILO PO3TIsaaTh
MOTOKM TUMY "piAvHa-piiiHA" TO MOYKHA KOHCTAaTyBaTH, 110 HABEJEHI SIK MPUKJIIAL
Ha PUCYHKY 4 eMopH MIBUIKOCTI, OyAyTh ICTOTHO BUao3MiHIOBaTucA. Lli emtopwu,
B35T1 3 poOOTH [2], BIAMOBIAAIOTH BUMNAIKY PYXy OJHO(PA3HOTO MOTOKY B3JOBXK
CJ1a0KO3MIHAI0UO01 O19HOT MOBEpXH1 OOTIYHMKA. Y aHANI30BaHOMY MPHUKJIA/l, Xapak-
TepH1 npodii MIBUAKOCTI, BIAMOBIAHI nepepizam A 1 B y MmoaentoBanoMy nBodas-
HOMY IIOTOIll, HIKOJIM HE OYyAyTh MaTH MICI€ OCKUIbKM 3CYB MIXK LIapaMu pIIUHU
CIOYATKy CTBOpIOBaTHME emtopy mBHUAKOCTI Buay C. Ilpu HacTanH1 pexxumy po3BH-
HEHOI TypOyJIEHTHOCTI B3JIOBX yci€i O1YHOI MOBEPXHI OOTIYHOTO Tija MPUKOPAOH-
HUM 1m1ap Matu 001acTi XapaKTepHHUX 3BOPOTHUX TEYil, sIKI HA MAJIIOHKY BIJIOB1IA-
10Th niepepizy D.
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Pucynok 4. - BinpusHe o0TikaHHs Tina. (B34TO 3 [2])

(a). JlokanpHa Tedis NOOIM3Y TOUKH BiJPUBY B MICIEBil cHCTeMi KOOpAMHAT,
BICh X SIKO1 IOTUYHA JIO TiJ1a B TOULII BIIPUBY, a BICh y — HOPMAJIbHA;
(6). Pi3ui mpodini mMBUAKOCTI Y IPUKOPAOHHOMY IIIapi;
(B). A —3a cIpUATIIMBOIO IpaJieHTa TUCKY; B — Ipu HECTIPUATINBOMY I'paji€HTI
tucky; C — B Toulll BiJipuBy; D — BHM3 IOTOKOM BiJl TOUKH BIIPUBY

VY npukiaai ciij TakoK 3BEPHYTH OCOOJIMBY yBary Ha 3MiHY OpoduIt0 MOXITHOT
JApYroro MOpsAKY BiJ IIBUAKOCTI MO BUCOTI. JlaHi, HaBelIEeHI Ha PUCYHKY 4, J03BO-
JSI0Th 3pOOMTH BUCHOBOK, IIIO caMe L CKJIaJ0Ba MOKE BUKIUKATU CEPHO3HY He-
CTaOUIBHICTh 200 HABITH YHCEIBHY PO301KHICTH OOYMCIIOBAIBHOTO TPOIECY MPH

MOJICTIOBaHHI MMOTOKY, IO PO3IJISAAEThCA. BINMOBIAHO 10 BIJOMHUX €KCIIEPUMEH-
2

TaJIbHUX HdaHUX XapaKTepHi HETaTHBHI 3HAYCHHS BEJIMYWHHU 3aBXXJHU CIIO-

2

CTEepIraloThCsl B IIMPOKOMY Jiara3oHl BUCOT 3 HACTYMHOIO MPHUCYTHICTIO APYroi
TOYKHU TIEPETUHY. 3a3BUYall TaKUW MEPEruH BUHUKAE MPHU MEPEXoJii 10 001acTi Mo-
3UTHBHUX 3HAU€Hb JIOKAJIbHOI MIBUIKOCTI MOTOKY, IO 3HAXOJUTHCS HA TPaHUYHIN
JHIT 3IIUBKU 3 €MIOPOI0 MIBUIKOCTI, IO BIAMOBIJAE YACTHUHI MPOCTOPY, B SKIH
3HAXOAUTHCS OCHOBHUM TYpOYJIEHTHHI MOTIK.

TakuM 9MHOM, HaBEJICHI BUIIC XapaKTEpHi MPUKIAAA BKa3yIOTh Ha MPUHIUIIOBY
BI/IMIHHICTh OCHOBHMX 3aKOHIB TOBEIIHKH OOMEXeHOro Oaratoda3zHoro mMOTOKY
01151 0OTIYHMKA Ha BIIMIHY BiJ MOJIOHUX TPOIIECiB B 0HOGa3HOMY moToIl. [HIH-
MU CJIOBaMHM BHUHUKAIOY1 TJIpOJMHAMIYHI €()EKTH MPUTAMAHHI TUIBKU IIUM TEUisiM i
HIKOJIM HE MOXKYTh HMPOSBUTHCS MPU Pycl OAHO(PA3HUX CEPETOBULI.
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Map’stnoB [I.M.
Hanionansuuit yHiBepcuteT «Oiecbka MOPChbKa aKajeMishy

3HMKEeHHSI eHEPreTHYHUX BTPAT B CUCTEMi TPAHCIIOPTYBAHHA OYPUJIbHOI
cycneHnsii cyaeH kiaacy PSV

B nocnimpkeHHsIX, TPUCBIYCHUX BUBUCHHIO 3MiHI (PYHKI[IOHAIIBHUX XapaKTepHuc-
Tuk OypuibHux cycnensii (bC) mix yac iX TpaHcmopTyBaHHS cyaHamu kiacy PSV
10 mopcbkux HadToBuaoOyBHUX TiaTdopm (HBII), Oymo BcraHOBIEHO, IO MpHU
IbOMY BII0YBa€ThCs JaTeHTHE po3iuapyBaHHsa bC 3a rmMOWHOI0 BAHTaXKHOTO TaHKA.
HacmigkoM 1IbOrO CTaHOBHUTHCS YTBOPEHHS B JOHHOI YAaCTHHI BaHTAXXHOTO TAHKY
ocaay 3 BaXKUX KOMIIOHEHTIB sikumu JieroBaHa bC. Ile mpu3BoauTh 10 MiJBUIIIEHO-
ro ONOpy Ha BaHTa)KH1 HacOCH, sIKM nepekauytoTb bC mijg yac ii BUBaHTaXEeHHS 3 Cy-
aaa PSV na HBII ta nponopiiftHo migBuUIye BTpaTH €HEprii Ha 3abe3meueHHs mpo-
necy tpancrnopryBanus bC [1, 2].

3MeHIIeHHsT BTpaT eHeprii B cuctemi TpancnoptryBanHs bC cynen kimacy PSV
MOXJIMBO 32 PaxXyHOK 3a0e3MledeHHs J0AaTKOBOI MOCTIMHOI, a00 MepioIuYHOI IHUP-
kyssiii BC mMik BaHTaKHMMM TaHKaMH, [0 PO3TAIIOBaHI MOPYY OJWH JO OJHOTO.
[Ipu mbomy cucrema TpancnoptyBaHHs BC 101aTKOBO KOMITJIEKTYETHCSI MOOUTEHU-
MU IUPKYJISIIHHUMHE HacOCaMH BIITIOBITHO 0 CXEMH, 110 HaBeJieHa Ha puc. 1.

3 3

2y
s
>

NANERNG

Puc. 1. [IpuHuinnoBa cxema po3TallyBaHHS BAaHTQXKHUX TaHKIB cyqHa kiacy PSV, npusHaueHnx
TSl TPAHCTIOPTYBaHHS CycrieH31i OypuiibHOI (hparMeHT):

1, 2 — ¢pnanens npuitomy/Bunadi bC na HadroBun0oOyBHIi 1ardopmi Ta cyaui PSV; 3 — Burpa-

TOMIp; 4 — BaHTa)KHI HacoCH; 5, 7 — BaHTa)XH1 TaHKW; 6 — HacOCH MPUMYCOBOi UPKYIsALii bC
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TpaucnopryBanus bC 3abe3nedyeTbcsi B BAaHTAKHUX TaHKAaX S5 Ta 7, MOMapHO
pO3TaIIOBaHUX 3 KOKHOTO O0pTy cyaHa. 3aBaHTaxeHHss bC B TaHku Ta ii BUBaHTa-
xeHHs: Ha HBII 3miiicHIOeThCs BaHTaXHUMHM HacocaMu 4. JlogatkoBy X-momiOHY
mupkyIinito bC B BaHTaXXHUX TaHKaX 3a0e3MedyloTh HACOCH 6, MPU IbOMY 3 JJOHHOI
YaCTUHH OJHOTO 3 TaHKiB BC crpsIMOBY€eThCS Ha MOBEPXHIO iHIIOTO [3, 4].

AHaJ3 KOMIUIeKTarii Ta (yHKIIIOHYBaHHS CYJHOBOi CHCTEMH 30€pEeKEHHs Ta
upkyssiii BC nmokasaB 11 CKIaJHICTh Ta HACUYEHICTh PI3HUM oOjagHaHHAM. [Ipu
IIbOMY OCHOBHHMH BY3JIaMH II1€1 CHCTEMH € BaHTKHUN HACOC, KU HaJla€ EHEPTii0
notoky bC, 1 marictpanbuuii Tpyoomnposia, skum bC nepekadyeThcsi 3 BAHTaKHOTO
tanka Ha HBII. TpancnopryBanus bC (six Oyab-sikoi peanbHOI piAMHU, IO M€ B'SI3-
KICTh) CYIIPOBOJIKYETHCS MOSBOIO TEPTS, HA MOJOJAHHS SIKOTO BTPAYaETHCS YaCTHHA
eneprii, mo nepeaana bC. L1 BTpaTu KOMIEHCYIOThCS HAIOPOM, SIKHMI CTBOPIOETHCS
BaHTaXHUM HAcocoM. BIANOBIAHO 10 CXeMH, NOKa3aHoi Ha puc. 1, Hamip Hy, s
nonaui bC cknagaernes 3:

® CTAaTUYHOI CKJIAJ0BOI, SIKa HE 3aJICKUTh B1Jl IIBUJKOCTI MOTOKY Ta BUTPATH

P
HCT:g(Zl—*_ZZ)—i_E; (1)

®T1IpaBIIIYHOI CKJIAJIOBOI, SIKa BPaxOBYE T1APaBIIIYHI OMOPHU BChOTI'O Maricrpa-
JLHOTO TPYOOIIPOBOY Ta CKIAJAETHCA 3 CYM MICLIEBUX OTOPIB Ta OMOPIB 3a JIOBXKHU-
HOIO BCMOKTYBAJIbHOT'O Ta HArHITAJIBHOTO TPYyOOIIPOBO/IIB

2

2
Zg—m Z};—m ”5-
H, =H,+H,,

VY dopmynax ckiaoBUX HAMOPY:

Z1, Zp — BUCOTA MANOMY piIMHM NIPU BCMOKTYBaHHI Ta HarHITaHHI, M;

P — Tuck, cTBOprOBaHM BaHTa)XHUM Hacocowm, Ila;

p —rycruna bC, kr/m?;

Us, Uy — IBUAKICTD pyXy BC y BCMOKTYBaJIbHOMY Ta HarHiTalbHOMY Marictpa-
JLHOMY TPYOOIIPOBOI1, M/C;

ds, dy — BHYTpIIIHI JdiaMeTpU BCMOKTYBaJIbHOI'O Ta HArHITAJILHOTO TPYOOIPO-
BOJIIB, M;

|5, |y — MOBXHMHM BCMOKTYBAJILHOTO Ta HATHITAILHOTO TPYOONPOBOIIB, M;

Zﬁ, Zﬁ — CYMH KOE(]ILIEHTIB MICLIEBUX OIOPIB BCMOKTYBAJIbHOI'O Ta HarHi-

BT HT

TaJIbHOTO TPYOOIIPOBO/IIB;

A — Koe(dIIieHT TepPTS y TpyOax.

Amnani3 piBHsHHA (1) 103BOJISIE 3pOOUTH BUCHOBOK, 1[0 YIPABIIHHS TiApaBiid-
HUMU BTpaTaMy, 1[I0 BUHUKAIOTh Y MaricTpajibHOMY TpyOompoBoai uupkyssiiii bC,
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MOJKJIUBO 3/I1HCHIOBATH HE TUIBKU IUISAXOM BIUIMBY HA T€OMETPUYHI XapaKTEPUCTH-
KU CUCTeMH (AiaMeTp 1 JOBXKHUHY), TUCK BAHTAXXHOTO HACOCa, aje TAaKOX 32 PaXyHOK
0e3mocepeHboi 3MiHU 0caay cyaHa. OCOOIMBICTIO TEXHOJIOTIYHOTO MPOIECy TpaH-
cnopryBanHs BC cynamu PSV € po36ikHicTh B BUCOTax (hjIaHIiB BHaavi / mpuiomy
BbC, mo 3naxonarbes Ha HBII ta Ha 60opTy cyana. Lle nmoB’s3aHo 3 pi3HOIO BUCOTOIO
marictpaiei Bunadi / mpuitomy BC Ha cyani nHa HBII. PisHunig y miii Bucorti (1o3Ha-
yeHa sk AzZp Ha puc. 1) 30UIblllye CTaTUUHY CKJIaJ0BYy BTpaT Hamopy. Bugaya bC 3
6opTty cynHa Ha HadhTOBUAOOYBHY Tu1aTdopmy (y pasi 301blIEHHS BUCOTH 11 Ioayi
Ha 3HAYCHHS AZp) 3[1MCHIOETHCS HUIIXOM IMIIKIIOYEHHS JOJATKOBUX THYYKHX IILJia-
HI1B, 110 3'eAHYIOTH (aHmi npuiiomy / Bugadi BC na HBII ta cyani PSV (mo3umii 1
ta 2 Ha puc. 1). Takum unaoMm, Bugaay bC ma HBII gominbHO BUKOHYBaTH B 3aBep-
IIEHH1 TEXHOJOTTYHOr0 IpoLEeCy po3BaHTaXeHHs cynHa PSV (B ymoBax, koyu yepe3
3MEHILECHHS Ie/IBEUTY CyiHa MPOMOPLINHO 3MEHITYETHCA OCaJl Cy/IHA 1 M1ABUILY€Th-
Csl BUCOTA HAJBOJHOTO OOpTY), IIO CIPHSIE 3MEHIIEHHIO 3HAYCHHS BUCOTH MiAHOMY
piavHYU NP HarHITaHHI (Z2 Ha puc. 1).

AHaJi3 cTaTU4YHOI CKJIaioBoi BUpa3y (1) Ta ocoOnMMBOCTEN eKcIUTyaTallii CyJeH
PSV rtakox n03Boisi€ 3pOOMTH BUCHOBOK, IIO HAWOUIBII palliOHAIBHUM MiCIIEM
BCTAHOBJICHHSI BaHTA)XHUX HACOCIB € HUXKHIN PIBEHb BAHTAXXHOTO TaHKa, TOMY IO
BHUCOTY MIAHOMY PITUHU NMPU BCMOKTYBaHHI (Z; Ha puc. 1) HEMOXIMBO 3MIHUTH
HIISIXOM 301TbIICHHS / 3MEHIIICHHST ICIBEUTY.

BcraHoBeHHS 101aTKOBUX HACOCIB, 110 3a0€3MEUyIOTh MIPUMYCOBY LIMPKYIIs-
1110 CYCIeH311 OypHIbHOI, TOBUHHE BUKOHYBATHCS BIMOBITHO /10 MO3UIIiH 6 puc. 1.

OcoOMMBICTIO 3aITPOIIOHOBAHOTO CIMOCO0Y YCTAaHOBKM HACOCIB € HETaTUBHE
3HAYEHHS BUCOTH MIIAOMY PIAMHHU IPU BCMOKTYBaHHI (Z1 Ha puc. 1). Ilpu npomy (y
3B'SI3KY 13 3a0€3MEeUEHHSIM NPOLECY LUPKYJIIALII 32 CXEMOIO IOHHA YaCTUHA OJIHOTO 3
BAHTAKHUX TAHKIB — MMOBEPXHSI 1HIIOTO BaHTAXXHOTO TaHKA, a TAKOXX PIBHICTIO PIBHS
bC y umx JBOX BaHTXHUX TaHKaX) BUKOHYETbCS Taka HaOJIMKEHA pPIBHICTh

‘— 21‘ z‘ZZ‘, 0 CYTTEBO 3MEHIIYE 3HAYEHHS CTaTHMYHOI CKIaa0BOi Hamopy He Ta

BIJIIOBIHE 3HWKEHHS 3arajbHUX T1IpaBlIuyHUX BTpaT H.,. [lomaTkoBi marictpail,
1110 3'€THYIOTHh HACOCH ITUPKYJIALIT, MOKYTh HE MaTH apMaTypPH, [0 BCTAHOBITIOETHCS
nepes; BCMOKTYBaHHSIM HAcOCIB, MPU I[bOMY HEMa€e HEOOX1JHOCTI B YCTAHOBIII MO/I1-
OHOi apMaTypu Ha HarHiTaHHI HacociB (y 3B'S3Ky 3 TUM, 0 UpKyILis bC 3abes-
NeYy€eThCs 0e3MoCcCepeIHHO Ha TTOBEPXHIO BAHTAKHOTO TaHKa) [5].

3aranpHUl aHai3 Ta BUSHAYCHHS BTpaT Hamopy npu mupkyssiii bC ckmamHi.
[Ipu 1bOMy OIIIHUTH PIBEHB WX BTPAT MOXKIJIHMBO 3a 3MiHOIO BUTpatu bC, 1m0 nepe-
KauyyeThCsl BAHTA)KHUM HACOCOM 3a PI3HHUX YMOB €KCIUTyaTallii cucTeMu. 3 I[i€r0 Me-
TOIO TPU MPOBEJEHHI ociikeHb Ha cyaHl PSV nenseiitom 4610 TOHH B cuctemy
upkysiiii bC mogatkoBo BcTaHOBIIOBAaBCS BUTpaTomip (mo3wuii 3 Ha puc. 1). ITic-
75t Bu3HaYeHHs ButpaTu bC BiTHOCHA TPOYKTUBHICTh BAHTAXKHUX HACOCIB (TTO3UIIIT
4 na puc. 1) po3paxoByBanacs 3a BUpa3oM

AQ= % 100% 2)

max
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ne AQ — BiTHOCHA IPOYKTUBHICTH Hacoca, %0;

Qy Ta Qmax — JlHiCHA Ta MaKCUMaJIbHA (ITaCIOPTHA) MPOAYKTUBHICTh BAaHTAKHUX
HAacoCiB, M>/TO/I, TIPH LIEOMY OOU/BI MPOAYKTHBHOCTI BU3HAYAIOTHCS 3a OJHAKOBOTO
3HAaYeHHS MOTY>KHOCTI, [0 CIIO’KUBAETHCS BAHTAXKHUM HACOCOM.

Bupas (2) no3Bossie BU3HAYUTH JOMUIBHICTh Ta €()EKTHUBHICTh BUKOPUCTAHHS
nonatkoBoi X-moaidHoi mupkymsnii bC micns 3aBepiueHHs ii TpaHCTIOPTYBaHHS Ha
HBII. AnanoriyHy OIliHKY MOKHa OTPUMAaTH LUIAXOM BUMIPIOBAHHS 4acy IepeKa-
gyyBaHHs bC 13 BanTtaxxnux TankiB Ha HBII 3a pi3HuX yMOB eKkcrutyaTallii CucCTeMHU.
3HaueHHs JaHUX MapaMmeTpiB JUIsl eKCIEPUMEHTIB, BUKOHAHUX Ha cyaHi PSV nen-
BeiitoM 4610 ToHH, HaBeaeHo y Tabiuwmil 1, a Takok BigoOpa)keHI Ha Jiarpamax
puc. 2.

Tabmuns 1. Pesynbratu excriepuMeHTy Ha cynHi Ha cynHi PSV ngensetitom 4610 ToHH

Tapamerp CnocI16 TpaHCHOpTy:3IaHH}I
BinHocHa npolyKTUBHICTh BaHTXKHUX HacociB, AQ, % 38...55 92...96
UYac nepekauyBanis bC 3 BanTaxkaux tankiB Ha HBII, t, roxq 7,1 3,2

[Tpumitka: | — TpaHcOpTYBaHHA 0€3 3MiHM KOHCTPYKIIIi;
Il — TpaHCTIOpPTYBaHHS 3 JOJATKOBOIO X-TT01I0HO0 IIUPKYIIALIE0

AQ,% ¢, TOI
7 =
90
6
70
5_
Y a—
50 4
3_
w0 g
1 1l 1 11

Puc. 2. BirHocHa NpoyKTHBHICTh BaHTAXXHUX HacociB, AQ, %, ta Yac nepekauyBanHns bC 3 Ba-
HTaXHUX TaHkiB Ha HBII, t, rox, (cynno PSV nenseiitom 4610 ToHH):
| — TpaHcniopTyBaHHs 0€3 3MIHM KOHCTPYKIIII;
Il — TpaHCOpPTYBaHHS 3 10JJaTKOBOIO X-T10/110HO0 IUPKYJIALIIE0

Haitmenmie 3nauenns AQ y pasi tpancnoptyBanHs bC 6e3 3MiHM KOHCTPYKIIiT
CUCTEMH TOSCHIOETHCS MEHINOI0 (MOPIBHSIHO 3 TpaHcnoptyBanHsM bC 3 pgomaTko-
BOI0 X-TIOJIOHOIO IUPKYJISAIIEI0) BETUYHMHOI JIMCHOI MPOAYKTUBHOCTI BaHTAXKHUX
HacociB. OCTaHHE MOB'A3aHO 31 30LIBIICHHSM T1IPaBIIYHUX OMOPIB, 10 BUHUKAIOTh
y cuctemi yepe3 posmapyBaHHsi BC 1 yTBOpeHHs ocajly 3 BaXKKHX KOMIIOHEHTIB,
AKUMHU BOHA JieroBaHa. LluM mosicHIO€ThCs MigBUILEHUN Yac nepekadyBaHHs bC y
pasi 11 TpaHCcIoOpTyBaHHs 0€3 3MiHM KOHCTPYKIIii cuctemu [6].

3a Takomo K CXEMOI0 BUKOHYBAJUCh BUMIPIOBAHHSA Ta PO3PAXYHKH MiJ Yac €KcC-
MEpUMEHTIB, BUKOHaHUX Ha cyaHi PSV neaseiitom 4670 ToHH. Ix pe3yabTaT HaBe-
JieH1 y Tabnuili 2 Ta Ha aiarpamax puc. 3.
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Tabmuus 1. PesynpTaTn ekcriepuMeHTy Ha cyaH1 Ha cynHi PSV neaseiitom 4670 ToHH

Tapaverp CHOC|16 TpchnopTyﬁaHHﬁ
BigHocHa NpOyKTUBHICTh BAHTAKHUX HacociB, AQ, % 33...48 88...95
UYac nepekauyBanss bC 3 Bantaxuux TankiB Ha HBII, t, ron 7,3 3,6

[Tpumitka: | — TpancriopTyBaHHs 0€3 3MiHU KOHCTPYKIIIT;
Il — TparCcIOpTYBaHHS 3 1OAATKOBOIO X-TIOAI0HOI0 IIUPKYJIAIIEI0

AQ,% t, FO% S
90
6
70
5_
50 41—
3_
30, — I8 L
1 Vi 1 11

Puc. 3. BimHocHa MpoIyKTUBHICTh BaHTXKHUX HacociB, AQ, %, Ta Uac nepekauyBanus bC 3 Ba-
HTaXHUX TaHKiB Ha HBII, t, rox, (cynno PSV nenseiitom 4670 ToHH):
| — TpancniopTyBanHs 0€3 3MiHM KOHCTPYKIIII;
Il — TpaHCIOpPTYBaHHS 3 TOJJATKOBOIO X-TTOA1I0HOI0 TUPKYIIALIIEI0

3anpornoHoBaHu# crocid 10AaTKOBOI X-TTOAI0HOT ITUPKYIIAIIT CIIPHUSIE M1 ATPHUMIII
HIUTHBHOCTI Ta ceAMMEHTaIliiHoi criiikocTi bC mo rmubuH1 TaHka, B IKOMY Bijg0yBa-
eThes i1 mepeBe3enHs. [linTpuMka HEOOX1HOT TYCTUHU Ta CEAMMEHTAIlIHOT CTIHKO-
cti BC Minimi3ye vac i nepekadyBaHHs 3 0opTy cyana Ha HBII, ckopouyroun Hexo-
OB nepiof podoTu cyneH tuiy PSV.

Jlns BUKkopucTaHHa A0AaTkoBoi X-mofioHoi mupkyianii bC HeoOxigHO npoBe-
JICHHSI TIEPEKOMIUIEKTAIlll cucTeMu. BUKOHaHHS MOAIOHUX POOIT MOXKIIMBE JIMIIIE 32
MOTO/PKEHHSIM 13 CYy/IHOBJIACHUKOM, a B JIESIKMX BUMajakax 3 Peectpom abo 1HIIUM
KJacu(ikauiifHUM TOBAPUCTBOM, K€ 31MCHIOE HAIJIS 32 €KCIUTyaTalll€l0 Cy/IHa Ta
HOTO €HEPreTUYHOI0 YCTaHOBKOIO.

3anponoHOBaHWI BaplaHT BJAOCKOHAJIEHHS CYJHOBOI CUCTEMHU TPAHCIIOPTYBAHHS
bC mae npuknagauii xapakTep 1 3aCHOBAaHUN HA IPAKTUIHOMY JTOCBIJII.

Sk BUCHOBKH 3a pe3y/ibTaTaMi BUKOHAHUX JOCTIKEHb BIA3HAYMMO TaKe.

Opaum 3 MeToAiB, 1O 3amobiraroTh posmapyBands bC Ta yTBopeHHs ocany 3
BXKKHUX KOMIIOHEHTIB, IKUMH BOHA JICTOBaHA, € CTBOPESHHS JTOAAaTKOBOI X-TIOMiI0HOT
upkyssiii BC mMix po3TamoBaHUMH MOPYY BaHTAKHUMH TaHKamu. JlomaTtkoBa X-
noaiOna rupkyssis bC 3abe3nedyeTbes MUPKYISIIIIHHUMA HACOCaMH 10 Marictpa-
JSX, 10 3'€JHYIOTh JIOHHY 1 BEPXHIO YaCTMHHM BaHTAXKHHMX TaHKIB, 110 3HAXOSITHCS
mopyH.

[IpormoHoBanuii MeTO | 3a0e3Meuye 3HWKEHHS CHEPIeTHYHHUX BTpPAT B CHCTEMI
TpaHCIIOPTYBaHHA OypUIIbHOT CyCIeH31i cyieH kiacy PSV 1110 BUSBIISETHCS B:

® [11JIBUIIICHH]1 BITHOCHOT MPOAYKTUBHOCTI BaHTaKHUX HacociB 3 33...55 % no
88...96 %
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® 3HIDKCHHS Yacy MepeKadyBaHHS OypHIIbHOI CyCIIeH31i 3 BAaHTAXKHUX TAHKIB Ha
O0ypoBy miardopmy Bia 7,1 ... 7,3 roa (y pa3i 3BUYaHOTO TPAaHCIIOPTYBaHHS OypH-
JBHOI cycrnensii) 1o 3,2 ... 3,6 roa npu A0JaTKOBO1 X-1TOII0HOT IUPKYJIALT OypHIIh-
HOT CycCreH31i);

® TIIATPUMIIl TEXHIYHOTO CTaHy OOJIaJIHaHHS, TPYOOIPOBO/IIB Ta €JIEMEHTIB CH-
CTEMU TPAHCTIOPTYBAHHS Ta MepeKavdyBaHHS OypHUIBLHOI CyCIIeH3I .

HaBeneni pe3ynbratu CBiT4aTh MPO 3HIKCHHSI €HEPTETUYHUX BTPAT HA TEXHO-
noriyauii mpouec BukayyBanHs bC 13 BantaxHux TankiB cynna PSV na HJIII.
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Polovinka E.M., Tabulinsky I.N.
Fuel injection characteristics of 50 rt-flex diesel engine

This report presents the load characteristics of the common rail fuel injection
system of the 50 RT-flex engine. For simulation modeling, a calculation scheme has
been compiled that displays the functional parameters of the system elements.

Due to numerous advantages, such as high efficiency, intelligent capabilities,
compact design common rail fuel injection system (CRS) engines have become
widespread. For the qualified operation of such diesel engines, complete information
about the working processes of the engine is required.

A simulation study with the aim of constructing the load characteristics of the
fuel injection system was carried out for modes with a constant engine speed n =
124 rpm and changes in opening angle of the control valve in the range ¢, = 6.6 -
14.4 °RCS.

The fuel injection process starts
from the moment the control valve
opens. In this case, the metering pis-
ton moves, supplying fuel to the in-
jector. The combined oscillograms of
the piston stroke are shown in Fig.1.
Numerical parameters are given in
Table.

A graphical representation of the
dependence of the piston stroke on

EFfES N 120 130 140 150 'ghe load character_istic_ mode is g_iven
Fig . 1. Dependence of the stroke of the metering piston n the Corres-pondlng-lnsert hp Flgz
Gntl-ie.a.ugle of rotation of the crankshaft: 1- p.=8.6; 2 - Addltlonal mformatlon abOUt the
84;3-102;4-12;5-132;: 6 - 144 °RCS movement of the piston is its extreme

position along the X, coordinate, re-
ferred to the initial state X, =300 mm. Parameters of the load characteristic of fuel
injection system.

Ne pe- Qxy h my Xn Qn. o, @, Vi max, s P6.n Pp.u Qu T
KUMa °TIKB MM MM °TIKB | °IIKB Mm/c Kr/c 6ap 6ap

1 6.6 4.29 296.21 23.42 9.73 0.4847 0.49 766.7 | 634.5 | 8.375
2 8.4 5.27 295.22 26.31 11.4 0.4946 0.507 | 766.7 | 636.5 | 10.82
3 10.2 6.31 294.2 29.91 13.26 0.4918 0.507 | 766.7 | 636.5 | 13.27
4 12 7.18 293.33 32.79 14.66 0.4903 0.507 | 766.7 | 636.5 | 15.17
5
6

13.2 7.94 | 292.55 35.68 16.52 0.4906 0.507 | 766.7 | 636.5 | 17.37
14.4 8.61 291.89 37.84 18.03 0.4898 0.507 | 766.7 | 636.5 | 18.99

When analyzing the displacement of the metering piston, attention is drawn to
the linear nature of its movement h, and the same type of oscillograms (Fig. 1,2).
The numerical values of the process parameters are presented accordingly.
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Fig.2. Load characteristics of the common
rail fuel supply system of the 50RT-flex en-
gine

So, with an increase in the dura-
tion of the opening of the control
valve ¢, from 6.6 to 14.4 °RCS
(2.18 times), the piston stroke was
Xp = 4.29-8.61 mm (2.0 more).

Essential for the fuel supply
process are the phase parameters of
the individual components. This al-
so applies to the movement of the
QP. Starting from the initial position
Is observed at the same angle of ro-
tation of the crankshaft, equal to 120
°RCS in all modes. In the cycle of
operations performed by the QP, its
working stroke ends at the angle
¢@pmax = 130.45-138.8 °RCS, and the
entire cycle with reverse movement
IS @pa = 23.42 ... 37.84°RCS.

You can again pay attention to
the nature of the dependence ¢, =
f(py) - a straight line representing a
linear relationship.

Conclusions
1. A simulation study of the pro-
cesses of fuel supply by the Com-
mon Rail accumulator system,
which is widely used on low-speed
marine engines of the RT-flex type,
has been carried out.

2. A calculation scheme has been
compiled that provides a correct
representation of hydrodynamic
phenomena in individual nodes of
the system.

3. The load characteristic is built in
the form of dependence of

fuel supply parameters on the
duration of the opening of the con-
trol valve.
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[Tonosunka E.M., Opemienko P.A., Opemun O.A.
BnumB rizpoanHaMiuyHoi 00po0KM HA XapaKTePUCTHKH BOJAOMACISAHOI eMYJIbCIl

EdexTuBHICTh eKcIUTyaTallii CyJTHOBUX AM3EJIB 3HAYHOI MIPOIO 3aJIe)KUTh BiJ
CTaHy CUCTEMH MACTUJIA Ta SIKOCTI MacTHIIA.

OpHuM 13 KPUTUYHUX MMapaMeTpiB, 110 XapaKTePU3yIOTh MOTOYHUMN CTaH IUPKY-
JSIAHOTO Macia, € KUIbKICTh BOJH, MOTPAIUISHHS SKOi B €KCIUTyaTallliHUX YMOBax
HeMuHy4e. HaBiTh IpH MOBHIM CHPaBHOCTI €JIEMEHTIB CUCTEMHU 3MallleHHS JKepe-
JamMu OOBOJTHEHHSI € MOTJIMHAHHS MaCcTUJIOM 3 MPHUCAJAKaMHU BOJHU 3 BOJIOTOrO MOBIT-
psi, KOHJICHCAIlis BOJIOTH 3 MOBITPSI HA CTIHKaX MACISHUX €MHOCTEH Ta KapTepa JIBU-
ryHa.

[Ipy nupoMy eKcrulyaTaliiiHi BJACTUBOCTI OOBOJHEHOI MAaCcTHJIa BU3HAYAIOTHCS
HE JIMIIE KUIBKICTIO AUCIIEPCHOI (pa3u y BogoMacisiHiid emynbcli (BME), ane it arpe-
raTHUM cTaHOM Boau. Tomy Bu3HaueHHs nmapameTpiB BME € aktyanbHuM 3aBraH-
HSIM, SIK€ BUPINIYETHCS B pOOOTI, MOJAHOT Y JAHOMY JTOKJIa/Ii

Jlns mocmiaiB 11010 BUSHAYECHHS BIUTMBY T1APOAMHAMIYHOI OOpOOKH Ha XapakTe-
puctuku BME Bukopucrano MotopHe macio 3 a06aBkoro 15% Boau 3a oOcsirom.
OO6pobOka BUKOHAaHA IBOMa METOJaMu: AUCTIEPTryBaHHSM Ta yJIbTPa3BYKOM.

[padik Nno cepedHeOMY AlaMETRY Kpanenk Bo4W B MacTUNI
80 T . . : : :

70 1
60 |
a0 r
40 +

30

N /-\'/\-
Lw/

5 MHH 15 MHH 25 MUH 35 MuH 45 MUH 55 MUH
10 MHUH 20 MHH 30 MUH 40 MUH 30 MHH 60 MUH

CepenHin giameTp, MEM

YnbTpassyKosas o6paboTka AucneprupoBaHue

Puc. 1. Cepenniit niametp kpamnens BME 3anexHo Bif
qacy Ta By 00poOKH

['padgiyauM ysBICHHSIM OTPUMAHUX 3QJISKHOCTEH € puc 1.
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3yNUHSIOYUCH HA JTaHUX 3a CEpeAHIM JiaMeTpOM Kpareib, MOKHA BIA3HAYUTU
take. HaitGiapI1a 3MiHa TUCTIEPCHOCTI CIIOCTEPITaeThCsl Ha MOYaTKy 0OpOOKH, KOJIU
3a Mepiii 5 XB cepeliHii aiameTp 3MeHiyeTbes 3 70,4 MM 10 13,3 MM, abo y 5,3
pasmu.

[Tomaneina 3MiHa LOTO MapaMmeTpa BimOyBaeTbes B Mexkax 10,86 — 17,06 Mkm
(20 Ta 25 xB aucnepryBaHHs) — Ha 6.2 MKM, IO IO BiJHOIICHHIO JI0 CEPEIHBOTO
3HadyeHHs 13,96 MM ckiane 16%. Y Toit camuii 4ac BIAMIHHICTh KpalHIX BEJITUYUH
(moumnHarouu 3 10 xB 1 3akiguytoun 30 XB), piBHUX, BiAnoBiAHO, 13,3 1 12,44 MKM,
ckianae Tutbku 0,86 MxMm, Big cepenHix 12,87 MM — 1ie 6,7%. Takum 9uHOM, pe-
3yJIBTATOM OOPOOKH YIBTPAa3BYKOM (32 BUHSATKOM IEPIINX 5 XB) CKIIATI0 3MEHIIICHHS
CEPEeIHBOTO JiaMeTpa Kpareib BoIy Ha 3a3HaveHi 6,7 %.

[lepexin 10 JAMCHEpryBaHHS CYNPOBOJKYBaBCS JCSKUM  30UIbIICHHSM
cepeaHboro aiameTpa Kpamenb:12,44 mxM (B KiHII yIbTpa3BykoBoi 00poOku - 30
xB) 10 21,04 Mxm — B 1.7 pasu (micinst 5 XB quCHEpryBaHHs ).

[Tomanpie aucnepryBaHHs HE MPU3BEIIO 10 TOMITHOI 3MIHU PO3MIPIB Kpareb.
[Ipu HactynHux nepepipkax ctany BME oTpumaHi HacTynH1 BEIMYMHU CEPETHBOTO
miameTpa kpanens: Ao, = 23,96; 24,94; 20,79; 27,06; 24,057MKM.

Takum ymHOM, y miporieci 30 XBuinH aucnepryBanHs O, 3HAXOIUBCS B MEXax
20,79 + 27,06 mxm (miama3oH 6,27 MkM, ckiaBuit 26,2 % npu cepeTHbOMY 3Ha4YCH1
23,92 mxm). Kpaitai BennunHaM (Ha MOYATOK Ta B KIHIII €TaIly) BUSABWIHCS J1yXKe OJu-
3pkuMu: 21,04 u 24,06 mxm. Otxe, dep 30impmuBest Ha 3,02 MM, abo 13,3 %.

Po3nozin kpanenas BOAM B Macili OKPEMHX MOMEHTIB 4acy B IPOILIECI €KCIepu-
MEHTY XapaKTepu3yloTh BIANOBIAHI MikpodoTorpadii BME (puc.2).

a) 0)
Puc. 2. BME npu Y3 06po611i: a) -5 xB; 6)-30 xB
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BUCHOBKU
1. IlpoBeneHO eKcrepruMEHTadbHE TOCIHIIKEHHS MPOLECIB TAPOAUHAMIYHOI 00-
pooxu BME.

2. BcTaHOBIICHO KIJIBKICHI MapaMeTpH 3MiHU XapaKTEPHUCTHK JHCIEPCHOTO cepe-
JIOBHILIA M1/1 BILTUBOM T1IpOAMHAMIYHOI 0OpOOKH.

VJIK 621.431.74

ITomoBunka E.M., SIkoBenko A.1O.

3acTocyBaHHSI KOMOIHOBAHMX BUMIPIOBAJIbHHUX NEPETBOPHOBAYIB /I
KOHTPOJIK0 TOILIMBONOJAYH CYAHOBHUX IM3eJIB

OpHuM 3 HanpsIMKIB pO3BUTKY BUMIPIOBaIbHOI TeXHIKH B JIB3 € po3pobka mis
peectparllii podoYux MpoleciB BOyJoBaHUX ab0 CyMIIIEHUX 3 (PYHKIIOHATLHUMHU
eJIeMEHTaMu MEePEeTBOPIOBaUIB (JIaTYMKIB). [7es1 BUKOPUCTaHHS B SIKOCTI MEPBUHHUX
MEePETBOPIOBAYIB KOHCTPYKTHUBHUX €JIEMEHTIB MAJIMBHOI arapaTypu MOKJIMKaHa 3a-
0e3IMeYnTH ONTUMAJIbHY peajli3allilo MEeTOI1B KOHTPOJIIO MPOIIECiB MOo/1ayl aIuBa.

[IpencraBneni B JaHOMY JOKJaJi OMNpAaIfOBaHHS BUKOHAHI Ha 0a3l MajIuBHOT
armapaTypu cepeaHboo0epTHoro cyanoBoro ausens YH25 / 34. Jlns peanizaiii Tako-
ro miaxonay obpano tuck naiausa B [IHBT, sik oquu 3 HaiiOu1b iHQOpMATUBHUX T1a-
pameTpiB mpouecy BropckyBaHHs. KonctpyktuBne BukoHanHsi [IHBT npusenene
Ha puc.l. .

2% N7, YMoBOIWO BHOOpPY €lieMEeHTa

NG Wi TIEpeTBOpIoBavYa  Oyim
;; ¢ o JOCTATHS 6e¥3a. JUIE MOHTaXY
- 5 TEH30JaTYMKIB 1 poboua nedo-
20 # pMaiiis, [0 BiAMOBiza€e mapame-
TRE {0 TpaM BHMIPIOBAJIbHOI CHCTEMHU.
18 . J11s1 TOJaITBIIIOTO OMPAIFOBAHHS
/‘_'_1_7 oA | RA oOpaHa mmnuibka 34 KpiruieHHS
IPUBOJY.

Ha dororpadii puc. 2 noxa-
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[Ticist koMIIIeKTaIlli BUMIpIOBaJIbLHOT CHCTEMH 1 Ha-
JAITyBaHHS CTEHAY MPOBEICHO OocuiorpadyBaHHs
TUCKY NAJIMBA JIBOMA JaTYMKAMU: 3BUYAHUM TCH-
30METPUYHHUM, BCTaHOBJICHUM Ha mTyrepi [IHBT 1
«I-». Komii ocriunmorpam npejicTaBicHi Ha
puc.3,4.

Puc.2. laTumk ticky nanusa («I-/1»)
Ha [THBT 6e3MOTOpHOTO CTEHY:
1-mmuneka, 2- I[THBT

Pu

o
W\' W u‘l\"
A L——

Puc.4.Ocuunorpama najauBomnoaadi
npu N, = 33 06/xB, m = 32

Puc.3.Ocumnorpama manuBoIo-
nadi mpu Np = 248 06/xB, M = 32

Pexcnmn, Ha siknx 1puBOamIECh BUMPOOYBAHHS, BIATIOBIA0Th TTIOBHOMY JIiaria-
30HY POOOYMX YACTOT MAJUBHOI amapaTrypu ABUTYHA. SIK 3a3HaY€HO Ha OCIIUIIOTpPa-
Max, BiH ckiaB 33+248 o0/xB. Pi3HMII XapakTep Mmpoliecy BIIOPCKYBaHHS JOCSATaBCS
3MIHOIO 3aTATyBaHHS MPY>KUHUA (POPCYHKHU.

BizyasnbHMil aHaI13 KpUBUX THUCKY MalKMBa B HACOCI Py 1 Aedopmallii Py, 3amnuca-
HOT «III-JI», CBIQUUTH MpPO NPUUHATHY JUIsl NPAKTUKUA 1HPOPMATUBHICTH OCTAHHBOI.
3iCTaBISIOYU KPUBI Py 1 P, IPUAMEMO B SIKOCT1 6a30BOr0 3aIuc 3a A0MOMOIO0 1aT-
YHKa THCKY.

B o00ox Bumaakax moskHa BigzHauuTu peaxiiito «I1I-/I» Ha mosBy 10AaTKOBOTO
HaBaHTa)XCHHs Ha Mo4aTky pyxy miyHxepa [THBT. Llsomy Binpizky Ha ocuusiorpa-
Mi BIAMOBIZA€ HEe3HAUYHMM Tifiiom KpuBoi. IlIBuaKe 3pocTaHHs THCKY TPH Y9acTOTI
obepTanHs N, = 248 00/xB (puc.3) PiKCyeThCss 000Ma JaTIMKAMU CHHXPOHHO.

JlinsHKa MaKCUMalTbHUX THUCKIB XapakTepHa kKoimBaHHAMU Ha JiHii «I1I-I», Binx-
CYTHIMH Y Py. 3a7Hi# GpoHT ocobmmBocterr He Mae. Kpusa «I1I-JI» Tpoxu moBHime
B BepxHiil yactuHi. [licns 3akiHYeHHS MoJayl NaiauBa, sK 1 ciig Oysio O4iKyBaTH, y
kpuBiit «I1I-J» BugHO MIISHKY pO3BAaHTAXKEHHS, 1110 MPUIIAJIA€ HA MEPI0J] 3BOPOTHO-
ro xoxy miyHxepa. [Ipu npomy 3a yactoru N, = 248 00/XB COCTEPIraeThCs 3BOPOT-
HUH MK (HUXKYe 6a30BOT0O PiBHSA).
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o crocyeTbest ApoOOBOT POOOTH CUCTEMH YIOpPCKyBaHHs (puc. 4), To BiJMiH-
HICTh B KpUBHUX OLIbII icTOTHA. [IpupoHO BBaXKaTH, 1110 CUCTEMA, €IIEMEHTOM SIKO1 €
«II-JT», ynHUTH nemmdyrouy Aito, 3rIaHKYI0Ud Peakiio Ha 3MiHY THCKY MajuBa.
[Tpu oMy, oHaK, yactoTa 30epiraetbcs. opma miHIN Py 1 Pw BIAPIZHIETHCS 1CTO-
THO.

Bucnoexu B sxocTi 6a30Boi geTani Aj1sl CTBOPEHHS KOMOIHOBAHOTO JaTYMKA BHU-
cokoro Tucky nanupa B [IHBT Moxxe OyTu BUKOpHCTaHa MINMUIbKA KPITUICHHS HOTO
MIPUBOY.

Ha pexxumax cTabiIbHOTO BIOPCKYBAHHS JaTUYMK THCKY 1 JAaT4YMK JedopMariiid
MaroTh OJU3bKI METPOJIOTIYHI XapakTepucTUKu. Ha mux pexumax Mo)KHA BUKOPHC-
toByBatu «I1I-J1» 1715 excruTyaTamiitHoro KOHTPOJIIO.

YK 621.43.05

Adrantok B.B., I'aBpinkin O.€., Kipic A.B.
Hanionansuuit yHiBepcuteT «O1ecbka MOPChKa aKajeMisny

Po3po0ka moaesi BOg03a0ipHUX pelliTOK KiHICTOHIB CyAHOBHX CHCTEM
0XO0JI0/IKEHHSA

Biosoriune 3a0pyanenns (biofouling, 6iodysiHr) HEraTUBHO BIJIMBAE HA CHCTE-
MU OXOJIOJIP)KEHHS CYJTHOBOI €HEPreTUYHOI YCTAaHOBKH, 30UIBIITYIOYM TEIJIOBE HABaH-
Ta)XEHHS TOJIOBHUX JIBUTYHIB OCOOJMBO B pallOHaX IUIABAHHS 3 TEMIIEPATyPOIO MOP-
cpkoi Boau 30-32 °C.,

3a HasBHOCTI B 3a00pTHIM BOJII PI3HUX BKJIIOYEHb BOHU MOXKYTh 3aCMOKTYBATHCh
B CHCTEMY OXOJIOJDKCHHS, pOOJISTYM B3aralli HEMOKJIMBOIO ii HOpMaJbHY POOOTY.

Jl1st 3MeHIeHHsT 610JI0T1YHOTO 3a0pyIHEHHS Tepea0avyaeThCsi BCTAHOBJICHHS Ha
CYJIHI CIlemialbHUX KIHTCTOHHUX a00 JIbOJIOBHX SIIIMKIB 3 OTBOPAMH, 3aKPUTUMH 30-
BHI 3aXMCHUMU (KIHTCTOHHUMHU) TpaTamH, 1110 YHEMOKIIMBIIOIOThH MOTIAIaHHs B IIUP-
KYJISIIAHY Tpacy BEJIMKHUX CTOPOHHIX BKIIOYEHBb. OKpIM IHOTO JJIS MiATPUMaHHS
Mpare3aTHOCTI CUCTEMHU OXOJIODKEHHS MPOBOISITH OYMINEHHS KIHTCTOHHHX PeIIli-
TOK Ta KIH[CTOHHUX SIIIIUKIB.

JInst 3ano0iranHs 010JIOTTYHOTO 3a0py/HEHHS BUKOPHCTOBYIOTHCS MOIEPEIKY-
BaJIbHI1 cucTeMH (200 aKTHBHI 3aCO0M 3aXUCTY), SIKI IO3BOJISIFOTH MIABUITUTH edek-
TUBHICTh 3aXUCTY, 301IBIIUTH TEPMIH €KCILTyaTallli o0JaHaHHS Ta Jal0Th MOKIIH-
BICTh KEpYBaHHS MapaMeTpaMu 3axucty [1].

Jlo aKTHBHHMX CHCTEM HaJleXkaTh: 3aXMCT YJIbTPa3BYKOM; XIMIUHHUM CIIOCOOOM,
3aCHOBAaHOMY Ha MOJadi /10 TOBEPXOHbB, IO 3aXMINAIOTHCS, 31 CIEIIATbHIX €EMHOC-
Tel pI3HOTO BUJY TOKCHHIB; (PI3UKO - XIMIYHHUMH CIIOCOOaMH (€IEKTPOXIMIYHUMU)
3a JOTIOMOTO0 €JIEKTPOIIi3y MOPCHKOI BOAM MPU BUKOPUCTAHHI PO3UMHHHUX 200 He-
PO3YMHHMX aHOIB; BYTJICKUCIOTHHH croci0 [2], 3acHOBaHMI Ha BUKOPHUCTaHHI BijI-
nparboBanux ra3iB CEY mis HacudeHHss HUMH MOPCHKO1 BOJH, 110 IIUPKYIIIOE B CY-
JTHOBIH cucTeMi (10 meBHOI BenmuuHu pH), 3 MeToro 3amobirands 610JI0T1YHOMY 00-
POCTaHHIO.

OxpiM mepeniueHux Crnoco0iB s 3armo0iranHs 610J0T1YHOTO 3a0pyAHEHHS BH-
KOPUCTOBYIOThCSl CHEIIaJIbHI PO3MOIILHUKNA PEAareHTiB 1o OJOKYyITh O10QyIiHT
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[3] — moposxHi Bogo3abipHi rpatu (3aMiCTh 3BHYAHHHUX IITATHUX IPAT), IKi B IIBOMY
BUIAJIKy BUKOHYIOTHCS 3 TIephOpOoBaHUX TPYO OBAJBLHOIO Iepepidy (3amMiCTh HU3KHU
CYLITFHUX pedep y 3BUYAMHMUX IpaTax, M0 MePeIKoHKAI0Th MOMagaHHI0 B KiHIC-
TOHHUW SAIIUK CTOPOHHIX mpeameriB). [Ipuuomy oTrBopu B nepdopoBaHux TpyOax
MOJICPHI30BaHUX BO03a0IpHUX I'paT BUKOHAHI Ha O1YHUX CTOpoHax (puc. 1), B SKUX
OCi CTIpsSIMOBaHi MEPIEHAUKYISIPHO OCHOBHOMY TIOTOKY 3a00pTHOI BOJAHM, IO HAIXO-

JIUTh B KIHTCTOHHMH sk [3].
Nigeig peareHTy

}< Ao poinoginedoroe
KoneKTopy
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nepcopoBaHUX
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trenteerean

MoTik BOOM,
Wo NoJaeTbcA ¥ KiIHFCTOHHUA ALWWK
Pucynox 1 — MopepHizoBaHi TpyouacTi Bogo3abipHa peritka [3]:
1 - ycranoBua pama; 2 - po3NoAUIbHUN KOJIEKTOD;
3 - nepdopoBani TpyOH-pedpa oBaILHOTO NIepepizy; 4 — OTBOPH Uik BUXOAY pEarcHTy.
PoGoTta mMojaepHi3oBaHOi TpyOUacTOi BOA03a0IPHOI PEIIITKH MOBUHHA 3a0e3Ie-

YUTHU:

Bici oTBOpiB

)
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— BUKIIIOUYWTH 3MHB PEAreHTy, 3a HASBHOCTI pyXy 3a00pTHO1 BOJM B3/IOBXK IPaT,
3a MEX1 BOJOIPHUIMAIBLHOTO MPUCTPOIO, TOOTO. 3a OOPT;

— 3a0e3MeunTy A0JaTKOBUI MEXaHIYHUIN BIUIMB CTPYMEHIB peareHTy, 110 BUXO-
JISITh 3 OTBOPIB HA MTOBEPXHI MPOTUIICKHOTO pedpa PelriTKH,

— CTBOPHUTH 32 PaXyHOK 3MIIIEHHS OTBOPIB Mepdopallii Ha TOPs]l pO3TAIOBAHUX
TpyOax MEePEKPUTTS CTPYMEHIB peareHry, 1o 3a0e3neuye rapaHToBaHy 00poOKy pe-
areHTOM YCi€l 30BHIIIHLOT TOBEPXHI BO03a01pHOT PEIIITKY;

— 3pobuTH OLIBII SKICHE TEPEMIITyBaHHS PEareHTy 3 OCHOBHUM MOTOKOM BOJIH,
10 HAJIXOIUTh y KIHTCTOHHI SIIIIAKWY;

— NIABUIINTH, IPU MOadil yepe3 nepopoBani TpyOr BoA03a0ipHOT pEIITKH Ha-
pa.

[lepeniueHi nepeBaru MOJIEpHI30BAHOI TPyOUACTOI BOJ03a0IPHOI PEIIITKH MOXK-
JIMBO 3a0€3MEeUUTH MPU BUKOHAHHI KOMIUIEKCY MOJIEIBHUX JOCHIIKEHb, IO JI03BO-
JSTh BUBHAYUTU PaIllOHAIIBHE PO3MIIIEHHS 1 KIJIbKICTh OTBOPIB JIJIsi BUTIKAHHS pea-
TeHTY.

Taki JOCHIIKEHHSI MOKJIMBO BHKOHATH 32 JIOMIOMOTOI0 KOMIT IOTEPHOTO MO/Ie-
JFOBaHHS Teyid piauHu [4], HABKOJIO Ta B CEPEIUHI PEIITKH, 1 ONTUMI3yBaTH KOHCT-
PYKIIIIO PEUIITKU Ta T1APOAMHAMIYHUMN PEXKUM TI0/IaBaHHS PEarcHry.

JI71st KoMIT FOTEpHOTO MOJICTIOBAHHS T1IPOIMHAMIKK MOJIEPHI30BaHO1 TPyO4acTOi
BO/103a01pHOT PENITKY pallloHATBHO Ha MEPIIOMY eTari po3poOUTH TBEPAO-TUIbHY
Moieb iepdhopoBaHoi TPyOU-pedpa OBaIbLHOTO MIepePizy PEHITKH (puc. 2).

V0 0 o ¢ o

\

Pucynox 2 — TBepaoTinbHa Moziens nepdopoBaHoi Tpyou-pedpa OBaIbHOTO Mepepizy

Ha npyromy erami IOCTiIKEHb JOIIHBHO MPOBECTH MOJCIIOBAHHS OOTIKAHHS
nephopoBaHoro TpyOU-pedpa MOPCHKOIO BOJOIO C TOYKH 30pYy OnTuUMIzallii Gopmu
TpyOu-pedpa 3 METOI0 3MEHIIICHHS T1IPOIMHAMIYHOTO OTIOPY.

B mopanpmmx QochipKeHHS HEOOXITHO MPOBECTH EKCIEPUMEHTANIbHI JOCHi-
JOKEHHS 3 ONTUMI30BaHOI0 KOHCTPYKITIEI TPyOUacTOl BO03a0IpHOT PEIIITKH.
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[Tpu BpoBa/pKEHHI HA CyAaX ONTHMI30BaHOI TpyO4yacToi BoJ03a0ipHOT PELIiTKH
JUISL CUCTEM 3aro0iranHs 610JI0rYHOMY OOPOCTaHHIO JO3BOJUTH 3HU3UTU CHEPTrOBU-
TpaTH, MIABUIIUTH €(EeKTUBHICTh Ta HAJIIMHOCTI €KCIUTyaTallii CyITHOBUX €HEPTeTH-
YHUX YCTAaHOBOK, 3MCHIINTH BUHUKHEHHS aBapiiHOTO CTaHy CYJHOBOTO OOJIa/THAH-
HS Ta 3arajioM ITiJIBHIy€E OE3MeKy IIaBaHHS CYJICH.

JIITEPATYPA

1. T'ypeBuu E.C. 3ammra Mmopckux cynoB oT oOpacranus / E.C. I'ypesuu, E.B.
Uckpa, E.I1. Kynesanosa - JI: Cynoctpoenue, 1978. - 200 c.

2. AbpamoB B.A. Anamu3 3¢ ¢dekTHBHOCTH cOCOOOB MpeaoTBpalieHust odpac-
TaHUS B CHCTEMax 3a00pTHOM BOJBI, MCTIIOIB3YEMBIX Ha MOPCKUX cynax/B.A.
Abpamos, b.A. ITaBnenko//Cy10Bble SJHEPreTUUECKUE YCTAHOBKHU: HAYY.-TEXH.
c0.-1998. - Ne 1. - Oneca: OHMA. - C. 52-58.

3. YcTpoiicTBO 1l MpEeAOTBpAIlEHUsT O0pacTaHHsl CYJIOBBIX BOJOMPUEMHBIX
YCTPOMCTB M cHUCTeMbl mojauu 3aboptHOM Bojwl: A.c.Ne 1630200 CCCP,
MKH B63B 13/00 / B.A. A6pamos, FO.U. boes, B.A. Baranog, B.®. Kosa-
nenko, b.A. IlaBmenko -Ne4297726/11. 3assn. 27.05.1987. Omy6a. 1991,
bros. Ne 8.

4. KoMmplOTepHOE MOJICIMpPOBaHNE B HHXKEHepHOH mnpakTuke. SolidWorks /
AnsamoBckuit A.A., Cobaukud A.A., OnunnoB E.B., Xapuronosuu A.N., [1o-
HomapeB H.b. — CI16.: BXB - ITerepoypr, 2005. — 800 c.

YK 629.5

Kopogaituenko €.10.
Hamionanpauii yHiBepcutet «Oechbka MOPChKa akaaeMis»

AHaJI3 ekcIUTyaTanil CKpy0epa cucTeMH iHepTHHUX ra3iB Ha)TOBOro TaHKepPy

3riIHO mporpamMu poOOTH y acHipaHTypl OyJ0 BUKOHAHO PEic Ha TaHKEpl Ael-
Beitry 300000T, mig yac SIKOro eKCIUTyaTyBajacsi Ta BUBYAjacs CUCTeMa 1HEPTHHUX
rasis.

3arayibH1 BiJIOMOCTI IIPO CYJIHO:

Hasga cynna: ALICE

Tun cynna: Tankep aiis cupoi HapTH

HoBxuna: 333Mm

Banosa mictkicts: 154379

Hensent: 299320 T

Tun cunosoi ycranoBku: HYUNDAI-WARTSILA 7X82(DELTA-TUNING)
(SINGLE ACTING, TWO(2) STROKE, CROSSHEAD, TURBOCHARGED,
REVERSIBLE, MARINE DIESEL ENGINE)

[ToTy>xkHicTh cunoBoi yctaHOBKH: 24,020 kBt

Butpara nanusa: 162.7 r/kBT-rox + 5 % (1ipyu BUKOPUCTaHHI AU3EJIBHOTO TaJIu-
Ba: 42,700 xJI»x/kr)

Butpara mactuna: 63kr/aeHb

Indopmariist mpo cucTemMy IHEPTHUX rasiB
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Ha cynni BcTanoBneHa cucrteMa iHepTHUX rasiB BupoOHunTBa KangRim Heavy
Industries Tumy KS07 (Puc 1.)

OCHOBHI €JIEMEHTH CUCTEMHU:

JIBa mapoBux kotiu tTuiy MAC-45B

Ckpy06ep

["a3zonarnitaui

[TamyOHUM BOJSHMI 3aTBOP

3BOPOTHMI KJIallaH

["a3oBigBigHA TPyOa (MAYTOBUMA CTOSK)

[TamyOHMIt epeprBay THCKY/BaKyyMa

["a3oBincikaro4i Ki1amaHu TaHKIB

3anopHi KJjanaHu Ta aBTOMaTUYH1 KJIalaH!

Cucrema iHEpTHUX ra3iB BUKOPUCTOBYBAJIACA IT1J1 YaC BAHTAXKHUX ONEpaliil TaH-
Kepa a TakoX IpH 1HepTH3alli BaHTaXHUX TaHKiB. [lapoBi kortiau tuny MAC-45B
(Puc 2) npusnaveHi 11 BUKOPUCTAHHS BOJHOYAC SIK JKEPEJIO BOJSHOI IMapy BUCO-
KO0 TUCKY TakK 1 IHEpTHUX Ta3iB.

Bonsina mapa Bucokoro Tucky (6-18 Kr/cM2) BUKOPUCTOBYETHCS JUIsl pOOOTH Tia-
pOBUX TYpOiH BaHTaXKHUX HACOCIB CYyJIHA, 3aYMCHOTO HACOCY Ta MIJIrPIBY BaHTaX-
HUX TaHKIB.

BupoOHuk Mitsubishi Heavy Industries Marine Machinery & Engine
Co., LTD.

Tun xoTity MAC-45B

[TaponpoayKTHUBHICTH OHOTO KOTITY 45 000 kr/ron

PoGounii THCK apu 18.0/6.0 xr/cm2

Po3paxyHkoBui THUCK mapu 20.0 kr/cm2

Tuck crpaioBaHHs 3ao001KHOTO KianaHa 20.0 xkr/cm2

KKJI xoTna 82.0 %

BMmicT kucHIO Ha BUXO/1 3 KOTITY 5% npu HaBaHTakeHH1 HA 25%

Burtpartu nanuBa nmpu MakcCMMaJabHOMY HaBaHTakeHH13,161 kr/rox

[Tim gac exkcruryaramii MaHOi CHCTEMH OCOOJWBY yBary MNpUIUISIA CKpyOepy
(Puc 3) cucremu 1HepTHUX ra3iB, HOro pobOYMM MapaMeTpaM Ta XapaKTePUCTUKAM.

[TonepenHbO OXOJIOMKEHUN THEPTHHM Ta3 OYUIIATHMETHCS B MUMHIN BEXi, 3a-
MOBHEHIH BUCOKOC(DEKTUBHUM HACAJIKOBUM MaTEePiaioM HU3BKOTO OTODPY.

[leit HacaaKOBHI MaTepiaid Ma€e BIIKPUTY CTPYKTYPY, sKa 3aro0irae 3aTorjIeHHIO
3a Oylb-IKUX YMOB HaBaHTaXEHHs. 3 1HIIOr0 OOKY, BIAKPUTA KOHCTPYKLIISI MAa€ Be-
JIUKY BOJIOTY MOBEPXHIO, 110 3a0e3neuye BUCOKY €(eKTUBHICTh BuaanieHHs: SOX Ta
caxi.

[lepur Hixk ra3 MOKUHE CKPyOOEp Kparuil BOJU BITOKPEMITIOIOTHCS 32 JOTIOMOTOI0
KparuieyJIoBIOBaya.

[Tpu BUBYEHHI JaHOT cUCTeMH OYJI0 BUBYEHO OCOOJIMBOCTI POOOTH CKpyOepa Bi-
JKPUTOTO THITY, Ta pO3POOJICHO NUISAXU BIOCKOHAJIICHHS 1CHYIOUO1 KOHCTPYKITII.

JIst mepeBipKy 3ampONOHOBAHUX BIOCKOHAJIICHh HEOOXITHO HA TMEPIIOMY eTari
CTBOPUTH TBEPAO-TUIbHY KOMIT IOTEPHY MOJIENb CKpyOepa Ta MpOBECTH JAOCIIIKEH-
HS TIIPOAMHAMIYHUX PEKMUMIB POOOTH amapaTy 3 BU3HAUCHHSM HaMOUIbII palioHa-
JHHUX YMOB KCIUTyaTaIlli
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Ouepersnbiii F0.0
Harmionansauit yaiBepcutet «Ojiechbka MOPChKa aKaaeMis

IlepciekTHBY BUKOPUCTAHHSA AIOKCHIY BYIJIEII0 Y AKOCTI X010 AMJILHOTO
areHTy Ha BOJHOMY TPaHCIOPTi

[IpaBunsHui BUOIp poOOY0i PEUOBUHM CYyTHOBHUX XOJOJUIBHUX YCTAaHOBOK Oa-
raTo B 4YOMY BHM3HAYa€ iX E€KOJIOT1YHICTh,eKOHOMIYHICTh, Ta0apUTH Ta HAMIMHICTH
eKCIUTyaTallii. Y CyIHOBUX XOJIOJAUIBHUX YCTAaHOBKAaX y SKOCTI poOOUYOi PEUOBHHH
BUKOPHUCTOBYIOTHCS XOJIOAMIIBHI arcHTH, SIKi IMEPEHOCATh TEIIOTY BiJl XOJIOAHOTO
JoKepena 10 OUTbII HArpiToro, 3AilcHIOUYN (Ha30Bi epexoau (KUMiHHS Ta KOHJEH-
caiito). Jlo HUX mpen'sBislOTH 0araTo BUMOT, TOJOBHE 3 SIKUX Oe3reka (Buoyxo0e3-
MEYHICTh, HErOPIOYICTh, HETOKCUYHICTh, €KOJIOT1YHa YyucTOTa). KpiMm TOTO, X0J]I010a-
IeHT MOBUHEH 3a0e3leuyBaTu HaJliHy poOOTYy XOJOIUIBHOI MAIlMHU B 33JIaHOMY
iHTepBayi Temreparyp. THCK y BUIApHHKY MOBHHEH OYyTH BHIIE aTMOC(EpPHOTO,
100 YHUKHYTH MiJACMOKTYBAHHS MOBITPS B YCTAHOBKY, a THCK MapiB XOJIOJ0AreHTY
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B KOHJICHCATOP1 HE TIOBUHEH OyTH 3aHAJTO BUCOKHUM JJIS 3a0€3MEeUEHHS MIITHOCTI Ta
HIIBHOCTI. JIo BUMOT BUPOOHHYOrO Ta €KCIUTyaTallifHOTO XapaKTepy BITHOCATHCS
JOCTYITHICTh, HU3bKa BAPTICTh, IHEPTHICTH JO METAJIIB, XOPOIIa PO3UUHHICT Y BOI1
Ta MacJi, CTIMKICTh JO BUCOKHX TeMIIepaTyp, XiMIUHA CTaOlIbHICTh, JIETKICTh BUSB-
JICHHSI BUTOKIB XOJIOJI0OAreHTy 13 CUCTEMHU.

B octanHi aecsaTHpiuyya CBITOBOIO CHUIBHOTOIO aKTUBHO OOTOBOPIOETHCS BIUIMB
poOOYMX pEYOBUH Ha €KOJIOT1I0 HABKOJIUIIHBOTO cepenosuina. [lossa dhpeoni npu-
3BeJIA JI0 iX 3aCTOCYBaHHS HE TUIBKU B XOJIOIWUIBHINA TEXHIII, ajie 1 711 BUTOTOBJICH-
HS1 aepO30JIiB, Y 3B'A3KYy 3 UMM B aTMoc(epy MOoTparvisiiia Belrka KUTbKICTh (PpeoHiB.
3a ma"iBHOIO HHUHI Teopii XJIopdTOpyraepoas! JOBroBiUHI, ajie B aTMOcdepi po3Kiia-
JAI0ThCS 13 aTOMHOTO XJ0py. BiH B3aemoiie€ 3 030HOM 1 pyiHY€ O30HOBUH IIap aT-
Mochepu, 1o noryiuHae ynbTpadioneToBi mpomeHi. lle HeOe3neuHo aJis JIOJEH,
TBapuH, O6iocdhepu. [Ipobiema obroBoproBangacs Ha MIKHAPOJHUX KOH(PEPEHIISIX Y
Bigni (1985), Monpeaini (1987) 1 Konenrareni (1992). 3a MonpeallbcbKuM MPOTO-
KOJIOM BC1 TaJIOiOMOX1/THI BYTJIEBOIHI PO3/IIJICHI Ha TPH TPYIIH:

1. Xnopdropsyrieui XDV (CFCl), mo matoTh BUCOKUH MOTEHITIAT PYHHYBaHHS
o3o”oBoro mapy ODP (Ozone Depleting Potential), gopiBaioe 1. Jlo HUX BiJHO-
catbesa R11, R12, R500, R502.

2. T'igpodropxinopsyrieni ['OXY (HCFCI), ski meHmie pyidHYIOTh 030HOBUI
map 1 MatroTs ODP 0,05 1 menmie (Hanmpukian, R22)

3. I'inpodropyrieui ['®Y (HCF), mo He pyilHYIOTh O30HOBUI IIap 1 MarOTh
ODP =0 (R134a, R125).

VYV 1992 p. y Konenrareni i B 1995 p. y KioTo BUMOru 10 albTepHaTUBHHUX XO-
JIOJI0AreHTiB OyJIM MOCUJIEHI — BOHM MMOBHUHHI TaKOX MIHIMaJbHO BIUIMBATH HA Map-
HUKOBHM edekT 3emui. L{ell BruMB BU3HAYa€e OCOOIMBUIN MOKA3HUK — ri00agbHUMN
notenuian norertinast GWP (Global Warming Potential). ¥ CO, GWP nopishioe 1,
a'y R22 — 5100, Tomy BHECOK BUTOKIB (DpEOHIB y 3arajibHe MOTEIUIIHHS CTAHOBUTH
npuOau3HO 1/6, Xoua Il BUTOKM HabaraTo MEHIIE BHKHIIB JBOOKHCY BYIJICIIO Ta
METaHy.

BianmosinHo 10 MixkHapoaHux yroi xiopdropsyrieis (XDVY) ciuin 3aMiHUTH
riapodropsyrienem (I'OY) abo nmpupoAHUME XOJI0J0ar€HTaAMH — aMiaKOM Ta YHC-
TAUMH ByrJieBoaHsIMH. [Ipy mepexosi Ha anbTEpPHATHBHI XOJOI0AreHTH HEOOX1ITHO
CUHTE3YyBaTH TEPMOJUHAMIYHO JOCKOHAI POOOUYl PEUOBUHU Ta CYMICHI 3 HUMU Ma-
cia, 3a0e3rneuyrour MiABUIIEHHS a00, sIK MIHIMYyM, 30€pEKEeHHs €HEepreTUYHO1 ede-
KTUBHOCTI Cy4acHOTO XOJIOJWIIbHOTO 00amHaHHsI[1].

Hiokcuna Byrnemnto (COz), BimoMuii mig no3HadueHHsIM R744, € npupoaHowo pe-
YOBUHOIO 1 Ma€ Oe3nepeyHi nepeBard JJii BUKOPUCTAHHS Yy CYyYacHOI XOJIOJMUIbHOI
TEXHUIIl (BUCOKA XOJIOJOMPOAYKTUBHICTh, HETOKCUYHICTh, O€3MeKa BUKOPUCTAHHS,
1HEPTHICTH 0 MaTepiaiiB, JeMIeBU3HA 1 JOCTYITHICTh), @ B 3aMKHYTHUX KOHTYpax Mae
3HEBAXUIMBO MUK MOTEHIIa. BUCOKI TUCKH B 001acTi poOOYUX TeMIEepaTyp 3 O/-
HOTO OOKY HAaKJIaJIal0Th CHeEIliadbHI BUMOTH JI0 KOHCTPYKIIii oOnMagHaHHs, SKE Mpa-
o€ Ha COy, K1 TOTPiOHO BpaxOBYBaTH MPU MPOEKTYBAHHI CYTHOBHX XOJIOJMIBHUX
YCTaHOBOK, 3 1HIIIOTO JO3BOJISIIOYN TOOMBATHUCS TABUIIIEHOI XOJIOAOMPOIYKTUBHOC-
Ti. TakoXx 11 0COOIMBOCTI CJiA BpaxoBYBaTH IiJl Yac TPAHCIOPTYBaHHS Ta 30epi-
TaHHS BYTJIEKUCIIOTH.
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XonoauneHuit areHT CO; Hanexutsb a0 rpynu I'®@Y (HFC) - npupoanux xodo-
J0areHTiB (amiak, rmpormnaH, OyTaH, BOjJa Ta IHIIMX.) MAa€ HYJbOBHM MOTEHIIAN PYyM-
HyBaHHs1 030HOBOrO mapy 3emii (ODP=0) 1 € eTaJloHHOIO OJMHUIICIO TiJ] Yac Po3-
paxyHKy noteHuiany riaodansHoro notermaas (GWP=1). YV koxHOro 3 npupoiHux
XOJIOJIOATeHTIB € CBOi HEIOJIIKU, HAMPUKIIAJ, aMiaK TOKCUYHUH, IPOIaH rOprovHii, a
y BOJIM oOOMekeHa 00y1acTh 3acTocyBanHsa. Ha Biaminy Bijg HuX CO2 HE TOKCUYHHH 1
HE TOPIOYMii, X0ua HOro BIUIMB Ha HABKOJIMIIIHE CEPEIOBUILE HE € OJTHO3HAUYHUM. 3
onHoro 00Ky, CO2 MICTUTHCSI B HABKOJIMITHBOMY TOBITp1 1 HEOOXITHUHN AJIST TIPOTI-
KaHHS JKUTTEBUX TPOIECIB. 3 1HIIOTO OOKY, BBAKAETHCS, 10 BEIMKA KOHIIEHTPAITis
BYTJICKUCJIOTH y TTOBITPI € OJTHIEIO 3 TIPUYXH TJIOOATBHOTO MTOTETUTIHHS.

Bapricts miokcuay Byruemto B 100-120 pasiB vuxkue, Hixk R134a. R744 moxe
OyTH anbTEpHATUBHUM X0JIOAOAreHTOM. MicTuThCs B atMocdepi Ta Oiochept 3em,
Mae HACTYIIHI MepeBaru: HU3bKa I1Ha, MpocTe 00CIyroByBaHHs, CYMICHICTb 13 MiHe-
paTbHUMHU MAaCTHJIAMH, €JIEKTPOIZOJSIIIHHUMU Ta KOHCTPYKUIMHUMH MaTepiajlaMu.
Pa3om 3 TUM npu BUKOPHUCTAHHI JIOKCUIY BYTJICIIO MOTPIOHE BOASIHE OXOJIOHKCHHS
KOHJIEHCATOpa XOJIOAWJIBHOI MAIlIUHU, 301IBIIYETHCS METAIOMICTKICTh XOJIOIUIBHOT
YCTaHOBKU. BUCOKWIA KpUTUYHUIN TUCK MA€ MO3UTUBHUI aCIEKT, OB'I3aHUN 3 HU3b-
KUM CTYTIEHEM CTHCHEHHS, BHACIIJOK 4Oro €(eKTUBHICTh KOMIIPECOpa CTa€ 3Hay-
HOtO. | 11e TakoXk € mepeBara y Bukopuctandi R744 Ha BOgHOMY TpaHCHOPTI, TOMY
IO y CKJIaJl OUIBIIOCTI CYYacCHUX CYJHOBHUX XOJIOJWJIBHUX YCTAaHOBOK BHKOPHUCTO-
BYIOTBHCSI KOHICHCATOPH 3 BOJSIHIM OXOJOKCHHSM.

OcTaHHIMH pOKaMHM NEpPCNEKTUBHICTh BUKOpUCTaHHS CO; K XOJOI0areHry
MOMITHO 3pocJa. J{iokcuj ByTJelto - oJuH 3 He0araTb0X XO0JIOJ0areHTIB JJIsl XOJI0-
IWIBHUX CHUCTEM, aKTyaJIbHUN 3 TOYKH 30pYy €(EKTUBHOCTI 3aCTOCYBaHHS Ta Oe3rie-
KM I HAaBKOJMIITHBOTO CEPEeNOBHUINA. 3aCTOCYBaHHS TPATUIIIHHIX XOJIOJO0AreHTIB
OOMEXY€EThCSI PI3HUMU HOPMATHUBAaMHU, MPUYOMY y BCbOMY CBITI CIIOCTEPITra€ThCs
TEHJIEHITISL 0 iX »KopcTkocTi. KpiM mporo ¢ppeoHn MarOTh psiji 1HIIUX HEJOJIKIB,
CyTh SIKMX 3BOJMTBCS IO HACTYIMHOTO: HEMAE TAKOTO CMHTETHYHOTO XOJIOJ0ATEHTY
aKui OyB OM 030HOOE3MEUYHUM, HE CIIPUSIB OM CTBOPEHHIO MAPHUKOBOTO €PEKTy, MaB
Ou XopoII TepPMOJMHAMIYHI BJIACTUBOCTI Ta BHCOKI EKCILIyaTalliiiHi mapaMeTpHu.
Byrnexucnuii ra3, abo mgioxcun Byrieito (COz), Mae X0opoI MOKa3HUKU e()EeKTUB-
HOCTI JJI1 HU3bKUX TeMIIepaTyp, Iy>Ke BUCOKY TUTOMY XOJIOAOMPOIYKTUBHICTE. He-
JOJIIKH (PPEOHIB CIPUSIIA TOMY, 0 Y CBITI CIIOCTEPITAE€ThCS TEHICHIIISI IEPEX01y Ha
HaTypaJibHi, MPUPOIHI, XoJoa0areHTu. Haitbiipin monmysisipHi MOBITps, BOAQ, aMiak,
BYTJICBOIHI, BYIJICKUCITUI Ta3. [Ipr bOMy TOBITpSI Ma€ HaJI3BUYANHO HU3BKY TEM-
neparypy KHUITiHHS, @ BOJa BUCOKY 32 HOpMaJbHUX YMOB. AMiaK € OJHHM 3 Hallkpa-
IIMX XOJIOJUIHPHUX arcHTIB 1 B JaHWW Yac aKTUBHO BIPOBAIKYETHCS JJIT MaJTUX XO-
JIOUIBHUX YCTAHOBOK, MPOTE TOJOBHUM HEJOJIK — TOKCUYHICTh Ta BUOYXOTIOXKe-
KO0O0E3MEeUHICTh HerepeOopHuil. ByrieBoHi 11e OuTbill BUOYXOMOXKEKOHEOE3IMeuHi,
HDK amiak, TOMY iX JOIIJbHO BUKOPUCTOBYBATH TUTHKUA B MajUX XOJIOJAWJIBHUX Ma-
IIMHAX, HApUKIa[, y moOyToBii TexHimi. Ha npomy Tii miaBUILEHUH 1HTEpeC A0
BYTJICKUCIIOTO Ta3y CTa€ IIKOM 3po3yMinum[2].

[nimiaTuBa moBepHyTHUCS A0 BUKOpUcTaHHS CO; y XOMOAWJIBHIN TEXHII Haje-
KUTh CKaHIMHABCHKUM KpaiHaMm, Ji¢ 3aKOHU 3HAYHO OOMEXYIOTh BUKOPUCTAHHS XO-
nonpoarenTiB HFC ta HCFC. fIk xonogoareHT A NpOMUCIOBUX YCTAaHOBOK 3a3BH-
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9ail 3aCTOCOBYETHCSI aMiakK, Ta MOro KUIBKICTh y cucTemi oomexena. Ile He € mpo-
0JIeMOI0 /111 YCTaHOBOK, 1[0 MPAIIOI0Th HA BUCOKI Ta CEpelHi TeMreparypu (110 -
15/-25°C), ne KiabKiCTh aMiaKy CKOPOYYEThCS 3aCTOCYBAHHSIM BTOPUHHOT'O XOJI00-
Hocis. JIJis HMOKYMX TeMIlepaTyp 3aCTOCYBAHHS BTOPUHHOTO XOJIOJIOHOCIS Heedek-
THBHE Yepe3 BEJIMKI BTPATH Ha PI3HUII TeMIlepaTyp, y bOMY BUIAAKY BUKOPHUCTO-
By10Th CO».

[Ipu atmocdepuomy tucky CO; icHye y TBepAiil uu nmapoBiil gazax. 3a Takoro
TUCKY piakoi (a3u Hemae. [Ipu Temmnepartypax Hikue -78,4 ° C AIOKCH BYTJICIIO
3HAXOAUTHCSA B TBepAii ¢asi («cyxuid mig»). [lpm mipumenni temmneparypu CO;
cyomimye o mapoBoi ¢aszu. [Ipu tucky 5,2 6ap 1 remneparypi —56,6°C xomomoareHT
J0CATaE TaK 3BAHOI MOTPIMHOT TOYKU. Y Mii TOULl BCi TpU (a3u iCHYIOTh Y PiBHO-
BakHOMYy ctadi. [Ipu Temnepatypi +31,1°C CO; nocsirae cBO€i KpUTHUHOT TOUKH, J1€
MOTO IIIJIBHOCTI B PIAMHHIN Ta naposiii (a3l ogHakoBi (pucyHok 1). OTxe, pi3HUISL
MK ABoMa ¢azamu 3HuKa€E 1 CO; iCHY€ y HAIKPUTUYHOMY CTaHI.
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Pucynok. 1 — Jliarpama TUCK - €HTabIIis U1 XOJIO0JWIBHOTO areHty R744

JIioKCHT BYTJICIIO MO’KE€ BUKOPHUCTOBYBATHUCS SIK XOJIOJIOAr€HT B XOJOIMIBHHUX
CUCTEMaXx PI3HUX THUIMIB, SK CYOKPUTHYHUX, TaK 1 TpaHCKpUTHUYHUX. [Ipu BUKOpHC-
taHHl CO; K X0JI00areHT HEeOoOX1IHO BPaxoOBYBAaTH SK MOTPIHHY, TaK 1 KPUTUYHY
TOUYKY JUIsl OYIb-SIKUX THUMIB XOJOIMWIBHUX cucTeM. Y cyOkputuuHomy 1ukiai CO;
(pucynok 1) Bech niama3oH poOOYMX TeMIIEpaTyp Ta TUCKIB JICKUTh MK KPUTUIHOIO
Ta MOTpiitHOIO ToukamMu. OMHOCTYMIHYACTI XONOoAIbHI 1ukin CO, aHamOrivH1 1H-
ITUM XOJIOJI0areHTaM, aje MaloTh JEesAKl HECHPUATIUBI (HaKTOpH, MOB'sI3aHI HACAM-
nepes 13 0OMeKEHHAM 3Ha4eHb TEMIIEPATYp Ta TUCKIB.

TpanckputnuHi XonoamibHI cuctemu Ha CO;2 B JaHWI Yac BUKOPUCTOBYIOTHCS
B HEBEIIMKUX Ta KOMEPIIHHUX XOJIOAUIFHUX YCTAaHOBKAX, a caMe: y MOOUThbHHUX CHUC-
TeMaxX KOHAMIIIOHYBaHHS MOBITPsI, HEBEIUKHUX TEIUIOBMX HACOCaX Ta CUCTEMaX OXO-
JIOJIPKEHHS cynepMapKeTiB. TpaHCKPUTHUHI CUCTEMHU MPAKTUYHO HE 3aCTOCOBYIOTHCS
y IPOMUCIIOBUX XOJOJMIBHUX yCTaHOBKax. PoOounii THCK y CYOKPUTUYHOMY LIUKJI
3a3BUYail 3HAXOJIUTHCS B J1anasoHi BiA 5,7 no 35 Oap 3a BiAMOBIAHOI TeMIepaTypu
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Bix —55 mo 0°C. Ilpu BiaTaroBaHHI BUMapHUKA TapsYUM razoM 3HAUEHHS POOOUYOTro
TUCKY 3011bIIy€eThCsl Tpuban3Ho Ha 10 6ap. Haitbuem mupoko CO2 3aCTOCOBY€ETH-
Csl y KaCKaJHUX CHCTeMaX MPOMMCIOBUX XOJIOAWIbHUX yCTaHOBOK. Lle moB'sa3ano 3
TUM, 1110 Jl1ala30H POOOYUX THUCKIB J03BOJISIE BUKOPUCTOBYBATH CTaHJIapTHE 00JIa/I-
HaHHS (KOMIIPECOPH, PETyJIATOpH Ta Kiamanu)[3].

BucHoBok
BianoBigHo 10 MikHapoHUX yroj xjopdropByrienb (XDVY) ciijx 3aMIHUTH Ti]1-
podtopsyrieniem (DY) abo mpupoHUMHU X0JI0I0aTeHTAMH — aMiaKOM Ta YACTUMU
BYTJICBOTHSIMU.

Byrnekucnuii ra3 Mae HacTymnHi nepeBaru: 1) Mae BUCOKY 00'€MHY XOJIOAOII-
POIYKTHBHICTB, 2) HE TOKCHUHUH 1 Oe3neunuil; 3) iHepTHUH 10 MaTepianiB; 4) jie-
IEBUM Ta JTOCTYITHUM.

["on0BH1 HEOIIKK - HU3bKA KpuTu4Ha Temneparypa 31 © C ta Bucoki podboui
tucku, 10 10 Mlla.

J71st BUnIpaBiIeHHS [IUX HEJOJIIKIB PEKOMEHIY€ThCSI BAKOPUCTOBYBATH BYTJIE-
KHUCIIUHU Ta3 K JIOMIIIKOIO 3 IHIIIUMH XO0JIOJ0AareHTaMu, HalpUKIIa 1 IPOIIaHOM 1 0Y-
TaHOM.

[Tpu BuKOpUCTaHHI AIOKCUAY BYTJICIIO MOTPIOHE BOJISTHE OXOJIOKEHHS KOH-
JIEHCATOPa XOJOAUIIbHOT MAITMHU, 30UIBIIYETHCS METATOMICTKICTh XOJIOAUIIbHOT
YCTaHOBKHU. BUCOKMI KpUTUYHUI TUCK Ma€ MO3UTUBHUMN aCIIEKT, OB'A3aHUI 3 HU-
3bKUM CTYTICHEM CTHCHEHHS, BHACTIIOK 4OTO €(h)eKTHUBHICTh KOMIIPECOpA CTa€ 3HA-
yHO'10. | 11e TakoX € mepeBara y BukopuctanHi R744 na BOJHOMY TpaHCIIOPTi, TOMY
10 Y CKJIa il OUTBIIIOCTI CY4aCHUX CYJIHOBHUX XOJOJUJIBHUX YCTAHOBOK BUKOPUCTO-
BYIOTBCSI KOH/ICHCATOPH 3 BOJASTHUM OXOJIOIKCHHSIM.

CIIUCOK BUKOPHUCTAHOI JIITEPATYPHU

1. 3aropyiiko B.A., 'omukoB A.A. Cynosas xonoauibHas Texuuka—Kues: Hay-
KoBa ayMka, 2000.— 607 c.

2. T'adypos, 1. JI. [lepcriekTUBBI TPUMEHEHUS YTIACKUCIOTO T'a3a B XOJI0IUIb-
ueix MamuHax / I11. 1. Tadypos, A. C. KapabaeB. — TekcT : HemocpeicTBEeH-
HbIl // Mononoit yuensiit. — 2017. — Ne 7 (141). — C. 46-48.

3. Ouepetsnuii }0.0. TexHiuHa ekcIuTyaTallisi CyAHOBUX XOJOAWIBHUX YCTaHO-

BOK 1 CHCTE€M KOHJIMIIIOHYBaHHS: HaBUaIbHU ToCciOHMK / Ouepersauii 10.0. —
Oneca: OHMA, 2014. — 204 c.
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Ko3eminux H.A., Bacurens /1.1
Hamionansauit yaiBepcuTeT «O1echka MOPChKa aKaaeMisny

AHaJIi3 epeKTUBHOCTI CMCTEM BTOPMHHOI0 CKPAIJIEHHS ra3y CyAeH sl
nepeBe3eHHsI CKpamnjieHuX HagToBUX rasis.

CnoxxuBaHHS ra3y y CBITI Ta BCECBITHBOI €HEPIeTHIll 30UIBIIYETHCSA 3 KOKHUM
qHeM. SIK BIAMIYalOTh MIKHAPOJIHI eKcniepTH, y nepion 2020 — 2025 poky cBITOBUH
00’€M CMOXKMBaAHHS ra3y 30UIbIIUTHCS Yy 5 pasiB. HailmomymnspHimi cyaHOOYIiBHI
Bep(di MOBHI 3aMOBJICHHSAMH Ha HOBI TaHKEpa-Ta30BO3H JJIs CYJOBUX KOMITaHIH.

Icaytots Tpu TN LPG ra3oBo3iB (CyaeH 11l IepeBe3eHHsI CKparieHnX HadTo-
BUX rasiB). ['a30B03 HamipHOIo TUIly y SIKOMY a3 IepeBO3STh IPU TEMIIEpATypl Ha-
BKOJIMIIIHBOTO CEPEOBUIIA 1 TUCKOM NpuOin3HO 18 Oap. ¥V 3B'A3Ky 3 IIUM HE BUHH-
Ka€ MOTPIOHICTh Y CUCTEMI OXOJIOJIKEHHSI BAHTAXY, & TAKOXK Y TEIIO130JIA1I11 TAaHKY.
["a30B03 HaMIBpHKEPATOPHOTO THUILY, SIKI Ta3U MEPEBO3ATHCS HUKYE HIK TEMIEpaTy-
pa HaBKOJIMILIHBOTO CEpeOBUIIA ITPU BITHOCHO HEBEJIMKOMY THUCKY (MpUOIU3HO 4 —
8 0Oap). MicTkicTh HamiBpedpHKepaTOPHUX Ta30BO3IB 3HAXOIUTHCS B MEXKax Bij
2000 o 25 000 m3. I'a30B0O3M pedpHKEepaTOPHOIrO THUIY MpPU3HAYEHI JJIS NepeBe-
3€HHSI MOBHICTIO OXOJIOJPKEHHUX 3pIJKEHUX Ta3iB MMPU HU3bKINA TeMIepaTypi 1 THCKY
MakcumyMm Ha 0,3 Gap Bume armocdepHoro. BantaxoMicTKiCTh ra30B031B pedpu-
’KEPaTOPHOTO TUILY, IPU OJJHAKOBUX KOHCTPYKTUBHUX PO3MIpax, BUIIE, HIXK B 1HIINUX
ra3oBO3iB 332 PaxXyHOK Pi3HUIII MIUTBHOCTI 3PIJKEHOTO Ta3y MpH TeMIlepaTypl HaBKO-
JUIIHBOTO CEPEJIOBUINA 1 TeMIlepaTypl KumiHHs. Pedprkepatopsi cyHa 100pe Iii-
TXOJIATH JJIsl IEPEBE3CHHS BEITUKUX OOCSTIB BaHTAXIB, TAKUX K CKPArUIeH] IPUPO/I-
Hi Ta HaQTOBI T'a3H, €TIJICH, aMiaK, XJJOPUCTHI BIHIJI Ha BEJIMKI BIJCTaHI.

VYcTaHOBKM, NMpU3HAYEHI 1J1s1 3a0€3ME€YeHHS] TEMIIEPaTypHUX PEKUMIB B BaHTA-
KHUX TaHKaxX CyJHa MPH MEpPeBE3CeHHI CKPAaIIEHWX MalOTh HAa3BY yYCTaHOBOK BTO-
punHoro ckparuieHss rasy (YBCI'), abo RELIQUEFACTION PLANT.

BaxnuBUM NUTaHHSAM € BU3HAYEHHS 1 aHAll3 €HEPrOBUTPAT MPH €KCILTyaTalii
nBoctyneneBux 1 kackaauux YBCI' B ogHakoBUX ymoBax ekcruryaTanii. s mouart-
Ky po3riisiHemMo aBocTtyneneBy YBCI, sika Moxke OyTH BUKOPHCTAHOIO 1 Ha CyJIHax
ra3oB0o3ax HamiBpePpUIKEPATOPHOTO THITY.

[TopiBHSHHS BUTpAT €HEPrii MPOBENCHO Ha 0a3i MOPIBHSIHHS 3MiH CHTAJBIIINA B
MpoIIeci CTUCKAHHS POOOYOro Tijla B KOMIpecopax y ABOCTyIeHeBoi (puc. 1) Tta ka-
ckanHiii (puc.2, 3) YBCI'

YMoBu ekcrutyaTartii: TemmnepaTypa BaHTaxy y Tanky — -40° C;

TemnepaTypa BCMOKTYBaHHS MEpILOi CTyneH1 kommpecopa — -25° C;

Tuck HarHITaHHA NEPIIOi CTyMeH1 kKommpecopa — 4,5 Oapa;

TemnepaTypa HarHiTaHHs NepIIOi CTyINeHi kommnpecopa — 50°;

Tuck HarHiTaHHA Apyroi cryneHi kommpecopa — 10,9 Gapa;

TemnepaTypa HarHiTaHHs APYyroi CTyneHi kommnpecopa — 78° C;

Temnepatypa kongeHcaty Ha Buxoai [10 11° C

1-2 mapu BaHTaxXy NMPOXOAAThH Yepe3 BIIUIBHUK PIIUHU 10 BCMOKTYBAHHS TEp-
101 CTYMEH1 KOMIpecopy; 2-3 mapu CTUCKAIOTHCS 10 MPOMIXKHOTO TUCKY 1 HaIpas-
JSIOTHCS Y MPOMIKHUM 0XO0JIOKYBay; 3-4 0XOJIOMKYIOThCS 10 CTaHy HACUYEHHSI; 4-

102



5 BCMOKTYIOTBCS Y APYTY CTYIIEHb KOMITpECopa; 5-6 KOHACHCYIOTHCS 3 TOCTIHHUM
TUCKOM; 6-A NPOCENIOETHCS Y PETYNIOI0YMNA BEHTUIb M HAIXOIUTh y MPOMINKHUN
OXOJIOJKYBay; 6-7/ MepeoxoyoHKeHHs; 7-8 mpolec APOCETIOBAHHS.

R1270, CH;CH=CH,, Propene (propylene)
T critical = 91.75 °C. p critical = 46.13000 Bar, v critical = 0.00441 m/kg
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Puc 1 Iuxn neocryneneBoi YIICT ¢ mpoMi>kKHUM 0XOJIOKyBadeM

Po6oTa BuTpadeHa Ha CTHCHEHHS B TIEPIIOMY CTYIICHI:

l,=h,—h,
660 — 555 = 105 (@)

KT
PoGoTa BUTpaueHa Ha CTUCHEHHS B IPyTOMY CTYIIEHI:

I, = hs —h,
695— 575 — 120 (@)

KT
Cymapna pobora:

l,+1, =105+ 120=225 (—I"ﬁ“)

KackagHa ycTaHOBKM CKJIQA€ThCS 13 HUKHBOTO MPOMAaHOBOTO KaCKaay 1 BEPXHBOTO
XJIaJIOHOBOTO KacKajy, Y IKOMy BUKOPHUCTOBY€EThCS XanaoH R134a.

Po3srisiHeMo UK HUSKHBOTO Kackaay (puc 2.). 3a yMOBOIO, sIKi MU 00pajiy BUIIIE.
PoGoTa BUTpaueHa y HUKHbOMY KacKa/li:

[ =hy—h,

1 Kack
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Pressure [Bar)

660—560= 100 (@)
KT

R1270, CH;CH=CH;, Propene (propylene)
T gritical = 91.75 °C, p critical = 46.13000 Bar, v critical = 0.00441 mVkg.
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R134a, CH;FCF3;, 1,11 2-tetrafluoroethane
T gritical = 101.10 °C, p gritical = 40.67000 Bay, v gritical = 0.00195 m'kg
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Puc.2. [Iuxn HIOKHBOTO KacKaay

Cymapha pobora:
lac T logace = 100+ 20 =120 (?)

Taxkum 4yrHOM 3pOOUBIITY MOPIBHSUIBHUHN aHaJ3 IBOCTYIIEHEBO1 1 kackaaHoi YBCT
MOKE€MO 3pOOUTH BHCHOBOK, III0 KaCKaJHa CHCTEMa SIBJISIEThCS Habarato eHeproe-

¢dextuBHa HIXk nBocTyneHeBa YBCI'. CymapHa 3aTpara Ha CTUCHEHHS r'a3iB JBOCTY-
K

nedeBoi YBCI' Ouibina Hixk kackaaHoi Ha 105 ( KT ) VY 3B’43Ky 3 IMM Ha CyJIHaX
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ra3oB03ax IepeBara MoBUHHA OyTH HaJlaHa KaCKaJHU CHCTeMaM BTOPUHHOTO CKparl-
JICHHS Ta31B.

JIITEPATYPA

1. 3aiines B.B., Kopo6anos }0.H. Cyna-razososu. — JI.: Cynoctpoenue, 1990 —
304c.

2. C.D. MakUurom, IL.I". Hoy6m, /Ix. PoxBemnu u K. 1. Pamnaxan. Mopckas
TpaHCTIOPTUPOBKA MpupoaHOTO Ta3a// HedrerazoBoe o603penue, 2008. Tom
20, Ne2: 58-73.
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Kappmam B.I1., /Iuna B.B.
Hanionansuuit yaiBepcuteT «Oiecbka MOPChKa aKajeMisny

Oco0s1uBOCTI epeBe3eHHs BYIVICBOAHIB Cy1aMHU

[TpoGnema 3a0e3nedueHHs HAAIMHOT eKCILTyaTallii Ta BUOyX0- Ta MOXKeXo- Oe3re-
9HOi poOOTH TPYOONPOBOIB Ta cUCTEeM 30epiraHHs HaTH Ta HAPTOMPOAYKTIB €
HAWBKJIUBIIIUM 3aBJaHHSIM Ha CHOTOJIHI.

Jlist 3a6e3nedeHHsT HAJIeXKHOT SIKOCTI HAQTOMPOAYKTIB Y CUCTEMaX TPyOOIpoOBO-
IiB BUKOPUCTOBYIOTHCA PI3HI (PIIBTPU Ta CUCTEMU OYMILEHHS KIHIEBOTO MPOIYKTY
Ha(TOMPOyKTax BUKOPHUCTOBYIOTHCA TaKOX PI3HI MpUCaTKU Ta copOeHTu. Bee 1e
pazoM 31 30UIBIICHHSIM NPOAYKTUBHOCTI CUCTEMHU IEpPEKauyyBaHHS BUBOJMTH HA 1
MicIie MpoOIeMy BUHUKHEHHSI CTATUYHOI €JIEKTPUKH Y TPYOOIpOBOIaX Ta CUCTEMAax
30epiranHs HadTU Ta HAQTONMPOIYKTIB.

CratuyHa enexkTpuka nopoaxye TpyOonpoBigHUN TpaHCIOPT Ta cucTeMa 30epi-
raHHs HaQTH Ta HAPTOMPOAYKTIB PsJ MPOOJIeM, cepell SIKUX TOJIOBHUMHU € 3aXUCT
B1JI TTOKEX Ta BUOYXIB.

V 3B's13Ky 3 MM BUHUKAE HEOOXITHICTh PO3POOKH CYy4acCHOI CUCTEMU KOHTPOJIIO
Ta YOPaBIIHHS CTATUYHOI eNeKTpu3alii HaQTOMPOIYKTIB, 10 MPOTIKAIOTh TPyOOII-
POBOJIaMH 1 3aBAaHTAXKYIOTHCSI BAHTAXKH1 TAHKH.

Enexrpusariis Hadtu npuiny pyxy B TpyOOIpPOBOJaX € MPUUYMHOIO TOTA aHHS
3apsAJiB CTATUYHOI €JICKTPUKHU B Pe3epByapH 1 CXOBUIIA HAQTONMPOIYKTIB, IO CIPH-
si€ BUHUKHEHHIO 1CKpPOBOTO 3apsiy Mapora3oBoi aTMoc(epy CXOBHUIIA 1 KOMa B KiH-
[IEBOMY PaXyHKY, MOKE MPU3BECTH JI0 BAXKKOI aBapii. 3B1JICH BUILJIMBAE BAXKIIUBICTh
NIPOTHO3YBaHHSI BUHUKHEHHS HEOE3MEUHUX CHUTYyallil y pe3epByapax-CXOBHIIAX Ta
3a0e3MeueHHs] He0OX1THOTO PIBHS O€3MEeKH Ta HaIIHOCT1 €KCIUTyaTallii OCTaHHIX.

VY 3B'SI3KY 3 IUM YK€ aKTyaJIbHUMH € poOOTH 3 yIOCKOHAJIEHHSI METO/IIB pO3pa-
XYHKY MpOLECIB eleKkTpu3alii HadhTu B TpyOOnpoBoAax 1 KoMa 30KpeMa, IiJIBUILIECH-
HSI TOYHOCTI PO3PAXYHKY.

Hadra, mo TpancnmopTyerbest TpyOONpOBOAAMH, 3aBXKIW MICTHTH SKYCh KiJTb-
KICTh JIOMIIIOK, TAKUX SIK: MPUCATKHU, BOJA, Oyap0alIKy MOBITPsi @00 1HIIOTO Tasy 1
T.I. MOJIEKYJIH SIKUX Y TAKOMY PO3BEICHOMY PO3UMHI AMCOIIIO€ TIEBHOIO MIpOIO Ha
MO3UTHUBHO Ta HETATUBHO 3apsKEHI 10HU.

105



BnacTuBOCTI OpraHidyHUX piAMH 1, 30KpeMa, HaQTU eneKTPU3yBaTHCS, Y Pl BU-
NajKiB MPU3BOAUTH /10 3aMaJICHHS 3a PaXyHOK Jii 1CKPOBUX PO3PAJIIB, 110 BUHUKA-
I0Th Y CEpPEIOBUIL TOPIOYUX T'a3iB HAJl PITUHOIO.

JI71s1 TOsICHEHHS TOSIBU €JIEKTPOCTATUYHUX 3apsily B Ha(TOCXOBUIIAX JTOPEUYHO
BUKOPUCTOBYBATH 3arajbHOBU3HAHE YSBIICHHS MpPO MOJABIMHE €JIEKTPUYHE CIIOBO
yTBOPIOBAaHOMY TPYOONPOBO/II HA MEXI PO3/LIY TBEPAOi 1 piakoi (a3 BpaxoByIOUH,
10 B MeTajax sIKk pPyXOMHUX HOCIIB 3apsily BUCTYIA€ €IEKTPOHU TUM OLJIbIlIe IO B
OUIBIIOCTI BUMAJKIB, BUKOPUCTOBYIOTHCSI KaTOJIHUIN 3aXHCT TPyOOIIPOBOIB, HACTY-
nHa (i3uyHa MOJIENb EIeKTPU3aIlii.

Enexrpu3ariis HahTOMpOAYKTIB BiIOYyBA€THCA 3a PI3HUX TEXHOJOTIYHUX MpOLIe-
cax:

1. IIpoTikaHHA HaTOMPOIYKTIB TPYOOIIPOBOIAMHU

2. IlpoxomxeHnHs HadTONPOAYKTIB Yepe3 TEXHOJOTIYHE OOJaHAHHS, TaKe SK
GTBTpH, 3aCYBKH, HACOCH, KJIAIIAHU Ta 1H.

3. 30ip Ta mepeminryBaHHs HAQTOMPOAYKTIB y pe3epByapax-CXOBHUIIIAX.

[Tpu npotikanHi HAPTOMPOAYKTIB TPYOOIIPOBOaMHU BiIOYBAETHCS €ICKTPU3AIIiSL
pPaxyHOK TMOJAUTY 3apsiAiB Ha MeX1 po3aity (a3 piiuHU 1 TBEPAOTro TiJia, 110 OMUCY-
€THCS TEOPIl eNeKTpu3allii piAuHu B TpyOonpoBoaax. [Iporiec HamoBHEHHs Bi10yBa-
€THCS TEPEMIIIyBaHHA HA(TOMPOIYKTY IMiJl JI€I0 CTPYMEHS HAPTOMPOAYKTY, IIO
HAJXOJUTh, SIKIIO HAAXOIATh HAQTONPOIYKT Hece B cOO1 €NEeKTPUYHUHN 3apsii, TO
BiH OyJie pO3MOAICHUM IO BCbOMY 00CSTY pe3epByapa.

3apsa 00csroM HAQTOMPOAYKTIB CTBOPIOE EIEKTPUYHE MOJ1 yCepeanuHl pe3epBy-
apy cxoBuina. HampykeHiCTh eTeKTPUYHOTO MOJIs HaJl MOBEPXHEI0 HAPTOBOTO /13€-
pKayia MOke OyTH AYy’K€ BUCOKOIO 1 10CSTrae MPpOOMBHUX 3HAYCHD.

CnoyaTKy Npu Haaxo/KeHHI HaQTH B TpyOOIpOBiJ BOHA MPUNMAETHCS EJIEKT-
PUYHO HEUTPAJIbHOIO NIPH MPOTIKAHHI HAPTHU MO TpyOl HA MOBEPXHI TPYOH YTBOPIO-
IOThCSI TIOJIBIMHUI €IEKTPUYHUHN 1Iap, MPUIOMY METall TOBEPXHI TPYOHU 3apsiIKaA€Th-
Csl HETaTUBHO. Y CBOIO 4epry mapu HadTH y MOBEPXHI METaly 3apsiHKeHl KOHTJIO-
MepaTH MOJIEKYJI MIlelH. 3raJlaHiii MO3UTUBHO 3apsJKEHUN 1map HadTH miapo3ii-
JSETHCS HA 2 TAIIapy: MOHOMILETSIpHU 1ap ['enbmrosbiia, >)KOPCTKO TMOB'I3aHMM 3
MmoBepxHE MeTany, 1 audy3aui migmap ['yi. Llei mpormec TpuBae 10 MOBHOTO CTi-
KaHHS Ha TPyOy MO3WTHUBHHX 3apsiB 1 y pe3yiabTaTi HadTa 3apsKacThCs HEraTHB-
HO.

[HTEeHCUBHICTD eneKTpu3allii HadhTH, O 3aJIeKUTh Bl IIBUIKOCTI TOTOKY B TPY-
01, HasBHICTh JIOMIIIOK, COJIE€H, BOJU, TEMIIEPATYpPOIO TOILO, BU3HAYAE JOBKUHY Ii-
JISTHKU TPYOOIIPOBOJY, HAa SIKOMY JOCSTAETHCS MAaKCUMAITHHO MOKJIMBUI HETaTUBHUI
3apsin HapTu. BenmnunHa 00'éeMHA MIUIBHICTH IIHOTO 3apsily 1 BU3HAyae, 3pElTolo,
HaIpyKEHICTh CJICKTPUYHOTO IMOJsi B Ta30BOMY IpocTopi HadTocxoBuiia. Came
3HAYEHHS HAIMPY>KEHOCTI €JIEKTPUYHOIO TMOJISI B MapOMOBITPSIHOMY CEPEJIOBHILI HAY
MOBEPXHEIO PIIUHU, IO OXOPOHSETHCS B pe3epByapl, MPUPOIHO NPUNHATU K KpH-
Tepii HeOEe3NMeKn HAKOMUYCHHS €JICKTPUYHOTO 3apsly Ta OLIHKKA BHOyXOHeOe3mneu-
HOCTI cutyarii. [Ipu qocuTh MBUAKOMY 3alTOBHEHHI pe3epByapy BiIOYBA€ThCs 1HTE-
HCUBHE NIEpEeMIIITyBaHHs YaCTUHKHU B pe3epByapi. MokHa 3p0OUTH NPUITYILIEHHS TTPO
MOYaTKOBUH PIBHOMIPHHM PO3MOJLT 3apsay B pe3epByapi, MpoOTe uepe3 AESIKHil yac
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BiJI0YBA€THCS 3MEHIICHHS 3apsi/iiB YACTHHOK, PO3TAIIOBAHUX OJMK4Ye J0 CTIH 3a3e-
MJICHOTO pe3epByapa paxyHOK MOCTYOBOTO CTIKaHHS 3apsiiy Ha 3eMJTIO.

3riIHO 3 JaHUMH PSAY JOCTIKEHb, BEIMUYMHA 00'€MHOT IIIIBHOCTI 3apsiay Ko-
nuBaeThes B Mexkax Big 10 go 10 KysoH Ha MeTp KyO14HMM. 3 OTpUMAaHKUX JAHUX BU-
JTHO, IO €JIEKTPUYHI MOTEHIa I, 110 BUHUKAIOTh Y HAa(TOMPOAYKTI B pe3epByapi,
3a3eMJICHHSIM JTHUIIE, CTIHOK 1 KPHUIIKK B MEpIll MOMEHTH MiCIis 3alIOBHEHHS, MPU
PIBHOMIPHOMY PO3MOJIUII CTATUYHMX 3apsiB, Y KUIbKa pa3iB OuIbIIe, HIXK y pe3ep-
Byapi, Jie 4YaCTHHA 3aps/iB BXKE CKJIa YTBOPUJIACS TaK 3BaHA CHMHYCHO-KOCHHYCHA.
PO3IOILT 3apsIIiB.

Haii6iap1m KpuTHIHOO 3 TIOTIIS LY MPo00o ra30Boi (ha3u BHOYXOHEOE3MEeUHOCTI,
BUABIIIETHCS. TIOBEPXHS HAPTU B HaTOBOMY pe3epByapi TOUKaA, /i€ PI3HUII MOTEH-
[1aJIIB MK II€EI0 TOYKOIO 1 3a3€MJIEHUM METAJIEBUM J1aXOM PE3EPBYyapy JIEKUTh B -
ana3osi Bix 136*1076 go 75*%1076 B.

[Io6 BUKITIOYUTH 3apsi]i CTATUYHOI €JIEKTPUKU B MapOra3oBOMY MPOCTOPI pe3ep-
Byapa, HeOOX1/IHO 3HU3UTH 00'€MHY MIUIbHICTh €IEKTPUYHOTO 3apsiay B HadTOMpo-
JyKTax JI0 3a0€3MeUeHO0] BEJIMUMHU TOUKY.

[TapameTpoM BU3HAYATBLHUM MIUIBHICTD €IEKTPUYHOTO 3apsiy Ha(TOMPOIYKTI €
KUIBKICTh CaMHUX HOCIIB JAHOTO 3apsiay, TOOTO KOHIICHTpAIlis MOTEHIIMHO BU3HAYa-
JBHUX 10HIB 00CSITOM Ha(TH.

Sk BIIOMO 3 TEXHIKM BHCOKOi HANpPyTrH, HAIPYXEHICTh ApKTUYHOTO MOJIsS, MPU
AKIA MOKJIMBE ICKPOYTBOPEHHS IUIsl PI3HUX Ta30BUX CEPEIOBUIL MTPU HOPMAaIbHIN
TEMIIEpaTypi Ta TUCKY, CTAHOBUTH O1n3bK0 3-1076 B/m.

CIINCOK JIITEPATYPU

I'.C. Xopaac «TexHiuyHe KOHAMIIIFOBAHHS MOBITPS Ta IHEPTHUX ra3iB Ha CyJax»

YK 621.564.3:629.5

Kappam B.I1., Menbauk €.B.
Hamionansauit yaiBepcutet «Onechbka MOpChKa akaaeMish)

Oc00.,1MBOCTI BUKOPHCTAHHS AJILTEPHATUBHUX X0J10/I0AT€HTIB

®dpeoH (X0J100areHT) — II¢ XIMIYHA PECUOBHHA, SIKa BUKOHYE (DYHKIIIIO TIepeHe-
CEHHS TeIula 3 BHYTPIIIHbOIO 0JOKY CIUNT-CUCTEMH Y 30BHIIIHINA. 32 30BHIIIHIM
BUTJISIIOM (PpEeOHHU SBIISAIOTH cO00I0 O€30apBHUIA Ta3 a00 piaUHY, III0 HE Ma€ 3amaxy.
®peoH HE TOPUTH HA TOBITPI, TOMY € a0COJIOTHO TOXKEK00e3MeYHUM. 3acCTOCO-
BY€TbCA BIH Yy PI3HOTO POAY  XOJOAMJIBHOMY OOJIafHaHHI, a TaKOoX
B KOHAMIIIOHEPAaXx.

AoGpesiatypa "R", mo 3 anrmiichkoi refrigerant mepexaagaeThes K "0XOIOIKY-
Bay, xojomoareHt", Oyna 3ampoBamkeHa "Ximiunoto Kinernunoro Kommaniero". ¥V
MaiOyTHROMY TaKa Ha3Ba CTaja 3aCTOCOBYBATHCH Ul MO3HAUYEHHS BCIX TUMIB (pe-
oHiB. [lepun Bepcii ¢ppeoni, xnophropyrieni (R12, R22) posnoyanu xonoauibHy
PEBOJTIOLII0, TPOTE BOHU PYWHYBAJIM 030HOBY KYJIIO.

107


https://shop.alterair.ua/kondicionirovanie/multi-split-vrv/vnutrennie-bloki/
https://alterair.ua/kondicionery/

1 ciunsa 1989 poky HaOyB unHHOCTI MoOHpeanbChbKuil MpOTOKOI [2], B IKOMY 3a-
OOpOHSETHCS BUKOPUCTOBYBATH y CKJIAJl XOJIOJOAreHTIB PEYOBHUHU IIKIIIMBI IS
030HOBOTO IIapy, Taki K XJop, 110 MicTUuThCcs B R12 1 R22. Ha 3amMiny M npuiinnim
rigpodropsyrieni (R410A, R134a, R404A Tta in), axi matoTh Hyias0Bui ODP (030-
HOpyHHYIOuMi nmoteHmian). OaHak, He3BaKalouu Ha Oe3MeKy JjIsi 030HOBOTO IIapy,
BOHH 1 MOJIIOHI JO HUX PEYOBHHHU, IO MICTATH y c001 (GTOp Ta HOTO CHOJIYKH, 3HAY-
HO MPOAOBKYIOTh BIUIMBATH Ha INI00AJIbHE MOTEIUIIHHS, 0 XapaKTepU3YEThCs MO-
kazHnukoM GWP.

3 METOI0 CKOPOTUTH BUKHUIM MapHUKOBHX Ta3iB, B 2006 p. [lapmamenT €Bpoco-
103y omyOsmikyBaB JlupektuBy mnpo aBTOMOOUTEHI KoHamimionepu (Mobile Air
Conditioning Directive), mo naka3ye 3 1 ciuas 2011 p. 3anpaBisaTi KOHAUIIOHEPH
HOBHUX MAaIllUH TUIBKUA XOJIOJ0AareHTaMH, MOTEHIIA TJI00abHOTO MoTeruiiHHsA. [{u-
PEKTHUBH 03HAYaJo, 110 €M0Cl, KOJIU B OUIBIIOCTI aBTOKOHIULIIOHEPIB BUKOPUCTOBY-
BaBcs ¢peon R134a, ynii [1I'TI 6nusbko 1430, HacTae KiHElIb.

B sxocti 3aminu R134a aBTOBUPOOHUKHM PO3TIIAIAIM Pi3HI PEUOBUHH, CEPE
akux CO2, nponan, i300ytan Ta R152a (nudroperan). Ane y KOXKHOI 3 IIUX peyo-
BUH CBOi CEplO3HI HEMOJIKU: BHCOKHI pOOOYMI THCK, HH3bKa TEPMOJMHAMIYHA
e(eKTUBHICTh, BUCOKA 3alIMUCTICTh 200 BMOYXOHEOE3MEeUHICTh. TUM YacoM BUPOO-
HUKH XOJIOJI0AreHTIB pO3pOOJISIIM HOB1 MPOAYKTH, SIKI O 3a70BOJIBHSIN 3aMlUTaM 1H-
TycTpii Ta HOpM J{UpEeKTUBU MPO aBTOMOO1IBHI KOHIUITIOHEPH.

MixHapoaHe CycHiIbcTBO aBTOMOOUTEHUX 1HXeHepiB (SAE) BuBumio B pamMkax
ciibHOI HaykoBo-mochiaHoi nporpamu (SAE CRP) Bci HasiBHI BapiaHTH Ta 3yIH-
HUJIO CBili BHOip Ha xojomoareHTi HFO-1234yf sk Ha pimieHHi, o BiIMOBiAae HO-
BHM €BPOIEHCHKIM BUMOTAM.

HFO-1234yf (R1234yf) - peyoBuHa, cnijpbHO po3podiecHa kKommaHisiMu DuPont
ta Honeywell. Woro II'TI nopiBHIO€E 4, 10 Ha 99,7% Huxue, Hixk R134a.

[TopiBHSIEMO 111 IBa XOJIOA0AreHTH:

Hazganue R134a Opteon® YF (R1234yf) ]
TXuMMiecKan Gopuyna [ CH,FCF, <7 7 | P—
| XuMHUECKoe Ha3BaHHe | 1,1,1,2- retpa(bropaxau | 2,3,3,3- retpapropnponan
Tpynna | dropyrnesogoponw (MOY; HF()' ruppodroponepunn (HFO)

" COBMECTHMOCTS € MACNaMM | PAG / POE 'PAG ana R1234yf/POE pnn R123/.yf'
| TeMmneparypa Kunexua npu 1 arm. | -26°C | -29°C '
| Kputusecxas Temnepatypa | 102°C | 95°C

" Kputuyeckoe pasnenue | 41 bap | 34 bap

- 0DP | 0 | 0

GwP | 1430 | 4

Ax Gaunmo, (i3uyHI BIACTHBOCTI Ta3iB MPAKTUYHO OJHAKOBI, aje KOEQIIl€HT
riobanpHOTO oterutinAsa (GWP) nabGarato menie.

[Iogo roprovocTi HOBOI PEYOBHHM, TO B oruisial, Bunymenomy SAE 10 nucrona-
na 2009 p., iigeTeesa Take: «Y pasi 3aiimanHs aBToMoO1IsT HFO-1234yf, ax 1 1Hmmn
Marepiaiu, 10 BUKOPUCTOBYIOThCS B aBTOMOOUISIX, HAPUKJIIA] MJIACTHK, MOXE CIla-
JAXHYTH 3 YTBOPEHHSM HEOE3MEUHUX MJisl 37J0pOB'S MPOAYKTiB ropinHsa. OmHaK He-
BIJIOM1 JIOKYMEHTAJIbHO MIATBEP/XKEHI BUITAJIKH, KOJIM 3arOpsiHHS XOJIOJOAreHTY B
aBTOMOO1JTbHOMY KOHJIUIIIOHEP1 MPU3BEJIO A0 TPABM YU CMEPTI».

Tam e TOBIJOMIIIETHCS, MO «[i BIAKPUTOTO BOTHIO HA XJIAJAreHTH, IO MiC-
TATH PTOP, MOXKE MpU3BECTH A0 yTBOpeHHs ¢ropuay BogaHio (HF)». [Ipore «anami3
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PU3HKIB TOKa3aB, 10 30ir o0CcTaBuH, 3a SKOro BinOymyThcs BUTIK HFO-1234yf ta
HOTO 3aropsiHHSA, € HaJA3BUYAHO MaJoMMOBIpHUM. BiamoBinHO, HMOBIPHICTH YTBO-
peHHs (TOpHIY BOJHIO TAKOK HAJI3BUYAITHO Majia.

binbim TOro, «pe3ynbTaTv €KCIEPUMEHTIB TMOKa3alih, Yy pa3l MajloiMOBIPHOTO
BUTOKY Xxjanarenta — HFO-1234yf a6o R134a — y nipucyTHOCTI BIAKPUTOTO IO-
aym's (Hampukiia, OyTaHOBOIO MajJbHUKA) KIIBKICTh (PTOPUY BOJHIO, 110 YTBOPIO-
€ThCS, HAJ3BUYAMHO Mana 1 mpubiIM3HO OAHaKoBa sl 0o0ox xiaaareHtiB: HFO-
1234. Ilpu upomy «3a Ol HIXK 16 pokiB BukopuctanHs R134a B aBTOMOOUTBHIM
MIPOMHUCIIOBOCTI HE OTPUMAHO OyAb-SIKUX JAOKYMEHTAJIbHO MiJTBEPIKEHUX JaHUX
PO IIKOJY 3I0POB'I0, BUKIMKAHY (PTOPUIOM BOJIHIO, III0 YTBOPHUBCS MPH BHUIIAIKO-
BOMY BUTOKY R134ay.

[HmmMu cnoBamu, Oarato pasiB nepeBepmryrour R134a 3a exoJsorivHicTio,
HFO-1234yf six MiHIMyM HaCTIJIbKH K O€3MEYHHMA MPH MOKEKI.

Xapakrepuctuku: ®peon r1234YF

®peon Opteon 1234yf — mposopuit, 6€30apBHUI, 3PIHKEHUNA 1] THCKOM Ta3.
Herokcuunuii. Kiacudikyerscs gk ciabdo3ailMucTuil, mpote BUIPOOYBaHHS MMOKa3a-
JM, 110 1IeH Ta3 He crajaxye y 3BUYalHUX YMOBAx, 1, MPpU BUKOPUCTAHHI B aBTOMO-
O1TPHUX KOHJWIIIOHEpax, Tak camo Oe3nedHui, sk 1 R134a.

®peon Opteon 1234yf 3a10BOJIBHSAE HAWCYBOPIIII BUMOTH CTaHAAPTIB 3 OXOPO-
HU HaBKOJUIIHBOTO cepefoBullla. Po3manaeTscs Ha HEMIKIIIMBI KOMIIOHEHTH Ta
3HHMKae 3 arMocepu npotarom 11 gHiB, Ha BiAMIHY Bix xjagarenta R134a, mo 3a-
JUIIAETHCS Y HABKOJIMITHBOMY CepeAOBHILI OJIM3bKO 13 pOKiB.

R1234yf TexHiuHi XapaKTepUCTUKU:

Momnsipna maca, r/moib - 114

[ineHicTs 3a 25 °C, r/cM3 - 1,1

Temnepatypa xuninus npu Tucky 0,1013 Mlla, ° C - 29

Temneparypa camo3aiimanns, ° C - 405

Kputnuna Temneparypa, °C - 95

Kputnunwnii Tuck, Mlla — 3,4

Ozonopyitnyrounii norenmian (ODP) - 0

[Torenmian rinobdansHoro noremtinas (GWP) - 4

Kiac meb6esmneku 3a crangaprom ASHRAE-A2L

Oco6mmBocTi HOBOTO X0j010areHTy R1234yf:

Haiironopnima nepeara R1234yf - BiH 061111 €KOJIOTTYHUI 1 BIJMOBIIA€ Cydac-
HUM HOpMaM BHKHUJIB B aTMOC(epy.

OnHak HOBHUM ra3z € OUIBII CKJIQAHUM Ta HEOE3MEYHHUM IO BIJIHOIIEHHIO 1O IIO-
NEpEeTHBOTO, & CaMe:

R1234yf € 3aiimuctuM, 1110 HaKIaAa€ HA MOPSAOK OUIbIIE BUMOT A0 KOHCTPYKIIIT
KJIIMAaTUYHUX CUCTEM Ta OOJaJHaHHS 1X oOciayroByBaHHs. Ha HOBHMX aBTOMOOLISX,
3anpaBiIeHUX HOBUM ra3oM, OyIyTh KJIEITHCS BEJIHMKI JKOBTI HaKJIEWKH 3 BIAMOBIJI-
HUMU TTOTIEPEHKEHHSIMH.

HoBuii xosogoareHT BUMarae OLIbII TOYHUX BHMIPIOBaHb Ta JO3YBaHHS TPHU
Horo mepes3arpasiii.

[Tpu Bukopucranui R1234yf moBunHa BuKItOuaTHCS HeOe3meka 3a0pyaHEHHS
(omiero, 1H. Ta30M, iH.).
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[Tounnaroun 3 2011 poky, Bci HOBI aBTOMOO11 (3 Macoro MeHie 3,5 T) 3 IBUTY-
HaMu HOBO1 omoJtorarii micis 1.01.2011 p. noBuHHI Oy1yTh BUKOPUCTOBYBATH CHC-
TeMy KiiMaTu3allii MmoBITpsS 3 HOBUM THUNOM XojojaoareHTy — R1234yf. Ile HoBi
YUHHI MDKHApOJAHI HOPMATHUBH Y Tajly31 OXOPOHH HABKOJHUIITHBOTO CEPEIOBHIINA, K1
PO3IOBCIOIKYIOTHCS a0COJIFOTHO Ha BCIX aBTOBUPOOHHUKIB 13 YCIX KpaiH CBITY.

Kpim ppeony s 3anpaBku KOHIMIIIOHEpa aBTOMOO1Is By MokeTe npuadatu B
iHTepHeT-MarasuHi InSafe nomarkoBe obnmagHanus aig podortu. L{iHu yrodyHIONUTE Y
MeHeKepiB 1o Tenedony abo Oyap-sAKy iHILY (popMy 3B'SI3KY.

R1234yt R1234ze R134a

(HFO) (HFO) (HEC)
ASHRAE Safety Group® A2L A2L Al
GWP® 4 7 1430
ODFP* 0 0 0
Critical pressure (MPa)? 34 36 41
Critical temperature (°C)4 95 109 101
Boiling point at 1 atm (°C)* -29 -19 -26
ASHRAE flammability Yes (low) Yes (low) No
ASHRAE toxicity No No No

= ANSI/ASHRAE Standard 34-2010.

b Global Warming Potential (100 years) (IPCC 4th Assessment report
(Intergovernmental Panel on Climate Change (IPCC, 2007))).

¢ Ozone Depletion Potential, United Nations Environment Program
(UNEP (2012).

d NIST REFPROP version 9.0, manufacturers’ published data (Lemmon
et al., 2010).
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HiI[BHHIeHHSI e(l)eKTI/IBHOCTi OXOIIZKYIOYMX XOJOAUW/IBHUX CUCTEM

Olshamovsky V.S., associate professor of SAM and RE, Boshtan 1.V., fifth-
year cadet ESIE.
IMPROVING THE EFFICIENCY OF COOLING REFRIGERATION
SYSTEMS

AHoTaIis
VY cTarTi HABOAATHCS MOXKIIMBI HUIAXU 3HIKEHHS! €HEPTOCIIOKUBAHHS CYHOBUM
XOJIOJUJIBHUM OOJaIHaHHAM, 10 TPUBEE 0 3HMKEHHS BUKUAIB LIKIJIMBUX PEYO-
BUH JM3EJIIMU F€HEPATOP1B B HABKOJIMILIHE CEPEOBHUILIE.

[IponoHyeThCsl NOCATHYTH 3HUKEHHSI €HEPrOBUTPAT LUIAXOM 30UIbIIEHHS aK-
TUBHOI MOBEPXHI TEIJIOOOMIHY 3 CTOPOHU MOBITPS, 3MEHILIEHHS T1IpaBIi4YHOTO OTO-
Py PyXy HOBITpsl Yepe3 MOBITPOOXOJIOKYBay, CIPOIICHHS YMOB POOOTH BEHTUIIS-
TOpa Ta BUKOPUCTAHHSI CYy4aCHUX €JIEKTPOJBUTYHIB.

30UTbLIEHHSI AaKTUBHOI MOBEPXH1 TEIJIOOOMIHY MPOMOHYETHCS NUISIXOM JI01aBaH-
HA 1HAUBIAyaTbHOTO PTO 10 KOKHOTO MOBITPOOXOJIOMKYBada XOJI0UIBHOI CUCTE-
MU Ta BUHECEeHHsS TepMobasnona micist PTO, o npussene 10 HEOOXiTHOTO meperpi-
BY XoJjojoareHty oesnocepenbo y PTO. A Takox NpONOHYeTbCs 30UIbIICHHS aK-
TUBHOI MOBEPXHI TEIIO0OMIHY IUIAXO0M 3aMiHu MexaHiyHuX TPK Ha enexTposi, 110
MpU3BEJIe 10 3MEHBIICHHS MEPETPIBY XOJIOAMIBHOTO areHTy B BHUMApHUKax a0 1+2
°C.

KittouoBi cioBa: 030HOBHI 1m1ap, r100aIbHE MOTEIUIIHHS, X0JIO0IUIbHA YCTaHOB-
Ka, EHEePTOCIOKUBAHHS, TTOBITPOOXOJIO0XKYBay, ONTHUMI3aIlisl.

Anotation

The article presents possible ways to reduce energy consumption by marine
equipment, which will reduce emissions of diesel generators into the environment.

It is proposed to achieve a reduction in energy consumption by increasing the
active heat transfer surface on the air side, reducing the hydraulic resistance of air
movement through the air cooler and facilitating the operating conditions of the fan.

Increasing the active heat transfer surface is proposed by addingindividual RTO
to each air cooler system and removing the thermocouple after RHE, which will lead
to the necessary overheating of the refrigerant directly in RHE. It is also proposed to
increase the active surface of heat exchange by replacing mechanical TRV with
electronic, which will lead to overheating of the refrigerant to 1-20C.

REFRIGERATION PLANT, POWER CONSUMPTION, AIR COOLER,
OPTIMIZATION, HEAT TRANSFER.

['0510BHOIO €KOJIOTIYHOK0 MpOOJIEMOI0, SIKa BUHUKIIA MPAKTUYHO Mepe] yciMa
BUJIaMH TTPOMHCIIOBOCTI 1 TPAHCIIOPTY € PyHHYBaHHS O30HOBOTO Iapy atMochepu
3emui, 10 BeJie JI0 3MIHU KJIIMaTy B pe3yJibTarti riio0aibHoro noremmiinas. [locumo-
BaHHSM ITUX TPOOJIEM CIPHSE TaK CaMO BHCOKE €HEProCIOXMBAHHS 00JIaIHAHHIM
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CYTHOBHUX CHCTEM 1 JIOMTOMIXKHUX YCTAHOBOK TaKUX, SIK: CHCTEMH BEHTHJIAIT Ta Oma-
JICHHS, XOJOJUJIbHI YCTAHOBOK TEXHOJIOTIYHOTO 1 KOM(OPTHOTO KOHAMUINIIOBAHHS
MOBITPSI, 1110 BUKIMKAIOTH MiBUIIIEHY BUTPATy MaJluBa IU3EIb—TE€HEPATOPAMHU.

[Mpuiinsasmu KioTchkuil mpoTokod, €Bponeiicbkuid coro3 3000B's13aBcs 10 2020
poky 3HU3UTH BUKUJ CO; sk MiHiMyM Ha 20%. 1106 pocsrtu 1i€i meTH, mo-
KJIMKAHOI HE MOMYCTUTU MoAaybiinoi 3mMiHu kiimaty, €C npuiinsas y 2005 poui au-
PEKTHBY MpO MPOAYKTH KiHIIeBOro eHeprocrnoxkuBanus (EuP - Energy using
Products-Directive). Y 2009 porii BoHa Oy:ia nmepeiiMeHOBaHa B TUPEKTUBY PO MPO-
AyKIiro, moB's3aHoi 3 eHeprocrnoxuBanHsaMm (ErP - Energy related Products-
Directive). 3ramana AUpPEKTHUBA CIIY’)KUTh OCHOBOIO JUISI BU3HAUEHHS MOKJIHMBOCTEH
MIIBUIIEHHS €KOHOMIYHOCTI Pi3HUX 00'€KTIB, TIOB'SI3aHUX 3 €HEPTOCTIOKUBAHHSIM, 1
JUTSL 3aKPITJICHHS MiHIMQJIBHUX BUMOT JI0 TaKUX 00'€KTIB.

V¥ uepBHi 2010 poky Oyinu BCTaHOBJIEHI 00OB'SI3KOB1 T'PaHUYHI TOKAa3HUKH e(eK-
THUBHOCTI JIJISl €J€KTPOJIBUTYHIB Ta BEHTWJISTOPIB, HE3aJEKHO Bl TOTO, YW IMpPAIfIO-
I0Th BOHM CaMOCTIITHO a00 € CKJIaJJ0OBOI0 YaCTHHOI Mpuiiany, abo ycraHoBku. Ilin
J10 1IUX HOPMATHBIB MiANAIal0Th YUCIEHHI 00JIacTI 3aCTOCYBAHHS €JICKTPOJIBUTY-
HIB 1 BEHTUJISATOPIB: BiJl CHCTEM BEHTHJIALIT, XOJOAMIBHUX YCTAHOBOK 1 TEXHIKHU JIJIS
KOHJTUIIIFOBAHHS TTOBITPS - 10 MAIIMHOOYTyBaHHS Ta OOUUCITIOBAIIBHOI TEXHIKH.

B ymoBax nedinuTy eHepreTHUHHUX pecypciB MpodsieMa iX paiioHaIbHOTO BHU-
KOPUCTaHHS MIPHU €KCIUTyaTallii CyJJHOBUX JIOMOMDKHHX YCTAHOBOK CYJIEH JICKHUTH B
ekoHoMii nanuBa. OuH 13 cnocoOiB 1i BUPIIMICHHS HA MOPCHKOMY (DJIOTI MOJISITaE B
O1IbIIINA eHeproe(eKTUBHOCTI CyTHOBUX CHJIOBUX Ta IOMOMIXXHUX YCTaHOBOK.

[TinBumeHHsa eeKTUBHOCTI BUKOPUCTAHHS MAJIMBA HA TU3EIbHUX CyAHAX JO0CS-
raeThCsl MiIBUILIECHHSIM €(EKTUBHOCTI OKPEMHX CYJTHOBUX JOMOMI)KHHX YCTaHO-BOK,
[0 BXOJATh B €HEPTeTUYHY CUCTEMY CY/HA, MUISIXOM IOJIMIICHHS X KOHCTPYKIIil
Ta BUKOPHUCTAHHS OUIbII CyYaCHUX TEXHOJOTIYHUX CXEM, MOJIMUIIEHHS MapaMeTpiB
TEPMOJIMHAMIYHOTO IUKIY 32 PaXyHOK BUKOPHCTAHHS MPUXOBAHUX MOKIHUBOCTEH
MIIBUILIEHHS €(EKTUBHOCTI KOKHOTO €JIeMEHTa CUCTEMH, BUKOPUCTAHHS Cy4aCHUX
MPWIAJIIB KEPYBaHHS Ta OMTHUMI3aIlli BCI€i CUCTEMH OXOJIOKEHHS, MPAaBWIBHOI Te-
XHOJIOT1YHOT €KCIUTyaTallii eHepreTHYHNX YCTaHOBOK.

EdexkTuBHa ekcrutyaTallis CyJTHOBUX €HEPTeTUYHUX YCTAHOBOK MOKE OYyTH J10-
CSATHYTa MPU YMOBI IPABUIILHOTO BUOOPY PEKUMIB pOOOTH BCIX €HEPTETUYHUX CHUC-
TEM Ta BCIX E€JIEMEHTIB, BIPOBAXKEHHSI Cy4yacHOI TEXHOJIOT1i TEXHIYHOI eKCILTya-
Talli, a TAKOX PalliOHAJILHOTO BUKOPUCTAHHS MAJIUB Ta Macel.

3a Takux yMOB HEOOXIJHO 3BEpHYTH yBary caMe€ Ha TEXHIUYHY EKCILIyaTalllio
(bro- Ty, K HallpeTenpHIlEe NPUILIATH yBary TEXHIYHOMY CTaHy OOJagHaHHS CY/I-
HOBUX CHCTEM, OKPEMHUX MEXaHI3MiB YCTaHOBOK, aJ/pKE INMpaBUIbHE BUKOPUCTAHHS,
KBai(ikoBaHe O0OCIYroByBaHHSI Ta CBO€YacHa JA1arHOCTUKA MPOAOBXKYE KUTTS Me-
xaH13MiB. Jlesiki 3 KOTpUX, HAMIPUKJIIA]] CYyTHOBI XOJOUJIbHI YCTAHOBKH MPOBI3IMHUX
KaMmep 1 CUCTEM TEXHOJIOTTYHOTO 1 KOM(OPTHOTO KOHIUIIFOBAaHHS TTOBITPS, MOCTIMHO
3HAaXOJAThCS B €KCIUTyaTallliHOMY HaBaHTakeHHI. [linBuIeHHs e(peKTUBHOCTI po-
00TH B LUJIOMY IIMX YCTAaHOBOK 32 PaXyHOK OUIBII PaIliOHAIBHOTO BHKOPUCTAHHS
MPUXOBAHUX MOKJIMBOCTEH OKPEMUX €JIEMEHTIB CXEMH JO3BOJIUTH 3HU3UTH CHEpre-
TUYHI BUTPATU HA MIATPUMAHHS HEOOX1THUX TEXHOJOTTYHUX MapaMeTpiB, IO B KiH-
[IEBOMY ITIJICYMKY MPHU3BEAC A0 3HWKEHHS BUTPATH MaJMBA CyJTHOBHM €HEPTeTHY-
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HUM OOJIaIHAaHHSM 1 TIOJIMIICHHS €KOJIOTIYHOTO CTaHy HABKOJMIIHBOTO CEPEIOBU-
mia.

X010uIbHI YCTAaHOBKM BUKOPUCTOBYIOTHCS HA MPOMUCIOBHX, BUPOOHUYMX 1
TPAHCIIOPTHUX pePPKEPATOPHUX CyAaX ISl TEXHOJOTTUHOI 0OpOOKH 1 30epiraHHs
IIIBUJIKOTICYBHUX BAaHTaXIB 1 Ha BCIX CyJHAaX MOPCHKOTO 1 PIYKOBOro (hJIOTY B CHC-
TeMax KoMGOPTHOTO KOHUIIIFOBAHHS MOBITPS Ta 30epekeHHs 3amacy npogrisii. Ta-
KOX XOJIOAWJIbHI MAIlIMHU 3aCTOCOBYIOTH IJIi OCYIIEHHS TOBITPS B TpPIOMax Cy-
XOBAaHTXHHUX CY/CH 1 TaHKaxX HaTOHAJIMBHUX CYACH, HA TAaHKEpax, IO MEePEBO3AThH
3piJKEH] Ta3u.

JIig mATPUMKH PEXXKHUMIB TEXHOJOTIYHOTO Ta KOM(OPTHOTO KOHAMIIIOHYBaH-
HS1 TIOBITPS HA CYYaCHHUX CyJHaX HalOUIBIIOrO MOMIMPEHHS MOMYYHIH TapOKOMITpe-
CIMiHI XOJIOAWJIbHI MAallMHU 1 YCTaHOBKH, IO MPALIOIOTh HA PI3HUX XOJOJUIBHUX
areHrax.

EdextuBHicTh poOOTH OXOJOIKYBaJbHOI CHCTEMHU XOJOJIWUIBHOI YCTaHOBKH
BILJIUBA€E HA 11 €eHEProCIOKMUBAHHS, 1[0 B CBOIO YEPry MO3HAYAETHCS HA BUTPATI Ta-
auBa. MOXIMBICTh 3HUKEHHS €HEPrOCIIOKUBAHHSI XOJIOAWIBHOK YCTAaHOBKOIO OyJie
PO3IIISIHYTA, K MPUKJIAJ], Ha CYJHOBOI MapO-KOMITPECIHHOT XOJOAUIBHOT YCTAHOBKH
JUTs IPOBI31MHUX Kamep cyaHa (puc 1)

{06 3abe3nmeunTy MiATPUMKY TEMIIEpATypu TEXHOJOTIYHOTO PEXUMY, TEMIIe-
paTypa KUMiHHS poOOYOi PEUOBHHU B BUIMAPHUKY MA€ MPOTIKATHU MPHU TEMIEpaTypi
HIKYE TEMIIEpAaTypH 0XO0JI0/KyBaHOro 00'ekta Ha 610 °C.

EdexTruBHICTE pOOOTH OXOJIOMKYBATHHUX MPUCTPOIB XOIOAUIBHUX YCTAHOBOK
BU3HAYAETHCS CTYNEHEM 3alOBHEHHS KHUIUITYMM XOJOAMIBHUM areHToM. I[Ipo cry-
MiHb 3aMIOBHEHHS OXOJIOKYBAIBHHUX MPUCTPOIB CYISATH MO MEPErpiBy XOJIOAUIHHO-
ro areHTy, M0 BUXOAMTH 3 OXOJIOMKYBaJbHUX NpUCTpoiB. I1ig nmeperpiBom po3ymi-
I0Th PI3HUITIO0 TEMIIEPATYP MIXK TEMIIEPATYPOIO XOJIOAMIBHOTO areHTy, 10 BUXOIUTh
3 0XOJIO/IKYBAJIBLHOTO MPUCTPOIO 1 TEMIIEPATYPOIO MOTO KUTTIHHS.

VY cxemax, e OTpUMaHa B 0XOJO/DKYIOUOMY IIpHUJIal Mapa XOJ0JUIbHOTO areH-
Ty TIOTparuisie 6e3mocepeHL0 B KOMIIpecop, He MoxHa miarpumyBaTtu 100 % 3ario-
BHEHHSI KHIUITYUM XOJIOJIUILHUM areHTOM, TaK K 4epe3 HETOYHOCTI PEeryJItOBaHHS,
a00 PI3KOro 30UIBIICHHS TEIJIOBOTO HABAHTAXKCHHS B KOMIIPECOP MOXKE HAIXOIUTH
Mapo-piMHHA CYMIIIl XOJOAUILHOTO areHTy, Io:

- CTBOPIOE 3arpo3y poOOTH KOMIIPECOPA BOJIOTHM XOJIOM;

3HIDKYE XOJIOJOTPOIYKTUBHICTh KOMIIPECOPA;

noripurye poOOTy CUCTEMHU 3MAIICHHS] KOMIIPECOopa;
CTpusie pyiHYBaHHIO KJIallaHiB KOMITPECOPa;

NMOMNaJaHHs BEJIMKOI KUIBKOCTI PIIKOTO XOJOJWJIBHOTO areHTy B KOMIIPECOP
MO€ BUKJIMKATH T1JIpaBIIuHUN yaap.

CepenHe 3HaUY€HHS MEPErpIBY MapHu B OXOJIOHKYIOUUX MPUCTPOSIX J1FH0UOT XOJIO-
JTWIHHOI YCTAHOBKM TPU BUKOPUCTAHHI MEXaHIYHUX TEPMOPETYITIOIYHNX KiIaraHiB
(TPK) cranoButh Big 5 mo 15 °C. IlinTpuMaHHs TakuX 3HA4YEHb MEPETrpiBYy Mapu 3
OJTHOTO OOKY TOTPiOHO JIsI HOPMAJIBLHOT POOOTH MEXaHIYHHX TEPMOPETYIIOBATHHUX
BEHTWJIIB, SIKI IMPOKO BUKOPHCTOBYIOTHCS B JAHUI Yac HA CYTHOBUX XOJOIMIBHUX
yCTaHOBKax. 3 1HIIOT0 OOKY Take MeperpiBaHHs NPU3BOIUTH A0 3HMKEHHS aKTHUBHOI
MOBEPXHI 0XOJOKYIOUMX MPUCTPOIB, 110 B CBOIO Yepry BUMAarae 3011bIIEHHS 3ara-
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JILHOT MMOBEPXH1 OXOJIOKYBAIbHUX MPUCTPOIB 200 3HMKEHHS TeMIIepaTypH KUIHHS
XOJIOIUIIBHOTO areHTy. 3HMKEHHSI TeMIepaTypyu KUIIHHS XOJIOAWJIBHOTO areHTa Ha
1°C npu3BoaAUTH 10 301IBIICHHS CIIOKUBAHOI €HEPTil XOJIOJUIBHOI0 YCTAaHOBKOIO Ha
1,5 +2 %.

B nirounx cxemax XOoJIOAMJIBHUX YCTaHOBOK MependadyaroTh peKynepaTuBHI Te-
TUIOOOMIHHUKH /ISl 3SMEHIIEHHSI HEOOEpPTOBUX BTPAT MPHU JAPOCETIOBAHHI XOJIOIUIb-
HOT'O areHTy B PETyJII0I0YUX KJlanaHax ,

PexynepaTtuBHMiI TETUIOOOMIHHUK 3BUYAWHO 3HIDKYE TEMIIEPATypy PiIKOTO XO-
JOoUIBHOTO are’ty nepen TPB, mo npu3BoauTh 10 301IBIIEHHS MTUTOMOI X0JIOAO-
MPOAYKTUBHOCTI XOJOIMUIBHOTO areHTy Ta MiJBUIIY€E TEMIEPATypy MapH M0 HaaX0-
JIUTHh B KOMIIPECOP, TUM CaMUM 3aXHILA€ KOMIPECOP BiJl pOOOTH BOJIOTUM XOOM.

HeBenuke migBUINCHHS TeMIIepaTypH Napu MOKpAIIye €HEPTreTHYHI MOKa3HUKU
(pEOHOBHUX KOMIIPECOPIB 32 PAXYHOK:

- 30UIbIIeHHS 00'€éMHOT0 KOE(IIIEHTY MOIadl KOMITPECOpPa;

- 3MEHILIEHHS KUIBKICTh PO3YMHEHOTO XOJOIMUIBHOIO areHTy B Maclll, sIKe IOoBe-
pPTaeTbCs B KOMIIPECOP.

B cxemax ICHYIOYMX XOJOJWIBHUX YCTaHOBKAaX, SIKI MPAIIOIOT Ha (peoHax Ie-
pendauyeHo BUKOPHUCTAHHS MEXaHIYHUX TEPMOPETYIIO0UnX KiamnaHiB. KpimeHnus
JaT4yMKa TEMIEpaTypu —TepMoOaIoHa TEPMOPETYIIIOI0UNX KIIaNaHiB 3/11HCHEIOTCS Ha
BCMOKTYIOUOMY TpYOOIIpoBO 1 Oe3mocepeIHh0 Ha BUXO/1 3 MTOBITPOOXOJIOKyBaya.
[leperpiB mapu HeoOXiHUN AJi1 HOpMabHOI poOoTi TPK 3a1licHIOETHCS B TOBITPO-
OXOJIO/IXKYBadi, 1[0 B CBOIO YEPTy 3MEHBIIY€ aKTUBHY MOBEPXHIO B MOBITPOOXOJIO-
JDKyBadi, sIka aKTUBHO TPAITIOE 32 PAXyHOK KHUIUISTYOTO XOJIOAWIBHOTO areHTy. Ilo-
BEPXHS BUMAPHUKA XOJIOAMIBHOI YCTAaHOBKH, JI€ Tapa MeperpiBaeThCs, MpaIoe 3
3HAYHO MEHILIUM KOe(IlIEHTOM Terionepeaay 1 CTaHOBUTH 110 15 % 3aranbHoi BHY-
TPIIHBOI FTEOMETPUYHOT TOBEPXHI MOBITPOOXOJIOKYBaYa.

[IpoananizyBaBIIM iICHYIOU1 CXeMHU, OYJI0 BUSIBIIEHO HACTYITHE:

MOBITPOOXOJIOIKYBayl MpaIiol0Th He eekTuBHO, Tak sk TPK BumararoT mepe-
rpiBaHHS XOJOAMJIbHOTO areHty Ha 7+10 °C., meperpiB 371HCHIOETHCA B MOBITPOO-
XO0JIOJKyBayax, 1110 3HUXKYE aKTUBHY poOOUy IMOBEPXHIO;

-3HI)KEHHS aKTUBHOI po00UY01 MOBEPXHI 0XOJIO0KYIOUOTO MPUCTPOIO Ta BEIUKHUIM
MepErpiB Mapu B OXOJIOKYIOUOMY MPUCTPOi (TTOBITPOOXOIKYyBaUl) BUKIMKAE TIOT-
PIOHICTH 3HMWKEHHS TEMIIEpaTypy KUIIHHS Ta TUCKY HACUYCHHS XOJIOJMJIBHOTO are-
HTY, 110 IPUBOAUTH JIO:

— MiABUIIEHHS CTYTMEHS CTUCKY XOJIOAUIBLHOTO areHTY;

— N1BULIEHHS TEMIIEpaTypy HarHITaHHS;

— TMIIBUILIEHHS BUTPAT EJICKTPUUHOI EHEPTii KOMIIPECOPOM;

— B XOJIOJWUJIBHUX KaMepax CIOCTEPIraloThCsl MiBUIIEH] KOJMBAHHS TEM-
nepaTypy MOBITPsl BUKJIUKaH1 iHepIiHicTiO TPB;

30UTbLIEHHSI aKTUBHOI pO0O0UYO0T MOBEPXHI 0XOJOKYIOUUX MPUIIaJiB MOKHA BU-
KOHATH 32 PaxXyHOK OibIII TOBHOTO 3alIOBHEHHS MOBITPOOXOJIOIKYBaYa KUTUITIUM
XOJIOMUIBHUM areHToM. [[is peasnizaiii boro cnoco0y MiJABUIIEHHS aKTUBHOI po-
00401 MOBEpXHI 0XOJOKYIOUNX NMPUIaAiB, IO NpaloTs 3 MexaHniunuM TPK, go-
CUTh BCTAHOBUTHU KOKHOMY OXOJIOKYIOUOMY MpHUJIaay 1HAUBIAyaJbHUN peKyrepa-
TUBHUU TEIJIOOOMIHHUK, B IKOMY OyJi€ 3/IIHCHIOBATUCS MEPETPIB MapHu, HEOOX1THUI
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st podotu TPK ta mepeoxomnomkenHs pigkoro xonoauiasHoro nepen TPK, mo 306i-
JBIIUT TTUTOMY XOJIOJONPOIYKTUBHICTh XOJOIUIBLHOTO areHty. TepMoOanoH Kia-
naHa HeoOx1Ho kpinuTH miciast PTO mo xoay pyXy mapu XOJ0AWJIBHOTO areHTy, sk
IIOKa3aHo Ha puc. 1.

)z N3

]
&
o

LA

Puc.1 Cxema xonoauipHo1 ycTanoBKH 3 iHaiBixyansauMu PTO 1 mexaniunnmu TPB

BukopucTanHs €IeKTPOHHOI CHCTEMHU 3allOBHEHHSI BUIIAPHHUKA XOJOIUIHHUM
(puc.2) areHTOM TaKOX J03BOJISIE 30UTBITUTH WOTO aKTUBHY p0oOOUYYy MOBEPXHIO 3a
pPaxyHOK:

- OUIbII TOYHOT'O BU3HAYEHHS CTaHY MapH, 10 BUXOJAUTH 3 MOBITPOOXOJIOIKY-
Baya 1o 2 mapameTpam — THCKY 1 TeMIeparypi;

-301IbIIIEHHS] TOYHOCTI BUMIPIOBAHHS TEMIIEPATYPHU MEPETrPIBY MaPU XOJIO0 -
JILHOTO areHTy;

-3MEHIIIEHHS 1HEPIIIHHOCTI BUMIPIOBAIBHUX MPUJIAJIIB Ta CUCTEMHU BIPUCKY XO-
JIOJIUJIb- HOTO areHTY B BUIMIAPHHUK.

3a paxyHOK BUKOPUCTaHHS €JIEKTPOHHOI CUCTEMHU 3aITOBHEHHS OXOJIOMKYIOUUX
MPUIIAJIIB XOJOJUIBHUM areHTOM CTYIIHb IEPErpiBy Mapyu MOKHA MIATPUMYBATH Ha
piBH1 1+2 °C, 1110 TaKOX MiIBUIILY€E AaKTUBHY MOBEPXHIO OXOJIOKYIOUUX IPUCTPOIB.

..
S— <
Puc.3 CxeMa X0J10JMJIbHOT YCTAHOBKH 3 €IEKTPOHHUM KEPYBAHHSIM CUCTEMOIO OXOJIOHKEHHS
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BucHoBku:

JlocBij ekcrutyaTallii X0JIOANIbHUX YCTAHOBOK MOKa3aB, 10 JIJIsl 3HUYKEHHS
E€HEPreTUYHUX BUTPAT XOJOAUIBHOIO YCTAaHOBKOIO 101015 % 1 mominmeHHs yMoB
poOOTH HU3BKOTEMIIEPATYPHHUX OXOJIOKYIOUUX TPUCTPOIB CYTHOBUX XOJIOAMIBHUX
YCTaHOBOK IIIJIIXOM YCTAaHOBKH 1H/IBIIyaJbHUX PEKYIIEPATUBHUX TEIJIOOOMIHHUKIB
KOXHOMY OXOJIO/KYIOUOMY IIPUCTPOIO, a00 MEPEBOJAUTH CUCTEMY KepyBaHHs po0o-
TH XOJIOJIMJIHOT YCTAHOBKH Ha €JIEKTPOHHY 0a3zy.

CIIHCOK BUKOPUCTAHUX J[PKEPEJI

1. Onbmamosckuit B.C., I'orons H.M. " 11X 3MEHIIEHHS] €HEPTOCIIOKUBAHHS
XOJIOIUIILHUM yCcTaTKyBaHHAM". "OOaHaHHs Ta TEXHOJOTIT XapyOBUX BUPOO-
HuntB": Tematud. 30. Hayk. Ilpans, Bur. 29, lonensk, JIHYEIT iM.. M. Tyra ba-
paHoBcbKorO, 2012.

2. TepmocTaTrueckue pacimpuTenbabie BeHTuiau ¢ MOP

(MaxImum Operating Pressure), Jlanpocc INFO REFRIGERATION & AIR
CONDITIONING DIVISION Ne2/2009

3. Handocc . Kommonents! u pemenns Danfoss 17151 onTUMHU3aIug U SHEP-
ro3dexTuBHOCTH X0M0AubHIX cucteM. Karanor, 2018 r.

4. JTaudocc. PykoBoJCTBO MO MPOSKTUPOBAHUIO MPOMBIIIICHHBIX XOJIOAUIb-
HbIX cucteM. Karanor, 2012 r.

YK 621.431.004

borau B.M., Koctrouenko €.®D., €mincekuii LLE.
Hamionanpauii yHiBepcutet «Oechbka MOPChKa akaaeMis»

IIpo6siemu nmiaBUIEHHS MPOTHBO3HOCHOI cTiiikocTi AeTanen LTIT

dopcyBaHHs IBUTYHIB, 3aCTOCYBAaHHS BaKKUX COPTIB MAJUB 3 1JBUIIICHUM BMi-
CTOM CIpKH 1 30€peKEeHHS MPY LIbOMY HaJIHHOCTI pOOOTH AM3ENIB MMIJIBUILYE aKTya-
JIbHICTh CTBOPEHHS JOBIOBIYHUX CHOJIYYEHBb IUISIXOM IMOJIMIIEHHS! MIITHOCTHUX Xa-
PAKTEPUCTHK 3 OJJHOYACHHUM SIKICHHM TX MaI[CHHSIM.

HaniifHicTh 1 JOBrOBIYHICTh POOOTH CYJHOBUX JM3EJIB Y BIJIOMIM Mipi BU3Haua-
€ThCS MBUAKICTIO 3HOIIYBaHHS crioinyyeHb LT

YacTKoBO 111 MUTAHHS BUPIIIYIOTHCS:

- TEXHOJIOTIYHUMHM 3aXOJaMH, II0 MiABUILYIOTh 3HOCOCTIMKICTh IUJIHIPOBUX
BTYJIOK, IOPITHEBUX KUJICIIh 1 TTOPIIIHIB, 32 PaXyHOK 3aCTOCYBaHHS SAKICHUX MaTepia-
JIiB, HAHECEHHS CIeIaJIbHUX MOKPHUTTIB, MABUIIESHHS MIIIHOCTI MTOBEPXHEBUX IIapiB
MaTepiany;

- EKCIUTyaTaI[IiHUMU 3aX0J]JaMU - BUKOPHUCTAHHIM SKICHUX IWIIHAPOBUX Ma-
CeJl, 110 MICTATH CHEIiaIbHI IPUCAIKH 1 iX KOMIIO3UIIIi, a TAKOX ITiIBUIIICHHSAM ede-
KTUBHOCT1 pOOOTH CUCTEM MaIeHHSI.

[{umiHApoBI BTYJIKU CYAHOBUX JBUTYHIB MPAIIOIOTh Y TSHDKKUX yMoBax. BHyTpi-
IIHS] YaCTUHA BTYJIKH MIJJAETHCS BIUIMBY HE TUIBKU TapsAyuX rasis, aje 1 € MoBepX-
HEIO TEPTS MOPITHEBUX KIJIEb 1 TPOHKA. Y 3B'SI3KY 13 IIMM OJIHUM 3 TUIIOBHX Je(eK-
TIB IIUJIIHAPOBUX BTYJIOK € IMABUIIIEHUN, a00 HEPIBHOMIPHE 3HOIIIYBAHHS.
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[Tpu po6oTi neraneil y pekuMi rpaHUYHOTO MAIIeHHSI, KOJIM MacTUJILHUN Mate-
plaj moJlaeThCs B 30HY TEPTA MEPIOAUYHO, HEOOXITHO HA KOHTAKTYIOUHX MMOBEPXHIX
CTBOPIOBATHU TEBHI MIKpOpE3epBYyapu Jis PO3MIILIEHHS 3amaciB MacTUIBHOIO MaTte-
piany. Y oMy BUIAJIKy 100pe BUKOPUCTATH JIsi OOPOOKH MOBEPXOHBb TEPTS JI€Ta-
nelt BiIOpooOKaTKy, aiMa3He BUTJIA/KyBaHHs a00 HaKaTKy POJIMKaMH.

VY nporeci po60TH MacTWIbHA IUJTIBKA 3HOILIYETHCS, 1 B 30HY TEPTSI HEOOXI1JTHO
BBOJIUTH HOBI MOPIIii MACTUIILHOTO MaTepiany. ToMy BaXJIMBUM (aKTOpPOM ISl 3a-
Oe3nedeHHsT BUCOKOT HAJIHOCTI i TOBrOBIYHOCTI BCTATKyBaHHS € MPaBUJILHUN BU-
0ip pekUMy 3Ma3zyBaHHs, TOOTO BU3HAUCHHS 03U MAaCTHJILHOTO MaTepiaiy i 4acTo-
TH WOTO ToAadi (IyIsi CUCTEM, IO 3Ma3yIoTh MEPIOAUYHO). BapTo BiAMITHUTH, IO
MiBUIICHHS BUTPATH MAacCTHJIBHOTO MaTepialy He 3HWKY€E KOC(IIEHTy TepTs i 1H-
TEHCHUBHOCTI 3HOIIYBaHHSI, aJl¢ MPUBOIUTH J0 3HAYHOI MEPEBUTPATH MACTHIIHHUX
MarepiaiiB 1 3a0pyIHIOE MAILIUHY.

AHani3 1 CTaTUCTUYHA 00pOOKa JaHMX CYJHOBOI 3BITHOI JOKYMEHTAllli JT03BO-
JSIOTh 13 JOCTATHHOIO BIPOT1IHICTIO BUBHAYUTHU MPUYUHU 1HTEHCUBHOTO 3HOIIYBaH-
Ha. [lifBUIlIEHOMY 3HOIIYBAaHHIO BTYJIOK MEpEy€e MOJOMKa abo 1HTEHCHUBHI 3HOCHS
MOPIITHEBOIO KUIbI. 30Ha MaKCMMAJbHOTO 3HOLIYBaHHS pO3TalllOBaHa Ha PiBHI
MEPIIOro MOPIIHEBOro Kulblls. [Ipy 1HTEHCHBHOMY 3HOITYBaHH1 HailO1Ibille BUPOO-
JICHHS BTYJIKU 3MIILY€THCS B MOSIC MIXK TPETIM 1 YETBEPTUM KUJIbLIEM. Y IIbOMY IMOACI
KaHaJIM OXOJIO/IPKEHHS HIKHBOI M BEpXHBOT YACTUH BTYJIKHU NepeOyBatoTh B 1,5 pasu
Jani Bl poO04oi MOBEPXHI1, HIXK Y BEPXHBOMY MOSICI.

HocnimkeHHs, mpoBeeHi 0e3mocepeHh0 Ha JBUTYHAX, JO3BOJIMIN BCTAHOBUTH,
1[0 MpHU JOCSATHEHHI TemnepatypH Kuiblis 175°C 3HOIIYBaHHS BTYJIKM TOYMHAE MOC-
TynoBo 30uTbLIyBaTHCS, a Ipu JocsirHeHHl 200°C BoHO cTae karactpodiuHuM. [Ipu
temnepatypi npubiuzHo 240°C BuHMKae HeOesneka 3aaupaHHs. JJisi CyaHOBUX
JBUTYHIB TaKi BUTIAKA 3BUYAHO TIPUBOIATH 10 PYWHYBAHHS ITMIHHAPOBOI BTYIIKH,
TPOHKA TMOPIITHS ¥ BUXOy CyAHA 3 eKCIUTyaTarlii.

MoXJIMBUMU MPUYUHAMU 33JUPAHb MOXYTh OYTH: HEBIAMOBIIHICTh MIKPOCTPY-
KTYpU METajy KiJellb 1 BTYJKH, MOPYUICHHS PEXUMY MAIIeHHS, 3MiHa T€OMEeTpii
TPOHKA, HECTIPABHOCTI MAJMBHOI anapaTrypH 1 T.IL..

SIk MOKa3yrTh pe3ysbTaTH BUIPOOYBaHb Ha J1abopaToOpHil ycTaHoBII (puc.l),
3HOITYBaHHS MOPITHEBUX KiJICIh € HAWMEHIITUM JIJIsi MaTepialiiB, 0OpoOJIeHUX MeTa-
mizamiero. [Ipu 1iboMy 3HaYHE 3HOLTYBaHHS IMIIHAPOBUX BTYJIOK BHMAarae 3acTocy-
BaHHS TaKUX KiJellb Y KOMOIHAIi 31 3HOCOCTIMKUMH T1JIb3aMHU.

3angua babka
HarauTaxenna

.

IaTtpon =~ MaTepian ITK
TOKAPHIT

Puc. 1 locnigna ycranoBka Puc. 2 HatupanHs Ha A3epKaii BTYJIKA
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3anupaHHs BUHUKAIOTh HE TUTBKU B CHITy crienudigHoi KoMOiHAIIl KUTelp 13
riib3010, aje ¥ 3a paxyHOK IMEBHUX iX poOounx yMoB. [Ipu BHHHKHEHHI 3aJUpaHb
3HIDKYETHCSL poO0Ya AKICTh AU3EIIB, aX JI0 BUXOY 1X 3 JIaJy.

3a pe3ynbpTaTaMu BUIIPOOYBaHb HA 3HOCOCTIMKICTh HAWKpalui MOKAa3HUK Y Ma-
TepialliB 0OpoOJICHHX MeTalli3alll€lo, a CaMui TIpIIMA - y YaByHY 3 KYJISICTO-
rpadiTOBOIO CTPYKTYpOr0. Pa3oM 31 3pocTaHHSAM TEPMIYHOTO HAaBAHTAXKCHHS JU3ETIIB
y CHIIY 30UIbIIEHHS iXHbOI BUX1JIHOI MOTY>KHOCTI BUHMK CYMHIB Y CTIMKOCTI JI0 3a-
JAUpaHb TBEPAOTO XPOMYBAHHS, 1[0 3aCTOCOBYBAJIOCS K HAHOUIbIN HaAIMHUN MPO-
11e€C TIOBEPXHEBOI 0OPOOKH.

Pu3KK HEKOHTPOIHOBAHOTO 3HOIIYBAHHS 3pPOCTA€ MPH EKCIUTyaTallil JBUTYHA 3
HAJMIPHO 3HOIICHUMH TMOPIIHEBUMHU KIJBISIMU U BTYJIKAMHU LUJIHAPIB, a TaKOX 3
HE3a/I0BUTbHO MPAIIOI0UYMMH NAJIMBHUMU anapaTypaMy ¥ CUCTEMOIO BO31yX000Mi-
Hy. ToMy 0COOJIMBO BaXKJIMBO CTEKUTU 32 TEXHIYHUM CTAHOM ILIMX €JIEMEHTIB B €KC-
MTyaTaifHIX yMOBax.

SIK110 3HOLIYBAaHHS IMWJIIHAPOBUX BTYJIOK 2-TakTHUX MO/l y cepeanboMy cTa-
HoButh 0,02...0,05 Mmm/1000 romun, a 3HOmyBaHHS BTyJok COJl mie Huk4de, TO
3HONIYBaHHS MOPIIHEBUX KUIElb 3HAYHO BuUIlEe W OpieHTOBHO cTaHOBUTH 0,2...1,0
MM/1000 roaun. [IpoBiiHI BUPOOHUKH MOPITHEBUX KOUICIh PEKOMEHIYIOTh 3aMiHs-
TH iX MpU 3MEHIICHHI 1XHBOI pagiaabHOi ToBIIMHM Ha 15...20% - 1e BiamoBimae
5000...15000 roguram pobotu. Jlo mpOro yacy depe3 3MEHIICHHS TOBIIWHH, CHUJIU
MPY>KHOCTI KuibL manaroTs Ha 50%. Crogu BapTO I0AATH 3MEHUIEHHS MPYKHHUX
BJIACTUBOCTEN MaTepiany KUIbLS Mij] BIUIMBOM TEPMIYHMX HABaHTaXEHb. Y CBOIO
4yepry, BTpara Mpy>KHOCTI BUKIIMKA€E KoJiarc (B1Opallito) KiIelb 1 iXHIO MOJIOMKY.

PanianibHe 3HONTYBaHHS KiJ€I[b TPUBOJIUTH J0 301IBIIEHHS 3a30Py B 3aMKY, 110
COMPOBOXKYETHCS 30UIBIICHHSIM MPOPUBY T'a31B Yepe3 3aMOK 1 MOCUIJICHHSIM Iepe-
IpiBYy KiHIIB KUIbIA, 3[yBaHHAM Maciia i 1HIIUMH, TOB'A3aHUMHU 13 [IUM HACII1JKaMH.
[Tponyck ra3iB uepe3 Kibllsd BHACIHIIOK iXHBOTO HEIIILHOTO MPUJISTaHHS BH3HAYA-
I0Th T10 TMOSBJICHIO HA KIIBISAX MICIEBUX IUISIM OITIKY, & Ha BTYJIll - TEMHHX CMYT
(puc. 2).

Hakonuuenuii excriepuMeHTaIbHUI 1 TEOPETUYHUN MaTepiai J03BOJISE YIIpaB-
JATU TIpoliecamMu (PPUKIINHOI B3a€MOJIT JieTajeil CTOCOBHO JO KOHKPETHUX YMOB
iXHBO1 POOOTH, MPOTHO3YBATH BEIMUYHMHY 3HOLIYBAHHS, a TAKOXK IMIJABUIIUTH iX 3HO-
cocTiiikicTb. [IpoBeaeHi mabopaTopHi JOCTIIKEHHS MTOKA3aJIH, IO SKICTh KUIEIb CY-
JTHOBUX JIA3€MIB, JAJIEK] Bl IOCKOHAJIOCTI.

YcyHeHHsl PUYUH 1HTEHCUBHUX 3HOCIB I[MJIIHAPOBUX BTYJIOK 1 MOPIIHEBUX Ki-
Jelb MOKJIMBO IIJISXOM 3a0€3Me4eHHs] Ha BCIX peXUMax poOOTH JBUTYHA MILHOI
MacJsHOT TUTIBKM MK MapaMu TepTs. PilieHHs nboro 3aBJaHHS MOXeE OyTH JOCST-
HyT€ K 3aCTOCYBAHHSM OUIBII SIKICHUX HUIIHAPOBUX Macell, TaK 1 BAKOPUCTaHHSIM
MOPITHEBUX KUIEIh 13 BUCOKUMHU MPOTU3HOCHUMHU BIIACTHBOCTSMH.
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YK 621.431.74.03-57

borau B.M., loBuaeuko FO.M., [llebanoB A.M.
Hamionansauit yaiBepcutet «Onecbka MOpChKa akaaeMish)

Oco0amBocTi ayopukaropuux cucrem cyqacaux MO/{

OmHuM 3 MEPCHEKTUBHUX NUIAXIB MiABUIIECHHS e(pEKTUBHOCTI OpraHizailii mpo-
necy 3masyBanHs getaneit L{III" € 3acTtocyBaHHS HOBUX CUCTEM 3 €JIEKTPOHHHUM pe-
TYJIOBaHHSAM Tojayi Macia. OqHaKk CTBOPEHHS M MIMPOKE BUKOPUCTAHHS TaKUX CH-
CTeM OOMEXYEThCS MajlOI0 BHUBUYEHICTIO iXHBOI €(EKTUBHOCTI U CyNepewINBICTIO
ICHYIOUHX JIaHUX NP0 eKCIUTyaTaliiHy HaJiiHICTb.

ExcruryaTtamiitHumu  BUNpoOyBaHHSMHU MIATBEPAKEHO, IO BIOCKOHATIOBAHHS
TaKUX CUCTEeM € €()EKTHBHUM HAMPSIMKOM IiJBUILICHHS E€KOHOMIYHUX MOKa3HUKIB
pOOOTH CYJTHOBUX JTU3EIIIB.

Eneprernuna kpu3a 3mycuia BUpoOHUKIB MO/l mnepedTd 10 CTBOPEHHS
JBUTYHIB 3 OLIBIITUM BIIHOIICHHSAM XOJY IOPIIHSA A0 JiaMeTpa MuIiHApa. 30171b-
IICHHS X0y MOPIIHS KOMIICHCYBAJIO 3HUKEHHS YacTOTH OOEpPTaHHS M JO3BOJIMIIO
30eperTy Ha KOJUITHLOMY PiBHI LIMJIIHPOBY MOTYXKHICTb.

VY 3B'SI3Ky 3 HOBUMH IMOKa3HUKaMHU BIJHOCHMHHM XOJYy MOPIIHS 10 JiaMeTpa
mutinapa (S/D) ABUTYyHIB HOBUX THIOPO3MIpIB, 3HAUHO 301IBIIMIACA JOBXKUHA PO-
00401 YaCTH MUIIHAPOBOI BTYJIKHU, 1110 MPU3BEJIO 10 BUHUKHEHHS IPO0ieM y poOoTi
TyOpUKATOPHUX CUCTEM IIUX JU3EIIB.

Y MO/] Butpatu Ha HWIIHIPOBE MACIO 3aiMalOTh OJHE 13 MPOBIIHUX MICIIb.
CkopouenHs oro Butpatu HaBiTh Ha 0,1 1/kBT-u mpezacTasisie BaxIMBy LIOPIYHY
€KOHOMIO JIJIsl CYTHOBJIACHUKIB.

s omepaHHS ONTUMAIBHOTO e(eKTy, M0 He 3aBKIU 3a0e3MeUy€EThCS 3BH-
yailHuMu JyOpukaropamu (GipMu po3poOMIM ¥ mpUCTynuia A0 3aCTOCYBaHHS Ha
CYIHOBHX JBUTYHaX HOBHUX - €JIGKTPOHHHUX CHCTEM 3Ma3yBaHHSI.

B ocHOBY HOBO1 crMCTEMHU MOKJIAICHUI MPUHIIAT YIIOPCKYBaHHS MIEBHOTO 00CATY
Macia B IUJTIHAP, IUISXOM KEpyBaHHS PYXOM IUTyH)Kepa. 3a TBEPIKEHHAM PO3po0-
JIOBa4iB CHUCTEMH, TOYHMI BUOIp Yacy yHmOpCKyBaHHS, 3a0e3rnedye HaIXxOHKCHHS
BCHOTO ITMJIIHAPOBOTO Maclia, 10 HarHiTae ITyHKep, 0e3MocepeIHh0 0 MOpIIHe-
BUX KUJICIIb.

OcmumnorpadgyBaHHs MPOIIECIB, M0 MPOTIKAIOTh Y cuctemi (puc.l), cnpocToBye
11e TBEPKEHHS, OCKUIBKU PYyX IUTyHXKEpa ¥ TMOB's3aHe 13 IIUM BIAKPUTTS KiamaHa
mITyliepa HE O3Ha4ae HAIXOPKCHHS Maclia JI0 KiJiellb, TOMY IO 3a KJIAmaHOM €
IUISTHKA KaHally, SIKy MacJio 1€ MOBUHHE MPOMTH, MepIl Hi’K BOHO 3SBUTHCS B 30H1
napy TepTA.

Ha BinMiHy BiJi MEXaHIYHOTO JIyOpHKaTOpa, TiApaBIIYHUN NpPHBLY 3a0e3neuye
MJIaBHEe W Oe3mnepepBHE TMEpPEMIINICHHS TUTYHXKepa MacTuwibHOro moxayss "Pulse"
(puc.2) mpoTAroM JesIKOro KOPOTKOTO Yacy, MICHS 4Oro IUIyHKep poOUTh XiJ yCM-
OKTYBaHHS.

AHani3 KoHCTpyKIli cuctemu "Pulse" mokasye, mo GpakTHyHO HOBUM €: KEpOBa-
HUN KOMI'IOTEPOM T1APaBIIYHUNA NMPUBLA TUTYHXKEPIB (3aMiCTh MEXaHIYHOTO) 1 3a0€3-
MEYCHHS 3B'A3KY 3 HABAHTAXKCHHSIM JIBUTYHA. 3aCTOCYBaHHS KOMIT'HOTE€pa B €JIEK-
TPUYHIN cXeMi JyOpHuKaTopa CTBOPIOE IEepeyMOBH AJIs PETyIOBaHHs MOPIIiil Macia
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3aJIe)KHO B1J MPOLIEHTHOTO BMICTY CIPKU B MaJIUBI, 1 JYXKHOTO YHCIIA [HIIHIPOBOTO
Macia.

Lubricating module

Pressure . power supply
transmitter

Rail in/out i
..... 1

§ H Signal

—E[ "“"_E Solenoid valve
T-piece

Module base plate

e

Rail in/out

Data

Puc. 1. Ociimiorpama macionogadi Puc.2 Mactunbhuit moayis "Pulse”

VY O6i7bIIOCTI JBUTYHIB, MAacisiHI KaHald BUKOHYIOTbCS Y BEpPXHIA YacTHHI
[WTIHIPOBOI BTYJIKW, HalYacTilIe y JIBa PSId, € TUCK IMIyJbCIB Ta3y B 00JacTi
KaHamiB gopisHioe 1,5...3 MI1a.

Po3kpuTTs UMIIHAPIB MOKa3ylOTh HAsBHI HATUPaHHS HA TMOBEPXHI J3epKalia
BTYJIKH (pHC.3a), HAPOTU OTBOPIB, 10 BKa3y€ Ha HEPIBHOMIPHE HAJIXOHKCHHS Mac-
Ja ¥, K HACIIIOK IhOTO, MOSIBY JOPIKOK Harapy Ha oIl nmopiiHs (puc.30), mo
MPUBOJIATH J0 3alIOBHEHHS 3a30py MK MOPIITHEM 1 BTYJIKOIO i BUHMKHEHHIO abpa-
3UBHOI'O 3HOIIYBaHHSI.

Puc. 3. HatupanHs Ha oBepxHi 3epkajia BTYJKH (a) i Harapu Ha nopiHi (0)

EnekTpoHHa cucTemMa 3Ma3yBaHHs 3a0e3ledy€e TaKOX aBTOMATHYHE JTO3yBaHHS
UAJTTHAPOBOTO Macia 3aJie’KHO BiJl CKJIaay BipanboBaHOTO Macia. [locTiiHuil KO-
HTPOJIb 32 CTAHOM ILMJIIHJpA I 3MICTOM CIPKM B HaJIMBI1 3a IOMIOMOTOIO €JIEKTPOHHOT
CUCTEMHU 3MallleHHs, 3a0e3Meuye eKOHOMIIO IHJIIHIPOBOIO Maciia Mopsia 31 3MEH-
IIICHHSIM 3HOCIB 1 3a1I00ITaHHSAM 33 IUPaHb.

[Ipote, ananiz crany aetaneit L{III" mpu po3kpuTTi MUIIHAPIB BKAa3ye HA HEO-
CTaTHIO €(EKTHUBHICTh ICHYIOYHMX EJICKTPOHHUX CHUCTEM MaICHHS, 0 3a)Kaaalio
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MIPOBEJCHHS JOCIIKEHb 3@ IXHBOIO POOOTOIO B €KCIUTyaTaIlliHIX yMOBax Ha PI3HUX
pexumax podotu JIB3.

Sk mokazanu pe3ysbTaTH PO3KPUTTIB IUIIHJIPIB, TIOBHICTIO BUKIIOUYHUTH 3YCTPIY
MacJia 3 TOJIBKOIO i THUILEM MOPIIHS He Blajocs. Sk 1 Ha JBUTYHAaX 00JaJHAHUX
JTyOPUKATOPHOIO CUCTEMOIO, € JOPIKKM Harapy Ha O14Hiil MOBEPXHI MOPIIHS HAIPO-
TH Kpamnok MifBe[eHHs: MacTmwia. Lle Bkazye Ha HaIXOKEHHSI Macjia KOHIIEHTPOBa-
HUMH TIOPIISIMH, SIKI JOCSATalOTh O1YHOI MOBEPXHI TOJIBKHU IMOPIIHS HaA MEPIIUM
KOMITPECIMHUM KIJIBLIEM 1 TOTIPIIYIOTH PO3MOJILI HOTO MO0 OKPYKHOCTI MTIHIpA.

OcTtanHs 00CTaBUHA MIATBEPIKYETHCS TAKOXK CIIiAMHU HATUPaHb PO3TAIIOBAHUX
Y370BK YTBOPIOIOY1 BTYJIKH, IO MPOXOJATH Yepe3 MACTHIIbHI OTBOPH, 3HAYHHUM 3a-
KOKCOBYBaHHSIM MPOAYBHUX BIKOH, ICHYBaHHSIM 30H 1HTEHCHBHHX 3HOCIB 1 3a0py/-
HEHHSM M1MOPIIHEBOTO MPOCTOPY.

OTxe, 3aCTOCYBaHHSA HOBOi CMCTEMH MAIICHHS HE BUYEPHAIO BCl MOMJIMBOCTI
MOJIIMIIEHHS PO3MOAUTY M e(EeKTUBHOCTI BUKOPUCTAHHS Maciia B IIIIHJIPI, 10 BKa-
3y€ Ha HEOOX1JIHICTh O1IbII JETATHHOTO BUBYEHHS JIOCHIIKYBAHUX MPOIIECIB, 3 Me-
TOIO MJBUIIEHHS €(DeKTUBHOCTI (YHKIIIOHYBaHHS €JIEKTPOHHUX CHUCTEM.

VIK 621.891

Zhuravlov Yu.l., Yelinskyi I.E., Duranov O.P.
National University "Odessa Marine Academy"

Study of friction modes in the *'shaft-sliding bearing™ joints of marine technical
means (MTM) parts

Features of modes of a friction in bearings of sliding and their influence on fric-
tion factor are considered. The carrying out technique of tribotechnical the tests is
offered, allowing to define the most important antifrictional characteristics of pairs a
friction.

Keywords: tests for a friction, antifrictional properties.

Nowadays friction tests are most often carried out with long running-in of rub-
bing surfaces under conditions as close as possible to real working conditions of
"shaft-bearing sliding” couplings of MTM parts. At the same time, not all possible
modes of friction are often in the field of view of the researcher and it is not possible
to get an integral picture of the behavior of materials under friction.

As known [1], modes of friction in sliding bearings are defined by viscosity of
lubricating liquid n, speed of relative motion (speed of sliding) of rubbing surfaces

- Vv
V and pressure (specific load) P, or more exactly the parameter 773, called charac-

teristic of bearing friction mode.
A visual representation of the conditions of transition from one mode of friction
to another is given by a Hersey-Stribeck diagram, which is the dependence of the

friction coefficient k on the characteristic 77%, (Fig. 1).
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At this diagram, the line aa divides the friction areas for liquid and other types of
lubrication. The liquid mode of lubrication is characterized by the fact that the rub-
bing solid surfaces are separated by a continuous film of lubricant, the thickness of

which significantly exceeds the sums of the average heights of roughness of the con-
tacting surfaces.

kA

I

__....?-.llll-
U

> v

d ¢ b a ”E

Fig. 1. Diagram of friction modes in a sliding bearing:
1 - friction of unlubricated surfaces; 2 - friction with boundary lubrication; 3 - mixed lubrication; 4
- friction with liquid lubrication

Since in this mode there are no direct physical contacts of solid surfaces, wear
processes are practically absent.

When the sliding speed or viscosity of the lubricant decreases and the specific
pressure increases (i.e., when the parameter n(V/P) decreases), the lubricant layer
becomes thinner, the gap between the surfaces decreases and, when the first contact
interactions of irregularities appear, the mixed lubrication mode occurs. In this
mode, the load is absorbed partly by the contact surfaces and partly by the lubricant
film, the wear of the hard surfaces increases somewhat.

V : : :
If the parameter values 773 of the lubricated system in mode 3 (Fig. 1) are fur-

ther shifted to the left along the Stribeck curve, the number of roughness interactions
within the contact area will significantly increase, and the thickness of the lubricant
film will decrease to a few monomolecular layers or less. As a result, the boundary
friction mode will come. In this mode the volumetric properties of the fluid become
less important and the load is almost entirely taken up by the deformation of the ir-
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regularities. The monomolecular lubricant layers eliminate the adhesive interaction
of the solid surfaces, so the friction coefficient and wear remain relatively low.

If the Stribeck curve (Fig. 1) is shifted further to the left, e.g. by increasing pres-
sure, it becomes possible to break through and destroy the boundary lubricant film
as a result of intensified contact interaction of rubbing surfaces: friction of unlubri-
cated surfaces will occur, friction coefficient and wear will increase sharply. Such a
severe form of damage to the rubbing surfaces as scuffing can break.

If we shift the Stribeck curve (Fig. 1) further to the left, for example, by increas-
Ing pressure, then as a result of increasing contact interaction of rubbing surfaces it
becomes possible to break through and destroy the boundary lubricant film: friction
of unlubricated surfaces will occur, friction coefficient and wear will increase sharp-
ly. Such a severe form of damage to the rubbing surfaces as scuffing can break
down.

The region of values of parameter 77%, which lies on Fig. 1 to the right of line

bb, is the region of stable coefficient of friction: if it changes briefly as a result of
change in operating mode of friction unit, for example, sliding speed increases (or
load decreases), then coefficient of friction increases (as we shifted along Hersey-
Stribeck curve to the right), heat release in the friction zone increases, lubricating

liquid viscosity decreases, parameter 775 slightly decreases and coefficient of fric-

tion takes value close to the initial one.

On the contrary, to the left of line bb in Fig. 1 there is an area of unstable friction
coefficients. Thus, if the load on a bearing operating at mixed lubrication increases,
the coefficient of friction will increase, the heat release will increase, and the viscos-
ity of the lubricant will drop and the coefficient of friction will increase even more.
This can lead to a transition to boundary lubrication and even to friction without lub-
ricant.

Thus, stable and durable operation of the friction unit is possible under liquid
and partially mixed friction modes. Transition to the boundary friction mode in-
creases wear of rubbing parts of the node and is undesirable. Friction in the seizure
mode, as a rule, leads to disastrously fast failure of the friction node and is unac-
ceptable.

It should be noted that during the operation of friction nodes, short-term tighten-
ing of working conditions, such as an increase in load, or interruptions in the supply
of lubricant are possible. In addition, no friction unit is normally operated continu-
ously. The sliding speed changes from zero to its nominal value at start and stop and
vice versa. This means that during operation of real friction units, transitions from
one mode of friction in it to another are possible.

However, only parameters characterizing the ability of friction pair to maintain
the most favorable friction modes in a wide range of sliding speeds and specific
loads to optimize the alloy composition is not enough yet. It is obvious that antifric-
tion materials should, in addition, provide a minimum value of the friction coeffi-
cient under different lubrication modes.
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Only simultaneous satisfaction of all these, in general case independent of each
other conditions can guarantee reliable and durable operation of developed friction
units in practice.

It should be noted in this connection that it is not convenient to use a complex

characteristic 773 when studying friction modes, because it includes the value of the
lubricating fluid viscosity 1, which strongly depends on the temperature in the fric-
tion zone, which is in turn rather difficult to measure. In addition, the parameter 775

sufficiently unambiguously characterizes friction only in the case where the carrying
capacity of the friction node depends on the volumetric properties of the lubricant,
that is, at hydrodynamic, elastic-hydrodynamic and mixed friction [1]. At boundary
friction and at friction of unlubricated surfaces, the friction coefficient does not de-
pend at all on viscosity and is determined to a greater extent by the temperature on
the contacting surfaces, which, in turn, depends on the parameter PV, but not on the
V/P ratio.

In this respect, drawing of boundary friction and friction of unlubricated surfaces
on the Hersey-Stribeck diagram (dashed part of the curve in Fig. 1) is not quite
strict, since transition from boundary friction to friction of unlubricated surfaces can

be achieved only by reducing the parameter 77% by increasing P. Decrease in V will

not lead to such transition in the general case. Moreover, it can be achieved just by
increasing V and the related temperature on the contacts until the boundary lubricant
film desorbs.

In this connection, as it seems to us, it is expedient to study antifriction proper-
ties of the received materials, having fixed a certain value of sliding speed and
changing specific pressure P, as exactly monotonous change P towards decrease or
increase gives the possibility to fix all possible modes of rubbing surfaces.

In order to check the elaborated recommendations a number of materials of
CrsC,-Ti system, obtained by explosive method [2], and designed to work in pair
with siliconized graphite in water were investigated.

Tests were conducted on the friction machine by the scheme "a pin - a ring" (fig.
2) with cutting in according to the following technique.

In the beginning, friction at constant load of 490 N (50 kgf) was performed for
10 minutes. Then, the load was removed and again began to be applied, but this time
In steps, starting from 25 N (2.5 kgf) up to 196 N (20 kgf). The operating time at
each load step was kept as short as possible, but sufficient to stabilize the friction
torque value. The result was that the duration of the alternating load test was overall
slightly shorter than that of the constant load test. The sliding velocity was the same
in both cases and was 1.1 m/s.

126



Fig. 2. Scheme of friction tests:
1 - sample under study; 2 - counterbody; 3 - lubricant

After the tests, the wear area was measured (using a microscope).

Since both the time of tests with variable load and the average value of the latter
during the test are significantly less than the corresponding characteristics of tests
with constant load, it can be assumed in the first approximation that almost all the
wear of the friction pair observed after the test occurred during the first stage of the
experiment. Consequently, the friction area during the step load increase remained
practically constant, and with a sufficient degree of reliability the specific load act-
ing at each stage of loading can be calculated as:

F

— _ Ni

Pyai - S

where Py, Rudi is the specific pressure at the i-th degree of loading; Fni is the to-
tal load corresponding to the given stage; S is the area of the wear area.

Curves of dependence of friction coefficient of investigated materials on sili-
conized graphite in distillate medium on specific load are shown on fig. 3.

As can be seen from the figure, all the transitions from one mode of friction to
another, noted earlier in the Hersey-Stribeck diagram (Fig. 1) are well traced on the
curves. With increasing load the friction coefficient at first decreases (hydrodynamic
and elastic-hydrodynamic lubrication modes), then it begins to increase and quickly
comes to saturation (mixed and boundary lubrication modes).
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With further increase in load, the friction coefficient increases sharply again and
reaches saturation, but at a higher value level than in the previous case (unlubricated

surface friction mode, friction in the adhesion mode).
0,17
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Fig. 3. Dependence of friction coefficient k on specific load Ore for chromium carbide-based al-
loys:
A -20 % Ti; 0 - 30 % Ti; ¢ - 40 % Ti; 0 - 50 % Ti.

The basic characteristics of their antifriction properties, such as ultimate loads
of steady, mainly liquid friction, boundary friction and transition to adhesion, as
well as friction coefficients at appropriate regimes of lubrication can be easily de-
termined from the curves of friction coefficient dependence of the studied materials
on the specific load.

In conclusion, it should be noted that in addition to increasing informativeness,
the proposed approach to friction tests provides a fundamental reduction in their du-
ration.
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Oco01MBICTH AeSIKUX TEXHOJIOTTYHUX METOAIB MiABUIIEHHS TEPMiHY CIyKOU
CYJIHOBHX JeTaJjieil MJIAX0OM 3MII[HEHHS iX P000YHX NMOBEPXOHb

3MminHeHHsAM Matepiany (pobo4oi MOBEpPXHI JIeTaii) Ha3UBAETHCS CYKYIHICTh
TEXHOJIOTIYHUX OIEepalliif, COpSIMOBAHUX HA MIJBUIIEHHS MILIHOCTI Ta 1HIINX MeXa-
HIYHHMX Ta eKCIUTyaTaliiHUX BIacTUBocTed. HeoOX1AHICTh MHUPOKOTO 3aCTOCYBaHHS
PI3HUX METO/IB 3MIIIHEHHS MPU BUTOTOBJICHHI Ta PEMOHTI MOSICHIOETHCS 3 OJTHOTO
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OOKy IMOCTIIHO 3pOCTAlOYMMH BUMOTAaMU JI0 MIITHOCTI Ta 3HOCOCTINKOCTI AeTanei, a
3 1HIIIOTO - MOKJIMBICTIO 3MEHIIICHHS IXHBOI MacH, 3aMiHU JIOPOTOro Ta JIe(PIIUTHOTO
Marepiaiy JCMICBIIUM 1 JOCTYITHIIITUM.

VYci MmeToau 3MIITHEHHS. MOYKHA YMOBHO TTOJUTMTH Ha JAB1 TPYIIH.

Ilepma — meToau, 110 IPYHTYIOTHCSA HA 3MiHI OyJI0BH MaTepiaidy HIISAXOM ILjia-
CTUYHO1 JedopmMmalrii, TepMIYHOI Ta TEpMOMEXaHIYHOT O0OPOOKM abo iX CIIBHOTO
BUKOPHUCTAHHS;

Jlpyra — MeTo[u, 3aCHOBaHI Ha 3MiHI CKJIaJy MOBEPXHEBOTO IIapy marepiairy
[UIIXOM HOTO XIMIKO-TEpMIYyHOi OOpOOKHM, HAHECEHHsSI MOKPHUTTIB 3 IHIIUX Ma-
TepialiiB, HAIUIaBJIECHHS Ta 1H. [[pyry rpymy MeTO/iB MEBHOIO MIPOI0 MOXHA BiJHE-
CTH JI0 IUIaKyBaHHS MaTepiady. MoxiuBl NpoMiKHI (KOMOIHOBaHi) METOIU
3MinHeHHA. Hampukmnan, 3MIiITHEHHS TEPTAM IIEMEHTOBAaHUX MOBEPXOHB, HAIUIaBIIC-
HUX Ta IIEMEHTOBAHUX MMOBEPXOHb Ta 1H.

Jlo mepiioi rpynu METO/iB 3MIIIHEHHS BIIHOCATHCS: HakaTka (0OKaTka) poJiv-
KaMH, yJIbTpa3ByKoBa 00poOKa, 00'eMHa 1 MOBEpXHEBA 3arapTyBaHHS, BUCOKO- Ta
HU3BKOTEMIIEpATypHa TEepMOMEXaHIdYHa OOpoOKa, eJIEKTpOMEXaHIYHe 3MIIIHCHHS,
3MilHeHHsT TepTsM Ta 1H. KokeH 3 HuxX HaillOuibll e)EeKTUBHUI 3a MEBHUX YMOB
eKCIUTyaTarllii geTajeu.

CyTHicTh HaKATKH (OOKATKH) POJUKAMHU TOJIATAE Y 3MiHI TOBEPXHEBOTO APy
NUIAXOM TIacTU4HOi jAedopmanii. Ilig BrimBoM AedopMyrouoro ejneMeHTa Ta
B3aEMHOMY BIJIHOCHOMY IEpPEMIIIEHH] 1HCTPYMEHTY Ta JeTall HEpIBHOCTI paHIIIe
00p00JIeHOT MOBEPXHI IJIACTUYHO J1€(POPMYIOTHCSA, BHACHIIJOK YOTO 3MEHIIYEThCS
HIOPCTKICTh Ta 3MILHIOEThCA NoBepxHeBUil wap. Lo cTyminb miuactudHoi aedop-
Mallii, THM 1HT€HCUBHIIlIE MPOTIKAIOTh 3a3HAYEH] MPOLECH, TUM Iauye APiOHO3EPHU-
CTa CTPYKTypa BHUXOAUTh Yy KIHIIEBOMY IMIJICYMKY, THM €(QEKTUBHIIIMI MpoIleC
3MiHeHHs. OCHOBHA YacTKa 3MILIHEHHSI METaly 00yMOBJIE€HA 301IbILIEHHAM CIIOTBO-
PEHb IMPOCTOPOBUX PEIIITOK, SIKI BUHUKAIOTh 3a PaxXyHOK B3a€MOJIl JIUCIOKAIIii
OJIVH 3 OJTHUM Ta 3 1HITUMH HEJOCKOHAJIOCTAMHU PEIIITOK Y MPOIeCi IMJIaCTUYHOI JIe-
dopmairii. Takum yuHOM, (i3MYHA CYTHICTH 3MIIIHEHHS TMOJSTA€ y rajbMyBaHHI
JUCIIOKAIIi, Y CTBOPEHHI MEPEeIKo ] I IXHhOro TnepemimieHHs. CyTHICTh METOY
BUTJIA/DKYBAHHS MMOBEPXHI MOJATAE Y 3MiHI TOBEPXHEBOIO APy IUIAXOM IUIACTHY-
Hoi nedopwmarrmii. el croci® € HAHOLIBIIT MPOCTUM, JOCTYITHUM 1 €(DEKTUBHUM Me-
TOJIOM OOpPOOHO-3MIIHIOBAJILHOT 00pOOKHU JeTasiell TOBEPXHEBUM IIJIACTUYHHUM JIe-
dbopmyBanHsIM. OOpoOKYy BHKOHYIOTh, SIK MPaBWIO, HAa 3BUYAHHOMY TOKapHO-
TBUHTOPI3HOMY BEpCTaTi HAKOHEYHHKAMH, 110 BUTIAKYIOTh, 3 CHHTETHYHUX all-
maziB APK4 31 cdepuunoro poOouoro yactuHOO. Burinamkyroouuid 1HCTPYMEHT
NPYXHO MIATUCKYETHCS 10 00pOOJIIOBAHOI JI€Tall 3a IOMOMOTO0 HECKJIATHUX Aep-
’KaBOK a00 ompaBoK. BuriampkyBaHHs MiAaI0Th JeTalll MPAKTUIHO 3 OyIb-IKUX Me-
TadiB 1 3 OyJb-IKUMH METaJE€BUMH MOKPUTTIMHU HE3AJEKHO BiJl COCOOY iX HaHe-
CeHHs (HAIUIaBICHHSM, TaJIbBAaHIYHUM HApOIIyBaHHSM, HamujeHHsSM Ta iH.). [lixg
TUCKOM BUIJIAJDKYIOYOTO IHCTPYMEHTY MIKPOHEPIBHOCTI OOpOOJIFOBAHOT MOBEPXHIi
IJIACTUYHO Je(OPMYIOThCS, MPU I[bOMY HIOPCTKICTh 3MEHIIYETHCS, a MOBEPXHEBUI
map Aetaneil 3MIIHIOEThCS.

Oco0nuBiICTh YJBTPA3BYKOBOI 00POOKH TIOJIITA€ B TOMY, IO CHCIIaTbHUNA 1H-
CTPYMEHT (TJaanjKa), BIOpYIOUM 3 4acTOTOIO YJIbTPa3BYKY 1 MEBHOIO aMILTIITYI00
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3MIIIEHHS, CTBOPIOE YAAPHHUIA BIUTMB HAa TIOBEPXHIO, MO 3MIIHIOETHCS, MIIMAI0YH 11
O1IBII IHTEHCUBHOMY TUIACTUYHOMY JIe(pOpMyBaHHIO.

CyTHICTh €JEKTPOMEXaHIYHOTO 3MIIIHEHHS MOJsra€ B TOMY, IO B Ipolieci
00poOKH uepe3 Miclle KOHTAKTy 1HCTPYMEHTY Ta JeTajll MPOXOJUTh CTPYM BEJIMKOI
CHUJIM Ta HU3BKOI HANpPYrd, BHACIIJOK YOro TpeOiHIll MIKPOHEPIBHOCTEH CHIILHO
HaArpiBalOThCA Ta MiJ TUCKOM IHCTPYMEHTY IUIACTHMYHO Je(OpPMYIOThCS Ta 3IJIaj-
KYIOTBCS, TIPU 1IbOMY MOBEPXHEBUM IIAp 3MILHIOETHCS 32 AHAJIOTIEI0 3 TepMOMe-
XaHIYHOIO 00pOOKOI0. . SIK 1HCTPYMEHT 3aCTOCOBYETBHCS POJHK, IO OOEPTAETHCH,
BiCb OOepTaHHS SKOTO JICKUTh B OAHIM IUIOIIMHI 3 BICCIO OOEpPTaHHS 3arOTOBKHU.
CyTHICTH €J1eKTPOiCKPOBOIO JIeryBaHHS TOJSITa€ Y BUKOPUCTAHHI SBUIIA CIPSIMO-
BAaHOTO PYWHYBaHHSI METay €JIEKTPO/IB MiJ JI€I0 CAMOCTIHHOTO €IEKTPHUYHOTO PO-
3psany. Lleir MeTos 3aCTOCOBYETHCSI TPU HAHECEHH] HA MOBIK CTPYMOIPOBIIHUX Ma-
TepiaiiB MIapiB 31 CIUIABIB, CTIMKUX /0 arpeCMBHHUX CEPEIOBUIL, BUCOKUX TEMIIepa-
Typ, 3HOIIIYBAaHHS Ta 1H. PO3pI3HAIOTH /IBa BUIU €JIEKTPOICKPOBOTO JIETYBAHHSA: «4H-
cToBe» (CTpyM KOpoTKoro 3amukanHs ( Ik3 1o 15A), npu sIKOMY J0CSTa€ThCs Hal-
MEHIIIA MOPCTKICTh TOBUIUHI mIapy, 1o 3minHeTbes (0,1 Mm) 1 ,,rpyde” (Ik3 611b-
me 20A), npu SIKOMYy MOXKHA OTPUMYBATH 3MIITHEHUH map 1-3 MM, alie 31 3HaYHOIO
HOPCTKICTIO. [TOKPUTTS, 0 OTPUMYIOTHCS €JIEKTPOICKPOBUM JIETYBaHHSIM, MalOTh
BHUCOKY MIIHICTh 3UEIIJICHHS 3 OCHOBHUM METAJIOM. Y Ps/il BUMAAKIB MIITHICTh 34€Tl-
JIEHHS JocArae 8 Krc/mMM2, 10 JIOCTaTHHO JUIsS IMiABHINEHHS €KCIUTyaTallliHUX Xa-
PAKTEPUCTHUK JIeTallel MAIlIMH Ta MEXaHI13MIB.

EnexTpoickpoBUM  JIeryBaHHSM MOXHa IIJIBUIIYBaTH 3HOCOCTIHKICTh 1
TBEPICTh YOPHHUX Ta KOJbOPOBUX MeTamiB. Tak, TBEpAICTh MOBEPXHI CTAU MOXKE
oytu noseaena ao 2200, miai — g0 1000, Tutany — 10 1800 krc/mMm2. EnekTpoickpo-
B€ JIETYBAHHS 3HAYHO IMIJIBUILYE 3HOCOCTIMKICTh HABITh BHCOKOJIETOBAHUX CTalied
pu poOOTI HA TEPTS MPU BUCOKUX TeMIEpaTypax. 3HOCOCTIHKICTh 3pa3KiB 13 3arap-
ToBaHOi cTtami 45, mo mae tBepaicth HRC45 1 3MiHEHY XpoMoMapraHiieM 1 TBep-
auMm crtaBoM T15K6, 36inbmryerbest B 2-3 pas3u; 3pas3kiB 13 HOPMaIi30BaHOI CTaji
VY7, 3mittHeHo1 hepoxpoMoM — y 3 pas3u; OUIMM YaBYHOM — y 6 pasiB.

YK 629.12

bymep B.B., Camono C.®., I'mazesa O.B., lagykin M.b.
Harionansauit yHiBepcuteT «Onechbka MOpPChKa akaaeMis»

CyuacHi TexXH0J10Tii B MiIBUIIIEHHI €()eKTUBHOCTI MPOMYJIbCUBHUX YCTAHOBOK
MOPCHKHX CyJ1eH

OpHuM 31 NUISIXIB ONTHUMI3alli PEXXUMIB POOOTH CYJHOBUX EHEPreTUYHHX CH-
CTEM € BUKOPUCTAaHHS KOMOIHOBAHUX CHJIOBUX YCTAHOBOK 3 MOKJIMBICTIO €JICKTPHUY-
HOTO pyXy. YJIOCKOHAJICHHS METO/IIB KEPYBaHHS TAKUMH T1OpUIHUMHU YCTaHOBKaAMHU
JUTS TABUINEHHS €()EeKTUBHOCTI BUKOPHUCTAHHS MajuBa 32 PAXyHOK BIIPOBAKEHHS
€JIEKTPUYHOIO PyXy Ha ICHYIOUMX CyJIHAaX 3 MpomyibcuBHUMH ycTaHoBkamu (I1Y) €
aKTyaJIbHUM 3aBJIaHHSIM.

Meta poOOTH - iABHUILIEHHS €HEPreTUYHO1 e(heKTUBHOCTI MPOIYJIbCUBHUX yCTa-
HOBOK Ha IIJICTaBl aHajli3y HaBaHTaX€Hb Ta OOIPYHTYBAHHS KPUTEPIIO MEPEXOJIiB
MK OCHOBHUMHM €HEPreTUYHUMH pEXHUMaMU TOJOBHOTO JABUTYHA Ta JIU3€JIb-
reHepaTopiB KOMOIHOBAHOT POMYJIbCUBHOI CUCTEMHU.
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Hait6inpm migxoasmmMu AJis 1i€l MEeTH € CyIHOB1 AM3€bHI ABUTYHU 3 €JICK-
TPOHHUM KepYBaHHSAM, T10pUAHI Ta KOMOiIHOBaH1 ab0o BOYZOBaHI MPOIYJIbCHUBHI CHU-
ctemu (IPS). BaxxnmuBuM komroneHToMm Takoi IPS € cuHXpoHHA eleKTpuyHa Mallu-
Ha (SM), 1110 BCTaHOBIIOETHCA B JIiHIIO IpeOHOro Bany — BajioreHeparop (BI'), sxa
MOJKE TIPAIIOBATH K y pexumMi reneparopa (SG), tak i B pexxumi apuryna (SG/M)
[1]. Taki cuctemm, HE BHMAararO4u BHECCHHS OYIb-SKHX HAIMIPHHX 3MiH Yy KOH-
CTPYKIIiIO Cy/iHa, 3a0€3MeUyI0Th s/l IepeBar.

OnTuMizallisi pe>KuMiB poOOTH JIBUTYHIB BHYTPIIIHHOTO 3TOPSIHHS MPU3BOJUTH
70 3HIKEHHs nmuTtomux BuTpar manuBa (SFC) Ta 3HayHOTO 301NBLICHHS TEPMIHY
CITy>KOM JIeTaJieil TBUTYHIB Uepe3 3HIKEHHS BiOpartii [2].

[Iporiec PEIHXKUHIPUHTY
3MIACHIOETHCS NUIAXOM  MOJEpHi3alii
icHyrouoro royiopHoro jasuryHa (ME) Ha
riOpuHy CHUJIOBY YCTAaHOBKY, SIKa € IH-
HaMIYHUM noegHaHHsM ME ta qusenn-
€JIEKTPUYHOI pyXxoBoi yctaHOBKH (DEP)
(puc.l).

[{s cucTtema Mae I'ITh PEKUMIB PY-
Xy: 6eperose xuBjaeHHsT STS, OCHOBHUM
pexuM HezalexHoi pobotn ME Ta
CEEC, PTO — ocHOBHHII MEXaHIYHUH 3
epeJavyeto MOTYXKHOCTI Bl TOJIOBHOTO
neuryHa no CEEC cyana, PTI — nipu HiI[CYMOBYBaHHi noTyxHocTl Bix ME 1 SM,
PTH — komu ME 3ynuauBcs i rBHHT o0epTaeThest Big CM (puc.2, a-a.) [3]. Li pizHi
PYXOBI PEKHUMH MOXYTh aIalITYBATUCS JI0 BUMOT PI3HUX YMOB €KCILTyaTallii.

Puc.1 — Kondirypariist TuIIoBOi CyaHOBOI eHep-
retudHoi cuctemu 3 BI'/J]
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Il)
Puc.2 — Pexxumu ponyabCHBHUX YCTaHOBOK 3 BaJOI'€HEPATOPOM / IBUTYHOM:
a) STS; 6) ocuosuuii pexxum (Main mechanical mode); B) PTO; r) PTI; n) PTH
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[IpoananizyeMo pexumMu poOOTH CYTHOBOI €HEPreTHYHOI CHCTEMH Ta BUTPATH
NajuBa OCHOBHOTO JBUTYHA Ta JU3E/Ib-TEHEPATOPIB Y PI3HUX Jlialla30HaX HaBaHTa-
eHb. JJI IIbOTO PO3TIITHEMO CYJIHOBY CHIIOBY YCTaHOBKY KOHTeHHepoBo3y «Gerda
Maersk», macropTHi JaH1 K01 peacTaBieHi B Ta0. 1.

Tabmuus 1 — [lacopTHi JaHHI TEHEPATOPiB

Teneparop Tum S, @, U, , K cos
(KiTBKiCTB) kBA 00./xB B A I'n ®
«Siemens»
JIT (3) 1DK4531-8BF05-7 3600 1800 6600 315,3 60 0,7
BV (1) i
«Siemens»
T}fgﬁf 65L3710-8LGA2- 3571 | 45-82 | 6600 | 3285 | 60 0,7
3675 kr-m? AAWO

HomiHanbHa OTyXHicTh 0cHOBHOTO aBuryHa Pygn, =68.640 MW |V manespe-
HOMY PEXHMI IILOTO CyJHAa HEOOX1JHA MOTYXHICTh CYyJIHOBOI CHUJIOBOi YCTaHOBKH,
3T1JIHO TaONMIIl HaBaHTaXEHb, CTAHOBUTH Py =5057.37 MW | B 1iboMy pexxumi 1o-
TY>KHICTb TOJIOBHOTO JIBUTYHA MOKHA IMOPIBHATH 3 MOTYKHICTIO TU3€JIb-TEHEPATOPIB
CYJTHOBOI EHEpPreTUYHOI CHUCTEMHU. KO0 cymMapHa NOTYXHICTh MPOMYJIbCHUBHOI
YCTaHOBKHM Pz Ta IIJKIIOYEHUX €JIEKTPUYHUX CIIOKHMBAYIB Pycig HE IEPEBUILYE
CYMapHOi MOTYHOCTI JU3€Ib-TEHEPATOPIB, MOKHA 3/IIHCHUTH MEpeXil 10 PEKUMY
PTH — onuH 13 pexxumiB, MOKIIMBICTh SIKOTO € MPUHIIMIIOBO HOBOIO BJIACTUBICTIO 1H-
TErPOBAHUX EHEPTOCUCTEM.

[TokaxkeMo, 110 TakWil Mepexia JOLUIbHHUI 3 MIpKYBaHb €KOHOMIT MaJjivBa Ta,
SIK HACJI1JIOK, TM1IBUIIICHHS €KOJIOTIYHOT YUCTOTH CY/THA.

3anexHicte nutoMoi BuTpatu nanuBa (BSFC) ocHoBHOro nsuryHa Tta au-
3€JIbHUX T'€HEpaTOpiB IpU BIAHOCHOMY 3aBaHTaXEHH1 5..15% <L <100% MOXyThb
OyTH arpOKCUMOBAH1 MOJIIHOMIAIbBHUMHU (DYHKIIISIMU JPYTOTo TOPSIKY .

BSFC,e =0.01L%,c —1.513L, + 226.3L\/'|‘—9\Nh}

BSFCpg =0.006L* —0.959L + 230.2[—Mk\?\/h }

7e L - BIIHOCHA MOTYKHICTh Y BIICOTKAX: Lypg =100P /3.600 111 4ac poOOTH OAHOTO JIH-
3elIb-TeHepaTopa; Lypg =100P/7.200pyu  mapayienbHid ~ poOOTI  ABOX  JU3EIb-
reHepaTopiB; Ly,e =100P /68.640 /7151 TOJIOBHOTO JIBUTYHA.

B o6nacti HagHM3BKUX HaBaHTaXeHb L<5% 3aJIe)KHOCTI BSFC(L) ampoKcHMY-

IOThCSl 1HINUMHM (PYHKIISIMHU, aje [e Jiama3oH He € aKTyalbHUM ISl CYJHOBHUX
EHEPreTUYHUX CUCTEM.
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= 250 Burtpara nanusa Bu3HavyaeThbcs 3a
= BSFC-ME raKoro (popMyJIOko:
= BSFC-2DG pMy. :

2230 ——— BSFC-1DG SFC(P)=BSFC(L)-P.

4 _ BaxxnuBoro 0COOJIUBICTIO

v 9 \ , .o . o

m 210 pyHkIiM € icHyBaHHS ONTHUMAaIbHOI

00 V] rouku B oOmacti 80 .. 85%

1OMIHQJIBHOT TMOTY>KHOCTI JIBUTYHA

170 3|2 'HaOLIBIII TTOBHE 3TOPSIHHS TajuBa),

E|E 0 BIATIOBIAa€ TMPUHITATIAM TPOCK-

150 ryBanHa JIB3. TloOymyemo rpadiku

0.0 20.0 40.0 60.0 P, MW TUTOMOi BUTpatu mampHoro BSFC,
BIJIKJIABIIIM 110 Ocl aOcCIuC a0COIIOT-
HYy MOTYXHICTh P i Bcix JIB3

(puc.3).
BungHo, mo y cdepi Mamux HaBaHTaKeHb BSFCye (P) TOJOBHOTO IBHUIYHA

Puc. 3 — Ilpunnun nozginy pexumiB pobotu CEY

3HA4YHO OibIne BSFC,pg (P)1BSFC,pg (P) AM3ENb-TeHepaTOpiB.

Tomy B J1ana3oHi HU3bKUX HaBAHTAKEHb, 30KpeMa MPU MaHEBPEHOMY PEXKUMI
po0OTH, TOLIBHO NMEPEBECTH PYXOBY YCTaHOBKY B pexxuM PTH, mpuuomy 3a moty-
’KHOCTI 103.6 MW MO’KHa BUKOPUCTOBYBATH OJIMH JU3EIb-T€HEPATOp, a 10 7.2 MW —

1IBa JIU3€Nb-TeHEpaTopu (TpeTii TeHepaTop 3HAXOAUThCA B PE3EpPBl 3 MIPKYyBaHb
oesnexn) [4].

Po3paxyeMo BHUTpaTy majuBa IiJ 4ac poOOTH TOJIOBHOTO JIBUTyHa a00 ABOX
JIM3eJIb-TeHEPATOPIB, HEXTYIOUM Ha JTAaHOMY €Talll JOCHIKeHb JOJAaTKOBUMH BTpa-
TaMH BiJ] AU3€JIb-T€HEPATOPIB O TPeOHOTO Bally.

Burpara ronosHoro gsuryHa ckiane: Ly, =7,367%; SFC,e =1090kFg

AHJIOTIYHO JJIs IBOX JAU3€JIb-TE€HEPATOPIB OTPUMYEMO:
Lo =70,24%;  SFC,. :973,2%g

Taxkuii e pe3ysbTaT OTPUMAEMO, SKIIO PO3PAXYBATH BUTPATH KOXKHOTO 3 AH-
3eJIb-T€HEPATOPIB OKPEMO (BUXOIAYM 13 MPUNYLIEHHS MPO CUMETPUYHHUI PO3MOJILIT
HABaHTAXEHHS ):

Loe =70,24%; SFC,, =486,6%; SFC,.s =2SFC,¢ :973,2%9

Takum YuHOM, €KOHOMIS TTAJIMBA CTAHOBUTHUME: SFC,,z —SFC,pg =116.8%,

ToOTo 100%:10.7 %, IO CYTTEBO MEPEBUINYE MOXJIMBI BTpaTH €HEPrii y

kanani DG-FC-SG/M.

[IpoananizyeMo 1ie OJHY OOJacTh HaBaHTaXXEHHS BIA7.2MW m1o20MW . VYV
1bOMY BUIAJIKY criyibHa po6ota ME 1 DG-SG/M (pexxum PTI) HeponisibHa, OCKiTb-
ku HaBaHTakeHHs ME wmaite, a iioro 3MeHmeHHs 3a gonomororw DG-SG/M numie
MOTIPIIUTh EHEPTEeTHYHI TOKA3HUKH.

Hexai, nanpuknan, Pye =15MW.
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Butpara ronosHoro asuryHa cknazne: L. =21,85%; SFC,. = 2970%9 .

Hexail qu3enp-reHepaTopy NpalioloTh 3 ONTUMAIbHUM HaBaHTAKEHHAM 80%.
Toni orpumMyemo:

Loe =80% P, =576 MW ; SFC,,. :1105,2%9; L. =13,46% ; SFC,,. :1919,6%g

[TincymoByI0UM pe3yabTaTH PO3PAXYHKIB 1, 3HAXOJIUMO:
SFC = SFCypg + SFCy = 3024.8%.

O4eBUIHO, IO BUTPATH MAJIBHOTO 30UIBIIYIOTHCS. TOMY HEOOXITHUM pexum
pobotu cuctemu — MAIN (ne3anexna po6ora ME ta DQG).

Jami, B jiama3oHl cepelHIX HaBaHTAXKCHb OCHOBHOTO JIBUT'yHA OLIbIIIe
20 MW #ioro mMTomMa BUTpaTa MajiuBa MEHIa, HiXK y nu3enb-renepatopiB CEEC. To-
My CTa€ JOIIILHUM mepexin y pexxkum PTO, konu Bci moTpeOu CyTHOBOI €IeKTpUY-
HO1 Mepexki 3a0e3neuytoTh Basiorenepatop SG ta WHRS. 3 ognoro 6oky, 11e Habmu-
3UTh TOJIOBHUH JIBUTYH JIO ONTHMAJIBHOI po0OOYO0i TOYKH, a 3 IHIIOTO — JO3BOJIUTH
30epertd MoTopecypc au3enb-TeHepatopiB. OueBHAHO, 110 B J1ama30Hl HaBaHTa-
*eHb BiJ1 65% 10 85...90% Pz TOJIOBHUII IBUTYH MPAIIOE B PEAKUMI, OJIU3BKOMY /10

ONTUMAJIBHOTO, TOMY JOIUTBHUI nepexiy B pesxkumM MAIN.

I, mapemri, xoaum HeoOXximHa motyx)HicTh ME crae Bume 90...95% Py, mo-
TpiOHO mepeitu B pexxum PTI. Tom mauzens-renepatopu ta WHRS 3061nb1ars 3a-
rajbHy IOTYKHICTb, 10 IEPENAECTECA TBUHTY HA BETMYHMHY 2P + Ryprs — Pship grig » 1110

JI03BOJIUTh 3HU3UTH HABAHTAKEHHS TOJOBHOTO JBUTYHA, 3HOBY HAOJIMKAIOUUCH JI0
ONTUMAJIPHOI BEJIMYMHU 3 TIOTIISITY K BUTPATH, TaK 1 TOBHOTU 3TOPSIHHS TAJIHBA.

BucHoBkm: Y po060Ti MpoBeIeHO aHaI3 OCHOBHHMX TECHJCHIIINA PO3BUTKY CY-
JaCHUX CYJHOBHX CIIEKTPOCHEPTETUYHUX CHCTEM Ta 3alpOIIOHOBAHO MPUHITUII
PO3MOLTY PEKUMIB pOOOTH KOMOIHOBAHOI CYJTHOBOI €HEPreTUYHOI CUCTEMU, BUXO-
JYM 3 HAaBaHTA)XEHHsS TOJIOBHOTO JBUTYHA. BupaineHo, kpiM pexumy OeperoBoro
KUBJICHHS, YOTUPU OCHOBHI PEKHUMU POOOTH 32 HASIBHOCTI B CUCTEMI CUHXPOHHOI
MaIllMHU Ha TpeOHOMY Basly Ta MEPETBOPIOBAUa, 1110 3a0e3meduye poOOoTy i€l Malllu-
HU SIK Y PyXOBOMY, TaK 1 B T€HEPATOPHOMY PEXHUMI.

Tonmi 3a piBHEM HaBaHTa)XEHHS TOJOBHOTO JBUTYHAa — MaJlUid, CEPEIHIMH,
HOMIHAJIBHUYN Ta BEJIMKUN — CUCTEMa aBTOMATUYHOTO YIIPABJIIHHS MOXE BIAMOBITHO
BU3HAYHUTH TOCIIIOBHICTh TIEPEMHUKAHHS KOMYTAIIHOI anmapaTypu Ta BUKOHABUUX
MAaIlIMH Ta MeXaHi3MiB. TakoX JOZATKOBO HEOOX1AHO BIA3HAYMTH, 1[0 MOYKJIMBOCTI
MEePEMUKAHHS CHJIOBUX arperaTiB y KOMOIHOBaHIN CHUJIOBIM yCTAHOBII B aBapidHUX
peXXUMax MiABUILYIOTH XKUBYYICTh Ta Oe3nexy cyaHa. Ha mpukmiani KoHTelHepoBo3a
MmictkicTio 16000 KOHTEHHEepiB MOKa3aHO, M0 IPH PYXY CyJIHA 3 MAJIOK0 IMIBUIKICTIO
HAaBaHTAKCHHS MPOMYJIbLCUBHOI YCTAHOBKH 3HMKYETHCS JI0 TAKOTO PIiBHS, TIPH TKOMY
BOHO MOYKe OyTH 3a0€3MeUeHO NU3eIb-TeHePATOPAMH CYTHOBOI €ICKTPOCHEPTCTHY-
HOT CHCTEMH 3aMiCTh BUKOPHCTAHHS IS I[bOTO TOJIOBHOTO ABUTYHA. ToAl mepexin y
pexum PTH, 3 ogHoro 0oky, no3Bosisie ekonoMutH naiauBo (1m0 117 kg/h), a 3 in1o-
ro OOKy MiJBUIIY€ TIOBHOTY 3TrOpPSHHSA MaliiBa, TaK SK JIU3€Jb-T€HEpaTOpU
NPAaLOI0Th NMPU ONTHUMAIBHOMY 3aBaHTaXKEHHI Ha BIAMIHY BiJ T'OJIOBHOTO JBUTYHA,
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po0oTa SKOTO B y IbOMY BHUIIAJKY OJU3bKa JJO XOJIOCTOTO X0y 1 Ty’KE€ HECTIPUSITIIN-
Ba JIJIsI MaIlIHHH.
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I'mazeBa O.B., bonaapenko O.B., yako C.O., Kpamap I. /.
Hamionanpauit yaiBepcuret «Oiechbka MOPChbKa akaaeMis»

Bukopucranns Bucokoe()eKTUBHUX TEXHOJOTIN AJIs MiABUILEHHSI
eHeproe(eKTHBHOCTI MOPCHKHX Cy/I€H

JisIbHICTE MIDKHAPOHOT MOpChKOi opranizaiiii IMO 3 po3poOku cBOiX 1HCTPY-
MeHTIB (MiKHapogHUX KOHBEHLIH, [{upKyspiB Ta 1H.) 341HCHIOETHCS POOOYNMU Op-
ranamu - Komiteramu IMO.

Omnum 3 Hux € Komiter 3 3axucty Mopcbkoro cepenoBuma (Marine
Environment Protection Committee (MEPS)).

[le#t pobGoumii opran IMO, 30kpema, mpalftoe Haj PO3BUTKOM MixHApOIHOT
KOHBEHIIIT 1110710 3ano0iranHs 3a0pynHenH:o 3 cynen (MARPOL'1973/78).

Kongenis mae 6 momatkiB. JJomatok VI [1] npucBsuenuii 3axucty atmochepu
BiJl 3a0pyaHEHHS 13 cyneH. KpiM BiJOMHX 3aX0JliB, IO BXKUBAKOTHCS IS 3aXUCTY
atMocdepu BiJ BUKHIIB OKCHAIB cipku (SOx), okcuaiB azoty (NOX) i TBepaux ya-
ctuHok (TY), IMO Buctynuia 3 iHIIIaTUBOKO PO3POOKH IHCTPYMEHTY 3aXHCTYy aTMO-
cdepu Big napuukoBux razis (I1I°). i Bumoru ysiinum no po3ainy 4 Jomarka VI
10 MARPOL 1 cipsimoBani Ha 3um»eHHs emicii 11" 3 cyneH.

Enepeoegpexmusnicmo (EE) cyona xapaxmepusye enepeemudHi MONCIUBOCHI
MexXHIYH020 3aco0y Npu HAUMEHUWUX 8UMpamax pecypcie 0 eupobienus enepaii. Y
HAWUIPOCTIIIOMY BHUNAAKY OLIHKA EE BUKOHYETHCS 32 KOMIUIEKCHUM MOKa3HUKOM
SAKOCT1 cyqHOBOi eHepreTraHoi ycranoBku (CEY), Buxoasum 3 11 BUTpaTHHUX Ta pe-
CYpCHUX TOKa3HUKIB. Y TOH K€ 9ac, y Cy4aCHOMY JABUTYHOOYIyBaHHI Ta CyJHOOY-
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JyBaHHI HE JIWIIE JEKIAPYEThCS, a W BIIOYBAETHCS MEPEXia Bi OKPEMUX BUIIAIKIB
nigBuineHHss KKJ/[ arperaty 10 KOMIUIEKCHOI 1HTErpaJibHOI OIIIHKM BCIX aCMEKTIB
BITUBY Ha CHEPIeTUYHI ITOKa3HUKH CaAaMOT0 CY/IHA.

VY 3B'I3Ky 3 MOTpPeOOI0 BBEACHHS IMOKA3HHMKA, IO CBITYUTH MPO CPEKTUBHICTH
CyJIHa OO MAJIMBHOI €KOHOMIYHOCTI Ta BUKUAiB [1I°, mpormoHyBanocs BBECTH KOH-
ctpyktuBHUM 1HIEKC CO2, a TakoX IHIUKATOP EKCIUTyaTaliiHOl e(pEeKTUBHOCTI,
KWW BU3HauYa€e e(DEKTUBHICTH CyaHa 3a KUIbKicTI0O CO2 y TOHAX, BAKMHYTOTO OKpe-
MOIO YCTaHOBKOIO 3a TEPIOJl peicy CyaHa Ha TOHHY IEPEBE3EHOT0 BaHTaXy Ha
BijicTaHb | mMuimto. @opMyiia /st BU3HAYCHHS BEJIMYUHA KOHCTPYKTHBHOTO 1HACKCY
CO; [rCOy/1- Muns], Ma€ BUTIISI;

C,-SFC-P

Attained design CO,index = —————
Capacity -V,

ne P — HomiHanpHa TOTYXHICTh rojioBHOro ABuryHa (I'J]), kBt; SFC - nutoma
edeKTHUBHA BUTpaTa MajuBa IbOro IBUryHa, I/KBT roa; Cr - 6e3po3MipHuii nepepa-
xyHKkoBu# KoediuieHt, T-COy/T manuBa, BU3HAYCHUM 32 BMICTOM BYTJICIIO B KOH-
KpETHOMY MayiuBi. Y 3HAaMEHHUKY (POpMYIJH - TI0OYTOK BEJIMYMHU MICTKOCTI CyJHA
Capacity B ToHHax (K MICTKICTh Tiepeadavagocs mpuiMaTH JEABCHT) i MaKCUMaIIb-
HOT IIBUIKOCTI CyAHA V ref, MUJIB/U.

BignosigHo o xouBeHiii MARPOL 1973/78 sukunu CO; ciin BpaxoByBaTH 3a
nornoMororo koeditienta EE, kUil € KOMIUIEKCHUM MOKa3HUKOM SIKOCTI CYJIHOBOI
enepretnyHoi yctaHoBKM (CEY), Buxoasum 3 i BUTpaTHUX Ta PECYpPCHUX IOKa3-
HukiB. [TonpaBku g0 Homatka VI no MARPOL mon0 TeXHIYHUX 3aXOJIB CKOPO-
yenHs BukuaiB II" 3 cynen BianosigHo q0 Pesomronii IMO MEPC.203(62) nabupa-
10Tb YUHHOCTI 1 ciyHs 2013 poky Jisi KO)KHOTO HOBOTO CyJIHA BaJIOBOK MICTKICTIO
400 1 6inbire. [Tpu nuboMy moBUHHI OyTH BU3HAueHi: HeooOxionuu ma /{ocseHymuii
Koncmpyxkmusnuii xoeghiyienm eneproedexrurocti (EEDI), a Takox nmoBunen 0y-
TH po3poOsieHnit Ta BuUKOoHyBatuch CynHOBUN TimaH yrpaBiiHHi EE cynHa
(SEEMP). Metoauky #oro BU3HaUEHHS JIETabHO BUKJIaAEHO Yy [2].

Hocsienymuii EEDI moBuHeH BH3HAYaTUCs BiAmoBigHo 10 Gopmynu (1) HaBeme-
Hoi B [3], siKa, 1O CYTIi, € OMUCOM y3arajJbHEHOI CYTHOBOI €JIEKTPOCHEPTreTUYHOI CH-
cremu (CEEC).

BiamosigHo 1o [1] BHCOKOE(hEKTMBHUMU TEXHOJOTISIMH BBaXKAIOThCS YTHITI3allis
TeIUia BIAMpPAlbOBAaHMX ra3iB Ta 3acTocyBaHHS (oTtoenekrpuunux moxayiiB (OEM)
BUPOOHMIITBA €JIIEKTPUYHOT €Heprii.

[ToTy>XHICTh, siKa TeHEpYy€eThCs MPH YTWII3AIlii Teruia BiANpalbOBaHUX Ta3iB, 3ajie-
xuTh Big notyxkHocti I'Jl. Tak, nis ['Jl mpu nmotyxHocTi > 25000kBT pekomeHay-
I0Th 3aCTOCOBYBaTH KoMOiHOBaHMi crioci6 naposa (I1T) Ta razosa Typ6inu (I'T) npu
oMy Pr = (0,08-0,11) Pry; mpu motyxuocTi < 25000kBT pexomennyrots ['T abo
IIT - Pr = (0,03-0,05) Pry; mpu moryxuocti < 15000 kBt — I'T a6o ORC (organic
Rankine cycle) — opraniunuii nuka Penkina [2].

[HHOBAIIHHUMY TEXHOJIOTISIMH BBAXAIOTHCS TEXHOJIOTIT Ta MPUCTPOT 1S 3a0€3-
nevyeHHs eneprieto [1Y (mapycu pizHoi KOHCTpyKIii, porop dreTTHepa) Ta MpUCTPOi
IUI OTPUMAHHS eJIEKTPUYHOI eHeprii (consuHi Oarapei) [4].
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Sk 3a3Hauanocs BUINE, OAHUM 13 BHUCOKOC(PEKTHBHHX CIIOCOOIB TIABUIIICHHS
eHeproeekTUBHOCTI € 3acTocyBaHHs ®EM. 3aranbHa kopucHa noTyxHictb I, sika
BUPOOJIIETHCS, 32 paXyHOK enekTpoeHeprii ®EM, BusHauaeThest K fer - Pager, A€ ferr
— koedimeHT eEeKTUBHOCTI - BITHOIICHHS CEPEIHHOTO BUPOOJICHHS €JICKTPOCHEPTii
HAa OCHOBHHMX CBITOBHUX MapIIpyTax JAOCTaBKHA [0 HOMIHAJIBHOTO BUPOOJIEHHS
€JIEKTPOCHEPTii, 3a3Ha4YE€HOT BUPOOHUKOM.

3Hal04YM BEJIMYMHY MOTY>KHOCTEH, K1 T€HEPYIOThCS 13 3aCTOCYBAaHHSM BHUCOKOE-
(PEKTUBHUX TEXHOJIOTH, BU3HAYAEMO KOE(PIIIEHT EHEPTroePEKTUBHOCTI.

Heobxionuni EEDI| moBuHeH BW3HauaThCs NOOYTKOM BEJIMYMHH 0a30BOi JiHII
(BJI) nyia koHKpeTHOTO TUITY CyAHA Ha MHOKHUK «(1-X/100)», B IKOMY BpaxOBY€Th-
Csl BEJIMUYMHA 3MEHIIYI0Uoro (akTtopy X, IO 3aJeKUTh BiJl TUIY CyAHA, HOTO poO3-
MIpIB Ta YOTHUPHOX YACOBUX (pa3 3aCTOCYBaHHS LIbOTO (PAKTOpPY.

X
Tpebyemvui EEDI = (l_ﬁ) -6enuuuna bazosou nunuu 1)

3naueHHs bJI € ¢pyHKLi€O BI I€IBEUTY CyIHA:
basosa ninisi = a-b”, (2
7€ a 1 ¢ - TOCTIfHI BEIWYMHHU, JJIs PI3HHX THIB CyAeH HaBeAeHi B [1], a mami,

HAINpPHKIIaJI, I KOHTEHHEepOoBO3y B Ta0i.1, b - meaBeiT.

Tabmuis 1 — Koediuientu ans noGynosu ba3zosoi ninii

Tun cyana a b c
KonTeitnepoBo3 174,22 Henseiit (DWT) 0,201

BiamosinHo o 3anucanux Buiie BupasiB (1) 1 (2), Oyayemo JiHii HeoOX1THUX
piBHIB (puc.1).

Hpukaaa. {na konreiinepoBo3y mictkictio 16000TEU 3 neaseiitom 116000
HeoOx11HO nmoOyayBaTu bJI 1 po3paxyBatu HeoOxiqHy BenmuuHy koedinienta EEDI
BIJIMOBIAHO JI0 PI3HUX YacoBUX (pa3 3acTOCyBaHHS (PaKTOPYy 3MEHIIICHHS.

Piwennsa
1. 3 Tabsn.1 Bunucyemo 3Ha4eHHs KOe(iliEHTIB

a =174,22; ¢=0,201.
2. 3anmcyeMo BUXITHUHM BUpa3 BU3HAYCHHS nocsarHyToro piBHs EEDI
EEDI = a-b*=174,22 - 116 000°%1,

BianoBigHo 1o 3amuca”oro Buile Bupasy, oyayemo bJI (puc.1).
3. 3anucyeMo BHpa3 BU3HAYEHHS PIBHS, IKMH HEOOX1THO JOCSTTH:

X X
EEDI, =1-—)-EEDI =(1-—)-a-b”°
= 100) ( 100)
ne X - neooxinuuii piseb EEDI (X = 10%, 20%, 30%).
4. BiamoBiIHO 1O 3aMKMCaHOTO BUIIE BUpaszy, OyayemMo JiiHII HEOOXITHUX

piBHIB (puc.1) Ha siKi BiAmoBigHO 10 Ta01.2 [4] HAHOCKUMO JTIHIFO OOMEKEHHS, KA €
JIHIEIO BIJJIIKY.
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Takox, B qanuii yac e ogquuM BakiusuM nokasarkom € EEOI (Ship Energy
Efficiency Operational Indicator - onepamiiiauii okasuuk EE), cepenHiii MOKa3HUK
SIKOTO 3a Tepio]] a00 psijl peiciB MOKHA pO3paxyBaTH HACTYITHUM YHHOM:

ZZ(FCU -Cy))
Average EEOI = —- ,
z(mcargo,i : D|) m - MU

e ] — THII MajmBa; | — KUIBbKICTh peficiB; FCj; — Maca Cro>kKMBaHOTO TMajuBa 3aJIeKHO
BiJl IOTO TUITYy Ta KUIBKOCTI peiiciB; CFj— KoedillieHT nepepaxyHKy MacH NajiuBa 3a-
nexHo Big oro tuny CO2; Meargo — KUIBKICTh BAHTAXKY, 1110 IEPEBO3UTHCS, 3aJICKHUTh
BiJl HOTO XapakTepy a00 BUKOHAHOI pOOOTH.

[TokaxxeMo 3acTocyBaHHA (OPMYJIM Ha OCHOBI JAHUX PEMCOBOro 3BITY, LIO
BKJIIOUYA€ OJMH OalacTHUM peiic (Tadu.3).

EEOI — 100-3,114+23-3,151 _13,47.10° monnCO, '
(25000-300) + (0-300) + (25000- 750) + (15000-150) (monn - mopcrux munw)
EEDL r CO, /(r - uxmz) Taomums 2 — JliHist oOMeXeHb JIs
P — CY/ICH Pi3HUX THITIB
: taza 0 2013-2013 Hensenit abo 1oB-
) : omea 120152000 Tun cynna Ha BOJIOTOH-
| ®asza 2 2020-2025 HaXHICTb
bankepu 10000
| R e Tankepu-razoBo3u 2000
' . = s Tankepu 4000
DWT10” KonreitnepoBo3u 10000
Puc.1 — basosa niis Ta ninif I'enBanTax/Pedpmxepatopu 3000
HEOOX1IHUX PIBHIB

Ta6mmnst 3 — BuzHaueHHS BUTPATH IMAJILHOTO 3a peiic

Hasga ta Tun cyana
Petic Burpara nanusa (BII) B Mopi Ta B mopty TpuBaiicts peiicy Yac, nara
Tanmso (MasyT) Tamso (11T Tun nanusa Banrax (”SOHI/I abo koH-| Bincrans, Myl
TeHHEPH)
1 20 5 25 000 300
2 20 5 0 300
3 50 10 25000 750
4 10 3 15000 150
3HaueHHs, HaBeJieH] B Ta0J.4 BKJIIOYAIOTHCS 0 CYAOBOIO IUIaHy YNpPaBIIHHS
EE.
Tabmurs 4 — 3axoau Ta noTeHNiiHMA BB Ha EE Ta ckopoueHHs BUKUIIB CO»
Konctpykrusni (Hosi cyana) Exonomist Kombino- Kombino-
(%)CO2/T-Munst BaHUI BaHUI
Komnmemniiis, MBUAKICTh Ta MOKIMBOCTI 2-50* 10-50% * 25-75 *
Kopnyc ta HanOymoBa 2-20
IToTy>XHICTh Ta IPONYJIHCUBHA YCTAaHOBKA 5-15
HusbkoByriienese nanuBo S-15**
BinHoBmoBaHa eHepris 1-10
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3amxeras CO2 Bij BUXJIONHUX ra3iB 0
Onepaniiini (Bcei cynHa)

VYrpaiiHHS HIOTOM, JIOTICTUKA T CTUMYJIH 5-50* 10-50% *
OntuMizaltis MapIpyTy 1-10
EHepreTnuHnii MEHEKMEHT 1-10

* BHuoicen s Ha OaHOMY PIBHI BUMALAMUME 3HUNCEHHSL WBUOKOCHIE
** Exeieanenm Cls, 3aCHO8AHULL HA BUKOPUCIAHHI 3DIONCEHO20 NPUPOOHOZO0 2A3y

VY BIANOBIAb HA 3aMUTH LIOJI0 3aCTOCYBaHHS METOJIOJIOTIT PO3PaxyHKIB, IO
MICTATBCS B KepiBHOMY mosioxkeHH1 IMO, dipma « BIMCO» ctBopuiia EEDI - kanbky-
asitop [5], o no3Boisie BuzHaunTh 3minu EEDI y pasi 3MiHN IPOEKTHUX MMapaMeTpiB.

BucHoBku:

1. 3ycumns, BxuTi IMO 1moao 3HMKEHHS 3a0pyAHEHHS MOBITPS 3 MOPCHKUX
CyJIeH, TIOB'13aH1 31 3MIHOIO KJIIMaTy, 3aCHOBaH1 Ha HAayKOBIi 1H(opMalli, TOMy BU-
poOJIEeHHsI HEIOPOTUX Ta €(PEKTUBHUX PIIIEHb JO3BOJIUTh YHUKHYTH AecTalOumi3arii
JOCSITHEHb OCTaHHIX JECATUIITh. BHacHiOK 1bOro, KpaiHU OTPUMAIOTh MOXK-
JUBICTh, Y MaOyTHHOMY, 3AIMCHUTU MEpeXi] 0 HU3bKOBYIJICLIEBOI €KOHOMIKH, a
TaKOX HaJaTH MO3UTUBHUMN BIUIMB HA aTMOC(EpPy Ta 3/I0pOB'sl JIIOJIEH.

2. SIx moka3ye mpakTUKa eKCIUTyaTallii HOTYXHICTh Ky reHepytotb ®EM, He-
BEJIMKA B IMOPIBHSAHHI 3 MOTYXKHICTIO, 110 OTPUMYETHCS NIJISXOM YTHIII3allii TerJia
BIJIMpaIlbOBAaHUX Ta3iB. BHACTIIOK, BITHOCHO HEBEJIMKOI MUTOMOI MOTY>KHOCTI (J10
350 Bt) Ta KKJI (m0 18%) ®EM Hemae nmoTpeOu y MOBHIM 3aMiHI €JIeKTpOeHepre-
TUYHOTO O0JIaJIHAHHS Ha BIIHOBIIOBaHI JyKepena eneprii. Llporo, B mpuHImMi, /10-
CSATTH HEMOXKJIMBO Ye€pe3 HEJOCTATHIM TEXHOJOTIYHUN PO3BUTOK TMEPBUHHUX aJlb-
TEPHATUBHUX EJIEKTPOCTAHIIIM, a TaKOk OOMEXEHE BaKaHTHE MICIIC Ha CyaHaX JJis
ix po3miuieHHs. IIpore, BIpoBaKeHHsT TAaKOro 00JIaJHAHHS JO3BOJIUTH BUPOOISATH
MEBHY J0JIaTKOBY KUIBbKICTh €E€KTPOEHEPrii sl MABUIIEHHS! €Heproe(eKTUBHOCTI
CYJIEH.

3. s BianmosigHocti BuMoraM MARPOL yciM cyaHOBIacCHHKaM HEOOXITHO:
PO3pOOUTH 3a JOMOMOTOI0 CIELIaN30BaHUX OpraHizaliil miaH ynpasiiHHs EE cynHa
JUISE KOJKHOTO 31 CBOIX CYJ/IEH, IO JIIOTh a00 OyAyrOThCs; 3a0€3MeUnTH MPOXOHKEHHS
CyJIHAMH OTJISI/IIB Ta BUIAYy Ha KOYKHE CyJTHO MIKHAPOJIHOTO CBijoITBa TIpo EE: miepe-
KOHATHCS B TOMY, L0 BCl 3aMOBJICHI HUMH CYJHa Ta Ti, 110 OyAyIOTbCS, TUX THIIIB, Ha
SIK1 TIOIMPrOeThes it HoBuX npaBuil Konsenitii MAPITOJI, marots Taku koedimieHTH
EFE, sxuii 3a0e31neunTh IXHI0O HOpMaJbHY €KCILTyaTalliio MPOTIroM YChOTO TEPMIHY
CITYyKO0H.
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TH)KEHEPHI TEXHOJIOT'TI EKOJIOITYHOI TA MTPO®ECIMHOI
BE3IIEKHN HA MOPI

YK 656.61

Kynemos .M., [lapmenosa JI.I"., MamkiueB M.A.
Hartionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

AHaJii3 aBapiiiHOCTi CBITOBOIr0 MOPCHKOI0 TOPropebHoro ¢guory y 2020-2021
poKax

besneka MoperyiaBaHHs € 3aBX/I1 HAHBaXKIUBIIIO YMOBOK MOXKJIMBOCTI e(eK-
TUBHOI eKcIutyaTallii cyneH. [IpoGnema 6e3nexku MoperuiaBaHHs 3aBX/IU € HallBax-
JUBIIIONO, MPIOPUTETHOIO Ta aKTyaJIbHOIO B OIIHII CY4aCHOTO CTaHy Ta PO3BUTKY
MOPCBKOT'O TPAaHCHOPTY, TOMY CBITOBE CYCIIJIbCTBO MOCTIMHO 3BEPTAaE OCOOIUBY
yBary Ha Ii¢ TIMTaHHsS Ta 3aCTOCOBY€E 3aXOJU Ta 3acOoOW JIsl MiABUILIEHHS Oe3NeKu
MOPCHKHX TOPTiBEIBHUX CY/CH.

JI1st pO3yMiHHS TEHACHIIIN 3MIHU aBapiiHOCTI HA MOP1 PO3TIASHEMO CTaTUCTUYHI
JlaH1 32 OCTaHH1 pokd. Tak, 3a JaHUMHU LIOPIYHOrO OIJISIIY MOPCHKUX aBapii Ta 1H-
uuneHtiB (Annual Overview of Marine Casualties and Incidents) €Bpornelicbkoro
areHTcTBa Mopchbkoi Oe3neku (European Maritime Safety Authority, EMSA) [1] Ta
HiMenpKoi cTpaxoBoi komnanii Allianz Global Corporate & Specialty [2] cknanacs
HACTYITHA KapTUHA.

3aranom y 2018 porri Oyno 3apeectpoBano 106 qyke cepito3HuX aBapiid, 110 Ha
68% Oinbire, Hix y 2017 pomi. Ognak y 2019 poril KUTbKICTh TaKUX aBapiil CKOPO-
TUJacs 10 63. AHaAJIOTiYHO 3MiHIOBANIACS KIJIbKICTh 3arH0IMX CYyJ/ICH: MK IPHUIaB Ha
2018 pik, a y 2019 poui 6yno 3adikcoBaHo 3HKEeHHsS — 10 21 cynna. [I{omo moct-
paXkaaiauxX, TO HaMOUIbIIA KIJTBKICT JIFOJICH 3arMHysa BHACIIJIOK 31TKHEHb 1 TaJdiHb
[1,3].

VY 2019 poui ckopoTunacs KiIbKICTh aBapii 3a y4acTiO BCIX THIIIB CYZEH, 32 BU-
HSATKOM ITaCaKUPCHKHUX Ta PHOATbCHKHUX

YYaCHMKaMU MOPCHKHX aBapiil ado 1HUMAEHTIB cTain 1382 BaHTaxkHi Cy/Ha, 3a-
runyso 19 oci0 1 guie oHe CyIHO;

KUIBKICTB aBapiil puOanbChbKUX CYJIEH TPOXH 30UIbIIMIIACA, alle KIJTbKICTh 3aruo-
TuX pubanbChKUX CyAeH ckopoTuiacs a0 14 (mopiBHsiHO 3 16 y 2018 pomi). Kins-
KICTh TPaBM 3yNHUHIIACH HA PiBHI 220;

Mmaibke 50% aBapiil y CEKTOp1 MacaXUPChKUX CYJEH CTajJoCs 3a y4acTio Taca-
KUPChKUX mopomiB Ro-Ro, mpu mboMy 3aToHYI0 O/1HE Take CyIHO.

3a pesynbTaTamMu PO3CIiyBaHb aBapiii Oysio BCTaHOBIEHO, 10 63,9% 3 HUX
CTaJIM TIOPYIIEHHSIM MPABUJI €KCILTyaTaIlii CyJIeH.

3aranpHa KUbKiCTh TIoai y 2020 porri ckopoTtuiacs nopiBHsSHO 13 2019 pokom
Ha 18%. Y mosicHeHH1 0 pe3yJbTaTiB BKa3ye€ThCs, M0 TAKE MO3UTHUBHE 3PYILICHHS
ciig po3risiaaty B koHTekcTl nanaemii COVID-19, sika BriMHys1a Ha iIHTEHCUBHICTh
100aJTbHUX MOPCHKUX MepeBe3eHs [1,2].
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Hait6inpm mo3utuBHI 3pymieHHs Oynu 3adikcoBaHl 3a KUIBKICTIO 3aruOimx
(tabu.1) (3HMKeHHa y 2020 pori mopiBHsIHO 3 2019 pokoM Ta KUJIBKICTIO TPaBMOBa-
Hux). Ak migkpecnuan B EMSA, y nepioa 3 2019 no 2020 pik ckopoTHiiacs Kijb-
KICTh aBapiil 3a y4acTiO BCIX THIIB CYJEH, JiAepaMH 3a UM MOKa3HUKOM 3aJIUIIH-
nucs BaHTaxHI cyaHa [1]. KiapkicTh pubanbChbKuX CyJEH, 10 MOTPAUIN B MOPCHKI
aBapii, B 2020 poiri 3ayummiaacs TpuOIM3HO Ha TOMY K PIBHI, OCKUIBKH €ITiIeMis
3HaYHO MEHIIIOI0 MipOIO MMO3HAYMIIACS Ha pUOATbCHKOMY CEKTOPI.

Hagiramiitai aBapii (3ITKHEHHS, TIOCAIKM Ha MIJMHY Ta TOPKAHHS) CKJIAJIA HaM-
OUTBIITy YaCTHUHY IHIMICHTIB, BHACHIIOK SKMX 3arUHYJN Cy/IHA. Y IIbOMY BiJ3Hade-
HO 3HMKEHHS KUTBKOCTI aBapii, K1 3aKiHYMIIACS BTPATOIO CyeH (Tabm.2) [4].

Ta6mums 1 - 3aranpHa aBapiiiHicTb cyaeH 3a 2020 pik [4]

Tun cynna KinekicTs BpsitoBano nronen 3aruHyno Jojen
CyxoBaHTa)kHi CyJTHA 27 180 53
bankepu 3 - -
KonrelinepoBosu 2 8 8
Tankepu 7 37 4
[Tacaxxupceki cyHa 1 46 14
ITopomu 3 9 32
Po-Po 4 11 7
Pubanbchki cynna 16 97 o4
[ammi 69 359 300
3araibpHa KiIbKICTh 132 147 472

Tabmuis 2 - OcHOBHI IpUuKHU aBapiii cyneH 3a 2020 pik [4]

Tun cygna 3ITKHEHHS [Tocanka ITorana 3arorenns | Iloxkexi
Ha MUIMHY noroja
CyxoBaHTaXH1 CyJlHa 7 8 10 22 -
bankepu 1 3 1 - -
KonTeltHepoBo3u 2 1 1 -
Tankepu - 3 2 2 2
Po-Po - 1 1 2 1
[Tacaxxupceki cyiHa - - - 1 -
ITopomu - 1 - 2 -
Pubanbceki cyaHa 21 - - 15 8
[ 12 3 3 25 36
3aranpHa KUIbKICTh 43 20 17 70 47

KisbKiCTh IHLIMJIEHTIB, MOB'SI3aHUX 13 3a0pyAHEHHSIM HABKOJMIIHBOTO CEpeio-
BHUILIA BHACIIIJIOK MOPCHKUX aBapii, MpoioBxkuiIa 3umxyBaTucs y 2020 porri. dakrtu-
4HO, 3 2014 poKy KUIbKICTh MOAIOHUX THIUIAEHTIB CKOPOTHUIIACA 3arajoM Ha 68%.

Ha 3akiH4eHHs 3a3HAUYUMO, 110 32 pe3yJbTaTaMu BCIX MPOBEICHUX PO3CI1TyBaHb
aBapit y 2020 poui Oyno po3pobisieno 2011 pekomeHaaniii 3 TexXHIKH Oe3MeKu, Oc-
HOBHA 4YacTHHA sikuX crocyBanacsa CynHoBux npouenyp / Onepariiid Ta Jlroacbkoro
daktopy / [linroTOBKM, HABUYOK Ta HOCBiTy [1].

Cratuctuka aBapiiiHocTi 3a 10 micsiiB 2021 poky (mani B Tabnuusax 3 ta 4 Ha-
AaH1 JJid mepioay 3 ciuHs mo koBTeHb 2021 poKy BKJIIOYHO) MOKa3ye 3HaYHE 30171b-
IeHHs aBapitHuX cutyaiii [5]. XKaxmue 3poctanus 3aru6mux y 2021 porti mopis-
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Hs1HO 3 2020 poKOM MOSCHIOETHCS 30UTBIIIEHHSIM MITPaHTIB Ta IXHBOI 3arudeni uepes
HepeBaHTAKEHHS [1J1aB3ac00iB Ta HE HAJIEKHOTO TEXHIYHOTO CTaHy OCTaHHIX.

Tabmuns 3 - 3aranpHa aBapifHIiCTh cyeH 3a nepii 10 micsmis 2021 poky [5]

Tun cygna Kinexicts BpsitoBano mtonieit | 3aruHyso Jroaei
CyxoBaHTaXkHi Cy/IHa 27 184 26
bankepu 6 22 -
KonreitHepoBo3u 3 - -
Tankepu 4 9 -
[Tacaxupchki cyHa 3 - -
ITopomu 9 620 78
Po-Po 1 9 3
Pubanbchki cynHa 16 22 43
Irmmi 32 834 674
3arajgbHa KiJbKiCThb 101 1700 824

Tabmuis 4 — OcHOBHI TpUYUHY aBapiit cyaeH 3a nepuri 10 micsiB 2021 poky [5]

Tun cyana 3iTKHEHHS ITocanka na | Ilorana 3aTomIeHH TToxexi
MUIHHY noroja

CyxoBaHTaXHi Cy/IHa 9 4 4 22 1
Bankepu 5 3 1 -
KonreitHepoBo3u - 1 - 2 1
Tankepu - 2 1 2 1
Po-Po 1 - - 1 -
ITacaxkupchki cyiHa 2 - - 2 1
ITopomu - 4 1 3) -
PubGanbcbki cyaHa 7 1 - 10 3
T 4 4 6 21 10
3arangbHa KiJbKiCThb 23 21 15 66 17

HesBakaroun Ha 3HWKCHHS aBapiHOCTI, BOHA BCE K TaKH 3aJIUIIAETHCS BHUCO-
KO0, 1HIIMJIGHTH Ha MOP1 3a0HparoTh KUTTS JIIOJEH — 1 11e HaWCTpallHiIle, TOMY
3aBX/IM BAXJIMBO MaM'siTaTH, 10 Oe3rneka Mae OyTH HaJl yce 1 BXKUBATH IS 11 3a0e3-
IIEYEHHS BCIX HEOOX1THHUX 3aXO0/IiB.
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Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMishy

TeopeTn4Hi acneKkTH aHAJi3y YMOB TPYAOBOI0 NpoOLeCy NMPH eKCILIyaTamil
00’€KTiB BOJHOI0 TPAHCIIOPTY

Beryn. Posb MOpChbKOro TpaHCIIOPTY 3a YMOB TUi00aii3alli eKOHOMIKH, PO3BUT-
Ky CBITOBOT'O PUHKY €HEpPropecypciB, IPOMHUCIOBOTO, CLILCHKOTOCIIOAAPCHKOI CUPO-
BHMHHU Ta TOTOBOI MPOAYKIIIi HEYXHIbHO 3pocTae. Bin 3a0e3neuye no 80% MmixHapo-
JTHUX BaHTaXKOINEPEBE3€Hb, a TAKOX 0OCIYTrOBY€ MUIbMOHU MACAXKUPIB Ta TYPUCTIB.
YenimHo ¢GyHKIIOHYE MIKHApOIHUI puHOK Mopchkoi mpari (1,3-1,5 miH. Mops-
KiB), Ha SIKOMY I'POMaJIsiHU YKpaiHM 33 YHCENBbHICTIO CTIMKO MOC1IatoTh 4-6 Micle y
CBITI.

AKTyanpHICTh TeMU. SIK 100pe BIIOMO 3 JIITepaTypu, MOPChKE CYyIHO MPEICTaB-
nsie co0010 CKIAAHUM 1 crienuiuHui pyXOMUi BUPOOHUYO-KOMYHAJIBHUM 00’ €KT.
[Ipodeciiina qiIBHICTD YWICHIB €KIMaXy XapaKTepU3YEThCsl OaraToMicsiaHUM Oe3Ie-
pepBHUM nepeOyBaHHSIM Ha PyXOMIN 1HXKEHEPHIN cropyi (TpaHCIOPTHOMY 3ac001)
3 MOEAHAHUMU 30HAMU TIpalll 1 BIAMOYUHKY, BAXTOBUM PEXUMOM IIpaIll, 1117101000~
BOIO JII€10 Ha OpPraHi3M MOpsika 0araTOKOMIOHEHTHOTO 1 IMHAMIYHOTO 3a CBOIMU T1a-
pamMeTpamMu KOMIUIEKCY BUPOOHUYMX, MPUPOJIHUX, TOOYTOBUX YMHHHUKIB, KUTbKICHI
MOKa3HUKU SKUX HEPIJKO MEPEBUIIYIOTh TTE€HIYHI HOPMH 1 HABITh JIOCATAIOTh €KC-
TpeMaJabHHUX BeIUYuH [1].

[TocTranoBka 3amaui. [IpoananizyBatu cydacHy iHGOpMallil0 00 YMOB TPY/O-
BOT'O MPOILIECY IIPH €KCIUTyaTalii 00’ €KTiB BOJHOTO TPAHCIIOPTY

PesynbpraTn nocaimxens. Excrutyarariiiss OUTbIOCTI 00'€KTIB BOAHOIO TPaHCIOP-
Ty (CyAHa pi3HOrO MPHU3HAYEHHS, MOPCHKI Ta PIYKOBI MOPTH) 311MCHIOETHCS B YMO-
Bax MIJBUILEHOTO MPO(ECITHOro pU3uKy 3/10pOB'I0 EKIMAXKIB CyJIeH, TOPTOBUX pOOi-
THHKIB, 1HIITUX YYACHUKIB TPAHCTIOPTHOTO MPOIIECY.

CTOCOBHO TOTEHIIIMHOTO BIUIMBY Ha O€3MEKy, Mpaie3laTHICTh, (PYHKIIOHATb-
HUW CTaH 1 37J0pOB’Sl MOPSIKIB B CUCTEMI «JTIOJIMHA-CYIHO» BUIUISIOTH: (Pi3U4HI, Xi-
Mi4H1, 610JI0T14HI, (paKTOpu TPyAOBOrO Mpoliecy [2]. Tumn cyaHa, iforo mpu3HaYeHHS
1 po3mipu, 6araTo B 4OMYy BU3HAUYaIOTh CTYIIHb 0€3MeKH, Cel(iKy YMOB, BAXKKICTh
1 HaMpy>KEeHICTh Tpalll WieHiB ekinaxy. Tak, Ha HaQTOHATUBHUX TaHKEpax, ra30BO-
3ax 1 XIMOBO3axX JIOMiHy€ XIMIYHUN HeOe3neuHuit (akTop , Ha Oajkepax, 1o mepe-
BO3SITh CUITy4l BaHTaX1, — MUJIOBUH 1 XIMIYHUH, CyJIHA 3 TOPU30HTAIBHUM THUIIOM 3a-
BaHTaXeHHs (POJIKEPH, MAPOMH), a TAKOXK 3HAYHA KUIBKICTh peprkepaTopHUX CY-
JIeH 1 JIICOBO31B MarOTh IIBHAKOOOOPOTHI JBUTYHU 1 MOTYXHI €JIEKTPO- 1 JU3EINb-
TeHETPATOPH, SIKI XapaKTEPU3YIOThCSI BUCOKUMH PIBHIMH LIYMY, OCOOJIMBO BHCOKO-
YaCTOTHOTI'O, @ TAKOXX 3arajibHOi BiOparti.

Kiimaro-reorpadivuni yMOBU IJaBaHHS 3aJIeKaTh Bl paloHIB 1 JiHIA poOOTH
braoty. st pi3HHX CYJHOIUIaBHUX KOMIIAHIN MpUTaMaHHI IEPEBAXKHO PEUCH B TPO-
nmikax, ApKTULl 44 AHKTapTUYHUX BoAax. Aje Ouiblia yacThHa (JIOTy €KCILTyaTy-
€ThCSI HA TIOCTIMHUX OKEAHCHKHX JIHISAX, K1 IEPETUHAIOTH 30HU MMOMIPHOTO KIIIMaTy
1 TPOMIKH, @ TAKOXK MPOXOASTh B TPaHCMEPHlaHATIHHUX HAMpsSMKax 3 MOCTIHHOIO
3MIHOIO CYJHOBOTO 4acy. Tomy, MOpsi 3 HAMPY>KEHHSM TEPMOPETYISITOPHUX MeXa-
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HI3MiIB, poOOTa MOPSIKIB XapaKTEPU3YEThCSI HABAHTAKEHHSIM Ha O10OpUTMIKY OpraHi-
3My, B IIEpIILy Yepry, HOro HUpKagHi PUTMH.

B Toit e yac, sk CBIIUMTH NMPOBEJACHUN aHANI3 JAHUX JITepaTypu, MPAKTUYHO
BC1 aTpuOyTH TIpalll YiICHIB €KIMaXiB CyJeH HOBOTO MOKOJIHHS CYTTEBO 3MIHHJIMCS
3a ocTaHHi JBa naecsatupivyus. Ilepir 3a Bce, TOKOPIHHO TOMIHSUIacs OpraHizarfis
mpaill miaBckiaay GaoTy, sika Tenep OyAyeThcs Ha KOHTPAKTHIM OCHOBI, SIK TIPaBH-
710, KOPOTKOCTPOKOBI. MOpSIK MEepEeTBOPUBCS Y «CE30HHOTO POOITHHUKAY, SIKUW He-
PIAKO KOKHUU LMKII TJIaBaHHS BHUKOHYE Ha 1HIIOMY CY[HI, B 1HIIOMY KOJIGKTHBI 1
HaBITh Yy IHIIIOTO CY/JHOBJIACHHKA.

Croctepiraerbes mepepo3noAisl MUTOMOI Barl OCHOBHUX HEOE3NMEeYHUX YMHHHU-
KiB SIK (DaKTOPIB PU3UKY AJS 37I0pOB’sl MOpsika. Tak, MIKpOKIIMAT MPaKTUYHO BCIX
CYJTHOBHX MPHUMIIIEHb TIATPUMYETHCS HA KOM(POPTHOMY PiBHI 3aBJIIKH BUCOKOE(]e-
KTUBHMM CHUCTEMaM KOHIHIIIIOBaHHS TOBITPS, aBTOMATHYHE PETYyJIIOBaHHSA POOOTH
AKUX 3T1ACHIOETHCS 3 YpaXyBaHHSM (Di310JIOTTYHHUX MOTPEO 1 alalTUBHUX PE3EPBIB
OpraHi3zmMy MOpsIKa.

[Tpu anaimi3i JiTepaTypHUX JKEpE, K1 BUCBIUYIOTh HEOE3MEUH1 CyJHOBI BUPO-
OHMYI Ta MPUPOJIHI PaKTOPH, PO3KOPMIIIOIOTH 1X Ha PI3HI TPYMH, TAKHU SK: €PrOHOMI-
YHi: HecTaua OINepaTUBHOI 1H(pOpMaIllii; HepalloHAIbHE PO3MIIIEHHS MPUJIAIIB, 1H-
dbopmMaTopiB Ta MaHIMyJISTOPIB Y CCHCOMOTOPHIM 30H1 OlepaTopa; MoraHe Yu HajaMi-
pHE OCBITJICHHS IIKaJI MPWIAAIB y HiYHUIM yac. OpraHizailiiiHi: 3MIHHUNA (BaXTOBUIA)
XapakTep Mpaill; CyMIlIeHHs MpoQeciii; y4acTh Y BUKOHAHHI CKJIAJIHUX Ta HeOe3Ie-
YHUX BUPOOHUYUX Orepalii 6e3 HasBHOCTI HEOOX1HOT MIATOTOBKU Ta cepTUdikary
(momycky 10 poOOTH); MOHAAHOPMOBI poOOTH, JOAaTKOBA poOOTa 13 3aBilyBaHHS,
odopMIICHHSI TOKYMEHTIB Ta 1HII 1032 HEBAXTOB1 O0OOB'SA3KM; aIMIHICTpaTUBHA Jis-
JBHICTh Ta YMPABIIHHS JIIOJICBKUMHU pecypcaMu; HEHOPMOBAaHHUI poOOYMI IE€Hb Ii]T
yac nepeOyBaHHs y mopTax. TeXHOJOT1YHI Ta TEXHIYHI: poO0Ta 3 OCBOEHHS HOBOTO
o0JiaTHaHHS Ta TEXHOJIOT1H MEepEeBE3CHHS BaHTaX1B; poO0Ta Ha CyOCTaHIAPTHUX CY-
nax; Ta id. [lcuxodizionoriyni: TpyuBajia Hampyra Ta KOHIICHTpaIlisl yBaru; HE00X11-
HICTh YXBAQJICHHS PIIICHHS B YMOBaXx JIMITY 4acy; MOHOTOHISI, CTaH ONEPATHBHOTO
CIIOKOIO B OUIKyBaHHI HEOOX1THOCTI BTPY4YaHHS y MPOIIEC YIPABIiHHSA CYJTHOM, €He-
PreTUYHOI0 YCTAHOBKOIO 13 3IIACHEHHAM [id, M0 KOpurywTh. ColllaibHO-
TICUXOJIOT1YHI: poO0Ta B MI>KHAPOIHOMY €KIMaXKi Ta MOBHUH Oap'ep; HECTIPUSATINBUN
MIKPOKJIIMAT B €KIMaXKi; MpoOJieMu MI>KOCOOMCTICHOTO CIUIKYBaHHS Ta mpodeciitHoi
B3a€MO/IIi; HecTaya MiATPUMKH 3 OOKY KEpIBHUIITBA; KyJbTYPHI BIAMIHHOCTI Ta JTU-
depeHIiiioBaHe KOJIO 1HTEpECIB; OOMEXKEHHs COIialbHOI aKTUBHOCTI; PO3JyKa 3
OJIM3BKUMH. XapakTep Ta YMOBH Ipalli: BIUIMB Ha OpraHi3M IIKiJJIMBUX Ta HeOe3Ie-
YHUX (aKTOPIB CyTHOBOTO CEPEAOBUINA; BAXTOBUI PEXUM Ipalll; €HICTh 30H IMpalli
Ta BIANOYMHKY; TPUBAIICTh PEHCY; YACTOTA 3aXOMIB Y MOPTHU; YUCENIbHICTh €KINaXy
(cxkopoueHul exinax); poOoul HaBaHTAXXEHHsS NPH CyMIUIeHIH poOoTi; podoTa y Hi-
YHUI yac 100M; HEe3a0BUIBHHUIM PEXKUM TIpalll Ta BIAMOYUHKY. 30BHIIIHE CEPEIOBU-
Ie: YMOBH MPOKUBAHHSA HA CYAHI, HECIPHUATIMBI TIOTOIHI Ta KiiMaTo-reorpadivHi
YMOBH IIJIaBaHHS; 3MiHa cyAHOBOro 4acy. [loTeHIiiiHa 3arpo3a Oe3merni Ta KUTTEi-
AJBHOCTI: TJIaBaHHS B 30HaX PHU3UKY MIPAaTChKUX, BICHKOBUX i Ta TEPOPU3MY;
3MiHA KJIIMAaTUYHHUX, Y TOMY YUCI €KCTpEeMalbHHX, 30H 1 pailoHiB riaBaHHs (ApK-
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TUKA, AHTapKTHKA, TPOMIIKU);IIepeBe3eHHsI HEOE3MEUYHUX BaHTaXiB; BUCOKA WMOBIp-
HICTh HaI3BUYAHUX (aBapiiiHUX) CHTYyaIlill Ta moaii Ta ixm [3-7].

BucHoBku: 3a ocTaHH1 JBa IeCATUPIYYS] HA MOPCHKOMY (JIOTI CTaIMCA TOKOPiH-
Hl TEXHOJIOT14YH1, TEXHIYHI 1 OpraHi3aiiiiHi 3MiHH, K1 CYTTE€BO BIUIMHYJHU Ha BCI ac-
MEKTH TIparll 1 KUTTETISITBHOCTI MOPSIKIB.

[IpakT4HO BCi 3MIHM B yMOBax, TPYJAOBOMY IIPOIIECi, OpraHizari, pexumax
npaili 1 BiIMOYMHKY, YM TO HA HOBMX aBTOMAaTHU30BaHUX, Y HA CTApUX CyOCTaHmap-
THUX CyJIHaX, 3 pi3HOro OOKY IOB’s3aHi 31 3pOCTaHHSM PIBHIO MPOQECiiftHOrO pHU3M-
KY.

Excmyarariist 6116110CTi 00'€KTIB BOJTHOTO TPAHCIIOPTY (Cy/IHA PI3HOTO TpHU3HA-
YEeHHSI, MOPCHKI Ta PIUKOBI MOPTH) 3AIMCHIOETHCS B IIKIIJTMBUX YMOBAX Mpalli.
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[Tapmenosa JI.I'., bounap C.A., Po3nyuskuii O.M.
HarmionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

IIpogeciiina miAroToBKa CyAHOBHX MeXaHIKiB y Cy4aCHUX yMOBax

CkJ1aJIoBOI0 YaCTHHOIO TPAHCHOPTHOI CUCTEMHM YKpaiHU € BOJHUN TPAHCIOPT,
TOMY MOpCHKa Taiay3b OyJie MOCTIMHO BIUYyBaTH MOTPEOy Yy Kajapax BUCOKOI SIKOCTI
M1JTOTOBKHU JIJIS BCiX PIBHIB - BiJl MEHEKEPIB CYTHOIIJIABHUX KOMITaHIN IO €KCILTY-
aTaIlifHOTO CKJIaJy MOPCHKUX CyAeH. TakuMm 4YMHOM, HIBUAKE 3POCTaHHS CBITOBOTO
¢G0Ty miABHINYE 3alUT HA MOPCHKUX (DaxiBLIiB, TOMY MOIIYK KBaji()iKOBAaHOTO €Ki-
Naxy € OJHUM 3 KJIIIOUOBUX 3aBJIaHb Y MOPCHKIH ramy3i. 3aBasku MOpsikaM YKpaiHa
oTpuMye BiJ 3 10 4 MutbsipaiB noxapis [1]. L1 komTy 3anuiarThCs B KpaiHl Ta mo-
3UTUBHO BIUIMBAIOTh Ha Hally eKoHOMIKY. Ha maHuit yac poboToaBii noTpedyoTh
JOCBIAYEHOIO0 Ta KOMIIETEHTHOTO €KINaxy, SKl 34aTHI BUKOPUCTOBYBAaTH CydYacHi
MOPCBKI CUCTEMH Ha BUCOKOMY piBHI. CTaH mparopa Ta IpOBIJHUX CYJHOBUX KOM-
naHii TOBOPSATH MPO ICHYBaHHS MpoOieMHu AePIUTy MOPCHKOrO MEepCoHAIy Ta Ie-
pendavaroTh 3arOCTPEHHS B 111l CUTYaIli.

Oco6mmBuii He1oO1p odilepiB MOXKHA BIAMITUTH B CaMHX CIEIlali3oBaHuX cde-
pax TOProBOTO CyAHOIUIABCTBA — 1€ HA()TOBI TaHKEpa Ta TAHKEPU-XIMOBO3H, Cy/IHA
LNG i LPG , a camuii Haliqoposkumii 1e(iluT - CTapIINX MEXaHIKIB.

[Tpu popMyBaHHI €IUHOTO EKOHOMIYHOTO IIPOCTOPY CYMPOBOKYIOUMX SIKICHUX
3MiH B €KOHOMILl pedopMu TPAaHCHOPTHOI CUCTEMU MOBUHHI OyTH BHUCOKI BUMOTH
710 TMIATOTOBKM (PaxiBI[IB B YCIX CEKTOPaxX €KOHOMIKH KpaiHU 30KpeMa 1 Ha MOPChKO-
My TPaHCIOPTI.

VY 3B'3Ky 3 UMM OCOOJIMBO aKTyaJIbHUM € MHUTaHHS OCBITU B YKpaiHl 1 MiABU-
HIEHHS piBHS MpogeciiiHOl MAroTOBKM (axiBIiB BKa3aHOI cepu - CTBOPIHHA TaKOi
CHUCTEMH OCBITH, sika O J03BOJIsIA 3a0€3MEUUTH TIepeXij J0 peaibHOT PUHKOBOI €KO-
HOMIKH Ta T0JI0JaHHs HEOES3MEeKH BiJICTaBaHHS KPaiHM BiJl CBITOBHX TCHACHIIINA €KO-
HOMIYHOTO PO3BHUTKY [1].

BripoBajiykeHHsI B eKCIUTyaTallil0 HOBUX CYJ€H Ta aBTOMaTH3allisl CyJHOBHX PO-
01T moTpeOye OinbIine kBamidikoBaHUX (HaxiBIliB, MO0 MPU3BOIUTH 10 3POCTAHHS Je-
GbiUTy MOPSAKIB KOMAHJIHOTO CKJaay Ha cBiToBoMy puHKy mpari. BIMCO/ISF na-
JlaJI0 MPOTHO3, 3a sikuM y 2025 porri cBiToBoMy (uioTy OyJie MOTpiOHO JOAATKOBO
147,5 tuc. ocib. ko 3apa3 HecTaua KOMaHAHOIO CKJIaay CyAC€H MOKPUBAETHCS 3a
paxyHOK 30UTbLIEHHS TEPMiHIB poOOYOro yacy MOPSKIB, TO Hajall Lel nuix Oyae
npoOiaemMatuaauM [2].

Bceworo 3a 2021 pik B cBiTi BigOysnock 972 aBapii 3 Hux 60 cyzaen 3arunysio 379
MOPSIKIB CTaIM JKepTBaMu Juxa Ha Mopi [3]. V npomy x poui banrilickka MixkHapO-
JTHa MOPChKa MajiaTa CyJTHOIIJIaBCTBa OMyOJIiKyBasa 3BiT. BilmoBiAHO /10 1IbOTO 3BITY
VYkpaiHa 3aiiHsiIa I0CTe MICIE MO MOCTAYaHHIO MOPSIKIB Ha CBITOBHI PUHOK Ipalll.
I3 3aranpHOT KiTbKOCTI 45% ckitamatoTh odinepu, pemra - psanoBuid ckiaan. Y 2021
poli Hectada OQIIEPCHKOr0 CKJIAaQy y CBITOBOMY CYIHOILJIABCTBI OLIHIOETHCS Y
26240 oci6 (mo ckiagae 61u3pko 3% notpedu). o 2026 poky miaaHyeThCs 30171b-
HIeHHs noTpedu y odinepcbkomMy ckiani Ha 17900 ocib mopiuno [4].
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BinnoBiganbHICTh 3a IpaBUJIbHE PO3B’sI3aHHS 33/1a4 O€3MEeKH MOPEIUIaBCTBa T0-
KJIQJICHO Ha BECh KOMaHJHUU CKJaJ CYACH, BKIIOYHO 1 HA CYJHOMEXAHIKIB, TOMY
BpPaxOBYIOUM TOCUJICHHSI €KOJIOT1YHOI O€3MeKHU CYIHOIUIABCTBA Ta BIIPOBAJHKCHHS
HOBHX TEXHOJIOT1M Ha CyJHaX, BUMOTH JI0 MiJITOTOBKK CYJHOBHUX MEXaHIKiB MOCTIH-
HO POCTYTh Ta BHUMAaraloTh MOCTIHHOTO MiJBUIIECHHS 00CATY Ta piBHA MpodeciiiHux
3HaHb Ta HABUKIB.

PoGoTa B MOp1 nependavae nmepeBaKHO CHellaibHy OCBITY. TeopeTuyHa 1 mpak-
TUYHA MIATOTOBKA MOPSKIB MOTPiOHA A7t OE3MEKH 1 371aro/KeH0i poOOTH B CYIHO-
BOMY eKinaxi. He maroum moTpiOHMX HaBHUYOK MOTaHW (haxiBemb Ha OOPTY MiIIae
pucKy He jutie cede ane i iHmmx st Toro, mob miTH B MEPIIHA pec pSI0BUM MO-
PSKOM JOCUTH MPOUTH CHellianbHi Kypcu. bynb-sikuii rpoMaasHuH YKpainu y Billl
17 pokiB, KUl OTPUMAB CEPEIHIO MIKUIbHY OCBITY Ma€ MpPaBO BUUTHUCS Yy BIJIOBII-
HOMY HaBYAJILHOMY IIEHTPI 1 OTPUMATH MMOBHUH MaKET MOPCHKUX JOKYMEHTIB.

[Tepenik cepTudikatiB Il MOPSKIB BIJIPI3HAETHCS 3aJICKHO Bijl ITOCaH, CIIeIia-
mizamii Ta Tuny cyaHa Tomy, OKpiM OCHOBHUX cepTH(IKATIB, 110 BiAMOBIIAIOTH TO-
cai, 1edKi Cy/THOBJAaCHUKH BUMAararoTh JOJaTKOBI crienudivuni cepTudikaTu.

VYkpaina Buga€ MOPChKi AUIIOMH 1 cepTU(IKATH MIXKHAPOIHOTO 3pa3Ka BiJIo-
BITHO 110 TIpaBuJl MIDKHApOHOT KOHBEHIII MO IMiJATOTOBKY 1 JUIUIOMYBaHHS MOPSI-
KiB Ta HeCeHHA BaxTu 1978 poky, 3 mompaBkaMH Ta JOKYMEHTH HalllOHAJILHOTO 3pa-
3Ka, SIKi He BUMAararoTh IMATBEPIHKCHHS 32 KOPJAOHOM BiAMOBIIHO 10 MiXKHApOIHOT
KOHBEHIII1 ITPO MiITOTOBKY 1 AUIUIOMYBaHHSI MOPSIKIB Ta HECEHHS BaxTu 1978 poky, 3
nonpaskamu (MK ITJTHB-78).

OpHuM 3 MPIOPUTETIB AKICHOT MIAITOTOBKM € HAsIBHICTh B KpaiHl TPEHAKEPHUX
HEHTpiB. MiHICTEpPCTBO 1H(PPACTPYKTYpH VYKpaiHU MOCTIMHO OHOBIIOE TEPEIiK
CXBAJICHUX HABYAJIbHO-TPEHAKEPHUX LIEHTPIB, MIATOTOBKA B AKUX BIANOBIIAE BUMO-
ram MK IT/THB-78.

3apa3 Ha 0a3i JepkaBHoro mianpuemcrna "CepBicHHiA HEHTP MOPCHLKOI0 Ta
piuxoBoro Tpancnopry' (MoppiucepBic) BBEI€HO KOMII IOTEPHE TECTYBAHHS MO-
PSKIB U1 IPUCBOEHHS a00 MIATBEPKEHHS KBami(ikailii 3a JTOMOMOTOK CHUCTEMHU
Crew Evaluation System (CES) 6.0 xommnanii “Seagull Maritime AS”. BiamoiaHo
1o IlocranoBu Ka6inety MinictpiB Ykpainu Ne734 Big 30.06.2021p. npoxiguuii pi-
BEHb JUIsl YCIIIIHOTO CKJIagaHHs TecTy ckiagae 70% 3a Oyap SIKMM HAmpsiMKOM,
Mopsiky HamatoThes ceptudikat nmpo pesynbTat icnuty (CES — ceptudikar), mpo-
TOKOJI 3acijilanHd JlepxkaBHOo1 KBami(iKaI[iiHOT KOMICIi YCTaHOBJIEHOTO 3pa3Ka Ha OC-
HOBI CES-ceprudikary. Take TecTyBaHHSI 3ampOBaIKEHO B SIKOCTI €KCIIEPUMEH-
TajgbHOTO MpoekTy A0 01 Gepesns 2023 poky. YyacHMKaMH MPOEKTY € MOPSKH Ta
ocobu, siKi 0akaroTh MIATBEPAMTH CBOIO KBalli(ikalliio 3 METOI MPUCBOEHHS abo0
MiATBEPHKCHHS] 3BaHHS YW 3alHATTSA IMOCAJd Ha MOPCHKHX CyJHax, a TaKOX 3
01.09.2022p. — BUNYCKHUKH 3aKJaJiB (paxoBOI MEPEABUIIOI Ta BHUIIOI OCBITH, IO
3IMCHIOIOTH MMIJITOTOBKY 3a BIATIOBIIHOIO CICIMIAIBHICTIO (CIemiaii3alii€ro), ki 0a-
KAIOTh MIATBEPAUTH KBaJi(DiKaIlio 3 METOIO MPUCBOEHHS 3BaHHS a00 3alHSTTS TO-
caJy Ha MOPCHKUX CyJHax [5].

3aBiaHHA SKICHOT MIATOTOBKM CYJAHOBUX MEXaHIKIB YCKIIAIHSIIOTHCS HECTaHAap-
THUMHU (DYHKLISIMH T 4ac poOOTH B yMOBaxX HEBU3HAYEHOCTI, SIKI MOKYTh BUHUKA-
TH B IpoLeci ekcrutyartaiii. ToMy cyTTeBY poJib MpHU [IbOMY BIJIITPA€ HE JIUIIE MPO-
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(eciitHa KOMIIETEHTHICTb, a ¥ 3aTHICTh BUKOHYBAaTH OOOB'SI3KM KOMILIEKCHO 1HTET-
pPYIOUH BCl 3HaHHS BMIHHS Ta HaBUYKHU. [IpuHIIMIIOBO mpoOaeMu MiAroToBKU (haxiB-
I[IB Ta KOHTPOJIIO ii SIKOCTI HE MOBUHHI BIAPI3HATHCS BiJi BUMOI Cy4acHOI BHIIIOi
IIKOJIM, TIPOTE MPOIIEC MiITOTOBKK Mae 0araTto ocoOJMBOCTEH, Hacammepen depes
HEOOX1THICTh BUKOHYBATH crerudiudi ta mpodeciitHi BUMOTH MIATOTOBKH, SIK1 BH-
3HAY€HI MI>XKHAPOJIHUMH, IEP>KaBHUMHU, HOPMAaTUBHUMH JTOKYMEHTAMH.

VYemix Oynap-sKoi raimy3l HEMOMIIMBUNA 0€3 PO3BUTKY pUHKY mpari. KiarouoBy
pOJIb B MIATOTOBII YKPaiHCHKOTO MEPCOHAY AJISi CBITOBOTO (PJIOTY BIAIrparoTh Mpo-
¢inpHi 3akmaau Bumoi ocBity (3BO), a TexXHIUHY — KPIOTHTH. 3B'I30K HAYKH 1 TIPaK-
TUKHA Ha CbOTOHI 3a0€3MeUyIOThCs 3B'SI3KOI0 YHIBEPCUTETIB 1 BY3bKOTO KpyTa YCIIi-
ITHUX MPAKTHUKYIOYUX KOMIIaHIH.

3a JesKUMU OI[IHKaMu B YKpaiHi cborojHi 0jau3pko 146 Tuc. MmopsikiB [6]. Ma-
COBICTb €1 HIlII € 1i JOCTYNHICTh. BiATHOCHO KOPOTKUI TEpMiH HaBYaHHS, Ipode-
CIMHUH ICTIUT - 1 MICIIE Ha CY/IHI BJ)K€ HE pOMAaHTUYHA MPisl.

KBamidikaiisi ykpaiHCbKUX MOPSIKIB 1 piBEHb iX MIATOTOBKU 3aJHUIIAIOTHCS J10-
CUTh BUCOKHMHU TOMY HE 3aJI€KHO BiJ PIBHS JCPXKABHOTO PETYJIIOBAHHS MOMUT Ha
YKpaTHCHKUX MOPSKIB 1 podecito Oyie pocTu. Ycsi cucTeMa MOPChKOT OCBITH B Kpa-
iH1 TpaIftoe sIKICHO. YKpaiHa BHUJIa€ MOPSIKaM JUIUIOMH, SIKI HE BUMAraroTh MiATBEp-
JDKEHHS 32 KOPIOHOM.

Haxans HaBiTH cydacHi iHOpMaIliiiHI TEXHOJIOT1i, pI3HOMaHITHI 1HHOBAIIIi B pO-
3BUTKY KpaiHU Ta y CBITI MOTPeOyIOTh MOAEPHI3alli CUCTEMHU OCBITH HAa MIXKHApPO/I-
HOMY PUHKY Ipalli, III0 MOKE CTBOPIOBATU PU3MKH Yy 11l ramysi. B3arami mig pusu-
KOM PO3yMIETHCS MOXKJIMBICT, BUHUKHEHHS BTPAT 1 OTPUMAaHHS HE3aIlJIAHOBAHUX pPe-
3yJIbTaTIB.

Mopchka OCBITa HE3aJIE)KHOT YKpaiHU € OaraTopiBHEBOIO Ta 0araToraay3eBolO i
OpIEHTOBAHOIO HAa €BPOIEHUCHKI CTaHIAPTH, OCKUJIBKH pealli3y€e BCl €Tari MiArOTOBKH
¢axiBIiB, K1 MAIOTh 3MOTY OTPUMATH sIK poOoui mpodecii (3 BUIauero BiMOBITHUX
CBIJIOIITB), TaK 1 MOPCHKI IUIJIOMU PiBHIB €KCILTyaTallii Ta yIpaBIiHHS.

HopmatuBHO-1paBoBOI0 6a3010 opraHizallii MOPCHKOi OCBITH € HU3Ka TOKyMEH-
TIB HalllOHAJBHUX Ta MDKHAPOJHUX, MEPENOBCIM e MiKHApOJHA KOHBEHIIIS TIPO
MJTOTOBKY 1 JUIIJIOMYBaHHS MOPSIKIB Ta HECEHHs BaxTu 1978 poky, 3 mompaBKamu
ta Komekc mo nei. Ykpaina npuennamacs no MK ITJIHB-78 B 1996 pomi. 3a3Haun-
Mo, 110 B 2010 porri Oynu nipuiinati 3Minu (Manutscbki monpaBku 2010 poky) 1o
UX JABOX OKyMeHTIB. HailOu1b11 cyTTeBUMHU MOINpaBKamMu 0yJi0 BU3HAYEHHS HOBUX
nocaj Jyisi 0ci0 KOMaHIHOTO CKJIay M CyJAHOBOTO €KIMaXKy Ta 3MIHM J0 TaOJUIlb Mi-
HIMaJbHUX CTaHAAPTIB KOMIIETEHTHOCT] 30KpeMa JIJIsl MEXaH1KiB PiBHS €KCILTyaTallii
Ta ynpaBiiHHA. Lle 3yMoBUI0 HEOOXITHICTh (POPMYBAHHS HOBUX CKJIQJHMKIB MPO-
(eciiiHOT KOMIIETEHTHOCTI MOPCHKUX CIHELIAICTIB, MepeyCciM BOJOAIHHS aHTJIICh-
KOIO MOBOIO, a TAKOXK BUMOT, 5Kl 3a0€3Me4yI0Th MIBUILECHHS PiBHS MpodecioHami3-
My TIpaIiBHUKIB MOPCHKOT ramy3i. Tak, pe3osntoriiero 7 KoHBeHIli BCTAHOBIEHO BiJI-
MOBIJATBHICTh CYAHOIUIABHUX KOMIMAHIN 3a 700ip 1 MATOTOBKY KaJpiB MOPSIKIB, a
TAaKOX 3a3HAYCHO, M0 €PEKTUBHICTH MPOIIECIB BiIOOPY, MIITOTOBKU Ta JUILIIOMY-
BaHHSI MOPSIKIB MOKe OyTH OI[iIHEHA JIUIIIE BHACIIIOK OI[IHIOBAaHHS HaBUYOK, YMIHb 1
KOMIIETEHIIIH, K1 IeMOHCTPYIOTh MOPSIKU y MPOIIeCl BUKOHAHHS CBOIX MPOQECiitHIX
00OB'SI3KIB.
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3aBiaHHA KpIOiHTa — MpaleBiamTyBanHsa Mopsika (puc.l). IIpu ubomy HeoOXia-
HO TIEPEKOHATH CYIHOBJIACHUKA, IO JIAHUWA MOPSK IO MpaBy 3aiiMaTUMe HajJaHy Ba-
KaHCII0 1 32 CBOIMM NMPO(ECITHUMU 1 0OCOOOBUMH SIKOCTSAMH HE IMOCTYHA€EThCS, Ha-
npuKIIajl, GUINIIHCEKOMY MPETEHACHTOBI Ha IF0 BaKaHCIO.

IIpodeciiinnii Biadip mepcoHa.ty.
Erann Bindopy kaapis

1 IMepsurrung 2. Cnisbeciga s 3. fosiaxu npo
8/abip | npayisHiKkom | .  KaMauagara
824111y
nepcoMany
4. Oyinka
npoecinHol
6. Piwerrn 5. Bunpobysarrs NPpMAAaTHOCT/ ripereH-
npo Havom £ [eHTa, cnisbeciga s
[ KEP/BHMKOM
nigposainy

Pucynok 1 — Etanu 1o npodeciitHoro Bigbopy nepconairy Oynp K01 KOMIaHii

Jlani 3aBaHHg MOpsiKa HE JIMILE IITH B peic , aje 1 NposSBUTH cebe Haaall K
rpaMOTHUH (axiBelp , 3a0€3MeYMBIIM TUM CAMUM Ha MailOyTH1 poOodi Miciisg co01i 1
CBOIM YKpaiHCbKUM KoJjieram. BaxiauBe yCBITOMIJICHHSI TOTO, 1[0 CTaTH MOPSIKOM —
11e HE 03HAYA€E OTPUMATH MAKET 3aMOBITHUX MOPCHKUX JIOKYMEHTIB 1 IMTH B PENC.

[ToTpiOHE po3yMiHHSA 1 TOTO, 1110 MOPSIK — 11€ HE Jinie Mid, poMaHTHUKa TIpodecii
1 MaTepiaibHUN JOCTATOK , ajieé 1 Bakka poOOTa MOB'si3aHa 3 MiABUIIICHUM pPIBHEM
pHUCKa, sSIka BUMAarae BiJi KO)KHOTO XTO BUSBHUBCS Ha OOPTY CyJHA AUCIUILIIHH, TIPO-
(eciifHUX 3HaHb 1 HABUYOK BOJIOJIHHS MpaBUiiaMU O€3MEKH, YMIHHS 3aCTOCOBYBATH
iX IIpu HEOOX1THOCTI.

A HaBUYKU CIUJIKYBaHHSI aHTJIIMCHKOK MOBOIO 3a0€3MEeUNUTh HalaroKeHy po0o-
Ty yciei komanau. Takuil ¢paxiBelb MOXKe He JIMIIE KOHKYPYBaTH 3 a3laTaM, 1110 BU-
TICHSIIOTh ChOTOJIHI YKPAiHIIIB 31 CBITOBOTO PUHKY Ipall 1 3 4aCOM IMOBEPHYTH Ha-
IIIOMY MOPSIKOBI1 KOJIUIIIHI MO3UIIIi B I[bOMY PEUTHHTY.

TakuMm 4MHOM TIepes CUCTeMOI0 MOpChKoi ocBiTH 3BO mnocrae nutanHs y BUOOp1
croco0iB e(EeKTUBHOI MiATOTOBKHU CIELIATICTIB, BIPOBAKEHHS SIKOTO 3a0€3MeUYHUTh
BUKOHAHHS MIKHAPOHUX BUMOT 1 CTBOPUTH CIIPUSTIIMBI YMOBH Ha PUHKY TIpalll JjIst
MaiOyTHIX creriamcTis [7].

Ha manwmii gac OinbIoi akTyaldbHOCTI IO SKOCTI HaBUYaHHA HaOWpae mpodiiema
Y3rOJIPKEHOCT! BHUKJIQIaHHSI HABYAIBHOTO MaTepialy B Pi3HUX AUCIUILIIHAX, 3aCTO-
CyBaHHSI MDKIPEIMETHUX 3B'A3KIB, ajJie¢ BOHA HE 3aBXIH MPU3BOIUTH 10 OYIKYBaHO-
ro pe3ynbTary.
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[Mouryk nuisxiB BIPOBaIKEHHS MDKAUCHUIUIIHAPHOT 1HTETpallii JaB MOKIUBICTh
BIJIOKPEMUTH TPU HAIPSIMU CYyYaCHUX MOIIYKIB yJIOCKOHAJIEHHS 3MICTY AUCIUIUTIH
TaKHX SIK:

1) po3noin HaBYaJIbHHUX IIPEIMETIB Ha OCHOBHI OJIOKIB HAaBYAJIbHUX IUIAHIB Ha
0a3i cribHOT (YHKIIIT METO0JIOTTYHOT MIATOTOBKH (DaxiBIIiB;

2) CTBOPCHHSI IHTEIPOBAHUX JOMOMIKHHUX HaBUaJIbHHUX IOCIOHHKIB y MEXaX O/I-
HOT'O HAYKOBOT'O 3HAHHSI HA OCHOBI MOT0 MPAKTUYHOTO 3aCTOCYBAaHHS B OTOUYIOUOMY
CEPEIOBHIIIL;

3) cTBOpeHHsI 0a30BHX MiAPYYHUKIB i3 IMUPOKAM CIEKTPOM, IO BKJIFOYEHI Y
3MICT MOXKJTUBOCTEH MPAKTUYHOT 3HAUYIIOCTI MaTepiaiiB, [0 BUBYAIOTh KypCaHTH.

JloBeneHa 00'€eKTUBHA TEHIEHIIISI PO3BUTKY CBITOBOTO (DJIOTY BIAKPHBAE MOMKIIH-
BocTl 3BO 1151 3011bII€HHS KUIBKOCT] MIATOTOBKH CTYJIEHTIB, @ TAKOX MOKPAIEHHS
AKOCT1 MIATOTOBKH 33 PaXyYHOK CBOEYACHOTO OHOBJIEHHSI MaTepiallbHO-TEXHIYHOI Oa-
3u. JI7s BIAMOBIIHUX 3aX0J1B MOTPIOHO CYTTEBO MOCWINTH ¢iHaHcyBaHHa 3BO Ha
[OYATKOBY IMIJATOTOBKY MOPSIKIB IJIABCKIATY.

[e kBamidikoBaH1 CHEIATICTH, SIK MPABUIIO 13 3HAHHSIM MOPCHKOT 1HO3€MHOI MO-
BU, SIK1 OCBOIJIM €KCILTyaTallit0 HOBITHIX CYJIEH CBITOBOTO (hJIOTY.

Jlnig Toro, 106 30epertu Ta po3MMPUTH PUHOK Ipalll YKpaiHCbKUX MOPSKIB, IO-
TPIOHO CYTTEBO IMIJIBUIIUTH SKICTh IX MIATOTOBKH, IEPII 3a BCE OHOBIIOBATH 00J1a]1-
HaHHS TPEHAXEPHUX IIEHTPIB Ta HABYAJIbHUX 3aKJa/iB, 110 MOKJIMBO JIMIIE 3a CTpa-
Terii HapoOUIlyBaHHS (PIHAHCYBaHHS BCl€l CUCTEMHU MIATOTOBKH IJIABCKIIAy MOPCH-
KOro 1 piykoBoro TpancnopTy. HeoOxigHe 30isblieHHs (DIHAHCYBAaHHS 32 PaxyHOK
KOLUTIB HEJEP)KABHUX COLIATBHUX (POHAIB Ta KPIOTHTOBUX Ta CYJIHOXIJIHMX KOMIIA-
HIM.

BucHoBku: B YkpaiHi € 6arato HaB4aJIbHUX 3aKJIaJIB 3 BUCOKUM PIBHEM Miro-
TOBKM MOPsIKiB Ha mepiuii morisi, MopchKa rajry3b YCHIIIHO aJanTyBaTUCS JI0 Pe-
aJIBLHOCTI, 10 3MiHIOEThCs. Hacammepes 11 aganrariisi € CKOpill BUMYIIIEHa, 1110 J10-
3BOJISIE TIOPTOBUM TE€pPMiHAJIaM NEPEeBaIIll BaHTAXIB, MOpSIKaM — OTPUMYBATHU T1IHY
3apo0ITHY TJIaTy, @ CyTHOX1THUM KOMIAaHIsIM YCHIITHO KepyBaTh (HIOTOM.

Ha nini —3 mpaBWIbHOIO JEP’KAaBHOKO TMIATPUMKOIO CHUTYallisi MOXE 1CTOTHO
MOKpAIIUTUCS, a YKpaiHa 3MOXKe 3alHATH MPOBITHE Miclie B YOpHOMOpPCKOMY
perioHi.

KoHcomimamisi 3akOHOAABYOTO JIOCBIy CYCIMHHUX KpaiH, QuUIbTpamis 3a
MPUHIIUATIOM «SKIIO IIOCh TapHO TMPAIIOE — Xal MpaIoe» Ta afanTailis HalKkpammx
NPUKJIAAIB — HAWMPOCTIIIMMA 1 JI€BIMUNA KPOK, SIKMM MOE BTUIMTH YKPalHChKHM
ypsaIl IUisl pO3BUTKY MOpPChKOro 0i3Hecyi ocBiTH.HeoOxigHa miATpUMKa J1ep>KaBOrO
NPOIECY OTPUMAaHHS MEPIIUX poOOUYMX AWIIOMIB BUITYCKHUKAMU Ta 3a0€3MECUCHHS
IUIaBaJIbHOI MPAKTUKU KYPCAHTIB MOPCHKUX 3aKJIaI1B.
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[Tapmenona JI.I'., bpaxnik I./1., IToGepexniii P.B.
HamionansHuit yHiBepcuteT «Oiechbka MOPChbKa akaaeMishy

3axoab AexapOoHi3alii MOPCHKOT0 TPAHCIIOPTY

[TuTanHs T7I00AJIBHOTO TOTEIUTIHHS € CEPHO3HOI0 €KOJIOTIYHOI0 MPOOIeMOIo Tie-
pell CBITOBOIO CIIIBHOTO. 3HMKEHHS BUKHIIB fdiokcuay Byrielo (CO,), 1mo yTBo-
PIOETHCSL TIPM 3TOPSIHHI TajiiBa, 3aliMae OCOOJMBE MICIE cepell CKOJOTIUHMX 3a-
BJIaHb, 1110 CTOSATH MEpe] TPAHCIOPTHOI Tajiy33i0, 30KpeMa IMepesl MOPChbKUM CY/I-
HOTUTABCTBOM.

3riIHO 3 OIiHKaMH, SiKi HaBeneHl B Tpembomy OocnidcenHi MiKHAPOIHOT
Mopcbkoi opranizaiii (IMO) 3 napruxosux easzie (III'), pesyromamu axko2o
oynu onyonixosani 6 2014 poyi, Bukuau 111" 13 cyneH, 1o 311MCHIOIOTh MiXKHa-
poaHi nepeBe3eHHs, y 2012 poiii ctaHoBWIN OJIU3BKO 2,2% aHTPONOTCHHUX BUKHJIIB
CO,, a 10 2050 poky OyJiI0 TPOTHO30BaHO, IO TaKi BUKUIU MOXYTh 3pOCTH Ha 50-
250% [1].

Po6oTta MixkHapo1HOT MOPCHKOT OpraHizailii mo 60poTh01 3 BUKHIAMU ITAPHUKO-
Bux raziB (III") i3 cynen Oe3nepepBHO Benacs nmounHarouu 3 1997 poky nuisgxom
BXKMBaHHS OOOB'A3KOBUX TEXHIYHHUX Ta EKCIUTyaTallliHMX 3axoJiB II0A0 3abe3rie-
4yeHHs1 eHeproedeKTUBHOCTI cyaeH 3rimHo Jogatky VI_mo MixHapoaHOT KOHBEHITI1
o10 3armo0Oirands 3a0pyaHeHHo 3 cyaeH 1973 poky, 3miHeHOi mpoTokosiom 1978
poky no uei (Kousenuii MAPIIOJI 73/78). Oquum 3 BaXKIMBUX KPOKIB OyJI0 MPHii-
HaTTsE KoMiTeTom i3 3axucty mopcbkoro cepenosuiia (Komiter) 13 xBitHs 2018 po-
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Ky pesomorii MEPC. 304(72) «IlouatkoBa ctpateria IMO 1momo ckopoueHHS! BH-
KHJ11B TITAPHUKOBUX Ta3iB 13 CYICH.

Mertotro [TogaTkoBoi cTpaterii IMO 110,10 CKOpOUYEHHS BUKHU/IIB TAPHUKOBUX Ta-
3iB 13 cyzeH (ITouatkoBa cTpareris) € aktTuBHa yyacTb IMO y peanizaiiii Mi>kHapo/i-
HOT CTpaTerii, CpsIMOBaHOI Ha BHUpilIeHHS npobiaeMu BUKUIIB [1I7, K1 BKIIOYAIOTh
[Tapuseky yroay Ta ii i, a Takox [lopsmok aennuit Opranizamii O6'ennannx Ha-
i y raixy3si ctainoro po3BuTKy Ha nepion 10 2030 poky. JlopoxkHst kapTa 3 po3po0-
ku BceocsokHo1 Ctparerii IMO 31 ckopodenns BukuiB [1I° 3 cynen (JlopoxxHs kap-
Ta) BKIIIOUMIIA JI0 ce0e meperik 3aX0/iB, sIKi MaloTh OyTH peani3oBaHi MIXKHAPOIHUM
CYTHOIIJITABHUM CEKTOPOM 1010 3HIKEeHHS BUKUAIB [1I°, a TakoK BKIFOYMIIA CITUCOK
T Ta 3aXOMiB, sIKI JOTIOMOXKYTh CTUMYJTIOBATH KpaiH-y4aCHHUIIb IIOJI0 MMPOBEACHHS
JOCIIKEHb, PO3pOOKH B LIbOMY HAaNpsIMKy Ta MPOBEACHHS MOHITOPUHIY BUKHJIB
I1I" 3 Mmopcekux cyneH [1].

[TouatkoBa cTparerisi BU3HauUMiIa MaciTad 3aBAaHb Ta LIJIEH, 110 CTOATH Mepe]
MDKHAPOJHUM CYJHOIUIABHUM CEKTOPOM, SIKI JIOCATaTUMYThCS 3a JOIIOMOTOIO BITPO-
BaJKEHHS JJISI MIDXKHAPOJHOTO CYJAHOIUIABCTBA TEXHOJIOTYHMX 1HHOBAILIM Ta ajbTe-
PHATUBHUX BUJIIB MaJUBa Ta/abo JKEpes eHeprii.

KomMriieke moTeHInHuX 3aX0/11B, pO3pOOJICHUX y CTpaTerii, KiIacu(iKyeTbCs 3a
YaCOBUMHU TIEP10JIaMH iX BIIPOBAPKECHHS

- KOPOTKOCTPOKOBI 3aXOJH - 3aXO/H, SIKI TOBUHHI OyTH OCTaTOYHO BU3HAYEHI Ta
y3romxeHi KomiteroM 13 3axucty Mopchkoro cepenonuia (Komiter) y mepiona 3
2018 mo 2023 poxku;

- CEpPEIHBOCTPOKOBI 3aX0JIM - 3aX0J]iH, SIKI OyJyTh OCTATOYHO BU3HAUYEHI Ta IO-
roxeH1 Komiterom y nepioa 3 2023 no 2030 poku;

- JIOBFOCTPOKOBI 3aXOJH - 3aXOJd, SIKi OyJyTh OCTaTOYHO BHU3HAYEHI Ta MOTO-
mxeHl Komiterom y nepion micist 2030 poky [1].

OCHOBHMMH TIIJIX0/IaMH Y IOCATHEHHI 1ij1eit [TouaTkoBoOi cTparerii €:

- TIJABUIICHHS €HEProe(PEKTUBHOCTI HOBUX Ta ICHYIOUHX CYICH, II0 0a3yeThCs
Ha OCHOBI KOHCTpYKTHBHOTO Koedirienta eneproedexturocti (KKEE / EEDI);

- MABUIICHHS €HEeproeeKTUBHOCTI ICHYIOUHX CYJ/IEH, 110 0a3yeThCsl HA OCHOBI
[Tnany ynpasninas eHeproedextusHicTio cyaHa (ITYEC / SEEMP);

- BU3HAYEHHS 3aCTOCOBHUX MOKA3HUKIB €KCIUTyaTaIlliHOT eHeproe)eKTHBHOCTI;

- po3po0OKa MeXaHi3My ONTHUMI3aIlli Ta 3HWKEHHS IBUIKOCTI;

- po3p0oOKa HOPMATUBHUX 3aXO1B 100 CKOPOUEHHS BUKH/IIB METaHY;

- pO3po0OKa HOPMATUBHUX 3aXOIB MO0 CKOPOYEHHS BUKHJIIB JETKUX OpraHiy-
Hux cnonyk (JIOC);

- IHII[IFOBaHHS Ta MiATPUMKA HAYKOBHUX JOCIIJKEHb Ta pO3POOOK;

- po3po0Ka cXeM 3a0XOUYEHHS MEPIIONPOXITHUKIB;

- po3po0Ka KepiBHHUIITB 11010 )UTTeBoro nukiny II° / BuKugamM ByTJICIiO 3a BCi-
Ma TUTIaMU T1aJIuBa;

- peamizaiiisi mporpaMu €eKTUBHOTO BUKOPUCTAHHS albTEPHATHBHOTO HU3BKO-
BYTJICIIEBOTO Ta OE3BYTJICIIEBOTO MAJIBA.

AKTHBHI KpPOKH, CHOpPSIMOBaHI Ha JAeKapOOHI3aIlil0 MIKXHApOJHOTO MOPCHKOTO
TpaHcnopty, Oynu 3pobaeni IMO nounnaroun 3 numasg 2011 poky, konmm 62-a cecis
Komitery npuitnsna pesomtonito MEPC. 203(62) npo BKJIIOYEHHS MpaBuil 3a0e3me-
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yeHHs eHeproedexTuBHOCTI cyaeH a0 [Jonatka VI Konsenuii MAPITOJI 73/78. Pe-
3omtortist HaOya unHHOCTI 3 01.01.2013 poky Ta 3ampoBajauia 000B'I3KOB1 TEXHIYHI
Ta eKCIUTyaTalliiiHl 3aX0/IM 11010 3a0e3MeUeHHsT eHEproeEeKTUBHOCTI cyeH. TexHi-
YH1 3aX01 — BBEJCHO O0OB'SI3KOBAa BUMOTA JJIsI BCIX HOBUX CYJAEH II0JI0 00OB'SI3KO-
BOi cepTudikaliii Ha BIJIMOBIIHICTh KOHCTPYKTUBHUM BUMOTaM €HEProe(peKTUBHOCTI
(xoucTpykTHBHHUE KoedimienT eHeproedextuBHocTi (KKEE / EEDI)). Exkcmnyara-
I1HH1 3aX0H TOJISITAJIA Y 3alPOBaPKEHH1 BUMOTH JIJI BCIX CYJ€H BaJIOBOIO MICTKIC-
Ti0 400 per.T Ta BuIle MaTH iHAUBIAyanbHMi [lnan ynpasninHsa eHeproedeKkTUBHiC-
Tio cyaaa (ITYEC / SEEMP), sikuii Moxe OyTH YacTHHOKO CyTHOBOI CHCTEMH YII-
paBiaHs 0e3rnekoro (CYD / SMS).

3 01 ciyas 2019 poxy vHabynu unaHOCTI TTonipaBku 10 Jlogatky VI no Konsenrii
MAPIIOJI 73/78, yxBaneni pesomornietro MEPC. 278(70), sxi BBenn cucmemy
300py 0aHux wooo eumpamu naiuea cyoamu Jjs CyJeH BaJOBOIO MICTKICTIO
5000 per.T 1 BuIle, OCKUIBKH Ha 1X 4acTKy npunagae npuodanzHo 85% sukuais CO;
B1JI 3araJIbHOTO 00CSTY MIKHApPOJIHOTO CyAHOIUIaBCcTBa. [lompaBku BKIIOUMIN 000-
B'SI3KOB1 BUMOTH I[0JI0 PEECTpAIlil Ta MOJaHHS CyJIHAMH 3BITHOCTI PO BUTPATH HU-
MU CYJTHOBOTO IMaJIMBa, a TaKOXK MPO MOJAHHS 1HIIMX JaHUX, 30KpeMa L1010 Hepsi-
MHUX TOKa3HHUKIB «TPAHCHOPTHOI pOOOTH», 110 BU3HAUAETHCA K JTOOYTOK BaHTaXO-
MIHOMHOCTI CyJIHA Ta BiJICTaH1, IPOMICHOT 3a 3BITHUM KaJleHIapHUHU PIK.

3i0pani mani 3a 2019 xanengapHuii pik, mo ckiuamu 6azy IMO DCS - cucremy
300py JaHUX MPO CIOKUBAHHS MajMBa cyaHamu [8], Oyio0 mpoaHaai30BaHO Ta OMy-
OsikoBaHO pa3zoM 13 gaHumu 2012-2018 pokiB y pamkax UeTrBepToro A0CIHiHKEHHS
IMO 3 I1T'.

Hapasi ocoOnuBa yBara nmpuauII€ThCsl 3aX0JaM IIOAO0 ICHYIOUHUX CYJEeH. bijib-
IIICTh ICHYIOUMX CYJEH Ha JTaHUH MOMEHT He MIJMNaat0Th M1 1iF0 BUMOT 1010 Bij-
nosinHocti KKEE / EEDI, ockisibku BoHUM Oyin moOyI0oBaHi 10 HaOpaHHS YHHHOCTI
pesoorii MEPC. 203(62), To6to n0 01.01.2013 poky, TOMY, OCKIJIbKH Cy/IHA €KC-
ITyaTyKThCS MPOTATOM KUIBKOX JCCATKIB POKIB, BiITAK BUHUKHE CUTYaIlis, 110 JJIs
TaKuX CyJIeH He Oyje 3acTOCOBaHO OOOB'SI3KOBHMX BHUMOT JIO €HEproe(eKTUBHOCTI,
SIK1 TO3BOJIATH 3a0€3MCYNTH 3HI)KCHHS BUKHU/IIB TAPHUKOBUX rasiB.

VY 3B's3ky 3 uM 17.06.2021 poky Ha 76-1i1 cecii KomiteTy Oynu po3risiHyTI MO-
npaBku 10 Jomatka VI MAPIIOJI 73/78, mo cToCyroThCsi 000B'SI3KOBUX IITHOBUX
TEXHIYHUX Ta EKCIUTyaTalliHUX 3aXOMAIB IIOAO 3HIKEHHS BYIJIELIEBOi MICTKOCTI
MDKHApPOJIHOTO CYJIHOIUIABCTBA. TEKCT IMOMpPAaBOK OyJIo BHUKIAACHO B Pesosmrorrii
MEPC. 328(76) «IlonpaBku 10 70AaTKy K OpoTokody 1997 poky mpo 3MiHy Mix-
HapOJHOI KOHBEHIIII 111010 3aro0iraHHs 3a0pyIHeHHIO 3 cyaeH 1973 poky, 3MIHEHO1
npotokosioM 1978 poky no Hboro. 2021 Ilepermsnytuii Jomatrok VI mo MK
MAPIIOJI 73/78» [2].

[Tonpasku no Jonatka VI MAPIIOJI 73/78 6ynyts BBaxkatucs npuitHsatumu 01
tpaBHsa 2022 poky, SKIIO A0 1€l natu He MeHIre oaniei TpetuHu Ctopin abo Cro-
POHH, CYKYITHUN TOPrOBUM (PIIOT SKMX CTaHOBUTH HE MeHIe 50% BagoBOi MICTKOCTI
CBITOBOTO TOPTOBOTO (PJIOTY, MIATBEPASITH CBOIO 3r0Jy 13 BHECEHHMH 3MiHAMU. Y
TakoMy pasi neperssinytuil Jlonarox VI nabyne unnnocti 01 nuctomana 2022 [2].

KitouoBuMu mompaBkaMu IIbOTO JOKYMEHTA € 3alpOBaKEHHS JOJIATKOBUX Te-
XHIYHUX 3aXOiB, CIPSIMOBAaHUX HAa 3HUKEHHS BYTJICIIEBOI MICTKOCTI CyJEH, SKi
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chopmyaboBaHi B mpaBmwiiax 23 125 [2], aKkuMu BBEACHO BUMOTA JIJIS1 BCIX 1ICHYIOUHX
CYJIeH TaKOX, HapiBHI 3 HOBUMU CYJHaMH, BIJIOBIJIATH KOHCTPYKTUBHUM BUMOTaM
010 €HEepProePeKTUBHOCTI (Koe(iIlieHT eHeproe(peKTUBHOCTI ICHYIOUHMX CYAEH
(EEXI)). Yci icuyrodi cyaHa IpH MepiioMy mianoBomy orusiai micias 01 ciuns 2023
POKY TOBHHHI MIATBEPAUTH, 110 aocarHytuii cynanoM EEXI Biamosimae BuMoram
npaBui 23 Ta 25. [eransHi KepiBHuUIITBA 3 peanizarlii i€l BUMOTH OyJy MPUHHSTI
pesomonissmu MEPC. 332(76), MEPC. 333(76), MEPC. 334(76) Ta MEPC. 335(76)
[3-5].

KpiMm TexHIYHHUX 3aXOiB TaKOXX OYJIM BXKUTI JOJATKOBI €KCILTyaTaIliitHI 3aX0/H,
CIpsMOBaHI Ha JeKapOOHI3aIil0 Cy/AEH, IO MOB'A3aHl 3 BBEJCHHSIM BUMOTHU IO CY-
neH BanoBoro MictkicTio 5000 per.t 1 Outbiie mounHaroun 3 01 ciuyns 2023 poky
IIOPIYHO PO3PAaXOBYBATH JOCATHYTHM piuHUN ekcrutyaTtamiiauii nokazuuk CII 3a
KaJieHaapHUil pik (mpaBuio 28) [2]. MeTonuka BCiX HEOOXITHUX PO3PAXYHKIB OIHU-
caHa y cmeniagbHO po3poOieHux Kepiuunreax pesomtonin MEPC.336 (76),
MEPC.337 (76), MEPC.338 (76) ta MEPC.339 (76) [6-9].

Jocsraytuit piununii excrutyataiiiauii CIl moBuHeH OyTH 3aJI0OKyMEHTOBAaHUH 1
3BIpeHUI 3 MOTPIOHUM piyHUM ekciutyaTariinuM CII, 1o A03BOJIUTH BU3HAUUTHU
JUIA CyJlHA PEWTHHI eKCIUTyaTalliiHoi ByrieneBoi mictkocti (Operational Carbon
Intensity Rating), sikuii Mmo>xe Bimnosizatu piBHsM A, B, C, D a6o E (piBeHp A —
MaKCHUMaJIbHO BUCOKHUM piBeHb €(DEKTUBHOCTI, piBeHb E — Halripimmii piBeHb edek-
TUBHOCTI) [2,9]. I'panutil 1yis1 BUBHAUYEHHS PIYHOI €KCIUTyaTalliitHOT BYTJI€IEBOi MiC-
TKOCTI cyAeH 3 2023 mo 2030 pik BcTaHOBJIEHI Ha O0cHOBI po3noAuty CII okpemux
cynen y 2019 poui, To6TO A1 TOro, mo0 BU3HAYUTH CTYHiHb HEOOXIIHUX IMOKpa-
HIEHb NIl PIBHS JOCSTHYTOI BYIJIELIEBOI MICTKOCTI MIXKHAPOJHOTO CYAHOIUIABCTBA
10 2030 poky 3a erajoH Oynu mpuitHATI oTpuMani mani 3 IMO DCS 3a 2019 pik
[6].

Cynana, peUTHHT SKMX 3HaXOAUTHCS HA PiBHI E a0 mpoTsAroM TphOX POKIB MOC-
niae Ha piBHI D, OyayTh 3000B's13aH1 po3poOUTH TJIaH KOPUTYBAJIBHUX I JUIS J10-
CATHEHHsI HeoOXimHOoro piyHoro ekcruryarariiinoro CII Ta BkrounTH 1ei MmiaH 10
[Tnany ynpasninns eHeproedextusHicTio cyana (ITYEC / SEEMP) [2].

JlocsirHeHHsT iekapOOoHi3allii MOPCHKOTO TOPTrOBEJIBLHOTO CYJIHOTUIABCTBA BHUMa-
rae 3yCwib He Juiue 3 OOKy CyAHOIUIaBHUX Kommadiii, Tomy KowmiTeT i3 3axucrty
MOPCBHKOTO cepefoBHIna npuidHaB Takox pesomtomito MEPC. 323(74) npo 3ampo-
IICHHS KpaiH-y4acHUIb J0 CTUMYJIIOBAHHS JOOPOBUIBHOI CHIBIIpalli IOJI0 CKOPO-
yeHHs BUkuAiB 111" 3 cyzen Mixk mopToM Ta CyAHOIUIaBHOO ramty33io [10].

Pe3ourornis 3akirkae KpaiHH-y9acHUIl MPUCKOPUTH PO3TIISA Ta MPUHHSATTS TOP-
TaMH B paMKaXx IXHbOI FOPUCIUKIINT 3aX0/I1B 110,10 cKopoueHHst BukuiB I1I" 13 cynen,
TaKHX 5IK:

- mepen0aynuTH OEpPETOBY YCTAHOBKY €JICKTPOITOCTaYaHHs (TIEPEBaXKHO 3 BITHOB-
JIOBAHUX JHKEPE);

- 3a0e3neunTty Oe3mnedHe Ta eeKTHBHE OyHKEpYBaHHS €HEProe(heKTUBHUM Ta-
JIMBOM 3 HU3BKHUM Ta HYJIbOBHM BMICTOM BYTJIEITIO;

- 340XOUYECHHS MEePEX0Ay Ha HU3bKOBYTJIEIEBE Ta O€3BYTIEIEBE CYIHOIIABCTRO;

- MATPUMAHHS ONTHMI3aIlii 3axo/iB 70 mopty [10].
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OuikyeThcs, 10 BOpOBaKeHHs po3podiennx IMO npununis ta migxoxais Ilo-
YaTKOBOI CTpaTerii, onucaHi BUIIE, MPU iX peaizallli CIiJIbHUMH 3yCHIUIAMHU KpaiH-
yaacHuilb Konpenitii MAPIIOJI 73/78, no3Bossath 10 2030 poKy CKOPOTUTH Yy MiXK-
HapOJHOMY CYJHOILJIABCTBI BUKUIU JAIOKCUAY BYTJICLIO HA OAUHUIIO TPAHCIOPTHOL
poboTu He MeHIe HIX Ha 40% y cepeTHbOMY, a Y TOBIOCTPOKOBIN MEPCIEKTUBI J0-
3B0JIUTH 110 2050 poKy MOCTYIOBO 3a0€3MeUUTH 3HUKEHHS BUKUIB TAPHUKOBUX Ta-
31B moHarmMenie Ha 50% nopiBHaHO 3 2008 pokowM [8].

CIIHCOK BUKOPUCTAHOI JIITEPATYPU

1. Pezomtomis MEPC.304(72) ITouatkoBa crparerist IMO moao ckopodeHHs BU-
KH/IIB TAPHUKOBHX Ta3iB 3 cyjeH (mpuitHsaTa 13 kBiTHs 2018 poky).

2. Resolution MEPC.328(76) Amendments to the Annex of the Protocol of 1997
to amend the International Convention for the Prevention of Pollution from Ships,
1973, as Modified by the Protocol of 1978 Relating Thereto. 2021 Revised
MARPOL Annex VI (adopted on 17 June 2021).

3. Resolution MEPC.333(76) 2021 Guidelines on the method of calculation of
the attained energy efficiency existing ship index (EEXI) (adopted on 17 June 2021).

4. Resolution MEPC.334(76) 2021 Guidelines on survey and certification of the
attained energy efficiency existing ship index (EEXI) (adopted on 17 June 2021).

5. Resolution MEPC.335(76) 2021 Guidelines on the shaft / engine power limi-
tation system to comply with the EEXI requirements and use of a power reserve
(adopted on 17 June 2021).

6. Resolution MEPC.336(76) 2021 Guidelines on operational carbon intensity
indicators and the calculation methods (CIl guidelines, G1) (adopted on 17 June
2021).

7. Resolution MEPC.337(76) 2021 Guidelines on the reference lines for use with
operational carbon intensity indicators (ClI reference lines guidelines, G2) (adopted
on 17 June 2021).

8. Resolution MEPC.338(76) 2021 Guidelines on the operational carbon intensi-
ty reduction factors relative to reference lines (CII reduction factors guidelines, G3)
(adopted on 17 June 2021).

9. Resolution MEPC.339(76) 2021 Guidelines on the operational carbon intensi-
ty rating of ships (CII rating guidelines, G4) (adopted on 17 June 2021)

10. Resolution MEPC.323(74) Invitation to member states to encourage volun-
tary cooperation between the port and shipping sectors to contribute to reducing
GHG emissions from ships (adopted on 17 May 2019).
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VK 658.3.5.629

O6epTrop K.JI. k.T.H., 3acTynHuk aupexropa HHII
HarmionansHuit yHiBepeuteT «Opechbka MOpPChbKa akaieMis»

Yruiizauisa BUpoOOHUYHX Ta MOOYTOBUX BiAX0/iB

3 pPO3BUTKOM HAyKOBO-TEXHIYHOT'O MPOTPECy, BUHAXOJOM HOBUX TEXHOJOTIH
BUPOOHHUIITBA Ta 3a/isTHHS MOPCBHKOTO CEpEJIOBUINA JJIA MEPEeBE3CHHS MOYaiu 3'sB-
JSATUCA JESK1 HETaTUBHI CTOPOHU B3a€MO/IIT JIFOJIMHU Ta TIPUPOIH.

Ha mepenoBomy Miclii cepes HUX HEOOXiTHO BiI3HAUUTH MPOOIeMy MPOMUCIO-
BUX, TPAHCIIOPTHUX Ta MOOYTOBUX BiAXOAiB. Bimomo, 1mo y mporieci nepeBe3eHHs
TOBapiB MPOMHCIOBOCTI MOPCHKUM 1 BHYTPILIHIM TPaHCIOPTOM JIa€ OCHOBHY Macy
HAWOUIBII TOKCHMYHUX Ta HEOE3NCYHMX BIAXOMIB, SKI HETAaTUBHO BIUIMBAIOTH HAa
oiochepy. [1]

Cnin BU3HATH, 110 TTpoOJieMa yTUIi3allli BiIXO/A1B 1ICHYBaja 3aBXK/Id, 111€ 3aJI0BrO
710 ICHYBaHHS JIIOJUHU, OCKIJIbKUA (PYHKI[IOHYBaHHS OY/Ib-SIKOT CUCTEMHU 0O€3 BIAXOMIIB
HEMOXJIHMBO. AJie 151 mpobiieMa, Ha TOM yac BHpILIyBajacsi caMOIO MPUPOIOI0, Ha
OCHOBI 3aKOHY KPyroo0iry pe4oBHH, 320118 )KEHHSI Ta BTUICHHS €Heprii (OoToCHHTe-
3y.

CrporojiHi, mpupoja, 31 CBOIMH MEXaHI3MaMu HeWTpaiizaiii Ta yTuii3alii He B
3MO31 MepepoOUTH 3HAYHY YACTHHY BIIXOJIB, IO HAKOMUYYIOThCS B Olocdepi B
reoMeTpuyHii npodecii. Hampukias, Haitbiiblie y CBITI 3BajIMIE MOOYTOBUX Bi/I-
XoJIiB 3HaxoauThCs y Heto-Mopky Ha CreiTH-Ajinensi. 3a 48 pokiB icHyBaHHS TaM
Hakonuuuioca 68 miH. M3 cMmittd. Y CTamOyJabChbKOMY pErioHl YMpaHic, IO
3HaXOAUThCS MOOaM3y mnpoToku bocdop, po3ramoBane HaiiOutbie B TypedyunHi
3BajIUIEe NOOYTOBUX BIIXOMAIB. 3a MEAKMMU JAHUMH, il HaBITh nocTynaerbest Hpto-
Hopkceke cMitTesanmmme. Y 1i Hajpax TpUBaIMii yac BinOyBamacs XiMiuHa peakiis
1 28 xBiTHA 1993 poky 3Banuie BUOyxHyno. CTaMOyJIbChbKI KBAPTAJIA PAOHIB, IO
pO3TaIioBaHi HEMOAJIK BiJ] 3BAJIMIIA, BIIYIIH MOIITOBX CHIJIOK OJU3bKO 6 OamiB. Y
pe3ynbTati noxii 6yno 3pyitHoBano 11 OyaunkiB, 3arunyno 39 monei. Ilicis BuOy-
Xy CMITTE3BAJIMIINE 3aKPHIIH, a 1110 MO0 Ha3BailK « TypenbkuM YopHOOUIEMY.

Cy4acHi OYMCHI CHIOPYAU MO3BOJISIIOTH 3HUIIUTH 40% PIAKKX BIIXOJIB, 1HII Y
BUTJISI/II HEOYMIIIEHUX CTOKIB MOTPAIUISIOTh Y 03€pa, piuku, MOps. 3aBOM, L0 3aii-
MalOThCsl CHATIOBAHHAM CMITTS, YTUII3YIOTh 15 — 20% moOyToBOro cmiTT, perra
80 — 85% BinkiamaroThest Ha moBepxHi 3eMii. Kpim Toro, mopidyHo y BojgoimuIia 3
MOJIIB TOTPAIUISIOTh MIJTBMOHUW TOHH IMECTHIUIIB, TepOIUIIB Ta THIIUX XIMIYHUX
PEYOBHH.

[TapanenbHo 3 1i€l0 HEOE3MEKOK ICHYe HeOe3leKka MOLIMPEHHS OTPYHHUX pe-
yTUIII3a1li HE ICHYE 1 10 CbOTOJEHHS, 1 ToMy 3anuiiku OB mpocTo TOmsTh y MOpSX
Ta okeaHaxX. Tuibku B bantiicbkoMy MOpi «IpyXHIMU» 3ycuiuiaMu HimeuuuHu,
BenixoOpuTanii, Pocii 3arorero 303 Tucsdi TOHH XiMIYHUX OO€NpHITACiB Ta KOM-
MOHEHTIB JI0 HUX, SIKI 3HAXOMAThCSI CbOroH1 Ha TmbuHI 100 MeTpiB 3a Temmepary-
pu 2-40C.

Amnanoriuna cutyauist 1 B YopHOMy Mopi, Ha AHI sIKOro Ha raubuni 50 — 80 M
OyJ10 MOXOBAHO THUCAYI TOHH XIMIYHHUX Ta 3BHUaiiHuX Ooenpunacis. Lle nuie yactu-
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Ha TaKWX BIAXOMIB IUBUII3AI], 10 HAMOBHIOIOTH BOJIW PIYOK, MOPIB Ta OKEaHIB.
MoxHa ckaszaTH, 10 BIJIXOAW MOCTYIOBO BHUTICHSIOTH JIOJMHY 3 1i TepUTOpii, Ha
3pa30K TOro, sIK JIIOJAWHA BUTICHSE IPUPOY.

[opiuno B Ykpaini yrBoproeThes 35 mitH. M3 BiaxoziB, To0To 0,8 M3 Ha ogHOTO
memkaHI. i Bigxoau ckimanyroThess Ha 670 cmiTTe3Banuimiax, 3 akux 80% He
o0J1alHaHl CUCTEMaMHM 3aXUCTY B1Jl 3a0pyAHEHHS IPYHTY, BOJIM Ta MOBITPS.

["azomoAiOH1 BiIXOAM MPOMMCIOBOCTI Ta MOPCBHKOTO 1 BHYTPIIIHBOTO BOIHOTO
TPAHCIIOPTY TIEPETBOPUIIM HA CMITHHK Ta atMocdepy. 3araibHa KUTbKICTh WX BH-
KH[IIB BXK€ 3MEHIIIHIIA TPO30PICTh aTMocdepu B cepeqHboMy Ha 5%, a B TaKuxX mpo-
MUCJIOBUX perioHax, sk [loneubko-IIpuaninpoBcekuit B Ykpaini — Ha 12 — 15%.
Buacnigok mnoTpamisiHHA B aTMoc(epy Ta3omoiOHMX BiIXOMIB MOPYUIYETHCS
XIMIYHUH ckia]l atMocdepu, e Bxe Ha 3% 3MeHImIacs KUIbKICTh KUCHIO 1, Ha 5%
30UIBIIMBCS BMICT BYTJIEKHCIIOTO Ta3y. 3MiHa OajlaHCy XIMIYHOTO CKJIaay aTMocde-
pU CIPUYMHWIIA TaK 3BaHMM MapHUKOBHUH edeKT 1 3MiHY (IOTEIUTIHHS) KiIiMaTy. 3a
PI3HUMH OIlIHKAMHU BUCHHX OCTAHHIMHU POKaMH CEpEIHs TeMIlepaTypa MOBITPS Iia-
Hetu 3pocna Ha 0,5 - 1,5°C, uro mpu3sBeno 10 30UTbIIEHHS YUCETBbHOCTI MPUPOTHUX
KaTakKJIi3MiB, MIOBEHEH, TTOCYX, 1HPEKIIHNX 3aXBOPIOBaHb JII0JICTBA. BHACIIIOK ra-
30MOAI0HUX BUKHUJIB, Y TOMY YHCII BiJ] 3aC00IB MOPCHKOTO TPAHCIIOPTY, B aTMO-
cdepl HaKOMMUYY€ETHCSI OKUAM a30Ty, CIa0K1 PO3YMHU KUCIIOT, XJIOp Ta (TOPBYTIEBO-
T4, SIK1 pyHHYIOTh 030HOBY cdepy.

Kpim Toro, 3a 40 - 50 pokiB OCBOEHHSI KOCMIYHOI'O IIPOCTOPY, 3aIyCKIB KOCMIY-
HOT TEXHIKM NOcTynoBo 1 KocMoc mepeTBOproeThCsl Ha CMITTE3BAIMILE. 32 PISHUMU
JAHWMH, Ha HaBKOJIO3€MHIN OpOiITI HAKOMUYMIOCS OJU3bKO 3 THUCSY BIAXOIB Y BHU-
I/l AeTalled, [0 BUMIILIM 3 Jaay, MoOyTOBOIO Ta IHIIOTO poay cMiTtTs. IlepeBax-
Ha OUTBIIICTH BIAXOAIB 00epTaeThes 01t 3emii B paaiyci 2000 kwm, 31 mBUAKICTIO 10
KM/C. Y pa3i 3ITKHEHHS Ha TaKiil IBUJKOCTI 3 OyJb-IKUM O0'€KTOM, iX €Heprii Mae
Jy’K€ BEIIMKY PYWHIBHY CHIIY, IO MOXE MPHU3BECTH JI0 CXOIy OO'€KTIB 3 OpOIT i
nmajiHAsg iX Ha 3emirto. [IporHo3yeTbes, M0 SKIO 3acCMIYEHHS KOCMOCY W Hajal
MIPOCYBAaTUMEThCSI TAKMMH TEMITAMH, TO 3a SKUHMCh 5 POKIB 3arajibHa Maca BiIXOiB
nocsirie 10-12 tucsy ToHH, a 10 2050 poky Oyle HEMOXKIUBOIO OYy/b-SKa Mislib-
HICTb Ha 3eMHHUX opOiTax He MeHIe Hixk 50 - 100 pokis.

Cnoco0u yruimizanii Bigxoais
CnanwBaHHs

CwMmiTTecniamoBaHHS - OJIMH 3 HaWJIaBHIMIUX CMOCO0IB yTuiizalii cMiTTa. Choro-
JH1 17151 IIbOTO BUKOPUCTOBYIOTHCSI IHCUHEPATOPH, SIK1 3/1aTHI MIATPUMYBATH TEMIIE-
parypy 1200 °C. [2] [TloBuHHI BIANOBIAATH, TNPUHHATAM PE3O0JIIOLIED
MEPC.244(66) «CrannapTHi TE€XHIYHI BUMOTU O CYJHOBUX iHcuHepatopiB 2014
POKY», BUMOTaM IIpH iX cepTuikarlii Ajisi yCTAaHOBKM Ha CyJHAX 1 MaTH CXBaJCHHS
tuny Perictpa 1 Aaminictpamii. CrhanmtoBaHHS JO3BOJISIE 3HUIIYBATH MOTEHLIMHO
IIKIJIJTMBI OpPTaHivHI CIIOTYKH Ta yTWIi3yBaT TBepai moOyTosi Biaxoau (TIIB) 3 Bu-
COKOT0 €(heKTHUBHICTIO.

Haituacrimme ciaoroThes:

] krei, cmonu, JakodapOoBa MPOTYKIIis;

[l HadTOBMICHI MPOAYKTH Ta MPOLYKTH MEepepoOKu HaAPTH;

[} BUKOpHCTAHE TITIEHIYHE TPUITAIS;
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[] 3imcoBaHa Ta HEBUKOPUCTaHAa (hapMalleBTHUHA TPOAYKIIiS;

[} mesiki XIMI4H1 pEUYOBHHH.

[Ipobiiema cMmiTTeCTIATIOBAaHHS B TOMY, IIIO MPH CIIAJIFOBaHHI CMITTS B aTMocde-
Py BUKHIAIOTHCS MPOAYKTH TOPIHHA: caXka, MW, Ta3 - y CepeaHbOMY MPHU JIIKBIAII]
1 M Biax0iB BUPOOJSETHCS 3 KI' IIKIIJIMBUX pedoBHH. L{ro mpobiieMy 4acTKOBO BH-
PIIYIOTH SKICHIIIE COPTYBaHHS CHAIOBAHOTO Ta BCTAHOBJIEHHS IUMOOYHUCHOTO 00-
JaHaHHS.

[ToxoBaHHA

OpranizyBaTH MOTHJIBHUK MOYXHA:

[ Ha TIOBEpPXHI 3eMIIi;

] i1 3eMIIelo;

] y mopi.

BaxxnuBo: moxoBaHHsA He mependayae CyTTEBOTO 3MEHIIEHHs 00CAry CMITTS,
TOMY 3aCTOCOBYETHCS JIMIIIE Y TOMY BUIAAKY, KOJM HOTO HE MOXKHA yTWIII3yBaTH
IHIIUM [UIIXOM (Hampukiian, cnanutu). [lomironu, e 30epiratoThCsi BIIXOH, TO-
BUHHI OyTH Ha BENMKIM BiJICTaHI BiJ KUTJIOBUX paiioHiB (B cepenubomy 1ie 20-40
KM).

[Ti 3emiiero po3MIIIYIOTHCSI TOXOBAHHSA HEOE3MEeUHUX B1AXO/1B (TOKCUYHUX, pa-
T10aKTUBHUX ). JIJIs IUX 11JIeH HaMararoThCs 3aCTOCOBYBATH TJIMOOKI MOPOXKHEYI, 110
HE BUKOPUCTOBYIOTHCA: 3aHE0aH] CTaHIlli OypiHHS CBEPAJIOBUH, IIaXTH, KOJOJA3I.
Ha nazemHux mnoniroHax (y KOTJIOBaHaX, OyHKepax) 30€epiratoTbCsi PEHYOBUHHU, Yy
SIKUX MaJl0 TOKCHHIB.

Ha nHi MOpiB MOXHA CKJIayBaTH BYTULIA, MIHEpaJIbHI BIIXOU, €Kl BUIH Op-
raHiyHoro cmitTs. He3Baxkaroum Ha Te, 110 MOXOBaHI Ha JAHI PEUOBUHU HE BIUIMBA-
I0Th Ha UTTS Ha CylIl, BOHU MOXYTh BUKJIIMKATH TOMYTHIHHS BOJM 1 3aBJIaTH 1CTO-
THOT IIKOJA MOPCHKUM MEIIKaHIIM, TOMY HE MO>KHa 30epiratd B Mopl HapTompo-
IyKTH, TJIACTMACY, PTYTh 1 KaaMii, TPOCH, KaHATH Ta PUOATBLCHKI CITi.
KomnocryBanus

TexHonoris KOMIOCTYBAaHHS 3aCHOBaHa Ha MPHUPOJHOMY Tpoiieci Oiopo3kJia-
JIaHHS - BIAXOAM 3r0JIOM MEPETBOPIOIOTHCS HA KOPUCHI PEYOBUHHU, IO CTUMYJIIOIOTh
3pOCTaHHSl POCJIIMH Ta MiJBUILYIOTh POAIOYICTh IPYHTY. 3HE3apakeHe O10JI0TiYHEe
CMITTS CTA€ KUBWJIHHUM CEPEIOBHILEM JIJIsi aepOOHMUX Ta aHAEPOOHMX OaKTepiid, 110
epepoOIIIIOTh HOT0 B KOPUCHUN KOMIIOCT.

[Tomironu aJis KOMIOOCTYBAaHHSI CMITTSl MOBMHHI OyTH JOCTAaTHHO 3BOJIOKEHUMHU
Ta JPEHOBAHUMHU ]ISl BiIBEJICHHS 3aiiBOi BOJW — TUTBKH TO1 MPOIIEC KOMIIOCTYBaH-
Hsl Oyl YCIIIIHUM.

KomnoctytoTs:

] Topd Ta rHii;

(] Oe3meyH1 XapyoBi, pOCIMHHI BIAXOU (HAIPUKJIIAJ, OTlaje JIUCTS);

] THpCY, TEKCTHIIb, TIATTIP.

['on0BHUI HENOJIK KOMIIOCTYBAaHHS - HEOOXIJTHICTh AYXE PETEeIbHOr0 COPTY-
BaHHS MPOAYKTY, YaCTO HEMOXKJIMBOI y MPOMHUCIOBUX YMOBAaX, MPOTE METOJ 9acTO
BHUKOPHUCTOBYETHCA B cenax, pepmepcbkux rocrnogaperax ta CHT.

159



EaneTyBaHHﬂ

Leit cmoci6 yTuiizarii BiIXoAiB BUPOOHHUIITBA Ta TTOOYTY, 110 J03BOJISIE CKOPO-
TUTH OOCST CMITTS, X0Y 1 HE B TaKMX MaciuTadax, sk crajaroBaHHs. Bigxoau po3ou-
ParOThCsl 1 KOMIUIEKTYIOTBCSI B TOMOTEHH1 OpUKETH, sIKi a00 BUPYIIAIOTh Ha Mepepo-
0Ky, a00 30epiraroThcs - ajie BXKE HEe BEJIMKOI KYIOI0, 8 KOMIIAKTHO.

Peuukominr (recycling, «lOBEpHEHHSI B KOJIO») — METOJI MEPEPOOKH BITXOIB 3
METOIO0 MOBEPHYTH iX Yy BUPOOHUUTBO a00 y HE3MIHHOMY BUIJIAJI (HANPUKIAM, SIK
CKJISIHI IUTSAIIKH Ta (JIAKOHM MICHs Ae31H(EK1i Ta TOBTOPHOIO HAKJICIOBAHHS €THKE-
TOK), a00 y BUTJISI/II CUPOBUHU JJ1s1 BAPOOHUIITBA aHAJIOTTYHUX TOBapiB.

PeuukimiHr — nepcrneKTUBHA TEXHOJIOTISI, OCKUIBKU HE TUIbKUA HE CIPUSIE€ CTBO-
PEHHIO HOBUX TOJIITOHIB JIJISI CMITTS, aje ¥ Ja€ MOXJIMBICTh BUKOPHUCTOBYBATH TIO-
BTOPHO PECYPCH, TKHUX y MIPUPO/II CTAE BCE MEHIIIC.

HemonaBHo He MoxHa Oyio ¥ moayMaTH, IO ajllOMiHil0 a00 MiJll HE BHUCTaya-
THME, aJie ChOTOJIHI iX HEJOJIK MOMITHUH 1 CKOPO 1ICTOTHO BiJOMBATHMETHCS Ha BH-
POOHHUIITBI, TOMY OCOOJIMBO BAKIIMBO MEPEPOOISATH, a HE 30epiraTu OaHKH 3-I1i]1 TTH-
Ba 200 razyBaHHs. AHAJIOTIYHA CUTYaIlisl 3 epepPOOKOI0 Marnepy: JIOACTBO HE BCTHU-
ra€e CaJuTH JICH 3 TIEK MBUJIKICTIO, 3 KOO iX BUPYOYye, 1 MPpUPOIHUIA OallaHC cTpa-
KJae, aje 3JjaBaHHs MaKyJaTypy JOTIOMarae Moro 30eperTu.

Tperiit monmynsapHUii TPUKIIAA PEUUKIIHTY — epepoOKa MmiIacTUKoBOi Tapu. Jlo-
CUTh TIOJMBHUTHCS Ha ¢oTorpadii «CMITTEBUX IUIAM» B OKeaHi ab0 TBapwH, IO
CTPaXJIAI0Th BiJl BEJMKOI KiJIbKOCTI TIISAIIOK 1 MAaKeTiB B apealti iX MpokuBaHHS, — 1
BYXJIMBICTH 300y TUIACTUKY BiJpa3y CTa€ 3p03yMLIOL0.

TakuM 4MHOM, Ha KOXKHOMY CYJIHI MMOBUHHI OYyTH TepeadadeHi Npoueaypu 3
00OpOOKM CMITTSI HA CYAHI, SIKI MICTUTBCS B MIXKHAPOAHOMY CTaHJIApPTI 3 YIPABIIHHS
Ta 00poOku cymaHoBoro cMitTs 1SO 21070 [3]. 3anexHo Bix Takux GakTopiB, K THII
CyJHa, paiioH IJIaBaHHS, YUCENIbHICTh €KIMaxy CyJHa, HEOOX1IHO yIOCKOHAJICHHS 3
YOPABIIHHS JIKBIJAINIEI0 CMITTS JIJI1 BAKOHAHHSM €KIMa)kKaMu CYJIEH, 110 HaImpaBJie-
HE Ha PEIUKIIIHT.
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CIIUCOK BUKOPHUCTAHOI JIITEPATYPHU
1. Konsenmii MAPIIOJI 73/78/97 Nonmatok V «IIpaBuiia nmomnepemKeHHs 3a0py/i-
HEHHsI CMITTSM 13 CYJeH».
2. Perictp cynnomnaBcTBa Ykpainu «IIpaBuia 3amno6iranss 3a0pyaHEHHIO 3 CYACH»
Po3pobnuk: €Epmonaes B.I1., binokypenps A.O. 30.06.2020.
3. 1SO 21070, Ships and marine technology — Marine environment protection —
Management and handling of shipboard garbage. Second edition 2017-10.

YK 532.593

Komitika I1.1., Cno6ogsaarox M.B.,Ha6an O.X.
[nctutyr BMC HanionansHoro yHiBepcurety «Oiecbka MOpChbKa akaaeMishy

I'aciHHA MOPCHKHMX XBWJIb HA BEPTHUKAJIBHIN CiTHI 3 3a1aHOK0 IPOHUKHICTIO

VY CBITOBIM MpPaKTUIIl MOPCHKOTO T1IPOTEXHIYHOTO OYAIBHUIITBA HAWBaXKIIUBI-
IIMM 3aBJaHHSIM BBA)KAETHCS 3HAXO/KEHHS €(DeKTUBHUX KOHCTPYKIIINA T1IPOTEXHIY-
HUX CHOPYJ Ui TaciHHsg xBwiIb. B mareHTi Pociiickkoi Deneparii Ne2094565 na
BUHAX1]] «[ UIPOTEXHUYECKOE COOPYKEHHE» 3alPOINOHOBAHA CHOPYJa 13 THYUYKUX
MOJIOTHUII JIJIsI TaCiHHS MOPCHKUX XBHJIb. L{i TONIOTHHUIIA pO3TalIOBaHI BEPTHUKATb-
HUMH pAJIaMU Y3/I0BK O€peroBoi JiHli, MpuYoMy OLIbII BIJJAJEH] BiJl O€peroBoi Ji-
Hii MOJIOTHUIIIA BUKOHAH1 Y BUTJISI1 CITOK 13 3aIaHOI0 TPOHUKHICTIO.

B npaniit poOoTi po3riiiHyTa 3a7ada Ipo B3aEMOAIN0 XBWJIb MaJIOi aMIUTITYIU 3
BEPTUKAIBHOIO CITKOIO 3 3aJ]aHOI0 MPOHUKHICTIO. OTpuMani popMynu st oouuc-
JICHHS OCHOBHHMX BEJIMYMH B3a€MO/Iii XBUJIb 3 BEPTUKAIBHOIO CITKOIO.

XBUJIBOBHM pyX OMUCYETHCS CUCTEMOIO TPhOX NU(PEPEHIIAIbHUX PIBHAHbD 3 Yac-
TUHHUMH TIOX1THUMH, SKi MOJICITIOIOTh 3aKOHHU 30epekeHHs MacH 1 immyibcy [1].

OCKIJIbKU XBUJILOBUN PyX PIIUHU SIBISETHCS OC€3BUXPOBUM 1, OT)KE, TOTEHIIIH-

HUM, TO icHy€ Taka QyHKIis @(X,Y,t), 110 BEKTOp MBUIKOCTI PIIUHU V BUPAKAETH-

cst depe3 MIOTeHIial MBHAKOCTI @ v BUrmsigi V=grade [2], To6To

0 0
VX = —¢’ VZ = —¢
OX 0z
: . . OV, 0V,
ITincraBnsgroun vV, , V, Yy PIBHSHHS HEPO3PUBHOCTI 5 + e =0, oTpumaemMo
X 7

U1 BU3HaueHHs QyHKIIT ¢ piBHSIHHA Jlammaca

82(0 82(p
——+——=0,a60 Ap =0 , (1
ox>  0z° ¢ 1)

Tak sik MacoBi CUJIU € CUJIM TSDKIHHS, TOOTO MalOTh MOTEHIIad, TO PIBHSHHS Y-
xy Elinepa MoxHa 1HTErpyBaTH 1 MpeICTaBUTH Y BUIIIsIAL iHTerpana Jlarpanxka

% gwiP=R_g
ot P
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ne Py — crana BenuunHa, sKa JOPIBHIOE THUCKY IOBITPS Ha BUIbHINA MOBEPXHI.

Jani OynemMo po3risaaTi 30HY PiAMHM HeCcKiHUYeHHOi rimuOuHu H , oOMexeHoro
3BEpXy BUIbHOIO MOBEpxHE0 Z=¢g(X,t) , sika B HE30ypeHOMY CTaHi 30iraerbcs 3

wionmHoo Z=0 . Ha Bcix TBepauX MOBEPXHAX MMOBUHHA BUKOHYBATHCS YMOBA pi-
BHOCTI HYJIIO HOPMAaJIbHOT 10 TIOBEPXHI CKJIaOBOI MIBUAKOCTI. Ha BibHIN moBepxHi
MOTPiOHO 3aJJ0BOJIBHUTH JIMHAMIYHI YMOBH PIBHOCTI TiIpOJAMHAMIYHOTO THCKY P 1
aTMoc(epHOro THCKy P, , a TakoXk KIHEMaTU4HI YMOBH.

PosrasiHeMo 3aiady npo XBUIIBOBUM Mpolec y OaceilHl HECKIHYEHHOT TITUOUHH.
[ToTeHmian MBUAKOCTI OTPUMAEMO Y BUTIIAI

p=A-e“sing,

ne A — nosliabHa ctana, 6 =KX —ot. 3a10BONIBHAIOYN CITIBBIHOIIEHHS HA BlJIb-
HI1{ MOBEPXHI 3HAXOIUMO

(gk—az)-AsinO:O,

2
t006T0 ¢ = gk_

Jist mpodisist BUTbHOT TOBEPXHI MAa€EMO HACTYITHHM BUpPa3
¢ =acosd,

Ao
ac a=—-,
g

a — amrurityaa xBuii, 6 - (a3a xBuii, K 1 6 - XBUIIbOBE YKCIIO 1 YaCTOTa, MOB'S-
3aH1 3 JIOBXKUHOKO XBHJI1 A 1 IEP10JIOM T CHIBBIIHOIICHHIMH

k:2_7r’o_:2_7r
A T

JHocnigumo HabiraHHs MPOTPECUBHOT XBUIII
¢, =8, -cos(kx —ot) (3)

Ha BEPTUKAJIbHY CTIHKY 13 3aJaHOl0 TpOHUKHICTIO. [loTeHmian MBUAKOCTI
@, (X,y,t), mo Bigmosigae xuii (3) Ma€e BUTIISAL

@ (X, y,t) = &8 gl sin(kx — at) .
O

Oyukiis @ (X, Y,t) 3amoBomsHse piBHsHHIO Jlamtaca (1), rpaHHYHEM yMOBaM

Ha BUIbHINA MOBEPXHI Ta HA JHI, ajieé HE 3aJ0BOJIbHAE YMOBI MPOHUKHOCTI Ha BEPTHU-
KaJIbHIHA MPOHMKHIHN ciTii X =0.

Tomy, pasom 3 ¢ (X,y,t) PpO3MITHEMO TaKOK MOTEHIiall HIBUAKOCTI ¢,
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@, (X, y,t) = _ 20 gk ginx + ot) |

SIKOMY BIATIOBIJIa€ MPOTPECUBHA XBUJIS
¢, =a, -cos(kx + ot),
1110 PYyXAa€ThCs y NPOTHIICKHOMY HanpsMKy oci OX Ta Mae aMILTITYAy &, .

JloBeieHO, 0 MOTEHI1a IIBUIKOCTI @ =@ + ¢, 3al0BOJIbHAE YMOBI IIPOHHK-

HOCTI Ha BepTUKaJbHIN ciTii mpu X =0 1 omucye mpoiiec B3a€EMOii XBUIIb 3 BEPTH-

KaJILHOIO CITKOIO.
o= (g—(pj _ K g (a, cos(kx — ot) —a, cos(kx + ot))| =
X —

x=0 o x=0

()

k
=()| 2, 0050t = (3 o~ ()]
X=
Tomi

(VX) x=0

a=a-q:- :
(le) =0

i (S (VX) . MIPOCKIIisl IIBUJIKOCTI Ha BICh OX Ha CITII, (le) — MPOEKIIis
X= X=

IIIBUIKOCTI Ha BiCh OX TIEPE]a CITKO¥O.
OTxe, MOTEHITIa MBUAKOCTI XBHJIBOBOTO IMPOIECY MEPEa BEPTUKAIBHOIO CiT-
KOO 3aIUIIETHCS Y BUTIISAII

Q= %e"z (alsin(kx —ot) +a,sin(kx + at)) :

D

e a,=a;,—q

(Vi)

[Tpoekuii mBUAKOCTEN BU3HAYAIOTHCS HACTYITHUMU PIBHSIHHIMMU:

x=0

x=0

v, = g—ke"z (a, cos(kx — ot) +a, cos(kx + ot)), (4)
(o2

X

v, = %kekz (a,sin(kx — ot) + a, sin(kx + ot)), ()
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a MOTEHI1aJl IIBUAKOCTI XBUJII 0331y BEPTUKAIBHOI CITKH 13 3aJaHOI0 TPOHUK-
HICTIO 3alUIIEThCS Y BUTIISAI

0, =, 2 e“sin(kx + ot).

o

Axmo migctaBuTH B piBHAHHA (2) mpoekii mBuakocten (4), (5), To MOXKHA BH-
3HAYUTH PO3MOILT TUCKY B KOXKHIM TOYIIl PiIMHU 1 BUBHAYUTH TUCK PIIUHHU HA Bep-
THUKQJIbHY IPOHUKHYTY CITKY.

B poGoti oTpuMaHO aHANITUYHE PIMICHHS 3a/adl Mpo HAOITaHHS XBUJIl MaJoi
aMILUTITYJd Ha BEPTUKAJIbHY NMPOHUKHYTY CITKY 1 OTpuMaHi (OPMYIIH JJIs MOTEHITia-
Jy TIBUKOCTI PIAMHU B 00JIACTI 10 BEPTUKAIBHOI CITKM Ta MICHs i1 MPOXOIKEHHS, a
TaKoXX (POPMYJIH JJIsl IBUJIKOCTI IOTOKY B 00JIACTI MOTO B3a€EMOJII1 3 BEPTUKAIBLHOIO

CITKOIO.
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How to increase motivation for learning English.

Anortanisi: CtaTTs npucBsYeHa MOTHBAllli CTyJIeHTa (KypcaHTa) MijJ 4ac BHU-
BUYEHHS aHIIIHCHKOT MOBH, Ta SAKHUX pGSYJII)TaTiB MOJKJIINBO HOCATHYTH, AKIIO BipHO
CIpsIMYBaTH I[1J11, BpaXOBYBAaTU €MOLIIMHUI CTaH, Ta 33JJOBOJICHHS SIKE OTPUMYE CTY-
ACHT Yy HpOHGCi OIIaHYBAaHH: MOBOIO.

If it's important to you, you will find a way. If not, you’ll find an excuse. -
Those who want to achieve something are looking for opportunities. Those who do
not want to look for an excuse. First, let's define the terms. Motivation is your desire
to do something, the desire to achieve a goal. Motivation is often confused with
needs and goals. Need - the need to eliminate discomfort. The goal is the end result
that a specific person would like to receive. A simple example: hunger is the need
(for food), the desire to eat is the motive, and the ultimate goal is to feel full.

Now let's get out of the jungle of psychology and enter the jungle of English.
You have a need - to work as a manager in a large company (or simply to increase
your income). Based on the need, we set ourselves a goal - to learn business English,
reach the Intermediate level, etc. The motivation for this will be the desire to learn
English, the desire to improve their level of knowledge of the language. In our next
articles, we will analyze in detail what needs drive us when learning English and
how to properly motivate ourselves depending on the specific type of need. And we
recommend reading the article "Why people learn English - researching the goals of
our students"”, from it you will learn which English course is best to study to achieve
specific goals. To understand how to work with motives, let's figure out what types
of motivation are. After that, we will be able to develop a set of actions to improve
it.

Types of motivation. Motivation can be positive or negative. In addition, there
Is the concept of anti-motivation. Let us dwell on each of the points in detail.

Positive motivation has to do with what makes you feel good. For example,
you wanted to learn English when you imagined how to successfully conduct busi-
ness negotiations with foreign partners and get a promotion. Such thoughts lift your
spirits and make you smile. You pick up textbooks right away, sign up for courses,
or look for a good personal English tutor. At the same time, you feel energy in your-
self, you understand that you will be able to overcome any difficulties and achieve
success.

Negative motivation is a desire to learn a language, caused by such thoughts: if
| know English poorly, I can disgrace myself in negotiations and do not take the de-
sired position, the boss will be unhappy with me. Thinking like that is scary, so you
are in a hurry to find a teacher, the best textbooks, and learn English. Basically, the

165



same thing happens, only you start from the negative, from your fear of failure. This
Is a less attractive option for motivation, we recommend that you still think positive-
ly. Fear fetters and blinds, interferes with reasoning logically.

Anti-motivation is motivation in the style of *100 and 1 reasons not to learn
English", in fact, it is a reluctance to learn a language, even if you need it. It is most
often the fault of those around you who have formed a negative opinion of you
about learning English in general and about your own abilities in particular. For ex-
ample, you once studied with a not very good tutor, and now you are not interested
in learning the language, or someone laughed at your accent, and you became afraid
to speak English. This is the kind of motivation that you need to get rid of. Better to
forget about the negative experience as soon as possible. Change anti-motivation to
positive motivation, modern language courses and English schools with teachers
who can instill in you a love of the language and get rid of unnecessary complexes
will help you with this.

How to find and increase motivation.

If you really want to do something, you will work hard for it. | think it all comes
down to motivation. If you really want something, you will do everything to achieve
your goal. Before increasing motivation, you need to decide which of the three types
we will work with. We immediately forget about anti-motivation, we discard all
fears of English. Let your mistakes in the past not be reflected in the future. It is also
undesirable to use negative motivation. The practice of intimidation does not justify
itself, in the end your negativity can turn into anti-motivation. We advise you to rely
on positive motivation, that is, to link the process of learning English with positive
emotions. How to increase motivation and not give up?

Choose the right language learning goal .

Let's talk about goal setting. Your goal should be specific, real, and helpful. For
example, reach the Intermediate level in 7 months, provided that you are now at the
Pre-Intermediate level. If you are a Beginner, then there is no point in setting such a
goal: it is actually unrealistic (although there are very, very rare exceptions to the
rule). Do not forget about the timing of achieving the goal. If you do not determine
how long it will take to reach the Intermediate level, then you run the risk of stretch-
ing the process of learning English for many years. A goal is a dream with a dead-
line.

Link learning to positive emotions .

So you've made a plan. We hope you didn’t have a thought: “There is so much to
do.” If such a thought has arisen in your head, let's adjust the plan, because the
learning process should only evoke positive emotions. Therefore, we recommend
that you take a responsible attitude to the choice of methods and ways of learning
English and use only those that are really interesting to you and associated with
positive. First, we will choose where to learn English. Are you sociable, like new
acquaintances? Then we advise you to take courses. Is it difficult for you to com-
municate with strangers? Study English individually with a teacher or study on your
own. Now we choose the appropriate teaching methods. We advise gamblers to
learn new vocabulary with the help of various apps and games for learning the lan-
guage: points are also awarded there for correct answers and you can improve your
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level. Lovers can learn English using their favorite hits. Read the lyrics, translate
them, learn new words. They are easy to remember after listening to your favorite
hit several times. You can also use the simple and useful grammar learning method
suggested in our blog post.

Get rid of negative stereotypes, think over a system of supportive attitudes.

Some people are influenced by public opinion, and it does not always corre-
spond to reality. In our country, myths are still alive that languages need to be
learned at a young age, that you need to have a special mindset, be a polyglot, and
have a lot of money to travel abroad. We advise you to write down all such anti-
motivation settings that you know. After that, put a fat cross on them, these myths
have no right to exist. It is not necessary to strive to immediately become a virtuoso
of English, start with "simple dishes" and move on, everything will work out. Do not
forget to constantly remind yourself that you are doing a very interesting and useful
job, that it will definitely come in handy in your life, that you can master the lan-
guage.

Rejoice in your successes.

Remember to praise yourself and celebrate your successes. Some people have a
small problem that prevents them from successfully learning a language: they fixate
on their mistakes, and the desire to learn English gradually fades away, and motiva-
tion turns into anti-motivation. Get rid of such thoughts. Learn to notice your suc-
cesses, your progress. Even if it is slow, it’s not even bad: what comes quickly,
quickly goes away. Learn English at a pace that suits you, and practice it to see how
far you have progressed, it’s a great motivation boost. How to do it? Try to read a
book in English: we assure you, as soon as you overcome it, the "second wind" will
open, and you will learn the language with renewed vigor. You can chat with for-
eigners abroad or on websites.

Imagine your future.

This interesting psychology trick is not only suitable for English learners. Imag-
ine yourself in the future: you speak English at the Upper-Intermediate level. What
roads have opened before you thanks to this? You are comfortable visiting English-
speaking countries, you have received the coveted position. What barriers have dis-
appeared? You are not shy about talking to foreigners, you have believed in your
learning ability.

Learn to enjoy learning.

All things grow with love. If you use the previous tips in practice, then there will
be no problems with this item. How exciting it is to watch a movie in its original
language! It's great to suddenly realize that you are starting to enjoy a foreign
speech. And how wonderful you feel abroad, when the locals understand you, and
there is no need to actively gesticulate! And all this is your merit! Learn to enjoy
learning English, then the question "How to motivate yourself" never arises before
you. Your curiosity and good attitude towards the language will be powerful motiva-
tors.
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Getting started with online teaching

Since the coronavirus pandemic plunged us into uncharted territories of working
and learning online, teachers have been trying to adjust to the new working envi-
ronment. Although teaching online may seem to resemble teaching offline, it is be-
lieved that there are many differences between them and therefore a lot of prepara-
tion is necessary to this ever-increasingly popular way of working.

First of all, the teacher has to make sure that he/she possesses the following
equipment before even considering teaching online as an option:

* Laptop/computer with a camera

* Headset with microphone

» Stable internet connection

* Platform for teaching live

Some extra equipment may include a whiteboard (a real one or a virtual one),
pictures, realia etc.

Whereas the first three points do not require further elaboration, the fourth point
is more complicated in terms of choosing a platform that is suitable and comfortable
for you. There are several platforms that have proved popular lately, such as Zoom,
Skype, Google Meet, Microsoft Teams or even Viber or Whatsapp. The first step to
choosing a platform is to read about its features and plans so that you can decide
whether or not it is worth trying out. Each of abovementioned platforms has ad-
vantages and disadvantages, for example, Skype does not include any online tools,
but is quite sufficient for individual lessons, and Zoom ends group sessions after 40
minutes but has numerous tools for online lessons such as a virtual whiteboard. It is
vital to read up on the features of some platforms or even watch a tutorial of using a
platform before making a decision.

When starting online lessons, a teacher should establish some ground rules for
his/her students and make sure students understood them. If a person breaks a rule,
you can use a chatbox to give a student a warning or reprimand him/her in class.

Another important point is establishing rapport with the students. It is more chal-
lenging to develop a good rapport with students when you are in different places,
cities or even countries. Some basic advice on this includes, of course, smiling and
being friendly. It is always inspiring for you and your students if you are trying to
get to know them. It can be done by asking them personal questions or giving them a
questionnaire to complete and then discussing their answers with them. A good idea
would be to bring in your personality, be authentic, be you. You could also try per-
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sonalizing your lessons — think of some topics your students are interested in or need
for their job. And last, but not least, tip is to encourage students and praise them
when appropriate. Sometimes teachers tend to only give negative feedback glossing
over students’ efforts and taking it for granted which could discourage students’ mo-
tivation.

Furthermore, it is significant to give clear instructions especially while teaching
online on the grounds that it is more difficult for the teacher to check if the students
are doing what they are supposed to do when you have an online class. A useful tip
here is to ask your students some questions about the instructions given, e.g. What
prepositions do you need to complete the sentences with?

A teacher should be really careful with the so called TTT — Teacher Talking
Time. There is a danger of getting locked into a "talk-talk loop™ (the term used by
Jim Scrivener), in which you say something, but as there is no response from the
learners, you say something else, and again with no response you add something
else etc. Talking more is especially more tempting while teaching online when your
students’ microphones are turned off some or most of the time during the lesson and
you do not receive immediate reactions to your questions or suggestions. It can get
even worse if you are not able to see your students, so it seems as if you are talking
to yourself. It would be better to ask one clear question and then be silent - and pa-
tiently allow even quite a long silence, while learners formulate what they want to
say and turn their microphones on. If you continue adding something time and time
again, your students will end up being confused and not knowing what question or
comment they need to answer to. Everything a teacher says should be useful and
meaningful.

Ways of giving tasks and feedback also require to be considered. Due to advanc-
es in technology, teachers are able to use many online labour-saving tools, such as
Google forms for tests and surveys, Wordwall for interactive games, Canva for cre-
ating colourful and memorable presentations and so on. It is important, however, not
to use too many of them to prevent students from getting confused. You could also
give a task and ask your students to send their answers to you using Telegram, Viber
etc. This way you will be able to give individual feedback to each student and you
will not spend too much lesson time on it.

On the whole, online teaching has brought new exciting challenges, as well as
new amazing opportunities for self-development for teachers. This article only skims
over some useful tips for online teaching whereas there is far more of these worth
reading and putting into practice on the Internet. It is eye-opening for the author how
different can teaching be and how many things have to be taken into consideration.

CIIHCOK BUKOPUCTAHOI JIITEPATYPU
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The Importance of Maritime English Proficiency

Maritime English proficiency standard is mandatorily used by all maritime based
professionals and has become an important tool to ensure safety not only at sea but
including shore, port and any maritime based industry. It is important for students to
have sufficient proficiency in Maritime English as it is useful for them to use the ac-
curate Maritime English terminology for journal and thesis writing and to practice
correct communication and pronunciation of Maritime English.

English is well known as international language that should be used worldwide
and in any type of maritime communication. The necessity for the establishment of
Maritime English (ME) resources and materials has been discussed in many confer-
ences as well as a number of projects on Maritime Education and Training (MET).
Renowned researchers have shown interest in improving the level of Maritime Eng-
lish in shipping industry. However, the focus of these studies lies on the develop-
ment of vocational and academic language courses which are aimed at the standard
competence in the use of Maritime English for other related program. There are only
a few studies discovered on the language competence and skills that Maritime Uni-
versities students need to acquire in order to deal successfully in their academic
studies as well as with the challenge for potential shore side career path.

Nowadays maritime schools are faced with the biggest challenge for developing
mariner with high standards of competence and professionalism with a good English
communication skill.

National University “Odesa Maritime Academy” (NU “OMA”) as one of the
maritime universities in Ukraine that is able to provide mariners where it is im-
portant to ensure NU “OMA” does not face the same challenge. The level of profi-
ciency of Maritime English among the students is important to be classified as to en-
sure adequate usage of Maritime English in any maritime communication. Besides,
the wrong terminology used in Maritime English needed to be analysed as it is bene-
ficial in academicals and thesis writing for students. The usage of correct Maritime
English must be ensured the best way to help marine undergraduate students to be-
come a competent graduate with high proficiency and knowledge in Maritime Eng-
lish.

According to the legislation, English in the shipping industry is known as Mari-
time English and the teaching of the subject at all maritime universities, institutes
and colleges worldwide are governed by the IMO Model Course 3.17 (Maritime
English). Consequently, this world-class standard document for the training has set a
standard for the English language to be taught and mastered so as

to comply with the regulation in maritime sector.
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In maritime industry, English is considered as main tool for communication at
sea and port. It acts as an important tool because of the international character of the
maritime industry. Maritime job requirement has strongly emphasized the im-
portance of English language proficiency in relation to shipboard operations and
coastal areas. Companies employing non-native English employee have an obliga-
tion to ensure that effective English language country is available especially as
members of the crew are now required to demonstrate knowledge of English ade-
quate for professional and safety purposes at sea and shore areas. So, it is for ensur-
ing to have a broad knowledge of English and good communication skills to be able
to respond as the situation demands.

Besides, ship owners and shipping companies often seem to overlook basic is-
sues like the training of the workers. Employing seamen from different nationalities
brings different standards of training on board ship, both for what Maritime English
Is concerned in terms of SMCP, and for the level of knowledge regarding STCW,
SOLAS, MARPOL and others. Along with this, cultural attributes which are brought
by these seamen give a more complex extent to the use of the Maritime Language in
any maritime sector. Therefore, seafarer’s ability to communicate to an acceptable
standard of English is very essential and important in nowadays industry especially
in maritime industry.

Moreover, the increment on the number of casualty is caused by the poor level
of communication skills of the employee.

The focus of these studies focus on the standard competence in the use of Mari-
time English for a proper academic writing thesis any the importance for any mari-
time communication. So they mainly concern about maritime students and their
needs for a common language, which is essential for avoiding wrong maritime ter-
minology.

Nowadays it is well known all around the shipping industry that English is the
main and only language that should be used in any type of maritime communication.
The English language is the lingua franca of the maritime industry. In shipping in-
dustry, the Standard Marine Communication Phrases (SMCP) are used primarily for
standardization of communication in the ship to ship and ship to shore communica-
tion.

Lastly, the lecturers from Maritime Universities all over the world should be bet-
ter in explaining the students about the importance of competence and fluency in
Maritime English. It is worth to note that the students as a new learner of a language
(English language) really do need to build a solid foundation of knowledge. It is
beneficial for them if their lecturer had well experience for teaching Maritime Eng-
lish. It can help them to improve by using some important maritime terms used daily
in shipping industry and for any type of communications in the maritime sector.

This is important for NU “OMA” as one of the maritime focused institute to up-
grade the Maritime English proficiency of the students in order to help them attain
the required writing and communication skills while in the performance of their du-
ties and responsibilities.
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Fresh water generator

Fresh water generator, one of the important machinery on board a ship, is some-
thing that cannot be done without. All modern ships today are equipped with fresh
water generators. They enable an unlimited supply of fresh water to be produced. A
considerable amount of fresh water is consumed in a ship. Every member of crew
uses about 100 litres of water a day for bathing, washing, drinking and other domes-
tic uses. In a steam ship (a ship whose main propulsion unit is steam turbine or a
ship which is a large tanker having steam turbine driven cargo oil pumps) the con-
sumption for the boiler can be as high as 30 tonnes per day. Average consumption
for a ship with 20 crew can be between 15 to 20 tonnes per day.

Sufficient potable water may be taken on in port to meet crew and passenger re-
quirement. Shore water is not preferred because it has impurities like chlorine and
suspended particles. Impurities in the water can form scale on heat transfer surfaces,
reducing the heat transfer efficiency of engine and boiler. Therefore there is a need
for a freshwater generator to produce high quality water onboard ships.

Fresh water is generally produced on board using the evaporation method. There
are two things that are available in plenty on ship to produce fresh water —seawater
and heat. Thus fresh water is produced by evaporating sea water using heat from any
of the heat source. The evaporated sea water is then again cooled by the sea water
and the cycle repeats.

Generally, the heat source available is taken from the main engine jacket water,
which is used for cooling the main engine components such as cylinder head, liner
etc. The temperature available from this jacket water is about 70 deg. centigrade.
But at this temperature the evaporation of water is not possible as we all know that
the evaporation of water takes place at 100 deg. centigrade under atmospheric pres-
sure.

Thus in order to produce fresh water at 70 degrees we need to reduce the atmos-
pheric pressure, which is done by creating a vacuum inside the chamber where the
evaporation is taking place. Also, as a result of the vacuum the cooling of the evapo-
rated sea water will also take place at lower temperature. This cooled water is col-
lected and transferred to the tank.

Nowadays, reverse osmosis is one of the methods, which are used on board for
generating fresh water. Generally this is used on passenger vessels wherein there is a
large requirement of fresh water production. However, in merchant ships the evapo-
ration method used as reverse osmosis is costly and includes large maintenance cost
for membrane.

Various types of fresh water generators used on board ships are mainly:

1. Submerged tube type fresh water generator

2. Plate type fresh water generator, and

3. Reverse osmosis plant
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Whatever type of plant is used, essential requirement of any fresh water genera-
tor is that it should produce fresh water as economically as possible.

Working principle

The combined brine/air ejector driven by the ejector pump creates a vacuum in
the system in order to lower the evaporation temperature of the feed water.

The feed water is introduced into the evaporator section through an orifice, and
Is distributed into every second plate channel (evaporation channels).

The hot water is distributed into the remaining channels, thus transferring its
heat to the feed water in the evaporation channels.

Having reached boiling temperature - which is lower than at atmospheric pres-
sure - the feed water undergoes a partial evaporation, and the mixture of generated
vapour and brine enters the separator vessel, where the brine is separated from the
vapour and extracted by the combined brine/air ejector.

Having passed a demister the vapour enters every second plate channel in the
condenser section.

The sea water supplied by the combined cooling/ejector water pump distributes
itself into the remaining channels, thus absorbing the heat being transferred from the
condensing vapour.

The produced freshwater is extracted by the freshwater pump and led to the
freshwater tank.

Freshwater quality

To check the quality of the produced freshwater continuously, a salinometer is
provided together with an electrode unit fitted on the freshwater pump delivery side.

The salinometer and salinity cell, in conjuction with the solenoid operated dump
valve and the spring loaded valve, control the quality of the water pumped to the
fresh water tanks.

The salinity cell, in conjunction with the salinometer, measures the conductivity
of the water produced by the evaporator which is proportional to the amount of salt
in the distillate. The salinometer has a scale of 0 to 20 ppm (parts per million).

It has an alarm set, alarm light and alarm buzzer on the local panel and also
sends an alarm signal to the main control station console.

The normal alarm setpoint is 2 ppm. When an alarm condition is realized, the so-
lenoid operated dump valve opens allowing distillate to be dumped into the bilges.
This allows the spring loaded valve to close, ensuring contaminated water is not sent
to the potable water tanks.

Main components

The freshwater generator consists of the following components:

Evaporator section

The evaporator section consists of a plate heat exchanger and is enclosed in the
separator vessel.

Separator vessel

The separator separates the brine from the vapour. Just like the evaporator sec-
tion the condenser section consists of a plate heat exchanger enclosed in the separa-
tor vessel.

Combined brine/air ejector
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The ejector extracts brine and incondensable gases from the separator vessel.

Ejector pump

Normally, the ejector pump is delivered by Alfa Laval, and the ejector pump is
a single-stage centrifugal pump. This pump supplies the condenser with sea water
and the brine/air ejector with jet water as well as feed water for evaporation.

Freshwater pump

The freshwater pump is a single-stage centrifugal pump. The freshwater pump
extracts the produced freshwater from the condenser, and pumps the water to the
freshwater tank.

Salinometer

The salinometer continuously checks the salinity of the produced water. The
alarm set point is adjustable.

Control panel

Normally, the control panel is delivered by Alfa Laval. It contains motor start-
ers, running lights, salinometer, contacts for remote alarm and is prepared for
start/stop.
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Online teaching

The onslaught of corona has pushed all educational institutions, worldwide to
immediately adopt online educational methods to cope with the lost times and catch
up with the academic completion of students. It might have come as a boon, but it
has its own share of problems.

As online trainers, we have an abundant amount of helpful foreign language re-
sources to aid our virtual classrooms. Well-immersed into the 21st century, we are
lucky to have technology that enables us to access these tools and resources within
just a few clicks of our mouse. However, creating and using authentic material
seems to bring us nothing but trouble. That’s where we come in. Check out our
guide to help you decide on what’s worth using and how.

In this article we will be discussing various online teaching methods that will
give you some ideas on how to teach online more effectively.

1.Experiment with graphical presentations

Presentations are one of the most effective ways to put forth an idea. Apparently
about 65% of the population are visual learners. More than just lectures, if you im-
plement creative visuals and slides, the retention of the topic presented will increase
drastically.
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Using only your words or completely depending on the slides doesn’t work. It
should be balanced. Also, have an active interaction with your students periodically.
This will keep them interested and also, concentrate better. You can also assign stu-
dents to give presentations as well.

This way they have an option of self-learning and can start developing presenta-
tion skills from a young age. Your presentation need not always be connected to the
subject at hand, you can also include a few stories and make it more interesting and
indulging.

Here are a few tools you can use to create a presentation-
* Microsoft PowerPoint

* Google Slides

* Slide Share

2. Use virtual white board

Written thoughts can be always put across more effectively than mere spoken
words. There is a possibility of students missing many important points if the lec-
tures are only vocal.

There are many online tutoring software that provide different features that will
help you teach virtually more efficiently. You can use- images, connectors, and text
on these boards. There are many techniques you can use, like — mind mapping,
graphical representation, Venn diagrams, flowcharts, etc.

These techniques will help you to-

* Delegate and review assignments

* Brainstorm about lessons

* Upload documents

* Integrate multimedia content

* Schedule interactive sessions like- quizzes, presentations, group discussions etc.

3. Try out flipped classroom method

This has proven to be one of the most effective online teaching methods since its
inception. About 9 out of 10 teachers have noticed a positive change in student en-
gagement. This method is totally the opposite of what the traditional method stands
for.

Here the students review and prepare for the class-to-come by studying the mate-
rial prepared beforehand. This is then implemented through debates, problem-
solving exercises, group discussions, quizzes, etc. under the teacher’s guidance.

One of the main techniques in flipped classroom is pre-recorded study materials.
You can either tape your own or if possible share your colleague’s videos as well.
You can also share these videos using a wider platform such as YouTube so that it is
easier for a larger student base to access it.

4. Take live online classes more often

This is the only synchronous way where in a two-way communication is possible
real-time. To say the least, you will be able to instil a personal touch to all your clas-
ses though you might not be present there physically.

Taking live virtual classes will help you to not only keep an eye on the student
while you are teaching it also helps them in assessing their progress in real time.
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Depending on the response to your classes you have the advantage to change the
methodology or modify to suit them on the go.

These sessions also provide opportunity to students to clarify their doubts then
and there.

However, there are a few things you need to keep in mind while taking live vir-
tual classes-

 Always be prepared with an outline of your session’s content
» Keep student engaged by asking them relevant question or providing associated
facts etc.
* Do not deliver your lessons as one lengthy session. Break them down into sizable
chapters so that it gives time and also helps students to understand better

Use efficient live class management tools with advance Learning Management
System capabilities.

5. Exercise healthy group discussions and debates

One of the main negative outcomes of online tutorials is the sense of isolation.
Hence, in order to minimize this as much as possible, do conduct group discussions,
and make way for healthy debate platforms and other forms of team activities.

This will not only help them get more involved in what is being taught and in
accelerating their learning process but also virtually socialize. You can also have a
monitored group chat window that will help you and others from your class be con-
nected. This can be a forum for subject related discussions and also help to clear any
of the students’ doubts and queries immediately.

6. Record screens and videos by using different tools

In case of online classes, the teachers and the students need to create many vide-
0s. The students need to make video presentation as a part of assignments so as to
explain their work or understanding of the concept. The teachers need to record the
live teaching session or create a response video to the queries asked by students.

There are different tools available which can help to create such videos with ab-
solute ease. These tools enable the teachers or students to capture videos, add cap-
tions, add images or comments and trim them as well. These videos can be later up-
loaded on Cloud or YouTube for sharing purposes. Thus these tools come in handy
during online classes.

7. Use Artificial Intelligence for improving teaching techniques

Artificial Intelligence is one of the less explored yet extremely effective technol-
ogies especially in the educational field. It can prove very beneficial if it is custom-
ised as the online educational requirements.

Artificial Intelligence can be used to analyse the performance of students. The
Al powered tools can analyse and compare students’ performances in single as well
as multiple other subjects.

They can generate detailed analysis report of every student in the classroom
which can help the teachers understand where a particular student is lagging. The
teachers can thus give more focus on those students who are weaker in studies.

Al can also assist the teacher to find the perfect teaching techniques which the
teachers can incorporate so that the students understand the concepts easily and can
thus retain them for a longer duration.
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8. Make use of templates for different purposes

It is scientifically proven that students can quickly understand and retain infor-
mation for longer duration if taught using graphics or diagrams.

Many templates are available online which can help teachers prepare class
schedules or create a lesson plan and share them with the students. These templates
can help teachers and students to prepare presentations which can include images,
info graphics, graphics, diagrams, etc.

A Report Card Template would help the teachers to track each student’s progress
and add it to the report card. The teachers can share these graphical report cards with
the students at the end of the semester.

There are many more such templates available which can enable the teachers to
explain critical topics in a fun and interesting way which would help students to not
only understand them but also remember them.

9. Incorporate the technique of self-study

It has been observed that the students who acquired good marks during their
board exams have given more emphasis on self-study.

The same technique can be implemented on online teaching but in a little differ-
ent way. The teachers can assign topics to students which they need to study on their
own. This helps the students to explore the topics in their own preferred ways ac-
cording to their areas of interest. This type of teaching technique will help each stu-
dent to bring in a different and new perspective while understanding the topic or
concept.

This will also help the students to put in more efforts not only to understand the
topic but also to explain it to others in their own words. Self-study will enable the
students to find ways of learning new concepts in the ways that interest them and al-
so help to find their interest even in the most complex topics.

These are not the only methods. You can either follow one among these or you
can adopt other experimental methods and see what works for you and your stu-
dents. You will learn and evolve with experience. It is almost impossible to get eve-
rything right on the very first attempt. So, take a deep breath and continue your hard
work.

Creating Learning Materials

Once you’ve got your teaching set-up sorted, it’s time to think about the materi-
als and resources you’ll use during your online language lessons. Just as with face-
to-face lessons, there are four main skill areas that you’ll want to cover:

Listening

Reading

Speaking

Writing

For each skill area, some materials and resources you could think about creating
and using are:

Listening: Videos, podcasts, and music

With online tuition, you have the whole Internet at your fingertips, so make the
most of it! Using screen-sharing to watch videos in the target language with your
student, or listen to podcasts, then discuss them afterwards can be great to develop
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listening skills. You can tailor your materials to the topic you are learning at the time
— for example, you could watch weather forecasts, listen to news stories about poli-
tics. One resource that is particularly good is the BBC’s ‘Learning English’ website.
It has short videos on a range of ESL topics, and news round-up videos that would
be great to screen-share with your students during lessons.

Reading: News articles, short stories, and blogs

For reading skills, sending your students articles in advance that you can then
discuss during your lesson can be a great learning tactic. You could also use blog-
posts, short news articles, or side-by-side stories in English and your student’s
mother tongue to practice their reading skills. Taking turns to listen to your student
read, and then have them listen to you read, is useful to simultaneously develop their
listening and reading skills

Speaking: Discussion topics and presentations

Many of the resources mentioned above will spark discussion and thus create an
easy way to incorporate speaking into your online lessons. You could also ask stu-
dents to prepare a short presentation based on the topic area you are focusing on, to
practice their skills. They could even create a PowerPoint presentation, and screen-
share videos with you to make it more interactive.

Other resources you could think about incorporating into your language lessons
are games such as vocabulary flashcards, simpler games such as Hangman that you
could do with your student using a Google Drawings document, or Word Associa-
tion. There’s lots of inspiration online, so take some time to research games that you
feel will best benefit your students.

Writing

Writing can be a trickier skill to develop through online lessons, but it is by no
means impossible. Using worksheets that you can send to your student beforehand,
or share through your Google Drive, then screen-share together can be a great way
of incorporating writing into your lessons. You can also use past papers to work on
areas such as essay planning and grammar.

Using Google Documents during your online sessions to practice writing skills,
for example with the help of ‘story starter’ sentences that the student must continue,
Is also a great way to help to develop their writing style and accuracy.

Games are a great way of keeping lessons fun and interactive, and some that you
could consider when teaching English online are:

Vocabulary flashcards

Hangman (which you could do in a Google Drawings document)

Word association

Let’s focus on putting together some authentic material you can use in your next
lesson.

Giving your students the opportunity to experience real language through natural
conversation, learning new vocabulary and engaging in different language activities
are just a handful of the great benefits. Without a doubt, authentic material exposes
your students to culture and customs and, most importantly, how a language is really
used.
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Since these resources give even more cultural insight, they will also increase a
students’ motivation and better meet their needs. The goal is to understand and use
the foreign language in real life; therefore using authentic materials will teach the
students what they need to know to get there.
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The Communicative approach in seafarer's education

The Communicative Approach in language learning is an approach that is used
in learning the second language or foreign language that emphasizes on the im-
provement of communicative ability”, that is “the ability of applying the language
principle in order to produce grammatical sentences and understand *when, where,
and to whom’ the sentences used”. [1] Communicative method focuses on language
as a medium of communication. It recognizes that communication has a social pur-
pose — learner which has something to say or find out.” Communication embraces a
whole spectrum of functions and notions” .It is based on the idea that learning a lan-
guage successfully comes through having to communicate real meaning and the
main objective is to present a topic in context as natural as possible.

Communicative approach was developed in the 1980s as a reaction to grammar
based approaches. This approach emphasizes the use of language for meaningful
purposes in authentic situation. The main principles of communicative approach in-
clude: 1) goal of effective communication, 2) learning language by using it to com-
municate, 3) focus on meaning and appropriate usage, 4) focus both on fluency and
accuracy, 5) use of authentic materials to reflect real life situation, and 6) integration
of four skills (speaking, writing, reading and listening) [2] .

For seafarers to be able to communicate effectively , they need to be able to use
and understand English in a range of situation . Being able to use English means un-
derstand, interpret messages from everyday speech to necessary professional termi-
nology, respond to these messages appropriately and express themselves clearly.
That is why it is so important to develop communicative skills. The language used to
communicate must be appropriate to the situation, the roles of the speakers.

Communicative activities are essential. Learners must have constant interaction
with and exposure to the target language. The topics are selected and graded regard-
ing needs and student's level. Role-plays and dialogues with IMO phrases are fre-
quently used at lessons. They function is to create a real situation using necessary
vocabulary. Authentic material such as video, marine newspapers and magazines is
key to supporting English language learning . When learners are involved in real
communication, their natural strategies for language acquisition will be used, and
this will allow them to learn to use the language.

It can be concluded that Communicative Approach is one of the most important
approaches to help learners to be able to contact with others in order to talk fluency
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and to express about themselves confidently and to present many social issues in
their environment as quick as possible.
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Alternative Fuels

The IMO decision to limit the sulphur content of ship fuel from 1 January 2020
to 0.5 per cent worldwide, and the recently adopted resolution to reduce greenhouse
gas (GHG) emissions by 50 per cent by 2050, will change the future mix of ship
fuels dramatically. As shown in Figure 1, the combined amount of heavy fuel oil
(HFO) and marine gas oil (MGO) consumed by ships accounts for no more than 25
per cent of total global diesel fuel and petrol production (2016 figures). This is
roughly equivalent to the amount of energy consumed using liquefied natural gas
(LNG), which stands at 24 per cent; however, LNG represents only a small portion
(approximately 10 per cent) of the overall gas market.

Assuming an installed base of about 4,000 scrubbers in 2020, no more than 11
per cent of ship fuel usage will be high-sulphur fuel, DNV GL calculates. Latest es-
timates assume that no more than 2,000 scrubber installations will be carried out be-
tween now and 2020. This raises the question whether high-sulphur fuel will even be
available outside the largest bunkering ports if only 4,000 or even fewer ships will
be able to use it. The next question is what the price differential between HFO and
compliant fuels will be.

New technologies and alternative fossil fuels

Among the proposed alternative fuels for shipping, DNV GL has identified
LNG, LPG, methanol, biofuel and hydrogen as the most promising solutions.
Among new technologies, the classification society believes battery systems, fuel
cells and wind-assisted propulsion to offer potential for ship applications.

Fuel cell systems for ships are under development but will take time to reach a
level of maturity sufficient for substituting main engines. Battery systems are find-
ing their way into shipping; however, on most seagoing ships their role is limited to
enhancing efficiency and flexibility. Wind-assisted propulsion, while not a new
technology, will require some development work to make a meaningful difference
for modern vessels.
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FIGURE 1: YEARLY ENERGY CONSUMPTION IN
RELATION TO DIESELAND GASOIL CONSUMPTION

in per cent; figures represent 2016 statistics.

Crude oil

HFO
(marine)

B Share in
MGO consumption

(marine) Total

Bijzf}f::gf) consumption

FAME

(biodiesel) 2

LPG

Natural gas
(total)

Gas

ING B ' Yearly diesel and
; gasoil consumption

Yearly energy consumption relation to diesel and gasoil consumption

When it comes to CO, emissions, LNG is the fossil fuel producing the lowest
amounts. However, the release of unburned methane (socalled methane slip) could
reduce the benefit over HFO and MGO in certain engine types. Methane (CH,) has
25 to 30 times the greenhouse gas effect of CO,. Nevertheless, engine manufacturers
claim that the tank-to-propeller (TTP) CO,-equivalent emissions of Otto-cycle dual-
fuel (DF) and pure gas engines are lower than those of oil-fuelled engines.

If produced from renewable energy or biomass the carbon footprints of methanol
and hydrogen can be significantly lower than those of HFO and MGO.

FIGURE 2: CO, EMISSIONS OF FUEL ALTERNATIVES IN SHIPPING
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The greenhouse gas challenge
The cleanest fuel is hydrogen produced using renewable energy. Liquefied hy-
drogen could be used in future shipping applications. However, because of its very
low energy density it requires large storage volumes, which may prevent hydrogen
from being used directly in international deep-sea shipping. In a sustainable energy
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world where the entire energy demand is covered by renewable, CO,-free sources,
hydrogen and CO, will be the basic ingredients for fuel production, most likely in
the form of methane or diesel-like fuels produced in a Sabatier/Fischer-Tropsch pro-
cess. The Sabatier process is a reaction between hydrogen and carbon dioxide at ele-
vated temperatures — optimally 300 to 400°C — and pressures in the presence of a
nickel catalyst to produce methane and water. An alternative, the Fischer-Tropsch
process converts a mixture of carbon monoxide and hydrogen into liquid hydrocar-
bons in a series of chemical reactions.

Looking ahead, LNG has already overcome the hurdles of international legisla-
tion, and methanol and biofuels will follow suit very soon. It will be a while before
LPG and hydrogen are covered by appropriate new regulations within the IMO IGF
Code as well. The existing and upcoming environmental restrictions can be met by
all alternative fuels using existing technology. However, the IMO target of reducing
GHG emissions by 50 per cent by 2050 is ambitious and will likely require wide-
spread uptake of zero-carbon fuels and further energy efficiency enhancements. Fuel
cells can use all available alternative fuels and achieve efficiencies comparable to, or
better than, those of current propulsion systems.

FIGURE 3: SHIPPING BECOMES GREENER AND MORE COMPLEX
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However, fuel cell technology for ships is still in its infancy. Promising and ad-
vanced projects are, e.g., those running under the umbrella of the e4ships lighthouse
project in Germany, with Meyer Werft and ThyssenKrupp Marine Systems heading
the projects for seagoing ships.

Wind-assisted propulsion could potentially reduce fuel consumption, especially
when used for slow ships, but the business case remains difficult. Batteries as a
means of storing energy can be considered as an alternative fuel source in the widest
sense. Especially on ships operating on short, regular voyages, they have major po-
tential as a means to boost the efficiency of the propulsion system. In deep-sea ship-
ping, batteries alone are not an adequate substitute for combustible energy sources.
Finally, with low-sulphur and alternative fuels becoming more widely available, the
well-known combined-cycle gas and steam turbine technology as used in the PER-
FECt Ship project represents a viable alternative for high-power ship propulsion sys-
tems
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The role of coaching in english language teaching

Language coaching is a popular trend now. How can it relate to language teach-
ing? And what is the difference?

At the beginning of the 19" century, a coach was a person who helped students
pass their exams. Then, it was used to describe a person who ran a sports team. The
latter meaning is what we usually associate this word with today.

Outside the world of sport, coaching techniques have been mostly applied in
business circles. Then followed other areas of coaching: life coaching, health coach-
Ing, academic coaching, financial coaching, etc. However, their common feature is
leading a person from the point A which is how he’s performing now to the point B
which is how he’d like to perform. [1]

The key idea of coaching approach perfectly fits the goal of teaching foreign
languages. A teacher aims to increase a student’s knowledge of a subject, while a
coach helps a person perform and succeed. In terms of a language mastering,
knowledge of a language is crucial, but using that knowledge effectively to succeed
is a different skill. One can study a foreign language for years, yet being not able to
speak. Therefore, successful functioning in a target language shall be the priority for
every learner.

Coaching and Teaching - What are the Differences?

The difference between education and coaching lies in the area of responsibility
for learning. In traditional teaching, teachers take this responsibility — they deliver
information, make their students practice and then assess them for progress. While a
language coach apart from practicing and instructing discusses learners’ motivation
and strategies for achievement their goals.

In coaching, it is recognized that skills are developed both in classroom and out-
side it. Therefore, students’ progress is evaluated in terms of their success outside
the classroom setting. A coach asks correct questions to make students analyze their
own learning process and discover answers themselves. Thus, a coach provides the
support to learners in being responsible for their own learning process.

Traditional language teaching and language coaching represent two different
models of authority. In short, “teaching is about the teacher and coaching is about
the student.” [2] Teachers transfer knowledge and train competencies; coaches moti-
vate to improve performance, help achieve results and guide changes in behaviour
patterns.

In the context of a real classroom, a traditional teacher normally familiarizes
students with new grammar and vocabulary; with proper use of particular chunks in
certain contexts; teaches how to present ideas clearly by using a target language
grammar and lexis appropriately. When applying coaching techniques to language
teaching, a teacher helps struggling students to trace what’s holding them back; to
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analyse their practice to try various ways of applying their language learning. A
teacher tells more, while a coach asks and listens more.[2]

Michelle Hunter, who is the co-author of “The A-Z of Coaching activity book
for teachers’, suggests ten ways of integrating coaching principles into teaching. [3]

Attention.

When students know that a teacher is genuinely interested in them, both enjoy a
more satisfying lesson.

Ease.

Staying relaxed reduces stress in the lesson and creates a better learning envi-
ronment.

Equality

One aspect of equality relates to the notion that all healthy brains are equally ca-
pable of thinking despite their experience and knowledge. Therefore, every student
Is capable to answer questions he or she gets. The other aspect is about giving equal
speaking time to all participants.

Encouragement.

Language teachers should encourage learners to keep going despite a lack of vo-
cabulary, grammar knowledge or poor pronunciation. Michelle recommends trying
some “demand high” type questions, like: “What else can you think of? What other
words could be used here?” [2]

Diversity.

Language teachers should recognize that all people are different as well as their
ways of thinking. Everyone has its own tale. Students need to know they are safe to
express their opinions and that they won’t be judged.

Place.

A teacher should create a student-friendly environment during the lesson.
Coaches call it a ‘you matter to me’ environment. It may be sometimes difficult, but
it does ensure better learning. However, as Michelle thinks, in some cases it may be
simply picking up the rubbish from the floor. [2]

Feelings.

Both coaches and language teachers deal with all sorts of emotions. It’s well
known that blocked feelings block the brain. Michelle advises to ask questions like
“What’s on your mind right now?”, then listen, without interruption, to the answer.

Information

Keeping in mind the basic distinction of coaching from teaching, teachers are
encouraged to self-monitor for whose benefit they are giving particular information
at the lesson. A teacher should maintain the adequate balance of information transfer
between students, from students to a teacher and from a teacher to students.

Incisive question.

An incisive question in coaching is such a question that helps to replace limiting
assumptions with true and liberating ones. In the context of language teaching, the
incisive question could be as follows: a teacher can ask nervous students about what,
in their opinion, is stopping them from learning English. The response could relate
to their poor abilities at learning languages. So the incisive question would be: “If
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you knew that you were good at learning languages, what would you do in class to-
day?” [2 ]

Appreciation.

Coaches emphasize that a ratio of 5:1 appreciative to challenging feedback gen-
erates better thinking. [2] Teachers are encouraged to thank students and show ap-
preciation for their linguistic errors. How would we know what to teach if our stu-
dents didn’t make mistakes?

Who is Language Coaching For? How can it be applied in ESP teaching?

Experts mention two categories of students who can particularly benefit from
language coaching. The first group are people who want or are forced by circum-
stances to learn a language independently, without attending English classes. Today,
we have all possibilities for such an option — you can find everything you need on
the Internet. The role of a coach is to help organize and guide this process. A coach
sets goals, measures progress, and helps students find their learning style and meth-
ods.

The other group of learners are executives and managers who feel more com-
fortable to work on an individually tailored program, rather than using a set curricu-
lum. [5]

The former group can involve seamen and cadets during their voyage periods
when they are derived of the possibility to have face-to-face meeting with their
teacher, though in most cases have an access to the internet resources and messen-
gers via which communication can take place. So, principles of coaching can be
quite effective in such cases.

The world is getting more globalized, businesses are crossing the borders and
become multinational and multilingual. This particularly concerns the domain of
marine trade. The importance of speaking languages is over-the-top today. However,
languages are much more than mere speaking. Languages embrace cultural diversity
and a deeper degree of communication and comprehension among employees and
management.

Multicultural competence is a part of a linguistic competence. Moreover, it is
crucial to understand how to communicate not only on a language level but also on a
humanistic level, so that employees could perform to their best abilities in an inter-
national environment. Many companies now are realizing the importance of the right
approach to language learning, which leads to a cost-effective process on all sides.
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What is Maritime English and Why It Is Important?

Communication plays a major role in the maritime industry, whether it
be between crew members, officers or between two ships.

Ambiguity and confusion are the primary causes of accidents and untoward inci-
dents that happen onboard ships and other vessels.

When crew members speak a wide variety of languages, there can be some con-
fusion in the meaning of phrases that they wish to convey.

To compound this problem, ships and seafarers travel all over the world. They
can fly a flag of one country, have a captain of another, and a crew of at least 7 to 8
different nationalities.

Without a common language, there can be difficulty in passing instructions
among officers and crew members.

This is where Maritime English comes into play.

Adopted by the maritime and shipping community.

By having a set of terms unique to this domain, it rules out any possibility of
confusion in meaning. A major issue with using normal terms such as left or
right, front or back, etc. is the ambiguity associated with the directions.

For instance, say the captain issues an order changing direction by 5 degrees to
the left. Whose left is to be taken for consideration in this scenario?

If the captain and the crew member controlling the navigation are in different lo-
cations, there can be quite a bit of confusion in this regard.

Furthermore, if the crew member is facing in a different direction, the ship may
proceed off course, leading to possible damages. Thus, terms that can be used irre-
spective of one’s orientation and location are extremely important.

Similarly, front and back face an issue with the relative direction. These issues
are solved by adopting a common set of terms and phrases, used by all seafarers
across the world.

This is known as Maritime English and is also referred to as the Standard
Maritime Communication Phrases (SMCP).

SMCP has been developed by the International Maritime Organization (IMO) as
the international standard for all maritime communication.

As English is considered to be the common language while at sea, Maritime
English builds on the basic vocabulary of English while including unique phrases
and terms to rule out any possible ambiguity.

It primarily serves three main functions-

1. Ship to ship communication
2. Ship to shore communication
3. Internal communications onboard a ship
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Origin and Uses of Maritime English

SMCP or Building on the basics of everyday English, certain maritime terms
have been adopted by the maritime and shipping community. Maritime English is
thus various combinations of the English language and certain fixed phrases.

Seaspeak is known as a Controlled Natural Language (CNL) and borrows
heavily from a limited English vocabulary.

In phrases where finding an appropriate English word may be difficult, terms
from other common languages are also used. Seaspeak was developed at a confer-
ence of the International Maritime Lecturers Association (IMLA) in 1985.

It underwent multiply updates that aimed at improving the language to account
for all possibilities of communication that may arise while at sea.

Eventually, it was combined with the Standard Maritime Navigational VVocabu-
lary (SMNV) to form the SMCP language. This was in response to accidents that
took place due to confusion in commands.

Ultimately, the SMCP was adopted in the 2001 conference of the IMO and has
been in use since then. It aims to reduce language and communication-related acci-
dents.

In a study conducted on the most common causes of maritime accidents, over
50% of the incidents were due to some form of miscommunication, and of these in-
cidents, just under half was due to the improper use of SMCP and IMO approved
phrases. Thus, it is important to equip all seafarers with sufficient knowledge on
how to effectively communicate while at sea.

Commonly Used Terms Of Maritime English

There are some terms unique to the maritime sector that is a part of SMCP.

Firstly, direction plays a major role in navigation while at sea. Using lay terms
such as right, left, front or back can be ambiguous. For this purpose, there are terms
specific to ships.

The front of the ship is referred to as the bow or fore. The region at the back
where the propellers are housed is known as the aft or stern. The region in between
the aft and bow is known as the midship.

Similarly, when viewing the vessel from the stern to the fore, the left-hand side
is known as the Port side, while the right side is the Starboard side.

The various horizontal levels on the vessel are known as decks, while the base is
known as the keel. Another important term that is used is the draft of a vessel.

The draft refers to the depth of a vessel that is below the waterline. Thus, when
the captain says that the fore-starboard region on deck 4 is out of bounds, he implies
that the area to the front right-hand side of the vessel cannot be accessed by unau-
thorized personnel. Deck 4 is the number allotted to that particular deck which is in-
accessible.

Another part of the ship that has a specific maritime name is the elevated area in
which the captain and officers work. This is called the bridge of the ship and serves
as the main heart of the vessel. Another term used in direction is abaft, which indi-
cates an object being relatively closer to the stern. Thus, the rudder is abaft to the
propellers on most conventional ships.
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Abandon ship is a term used on ships to imply that a disaster has occurred and
that the ship will eventually sink. It is an order issued by the captain to indicate that
passengers and crew members are to board rescue vessels or life rafts and follow
emergency protocols. Another accident that may occur is when a ship runs aground.
In such situations also the call to abandon ship may be issued. When a ship is said
to capsize, it turns over such that the keel is above water while the decks may be ful-
ly submerged. In such situations, the vessel is said to be taking on water.

An interesting way of referring to windows and doors within a ship is by calling
them access holes. Similarly, the passages within a vessel are called alleyways.
The gangway refers to a structure similar to a ladder that permits boarding of a ves-
sel. The windows cut out into the hull of a ship is called portholes.
The pennant refers to a flag that a ship is flying. This can either be a flag of conven-
ience or a flag under which a warship operates.

The course of a ship refers to the path it is taking. This path can also be deter-
mined by referring to the absolute bearing of a vessel. This type of bearing gives
the direction of the vessel with respect to true North. When the order
to stow something away is given,

it indicates that a particular object must be stored in specifically assigned locker
or bunker.

The ballast of a ship refers to additional water that it takes on board-
specific ballast tanks to lower itself in the water. A berth refers to a place assigned
to a ship at a port. It can either be for loading, unloading or just as a port of transit.

Lastly, there a few terms referred to as message markers. They are used to prefix
certain statements to clarify their meaning in case of poor communication. These in-
clude keywords such as “INTENTION” that means the seafarer is about to state a
probable course of action.

“WARNING” suggests a possible warning issued by the authorities to a ves-
sel. “ADVICE” is used to provide suggestions to the officers of a vessel regarding
heading and a course. A “REQUEST” implies that some aid or facility is required
by a ship. Another similar type of message marker is the QUESTION-ANSWER
phrase, that is discussed in the next section.

Common Phrases and Examples Of Maritime English

One of the most common phrases used while at sea is “Say Again”, which indi-
cates that the receiver was unable to understand the message and needs it to be re-
peated. This comes in place of other more complicated phrases that can be lost while
in the relay. Instead of lengthy sentences such as “I could not hear you” or “Please
repeat yourself”, this two-word phrase is short and to the point. It also has a lesser
likelihood of being misunderstood or misheard.

Another very common set of phrases that are used in the maritime sector is
the “QUESTION — ANSWER?” group. Instead of asking a question using phrases
such as “Should I”” or “May I”, the seafarer can use the term QUESTION as a prefix
to his query.

This states his intention and allows the receiver to understand that he has a ques-
tion. In response, the receiver particularly uses the term ANSWER prior to answer-
Ing the query. This ensures that the seafarer at the other end knows that his query is
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being addressed. Thus, using these 2 prefix phrases, ambiguity about the nature of
the conversation can be removed.

In case of some accident or issue, sentences such as “I am in trouble” or “I need
help” can be easily misunderstood, especially in bad weather with poor broadcast-
ing. Instead, the phrase “I require assistance” ensures that the message is not lost
or misunderstood.

Prior to starting this phrase, it is advisable to also mention the reason or cause
for your accident. This could be due to icing or immediate danger of sinking. After
Issuing the standard mayday and distress calls, it is also prudent to mention if any
particular type of assistance is required and to also enquire into the ETA of the res-
cue vessel.

This is useful when it comes to reducing wasted time. By stating the issuing that
you are facing and the type of aid required, the rescue team can send a group that is
prepared to help you in this regard. They can also inform the shipowners of any
complications and seek their help in understanding the layout and design of the ves-
sel. SMCP plays a major role in disaster scenarios, as any miscommunication in
such cases can have major consequences.

Certain distress signals can be used depending on the severity of the issue. The
phrases Mayday-Mayday-Mayday, Pan-Pan-Pan and Securite-Securite-
Securite are all used to indicate some form of distress information. Each varies in
severity, with mayday implying a major issue with a high probability of sinking.

Securite is the least severe and is a French word used to simply indicate that the
information following the signal contains important safety directives. Lastly, SOS is
a common distress signal, which originated from the phrase “Save our Souls” or
“Save Our Ship”. Most distress signals are repeated three times successively, to en-
sure that the message is carried out and is not lost in any possible miscommunica-
tion.

How to Use Maritime English

Using this type of language can be challenging for beginners. That is why it is
important to pick up the nuances of conveying information. While conveying any
message, it is important to ensure that the complete data is transferred.

Similarly, when speaking to passengers or crew members, it is also good practice
to give them a brief idea of what to expect in a particular scenario. In this section,
we will look at some common sentences and phrases used by seafarers in maritime
English.

“Ship has run aground. I require assistance. Kindly provide rescue vessels to lo-
cation ... Passenger and crew count totalling one-five-zero.”

The phrase is short and to the point. It indicates that the ship is in some form of
distress and requests for assistance. The type of rescue and the location has also been
provided. In addition, it allows the rescue team to know that they will have to look
for a total of 150 individuals during search operations.

“Possible piracy attack. Location ... and heading ... I require immediate assis-
tance. What is ETA of backup?”

By implying immediate danger and enquiring into the ETA, the person has con-
veyed a significant amount of information in just 3 short phrases.
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Using the heading and course, a possible piracy attack can be thwarted by send-
ing troops or a warship to the affected region.

One can also use single-word message markers to convey a message.

“QUESTION. What is the ETA of your vessel?”

“ANSWER. ETA zero nine hundred hours GMT.”

This exchange conveys the required information in an understandable manner.
The person answering the question is conveying their estimated time of arrival
(ETA) to be at 9 am GMT.

It is common to use military time standards using 4 digits in a 24-hour format.
This removes ambiguity about the time into consideration.

Similarly,

“WARNING. Proceed with caution. Iceberg ahead.”

“INSTRUCTION. Stay on traffic lane 1.”
“REQUEST. Dispatch pilot immediately.”
“INTENTION. Vessel to move to traffic lane 1.”

When speaking to passengers over a PA system, using maritime English is also
advised. In case of an emergency, take this opportunity to reassure the passengers
and reiterate that the crew are doing everything in their power to improve the situa-
tion.

For instance,

“This is Captain ... Passengers are advised we have collided with another ves-
sel. Minor fire on the upper deck. No imminent danger. Firefighting measures being
implemented. In case of adverse conditions, you are advised to prepare for possible
evacuation by heading to assembly areas nearest to you. Further information will be
relayed by either me or members of my crew.”

Although this is evidently a stressful situation, the captain has conveyed a calm
and composed message that boosts confidence among passengers.

Even during normal procedures, officers often communicate with passengers in
maritime English. For example, once boarding has been completed, the captain often
welcomes passengers and briefs them about basic safety guidelines.
“Ladies and gentlemen. This is Captain ... This is to inform you that we have left the
port. We are currently at heading ... with favourable weather conditions. The stern
and bow doors have been secured and you are advised not to venture to zones ...
ETA at our destination is 1600 hours GMT.”

By sticking to maritime English phrases, one is able to ensure communication
without any probable issues. In addition, it reflects a calm and collected demeanour
that suits officers and crew members of sailing vessels.

How to Obtain Maritime English Certification

Budding seafarers are often not provided with the opportunity to learn proper
maritime English. This acts as a disadvantage when applying for jobs and when try-
ing to move up the industry ladder.

That is why several private and government bodies offer third-part certification
in maritime English. Along with teaching you the basics and more advanced
phrases, they also provide documentation that shows your proficiency in the course.
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The primary step to learning maritime English lies in picking up basic English
terms. This can be especially challenging for non-English speakers, but there are a
variety of courses out there that can help you in this regard.

The next step is to attempt one of the many certification exams conducted by au-
thorized bodies around the world. With the documentation provided by them, one
can apply for jobs in the maritime sector.

One of the most common tests taken by seafarers looking to pick up SMCP is
MarTEl, which stands for the Maritime Tests of English Language. Provided by the
European Union (EU) under a funded learning program since 2007, it combines
standards from both IMO and SMCP. The project uses 3 grades provided by joint
partners from around Europe to provide maritime English certification to seafarers.

Seaspeak, or Maritime English as it is more commonly known today, refers to
key phrases used in the maritime industry to prevent accidents because of a differ-
ence in language fluency. It removes ambiguity in common everyday phrases and
instead replaces several words with more relevant terms. From the crew to the offic-
ers, everyone must be up to date on the latest terms and usage of maritime English.
A large number of courses can be found- both online and in-person, which provides
certification for budding maritime seafarers.

By using the correct terms, information can be conveyed between members of a
ship. It even ensures that 2 captains who speak different native languages can still
understand each other. In addition to replacing common English phrases and words,
maritime English also uses certain codes to indicate various occurrences. This can
include fires, leaks, a probable chance for sinking etc. When used correctly, it can be
immensely useful in the maritime world.
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Origin of the seafarers’ idioms

“Landlubber”

«Landlubber» — is a person who does not like to travel on water. Proud pirates
used this word as an insult, because “landlubbers” are clumsy people who do not
know how to handle a boat or ship. By the way, the root of this word “lubber”
means clumsy, with poor/bad coordination.

Eric dropped his coffee down his shirt, he’s such a landlubber.

“All hands on deck”

Long ago, in the time of the pirates, this phrase was used on board ships (usually
in emergencies). Hearing these words, the ship's crew knew that they all needed to
quickly gather on deck. Today, this expression is used to emphasize the need for the
participation of all team members.

We need to get this proposal over to the client by close of day, it’s all hands on
deck.

“Left High and Dry”
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To be stranded or left alone to cope with a difficult situation

The earliest explanation for this idiom refers to ships that were beached or out of
the water above the tide line. If there wasn’t enough water to float the ship away at
high tide, then it may have been lingering for a while and could remain that way, be-
cause removing a ship without water could seriously damage its hull. Therefore,
“high and dry” became synonymous with “stranded.”

“Bottoms Up”

A cheers or toast with encouragement to drink or completely finish a drink

Nobody knows exactly from where the phrase “bottoms up” originates. There is
a popular story used to describe its origin, but there is no evidence to show whether
or not it is true.

According to the legend, English sailors used to be bribed with coins to join the
navy, and, many times, they would be tricked into joining by being given a beer with
a coin at the bottom of the glass.

In the story, men began to say “bottoms up” to their drinking partners so that
they could see if coins were hidden inside of the glasses before the drinks were fin-
ished. This in turn became a popular toast to encourage finishing an entire drink.
(Don’t swallow the coin though!)
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Main Directions of Ship Automation

In the modern maritime industry, IT technology plays a very important role, and
its role and importance are constantly increasing. We have identified three main are-
as of ship automation. All these processes are closely interconnected. These are de-
velopment of the Internet of things, as well as the use of blockchain technology and
the introduction of ship automation, up to fully automatic ships.

Internet of things

The Internet of Things is a system of interrelated computing devices, mechanical
and digital machines, objects with the ability to transfer data over a network without
requiring human-to-human or human-to-computer interaction.

In the shipping industry Internet of things is being used increasingly to improve
communication between ship and shore, for smart traffic management. A closer in-
terface between ships and ports includes, for example, analysis of large databases to
reduce the time it takes to transport and the time it takes to get vessels into ports. 10T
is also used to develop systems that support navigation in hard conditions.

Blockchain

Blockchain is a distributed registry technology that allows you to record transac-
tions safely in the registry in several places simultaneously without the need for a
central administration.

In the maritime industry, blockchain can be used to track the movement of
goods; to register information about ships, including global risks and their impact on
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transportation; to switch to digital technology and automate the processing of docu-
ments. This will save time and reduce costs in transportation of goods. Blockchain
technology is also widely used in the development of terminals and ports.

Automated ships

Automated vessels can provide increased safety and cost savings by removing
the human factor from certain operations. It can be used in a wide range of opera-
tions, including: rescue, liquidation of accidents and oil spills, passengers and cargo
transportation.

Crew expenses can make up to 42% of operating costs of a ship. However, this
amount may become lower for vessels with smaller number of crews or without
crews. With this, it is also possible to reduce shipbuilding costs, since there will be
less space for placing crew and more space for cargo. Ship operations may become
more environment friendly because new automated vessels are designed for opera-
tion on alternative fuels.

Ferry

The small, zero-emissions, self-driving electric ferry, which was launched in
Norway in autumn 2018, works "like an elevator”. Passengers on each side of the
canal that separates the port and city center can press a button to call the boat to their
side. The boat charges while it waits at the dock, fits up to 12 passengers as well as
bicycles, and takes less than 60 seconds to make the crossing canal, what can save a
15-minute walk.

Working principle of first world’s automated ferry is based on three points: un-
derstand, plan, act.

UNDERSTAND - data from the sensors is analyzed to understand the surround-
ings.

It's vital for the ferry to clearly understand the surrounding environment in order
to navigate safely to the desired destination. This is achieved by several algorithms
that use sensor data and knowledge from other similar scenarios. The more experi-
ence the algorithms get from different scenarios, the better they become.

PLAN - plan a safe route to the desired destination.

Once the ferry has a clear understanding of its surroundings, it can plan a safe
and efficient route to the desired location. It will take other vessels headings and
speed into account and look for the shortest possible route to the goal, without inter-
cepting any of the other vessels or objects.

ACT - the plan is executed and continuously reevaluated.

Once the path has been generated, the ferry will start the crossing. The ferry will
of course continue to see and understand the surroundings and continuously reevalu-
ate the generated path and speed. If any object or vessel is approaching and risk to
intercept the planned path, the ferry will first look to adjust its speed. If that is not
enough then it will change its heading so that the object is avoided.

When the destination is reached, the boat will automatically dock. The doors will
open and let passengers on and off, and then the process is repeated.

River transportation

China is persistently introducing innovative technologies in the field of river and
sea freight transportation. In November 2021, the world's first self-discharging elec-
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tric bulk carrier was launched. Its total displacement is 2.2 thousand tons, length -
70.5 meters, width - 13.9 meters, draft - 3.3 meters, side height - 4.5 meters. The
crew consist of only 6 people.

The vessel is driven by 2 electric motors, the power of each is 169 kW. Electric
motors powered by lithium battery with a capacity of 2400 kW / h, which is installed
on board. Its charge is enough to provide autonomous navigation with a range of 80
km at a speed of 8 miles per hour. The battery contains 1000 lithium-ion packs,
which can be supplemented with additional batteries if the cargo is heavier or needs
to be delivered over a longer distance. The total battery charging time is 2 hours,
which is exactly the period that is needed to complete the cargo handling operation.
The ship is designed for river transportation of goods.

Concept

An example of the collaboration of all IT innovations is the world's first smart
seagoing cargo ship, which was designed at the Shanghai Trade and Research Insti-
tute of Commercial Transportation and built by Huangpu Wenchong Shipbuilding
Co in Guangzhou. The Chinese Classification Society has already issued a certifi-
cate to it, and it has been accepted by the state-owned corporation «China Merchants
Groupy. It is the first seafaring vehicle that may be called "cyber-safe."

i-Dolphin (the name of the world's first intelligent vessel) has an innovative nav-
igation system that collects and analyzes data on the condition of the vessel and the
marine environment in real time. Based on the summarized information, the naviga-
tion system develops an optimal route that will provide maximum fuel and time sav-
Ings.

Conclusion

The introduction of IT technologies has its advantages, but there are problems
with cybersecurity and safety due to the lack of crew on board.

In the near future human interference will still be necessary in most ship opera-
tions, and the transport of goods and passengers on unmanned vessels will remain in
fantasies.

Complete autonomy, where you leave the machines to themselves, is not a real
scenario for now. At least you need a person to repair machines.
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Different Types of Marine Propulsion Systems Used in the Shipping World

Using propulsion forces, ships are able to manoeuvre themselves in the water.
Initially while there were limited number of ship propulsion systems, in the present
era there are several innovative ones with which a vessel can be fitted with.

Today ship propulsion is not just about successful movement of the ship in the
water. It also includes using the best mode of propulsion to ensure a better safety
standard for the marine ecosystem along with cost efficiency.
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Some of the various types of propulsion systems used in ships can be enumerat-
ed as follows:

1. Diesel Propulsion

Diesel propulsion system is the most commonly used marine propulsion system
converting mechanical energy from thermal forces. Diesel propulsion systems are
mainly used in almost all types of vessels along with small boats and recreational
vessels.

2. Wind Propulsion

Wind propulsion emerged as an alternative to those systems which emit huge
guantities of CO2 gases in the marine atmosphere. However, the usage of wind tur-
bine marine propulsion has not started extensively in large commercial ships be-
cause of a requirement of constant windiness. Two wind propulsion systems for
ships that have become lately are- Kkite propulsion and sail propulsion for merchant
ships.

3. Nuclear Propulsion

Naval vessels incorporate the usage of nuclear maritime propulsion. Using the
nuclear fission process, nuclear propulsion is a highly complex system consisting of
water reactors and other equipments to fuel the vessel. The nuclear reactors in the
ships are also used to generate electricity for the ship. Several merchant ships are al-
so being planned to be constructed with this propulsion system

4. Gas Turbine Propulsion

Gas turbine propulsion is used for naval as well as non-naval ships. In case of
naval ships, the gas turbine propulsion system aids in faster movement of the ships
which is necessary in case of the ship coming under attack.

5. Fuel Cell Propulsion

Fuel cell propulsion systems use hydrogen as the main fuel component. Elec-
tricity is created in the fuel cell without any combustion whatsoever. The process is
clean and therefore has been regarded as a very important alternative marine propul-
sion system. There are various types of propulsion under the fuel cell propulsion
head like PEM (Photon-Exchange-Membrane) and the molten-carbonate systems.

6. Biodiesel Fuel Propulsion

Biodiesel propulsion has been deemed as a potential marine propulsion system
for the future. Currently tests are being carried out to find out about the viability of
this propulsion system which is expected to be in full operation by the year 2017.

7. Solar Propulsion

Solar propulsion for ships was utilised for the first time in the year 2008. Solar

propulsion benefits include a high reduction in the poisonous carbon dioxide
emissions. Solar propulsions are capable of generating a capacitance as high as 40
kilowatts (kW)

8. Steam Turbine Propulsion

Steam turbine propulsion involves the usage of coal or other steam-generating
fuels to propel the vessel. Steam turbine maritime propulsion system was highly uti-
lised between the late 19th and the early 20thcentury.

9. Diesel-Electric Propulsion
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In simple terms, diesel-electric ship propulsion systems use a combination of a
generator operated by electricity attached to a diesel motor. The technology has been
in use since the early 1900s. In today’s times, submarines and merchant ships incor-
porate the diesel-electric propulsion system to propel themselves.

10. Water-Jet Propulsion

Water-jet propulsion has been used since the year 1954. The most important ad-
vantage of water jet propulsion is that it does not cause noise pollution and offers a
high speed to the vessels. In contrast the water-jet propulsion as a ship propulsion
system is costlier to maintain which can cause problems to the user.

11. Gas fuel or Tri Fuel Propulsion

LNG fuel is now utilised to be burnt in the Main Engine after adopting some
modification in the propulsion engine to reduce emission from the ship. It is known
as tri fuel because it can burn gas fuel, diesel and heavy fuel. The various types of
propulsion systems offer their own unique advantages to a vessel.

Depending on the necessity and the requirement, the best type of ship propulsion
system needs to be fitted. Only then the vessel will be able to offer its optimum ser-
vice capacitance.
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Second Language Learning Difficulties

Second Language learners face so many difficulties mainly because of the nega-
tive interference of the mother tongue and the cultural differences.
Language transfer
Language transfer designates the interference of the mother tongue in second
language learning. Learners apply knowledge from their native language to learn a
second language. While this can help in understanding and using the target lan-
guage, this can also hinder the proper internalization of the L2 (target language)
rules, producing errors of syntax, vocabulary, and pronunciation. Learners are influ-
enced by their L1 (mother tongue) in the following manners:
= They map their L1 grammatical patterns inappropriately onto the L2 as a re-
sult of syntactic differences between L1 and L2.
= They pronounce certain sounds incorrectly or with difficulty as a result of the
difference in phonological systems.
= They confuse vocabulary items because they are misled by false friends (e.i.
words or phrases that look or sound similar in both the mother tongue and the
target language, but differ significantly in meaning.)
Linguistic interference can lead to correct language production when the mother
tongue and the target language share many linguistic features. However, the transfer
can result in errors when both languages differ.
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Cultural differences

Learners’ culture can be a barrier to second or foreign language learning. Cultur-
al differences may cause confusion and cultural misunderstandings. Learners may
have problems communicating with target native speakers because of cultural differ-
ences.

Learning a second language means learning to speak and comprehend it. But
learners can’t reach a high level of proficiency unless they are able to use the target
language appropriately in the context of the target culture. To reach a pragmatic and
socio linguistic competence, learners should be able to make correct assumptions
about what interlocutors are saying. When the L1 and L2 cultures share similar fea-
tures the assumptions made contribute to the learning. However, when both cultures
differ in so many aspects learning is at risk.

Implications in the classroom

Teachers must take into considerations the strategies learners use to learn a sec-
ond language.

= Learners tend to use their linguistic knowledge of the mother tongue (and may

be knowledge of other languages they have learned.)

= Learners try to transfer their cultural knowledge to make assumption when

communicating in the target language.

= Teachers must spot and highlight those shared features that may contribute to

the target language learning.

= Teachers must be cautious in error correction because errors may be the result

of negative language transfer or incorrect assumptions held about the target
culture.

RESOURCES:

1) https://www.myenglishpages.com/blog/articles/?lcp_page0=4#lcp_instance 0

2) https://www.cambridgeenglish.org
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English language teaching methods. Role playing.

Role play exercises give cadets the opportunity to assume the role of a person
or act out a given situation. These roles can be performed by individual cadets, in
pairs, or in groups which can play out a more complex scenario. Role plays engage
cadets in real-life situations or scenarios that can be stressful, unfamiliar, complex,
or controversial which requires them to examine personal feelings toward others and
their circumstances.
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Unlike simulations and games which often are planned, structured activities

and can last over a long period of time, role play exercises are usually short, sponta-
neous presentations but also can be prearranged.

Role playing can be effectively used in the classroom to:

Motivate and engage cadets

Enhance current teaching strategies

Provide real-world scenarios to help cadets learn

Learn skills used in real-world situations (negotiation, debate, teamwork, co-
operation, persuasion)

Provide opportunities for critical observation of peers

Using a set of guidelines can be helpful in planning role playing exercise.

If you plan to use role playing as a graded exercise, introduce small, non-
graded role plays early in and during the semester to help cadets prepare for a
larger role play which will be assessed.

Determine how the role play will be assessed: will observers be given an as-
sessment rubric? Will observers’ remarks and scores be shared with the role
players? Will the observers’ scores be included with the instructor’s scores?
Will the role players be given the opportunity to revise and present the role
play again? Will observers be taught how to properly assess the performance
(include meaningful feedback that is not purely judgmental but rather justify
all remarks that are practical?

Instruct cadets that the purpose of the role play is to communicate a message
about the topic and not focus as much on the actual person acting the role.

Tie role plays to learning objectives so cadets see their relevance to course
content,

Allow time for cadets to practice the role play, even if it is spontaneous, so
they will be able to think deeply about the role and present it in a meaningful
way.

Reduce large chunks of content into smaller sections which can be more ef-
fectively presented as a role play.

When assigning a role play, explain its purpose and answer questions so ca-
dets are able to properly prepare the exercise. Provide guidelines about con-
tent to include: general presentation behavior (eye contact, gestures, voice
projection); use of props; and specific language to be used (content-related
vocabulary) and language not to be used (profanity, slang).

Challenge all cadets equally when assigning role plays so everyone will be as-
sessed on equal ground.

Cadets can gain additional (and alternative) meaning from the context of role

playing than from non-context specific book learning and lectures. By means of
guidance from clearly developed objectives and instructions, role plays can help ca-
dets gain knowledge and skills from a variety of learning situations. It can help in
preparation for career interviews, cadets can assume the role of the interviewer
and/or the interviewee.

Role plays provide cadets with the opportunity to take part in activities which

mirror career-related scenarios. To help cadets understand the use of role playing
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sessions, role plays should be content-focused, match learning objectives, and be
relevant to real-world situations. Role playing exercises encourage cadets to think
more critically about complex and controversial subjects and to see situations from a
different perspective. When properly employed, role plays can motivate cadets in a
fun and engaging way.
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Induction motor

INTRODUCTION

An induction motor (also known as an asynchronous motor) is a commonly used
AC electric motor. In an induction motor, the electric current in the rotor needed to
produce torque is obtained via electromagnetic induction from the rotating magnetic
field of the stator winding. The rotor of an induction motor can be a squirrel cage ro-
tor or wound-type rotor.

Induction motors are referred to as ‘asynchronous motors’ because they operate
at a speed less than their synchronous speed. So the first thing to understand is —
what is synchronous speed?

‘Synchronous speed is the speed of rotation of the magnetic field in a rotary ma-
chine, and it depends upon the frequency and number of poles of the machine. The
induction motor always runs at a speed less than its synchronous speed’ [1; 85].

The rotating magnetic field produced in the stator will create flux in the rotor,
hence causing the rotor to rotate. Due to the lag between the flux current in the rotor
and the flux current in the stator, the rotor will never reach its rotating magnetic field
speed (i. e. the synchronous speed).

There are basically two types of induction motors. The types of induction motor
depend upon the input supply. There are single-phase induction motors and three-
phase induction motors. Single-phase induction motors are not self-starting motors,
and three-phase induction motors are self-starting motors.

THE ADVANTAGES AND DISADVANTAGES

The Induction motor is widely used and most accepted in industrial applications.
This motor is also used for domestic and commercial applications. The three-phase
induction motors are almost 70 % of the machines used in industries. The induction
motor has many advantages:

199



1. The working of an induction motor is straightforward. It can operate in any envi-
ronmental condition, and the construction of an induction motor is robust and stur-
dy.

2. Itis very cheap compared to the other motors.

3. Itis ahighly efficient motor; the efficiency of IM varies from 85 to 95 %.

4. The brushes are not used in an induction motor. So, there are no sparks in the
motor, and it can be used in a polluted and hazardous environment.

5. IM maintenance is significantly less than the DC motor and synchronous motor.
6. Three-phase induction motor is a self-starting motor. So, any special starting ar-
rangement or extra starting motor is not required. However, single-phase induction
motors do not have self-starting torque, and it uses some auxiliaries to rotate.

7. In this motor, only one AC source requires to operate. It does not require DC ex-
citation like a synchronous motor.

8. The speed variation from no-load to rated load is significantly less.

There are few disadvantages:

1. The motor’s power factor is deficient during the light load condition.

2. The three-phase induction motor is a constant speed motor. The change in speed
of the motor is very low during different loading conditions. So, the speed control
of IM is difficult.

3. It operates at a very low power factor during light load conditions. Because of
this, it draws a higher current. Which results in higher copper loss and less efficien-
cy.

4. Single-phase induction motor is not self-starting. It requires some auxiliary for
stating.

5. The motor cannot use in such applications where high starting torque is neces-
sary, like traction and lifting weight.

CONSTRUCTION

‘A three-phase induction motor mainly consists of two parts called the Stator and
the Rotor. The stator is the stationary part of the induction motor, and the rotor is the
rotating part. The construction of the stator is similar to the three-phase synchronous
motor, and the construction of the rotor is different for the different machines’ [2;
169].

The stator is built up of high-grade alloy steel laminations to reduce eddy current
losses. It has three main parts, namely the outer frame, the stator core, and a stator
winding. It is the outer body of the motor. Its main function is to support the stator
core and to protect the inner parts of the machine. For small machines, the outer
frame is casted, but for the large machine, it is fabricated. The stator core is built of
high-grade silicon steel stampings. Its main function is to carry the alternating
magnetic field which produces hysteresis and eddy current losses. The stampings are
fixed to the stator frame. Each stamping is insulated from the other with a thin
varnish layer. The core of the stator carries three-phase windings which are usually
supplied from a three-phase supply system. The six terminals of the windings (two
of each phase) are connected in the terminal box of the machine. The stator of the
motor is wound for a definite number of poles, depending on the speed of the motor.
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The rotor is also built of thin laminations of the same material as the stator. The
laminated cylindrical core is mounted directly on the shaft. These laminations are
slotted on the outer side to receive the conductors. There are two types of rotors. A
squirrel cage rotor consists of a laminated cylindrical core. The circular slots at the
outer periphery are semi-closed. Each slot contains an uninsulated bar conductor of
aluminium or copper. At the end of the rotor the conductors are short-circuited by a
heavy ring of copper or aluminium. The rotor slots are usually not parallel to the
shaft but are skewed. The phase wound rotor is also called a Slip Ring Rotor. It
consists of a cylindrical core that is laminated. ‘The outer periphery of the rotor has
a semi-closed slot that carries 3 phase insulated windings. The rotor windings are
connected to the star. In this type also, the rotor is skewed. A mild steel shaft is
passed through the center of the rotor and is fixed to it. The purpose of the shaft is to
transfer mechanical power’ [3; 102].

STATISTICS

This hundred-year-old motor invented by the great scientist Nikola Tesla is the
most common motor type on ships even today. In fact, about 50 % of global electric
power consumption is due to induction motors. Motors and generators for marine
applications deliver high levels of performance and reliability in demanding condi-
tions.
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Problem-solving in teaching english as a foreign language

Teaching a foreign language is not easy as it first seems. It is a complex phe-
nomenon and implies different strategies, for example: a grammar-translation meth-
od, a direct or natural approach, an audio-lingual method, an immersion approach, a
Total Physical Response method, and a communicative approach. The latter operates
through critical thinking which has two key components: task assignment and prob-
lem-solving. So in this article problem-solving was chosen to be dealt with.

Many linguists have a common point of view as to problem-solving. For in-
stance, according to J. E. Ormond ‘problem solving is using existing knowledge and
skills to address an unanswered question or troubling situation’ [1; 14]. This defini-
tion seems to be true and might be used in organizing appropriate activities while
teaching a foreign language — English in our case in a higher education institution
like National University ‘Odesa Maritime Academy’.
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Why is this method important? The matter is that learners of this age and which
Is close to the end of their teens and more already have some life experience and
some of them — even beginning from their second year of study have a shipboard
training one. That is why they have plenty of things to share with the rest of the class
and to speak about. They can also use their experience in solving different study
tasks during classes.

It is very important to know what can be achieved with the help of this method.
Doghonadze N., for example, writes that ‘problem solving in teaching a foreign lan-
guage means:

— avoidance of giving ready-made answers in the process of presentation of new
grammar and vocabulary, involvement of students in the formulation of gram-
matical rules and elicitation of vocabulary meanings from the given examples,

— ability of students to overcome independently the language problems arising in
the process of communication,

— discussing / solving non-professional, everyday life problems through communi-
cation in the foreign language,

— discussion of texts dealing with problems,

— discussing / solving professional problems through communication in the for-
eign language’ [2; 104].

In our higher education institution, different problems might be picked up in ac-
cordance with the curriculum the learners have. For instance, during their first year
of study, the learners might discuss initial steps into the propulsion system of a ship,
the use of electricity on shipboard, routine of the deck and engine department, gen-
eral drills, fire-fighting drills, a man overboard situation. During their second year of
study, the learners might discuss everything connected with the engine department
jobs, those who study at the Institute of Automation and Mechanical Engineering
might deal with an electrician’s routine problems and the ones of a rotating machine.
The third-year study learners might be engaged into a discussion of ship machinery,
the fourth-year study learners might speak about everything that goes wrong with an
electrician and electrical engineer are in charge of and numerous problems connect-
ed with computer hard and software, and the fifth-year learners might deal with
problems covered in ‘English for Marine Scientific Research’ and even much more
and so on and so forth.

Before starting any problem-solving activity ‘teachers must address three fun-
damental questions:

— what aspect of language do students need to learn;

— how might they learn this particular aspect of language;

— and how can teachers support their learning’ [3; 175].

Teachers have to deal with the first two questions before the double period
begins during their preparatory phase and come up with some language struc-
tures, rules, and definitions. The third one is carried out while facilitating when
the teacher goes around the class helping learners in their production stage.

Before starting this kind of activity the class might be divided into pairs or
into groups of three / four learners. They try to find common ground in solving
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the offered problem, then they may choose a speaker who will report the find-
ings to the rest of the class, and later on after every speaker has their say, the
best solution can be chosen.

Conclusion:

So problem-solving activity method could provide more insight to teachers to
engage with the classroom environment and it may also help teachers ‘to activate
and consolidate prior knowledge and different ability of students to decode, under-
stand, and solve the task’ [4; 302].
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/1o nuTaHHA (PYHKIIOHYBAHHA MOAAJBHUX Ai€CJTIBHUX KOHCTPYKIIH B
MiZIMOBAaX MOPCKOI aHIJIIMCHKOI (HA MPUKJIAAl MOPCHKOI MIIMOBH ABTOMATHKH)

[Iupokuii po3BUTOK MI>KHAPOAHUX HAYKOBUX KOHTAKTIB Ta 3pocTaroua morpeda
y 3HAHHAX 1HO3EMHOT MOBH Cepejl CICIIaICTIB PI3HUX Tally3el B emoxy riodaniza-
Iii CTaBUTh MUTAHHS MPO HEOOXITHICTh TAKOTO OIMHCY 1HO3EMHOI MOBHU, SKUH OU
OpIEHTYBAaB PEIUITIIEHTA HA MOTPeON MPodeCIHHOTO CIIIKYBaHHS Ha OCHOBI 3HAHHS
BIJIMOBIAHUX MiAMOB HAYKH 1 TEXHIKH.

JIOCSITHEHHSI 111€1 METU HABPSIA YU MOXJIIMBO 0€3 HAyKOBOTO OOTpYHTYBaHHS BU-
JUJIEHHS TpaMaTUYHUX 1 JICKCUYHUX SIBUIII, sIKI HEOOX1THO 3aCBOITH peUMITIEHTY. Pe-
anbHe (PYHKI[IOHYBaHHS MOBU B pi3HUX cdepax JIOACHKOI NISUIbHOCTI MPU3BOAUTH
710 CTUJIICTUYHOT HEOTHOPIAHOCTI TEKCTIB, 0 1X CYyOJIHIBICTUYHOI Ta (PYHKIIIOHAIb-
HO-CTWJIICTUYHOT AudepeHItiaiii.

OcCKUJIbKY HayKOBO-TEXHIYHUNA TEKCT peai3ye He BCIO CUCTEMY MOBH, a JIUIIIE
OKpemi i1 po3aiin, MPEACTABISETHCA aKTyaIbHIM BHUBUYCHHS CTPYKTYpPHU Ta TTOBEIIH-
KU PI3HUX (PparMeHTIB MOBHOI CUCTEMHU BCEPEAMHI TEKCTIB. TakuM YHHOM, HaKOIIHU-
YeHO MEBHUU JOCBIJ KaTalori3alli Ta OMHUCy JEKCHYHUX MifcucteM MoBHU. ['pama-
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TAYHI aCTIEKTH HAYKU 1 TEXHIKM HE 3HAWIUIM TOBHOTO BiIOOpa)KeHHS B poOOTax 3
(hYHKITIOHATIBHO1 CTHIIICTUKH 1 B TEOPIi MiAMOB. TOMY OINUC YaCTUHU TPaMaTUYHOTO
1HBEHTAPIO IMiIMOB € BaXJIMBUM 3aBAaHHSAM ChOTro/iHI. BUBYEHHS 1IbOTO acmeKTy po-
3BUTKY MOBHU Tiepea0avae aklleHTYBaHHs yBard Ha HEOOXITHOCTI OBOJIOJIHHS Pi3HO-
MaHITTSAM CJIOBOCIIOIYYEHb.

VY miit cTaTTi MU CIPOOYEMO PO3TIISIHYTH JIMIIE OCOOJIMBICTD JIECTIBHUX CJIOBOC-
MOJIY4EHb, 5IKI (PYHKI[IOHYIOTh Y HAYKOBO OPIEHTOBAaHUX TEKCTax. Y JOCIIIKYBaHIM
HaMH MiMOBI OYJI0 BUSBIJICHO, IO CEPel MIECTIBHUX CIOBOCIIONYYEHb HAMYACTIIIH-
MU € KOHCTPYKIIii, [0 CKJIaal0ThCs 3 MOJAIBHOTO JiecioBa + iH(IHITUBY, K1 CTa-
HOBJIATH 57,95% Bix 3aranbHOT1 KITBKOCTI TIECTIBHUX KOHCTPYKIH [1, ¢. 91], Tomy
METOI0 JAHOTO AOCTIIKEHHS € CIpoOa BUSBUTHU JESIKI 0COOIMBOCTI (yHKI[IOHYBaH-
HS JIECTIBHUX KOHCTPYKLIN y psi/il MMiIMOB.

MarepianoM AOCHIDKEHHS € TEeKCTH 3 XKypHaniB: «Maritime Reporter and
Engineering News» Ta «Journal of Marine Engineering & Technology». Tekctu
3pa3Kka HajieXaTb 70 OJHOTO (PYHKIIIOHAJBHOTO CTUIIIO — HayKoBoro. Bukopucrano
3pa3Ku TEKCTIB 3 MMiJIMOBH MOPCHKHX CIleliaibHOCTEHN (aBTOMAaTHKK). OOCSIT BUOIPKU
ctanoBuTh 30 000 ciB.

OpuHUIEIO MIApaxyHKy Ta po300py € aieciiBHa KOHCTPYKIIiS, TOOTO MOJaJIbHE
niecnoBo + 1HQiHITUB. Jli€cHiBHI KOHCTPYKIII aHTJIOMOBHHMX HAyKOBO-TEXHIYHHMX
TEKCTIB PO3IJISAAIOTHCS 3 TOUKU 30pY 1HIIOMOBHOI'O PELIMITIEHTA.

Mu BUSIBUIIH, IO BIIMIHHOIO PUCOI0 BXKMBAHHSI MOJAJIBHUX JIECTIB Y MiAMOBaX
MOPCBKOT aHTJIIACHKOI € TXHS MepeBakHA CYMICHICTh 3 TACUBHUMH (PopMaMH 1H]1HI-
tuBa [3, ¢.204]. . B)xuBaHHA MAaCMBHHUX Ta aKTUBHUX (OpM 1H(DIHITHBA B YaCTOTHIN
rpyni KOHCTPYKIIN TUITY «MOJAJIbHE A1ECIOBO + 1IH(IHITUB» MOKA3aHO B HACTYMHIN
Ta0IUII.

Tabnungs 1
Tun KOHCTPYKIIIT Mopcbka i IMOBa
ABTOMATHKHU
MojanpHe 1€CI0BO + MacuBHUH 1HQIHITUB 71%
MopnanbHe J11€CII0BO+aKTUBHUN 1H(IHITHB 29%

[lepeBakaHHsI TAaCUBHUX KOHCTPYKIIIM MOXKHA MOSICHUTH CHEIM(IKOI HayKOBO-
ro CTHJIIO TEKCTY, SIKMI XapaKTepU3y€eThCS OMMCOM MPOIECiB, (GI3MUHUX SBUII, (Pak-
TiB 1 T. . ABTOp TaKMX OINKCIB IPparHe 30CepeuTH yBary yutadya Ha nporueci abo Ha
caMe siBuille. BiH Ha3uBae Aii, ki MO)KHa a00 MOBMHHI BUKOHYBAaTHUCS 3 JICSKUM
00’eKTOM, He 3rajyroun BUKOHaBI Aii: A transformer can also be investigated. Its
limitation is that a new model must be built for each configuration.

[{ixaBoO BiJI3HAYUTH, 1110 Y JAOCIIPKYBAHUX TEKCTaX MM BIAMITUUIN KOHCTPYKIIii
TUIY «MOJAJbHE Ni€cI0BO + be + NMpukMeTHUK (IpUCTIBHUK)Y. [I[pUKMETHHKH, 1110
BXOJISTh JI0 CKJIaay Ii€l KOHCTPYKIli, MalOTh 3HaYCHHS 3arajbHUX omiHok /useful,
feasible, possible, prohibitive, sufficiently long, equally serious/.

Ha ocHOBI HaBeneHHX MaHWX MOKHA TOBOPHUTH PO HEOOXIIHICTHh OUIBIN JeTa-
JHLHOTO BUBYEHHS (DYHKI[IOHATHHOCTI TACUBHUX CIIOBECHUX KOHCTPYKIIIN 3 ypaxy-
BaHHIM OCOOJMBOCTEH X peaiizarlii Ta mepeKiIaay B TeKCTaxX pi3HOT MUIECIPSIMOBa-
HOCTI Ha MiAMOBI MOPCHKOI aBTOMaTH3AaIlii.
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I'aBamox O.C., Ko3nosceka JI.B.
[ncTutyT BiiicbkkoBo-Mopcebkux Cun HarrionanbHoro yHiBepcuteTy «Onecbka
MOpPChKa aKaeMis»

InHOBaLIMHO-IHAUBIAYAII30BAHA METOAMKA B KJIACHYHOMY HABYAJIbLHOMY
Nnpoueci BUIIOr0 BiiCbKOBO-MOPCHKOI0 HABYAJIBLHOI0 3aKJIAY

BiiicekoBo-MOpchka crienudika opraHizalli KUTTS Ha 3aMKHYTIH (0OOMEKeH1il)
TEPUTOPIi B paMKaxX KOpaOJsl HECEHHs CIYX O MPOSBISETHCS YK€ 3 MEPIIMX JIHIB
HABYaHHS B CTIHAX BHIIOTO BIICHKOBO-MOPCHKOTO HAaBUAJIBHOTO 3aKIaay - [HCTUTY-
Ty BiiickkoBo-Mopcbkux Cun HamionanbHOro ysiBepcutetry «Opjecbka MOpPChKa
akagemism»y(IBMC HY«OMA»).OnuH 3a BCiX 1 BC1 32 OJIHOTO, B3aEMOBUPYYKA 1 B3a-
€MOJIONIOMOTa, BMIHHS CaMO OpraHi30BYBaTUCS, OyTH MOCTIHHO 310paHUM 1 YBOXKHUM
- T1 SIKOCTI1, SKUMH TTOBHUHEH BOJIOJIITH Cy9acHUN BIMCHKOBHI MOPSK, OPIEHTYIOUHCH
Ha nocim BMC 3CYVY Tta kpaiii npukiaau BiicbkoBO-Mopcebkoi opranizaiiii HATO.
[1] Came s mpodeciiina ckiamoBa, BIAIOBIAHO IO IHTETPaJbHUX, 3arajJbHUX Ta
cnemniaabHuX ((paxoBUX) KOMIETEHTHOCTEW, TMOKJIaJeHa B OCHOBY I1HHOBAIIHO-
1HMBITyaJ1i30BaHOT METOJIMKN BUBUCHHS HaBYAIBHHUX MpeaMeTiB mo kadeapi «Co-
[[1aJTbHO-TYMaHITapHUX Ta PyHIAMEHTAIBHUX TUCHUILIIHY. [8] Buknamaul kadenpu
3aMOBHIOIOTh MPOTAJIMHKU B 3HAHHAX MailOyTHIX odiuepiB TakTuyHOro piBHs BMC
3CVY 1 MOTUBYIOTH 10 €(DEKTUBHOIO HaBYaHHS, KEPYIOUUCh MPUHILIUIIOM PalliOHAIb-
HOCTI B HaBuaHHI: Tam, 1€ Bce 3p03yMi0, MOXKHA BUUTHUCS IIBUIKO, IIIKABO 1 AOCAT-
TH 3HAYHUX BHCOT B OCBITI 1 podecii. IlepeitTu 10 HacTynmHOi TemMu 3 Oyab-sKOi Ha-
BYAIBHOI JUCIUILIIHA MOKHA TIJTBKH MPOMIIOBIIN KOHTPOJb PiBHA. Po3rissHEMO
MeXaHi3M peaiizallli IHHOBalllHO-1HAMBITya1i30BaHOT METOJUKH B KJJACUYHOMY Ha-
BYAJILHOMY IPOIIEC] BUIIOTO BiiIChKOBO-MOPCHKOI'O HaBUAIBHOIO 3aKIa1y, 10 SIKOTO
BimHOCUTHCA [HCcTUTYT BilichkoBo-Mopcehkux Cun HarioHaapHOTO YHIBEPCUTETY
«Onecpka mopcebka akangeMisi»(IBMC HY «OMAY).

[lepen moyaTkoM BUBYEHHS HOBOTO HABYAJIBHOTO IMpeaMeTy Mo Kadeapi
«CouianbHO-TYMaHITapHUX Ta QyHIAMEHTATbHUX TUCHUIUTIH» [HCTUTYTY Bilichko-
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Bo-Mopcbkux Cun HamionansHoro yHiBepcuteTy «Onmecbka MOpPCbKa akaje-
Mis»(IBMC HY«OMA») HayKoBO-TleJaroriYyHUMH MpaiiBHUKaMu ((haxiBIsIMU Ka-
dbenpu) TpoBOIUTHCS MICUXOJIOTIYHE Ta NpeaMeTHe TecTyBaHHs. [Icuxonoriune Tec-
TyBaHHS JIONIOMarae BUKIagadaMm Kadeapu 3po3yMITH TOHKOII MCHUXOJOTIYHOI Op-
radizaiii Ta piBHS CHPUMHATTA MaTepiany (Ha MIBUAKICTh, AKICTb, TIMOWHY, TBOP-
YiCTh, PETEIBHICTh, OPUTIHAIBHICTD, JOCKOHATICTh Ta 1H..). [IpenMeTHe TecTyBaHHS
7A€ MOXJIMBICTh BUSBHUTH PIBEHb MOOYTOBOIO Mi3HAHHS B MPEIMETI, IO MOYMUHAE
BHBYATHUCS, 3arajibHEe PO3YMIHHS TEPMIHIB, CIPUUHSTTA NPEIMETY YU HE CHPUNHSAT-
T Ta iH.. [4] Lle 1ae MOXIJIMBICTh BHKJIaady PO3POOUTH KapTy 1HIAHMBIIYyaTbHOTO
CIPHUIHATTS MIPeaAMETa KOKHIUM KYpPCaHTOM 1 BUCTPOITH TUTaH 1HAWBITyaTbHOI po0o-
TH 3 KOKHHM, HE BUXOJMYHM 32 PaMKH KJIACHYHOTO HABUYAJIBHOTO mporecy. ToOTo,
I1JT Yac JEKIl BUKJIaIaeTbcsi OocHOBHMM Martepian 3rigHo 3 [THJI ta PITH/I, ane B
TEKCT1 JEeKUIi pOOUTHCSA aKUEHTYBaHHS Ha HE3pO3yMIJIOMY Marepiajl 4acTUHI Kyp-
caHTiB( He OBl JeTaabHIIIe TIOSICHEHHS ) , @ TUM 4acoM Ti, 110 BXKe 3HaloMi 3 11i-
€10 YaCTUHOIO MaTepiairy 4 go0pe ii 3p0o3yMiinH, onpanboBYIOTh J0JaTKOBUIM MaTe-
piaj jis morJan0IeHOT0 BUBUCHHS 3 JonomMororo iHauBiayanpaux [TIEOM. Ha cemi-
HApPCHKUX 3aHATTSAX € MOXKIIMBICTh 3/1aTH TEMU €KCTEPHOM IILJISIXOM TECTYBaHHS Ta
YCHOTO MiJITBEP/HKCHHS MO3UTUBHUX PE3YJIbTATIB TECTYBaHHS. A B yac, 1110 BUBLIb-
HUBCSI, KypCaHT MOKE€ HaJIOJTY>KUTH CaMOMIATOTOBKY 3 MOJANBIIUX TEM HaBYAIbHOT
JUCIUIUTIHU YM 1HIIOT HABYAIBHOI AMCIUILIIHM, SKIIO 1[0 HABYAIbHY JUCIUILIIHY
BiH yxe 3acBoiB.[5] Takuil iHHOBAIIMHO-1HAUBIyaII30BaHUIN MIAX1JT A0 BUBYCHHS
HaBYAJIBHUX AUCHUIUIIH 10 Kadeapi «ColiaabHO-TyMaHITapHUX Ta (yHIaMEHTaIb-
HUX gucuuiuiiey [HetutyTty BiiicekoBo-Mopebkux Cun HatlloHanbHOTO yHIBEpCH-
Tery «Opnecbka MOpCbKa akaJeMis» CTUMYJIIOE PpoOOTYy KypCaHTIB, MOJIETIIYE
CIIPUMHSTTS HABYAIBHUX JUCIUILIIH 1 BUBUIbHSIE YaC HAa 3aCBOEHHS TOTO, 1110 JIA€Th-
Csl KypCaHTy Baxkue. TakuM YMHOM BHUCTPOIOETHCS 1HIMBIAyalbHa TPAEKTOPIS HAB-
YaHHS KOKHOTO KypcaHTa. [3] BoHa BpaxoBye HE TIIbKH peajbHUMN piBEHb 3HAHD 3
HABYaJbHOI JUCIMIUIIHU , a # OCOOUCTY MBUIKICTh CHPUNHATTS 1HPOpMAIIii, CIIEKTP
1HTEpECiB, MCUXOJIOTTYHI 0cOOIMBOCTI KypcaHnTa. HaykoBo-miejaroriuni rnpaiiBHUKU
kadenapu «ColianbHO-TYMaHITapHUX Ta GYHAAMEHTAIBHUX TUCHUIUIIH» [HCTUTYTY
BiiicekoBo-Mopchkux Cun HamionansHoro yHiBepcuteTy «Ojechbka MOPChbKa aka-
neMisi»(IBMC HY «OMAy) 3HarOTh, SIK 3p0OMTH BUBYSHHS HAaBYAIBHUX JUCITUTLIIH,
JIHACHO 3aXOTUTIOIOYUM 1 3pO3yMUIHM, a TTPo(eciiiHy OCBITY OCMHCIIEHOIO 1 TTOBHO-
1IHHOW. [HHOBALIMHO-1HAWBIyaTi30BaHa METOAMKA BUBUCHHS HABUAJIbBHUX JIUCIIH-
TLJTIH 3aCTOCOBYIOTH JIJISL TOTO, OO KypCaHT OTPUMAaB BCE, IO MOTPIOHO JJIST TIOBHO-
I[IHHOTO B1iICbKOBO-MOPCHKOTO >KUTTA 3apa3 1 3aKjaB OCHOBH OJUCKY4Oro mMaiOyT-
Hboro odiuepa TaktuuHoro piBHa BMC 3CVY, 3axucHiKa BOJHUX pyOexiB Y KpaiHu.
ITpodecopchko-Bukiananbkuii ckian kadeapu «CollialbHO-TyMaHITapHUX Ta (PyH-
JTaMEHTAJIbHUX JTUCIUILIIHY» BECh Yac MPAIFO€ HaJ MIIBUILICHHSM CBOTO PIBHS OCBITU
1 piBHsa ocBitH KypcantiB IBMC HY «OMA». Humu 3aBxau pyxae intepec. Cre-
mupika BMC 3CVY nana HeomiHeHHUN TOCBIJ pPO3yMiHHS MPOOIEMHOT BUIIOI BIACH-
KOBO-MOPCHKOT OCBITH 1 peajbHUX MPOIECiB Mi3HaHHs. HaykoBo-Tie1aroriuti mparti-
BHHKY ((haxiBii kadenpu) OCTiHKyBalu JOCBI BUIIOT BINCHKOBO-MOPCHKOT OCBITH
pi3HUX KpaiH cBiTy, BKIovaroun HATO, BkiIanu cBO€ po3yMiHHSA 1 AOCBIJ y BIPO-
BaJDKEHHS 1HHOBAIIMHO-1HIUBITyali30BaHOT METOIMKM BUBUYEHHSI HABUAJIHLHUX JIHAC-
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nuriia B IBMC HY «OMAy.[1] N'omoBHa MeTa kadeapaabHOTO MPOEKTY 3 peaiza-
1111 IHHOBAaIIMHO-1HAMBITyaI130BaHOT METOAUKH BUBYCHHS HABYAIbHUX JUCIMILIIH B
IBMC HY «OMA» niapo3ymiBae 6aueHHsi cydyacHoro kypcanta BBH3 sik takoro,
o Moxe ayke O6araro. Buknagaui kadenpu «CorniaabHO-TyMaHITapHUX Ta QyHJIa-
MEHTAJIbHUX JucuuIuiiey IHcTUTyTy BilicbkoBo-Mopcekux Cun HarionaasHOTO
yHiBepcuteTy «Opnechka Mopchka akaaemisi»(IBMC HY «OMA») HamararoTscsi Ha-
JaTh iM MOXJIMBOCTI JiJIsI TIOBHOIIIHHOT'O PO3BUTKY 1 peaiizailii B paMKax Iporpam
HaBUYAJbHUX JUCIUIUIIH - HE0OX1HOT 0a3u AJIT PO3BUTKY 1 CTAHOBIICHHS TIpodecio-
HaTIB crieniagbHocTelt 254 Tta 255 HanpsaMky «BilicekoBi Haykwy. [1] [nauBigyans-
Ha OCBITHS TPAEKTOPIS — MEPCOHATBHHUM HUIAX peani3allii 0COOMCTICHOrO MOTEHIia-
Ty 3100yBava CTyIeHIo0 0akajiaBpa Ta Marictpa Ha IepuioMy Ta ApyroMmy (OCBITHBO-
HayKOBOMY) PIBHI BHILIOT OCBITH, 110 (POPMYETHCA 3 YpaxyBaHHSIM HOTO 3110HOCTEH,
1HTEpeCiB, MOTPeO, MOTUBALT, MOKIIMBOCTEH 1 JOCBIAY, IPYHTY€ETbCS Ha BUOOpPI Ky-
pcaHToM BHIB, POpM 1 TeMily 3400yTTsI OCBITH, Cy0’€KTIB OCBITHBOI AISUTBHOCTI Ta
3aMpONOHOBAHUX HUMU OCBITHIX MPOrpaM, HaBYAJIbHUX JUCIUIUIIH 1 PIBHSA IX CKJIa-
JTHOCT1, METO/IIB 1 3ac001B HaB4YaHHs. [4] B ocBO€HHI 1HIUBIIyaIbHOI TPAEKTOPIT HA-
BuaHHs Kypcantam IBMC HY «OMA» ponomaratoTe pereiabHO BiniOpaHi npode-
CiliHI TIearoru-KOHCyJbTaHTH (BUKIagadi kadenpu «ColiaapHO-TyMaHITapHUX Ta
dbynnamenTanbaux auctuiuie»). Kypcanris IBMC HY «OMA» 4yekaroTh JIeKIlii,
apryMEHTOBaH1 TUCKYCIi, MPaKTH4YHI 3aHATTS B Jlaboparopii kadeapu «ColiaibHO-
IYMaHITapHUX Ta (YHIaMEHTAJIbHUX JUCLUIUIIHY, po3po0OKa Ta 3aXHUCT MPOEKTHUX
poOIT, a TAaKOX >KUBOMMKC, CIOPT, 1HII BUJX JI03BULIA 32 BHOOPOM B CIIELIAILHO 00-
JagHaHUX MpUMILIEHHAX. OTXe,TpeTuHy HaB4YaJbHOro yacy kypcantu IBMC HY
«OMA)» 3aiiMaroThCs peaIbHUMHU, I[IJIKOM KOHKPETHHUMH MPOEKTaMHU 33 OOpaHUMHU
crietiayibHOCTSIMU. 1le mae MOXIMBICTH BITYYTH, IO Take KOMaHJIHA poOOTa, IIiH-
HICTh 3HAaHb 1 KOMIETEHUINA Ta MIJATBEPAUTH €(PEKTUBHICTH BUKOPHUCTAHHS 1HHOBA-
IMHO-1HIMBITyaTi30BaHOT METOJUKH B KJIACHYHOMY HaBYAJILHOMY IPOIEC] BUILIOTO
BiliCbKOBO-MOPCHKOT'O HaBUAJIBLHOTO 3aKJIATy.
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