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

YK 629.127.4.077.2:551.46

INomxkos B.A., laninos K.C., Ciarora K.O.
Hamionanpauit yHiBepcutet «Oiechbka MOPChKa akaJaeMishy

AHaJi3 MeTOAIiB BUPilIECHHS 3aBJIaHb PYXYy TBEPAHX TiJl HA MEXKi «ra3-piiuHa»

IlocranoBka mpo6JieMu y 3araJbHOMYBHIJISIAL.Y 3aBIaHHAX YIPaBIiHHS
CYyJIHOM BHUHHUKa€ HEOOXIJIHICTh BUOOPY IIBUJKOCTI PyXy CyJHA 13 3alacoM IOTY-
YKHOCT1 CYJHOBOi €HEPreTHMYHOI YCTAHOBKH JIJIi TapaHTOBAHOTO 3I1HCHEHHSIMAa-
HEBDIB.

HanBoaHe cyiHO pyxaeThCs, 3[1MCHIOIOYN CKIIaIHI MAHEBPH, 110 MEXK1 Cepeo-
BUILBOJA —TIOBITPs». Panime B [1] HuIsixoM anpokcumallii eKCepuMEeHTAIbHUX
JAHUX METOJOM HAaMEHIIMX KBaJpaTiB OylH OTpUMaHl €MIIIPUYHI 3aJE€KHOCTI,
110 BU3HAYAIOTh TEIUIO(I3UUHI BIACTUBOCTI CEPEIOBUILL.

Pazom 3 TuM y MoHorpadii [2] BiI3HAYAIOTHCS JE€AKI aHOMAJIbHIB JIACTUBOCTI
MOPCBKO1 BOJIM, TaKl SIK: TEPMOKJIMH; CTpaTU(]iKallisl; 3ByKOBUI KaHAI, XBUJI1, K1
IIPU IITOPMI 1 BITP1 CEPENHBOI CUITM NIEPIOIMYHUX 3MIHHA MPSMI B BITPYMAIOTh 3-X
MIpHUHN XapakTep, TOOTO, MPEACTABISIIOTh HE PyXOMIBAJIM, @ PyXOMi XOJIMHU — I1e-
PEMIIIAIOTHCS HE XBUJIL, a iX MPOQiib:3u0—BITPOBE XBUIIOBAHHS PEryJIsIPHOTO Xa-
paKkTepy; XUTaBUISI — PyX CyJHA Ha CXBWUJIbLOBaHIMA MOBEPXHI, MOCKIAAAIOTHCA 3
IJIOCKUX MPOTPECUBHUX XBWJIb MaJIOl aMIUTITYAH. 3a XapaKTepoOM BITPOBOI'O XBHU-
JFOBaHHs XBHII focsaraioTs Bucotu h €[0;20m] mosxkuuu AE[0;900M] 3 nepiogom
T€[0;10c]. TunoBe oOkeaHChKE XBWJIIOBAHHS XapAaKTEPU3YETHCS TAKUMH MapaMeT-
pamu: he [4; Sm], A€[90;100m], TE[7;9c]. Lli XxapakTepUCTUKK MAIOTh aHATITHY-
HUU OITHC:

h=0,172%7%; h, = ryexp(—2mv/A),
1€ 13- paalyc KpyroBux opOiT, TOOTO ONMKMCYIOThCS YaCTUHKAMU P1IMHHU, II0C-

TaQHOBJISITh BUTbHY TTOBEPXHIO; Y — TIMOWHA 3aHYPEHHS IIEHTPY OPOITATBHOTO PyXY
YaCTUHKH ITiAI0BEpXHE0 pigunu. [Ipuuomy, Ha rauduHi y; = 0,5;h,=0,043h.

Kauka Ha perynsipHoMy XBWJIIOBaHHI JOCITIKYETHCS 3a JOTIOMOTOKO CIEK-
TPAJIBHOTO MiAXO/Y, MPEICTABISIOYA XBUIIOBAHHS K CKJIAQTHUN MPOIEC BILUIUBY
BEIIUKOI KIJTBKOCTI MPOCTHX XBUJb. Y JOBITHUKY [3] €HEpreTUYHWIl CHEKTp
MOPCHKOTO XBHJIFOBAHHS MPECTABICHUHN Y HACTYITHOMYBUTIJISII:

S(w) = AwFexp(—bw™), (1)

Jle W— 4acToTa XBWIOBaHHs, A, B, k, n —mapameTpu emmipuyHOi 3a1exKHOCTI,
10 BU3HAYAIOTHCS] YMOBAMHU XBUJICYTBOPEHHS 32 METOJIOM HaWMEHIIINX KBaJIPaTiB.
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Kpim Toro, 3B'sI30K MiK XapaKTEpHCTHKAMH KayKH CyIHA Ta XBHJIIOBAHHSB-
CTaHOBJIIOETHCA 3a ponoMororreopemu A.S. Xinuuna - S, (W) = |®|7S_, (w),

1€ S, — CIEKTpaabHa IIONIMHA XBHIIOBAHHS 1 Kauku cyaHa; O — mepeaaBaabHa

(byHKIIiS TiHIHHOT KOJIMBAIBFHOI CUCTEMHU.

MeTo10 1IHOTO JOCIIKEHHS CTaB MONIYK 3MICTOBHUX 1 MAaTEMAaTUYHUX MOJIC-
Jeld pyXOMHX Ha TOBEpPXHI PIAWHHU T, SIKI OMHCYIOTh B3aEMOJIIO TiIPOIH-
HaMIYHHUX CHJI 3 TBEPAUM TIJIOM IIPH HOTO PycCi 3 ypaxyBaHHSIM CHJI IHEPIIii.

Jlo3aBAaHb JOCJiIKeHHsI BXOJUTh aHaJl3 METOJIB PO3B'A3aHHS 3a]a4 T1po-
MPY>KHOCTI IIOJ0 PO3BUTKY TEOPETHUUHUX MIIXOIIB JO YIPABIIHHS CY/JHOM B Iie-
p10JIMaHEBDIB.

Pimnennsi. B ocHOBY MeTO/1i1B BUBYEHHSI, OMTUCY Ta AOCIIHKEHHS MPOIIECIB pPy-
XY TBEPIUXTUI Y PLAKOMY CEpeIOBHUII MOKIaACHO (PI3UYHUHN MIIX11, B OCHOBHOMY
3aKOHU TifpoMexaHiku. Cro4yaTKy BUBYAIOTHCS BJIACTUBOCTI PIUHM, TOTIM i
B3aeMojii 3 TBepauM TimoM. Hanmami ommc pyxy Tul, IO HE BCTAHOBUJIUCS, B
plauHax 301MCHIOEThCS AU epeHIlalbHUMU PIBHSHHSAMU, 3aCHOBAaHUMH Ha OOJIKY
BIUIMBY Ta3y (BITPY) 1 PIAUHY SIK CHCTEMHU 30BHIIIHIX CHJI, 1110 BIUIMBAIOTh HA TLIO.

Piguna Ta ra3 po3rasgaloThCs y BUMIISAICYIIIILHOTO01€OPMOBaAHOTOCEPEIO-
BUINA, & CWJIU, HIOAIIOTh HA IXEJIIEMEHTapHIOOCITH, MOJAUIAIOTh HaMacoBl (CUJIH-
TSDKIHHS, CWJIMIHEPIlli) Ta MOBEPXHEBl, MPUKIAACHI J0 MOBEPXOHbOOCSTIB, MPO-
MOPIIIHHITUIONAMITIOBEPXOHb.

BexTop nmoBepxHEBUX CHUJI, SIK PABUIIO, PO3KIIATAETHCS HA HOPMAIbHYCKIIA10-
BY —T1JIp0OaepOIMHAMIYHUMTUCK 1 JOTUYHYCKIIAJIOBY- CHIIUTEPTS (aOOB'SI3KOCT1).

PiBHSIHHA pyXY 17eanbHOTOCEpeOBUINA (PIAMHUYM Ta3y) OMUCYEThCIPIBHSH-
usMmEiinepa, sike BipI3HIEBIACYTHICTBB'I3KOCTI 1, MPUPOJIHO, HEXTYEBIUIUB CHII
BHYTPIIIHBOTOTEPTACEPE.

VY po3paxyHKaxHECTallOHAPHUXPYXIBTUI y PIAMHAXBUKOPUCTOBYIOTHIIPUE-
HaHII0 TLIa Macu [IUIIXOM JI0/TaBaHHSITHEPIIHHUXKOE(DIIIIEHTIB.
K1 3a71€KaThBIIUIIIBHOCTIPIIMHU Ta (POPMUIIOBEPXHITLIA (CYHA).

Pyx B's3k0orocepeaoBHUIIA0NUCYETHCS cucTeMoro piBHsIHb HaBbe CTOKCa, 1HTE-
I'PYBaHHSSKUXBIAEThCIUIICOKPEMUXOKPEMUXBUTIAAKAX. 3 Tabmuib 5 (¢.48) Ta 6
(c.49) [1] BuaHO, 1O 3 MiABUILIEHHIMTEMIEPATYPHUB'A3KICTbPIIMHUIIAAE, A Ta3y
3pOCTaE.

VY mporecaxIMHAMIYHOI 1 TEPMIYHOIB3a€MO/IIT MOTOKY pealbHOIpiIMHNA00 Ta-
3y 3 TBEPJUM TIJIOMOCHOBHY POJIb IPAEIPUKOPAOHHUIM 1I1ap.

Inei JI. [lpanaras npo CyTTEBUUBIUIMBB'SI3KOCTIPIAUHUTIIPKYA B HE3HAYHOMY B
MOPIBHSHHI 3 PO3MipaMH MOTOKY MPHKOPJOHHOTO IIapy, M00e3mocepeaHbOIpH-
asirae A0 oOTiyHOTOTLIa, Ao3Bosmin O. PeifHonmbACYy ommcarwiaMiHApHYTYpOY-
JeHTHY GOpMYJTy pyXy CEpeOBHII 1 MOB'I3aHUN 3 HUMH OMIPTII PyXy CepeOBHU-
11a Ta HAaBaKH.

['ooBHMIT BEKTOp 1 TOJIOBHMM MOMEHT TipOacpoAUHAMIYHUX CHUJI Mpe.-
craBisitots y Burisiai [4] P = P, + P,,M = M, + M, ne P, , M,- ronoBHuii BeKTop
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1 MOMEHT TigpoaepoanHamiunoicuan; P, M,— romoBHuii BEKTOP i MOMEHT XBHUJIb-

=

OBHX Ta B'SI3KICHUXT1IPOACPOIMHAMIYHUX CHIL.

[HepuiliHiriapoacpoIMHAMIYHICHIIM, HIOJAIIOTh Ha TINO, AK€ PyXae€Tbcsi B
piAMHI, BUPAKAIOTHCSA Yepe3 NMpUEAHAHIMACH Ta MOMEHTHIHEpIlli, a KiHeTUYHYye-
HEPTiIOCUCTEMHU «TIJ0 — PIAMHA» MPEACTABISAIOTh y BUIIISIAL (A1 TOB'sI3aHOICH-
CTEMU KOOpPJMHAT):

17 _ 1vs 6 . y' TV
Wr = EZ:'—1 ;:1(”1:'; + A:‘;)I:'I;’(Z)
A€ M;; — BIANOBLIHI iHEPUiMHI XapaKTEPUCTUKKM TBEPAOTrO Tija (Maca, CTaTh-
CTHYHI Ta BiJLEHTPOBI MOMEHTH, MOMEHTH iHepmii); A;—BiAMOBiAHI iHepIiiiHi

BJIACTUBOCTI BOAM (IIPUETHAHOIMACH).

3 Bupasy (2) BUIUIMBA€, HIOIHEPIIIHI XapaKTEPUCTUKHU PIAMHUMAIOTHPO3-
MIPHICTBBIANOBIIHUX XapAaKTEPUCTUK TBEPJIOTO Tijia:

MacCH - Ay, Aaa, Azay A1a, A1z, Aa3;

Fara)

CTaTUYHOTO MOMCHTY - A1y, A1s, A1g, Aoy, Azs, Aag, Azy, Aas, Aag;

-

MOMEHTIB 1HepIii - Aya, A55, Agg, Aas,

S
o

4Ey 58

VY 3aranbHOMY BHINAAKy JUIsd TimaicHye 21 mapamerp A;;, II0 BU3HAYa€

s
iHepIilHi XapaKTepUCTHKH HOTO PyXy Ha DiIMHH, OCKIIBKH A;;Ma€BIaCTHBICTh-
cumeTpii (4;; = 4;;). 3i30inbIICHASIM YKCIa Bicel, CUMETpii, AKIMPUIMAIOTBCS 3a

BICIMOB'SI3aHOICUCTEMU KOOPAWHAT, KUIBKICTh TaKUX MMapaMeTPiBCYTTEBO3MEH-
ITY€EThCS.
SIkmoTimomMaermtomuuaycumeTpii X0z, KimbKiCTbIapaMeTpiBA;q, A1z, 4135, A2,

Aoy, Asg, Azz, Aszs, Ass, Ass, Ass, Agg3Menmyerscs mo 12, a mpu Hass-
HOCTiTpBOXBicel cumerpiid;; = 0, sxmo i # j . ToMy BIIMB pifHN BPaXOBYETh-
cs IIcThMa napaMeTpaMu Ai4, Asa, Ass, Aya, Ass,
Agg JIpuenHaHIMACHBHA3HAYAIOTH IIIJIIXOM PO3B's3aHHS 3a7ad MMPO PyX Tild B ime-
aNbHINAPIIUHI.

JI;1s1 mpOoCTOPOBOr0 OOTIYHMKA BOHU TEOPETUYHO BU3HAUYCHITIIILKYU JIJISI CUMET-

PUYHHXTLJ, MPEJICTABICHUX Y BUTJISIIITPUBICHUXEIIIICOIIB. TIJIACTUH Ta TUCKIB[2].
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[Tpuennani macu TiJ, UIOPYXAKOThCA MOOIM3 YCTIHOK (CyOHO Ol mpHyany)
ICTOTHOBIAPI3HSIOTHCABI TEOPETUYHO [UIsl HEcKiHueHHoipimuHu [3] 1 3ane-
KaThBIIHAMPSAMKY PyXY A0 CTIHKU

[Ipuennani Macu T MPH iXKOJMBAHHAXMOXYThCYTTEBOBIIPI3HATHUCHBII3HA-
WICHUX13pIBHAHBIIOCTYNIAIBHOTO PYyXy B piauHi. HabGmmwxeHaemmipuyHazaiex-
HICTh JIJIsl IPUEAHAHUXMAC TPU BEPTUKAIIBHOMY KOJIHBAJIBHOMYPYCi:

i i ai|2—10(w?, 5 /gexp(—v/ /50 )
AI“’_‘L ,',,l,,':l — 'A'::: { ’ h W W l} (3)

.

- —_— 2 - —_—
1+20(w3,/5¢) [g+lw?/5r) /g
Jie y — IIMOWHA LEHTPY TSDKKOCTITINA; S T — XapaKTepHa IuIoma, W —4acToTra Ko-

JMBaHbTLNA; 4., —MPUEIHAHA Maca IIiJ Yac pyXy Tila BOC3MEXHIHpiauHi, a A —

dakTop popmurinasupas al€ [0,75; 1,25].

BucnoBku. IIpy BHOOPIMIBUAKOCTI PyXy CyAHA y BIAKPUTHUXAaKBATOPISIX-
JOLIbHOBUKOPHUCTOBYBAaTU3ABAAHHACTIMKOCTI CyJHAa Ha Kypcl 3a JOMOMOIrOKOMa-
TEMaTUYHUX MOJEIIEH, IOONUCYIOTh PyX TUIa B iAeanbHiipiauHi. [Tpu po3paxyn-
KAaXIIBUJKOCTIMAHEBPYBAaHHS CyJHAa B OOMEXKEHUXYMOBAX3aBIAHHIKEPOBAHOCTI
CyJlHa MpU MaHEBPYBAaHHIJIOLIbHOBUKOPHUCTOBYBATUMATEMATUUHIMOMIETT PYXY
T11 y B'si3koMycepeaoBuiii3 3amacoM eneprii CEY Ha 3MiHyTpaekTopii pyxy.

CIIUCOK BUKAPUCTAHOI JIITEPATYPHU

1. TonikoBB.B. Bu3znaueHHs XapaKTepUCTUK MPUPOTHUXMIKPOKIIMATUYHUX-
(dakTopiB 'y 3aBAaHHAXYINpaBiiHHA cyaHoM // CynHOBOIIHHA: 30. Hayk.
npars/OJIMA. - Bumn.1. - Oxeca: Jlarcrap. 1999.-C. 42-54.

2. JlunamikaminBogHux cucteM, moOykcupyrotbes / Ilignyonuwit B.1., la-
mapiH, 10.€., Yepnenko J[.A., AcraxoB JI.C. - CII6: CynnoOymyBanus, 1995. —
200 c.

3. Cyanosinpuctpoi: gosigauk/ Ilix pen. M.M. Onekcanaposa. - JI.: CygHo-
oymyBanss, 1987. - 565¢.
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VIIK 167.1/7

I'omxkos B. A., Onumenko O. A.
Hamionansauii yHiBepcuteT «Ofechka MOPChKa akaaeMis

dopmMmadtizallisi y npeacraBJieHi i IpoBeeHi HAYKOBUX A0CJIIKeHb

Buknuku cydacHocTi MOTpeOyrOTh BHPIIICHHS NPOOJEMHHMX, HAyKOBHX, 3a-
BJIaHb 3 METOIO MIJBUIICHHS €KOHOMIYHOCTI, €KOJIOTTYHOCTI 1 0e3meku (DYHKIII0-
HYBaHHsI BCi€l MOPCBKOI raiysi, i iHppacTpykTypu. Lli 3aBmanHs pi3sHOMaHITHI 1,
10 HaifyacTile, cynepewinBi. 3arajJbHa METOI0JIOTIS HAYKOBHX JIOCIHIIKEHb MA€e
amapar TNpeAcTaBiIeHHS Oyab-sSKoro HaykoBoro aociimkenas (H/IP, aucepramii,
ctarTi, MoHOrpadii Tomo) [1-6 ]. [Ipu oMy, BUKOPUCTAHHS TAaKOTO armapaTy BKa-
3y€ 1 Ha 3araJIbHUN MPUHIINI IPOBEICHHS CaMOTO HAYKOBOT'O JOCIIIKEHHS, TTOKa-
3y€ HallKpallli HampsMU HOro OonTUMi3alii (3a KpUTEPISIMH SKOCTI HAyKOBOTO JI0C-
JJKEHHS, 9acy, BUTPAT), ONTUMI3allli BCIX HOTO OKPEMHUX €TaliB. 3arajbHe 3a-
BJIaHHS HAyKU — BUPOOITOK HOBUX HAYKOBUX 3HaHb, TOOTO BUPOOITOK HOBOT'O Ha-
YKOBOTO pe3yJsibTaTy. AJjle y NPUHIMIN HAyKH BXOAMTH 1 J0Ka3 OTPUMaHUX (BIIe-
piie, abo YIOCKOHaJIEHUX, a00 PO3BUHEHUX ) HAYKOBHUX PE3YJIbTATIB.

Came 11e e(peKTUBHO BUPIIIYETHCS 32 PaXyHOK BUKOPUCTAHHS MPUHLMIIB (Po-
pmauizanii [ 2-5], ski ciHEpreTHYHO MOEIHYIOThCS, SIK 3 MPEACTABICHHAM, TaK 1 3
MPOBEICHHSIM HAayKOBOTO AociipkeHHs. Ciiill BII3HAYUTH, 10 (popmarizalisi CyT-
TEBO OOMEXKY€E MOXKIIMBI XMOH1, 200 HE CHPSIMOBaH1 Ha BUPIIIEHHS HAYKOBOI IIPO-
OeMu 4M HAayKOBOI 3ajadi, KPOKH, CIPOIIYE OTPHUMAHHS KiHIIEBOTO MPOIYKTY -
HAyKOBOTO PE3yJIbTaTYy.

Bzarani, dopmanizaiiero € nepeBeeHHs JIHTBICTUYHOI HNPUPOTHOT MOBH Ta
IHTYiITUBHUX BUCJIOBIIIOBaHb y 3MICTOBHY 1H(OpMAIIiO - y BUIJIAI JOKa3iB, MpoO-
ueayp kiacugikauii Tomo, y BUrsial popmanbHoOi cucteMu (Hanmpukiaa, Gpopma-
JILHOT JIOTIKM - HAYKU O MPaBWJIAX MEPETBOPEHHS BUCIIOBIIIOBAHD 13 30€peKEHHAM
ICTUHH, a TAKOX KOHCTPYIOBaHHS IIUX MpaBu, sIKYy ApUCTOTENIb Ha3BaB «aHaJITH-
Ko»). besymoBHO, Oynb-sika (popmanizaiiisi iIrHOpye yacTuHy iHMOpMmarii i, gk
HACJIIJIOK, 3MEHIIIy€e 3MICTOBHUN OIHUC 1 YSBJIEHHS MpO MpoLeEC, Mpo sABHILE ado
po 00’ekT mocmixeHHs («Sk 3po3ymitu Te6e? Un 3po3ymito, YUM TU KUBEII?
Hymxka mpomoBiieHa — Opexssi», SILENTIUM!, ®@. TiotueB).

MaiictepHicTh JOCIIIHUKA, 0€3yMOBHO, 3aJICKUThH BiJ] HOTO OCOOMCTOCTI, Kpe-
aTUBHOCTI, BiJl 00’ €KTUBHUX YMOB HOT0 TBOPYOCTI, aji¢ BUKOPUCTAHHS MTPUHLUITIB
dbopmaiizanii Hagae WoMy €PEKTUBHHMI 1HCTPYMEHT HJisi BUPOOITKY 1 MPEJCTaB-
JICHHS JOKa31B OTPUMAHOI Y JOCIIIKEHHI HAYKOBOT HOBU3HHU.

HaykoBo-00rpyHTOBaHUN JOKA30M € JOBEIEHHS ICTUHHOCTI C(hOPMYIHOBAHO1
(Ha ocHOBI1 (popManbHUX BUMOT!) TMOTE3U, MPUITYILIEHHS, KOHIIEIIi1, CTBEPIKEH-
Hs1 200 HaBITh TEOPii, IKE POOUTHCSI HA OCHOBI BUKOPUCTAHHS MPABUII JIOT'1KH, BU-
KOpHUCTaHHS Oe33anepeyHux (PakTiB, eKCIepUMEHTAIbHOrO Matepiany. «/lokas» €
KIIFOUOBE y TeOpii Mi3HAHHS, Y TEOpli METOAOJIOTIi HAYKH, € TOJIOBHUM Yy €IiCTEMO-
Jorii (Bi7 Ip.-TPembK. EMIGTIUY] «HAYKOBE 3HAHHS, HAYKA», «JOCTOBIPHICTHY - (i-
710c0(hCHKO-METOOJIOTIUHA AUCIUILTIHA (CHHOHIM THOCEOJIOTIT), sIKa JOCTIIKYE
«3HaHHS», 1oro MoOyN0BY, CTPYKTYPY, PYHKIIIOHYBaHHS 1 PO3BUTOK).

14



Hampukiaz, mocTifHO BUKOPUCTOBYIOTh «I0Ka3» y MOBCIKIECHHOMY JKUTTI, Y
moOyTOBOMY MOBJICHHI, JOBOJSYN OCOOUCTY IMO3HIIII0, TOUKY 30py abo ocoOucTe
pimeHds. ToOTO MOHATTS «JI0Ka3» Ma€ OUTBINI CYTTEBI JOTEOPETUYHI 3acaau, HIXK
HIIT KJIFOYOB1 €JIEeMEHTH MOOYTOBOI cutyallii. Ayie moOyTOBi 0OKa3W y HayIll HE
CIIPUIMAIOTHCS, SIK 1 KaproH (CJICHT), 1 HEOAHO3HAYHICTh, 1 Oy/Ib-sIKa HEUITKICTh
noOyoBu ¢popMasbHOi, HE 3aCHOBAHOI Ha JIOTIIli, CTOPOHU HABEJCHHS JI0Ka3Yy.

CTBOpEHHS JIOTIKHU CIIEIIaJIbHOI, HAYKOBOi, MOBH, TIOPS/ 3 ICHYIOYOIO MPUPO/I-
HOIO0 MOBOIO, € 0co0auBUM MporiecoM. Llei mpoiiec nepeadaydae Te, 10 CTBOpEHA
HITY4YHa 3HAKOBa chcTeMa (HampHKiad, MOBa MPOrpaMyBaHHs MPOMHUCIOBUX KOH-
TpoJIepiB), € 3aco00M (hiKcallii JOr1gHOI CTPYKTYypU TyMKU. OJIHOYACHO, 111 MOBA €
3ac000M JIOCTIIKEHHS JIOTIYHUX BJIACTUBOCTEH Ta BITHOCUH JTYMKH. TOOTO MITy4-
Ha MOBA JIOTIKM OJIHOYACHO € ii MeTOJOoM. 3 JIETKOi pyKH HiMelbkoro ¢inocoda
EmMmanyina Kanra norimi npunucaid TPUKMETHUK «(hOpMallbHa», TOMY JIOTIKY
MoYajii Ha3uBaTH (POPMAJILHOIO, a Il METOT — (PopMaTi3aLlI€Lo.

€ x11pKa OCHOBHHUX THITIB OKa31B. AJie BCI THUII JOKa31B IIOB's3aHi1, 3 HOTO Me-
TOJOM, CTPYKTYpPOIO TTOOYIOBH JOKA3y, 1 3 JTOMYCTUMUMU JDKEPEIIaMH OTPUMAHHIX
(Bu3HauYeHUX) (aKTiB.

CyBopHuii 10Ka3 3aCTOCOBY€EThCS, KOJU T€3y MOKHA MIATBEPAUTH MEBHUM Ha-
OOpOM MOJIOKEHDb, ApTYMEHTIB a00 MiACTaB, siIki 0€3yMOBHO BU3HAIOTHCS 1ICTUHHU-
Mu. [Ipu BUKOpUCTaHHI CyBOPOTrO METOAY JO0Ka3y (ACMYKIIisl), SIKUM IMiITBEPIKY-
€THCS JIOTIYHUM JIAHIIOTOM, JIOKa3 MPUPOJIHO BUIUIMBAE 3 HAOOPY ICTUHHUX TOJIO-
KEHb SIK Pe3yIbTYIOUHIl BUCHOBOK.

3BOpOTHUH (IHTYITUBHHUIA) 10Ka3, 3aCTOCOBYETHCS, SIKIIIO CYBOPUM JI0Ka3 € He-
MO>KJIUBUM. Y TIJCTaBaXx 3BOPOTHOTO JOKA3y HABOMSTHCS JIMIIE AEsIKI (DaKTH, K1
BUILTMBAIOTH 3 TOJIOBHOT T€3U SIK OKPEMi, YACTKOBI, BUITAJIKH.

Henpsimuil 10ka3 3aCTOCOBYETHCS SIK METOJI, KOJU MAETHCS JUIIE PO IPHUH-
LUIIOBY BIPHICTh 200 XMOHICTh T€3M, a HE MPO BIACYTHICTh OJJHO3HAYHOTO OOpaHH1
MDK TIPOTHJICKHAMH Te€3aMHU. Y HEMpsSMOMY J0Ka3i TOBOJUTHCS MIOCH MPOTHIICHK-
HE BHUCJIOBJIEHIM Te31 a00, I0Ch CIIPOCTOBYETHCA 11I0Ch, IO Aajll BUKOPUCTOBYETh-
Csl OCHOBOIO TSl T0Kazy. [IpoTumexxHicTio T0Ka3y € CIpoCTyBaHHS. 3a3BUYaid, BO-
HO OynyeTbesl Ha (akTax yu aprymeHTax. TyT TBEpIKEHHSA 4M Te3a MOKe OyTH
BHUBEJICHO M JIOBEJICHO.

[Tomumkuy y okazax Takox OyBarOTh pi3Hi, HAPUKIIA, TaKl, IIO:

- BIIOYBAIOTHCS 13 HESCHOCTI, PO3IUIMBYACTOCTI, HAYKOMOAIOHOCTI (akaaemid-
HO1 HeJIOOPOYECHOCTI) Ti€l Te3H, sika Mae OyTH HayKOBO JIOBE/ICHA;

- MoOy10BaH1 3 HEBIPHOCTI, XHOHOCTI UM HEHAQIIMHOCTI HaBeICHUX (UM HABIThH
HE HaBEJCHUX apTyMEHTIB);

- TIOB'sI3aH1 3 HETIPABUJIBLHICTIO Y TIOPSIJIKY YU JIOTIIl BUBEIICHHS JI0KA3Yy.

MeTo0510T1 HAYKOBUX AOCHIIKEHb, Y TOMY YHUCIHI - y TPAHCHOPTHIN ramysi,
3aCHOBaHA Ha 3araJIbHUX MPUHIIAIIAX METO0JIOTIT — BUSHHS PO METOIH, CIIOCOOH
1 cTpaTerii JociiKeHHs npeaMera (Bia rpeibk. peBodoroyio - BUEHHS MO CIIO-
cobu) gocnipkeHHs. TakuM YUHOM, TEXHOJIOTISl HAYKOBUX JAOCIIHDKEHb € CYKYyIHI-
CTIO (popMaTi30BaHUX 3HAHb MPO TEXHOJIOTIIO TMPOIIECIB Ta CUCTEMHI METOIU BHU-
KOHAHHS HayKOBHX JOCIIKEHB. 3arajoM, MpoIec HayKOBOTO MPHUKIIAIHOTO JIOC-
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JHKSHHS BKITIOYA€ BU3HAYCHHS 1 (hopmMaltizallito mpodJIeMHOi cuTyarlii (SKy 3apas,
Ha ICHYIOUOMY PiBHI PO3BUTKY HayKH, HEMOXJIMBO BUPIIIUTU 0€3 TOJaTKOBHX JI0-
CIIIJKeHb), (opMmaizallito npodiaemu, iHGOpMAIIHHUN MOIIYK MOXKJIMBHUX 11€H i
pillieHb, SKi JO3BOJISITH chopMyitoBatu (dopMamizyBaTH) MOAAJBIN HAMPSMKA
BUPIIICHHS TPOOJIeMHU, BU3HAUYCHHS HAWOUIBIN BIPOTITHUX pillieHb MpodieMu (y
BUTJISIII OCHOBHHX Ta JOTIOMDKHHX 3aBIaHb JOCIIHKEHH:), dopmaizaris 1 mpo-
BEJICHHS OpPUTIHAIBHUX JOCIIKEHb, SIKI BKJIIOYAIOTh PO3POOKY MaTeMaTHUYHUX
MojieneH, 11eHTU(IKaIlII0 TapaMeTpiB 1 CTPYKTYpH MoOJIeNiel, Bepudikallio 3a J10-
MIOMOTOI0 €KCIIEPUMEHTY, (opmMaizailito (JoBeJeHHs!) OTpUMaHUX HAyKOBHX pe-
3YJIBTATIB 1 1X BIPOBAKEHHS.

Hanpuxknan, rpadiune 300pakeHHs TaKOro, abo OJM3BKO JIO OMKUCAHOTO, MPO-
11eCy, Ha3UBAETHCS TEXHOJOTIYHOKO KapTOK HAYKOBOTO JTOCHIIKEeHHs. SIKIo yBa-
YKHO MPUAUBUTHUCS J0 CTPYKTYP, IKI BAKOPUCTOBYIOTHCS Y MOOYI0OBI TEXHOJIOT14-
HUX KapT, TO MOXXHAa BH3HAYHTH, IO 3arajibHa TEXHOJIOTiA MOOYI0BU MPOLEAYpPH
(Jiorii, onTyUMi3allii) AOCIIKEHHsT 00paHoro o0'ekTy mMae dhopmaiizoBaHe Mpe-
CTaBJIEHHS: a) PO3KPUTTS BIACTUBOCTEN 00'€KTa, SIKI MIIJAIOThCSI BUBUCHHIO O€3-
nocepeaHro 0e3 /il 3 00Ky JOCHIIHUKA (CTIOTIISaHHS, CIOCTEPEKEHHS, aHAITI3 Bi-
JOMHUX pIIIEHb 1 JKepen); 0) miecnpsiMoBaHE IPOHUKHEHHS y MPUXOBaH1 chepu
(XapakTepucTuka, napameTpu, BJIACTUBOCTI) 00'€KTa; B) ysABHA JIEKOMIIO3HIIIS 00'-
€KTa Ha CKJIAJ0BI YaCTMHU — 3 METOI CTBOPEHHS YMOB Ta CIPOIIEHHS OUIbII
CKJIQJTHOI MM3HABAJILHOI JISJIBHOCTI 3 MOJAIBIITUM €MITIPUYHUM BiTHOBJIEHHSIM 00'-
€KTa 3a JIONIOMOT' 00 CUHTE3Y.

BigminHOIO 0ocoOnuBicTIO MOOY0BH (opMaIi3oBaHOi, TIIMOTETUYHOI MOJACTI
(TEeXHOJIOTTYHOI KapTH) MPOBEACHHS HAYKOBHX JOCIIIKEHb € CKJIQJIHICTh BU3HA-
4eHOi HAyKOBOi MpOoOJeMHU Ta, BIAMOBIIHO, KIIBKICTh PO3POOIIOBAHUX TOJIOBHUX
Ta JIOTIOMDKHHMX 3aBJIaHb, 31 30UIBIICHHSAM SIKMX BiIOyBa€ThCs Tio0ajizalls Hay-
KOBOI MPO0JIEMHU Ta, BIANOBIAHO, SIKICHO 3MIHIOETBCS PIBEHb CKJIATHOCTI HAYKOBO-
ro JOCHIKeHHs, 1 0e3yMOBHO, (popmaltizallii eTarmiB.

HaBenemo npukiiag BUKOpUCTaHHS (opMaizailii IpeicTaBlIeHHs OTPUMaHUX
HAYKOBUX pe3yibTariB (auB. Tabm. 1) [3-5].

Ak BimomMo, GOpMYITIOBaHHS HAYKOBOT'O PE3YJIbTaTy € CKJIAIHOIO MPOLIEAYPOIO,
saKka Moxke OyTu cynepeuwinBoro. [Ipu ¢opmyatoBaHHI HAyKOBOT HOBU3HM Ta Hay-
KOBHX TOJIOKEHb TTOBMHHA OYTH BUKJIIOUEHA JCKIapaTUBHA CKJIazoBa (GOPMYITIO-
BaHb, NTOBHHHI OyTH Bi0Opa)kKeH1 y HAyKOBI HOBH3HI BIIMIHHOCTI BiJl BIJIOMHX
pillieHb 1 MO3UTUBHUHN (TIPUKITATHUNA, TEOPETUYHUN ) pe3yIbTaT.

AJne sKicHe MpeCTaBICHHS HAYKOBHUX pe3yJIbTaTIB, X OMHC, BIpHUM 3 (popma-
JLHUX BUMOT Ta BIPHUX TO3HIIIH, TAPAHTYE HE TUIHKU SICHICTh 1 MAPKETHHT OTPH-
MaHUX TIepeBar HOBUX HAYKOBUX PE3yJIbTATIB, a 1 MOKIIUBICTh iX TOJAIBIIIOTO PO-
3BUHEHHS, OTPUMaHHS HOBUX T'PAHTIB, (piHAHCYBaHHS, MyOiKaIliil y aBTOPUTET-
Hux xypHanax ("Ilpamroii. 3aBepmuB - myOmikyi", Maiikn ®dapazeit), BUsBHaHHS
NpiOpUTETY, MIABUIIEHHS OCOOMCTOrO PEUTUHTY, Ta PEUTHUHTY HayKOBOiI OpraHi3a-
11ii, KOJICKTUBY BUCHUX.

Tabmuus 1 — Anroput™ GopMyITFOBaHHS HAYKOBOT HOBU3HU JTOCIiKEHHS [3]
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@opmaJtizanisi CTPYKTYPHHX eJ1eMeHTIB (popMyJII0BaHHSA

1 2 3 4 5 6
VYuepie... Otpumano... 3aJIeKHICTh... | Bigpi3Hs- [Ilo no3Bo- | CkopoueHMit
OOGrpyHTOBa- B3aemo3B's- €ThCS JISIE ... onuc (mpe-
Otpumaino HO... 30K... TUM ... o Bigo- CTaBJICHHS)
MO IINHT CtBOpEHO. .. Bupas... o ckna- Opaxac ... MO3UTHUBHOTO
PO3BUTOK... Cunre3oBaHno... | @opmyrna... JA€ThCs y Mo 3a6e3- | edexty
IIpoBeneno Edexr... TOMY .... MIEYYE ...
YaockoHane- | aHamis... [TpuaIMII. . . o mic- | ...
HO... 3anponoHoBa- Merogn... TUTD ...
..... HO... [Ilo ypaxo-
CdopmynsoBa- BYE ...
HO... 3a paxy-
....... HOK .....
° >

Came nipencrapiieHa y Tabi. 1 TexHoJOTis MOOY10BH (OpMYITFOBaHb HAYKOBOI
HOBHU3HHM 3a0e3Meuye X OJIHO3HAYHICTH 1 BIPHICTH OMUCYy. TakuM YUHOM, MOXHA
MOKa3aTu, 0 y HAYKOBO-TEXHIYHUX 1 MPUKIAAHUX JOCHIIKEHHSIX MOPCHKOT
TPAaHCHOPTHOI rany3i €()EeKTUBHUMU € BUKOPUCTaHHS (OpMajIbHUX MPUHAOMIB y
MpoIIeCl IX opraHizailii, TpoBEJACHHS 1 MPEICTaBICHHS HAyKOBiil crmiibHOTI. Tak,
CTPYKTYPHE YSABIICHHS METH 1 JOTIOMDKHUX HAYKOBHX 3aBAaHb € ¢(EKTUBHHUM 3a-
coOOM CKOpPOYEHHSI CTPOKIB BUKOHAHHS JOCIIKEHHSI Ta MaTepiadbHO-TEXHIYHOT
ONTHUMI3alli BChOrO IJIaHy HayKoBoi mpaul. [Ipu npoMy oOrpyHTYBaHHS aKTyallb-
HOCTI 1 IPAKTUYHOI 3HAYYIIOCTI MEPEBIPSAETHCS 3a JIOMOMOTOIO JIOTIKK MOOYI0BU
(TeXHOJIOTIi MPOBEACHH) IMITAI[IHOTO 1 PI3UYHOTO eKCIIepUMEHTY [4-7].

CTBOpeHHS 3arajbHOI CTPYKTYPH HAYKOBOT'O JOCIHIJKEHHS (3araibHOi TEXHO-
JIOTIYHOT KapTH Ta KapT OKPEMHX €TarliB) JA03BOJISIE €(PEKTUBHO JEKOMIIO3yBaTH
JTOCTiKeHHsT Ha "TojoBHI" 1 "momoMikHI" HayKOBI 3aBAaHHS, MPEACTABIATH 3a-
raJibHy OIIIHKY 1 Bepu(iKallilo OTpUMaHUX HAYKOBUX PE3yJIbTaTIB, y3araabHIOBATH
1 y3roJDKyBaTH pe3yJIbTaTH JOCIIIKEHHS 1 BUCHOBKHW. Hampukiian, sk e HaBeje-
HO U1 TOOYA0BU (hOPMYJIFOBAaHHSI HAYKOBOI HOBU3HM JTOCIIIKEHHS.

Cnin BIA3HAYUTH, 10 BUKOPUCTAHHS 3araJlbHUX MPUHLIMIIIB TEXHOJIOTIH y Me-
TOAOJIOTIi HAYKOBUX JOCIIIKEHb OyAb-IKOro THUMIY (IMcepTalli, HayKOBO-
JOCIIIIHI 1 TOCHITHO-KOHCTPYKTOPChKI poOO0TH, MyOiKamii y (GaxoBUX KypHaJlax
TOIIO0), BUKOPUCTAHHS MPHUIOMIB (popMatizallii NpakKTUYHO MEPEBIPEHO 1 anpoOo-
BaHo y HamionansHomy yHiBepcureTi "Onecbka MOpchKa akajaeMis" 1 mpodiIbHUX
MOPCBHKHMX 3aKJIaJIax BHINOI OCBITH YKpainu aBTopamu. Ciij BiI3HAYUTH, IO I10-
JANBIINM PO3BUTKOM BUKOPUCTAHHS CYyYaCHUX TEXHOJIOTIM y TMpoIleci HayKOBUX
JOCITIJIKEHb € YTOUHECHHSI OKPEMHUX CTPYKTYPHHX €JIEMEHTIB TEXHOJOTIYHUX KapT,
npuiiomiB (opmanizaiiii CTpyKTYpHUX €JIEMEHTIB JAOCIHIHKEHHS, 0 3a0e3MeYnTh
rapaHTOBaHE JOCSITHEHHS] HAYKOBOTO PE3YJIbTATY.

CIIHCOK BUKOPHUCTAHUX JPKEPEJI

1. Technology. Encyclopadia Britannica: Encyclopadia Britannica Inc., 2016.
https://www.britannica.com/technology/technology
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VIIK 656.612.004(075.8)

I'omikxos B.A., T'onikos B.B., Jlaninos K.C., Cinrora K.O.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa akaaeMis»

Bepudikauist fesskMX NOKA3HUKIB eHepPreTHYHOI e)eKTUBHOCTI podoTH
KkoHTeiiHepoBo3a kiaacy DNV-GL (13800 TEU) na Jinii «moBKOBOro muJisixy»

AKTYyaJbHICTh JOCHiIUKeHHsI TIOB’s3aHa 3 THM, IO 3a JaHUMH iHDOp-
MaIifHO-PO3BaXKAIBLHOTO XypHaTy «Mopcbkuit» [1] cBiTOBUI Mapk KOHTEHHEPIB
y 2021 pomi 36inpmmBcs Ha 7,2 mutH. TEU (14%) mo 50,5 mma. TEU. Pazowm 3 Tuwm,
3pOCTaHHs MOMUTY Ha KOHTEHHEPHI MEepeBe3eHHSI BOJHUM TPAHCIIOPTOM OOYMOB-
JICHO PI3KUM 3HIKEHHSM MPOAYKTUBHOCTI Ta CIIOBUIBHEHHSIM O0OpPOTY KOHTEM-
HepiB. SIK HACHIIOK, CTPOK oOepTaHHA KOHTeiHepiB y 2021 poli B cepenHbOMY
30ubIMBCeA Ha 30% 3 IPUYMH 3aTPUMAHHS CYJEH y MOPTY, epeOoiB Ha 3eMHUX
KOpJI0HaX 1 poOOTI MOPCHKUX JIHIH.

3anuT NPaKTHKM TOB’s3aHUN 3 MiABUIICHHSAM nonuty (Maibke 100%) Ha
HaBIraliifHy Ta eKCIUTyaTaliiiHy eQeKTUBHICTh pOOOTH KOHTEHHEpOBO3a Ha
HAWOUIBII HAMPYXKEHIA MIKKOHTUHEHTAJIbHIA MIKHAPOJHINA JIiHII «IIIOBKOBUMN
[UIAX» B PI3HOMAHITHOMY ONEPATHUBHOMY MPOCTOpi (BIAKPUTI MOpS ¥ OKeaHU;
BY3KOCTI Ta 3aMKHYTI IPOCTOPH; TOLIO) 3 PI3HOCIPSIMOBAHOIO CXEMOIO PYyXy Ta
MapIIpyTU3aLI€0 MOTO/IH.

00’exTOM HO0C/IIIKEHHS CTaB KOHTEHHEpPOBO3 M nepesBe3eHHs 13850 TEU
(IToct-ITana-Makc).

IIpeameTomM gocaigkeHHsI — MapaMeTpu PyxXy CyAHa: KOe(DILIEHTH KOPUCHOI
aii (KK/I) ta eheKTUBHOCTI poOOTH.

Meta 1ocaiisKeHHs — 3aJOBOJIEHHS NIOIIUTY HACEJICHHS Y TOBAPHOMY CITOXKH-
BaHHI [IIXOM PO3IIMPEHHS Ta YJOCKOHAJIEHHS CYJAHOBUX TPAHCIOPTHUX MEPEXK.

Po0oua rimore3a f0ciipKeHHS MOJsATalia y BCTAHOBJICHH] IOCTOBIPHOCTI M1k
EKCIIEPUMEHTOM, 0OpOOKOI0 HOro JaHMX, Mepeaadeto JaHUX Ta iX CIPUUHSTTI, 110
3abecrieuye BIICYTHICTh MTOXHOOK B mporieci Bepudikariii.

TI'osioBHE 3aBAaHHSA JOCTIIHKEHHS TIOJISTAIo Yy IUIAHYBaHHI Ta 3/11iCHEH1 Oara-
TO(GAKTOPHOTO €KCIIEPUMEHTY 3 BUKOPHCTAHHSIM €-HaBirailii Ta Tipo- MpOITyJib-
CUBHOTO KOMIUIEKCY CyJHA, Pe3yJbTaTh POOOTH SKOTO Oynu BiAOOpakeHH1 y
HaBIralIMHUX Ta MAIIMHHUX )YypHaJaX Ha MPOTs31 3-X MICSIIIB.

JlonoMizKHi 3aBIaHHSA TOCIIKEHHS MPEICTABJICHI:

— MPOTPaMOIO MPOBEICHHS EKCIIEPUMEHTY;

— aKTUBHUM €KCIIEPUMEHTOM;

— 00poOKOI0 pe3ybTaTiB ICMUTIB rpadiuHUM, TAaOJIUYHUM Ta AHATITHYHUM
criocobamu;

— 3pIBHSIHHSIM MACMIOPTHUX XapaKTEPUCTUK CyIHA 3 €KCITyaTallliHUMH,

— BU3HAYCHHSIM €KCIUTyaTalllfHIX XapaKTEPUCTHUK CYyJIHA;

— BCTAHOBJICHHSIM TTOKA3HUKIB €)EKTUBHOCTI pOOOTH CYy/THA;

— TIEpEeBIpKa OCTIMHOCTI CyHA i/l BIUIMBOM XBUJTIOBaHHSI.

[To 3aBepieHH1 JOCHIKEHD TUIaHYBaJIacs po3poOka peKoMeH i mo edex-
TUBHOMY Ta 0€3MeYHOMY IUIaBaHHIO CYHA I10 JIIHIi «IIIOBKOBOTO IIJISXY.
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Bukiaa ocHoBHOro martepiany. PeiicoBi 10oCHiKeHHs] BUKOHYBAJIUCS B 3U-
MOBUH Tepio Ha MPOTs31 5S-Tu MicsiB 3 auctomana 2021 p. mo 6epezens 2022 p.
B HACTYITHUX YMOBax:

rapamMeTpH 30BHIIITHBOTO CEPeIOBHUIIIA:

— CHWJIa BITPY Bif 2-X 10 8-Mu OaiB;

— CHJIa XBUJIIOBAHHS: BifJ 1-T0 10 6-TH OaiB;

— HanpsiMok xBuitoBaHH: Bii NNN g0 SSS;

— XMapHICTh: Bif 1 10 5 MuIIb;

— HanpsiMok BiTpy: Big NNN no SSS;

— BHJIOMOCTI: Bif 2-X 10 10 MUJIB;

— teyist: Big 0,1 10 3,6 By3iB;

— YJaCcOBHUH IOSC: BiJ 3-T0 OO 8-T0;

napameTpu HUISIXY:

— 1HTEpBaN oOcepBallii: 4-u roJIMHY;

— Kypc: AIMCHHM, T1pO, MarHiTHUH;

— KOOpJMHATH TOYOK: IITUPOTA, JTOBTOTa;

napamerpu cyaHa « THALASSA HELLAS»:

— MaHeBpyBaHHs B mopTy (Ha Tuxiil Boal) npu xonai «BITEPE/»: CMX (ua-
ctora obeptiB 27 xB-1, mBuakicth 6.99 By3niB), MX (uwactora obeptiB 35 xB-1,
mBuakictb 10,06 BysmiB), CX (dacrota oOeptiB 48 xB-1, mBuakicts 14,63
By31iB), [1X (dactora o6eptiB 60 xB-1, mBUAKICT 17,79 By3:11B);

— ekcrutyaraiiitii: (o6eptu 76,7 xB-1, moTyxkHicTh 1BuryHa 45262 kBr);

— MakcuMalibHi: (06eptu 81,0 xB-1, motyxHicTh ABUTYHa 53250 KBT);

— OoOMEXyBaJIbHI: KpUTUYHI 00epTH JBHUTyHa Bijx 38 10 42 xB-1, mBUaKiCHA
koHcTaHTa nopiBHioe 0,29041 By3nm, rpaHuuHUN KOEQIIEHT €PEKTUBHOCTI TIPU
MMOBHOMY 3aBaHTakeHi ckiaznae 0,671;

rabapuTu cyHa:

— JIOBXKHWHA: MakcuMasibHa 368,47 M, B310BX BapTaxHoi Mapku 355,07 M,

— IMIUPUHA: TI0 MiJeab-nTanroyty 51,0 m,

— ocaJlka: B Tpy3y MO JITHIO BaHTaXHY Mapky 15,8 M, B 6anacti (Hic 5,2 M,
kopma 10 m),

— BUCOTA CyJHa: pericrpona 25,63 M, o MiIeNb-IINIaHroyTy 29,85 M.

Bcerworo 3a peiic 3aiiicHeno 158 ekciepuMenTiB Ta 3792 BuMipw.

Pe3yibTaTu 00po0KHN eKCIEPUMEHTAJBLHUX JTAHUX TA CIIOCTEPEKEHHS

3a CTAHOM CY/IHA.

3piBHSHHS MACHOPTHUX XaPaKTEPUCTHK CyJTHA 3 €KCIUTyaTalliiHUMU JTaHUMU
MOKa3aJid, M0 eKCIUTyaTalliiiHa MBUAKICHA KOHCTaHTa ckjiana 0,3 By3nu Ta BUIIE
3a macnopTHy Ha 3,2%, a Koe]illieHT BapTaXHOI €(PEKTUBHOCTI KOJMBABCS BiJ
0,61 o 0,669, To6T0 Bix 0,4% 10 9%. CriBBIAHOIIEHHS OLCEPBOBAHOI IIBUIKOCTI
JI0 MAIlMHHOI B 3aJIeKHOCTI Bia o0epTiB koiuBaioch Bix 0,75 go 0,99 1 mano
3HAYHUM A0MyCTUMUN po3ku 10 20%.

CrocTepexeHHs 3a XUTABUIICIO CYyJIHA TOKa3ajo, 10 CYJHO «3ajuBae» B 0Oa-
JacTl 1 BAaHTaX1 HE 3aJIEKHO B1Jl HAMPAMKY BITPY Ta XBWJIb. AJie IPU 3yCTPIUHOMY

20



XBUJIIOBaHHI, KOJIM BHCOTa XBWJIl MiAIAMAEThCA BHINE 3a 3-U METPH, CIO-
CTEpIra€ThCs HEBEJIMKA K1JThOBA XUTABHIIS.

EdextuBHicTh pobOTHM cydaHa mmig yac Bepudikaiii ckiana: CepeiaHsl reo-
rpadiuaa — 65%, HapiramiitHa — 67% Ta npomnyascuBHA 61%.

BucnoBku. Bepudikariis mokasana, 1mo:

— e(exTUBHICTH POOOTH KOHTEHHEPOBO3a BU3HAYAETHCS CKIIAIHICTIO Oepero-
BOI JIiHIi, penbedom Ha (1300aTamMu) Ta JAIBHICTIO IOCTaBKU KOHTEHHEPIB;

— IHTEeHCHUBHA oOcepBallis IUISIXY 3 3aCTOCYBaHHSM €-HaBirallli J03BOJIsIE€ KOH-
TPOJIIOBATH MapIIPyT CyaHA Maibke 3 1...5% moxudkamu;

— TiPOTPONYJIBLCUBHI XapaKTEPUCTUKN 3a0€3MeUyIOTh HOTO MPaKTUIHO HEO0O0-
MEKEHY HaJIIMHICTB 1 IIpale3aaTHICTh;

— y MOJANBIIOMY JOIIJILHO PO3POOUTH 3arajbHO OCSHKHY METOJHKY IpPOBE-
JICHHsI BAPOOHUYMX ICTIUTIB JIJISl 1HITUX THUIIIB CYJICH.

CIINCOK BUKAPUCTAHOI JIITEPATYPU
[HpopmaniitHo-po3BaxkanbHul KypHan «Mopcbkuit» «11lo BinOyBaeThCsl KOIU
KOHTEHHepH TyonsaThCcst B Mopi» — Bumyck126 c. 24-27 — Opeca, 2022.
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VJIK 656.612

I'omixoB B.A., Kpynos I.B., Cintora K.O.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

AHAaJi3 HMOBIPHMX METOIB OHIHKYU SIKOCTI THOMOIJINOJII0BAJIBLHUX POOIT Ha
MmiIX0/1ax 10 PiYKOBUX MOPTIB

AKTYaJbHICTh A0CHiIKeHHsA. J[HOMOrIMOJICHHS 3aJIMIIAE€ThCS HEBIJT EMHOIO
YaCTHHOIO aKBaTOPIl MIAXITHUX KaHAJIB, PIYKOBHX Ta MOPCHKUX MOPTIB B JENbTAX
pidok. Lli poboTH CympoBOMXKYIOThCS OaraTOKpaTHUMH 3aMipaMy TJIMOMH 10
wiomuHi Ta 00’emy [1]. Bkaszani ¢irypu y Burisimi 6araToKyTHUKIB Ta Qiryp
pa30MBaOTh HA BIAMOBIAHI I1HTEPBAIM TAKUM YHHOM, MO0 PI3HUI MK
HAaWOUTBPIIMMKM Ta HAWMEHIIMMH PO3MipaMH B MEXKax OJIHOTO IHTEpBally OyiH
JeKibKa OLUIbIIe I[HU TMOAUIKH IIKaId BUMIPIOBAJBLHOTO mpHCTpoo. [lum
KOMIICHCYIOTBCSI TIOXHUOKH BUMIDY.

3anuT NPaKTUKM TOJSAra€ B TOM, 00 3aI0BOJIBHUTH YMOBU TEXHIYHOTO
3aBJaHHS IUISXOM aKTHUBHOTO TPOTUCTOSHHS TPUPOJHUM 30YpEHHSIM Ta
HABAHTAXKEHHSAM, MPOCTOPOBOTO OPIEHTYBAHHS JIHOIOIIIMOIIOBAILHOTO Cy/AHA
TEXHIYHUMU 3ac00aMH CYTHOBOJIIHHS 32 IPOrPaMOI0 aJITOPUTMY .

O06’€eKT D0CiIKeHHsI TIPEICTABIISIE 3eMCHAPS/] KapaBaHy, SIKOMY IpUTaMaHHI
ycl aTpuOyTH TPAHCIIOPTHOTO Cy/AHA.

IlpeamMer  JgOCJigKeHHS  TPEJACTABISAIOTH  TEXHOJOTIYHI  TMPOIECH
JTHOMIOTJINOJICHHS.

MeTa 1oc/aiIzKeHHs1 — PO3IIMPEHHS CYTHOBUX TPAHCIIOPTHUX MEPEK.

PoOoua rimore3a JOCIIKEHHS TMOJAra€E y JOOCSATHEHHI CHHXPOHI3MY MIX
PO3MipaMH CyJIHA 1 MBUAKICTIO HOTO XOJIH.

I'osi0BHe 3aBAaHHS JIOCTIHKEHHS TMoJiirae BUOOpI WMOBIPHOCTHOI OIIHKH
SAKOCT1 CHHXPOHI3MY B pOOOTI 3eMCHaps Y.

Jlns BUpIIIEHHS TOJIOBHOTO 3aBJaHHS PO3TISIAINCH JOTOMDKHI 3aBJIaHHS,
OB’ s13aH1 3:

— TPOLIEYPOIO0 BUMIPIOBAHHS TTHMOUH;

— MapIIPyTU3AIIEIO TTOTO/IH;

— SIKOCTI1 3ac001B BUMIPIOBAHHS Ta TEXHIYHUX 3aC001B CYTHOBOIIHHS,

— CXEMOIO pyXY;

— MaHEBPEHHUMHU 3/1I0HOCTSIMU CYyJIEH KapaBaHy;

— YIPaBJIIHHSM CY/EH;

— (hopMOIO MOJAHHS MOJIeJl pOoOOTH CYJIEH.

Buxnan ocHoBHOro marepiany. JlHonornuOI0BalIbHI pOOOTH BUKOHYBAJIUCH
3T1JIHO TEXHIYHOTO 3aBJIaHHS Ha MPOBEJICHHS EKCILTyaTal[liHOrO MOTIHOJICHHS B
aKBaToOpii MOPCHKOTO MOpTy [3Main 3 103BONY NPHUPOJAOOXOPOHHHMX OPraHiB Ta
nonepeaHiM odcsarom gaonorauoaeHHs (10 153000 M3) 31 MBUAKICTIO HE OUTBIIE
8 km/rox mpu pyci BBepX 1 He Ounbmie 12 kM/rox mipu pyci BHuU3 1o p. JlyHai
BIJIHOCHO Oepera.
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Bci  mepectaHOBKM — AHOMOTIUOMIOBAILHOTO — OOJAJHEHHS, BKIIOYAIOYU
NEPEeKUIaHHS SIKOPIB, a TAKOXK, MAPIIPYTH PYXy TPYHTOBIJBI3HUX y3TOKYBaJIHCh
BIIIOBITHUM YHUHOM.

[lomepeani, mNPOMIXKHI Ta KOHTPOJBHI TPOMIpH TIAUOMH  JIJSTHOK
JTHOTIOTJTHOJIEHHST TTPOBOIMIIUCH 13 3acTocyBaHHAM exoJioTy Echotrac CV100 Ta
GNSS mnpubopy Trimble SPS 461. Ilpomip rmbuH Bukonano 3rigHo HJI
31.7.002.-2005. IIpodimi posramoByBagucs dyepe3 10 MerpiB, IIMOMHU Ha
npodiasax — yepe3 5 MeTpiB. B okpemux Bumipax 3acrocoBanuii exonot Echotrac
E20 Tta oOmamnanns ¢ipmu «NOVATEL». Cucrema koopaumHatr WGSE-84,
npoekiiss UTM.

BucnoBku. Pesynpratu aBToMatruHoi 00pooku 6utbin 1000 eKkcriepuMeHTIB 1
10000 BuMipiB 3 JHOMOTJIMOJEHHS TMOKAa3alM CKJAJHICTh MPOIECy aHajizy Ta
OIIIHKYM JHOTOTJNOMIOBAIBHUX POOIT, sIKI HA Cy4aCHOMY PiBHI 3 BUKOPHCTaHHSAM
e-HaBiramii 3a CHeLIAIbHUMHM [porpaMaMy 3aCHOBaHMMH Ha  3aKOHax
HOpMasibHOTO  posnoauieHHs (["ayca), 3akoHy CuMcoHa, 3aKOHYy PpIBHOI
HMoBipHOCTI HiBemoe Ha 5-10% HepiBHOMIpHICTh IpyHTY Ta 110 30% ckopouye
TE€pMiH BUKOHAHHS THONOTJIMOIIOBAIBHUX POOIT.

CIIMCOK BUKAPUCTAHOI JIITEPATYPU
Port Technology article "Improving efficiency in dredging operations"
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Hixonbscbkuit B.B., Cnoboasatok M.B., Uepemicin B.1., Hikonschkuit M.B.
Hamionansauii yHiBepcuteT «Ofechka MOPChKa akaaeMis

@opMyBaHHA il OLIHKA XaPAKTEPUCTUK CTATUCTHYHHUX MOjesieil
NAJUBONOA4i CyTHOBOI0 CePeIHLO0EPTOBOIO IM3eJsl

JlocmpkeHHsT K1 po3risiHyTO y pobotax [1, 2], BKa3zyrooTh IO CYy/IOBI ce-
pPEenHBbOOOEPTOBI MU3EIbHI ABUTYHH IMiIJAIOTHCS BIUIMBY KOJUBAJIHHOIO HAaBaHTA-
KEHHSI TEXHOJIOT1YHOTO Ta MPHUPOJHOTO MOXO/KEHHs. JlochiKeHHsI BIUIMBY KO-
JUBaHb Ha OKpPEMi BY3JIM W CUCTEMH JW3ENs, Y TOMY YHCI Ha MaJUBHY CUCTEMY
MPEJICTaBISIETbCA aKTyaJIbHUM TI1J1 9ac MPOBEICHHS aHAJITUYHOI OLIHKH MO
nporiecy najauBoroaadi [3-8].

MonenroBaHHsI poOOYHX MPOIIECIB MATUBHOI CUCTEMHU CYAHOBOTO JU3EIIHHOTO
JBUTYHA JO03BOJISiE BU3HAYUTH B3a€MO3B'S30K IMMapaMeTpiB MaTUBOMOJAYl 3 pe-
KUMHUMU W peryjIioBaIbHUMHM HalamTyBaHHsMU. lle B mopanbimiomy Jio-
CJIIJIPKEHHI JI03BOJIUTh (POpMyBaTH peKOMEHJallli B 00J1acTi MPOrHO3YBaHHS IPO-
1ecy MajvBOIOAaui, KEPOBaHICTh BUTPATH MaJKMBa Ta ONTUMAJLHICTh €KCILTyaTa-
IAHUX PEKUMIB Y IIJIOMY.

CydacHl CyIHOBI CepelHbOOOEPTOBl JIM3EJIbHI MPOIMYJIbCUBHI YCTaHOBKHU
oOnajiHaHl PI3HUMH MAJMBHUMH CHCTEMaMH BHCOKOTO THUCKY, SIKI MOTPEOYIOTh
OOIPYHTOBAHMX HANAIITOBAHUX NApPAMETPIB.

MeTtor A0mOBii € OLIHKA XapaKTEPUCTUK CTATUCTUYHUX MOJEJIEH MajuBO-
nojayvi CyJIHOBOTO CEpPeIHLOOEPTOBOIO JTU3EIS.

TpaauiiiiHo, XapakKTEpPUCTUKU CHUCTEM MNAJIMBOMNOAAYl JTU3ENIB HAAAIOThCS Yy
rpadiyHOMy BUIIISAI Ta (GOpMI aHATITUUYHUX MOJEJEH, CKIAIal0ThCsi Yy CTaTH-
CTUYHIN 00pOoOI1ll eKCIEePUMEHTAIBHUX JaHUX, 3 0QOPMIICHHSM PE3YJIbTATIB Y BU-
Il PErpeciiiHuX 3ajeXHOCTed. Y AaHiil poOOTI HABEIEHO caMe TaKWW MiAX1f,
KU 3M1ACHEHUH M1 9ac 0OpOoOKM pe3yNbTaTiB BUMIPIOBAHHS TTapaMeTpiB Mallv-
BOIO/1a4l CYJTHOBOTO CEepeaHhOOEPTOBOTO AU3ENs, a JaHl OTPUMaHI y X0/l 6€3Mo-
TOPHUX TUHAMIYHMX CTEHIOBUX BUIPOOYBaHb. YMOBH €KCIEPUMEHTAIBHOIO JI0-
CIIKCHHS BIAMOBIAAIOTh HaBaHTaXyBalibHIN [9] 1 mBuakicHiK [10] xapakrepu-
CTHKAM.

ExcnepuMeHTanbHe AOCIIKEHHS T1APOIMHAMIYHUX TOKAa3HUKIB Ha HaBaHTa-
KYBaJIbHIN Ta MIBUJKICHUN XapaKTEPUCTHKAX OTPUMAHI MiJ Yyac BUMPOOYBaHb Ia-
JMBHOI CHUCTEMHU BHCOKOro THUCKy nu3ens 6UH25/34 Ha ekcnepruMeHTaIbHOMY
crenai. OOnagHaHHS Ta TEXHIYHI MOXKIIMBOCTI CTEHAA PO3MIISIHYTO B poOoTi [11].

[lin yac BUMPOOYBaHb BUMIPIOBAIBHOI CHUCTEMOIO CTEHJA (DiKCyBanIHCs
HACTYITHI MOKA3HUKH: THCK TaJliBa B MITYyIEPi MAJIMBHOTO HACOCA py, HA BXOML Y
(OPCYHKY Pg-sx, TA Y KaHaAI QOPCYHKH Py ; X1 TOJIKU pO3NUIOBava y (GOpCyHI
Z; yacToTa 00epTaHHS PO3MOAITIBHOTO Baly Np; KyT MOBOPOTY PO3MOAIIEHOTO Bay
@; Jac t; mepemilieHHs peWKHu NajauBHOro Hacocy Bucokoro tucky (ITHBT) my;
cuia 3aTAryBaHHS Toikd (opcyHku ckimagama 70 6ap. [{ukmorpaMoro BHXITHUX
JlaHuX 3ajaBaBcs pyx peviku [IHBT.
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VY naniii MeTOaUII JOCTIIKEHHS MPOBOIMBCS CTATUCTUYHUN aHai3 Ha HaBaH-
Ta)XKyBaJIbHIN Ta MIBUAKICHUN XapaKTEPUCTUKAX.

CraTUCTHUHUN aHami3 TiIPOJUHAMIYHUX IMOKa3HUKIB HAa HABaHTaKyBaJbHIi
XapaKTePUCTHIIl BUKOHAHUI 332 €KCIIEPUMEHTAIbHUM JaHUMHU, PEACTABICHUMH Y
po6oTi [9].

OTpuMaHi eKCiepuMEHTANIbHI JIaHl, B yMOBaX JWHAMIYHUX BUIPOOYBaHb Mif
yac (PIKCOBAHOTO TOJIOKEHH1 MPUJIaAiB KEPYBaHHS IMOKa3aid, L0 KOJWBAHHS
HaBaHTaXXEHHS BUKJIMKaHI mepemimeHHsM peliku [THBT, Oynu mom's3ani 3i
3MIHOIO YaCTOTH 00€pTaHHS PO3IMOIILHOIO Baly. I paHMYHI 3MiHU 4acTOTH 00ep-
TaHHS N, ckianm 233255 06/xB, mo Bianosigae 9 % abo + 4,5 % Bix cepeAHbOrO
3HAYEHHS.

OWiHKY CTaTUCTUYHOI 3HAYMMOCTI 3MIHM N, Y OTPUMAHOMY Jliara3oHl IpoBe-
JICHO LUISXOM aHajli3y CHUIBHOIO BIUIMBY IOJIOKEHHS PEUKH My 1 Ny, HA BEIMYUHY
KyTa YHOPCKYBaHHS gy, BHUKOPHCTOBYIOUHM TPOTpPaMHE 3a0€3MEUYEHHS IMaKeTy
STATISTICA otpumano aBOQaKTOpHE perpeciiiHe JiHIAHE piBHSIHHS M070 (ak-
TOPIB Qg = 7,4168 + 0,49322m,, + 0,0050825n,,.

JUIst OIIIHKM 3HAYMMOCTI YacCTOTU OOepTaHHs OyB BM3HAYEHUM pIBEHb 3HAYU-
MOCTI p 1 kputepiid Ct’roeHTa t.

Benuuuna p = 0,597 He 3am0BonbHsE, pu 3aganomy p = 0,05, a BUKOHY€EThHCA
3a TaOJIMYHUMH YMOBaMU t = VF= \/0,2823 =0,531 <<tpe; =12,7.

o no3BoJIsI€ CTBEPKYBATH 1110 BIUIMB KOJIMBAHHS N, HA Qpy HE3HAYHUM, TO-
My MOJAJBIINN aHami3 CIil MPOBOJAUTH ISl OJHOTO (PAaKTOpy HABaHTaXKyBaJIbHOT
XapaKTEpUCTUKU — 10JI0KeHHA periku [THBT m,,.

AHanoriyHi pe3ysibTaTi OTPUMaH1 ¥ IJis 1HIIUX MMapaMeTpiB MajauBOIoayi, a
camMe TUCKY B NAJIMBHOMY KaHalll (JOPCYHKH (Pg ) 1 TUCKY MajuBa B LITyLEpl Ma-
JMBHOTO Hacoca (Py).

JlociKeHHsT CTAaTUCTUYHUX TapaMeTpiB BIUTUBY B3a€MO3B'SI3KY XapaKTepH-
CTUK YIOpPCKYBaHHS MajlMBa MpU poOOTI CHUCTEMH NAIMBOMNOJAYl IOKa3alu
HEJHIHY 3a1eXHICTh (Py, Ppx) BIA M, , IO CTAJIO MiICTaBOIO I TOOYIOBH OJI-
HO(aKTOPHOT MOJIEINTi APYTOTO MOPSAKY Y popMi perpeciiiHoro piBHSHHS Py = f(M,,
m,?), P« = 12,454 + 30,272m, - 0,47403m,>.

®opMmyBaHHs § aHali3 MOJIENI Py =f(M,, M,?) BUKOHAHWI 32 aHATIOTTYHOO Me-
TOANKOI0. Mozenb 0HO(AaKTOPHOTO PErPeCciiHOTO PIBHSIHHS JIPYTrOTO MOPSAKY
Mae€ BUTIISA: po.«= 124,69 + 24,354m,, - O,4326mp2.

dopmyBaHHS ¥ aHai3 MOJEIN Qpr=T(M,) BUSBHIOCS JOCTATHIM OTHO(MAKTOP-
HOTO JIIHITHOTO PIBHSIHHS MEPIIOTO MOPAJKY @sr = 8,6895 + 0,48992m,,.

VYci cTatucTuky, MO XapaKTepu3yloTh 3HAYMMICTh BUIIE HABEJICHUX PIBHSHD
Ta X KOoe(Iili€HTH, 3aJ0BOJBHAIOTh KPUTUYHUM 3HA4YeHHSIM F — xputepito i t —
cratuctuku. OTKe, MOJIel KyTa yIOPCKYBaHHS M THUCKY majiuBa y (HOpCyHI €
3HAYYIII.

CratucTuyHuil aHami3 TApOAUHAMIYHUX MOKA3HUKIB Ha MIBUJIKICHIM XapaKTe-
PUCTHII BUKOHAHHUI 32 €KCTICPUMEHTAIBHUMU JaHUMH, MTPEICTABICHUMH Y pOOOTi

[13]
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AHami3 CTaTUCTHYHUX MOJEJICH JJI IMBHIKICHOT XapaKTePUCTUKU MPEACTaB-
aeHuil 3anexHocTAMU: Qs =T(Np); Px=F(Ny); po=Ff(n,). Cdopmosani mozemi
pIBHSIHHS TIPOCTOI perpecii Mepuoro Mmopsiaky: @s=5,84418+0,050926n,; p.=-
25,853+2,2756N,,; pgy.=-40,332+2,1818n,, craTucTU4YHO 3Ha4MMi (32 KpHUTEpieM
dimepa).

BucHoBku

TakuMm 9rHOM, 32 pe3ybTaTaMi BUKOHAHUX €KCIIEPUMEHTAIBHUX JTOCIIIKCHb
Oyau OTpUMaHI MaTEeMaTU4YHI MOJIEJl MPOIECIB Mojadl MaJMBa BUCOKOTO THCKY
CepeIHBOOEPTOBOTO JAU3EIBHOTO ABUTYHA, SIKI MAIOTh CTATUCTUYHY 3HAYUMICTH Ta
BUKOPHUCTOBYIOTBCS IJISl OI[IHKM IIBHIKICHOI Ta HaBaHTa)KyBaJbHOI XapaKTEpH-
CTHK CYJHOBOTO CEPETHROOEPTOBOTO JTHU3EIIS.
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,)10 BILJINBY 00'eMHHX CJICKTPUYIHUX 3apsmiB aTMOC(l)epHOI‘O IIOBiTpﬂ Ha
NpouecH, sKi NPOTIKAITh y HMJIIHAPI Au3eys
ABSTRACT
The article deals with the influence of volumetric electric charges in atmos-
pheric air entering the cylinders of a marine diesel engine. It is shown that during
precipitation, the value and sign of the electric current of precipitation change,
contributing to the creation of a volumetric electric charge of atmospheric air en-
tering the cylinders of a marine diesel engine. When atmospheric air is com-
pressed in a diesel cylinder, a relative change in its volume occurs and molecular
forces of electrical origin come into play, as a result of diesel fuel combustion oc-
curs simultaneously in the entire cylinder volume and the emission of polluting
gases into the atmosphere decreases.
Key words: volumetric electric charges, atmospheric air, marine diesel cylin-
der, volume change, molecular forces, gas emission into the atmosphere.

PED®EPAT

VY cTarTi po3riasHyTO BIUIMB 00'€MHUX €JIEKTPUYHUX 3apsi/iiB B aTMOCHEPHOMY
MOBITPI, 1110 HAAXOIUTH B MIIIHAPHU cyaHOBOrO au3ens. [lokazaHo, 10 mpu BUMa-
JaHH1 aTMOC(EPHUX OMaJiB 3MIHIOIOTHCS BEJIMYMHA 1 3HAK €JIEKTPUYHOIO CTPyMY
OMAJlIB, 1110 CIIPUSAIOTh CTBOPEHHIO 00'€MHOT0 €IEKTPUYHOIO 3apsiay aTMochepHo-
ro MOBITPS, 0 HAAXOIUTh B IUIIHAPYU CYAHOBOTO Au3ens. [Ipu cTucHeHH1 aTMO-
chepHOro MoOBITPS B HWJIIHJPI U3es BiIOYBA€ThCS BIIHOCHA 3MiHA MOT0 00CATY 1
IPU LILOMY BCTYMAIOTh B J1K0 MOJIEKYJISIPHI CHJIM, IO MAIOTh €JIEKTPUYHE MOXOI-
JKEHHS, B PE3YJIbTaTi TOPIHHS JU3EJIbHOTO MMajuBa B1IOYBAETHCS OJHOYACHO Y
BCbOMY 00'eM1 IWJIIHApPA 1 3MEHIIYEThCS BUKHA B atMocepy 3a0pyaHIOI0UNX
rasiB.

KitouoBi croBa: 00'eMH1 €IEKTpUUHI 3apsiin, aTMOchepHe TOBITPS, HMITIHIP
CYJTHOBOTO JAM3€Isl, 3MiHa 00CSTY, MOJIEKYJISIPHI CHJIM, BUKHU]I Ta31B B aTMocdepy.

[TocTanoBka mpobsieMu B 3arajbHOMY BUTJIS/I Ta ii 3B'SI30K 3 BOKJIMBUMU Hay-
KOBUMU Ta MPAKTUYHUMU 3a/1a4aMu

CyaHOBMII MOPIIHEBUIA ABUTYH BHYTPIIIHBOTO 3TOPSIHHS, 32 CIIOCOOOM MpH-
rOTYBaHHA 1 3alajifoBaHHsI poO0YOi CyMillll, € ABUTYHOM 3 BHYTPIIIHIM CyMIIIO-
YTBOPEHHSAM 1 caMO3aliMaHHSIM Bijl CTUCHEHHS. [Ipu 1bOMY B IWJIIHIAPHU JBUTYHA
HAJXOOUTh TUIBKA YUCTE aTMOC(EpHE MOBITPS, B SIKOMY MICTUTHCA 00'€MHHMIA
CJICKTPUYHUN 3apsi] P MEBHOI BEJIWYWHU, B 3aJICKHOCTI BiJ] METEOPOJIOTIUHUX
yMOB (HM3bKa TEMIlepaTypa, BHUCOKa BIJIHOCHA BOJIOTICTb, aTMOC(EpH1 OIaau
TOIIO.).

Jlo TemepimHbOTO Yacy HE PO3IJISIIABCS BIUIUB 00'€MHHUX EJIEKTPUYHUX 3a-
psaiB aTMOC(hEpPHOTO MOBITPS, M0 HAIXOAUTHh B IIJIIHIPH IHU3ENsI, HA MPOIECH
pU WOTO CTUCKAHHI MOpIIHEM. ToMy pO3IJIST IIbOTO MUTAHHSA € aKTyaJIbHUM, TaK
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SK €JEKTPUYHI MPOLECH B IMIIHAP]I CYyTHOBOTO AM3ENS BIUIMBAIOTH HAa BCTaHOB-
JICHHsI PIBHOMIPHOI IIIIBHOCTI aTMOC(EpHOT0 MOBITPS MPH HOT0 CTUCHEHH] TIepes
MPOIECOM 3alajeHHsl MajlrBa 1 THM CaMUM Ha MPOLEC MOBHOTO 3TOPSIHHS MaInBa
B IMTIHJIP1 W3S, 1110 3MEHIITYe 3a0pyTHEHHS HAaBKOJIHUIIHBOTO CEPEAOBHUIIA.

AHani3 OCTaHHIX JOCATHEHb Ta MyOJiKaliid, B SKUX PO3MOYaTO PO3B'SI3aHHSA
JaHoi MpoOJjeMH Ta BHUCBITJIIOBAaHHS HEPO3B'SI3aHUX paHIlle YacTUH 3arajbHOl
npoOJIeMH.

Jlo TemnepilHbOro yacy mpoBEJICHO JOCTIIKEHHS MPOIIECIB 3MIHU CKJIaay BO-
JIOTOTO TOBITPSI B KaPTEPHOMY MPOCTOPI MaIOOOEPTOBOTO TOJIOBHOIO CYJHOBOTO
nsuryHa [1]. Po3pobnena dizuko-mareMaTuyHa MOJIb TEIIO- 1 BOJIOTOOOMIHY B
KapTepHoMy mpocTopi auzesns. CTBOpeHa cucTeMa KOHTPOJIIO BOJIOTOCTI 1 1i BUAa-
JICHHSI 3 KapTEpHOTO MPOCTOPY MajIo00EpTOBOrO TOJIOBHOTO CYJIHOBOTO JIBUTYHA
[2]. HochimkeHHs MiABUIICHHS €KOHOMIYHMX 1 €KOJOTTUHMX XapaKTePUCTUK CY/I-
HOBOT'O JIBUTYHA IIUIIXOM 3MIHIOBaHHS CKJIaJly HaJyBHOIO MOBITPs [3].

dopMytOBaHHS METH CTATTI (ITOCTAHOBKA 3a]1au1)

Metoro CTaTTi € TOCHIIKEHHSI B3a€MO3B'SI3KY M1k BEJIIMYMHOIO 00'€éMHOTO 3a-
psay aTMOC(HEpHOro MOBITPS, €JIEKTPUYHUM MOTEHILIAIOM B aTMOC(EpHOMY IO-
BITp1, SIKE€ 3HAXOJUTHCA B LMJIHAP] AMU3ENS, 1 MIKMOJEKYISIPHUMHU CHJIAMH, IO
MaloTh €JIEKTPUUHY NPUPOAY MpHU AePopMaliii MOJIEKYJ aTMOC(PEPHOro MOBITPS B
IAJITHIP] JU3EIIA.

Buknan Marepianmy 1OCHIKEHHS 3 TOBHUM OOTPYHTYBAaHHSM OTPUMaHUX Hay-
KOBHUX pe3yJIbTaTIiB

JUis BUpILIEHHS MOCTaBJIEHOI METH BCTAHOBMMO 3B'SI30K MIK BEJIMYHHOIO
00'€EMHOTO 3apsay p 1 €JIEKTPUYHHUM IOTEHIIaJoM V, B atMoc(epHOMY MOBITpI
IUJIIHpa AU3elIs 3 BUKOPUCTaHHSAM piBHsAHHS [lyaccona:

oV N NV,
ox* oy’ ? (1)
Bice Z chmnpsmoBaHa 1o JOBXHMHI UWiiHApa. byaemMo BBaxkaTu, IO
oV _oV _,
ox>  oy®

Toni piBHsiHHS (1) MOKHA 3amucaTH B HACTYITHOMY BUTJISIIL

@——47z 2
622_ ,0()

JI71st BUBHaU€HHS 00'€eMHOTO €JIEKTPUYHOTO 3apsiy p aTMOC(EpPHOro MOBITPS B
IWITIHAPI CYJTHOBOTO JTU3€JIsl HEOOX1THO 3HITH eKcriepuMeHTalbHy KpuBy V = f (2)
1 aBi4l i npoaudepenuitoBatu. Tak sk Maca aTMOC(EPHOro MOBITPS B LUJIHIPI
CYJTHOBOTO AM3€Jsl HE 3MIHIOETHCS, TO JJIsl BU3HAYEHHSI 00'€MHOIO €JIEKTPUYHOTO
3apsay Oy1eMO BUKOPUCTOBYBATH HACTYIHY 3aJIEKHICTb:

=1 (3)
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ne W — maca atMoc¢epHOro noBiTPs B UIIHJIP1 CYAHOBOTO AU3EI, T.

[Tpu BunamanHi atMochepHUX OMaAiB 3MIHIOIOTHCS BEJIMYMHA 1 3HAK €JIeK-
TPUYHOTO CTPYMY OIAJIiB, IO CIPHUSIOTH CTBOPEHHIO 00'€MHOTO 3apsay aTMoc-
dbepHOro MmoBiTPA, U0 HAAXOAUTH B IMIIHAPU au3ens. [lpu rpo3oBux pospsimax
TaKOX 3pocTae 00'eMHHI 3apsi aTMOC(HEPHOTO MOBITPS, 0 HAAXOAUTH B IMIIIH-
npu nusensd. 3apan AQ chepuunoi popmu B aTMochepHOMY TOBITP1, CTBOPIOBA-
HUH TI0JIEM IPO30BUX PO3PSIIB HAIPYKEHICTIO AE, BU3HAYAETHCS 3 YMOBH:

AQ =47hRAE | (4)
ne h — BucoTa 3apsy BiJ MACTHIAIOUOT ITOBEPXHI, M;
R — paxiyc 3apsay, M.
VY uunniHapY au3ens HaAXOAUTh aTMOchEepHE MOBITPS 3 MEBHUM 00'€éMHUM €JeK-
TpUYHUM 3apsiaoM. [Ipu cTUCHEHH1 aTMOC(EpHOro MOBITPSA B IUJIHJIPI AU3EIIS
B1JIOYBA€ETHCS BIJHOCHE 3MIHIOBaHHS HOro oOcsry. [Ipu nibomy MixK MoJieKyJaMu
JIOTh MOJIEKYJISIPHI CHIIM, III0 MAIOTh €JIEKTPUYHE TIOXOKCHHS, HE3BAKAIOUN Ha
Te, 1[0 MOJIEKYJIa MOBITPS B LIJIOMY €NEeKTPOHEUTpaibHa. TyT eJIeKTpuIHa B3ae-
MOJIisl BUHUKAE MK 3apSAKEHUMHU JUTOSIMH 3 HECUMETPUYHO PO3TANIOBAHUMU
3apsAaMH, PIBHUMH 32 BEITUYMHOIO, aje MPOTHICKHUMH 32 3HAKOM. Enexktpud-
HUW MOMEHT AUNOJIA P, XapakTepu3y€eThCs BIIOMUM CITiBBIIHOIICHHSIM

F.=dl, s
1€ ( — EJIEKTPUYHUH 3apsf;

| — mreve mqumnoss.

Taxk stk 3apsiiu TUTIONS PO3TAIIOBaHI B PI3HUX TOYKaX 00'€MHOTO 3apsiy, TO BO-
HU B3a€EMO/IIIOTH 3 TIEBHOIO CHIIOKO F, 1110 cKki1afaeTbest 3 HOTUPHOX KOMITOHEHTIB -
JIBOX CHJI BiIITOBXYBAaHHS MK OJJHOWMEHHUMHU 3apsaMHu 1 JBOX CHJI TIPHUTSTaH-
HSI MDK PI3HOMMEHHUMU 3apsiamu [1]:

F o090, (Fa)(+a), (CA)(+a) | () g

Axer? Arer® 47r<9(l’—|)2 47rg(r+|)2

Jie € — JIIeNIEKTPUYHA MPOHUKHICTh aTMOC(EPHOTO MOBITPS B IMITIH/PI;
I — paaiyc 3apsay, M.
g — €NEKTPUYHHN 3apsL;
| — meue gumnosns;
I' — BiICTaHb MK IICHTPaMH JUTIOJIB.

Cuna B3aeMoii Mk IUNOISIMU Oyze 3MIHIOBATUCS TIPHU 3MIHIOBaHH1 00'€M-
HOTO €JICKTPUYHOTO 3apsiAy B IMWIIHAPI TU3EIIs, TaK K 3MIHIOIOTHCS B3aEMHA Opie-
HTAIIlS JUIIOMNIB 1 iX eeKTpuaHi MOMEHTH. IIpu cTrucHEeHHI aTMOChEepHOTO TOBITPS
B LWIIHApPAx Au3es BigOyBaeThecs aedopmairisi Mosiekyn ol'eMHoro 3apsiay. Ha
MO3UTUBHE AP0 MOJIEKYJIM aTMOC(HEPHOro MOBITPS i€ CUja BIAIITOBXYBaHHS,
CHpSMOBaHa y3/I0BXK BEKTOPY €JIEKTPUYHOI HAMPYXKEHOCTI 00'€eMHOTO 3apsiay p, a
Ha HETATUBHO 3apsKEHY €JICKTPOHHY XMapy — CHIIH, SIKi MAlOTh HAMPSM y 3BOPO-
THuM Oik. [Tig miero nmux cui 1 BigOyBaeThes aedopmaliisi MOJIeKysl aTMOc(epHOro
NOBITPS B LMJIIHAPI CYJTHOBOTO JM3€Jsl, BUHUKAE OplEHTAIIHA MOJISIPU30BAHICTD,

30



CTYIIHb MOJIAPU3ALIi SIKOT BUBHAYAETHCA SIK M1BUILICHHAM TEMIIEPaTypH B IIMIIH/I-
pl HaJ1 MOPIITHEM, TAK 1 €IIEKTPUYHOI HAMIPYKEHICTIO MOJs. MOJEKYIIpHHUI TUTIOINb
Ha0yBa€ €HEPriro, SKa 3MIHIOETHCS BT MIHIMAJILHOTO 3HAYCHHS, 10 MaKCUMaIbHO-
ro. Ilix gi€ro KpyTHOrO MOMEHTY €JIEKTPUYHUX CHJI JAMIONI MOBEPTAIOTHCA 1 BCTa-
HOBJIIOIOTHCSI B HANPSMKY, MPU SIKOMY €JIEKTPUYHI MOMEHTH OYyIyTh MapajelibHi
BEKTOPY HANpPYKEHOCTI NoJisl. B 11boMy HampsiMKy 00epTaroui MOMEHTH BCiX JTUTIO-
JIB 1 pIBHOJIIF0YA €JIEKTPUYHUX CHJI JOPIBHIOIOTH HYJIIO 1 BC1 JUIOJ1 B 00'€eMHOMY
3apsiii aTMOC(EPHOTO MOBITPS B IIUWJIIH/PI CYTHOBOTO A3 OyIyTh IepeOyBaTu
B CTaHI CTiHKoi piBHOBaru. BcepeauHi MeTanaeBoro muiIiHapa QU3eis 3HaX0UThCS
00'€eMHUN EJIEKTPUYHUM 3apsii aTMOCHEpHOi €NEKTPUKH, SKUH MPUBOJIUTH B PYyX
BUIBHI 3aps/ii Ha HOTO METAJICBIH MOBEPXHI 1 CTBOPIOE EJIEKTPUYHE MOJIe Ha 30B-
HIITHINA MOBEPXHI IWIIHAPA CYJAHOBOro au3ens. TakuM YMHOM, €IEKTPUYHE MOJIe
ICHY€E SIK BCEpEeIWHI IIUJIIH/pa, TaK 1 30BHI. BeauunHa Hanmpy>XKE€HOCTI €JIEKTPUIHO-
ro TMOJISl BCEPEeANHI HWIIHAPA AU3ETsl BUBHAYAETHCS BETUYMHOIO 00'€MHOTO 3apsiay
aTMOC(EepHOro MOBITPS, IO CKIIAIAEThCS 3 PI3HUX Ta3iB, B TOMY YHUCII 1 BOASHOT
napu. Tak sK 3MIHIOE€TbCA IIUIBHICTh aTMOC(EPHOTO MOBITPS, HOr0 BOJIOTICTH 1 Te-
MIlepatypa, TO B 00'€eMHOMY 3apsijii 3MIHIOETHCS 1 IIUIBHICTD UIOJIB, a TAKOX X
3IaTHICTH 10 nojspu3zauii. CTBOpeHe B IWIIHAPI CYJHOBOTO AU3ENS €JIEKTPUYHE
10JIE CIPUSIE PIBHOMIPHOMY PO3MOJLTY €IEKTPUUYHMX 3apsiB B 00csA31 atMochep-
HOTO TIOBITPSl LMJIIHAPA CYyTHOBOTO JM3€JIs P Pi3HUX aTMochepHuX ymoBax. To-
My TpH 371ACHEHH] CTUCHEHHSI aTMOC(EPHOT0 MOBITPS MOPIIHEM B IUIIHAPI CY-
HOBOTO JIM3€JIsl, HOTO HArpiBaHHS JI0 33J]aHO1 TeMIIEpaTypH 3aiiMaHHs naiauBa Oy/e
PIBHOMIPHUM, IIO CIIPHUsi€ HaMKpalmuMm ymoBam 3ropsiHHs. [Ipu npomy Hampyxe-
HICTh €JIEKTPUYHOIO MOJIS IMIIHAPA AU3ENs, 3apsKEHOr0 PIBHOMIPHO MO HOro
MOBEPXHI BU3HAYAETHCS 3 YMOBH:

£, =g (1)
2meg,R

Jie T — JIHIHA MITBHICTh 3apsay, 10 JOPIBHIOE BIJHOIICHHIO 00'€MHOTO €JIEeKT-
PUYHOTO 3apsiy p 10 NOBXUHHM ItiHapa l;
R — pagiyc BeKTOp, IPOBEACHUM JI0 OC1 MITIHAPA B TOUKY, /e BU3HAYAEThCS E), |
Ro — paniyc umiinapa, cM;
€, €0 — JIEJEKTPUYHI TPOHUKHOCTI aTMOC(HEPHOro MOBITPSL BCEPEIUHI HUIIHIpA
CYJTHOBOTO AU3€Ns 1 BaKyyMmy, BIITIOBITHO.
VY munmiHApl CYyJHOBOIO JU3€isl KOKEH ras, 110 BXOJUTh 10 CKJaay Ia30Boi Cy-
MiIi aTMOC(hEpPHOTO TIOBITPS, MA€ TAaKUM K€ TUCK, KU BIH MaB OH, TKOU 3HAXO-
JUBCS B IMIIJIIHP1 CYTHOBOTO JM3Es, 3aliMar0Y BeCh 0OCAT ra30BOi CyMIillll TIPH
TIH e TeMIepaTypi, TOOTO mapIiaaTbHUN THCK.
B 06cs31 atMocepHUX ra3iB HWIIHIPA CYTHOBOTO AU3EIIS 3HAXOIATHCS pealibHi
ra3u, siki OepyThb y4acTh B a71abaTUUHOMY TMPOIIEC], & BUPIBHIOBAHHIO TEPMOJIHM-
HaMIYHOTO Mpoliecy crpusie 00'eMHUII aTMOCHEPHUI eNeKTPUYHUI 3aps] B IH-
JHAPI cynHOBOro ausens. Tak sk B cyMilll aTMOC(EpHi ra3d HE BCTYNAOTh
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OJIMH 3 OJHHM B XIMIUHI peakiii, TO TUCK CyMilll JOPIBHIOE CyMi MapuiaJbHUX
THUCKIB ra3iB aTMOC(HEPHOTO MOBITPS:
P=P+P,+P;+..+P,.(8)
BurcHOBKH 1 nepcrieKTUBa MOAABINOI pOOOTH MO JaHOMY HAIIPSIMKY

Takum yuHOM, B JaHIN CTATTI MPOBEACHO aHAJI3 BIUIUBY 00'€MHUX €JICKT-
PUYHUX 3apsAIiB aTMOC(EepHOro MOBITPS HA MPOIIECH, 110 MPOTIKAIOTh B LUATIHAPI
cynHoBoro am3ens. [lomanbie mMOCTiKeHHS JOMUIBHO MPOBECTH 3a JrabopaTop-
HUM EKCIIEPUMEHTOM OTPHMAaHHS 3aJICKHOCTI €JICKTPUYHOTO IMOTEHIaly B Ha-
NPSIMKY OC1 Z IUWJIHApa CYTHOBOTO JTU3EJIS.

CIINCOK BUKOPUCTAHOI JIITEPATYPU

1 Makoscekuii O.}O., TomikoB B.A. Maremarnyda MoOJeab TEIUIO Ta
BOJIOTOOOMIHY Yy KapTepHomy mpoctopi auzens / O.FO. Maxkoscekuii, B.A.
['omukoB // Marepiaii HayKOBO-TEXHIYHOI KOH(. MOJOAMX JOCHIIHUKIB
«CyITHOB1 €HEpreTHyYHI YCTaHOBKHU: €KCIUTyaTarliss Ta pemMoHT», 21.11.2019. —
Opeca: HY «OMAy, 2019. — C.445-446.

2 JlyroBuii C.I1., T'onikoB B.A. JlocnilsKeHHSI TIPOLIECIB 3MIHU CTaHy BOJIOTOTO
HOBITPA Y KapTEpHOMY IPOCTOpI ManooOepTOBOIO TOJIOBHOIO ABUTYHa CydHa /
C.I1. JlyroBuii, B.A. 'onmukoB // Matepianu HayKOBO-TEXHIYHOI KOH(. MOJOIUX
nociigHuKIB «CyaHOBI €HEpPreTUYHl YCTAHOBKM: EKCIUTyaTalisi Ta PEMOHTY,
21.11.2019. — Opeca: HY «OMA», 2019. — C.447-448.

3 3axapikoB B.O. IligBHIlIEHHS €KOHOMIYHMX Ta €KOJIOTIYHHUX XapaKTEPUCTHUK
CYJIHOBOT'O JIBUT'YHA LUISIXOM 3MIHU CKJaAy HaayBHOro nosiTps / B.O. 3axapikos,
[LII. Yepnaumos, A.O. Cypmuno, B.I1. Kapgam / Marepianu HayKOBO-TEXHIYHOT

KoH(}. Momoaux mocuiHuKiB «Cy/THOBI €HEpreTUYHI1 YCTAHOBKHU: €KCILTyaTallis Ta
pemoHT», 21.11.2019. — Opneca: HY «OMA», 2019. — C.242 - 249.

32



VJIK 621.43(045)

JoBuaenko HO.M.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMishy

BruiuB yJbTpa3ByKoBOI 00p00OKM NAaJMBa HA cipyanuid 3HoC aeraJseit [[B3

[Ipu 3ropsiHHI NaJvBa B MIJIIHAPI AU3ENS BCE IO MICTIThCS B HOMYCIPUHCTI
3'€THAHHS YTBOPIOIOTH IBOOKHUC SO> 1 Tpexokuch SOz CIpKu.

OpHOYacHO B IMIIHJP1 YTBOPIOETHCS BETUKA KIJIBKICTh BOJSHOI Mapu 1,TaKHUM
YHUHOM, B MPOAYKTaX 3TOPAHHSA 3'SBISETHCA CUCTEMA 3 TBOXKOHICHCYIOTHCS KOM-
noHeHTiB HyO - HySO4, sika 00yMOBUTEMOMXIIMBICTS IHTCHCHBHOI CIPYHUCTOI KOPO-
311, IKa MOKe OyTH Ta30BO0A00 PiAMHHOI0. UyTIMBICT MU3ETIB 0 CIPUUCTOI KO-
po3ii 3ajexuTh BiaTemioBoi HampykeHocTi IIITT 1 mutomoi motyxkHocti. I[lpu
HAJIJTUIIKY KUCHIO1 BUCOKIN TeMIepaTypi MiIBUIY€EThCS TEIJIOBA HAMPYXKEHICTh, a
Pa3oM 3 HEIOIHTEHCUBHICTh Ta30BOi KOPO3ii.

Sk ra3zoBa, Tak 1 piAMHHA CIpYMCTa KOPO3isi€ MPUUYUHOIO HASIBHOCTI CIPKH B
CKJIaJl MaJiuBa.

VY pasi kaBiTamiitHoi 0OpOOKH NanuBa BiIOYBAETHCS PO3PUB HOTOMOJIEKYJISIP-
HUX JIAHLIOKKIB M1J JII€I0 HAIPYT, [0 PO3TATYIOTh,CNILEHTPOM SKUX € TaK 3BaHa
«KaBITallliiHa KaBepHa». BMOMEHT po3pHBY KaBiTalllHOI KaBEpPHU, TUCK 1 TEMIIE-
paTypa ra3yloKajibHO MOXXYTh JIOCSTTH 3HAYHUX BEJIMYMH (32 PO3paxXyHKOBUMHU
nanumu 10 100MITIa 1 go 10000 K BignosinHo). [Ticist po3puBy kKaBepHU B HaBKO-
JUIIHBOMYPIAMHHA TIOMIUPIOEThCS chepuyHa yaapHa XBWIIS, IIBUIKO 3aracaroyan
npocrtopi. [Ipu reHepyBaHHI IMITyJIbCHUX HAIPYT, IO PO3TATYIOTHB PIAWHH, MPHU-
CYTHI B Hi{ 3apOJIKY KaBiTaIlli (CTIMKIIApoBi 1 Ta30B1 OYIHOAIIKH MaJTUX PO3MIPIB)
MOYMHAIOTh POCTH, YTBOPIOIOUMKABITAIIMHUN Kiactep, hopma 1 po3MipH SKOTO
BU3HAYAIOTHCS MOYATKOBUMCIIEKTPOM PO3MIpIB KaBITAI[IMHUX 3apOJIKiB, XapaKTe-
POM TMPUKIAIAETHCAHANPYTH 1 TPAHUYHUMHU YMOBaMHU . Y KaBITaIlliHy KaBEpHY
MOKYTbh MPOHUKATH TIAPH PIAMHUA, PO3UYMHEHI T'a3H, a TAKOK PEYOBUHU 3 BUCOKOIO
MPYXKHICTIO Mapa 1 He MOXKYTh TPOHUKATH 10HH a00 MOJIEKYJIU HEJIeTYyUUXPO3UHU-
HeHUX peudoBHMH [1].BrimB kaBiTamiiiHoi oOpoOKM MajauBa Ha CIPUUCTY KOPO-
3IIOLMTIHAPONOPIIIHEBOT TPy MOXEe OyTH MpOaHaI30BaHO Ha MPHUKIIaIiBU3HA-
YeHHsI 3HOCY IMIIHAPUYHOI BTYJIKH 1 BEPXHBOTO MOPIIHEBOTO KIJIbIA CyIHOBOTO
COJl S6A2 ¢dipmu «Mitsubishi». Pesynbrat BUMIpIOBaHHS JIHIHOTO3HOCY IIH-
aiHApoBuxX BTYJHOK Th 1 MacoBoro 3Hocy nopuHeBux kuienblmuaBeneHi Ha puc. 11
puc. 2 [2].
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Puc. 1. Koposiiinuii 3H0c nminiHapoBux BTyI0k cynHoBoro COIS6A2 dipmu «Mitsubishi» npu
PI3HUX yMOBaX MPOBEICHHS EKCIIEPHMEHTY

1- manuBo 0e3 nogaTKOBOT OOPOOKH (IIPHU EKCILTyaTallii CHCTEMUIIAIIUBO-
MIJTOTOBKH JIU3ENISI B «IITATHOMY» PEKUMI);

2- TaJIMBO, 1110 TIPOMIILIO JOJIATKOBY KaBiTaIllifHY 00pOOKY (IIPpHI01aTKO-
BOMY BUKOPHUCTaHHI B CUCTEMI MAJIMBOMIATOTOBKU TITLKUYIbTPA3BYKO-
BOTO KaBiTaTtopa);

3- TaNMBO, 110 MPOUIIIO JOJATKOBY KaBiTalllitHy 00pOOKY (TPHUBUKOPHC-
TaHH1 YIBTPa3BYKOBOT'O KaBiTaTOpa 1 JOJATKOBOI MM0/1a4i IOBITPSB 30HY

KaBiTarlii)
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Puc. 2. Koposiiinuii 3H0c nopiHeBux kinems cynHoBoro COAS6A2 ¢ipmu «Mitsubishi» mpu
PI3HUX YMOBAax MPOBEACHHS EKCIIEPHUMEHTY

1- manuBo 6e3 107aTKOBOI 0OPOOKH (TIPH eKCIUTyaTallli CUCTEMHUITATMBOITIATO-
TOBKH JIU3€JISI B «IIITATHOMY» PEKUMI);

2- TIaJUBO, IO MPOMIIIO JOJATKOBY KaBiTaIiitHy 00pOoOKY (MPHI01aTKOBOMY
BUKOPHUCTaHHI B CUCTEMI MAJIMBOMIATOTOBKHU TIILKUYJIBTPAa3BYKOBOTO KaBi-
TaTropa);

3- manauBO, 10 MPOUIILIO KaBiTaIliiHy 00pOOKY (TIpH BUKOPHCTAHHI
yIBTPa3BYKOBOT'O KaBiTaTopa 1 JOJAATKOBOI MOJAYiNIOBITPS B 30HY KaBiTallii)
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3a oTpuMaHi JaHUMH MOOYJ0BaHI rpadiuni 3anexHocTi (puc.3.1 puc.4),mo
XapaKTEPU3YIOTh 3HIKEHHS 3HOCY PO3TJITHYTUX JAeTalel Mpru3acTOCyBaHHI J0fa-
TKOBOI KaBiTaIliiiHOT 0OpOOKM mayiiBa.
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Puc. 3. 3HmKeHHS KOPO3iHHOTO 3HOCY HMITIHIPOBUX BTYJIOK cynHOBOroam3ens S6A2 pipmu
«Mitsubishi» mpu pi3HHX YMOBaX eKCILTyaTarii

1- manuBo, U10 MPOMIILIO TOAATKOBY YJIbTPa3BYKOBY OOpPOOKY (IpHUBUKOPHC-
TaHHI TUTBKH YJIbTPa3BYKOBOTO KaBITaTOPA);

2- TIaJUBO, 110 MPOUIIIO J0JATKOBY KaBiTalliiiHy 00pOoOKY (MPUBUKOPHUCTAHHI
VJIBTPa3BYKOBOTO KaBiTaTOpa 1 JOJATKOBOI MOIa4iMOBITPS B 30HY KaBiTa-
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Puc. 4. 3Hr>keHHs KOPO31HHOT0 3HOCY MOPIIHEBUX KUIEIb CYITHOBOTO AU3eIIS6A2 dipmu
«Mitsubishi» mpu pi3HHX YyMOBaXxX eKCILTyaTarii

1- manuBO, 10 MPOWIIIO JOJATKOBY YJIBTPa3BYKOBY OOpOOKY (IIPUBUKOPHC-
TaHHI TUIbKH YJIbTPa3BYKOBOI'O KaBiTaTOPa);

2- MaJuBO, 110 MPOUIIIO JOJATKOBY KaBUTAIMOHHYIO 00pOOKY (NMMPUBUKOPHC-
TaHHI YJIbTPa3BYKOBOI'O KaBiTaTopa 1 J0JAaTKOBOI MOJAYiNOBITPS B 30HY Ka-
BiTaIlii).
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[TpoBeneHi excriepuMeHTaIbH1 AOCTIKEHH[3 |CBIAUYUTD PO TE, 110 YIbTpa3-
BYKOBa KaBiTalliiiHa 00poOKa maanuBa IpU3BOIUTE A0 3HIKEHHS CIPUUCTOTO 3HOCY
netaneit LTI, mpu npomMy HailOimbIne 3HIKEHHS LIOTO MapamMeTpa CHocTepira-
€THCS JIJIsl MOPIIHEBUX KiJIEIb, [0 OCOOJIMBO aKTyaIbHO, BPAXOBYIOUN BAXKIUBICTh
JTAHOTO By3J1a B 3a0€3MEYCHHI SK SKICHOTO MPOTIKaHHS MPOIIECIB CTUCHEHHS, 3T0-
PSIHHS 1 PO3LIMPEHHS, TaK 1 HaJIHHOCTI POOOTH CIIOITYYECHHs MOPIICHb - BTYJIKa
HUJIHIpA.

CIINCOK BUKOPACTAHOI JIITEPATYPU
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COACPKAHUCM CCPHI IIPU SKCILIyaTaluHu CYIOBBIX CpCIIHCO60pOTHI>IX III/ISGJIeﬁ / B.
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VJIK 620.3

Jlatumr O.M.
Hamionanpauit yaiBepcuret «Oiecbka MOPChbKa akajaeMish»

IlepcnieKTMBY 3aCTOCYBAHHSI HAHOMATEPIAJIiB TA HAHOTEXHOJIOTI B
MOPCHKMI rajy3i

HaHoTexHOJOTis B MUJIOMY BIIHOCHUTHCS JO BUKOPHCTaHHS MartepiaiiB abo
100aBOK AyK€ MaJIOro MaciTady (HAHOMETpOBOro MacmTaly). 3aBAsiKu BUKOPHC-
TAHHIO HAHOTEXHOJIOT1M MOXHA BUPOOJISTH HOBI MaTepiaiu, IHCTPYMEHTH Ta CHC-
TEMHU, 3MIHIOIOYHM BJIACTUBOCTI MaTepiany. Ha mpakTuiii HaHOTEXHOJIOTii BUKOPHC-
TOBYIOTh Il MaHIMyJIIOBaHHS aToMaMH abo MoJieKyjgamu marepiany. [loBeainka
HaHOMaTepialiB 3aJCKHUTh Bl KUIBKOCTI HAHOYACTUHOK, TOJAHUX IO CHCTEMH, BiJl
BJIACTUBOCTEH HAHOYACTHMHOK, a TAaKOX B1Jl OpI€HTAllli Ta pO3TalllyBaHHS HaHOYAC-
THUHOK .

Jlesiki 3 mepeBar HaHOCTPYKTYpP HACTYIIHI: JIETIII, MIIHIII Ta OUIBII aJanTo-
BaHI MaTepiajiu, 3HUKYEThCA BapTICTh 32 PAXYHOK 3MEHIICHHS Je(PEKTIB, MOXKIH-
BICTh PO3pOOJIATH HOB1 IHCTPYMEHTH Ta BUKOPUCTOBYBATH MOJIEKYJIIPHI a00 Kiac-
TepH1 (pabpuKH, K1 1aI0Th MOXJIUBICTh 30MpaHHs MaTepialiB y HaHOPO3Mipi. Bu-
KOPUCTaHHS! HAHOTEXHOJIOT1M TO3BOJIUTh BUMTH HA SIKICHO HOBHM PIBEHb BHPIIICH-
HS TEXHIYHHUX MPOOJIEM.

B octanHe AeCSATUIITTS HAHOTEXHOJOTISAM MPUIUISIIOTh BETTUKY yBary, 30Kpe-
Ma 1 B MOPCBKiil ramy3i. Mopcbka ramxy3b 3a3Haja KapJWHAIBHUX 3MiH, 1 B Hei
BKJIQJIAJIMCS BEJMYE3H1 1HBECTHLi. Mopchka MPOMUCIOBICTh BKJIIOYAE IIUPOKUNA
CHEKTp JTONOMI)KHUX BUPOOHMIITB, KOKHA 3 SIKUX MOKE OyTH ONOPOIO JIJISl PO3BUT-
Ky HayKH 1 TEXHIKH.

Tpu 3aranbHi KaTeropii MOPChKOi MPOMHUCIOBOCTI:

1. CynnoOymiBHA MPOMHMCIIOBICTE: OYIIBHUIITBO Pi3HUX THIIB CYJICH Ta ITiJI-
BOJHUX YOBHIB.

2. OduopHa MPOMHCIIOBICTE: BKJIIOYA€E OyMIBHUIITBO CTAIllOHAPHUX 1 MOO1-
JBHUX MOPCBKHX MIaTPOPM Ta MOPCHKUX TPYyOOITPOBO/IIB.

3. IIpubepexna Ta mOpTOBa MPOMUCIIOBICTh: BKJIHOYA€ OYIBHUIITBO MIPCIB,
XBUJIEPI3IB Ta CHIOpYH No0IM3y OeperoBoi JiHli a00 HaTOBI TEPMIHAIH.

3acTocyBaHHSI HAHOTEXHOJIOTI B MOPCHKIiH raJjysi

Jlesiki 3 MOXJIMBOCTEM 3aCTOCYBaHHSI HaHOTEXHOJIOTIA y MOPCHKIA MPOMHMC-
JIOBOCTI BKJIIOYAIOTh HACTYIMHE: HU3bKOTEMIEPATYpHI 3BapIOBAJIbHI €IEKTPOIH,
Cy4JacHe MaJluBO, HAHOKOMIIO3UTH Ta HAaHOKOMIIO3MTHI MOKPHUTTS, HaHOBOJIOKHA,
amMopTu3aTopu BiOparlii, aKkyCTU4YHI TOTJIMHAYl, MOPCHKI (papOu, BUKOPUCTAHHS
eHeprii Mopsl Ta COHSYHOTO CBITJIa, HAHO(UIBTpAIlis, HAHOMOPQOJIOTisl, po3poOKa
TEXHOJIOT1] NaJIMBHUX EJIEMEHTIB, KOMII IOTEPH, YJIbTPa3BYK, €JICKTPOHIKA, Teje-
KOMYHIKaIlii, BACOKOCHEPTEeTHYHI aKyMYJISATOpHI Oatapei, rpadiT 1 kepamika, Mac-
TUJIbHI HAHOYACTUHKU I 3MEHILEHHS TepT.

HusbkoTemnepaTypHi 3BapioBajibHi eJ1eKTPOAU. 3BapIOBAIbHI €IEKTPOIH,
yIOCKOHAJIEHI HAHOTEXHOJIOTI€I0, MAIOTh AYXKE HU3bKY poOOoUy TeMIepaTypy mopi-
BHSIHO 3 ICHYIOUMMH 3BapIOBaJbHUMH €lIeKTpoaaMu. Matepiai [ux eleKTpOodiB Ta-
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KWW, 010 MPU MOMIPHOMY HarpiBaHHI BOHHM YTBOPIOIOTh MIITHUI MOJIEKYJISPHUNA
3B’A30K MIDK JJBOMa IIMAaTOYKaMU METaly, SIKHH (YHKI[IOHYE SIK TEPMIYHUHN KIIEH.
[{i emekTpoau B)KE BHKOPHUCTOBYIOTHCS B TEXHOJIOTII 3BapIOBAHHS, OCOOJIMBO JIJIS
3BApIOBAHHS AJTIOMIHIIO.

[Mumu enekTporaMu MoOKHa OE3MEYHO 3BapIOBATH AYTOI0 0e€3 rapsayux Tpi-
ITMH, BBOASYM (a30BH KOHTPOJb 32 JIOMOMOTOK0 HAHOYACTHHOK TIiJ] Yac 3Bapro-
BauHs [1]. 3'ennanns, 3BapeHi npucaakoBuM ctepkaeM (AA7075), 1mo MicTUTH
HAHOYACTHHKH (KapOij tutany ) TiC, He TLIBKH JeMOHCTPYIOTh APIOHI KyIISCT 3¢-
pHa Ta Moau(DiKOBaHY BTOpUHHY a3y, 1110 MO CyTl yCyBa€e B MaTepialii rapsdi Tpi-
IIMHY, ajJie TAKOXK JEMOHCTPYE BUHSITKOBY MIIHICTh Ha PO3PUB SIK Mij 4ac 3Bapro-
BaHHS, TakK 1 micjs 3BaproBaHHs. L1 mpocta Moaudikaiiis mprcagouyHOro Marepia-
Jy JJi1 OTPUMaHHA 3BapHOTO I1Ba MOKe OYTH 3aCTOCOBaHa J0 HMIMPOKOIO Jiana3o-
HY MaTepiajiB, CXUJIbHUX JI0 Tapsuux TPIIIHH.

IHanuBo. Kopabii nepeBo3aTh TUCSAYl TOHH TNajuBa, nepeOyBaroyu B MOpi, a
OKEaHChK1 KOpalJyl 1HO/A1 3MYILEHI J103alpaBisATUCA 1]l Yac CBOro IuiaBaHHsA. Ha-
HOTEXHOJIOTis 3a0€31edy€e BUCOKOCHEPTETUIHE TTAJIMBO, TaKe K BOJCHD 1 HAHO J0-
OaBku 110 manwBa. [Iprcanku Aj1s HAaHOTATMBA, KPIM 3HUKEHHS CITOKUBAHHS TTAJTH-
Ba, TAaKOXX 3MCHIIYIOTh 3a0pyaHEHHS. Take MaJMBO € BUCOKOCHEPTECTUIHUMH MO-
JEKYJSIPHUMH TaKeTaMU, sIKI BUIUISAIOTH Oarato eHeprii. OCKUIBKM HaAaHOMETPOBI
YACTHUHKHU 301IBIIYIOTh MIBUAKICTH TOPIHHS Ta HOTO OJHOPIAHICTB, iX MOYKHA BH-
KOPUCTOBYBATH B HOBUX BHUJaX MaJMBa JIJIsl 30UIBIIICHHS! €HEPTOBU/IIJICHHS MaJUBa.
HanotexHosoris po3po0isie METoau Jijii BUPOOHMIITBA JTy>K€ BEJIMKOI KIIBKOCTI
BOJHIO 0€3 BUPOOHUIITBA BYTJIIEKUCIOTO ra3y, a TaK0X TEXHOJIOTIi JjIsi 30epiranHs
BoAHIO. [li MUTaHHA € OTHUM 13 HAWBAKJIMBILIUX MUTaHb, OB’ A3aHUX 13 BUKOPHC-
TaHHSM BOJITHEBOTO IajuBa

[TanuBHI IpUCaAKU AOJAIOTHCS 10 TAIKMBA, 100 3MEHIITUTH BUKUIA BUXJIOTM-
HUX 3a0pYIHIOIOYNX YaCTHHOK 1 3MEHIIUTH yTBOpeHHS ( okcuaiB a3oTy) NOx, Mo-
HOOKcH[ Byrieto,(uagauii raz) CO Ta (ByrneBoani) HC. Bukopucranus neskux 3
UX J00aBOK 3MEHIIUJIO KUIbKICTh 3a0pyAHIOIYMX YacTUHOK Ha 15-20%. Hocmi-
JOKSHHS TTOKa3aJd, 10 KOJHU MajJMBO BUKOPHUCTOBYETHCS B MOEAHAHHI 3 KaTasi3a-
topoMm DPF, Bukuau MoxHa 3MeHIIUTA Maiixke Ha 99%. [leski no6aBku B OaraTos-
JIEPHUX apOMATHYHUX BYTJIEBOAHUX, 3MEHIIYIOTh 3a0pyaHeHHs Ha 80%.

[Tpucaaku MoxyTh 3MiHtoBatucs Big 10 ppm g0 100 ppm y nanusi. Jlo6aBku
CIPUYMHSAIOTh 3HAYHE 3HIKEHHS TEMIIEpAaTypH TOPIHHS IUMY. 3a PaXyHOK HasiB-
HOCTI MaJIMBHUX MPHUCATOK CHOCTEPITAEThCS 3HIKCHHS BUTpaTH mayiuBa Ha 5%-
7%.

Onuiero 3 100aBOK 40 HajauBa € J0OaBKa HA OCHOBI INIATHHU, SIKA 3aBXKIU BHU-
KOPUCTOBYIOThCSl 3 IHIIUM MeTanoM. Lls mobaBka Takok BHpPOOJISAE€THCS B HAHO-
po3Mipi. L{i HaHOTIOPOIIKK 3MOTJIM 3MEHIIUTH 3a0pyJHEHHS Ha 25 BIJCOTKIB, a
CIO’KMBaHHS MajuBa MpUOIM3HO Ha 5-7 BiICOTKIB. EkxcrnepumeHTanabHI JOCII-
JIKEHHSI BUKHUIIB IU3EJILHOTO JIBUTYHA TIPU BUKOPUCTAH1 KaTaji3aTopa TOMOTE€HHO-
ro 3ropsiHHA Ha OCHOBI (3ai13a) Fe mokpanig XxapakTepucTUKH , SMEHILMIIU 1IKi-
JUTMB1 BUKUIM AW3EIbHOTO ABUryHa [2]. KaTtamizaTop MiCTHB MiKpaT 3aii3a sK aK-
TUBHHUM THTPEIIEHT y CKIIJl CyMIIl OPraHIYHUX PO3YMHHUKIB, IKY MOXKHa OyJo
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OJHOPITHO PO3UYMHUTH B KOMEPLIMHOMY IW3EIbHOMY NaNMBI MpPU HATHU3BKUX
CHiBBITHOIIICHHSX .

Crimcok HaHOJ00aBOK, JIOAAHMX JIO IU3EJIbHOTO manuBa[3] :

CNT (Byrneuesi nanotpyokwu ) 0,01%

Hanookcuam wmetamiB: Nano CeOz(miokcun 1epiro); Nano ZnO (okcia
HKy);Nano CuO (okuck menn); [Tikpat HaHO3aITi3a + OpraHika

Crincok HaHOA00ABOK, TOAaHMX 10 OioAu3ebHOro nanusa [3]:

Nano CeO: (miokcup nepiro); Nano FeCls (xmopue 3aiizo); Nano CoszOs (ok-
cua kobanbty); Nano AIN (aitpuz amominiro); CNT (Byraeresi

3acTocyBaHHS HaHOJ00aBOK /0 010/M3EJIBHOTO TAJMBa € OJHUM 13 CIIOCO01B
3MEHIIICHHS] BUKU/IIB Ta IMIJIBUILIEHHS IPOJYKTUBHOCTI IBUTYHA.

[HImMM 3aCcTOCYBaHHSIM HAaHOTEXHOJIOTM € HAHOMOPOIIKK MeTajiB. MeTanesi
HAHOITOPOIIIKK YK€ XIMIYHO aKTHBHI, a TaKOXX MOXKYTb MPOSBIISITH OCOOJIMBI Ka-
TANiTHYHI BIACTHBOCTI. [X MOKHA IJIABMTU Ta JETYBAaTU NPH OLIBII HU3LKHX TEM-
nepatypax, 10 3MeHIlye moTpeOy B €Heprii Ta 3MeHIye 3a0pyaHeHHs. Hampu-
KJIaJl, HAHOTIOPOIIIKH, [0 MICTSTh aJIFOMiHIM, MOKHA JTOJaTH J0 TBEPAOro MajinBa
pakeTy, 100 30UIBIIUTE 1i €HEeprio Ta 30UIBIINATH 1i MBUAKICTh. Take BUKOpHC-
TaHHS HAaHOTIOPOIIKiB PU3BOAUTH 10 MEHIIIOTO CTIOKWBAHHS MTaJMBa Ta MEHIIIOTO
3a0pynHeHHs [4].

Hanoxkomno3utu 1a HAHOMOKPUTTA. KOopo3isi € OCHOBHOIO MpoOIeMOI0 B
MOPCHKiH mTpoMuciioBOCTI. [1lopoky Kopo3ist 3aBnae BEIMKOI €eKOHOMIYHOT Ta €KO-
joriyHoi mKkoau. lle BUKIuKaHo pizHUMHU (HaKTOpaMu, OJTHUM 3 SAKUX € KUTTES-
JBHICTh OakTepidl Ta 1HIIUX MIKpPOOpraHi3miB. Takuii BUJ KOpPO3ii HA3UBAETHCA
«MIKpOOHOIO KOpO3i€t0». Moke BUHUKATH K B METAJIEBUX, TaK 1 HEMETAJIEBUX Ma-
Tepianax, 3a HasBHOCTI a00 BIZICYTHOCTI KUCHIO.

{1 MikpoOpraHi3Mu MOKYTh YTBOPIOBATHCS B MOPCHKUX KOHCTPYKIIISIX, TAKUX
K KOPITYCH CYZI€H, OCHOBH OypOBHX YCTaHOBOK, a TAKOX Ha MeTaleBUX abo Heme-
TaJIeBUX YaCTUHAX, SIKI KOHTAKTYIOTh 3 BOJOI0. 3T1JTHO 3 OCTAaHHIMU JTOCIIKEHH -
MU, HaBITh TaKl NOJIMEPH, K MOJIypeTaH, He 3aCTPAXOBaHI BiJl BIUIMBY MIKpOOHO-
r'O HaKOITMYEHHS.

BukopucTaHHsS HOBUX TEXHOJIOT1H, y TOMY YMCJ1 HAHOTEXHOJIOT1H, OCTaHHIM
4acoM MpHUBEpPTa€ Bce OUIbIIE yBard. 3a JOMOMOIOK HAHOTEXHOJIOTI MOXKHa J0-
CSITTH TIOKPUTTIB, SIK1 3aXUIAIOTh TOBEPXHIO METATIB Bl «MIKPOOHOT KOPO3ii» Ha-
Oararo Kpaiie Hi>K BiJIOM1 TPaAULIIIHI METOIH.

Kommo3ur - 11e koMOiHaIisa KUTBKOX PI3HUX MaTepiaiiB, 3aBISIKH YOMY HOTO
KOMITOHEHTH MOJKHA JIETKO BIJPI3HUTH OJMH Bia ofHOr0. HaHOKOMIIO3UT Takuit
caMuil KOMIIO3UT, TilbKM y HaHoMmerposomy MmacmTabi (10° ). Hanoxommosutu
dopmyroThes B 1Bi (pa3u. Ha nepuiomy etami OyIayeThCcsi KpUCTalliyHa CTPYKTypa
HAHOPO3MIpY, KA CIY>KUTh KOMITO3UTHOIO MaTpuiietro. Llel ¢pon moxke OyTr BUTO-
TOBJICHUM 3 TIOJTIMEPY, MeTairy abo kepamiku. Ha npyriit dasi 1o MaTpuill 401aI0Th
HAHOYACTHUHKH JIJISl T1ICUJICHHS MIIIHOCTI, OTIOPY, €JIEKTPOIPOBITHOCTI TOIIO. 3a-
JICKHO BijJ MaTepialy HAaHOKOMITO3UTHOI MiIKJIaJKU MOAUISIOTh Ha MOJIIMEPHI, Me-
TajeBl Ta kepaMiyHi rpynu. [logiMepHi KOMIIO3UTH BUKOPUCTOBYIOTHCA B JIITaKax
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IOPOTATOM 0araThOX POKIB 3aBJASKH CBOil MIIIHOCTI, YKOPCTKOCTI, TEPMIUHii 1 pO3-
MIpHiil cTab1IbHOCTI.

HanokoMIO3uTH BKJIIOYAIOTH MOJIIMEPH, apMOBaHI YaCTUHKAMU HAaHOMETPO-
BOTo po3mipy. OfHI€I0 3 BaXJIMBUX BIACTUBOCTEN KOMIIO3UTIB € X BHUCOKA MIiIl-
HICTh 1 MaJia Bara, BUCOKa KOpPO3iifHa CTINKICTh, @ TaKOX BJIACTUBICTH paJioioKa-
HiiHOTO MornMHaHHs. Ll QyHKIIS BUKOPUCTOBYETHCS I CTBOPEHHSI JIITAKIB 1 Ii-
JIBOJAHUX YOBHIB, 5IK1 BAXKKO BUSBUTH PaapoM.

HaHOKOMITO3UTHI MOKPUTTS - 116 HAHOCTPYKTYPHI1 TOKPUTTSI, K1 MalOTh Kpa-
Il BJIACTUBOCTI, HK 3BUYAHI MOKPUTTS. 3aBISKHU UM MOKPUTTSIM MOKHA OTpPH-
MaTH 4yJ0BY aJre31i0 Ta 0COOJIMBI BIACTUBOCTI MOBEpXHi. HaHOMOKpUTTS Tipuin-
1a€e Ha Taki MOBEPXHi, SIK METaJH, CKJI0, KepaMiKa Ta TIaCTMACcH TOBIIMHOIO KUIbKa
MIKpOH. BOHUM CTifiKi 10 MEXaHIYHOT'O 3HOCY, XIMIYHO CTIHKi , TEPMIYHO CTIHKI,
MaroTh OJIUCK 1 CAMOOYHUILICHHS.

Kopo3sisi B MOPCBKOMY CEPEIOBHILA, a TAKOXK MPHUKPIIUIEHHS MOXY 1 BOJAOPOC-
Tel 10 KOPIYCIB € OCHOBHUMHU ITpoOJIeMaMu MPU 00CIIyTOBYBaHHI KOpabJIiB 1 MOp-
chkuX Tuatgopm. Oco0arBl YMOBH MOPCHKOTO CEpEOBUIIAa BUMAraTh, 00 KO-
prycu KopaOiiB 1 MOpChbKuX IaTdopm (apOyBancs B CEpeIHbOMY pa3 Ha TpU
poku. OIHUM 13 TOMUPEHUX METO/IIB OUUIIICHHS KOPITYCYy € TIEPEBE3CHHS Cy/AHA B
cyxuil nok. lleii MeTon mMae BUCOKI BUTpaTH, TPUBAJIL MPOCTOI Ta IHIII JOJIATKOBI
BUTpaTU. BupillleHHd IOro MUTAaHHS 33 PaxXyHOK 3MEHILIEHHS ONOpYy TEPTs MpHU3-
BOJUTH JI0 30UTBIIEHHS IIBUIKOCTI 1 TEPMIHY CIIYKOM KOHCTPYKIIIM Ha KOpaoOIi.
Takox Oy/Jie 3MEHIIEHO KIJIbKICTh BUTPAUYEHOTO MaJINBa .

HanoTexHomorii cTBOprOIOTh HOBI (hapOu , SKi MarOTh BUCOKY CTIHKICTH 0
KOpO3ii Ta 1HIMX IIKIJJIMBUX BIUIMBIB HaBKOJHUIITHBOTO cepeaoBuina. Kpim Toro,
BUKOPUCTAHHA HAHOTEXHOJOTIi B JakogapOOBiii MPOMHUCIOBOCTI 3amo0iraroTh
MPWIUIIAHHS BOJIOPOCTEN JI0 KOPIYCY 1 OJOBXKYIOTh TEPMIH CITyKOHU KOpaOIiB .

Matepian npoTu oOpocTaHHs 3anodirae HeOaXKaHOMY CKYMUYEHHIO MOXY Ha
3BOJIO’KEHIM MOBEPXHI KOpPHYCiB cyneH. [IoOKpUTTS TakoX €KOJOTIYHO YHCTE, HE
BUJILJISIE KOJHUX XIMIKATIB y MOpE Ta 3MEHILye BUKOPUCTaHHs OlonuAiB (3aco0u
3HMILEHHS WIKIJUIMBUX >KUBUX opraHi3miB). KpiM kopmyciB kopaOiiiB, HAHOIMOK-
PUTTS MO>KHA HAHOCUTH Ha O€peroBi COPYIH Ta MIPCH, & TAKOXK Ha BIIICHKOBI M-
BOJIHI YOBHU.

[IpotuobpocTatounii map Ji€ MOHAMMEHIIe 11’ ITh pOKiB. Sk 3a3Hauanocs pa-
Hile, mpodsemMa MPWIKIIAHHS MOXY JI0 KOPITyCY CyJHA 30UIbIIyE OMip TEpTIO Ta
BUTpATy MajiMBa Ta 3MEHIIY€E IBUIKICTb CyHA.

HanoTexHosorii BilirpaBaTUMyTh BUPIMIAIBHY pOjib Y MakOyTHHOMY OOpO-
THO1 3 KOPO3i€I0 Ta O10JIOTTYHUM OOPOCTAHHSAM CYCH.

Biopauiiini amopTusaropu. CydacHi BiOpaliiiini aMOpTU3aTOPU € TPOMI3J-
KUMHU 1 BaXXKUMU Matepiaiamu. HaHoTexHomorii HecyTh IMMOOKY 3MiHM B LN Ta-
Jy31, CTBOPIOIOYM HOBI MOBEPXHI, 110 MOMIMHAIOTHL BiOparlito. [{i HaHOMaTepianu
30epiraroTh AyK€ BEIUKY KUIBKICTh KOJUBAJIBHOI €HEPrii B MEXax CBOEI MOJIEKY-
asipHOi pemniTkd. TakuM umHOM BiOparis n00pe KoHTpodtoeThes. i maTepianu
IIMPOKO BUKOPUCTOBYIOTHCS Ha KPYI3HUX CyJIHAX, BINCHKOBHUX CyAaxX 1 IMiJBOJTHUX
YOBHAX 1 YaCTO BCTAHOBJIIOKOTHCS Mij] ABUTYHH Ta MEXaHI3MU 5IKi 00€pTaOThCA.
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AKYCTHYHI aMOPTU3aTOPH, SIK 1 aMOPTU3ATOPHU BiOpallii, MOTIMHAIOTH 3BYKOBY
CHeprilo, He3BaXKalOUM Ha iX JIETKICTh 1 TOHKICTh. CydyacHI aKyCTHYHI MaTeplaju
MAalOTh Pi3HY €(PEKTUBHICTH 3 TOUKH 30PY YACTOTU Ta HAMPSAMKY 3BYKY, 1 BOHH, SIK
MPaBUIIO, BaXKi Ta Tpomi3aki. HaHoTexHOMOTii MpOMOHYIOTh pi3HOMaHITHI aKyc-
TUYHI MaTepiaid , sIKi MOXYTb MMOTJIMHATH HabaraTo Oibllle 3ByKOBOI €HEpPTii, HIXK
panimie goctynHi Matepianu. Lli Mmarepianu maroTh O0araTo 3acToCcyBaHb Ha Kpyi3-
HUX KOpaOsix, BINCHKOBHUX CyJaXx 1 MIJBOJHUX YOBHAX, 1 BHYTPIIIHS a00 30BHIITHS
YaCTHHA KOPITYCY MOK€ OyTH IOKpUTA IIUMHU MaTeplalaMu.

HanodiabTpanis. Lleit MmeTox BUKOPHUCTOBYIOTHCS MPHU aJICOPOIIiT YaJHOTO Ta
ByTJeKucioro razy. Hanpukiaza, BHYTpIlIHS NOBEPXHS MiIBOJHUX YOBHIB 3aKpUTa
JU1s 3a00pTHOT BOJH, J1a€ MOXJIMBICTD JIJIsl BAKOPUCTAHHS 111€1 TEXHOJIOTII.

HaniBrpoBiIHUKOBI KpUCTaIM OKCHJy TUTaHy po3MipoM juiie 40 HaHOMET-
PIB 3apsKAIOTHCA YIAbTPadioIeTOBUM CBITJIIOM 1 BUKOPUCTOBYIOTHCS JISl BHjIa-
JIEHHS OpraHiyHuX 3a0pyJHEeHb. MeTogoM HaHOQIIBTpaLil BXKE KOPUCTYIOTHCA
MPOTATOM OCTAHHIX POKIB.

[H1n 3acrocyBaHHS HAaHO(MUIBTpALii BKIOYAIOTh BUAAICHHS XIMIYHHX pEYO-
BUH 5Kl MIOTPANWIA y BOJY , 3HHUILEHHS LIKIJJMBUX OPraHi3MiB, BUJAJICHHS BaX-
KHX METajiB, OUMILEHHS CTIYHUX BOJI, 3HEOAPBIICHHS Ta BUAAJICHHS 3a0pYy/IHECHb, a
TaKOX BUJAJICHHS HITPATIB.

HanodinbTpartiiss Moke OUYUCTUTH IMPAKTUYHO OYIb-sKE JKEPETIO BOIU Ta BU-
nanutu 6aktepii y Boai. Kpim Toro HanodiibTpaliist 103BOJISE€ JETKO BUKOPUCTO-
BYBAaTH METOJY OYMIICHHS Ta BUKOHY€E OUHIeHHs 0e3 xiMiuHoi aii. I{i HaHO(1IbT-
pU MOXHa BUKOPUCTOBYBATH JUUIsl OTPUMAHHS IPICHOI BOJAU 3 COJIOHOT MOPCBHKOI
Boau. HanodinsTpu , sIKi MpaliorOTh MiJl TUCKOM , (QYHKIIOHYIOTh Kpallle, HIXK
ynbrpadineTpu .3 otBopamu B 1 10 10 HM 1 THCKOM Bif 5 o 15 Gap mi dinbTpu
3/IaTHI OYMIIATH MOPCBHKY COJIOHY BOJIy CIIOXHBaHHSM eHeprii Ha 90% meHImm
HIX METOJ 3BOPOTHOro ocmocy. KpiMm Toro, BiH 3AaTHUI €()EKTUBHO 3HMILYBAaTH
OakTepii, BIpyCH, NECTULUIU, OpraHiyHl 3a0pyAHIOBAaYl Ta COJI KaJbIII0 Ta Mar-
HIIO.

Meton po3pobku MoaupikoBaHOrO (PiIbTpa 3 aKTUBOBAHUM BYTLUISIM IS
BUjangeHHs Byryekucioro ra3 (CO2) y moBiTpi nNpuMilieHb. ExcriepuMeHTaIbHO
NepeBIPsUIM Ta BU3HAYAIM ONTUMAaJIbHI YMOBH €KCIUTyaTalli MOBITPSIHUX (LIBTPIB
copOrtifinoro Tumy[5].

BUCHOBKUA

BripoBaiykeHHsT HAHOTEXHOJIOT1H Y Oy/ib-SKY raiay3b MOKE CIPUUMHUTU Kap-
JTUHAIBHI 3MIHA Ta TMOKPANIUTH €(PEeKTUBHICTh. 3aCTOCYBAHHS HAHOTEXHOJIOTIH,
sK1 Oyyiu 3rajiai, € JUIIE HEBEIMKOK YACTHHOIO IMHUPOKO MOIIMPEHUX 3aCTOCY-
BaHb y MOPCBHKIH Ta IHIIUX TaTy3sX MPOMHCIOBOCTI.

CIIMCOK BUKOPHUCTAHOI JITEPATYPU

1. Sokoluk M, Cao C, Pan S, et al. Nanoparticle-enabled phase control for
arc welding of unweldable aluminum alloy 7075. Nat Commun. 2019;
HoctymHo: https://doi.org/10.1038/ s41467-018-07989-

41



2. Ma Y, Zhu M, Zhang D. The effect of a homogeneous combustion
catalyst on exhaust emissions from a single cylinder diesel engine, Applied
Energy. 2013;102(2013):556-562.

3. Aalam CS, Saravanan CG, Kannan M (2015) Experimental investigations
on a CRDI system assisted diesel engine fuelled with aluminium oxide nanoparti-
cles blended biodiesel. Alexandria Engineering Journal 54:351-358. doi:
https://doi.org/10.1016/j.ae].2015.04.009

4. Sayler GS, Simpson ML, Cox CD. Emerging foundations: nano-
engineering and bio-microelectronics for environmental biotechnology. Curr Opin
Microbiol. 2004 Jun;7(3):267-273.

5. Hu SH, Shiue, A, Chang S, et al. Removal of carbon dioxide in the indoor
environment with sorption-type air filters. International Journal of Low-Carbon
Technologies. 2016;12(3).

6.docTynHo: https://stathano.com/news/67320/Nanotechnology-Wave-
Now-Hits-the-Marine Sector-to-Tackle-Corrosion-and-Biofouling

7. Hanomarepianu 1 HaHOTexHOJoOr1i: HaBuanbHuil mociOHUK / A3apeHKOB
M. O., Hexmonos 1. M., bepecaes B. M., Boesoain B. M., ITorpednsik O. /I., Ko-
BTyH . I1., Co6oisb O. B., Yaosuupkuii B. I'., JIutoBuenko C. B., Typ6in II. B.,
Yumkana B. O. — 2014. — 323 c.

8. Hanoxiwmis i HaHomarepianu [Enektponnuii pecype, miapyunuk]/ T. A.

Honmosa, M. 1. Jlitunceka, FO. M. ®enenko. — Kuis : KIII im. Iropst Cikopchkoro,
2021.-170 c.

42


https://statnano.com/news/67320/Nanotechnology-Wave-Now-Hits-the-Marine-Sector-to-Tackle-Corrosion-and-Biofouling
https://statnano.com/news/67320/Nanotechnology-Wave-Now-Hits-the-Marine-Sector-to-Tackle-Corrosion-and-Biofouling

VJIK 621.873.12

MaTteMaTH4HA MO/IeJIb ABAPIIIHOT0 OMYCKAHHA BAHTAKY KO3JIOBHM KPaHOM
micJist 0OPUBY OJTHOTO 3 TPOCIB

JlociKeHHs POIIECiB, 0 BiTOYBaIOThCS Micisi 0OPUBY TPOCA Y THYYKOMY
3IBOEHOMY TI1JIBIC1 BAHTAXY, MPOBOJUIIUCH JJI1 BAHTAXKOMIAMOMHUX MPUCTPOIB, B
SKUX BUHHMKAIOTh JIMIIIEC 1HTEHCUBHI BepTUKaIbHI KonuBaHHs [1, 2]. CTocoBHO Cy-
JTHOBUX KO3JIOBUX KpaHIB, ISl IKMX XapaKTepPHUM € BUHUKHEHHS KOJIMBaHb METa-
JIOKOHCTPYKIIi K Y BEPTHUKAIBLHOMY, TaK 1 TOPU30HTAILHOMY HampsiMax, MOIIyK

MOKa3y€e BIJCYTHICTh TAKUX JOCIIIKCHb.

MeToro 0mOBiJIl € OMUC MAaTEMATUYHOI MOJIENl OIYCKaHHSI BaHTaXy KO3J10-
BUM KPaHOM Y BHIIQJIKy OOpHUBY TpOca 3ABOEHOIO MIJBICY 13 3pIBHSUIBHUM Ba)e-

JCM.

JluHaMmiuHa MOJENb KO3JIOBOIO KpaHa MpU 3HAXO/KEHHI BaHTaKHOTO Bi3Ka

Crykanenko O. M.
HamionansHuit yHiBepeurteT «Opechbka MOpPChbKa akaieMis»

Ha KOHCOJI1 3 00Ky KOPCTKOiI ONOpH, HaBeAeHa Ha puc. 1.

A

Puc. 1. lunamigHa MoJIesIb KO3JI0BOT'O KpaHa y BUIAIKy OOpUBY KaHaTa IPH OMyCKaHHI BaHTa-

Pyx mac micns oOpuBy Tpoca po3jauieHui Ha aBa etanu. Ha mepriomy 3y-
CHJIJIS B M1/IBIC1 3HUKAE 1 pyX Mac MpH IIbOMY OMUCY€ETHCS PIBHAHHAMU

Y3

Ky
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m,d, X +myd,, ¥+ Xx=0;
myd,, ¥ +m,6,X+y=0; )
my, =P;

m,y, =G,

e My — Maca Bi3ka ¥ METAJIOKOHCTPYKIII KpaHa, MPUBEACHA 10 BEPTHKAIHLHOTO
NepeMIIeHHS KIHI KOHCOJI1 Y , JIe pO3TalllOBaHUM Bi30K, KT

M, — Maca Bi3Ka i METaJIOKOHCTPYKIIii KpaHa, MPUBEICHA 10 TOPH30HTAIb-
HOTO TMepeMIIIeHHS X MIPOJIITHOT OYy0BH, KT}

o, , 0

BU3HAYAETHCS K TEPEMIIIEHHS Mach My y HAMPSAMKY Y MpHU Ail Ha Hel OAMHUYIHOT
CHJIM B IIbOMY JK HAIIPSAMKY, aHAJOTIYHO BU3HAYAIOTHCS H 1HII IapaMeTpH, MpHU-
4OMYy Oyx= Oxy, M/H;

M; — MpUBEICHA Maca PyXOMHUX YaCTHH MIPUBOIY MEXaHI3MY MigHOMY, KT;

M3 — Maca BaHTaxy, KT;

G — Bara BaHTaxy, H;

X,¥,V,, ¥, — IpuckopeHHs Mac My, Mo, M1 1 M3 BIATOBIIHO, M/c?.

PymiiitHe 3ycuiuis mpuBoJa, MPUBEEHE 10 BaHTaXy, BUZHAYA€ThCA 3a (op-
MYJIOIO

xx 1 Oy s 8Xy , Syx — MAIaTIIMBOCTI METAIOKOHCTPYKIIT KpaHa, IPUIOMY Oyy

P=F-By., (2)

ne Po — 3ycuiiiisi B MOMEHT ITyCKy JIBUTYHA TPU YUCIT1 00epTiB, piBHOMY HYI0, H;

B — KoediieHT )KOPCTKOCTI MEXAHIYHOI XapaKTEPUCTUKU €JIEKTPOJIBUTYHA,
H c/m;

Y,— WIBUIKICTb PyXy Macu My, M/c.
3 ypaxyBaHHsM (2) cuctema (1) mpuiimae Bua

m,d, X +myo,, ¥+ Xx=0;
< myd,, ¥ +m,d, X+ y=0;

mlyl + Byl = Po;
m;y; =G.

[TouaTkoBi yMOBH

t=0,x=G3,,%x=0,y=G3,,y=0;y,=0,¥, = (¥5),,
Y;=0,Y, :(Ye,)o’
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ne (Y,), — MBUAKICTh OMYCKAaHHS BaHTAXy B PEKUMI T€HEPATOPHOTO TraJlbMyBaH-

Hs, M/C.
YMoBa 1epexony 10 €Tany pyxy, Ha SKOMY HAaBaHTAXXCHHS MPUKIATAETHCS
JI0 TpOca, 110 3aJTUIITUBCS ITNM,
2
) gt G
(Ya)ot+——=h—-—+y, - (G5, - ),

ne t — gac BITbHOTO MaAiHHS BaHTAXYy, C;
J — IPHUCKOPEHHS BiIBHOTO MaIiHHsA, M/C?;
h — mpuBeIeHa AUITHKA BUTBHOTO X0y 3PIBHSIBHOTO BAXKEIIS, M;
2C —KOPCTKICTb MIJBICY 10 OOpUBY OJHOTO 3 TpociB, H/Mm;
Y, — IepeMillieHHs Macu My, M.
PiBHSHHS pyXy Mac Ha JJaHOMY €Talll MalOTh BUTJISIT

m,d,, X +mMyd, ¥+ x-358, =0;

< myd,, ¥ + My, X+y—-36, =0; 3)
my, =P+S;
m,y, =G -8,

Je S — 3yCHIIIA B MiABICI, SIKE BU3HAYAETHCS 32 (POPMYIIOI0
S=c(Y;—y—Y), (4)

1ie Y3 — TMEPEMIIICHHS] Macu M3, M.
3 ypaxyBaHHsM (2) 1 (4) cuctema (3) OCTaTOUYHO PUIIME BUJ

m,5, X+ md, §+X—c(y;—y—V,)d,,=0;
md,, ¥ +md X+y—c(y;—y-V,)8, =0;
my, +BY, —c(Y; -y - Y) =Ry

m¥; +C(y;—y—y,) =G.

[ToyaTkOB1 yMOBH JJIsI IILOTO €TaITy

t,=0,x=(X), X=(%), Y=V, Y =(YV)1, Y1 =0, Y1 = (Y)1, ¥ =(¥)1, Y5 = (¥3)1,
ne (x),(y), — mepemiieHHss Mac My i My HAMPHKIHII MEPILOTO STaIy, M;
(%), (¥)1, (V1)1 (¥3), — mBHAKOCTI Mac My, Mg, M1 1 M3 HANTPHUKIHIII IEPIIOTO
eTary, M/C.
Po3p’si3anHs piBHSAHB pyxy mMac MeroaoM Pynre-Kyrtra 4-ro mopsinky nmst

KO3JIOBOTO KpaHa BaHTAXOMAMOMHICTIO 12,5 T mns Bumaaky oOpuBY Tpoca Mij
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Yac OMyCKaHHS BAHTAXy HABEJICHO y BUIJISAI 3aJI€KHOCTEH 3yCHIIb y MIABICI 1 Me-
TaJOKOHCTPYKLIi (puc. 2).
VY mporieci po3B’si3aHHS PIBHAHb AUHAMIYHI HaBaHTKEHHS , IO MIIOTh Ha
METAJIOKOHCTPYKITito [3],
F, =xc,,F, =yc,
ne F, —ropusonranbue naBantaxenns, H; F, — BepTukanbHe HaBaHnTaxeHHs, H;

C, — JKOPCTKICTh METATOKOHCTPYKIIii B TOPU3OHTAILHOMY HampsiMky, H/m; €, —

X

KOPCTKICTh METAIOKOHCTPYKIIIT Y BEpTHUKAIBHOMY HampsmMKy, H/Mm.

S F
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Puc. 2. 3ycunns y miBici i METaTOKOHCTPYKIIT i Yac yTPUMAHHS BAaHTAXY

KoediieHTH 1TMHAMIYHOCTI 3HAYHO NEPEBUIIYIOTh 3allaCy MIITHOCTI Tpoca Ta
METaJIOKOHCTPYKIIii, III0 BKa3y€e HAa HEMUHYUYICTh PyHHYBaHHS iX.

Onrcana MaTeMaTH4YHA MOJIECNb JO3BOJISE JIOCTIHKYBATH JHUHAMIYHI TIPOIIe-
CH, IO BIJOYBAaIOTHCA B KO3JIOBOMY KOHCOJIBHOMY KpaHi1 Ticisi OOpHBY Tpoca
3JIBOEHOTO MIABICYa 31 3pIBHSUIBHUM Ba)KeJIeM TP OIYCKaHHI BAaHTAXY B PEXKUMI
TeHePaTOPHOIO rajTbMyBaHHSI.
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Ouepersauii F0.0
Harmionansauit yaiBepcuteT «Oechka MOPChKa aKagaeMis

Po3pobka meToay ynpapJiiHHS NPOAYKTHBHICTIO KOMIIPECCOPA CyTHOBOL
cUCTeMH KOM(OPTHOr0 KOHAMIiIOBAHHSA NMOBITPA 3 BUKOPUCTAHHAM
NMPOrpaMoBaHO-JIOTIYHUXKOHTPOJIEPIB

IMocTanoBka npodiaeMu B 3arajibHOMYBHIJIsiAL. PisHOMaHITHUIT Kiima-
THYHUHN peskuM CBITOBOTO OKEaHy Ta CTaH BOJHOI MOBEPXHI TPAIOTh ICTOTHY POJIb
y (QopMyBaHHI MIKPOKJIIMaTy BHYTPIIIHBO CYJHOBHX HpUMIIIEHb. [iapomeTeo-
POJIOTIYHI YMOBH, BUKJIMKAIOUM Pi3HI (P1310JI0T1UHI BIAXUICHHS BiJ] HOPMH Y Ta-
CaXXMpIB 1 €KINaxXy, MOKYTh CTBOPUTH y MEPIIUX HE3aJOBOJICHHS MOPCHKOIO MO-
JOPOXKKIO, a IPYTUM YCKIIQTHUTH BUKOHAHHS CITY»KOOBHX OOOB'SI3KIB MO yIpaB-
JiHHIO cyaHOM. OCHOBHHM MPHU3HAYCHHSIM CYI0BOI CHCTEMU KOM(POPTHOTO KOH-
murionyBaHHs noBiTpst (CCKKII) € aBromaTuyHa miATpUMKa 3aJ]aHUX TapameT-
P1B MIKpPOKJIIMATy BHYTPIIIHBO CY/THOBUX MPHUMIIIECHb HE3AJIEKHO BiJ] 3MIHHU B Ya-
Cl Ta MPOCTOP1 30BHIMIHIX T1IPOMETEOPOJIOTTUHUX YMOB HaBKOJMIIIHHOTO CEPEJIO-
Bua. Jlo HaltOLIbII MOMIMPEHUX HA MOPChKOMY (DIIOTI crioco6amM aBTOMaTHYHOTO
kepyBaHHs 1 perymoBanHd CCKKII BiiHOCUTBCS crociO peryitoBaHHS HMUIIXOM
3MIHM TEMIEPATYpPU XOJOJOHOCIS, SIKa B CBOIO YEPry PETYJIOE€THCSA 3MIHOIO IPO-
TYKTUBHOCTI KOMIIpEcOopa 3a JOMOMOT0I0 TaKUX CHCTEM KepyBaHHs sk «Unisaby.
Jlana cucteMa JIOMyCKa€e PETyNIOBAaHHS MPOIYKTHBHOCTI KOMIIpECOpPa B aBTOMa-
TUYHOMY PEXKHMI, OJIHAK, BUHHKAE€ HEOOXIHICTh B 3aBJaHHI 3HAYEHHS TeMIIepa-
TYypHY XOJIOAOHOCI MEXAHIKOM B 3aJIKHOCTI BiJI MIHJIMBUX 30BHILIHIX 1 BHYTpiLI-
HIX YMOB HAaBKOJIMIITHBOTO CEPEAOBHUIIA. 3aNPOMOHOBAaHA MOJIEIbh 3 BUKOPHUCTAH-
HSM [POrpaMOBaHUX JIOTTYHUX KOHTPOJIEPIB B SIKOCTI T€HEpATOpa CUTHAIY Y-
PaBJIHHS 3aBJaHHSAM TEMIIEPATypH XOJIOAOHOCIS I03BOJIUTH BUPIIIUTH IPoOIEeMy
KOPEKTHOTO PETYJIFOBAHHS 1 TAKUM YUHOM 301IBIIUTH HAIIMHICTh Ta eHeproedek-
tuBHICTH ekcruryaTaiii CCKKII.

AHaJi3ocTaHHIXA0CHIKeHb | myOJikanii. Bigomo, mo koMpopTHe KOH-
JTUIIOHYBAaHHS MOBITPSA Ha CyJHaX 3a0e3nedye Mpouec MmiATPUMAHHS y BCIX KHUT-
JIOBUX NPUMIMICHHSIX 33JJaHUX KOM(OPTHUX 3HAYEHb MapaMeTpiB MOBITps (Hak-
YacTille TeMIepaTypy 1 BOJIOrOCTi) HE3AJIEKHO Bl 3MIHU YMOB HaBKOJIHUIIIHBOTO
cepenoBuiia ta B cepeauni npuminieHn[1,2].Yci CCKKII MatoThy cBoEMyCKIIaTi-
YCTaHOBKHM JJISl IPUTOTYBAaHHS TEILJIO 1 XOJIOJOHOCIS, 30KpeMa — CyTHOBYXOJIO/IH-
aeHy ycTaHoBKy (CXYVY). Yemimnua exkcrutyatartisi cydacHux CCKKII moxnuBaTi-
JBKH TIPU BUKOPHUCTAHHI CUCTEM aBTOMAaTH3allil. ABTOMAaTUYHI MPUCTPOi 3HAYHO-
CHPOLIYIOTh POOOTY MEPCOHANTY, TOYHO MIATPUMYIOTh 3a/laHUN TEMIEpaTypHO-
BOJIOTOBUHM PEKUM, CKOPOUYIOTh €KCILTyaTalliiiHl BUTPATH, 30UIbLIYIOTh TEPMiH-
po0OOTH XOJIOMUIBLHUX KOMITpecopiB, 3abe3neuyroTh 3axuct CCKKII 1 CXVYBina-
Bapiii[2-4].

IlocTanoBKka 3aBAaHHA. TakuM YMHOM, METOIO JAaHOIPOOOTH € pO3poOKa
METOJly ONTUMAJIbHOIO YIPaBIiHHA NpoaAyKTUBHICTIO Komnpecopa CXY CCKKII
3 METOIO MiABUIIEHHS TieHeproe(eKTUBHOCTI 32 JOTIOMOT0I0 BUKOPHUCTAHHS TIPO-
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rpamoBaHux joriyaux koHTposepiB (IIJIK), B ymoBax miaBaHHs CyzeH, Ji€ TOC-
TIHHO 3MIHIOIOTHCS 30BHIIIHI T1IPOMETEOPOJIOTIYHI YMOBH.

Buxian ocHoBHoOro marepiajayaocaiakenns. Jloope Bigomo, 110 B JaHUN

Yyac Ha CyJHaX MOPCBHKOro (bjoTy HalOiIbIe BUKOPUCTOBYEThCS crcteMa UNis-
ablll.

Puc. 1. 3oBHimmHiii Burnsa naneni kepyBanas kommpecopom CCKKIT Unisab 11T

Unisab Il — e komm'roTepHa cucTeMa YIpaBiliHHS Ta MOTOYHOTO KOHTPO-
JI10, SIKa JOMYCKA€ JIEKUIbKa CIOCO0IB PEryIIOBaHHS MPOJIYKTUBHOCTI KOMIIPECO-
pa mo Tuckam 1 temrepatypi. [Ipu oMy, perymatoBaHHsI IPOYKTUBHOCTI MOXKE
3MIMCHIOBATUCA SIK BPY4HY, Tak 1 aBToMaTu4yHO. CIia Tak caMoO BiJI3HAYUTH, IO
HaBITh B aBTOMAaTUYHOMY PEKHUMI pOOOTH, 3aBIaHHS 3HAYEHHS TEMIIEPATYPHU BU-
X17THOT 0XOJIO/KYI0YO1 BOJIM MPOBOJIUTHCS MEXAHBIKOM, B 3aJICKHOCTI BiJl OI[IHKU
BIUTMBY 30BHIIIHIX T'APOMETEOPOIOTIYHUX YMOB, CYMAPHUX TEIUIOMPUTOKIB, LIO0
MOTPAIUISIOTh B CYAHO 13 30BHI, @ TaKOXX BHYTPIIIHIX TEIUIO 1 BOJIOTO HAIXO-
moxeHb. [Ipyu 11bOMy 3HaUEHHSI TEMIIEPATYPH MOKUAAIOYOTYHILIEP OXOJIOIKYHUYO1
BO/IY, 3T1IHO CYJTHOBOiI TEXHIYHOI crienudikallii, 3HaxXoAUThcs B Mexax 6 + 12 °C.
BignoBigHo OUIbII HU3bKI 3HAYCHHS, 110 BCTAHOBJIIOIOTHCS ONIEPATOPOM BiJIIOBI-
JAI0Th O1TBII BUCOKHM IMOKa3HUKAM TEMIIEPaTypH 1 BIIHOCHIN BOJIOTOCTI HABKO-
JUITHBOTO CEPEIOBUINA, 1 HABIAKH, MPU OUIBII HU3BKUX 3HAYCHHSIX BCTAHOBIIIO-
€ThCs OITBIII BUCOKE 3HAUCHHSI TEMIIEpaTypH X0J100H0CisI[4].

Cxema cyudacnoro merony ynpasmiaas CCKKII naBenena Ha pucyHky 2.

Cnoxcueada

mexmnepamypa :
Pam erepecia

308HIUHBOO
cepedosuya

8I0HOCHA
60102iCMb
mexmepamypa
3a60pMmHoT
goou

o|}3Hy1puum,ocy:lﬂmn

TPHMIIIEHHT

srmnpimﬁi MeNn0 ma 601020 HAOXOONHCEHHA

Puc. 2. Cxema cyuacnoro merony ynpasminas CCKKIT

Sk BUIHO 31 CXEMH, Ha JaHUWM Yac MPUUHATTS pIIIEHb 3 YIPaBIiHHSA, 1 K
CJIIICTBO BiJIMTOBIJATBHICTh 32 €HEProe(PeKTUBHY Ta €KOJOTIUYHY CKIJIaJIOBY IMPO-
necy 3 excruryararii CCKKII moBHICTIO €XHUTH HA JIFOJIUHI — OTIEPATOPI.
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[Tpu oMy, JIFOJIMHI HE 3aBXKIU BAAETHCS 00 €EKTUBHO OI[IHUTH yCi 00CTaBU-
HU TOCTIHO 3MIHHUX 30BHIIIHIX Ta BHYTPIIIHIX YMOB, Ta MPUUHITH BipHE Pi-
IICHHS 110 0 eHeproeeKTUBHOro KepyBaHHsA. Ciif 3a3HAUYUTH, L0 M1 €Hepre-
TUYHOIO  3(EKTHBHICTIOPO3YMIIOTHPAIliOHATLHEBUKOPUCTAHHS  (BHUTpadaHHS)
SHEPTETHYHUX PECYPCIB.

Takum unHOM Oe3mocepenHidi MPaKTHUHUN 1HTEpec MPEACTAaBIIsAE€ MUTAHHS
ABTOMATUYHOTO YNPAaBIIIHHS 3aBJaHHSAM 3HAYEHb TEMIIEpATypH XOJOJI0HOCIs, 6e3
y4dacTi B IbOMY Tpolieci JiroAuHU. Lle 1omoMoxke BUKITIOUUTH MOKITMBI TTIOMUJIKH,
TaK 3BaHUM JIIOJCHKUM (haKTOp, a TaK CaMo IiABUIIUTH HAIIMHICTh Ta eHeproede-
ktuBHICTH ekcrutyaTalii cucrem CKKII. [Tepenbadaerbes Takox nepenaya JaHUX
TEPMOJIMHAMIYHUX MAapaMeTPiB y peaJbHOMY PEXUMI Hacy 3a JOMOMOIrow 0e3f-
POTOBUX MPOTOKOJIIB Ha Oynb-skuii Android a6o 10S mpuctpiit onepatopa. BHa-
CHIIOK 4YOTO, MEXaHiK, IKUH 0OCIyroBye CHCTEMY, MOXKE 3/1HCHIOBATHU MOBHO-
[[IHHUH KOHTPOJIb 32 POOOTOI0 CHCTEMH, HE3aJEKHO Bl CBOTO MiCIIE3HAXOIKEH-
Ha. Cucrtema 3B'A3Ky Tak camo poOuTh MoxumBuUM mig'eaHanHs Unisab III go
MPOrPaMOBAaHOTO KOHTpoJiepa ab0 MEePCOHATHFHOTO KOMI'IOTEpa CUCTEMHU IICHTPa-
JI130BaHOTO KOHTPOJIIO, YIPABJIIHHS 1 peecTpaliii TaHuX.

Jlist peanizaiiii CUCTEMU MOHITOPUHTY B "KOPCTKOMY' pealbHOMY 4aci 00-
panuii [TJIK cepii Inline ILC 130 ETH nimenpkoi ¢ipmu PhoenixContact,(Puc. 1)
KWW BUKOHAHUU BIAMOBIAHO /10 3araJIbHO-TIPUIHATUX CTAaHAApPTIB MPOrpaMyBaH-
Ha MEK 61131-3 1 TexHonorii nepegaui ganux Ethernet, miaTtpumye mapanens-
Huit 0omiH ganumu 3 OPC -CepBepamu 1 KOMYHIKallilO 3 KIHIEBUMH MPUCTPOS-
MH, 10 TiATpUMYIOTh potokoi TCP / IP [3-5].

Puc. 1. 3oBuimmnii Burisan ITJIK «Phoenix»

Kontponepu Unisab III kouirypyroTbcss Ha 3aBoai-BUpPOOHUKY. BoHH
OCHAIIICHI KOMYHIKallIMHUM OO0JaAHAHHSAM 1 IPOTOKOJIAMHU 3B'SI3KY I MOHITOPU-
HTY Ta YIPABIIHHS MUPOKAM aCOPTHMEHTOM KOMIIPECOPIB, XOJOAMIBHAX MAITHH
1 TEIJIOBUX HAcOCIB. TakoX 3 1X JOIOMOIOI0 3IMCHIOETHCS AlarHOCTHKaA 00a -
HaHHs Ta 00poOka ganux (Puc.2).
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CHCTeMH JIHCTAH-
niiinoro Mowiro-
pHHTY

SCADA/ISAC

LAN / Inteprer \

Puc. 2. Cxema nigxiroueHsst koutposepa Unisab 11 70 30BHIIIHBOTO KOHTPOJIBHO-
BHUMIPIOBAJILHOTO O0JIaTHAHHS

Unisablll

Tpucrpiii 3aBraHHs
TOCJIIOBHOCTI BKJIIO-
YeHHs KOMIIPeCcopiB

3anponoHOBaHUM METO/| yIpaBIliHHS NpoAyKTHBHICTIO Kommnpecopa CCKKB
3a ponomoroto Bukopuctanus [1JIK, nmpeacraBiennii y BUTIISIII CXEMH HA PUCYH-
Ky 3, TIOJISITa€ B HACTYITHOMY.

=

Puc. 3. ®yHkIioHanbpHA CXeMa 3aIpOTIOHOBAHOTO METOIY CHCTEMH YIIPaBIIHHS 32
paxyHoK BuKopuctanus [1JI-koHTponepiB

Ha mincraBi, oTpuMaHux BiJl TaTYMKIB, 30BHIINIHIX 1 BHYTPIIIHIX TapaMeTpiB
HABKOJIUIITHBOTO CEPeIOBUIIA 1 BIAMOBIIHUX (PYHKI[IOHATHHUX 3aJIEKHOCTEH, all-
roput™Ma i iporpamu o0poOku ganux I1JIK popmye 1 3a 70mMOMOTo0I0 BiMIOBITHO-
ro MPOTOKOJIy TIepeadi JaHUX, Mepeaac KePyUunil CUTHAI ONTUMAaJIbHOTO 3Ha-
B CXVY CCKKB, ska 3agae napameTpy yHpaBIiHHS 3HAYEHHSM MPOJYKTUBHOCTI
KoMmmpecopa [5].

BucHOBKM 1 NepCHeKTHBUIOAAIBIIUXAOCTIIKEHDb. 3apOIIOHOBAHUN
METOJl 3 BHUKOPHUCTAHHSIM IMPOTPAMOBAHUX JIOTIYHUX KOHTPOJEPIB JO3BOJUTH:
YHUKHYTH NPUUHATTA Cy0’€KTUBHMX PILIEHb 3 YNPABIIHHS, 1 K CHIJACTBO BIJ-
MOBIJATBHICTh 32 €HEeProe(EeKTUBHY Ta €KOJIOT1YHY CKJIAJO0BY MPOIIECY 3 €KC-
myaranii CCKKII mroguHor0 — omepatopoM; 301IBITUTH €HEPTeTHUHY e(PeKTH-
BHICTh BUKOpucTanHs CCKKII 3a momoMoror onTuMaabHOTO YIPaBIiHHS MPO-
IPaMOBAaHMX JIOTIYHUX KOHTPOJIEPIB, B YMOBAaX, 1€ MOCTIMHO 3MIHIOIOTHCS 30B-
HIIITHI T1IPOMETEOPOJIOTIYHI YMOBH; B aBTOMAaTUYHOMY PEKHUMI OTPUMYBATH J1a-
Hl Ta MOXJIUBICTB iX KOPETYBaHHsI, 3 XOJIOONPOYKTUBHOCTI, CIIO)KUBAHHSI €Jie-
KTPUYHOI €Heprii y peaJbHOMY 4aci, a TAKOX JJaH1 3 MUTOMOI BUTPATH €HEprii Ha
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BUPOOJICHHS XOJIOAY, KPIM TOTO, € MOXKIIUBICTh OTPUMATH TUHAMIKY 3MiH IHX
BEJIMYWH 3a 00paHuil Tiepio1 yacy.
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VJIK 539.51(075.8)

Onpuko M.O.
Hanionanenuil yHiBepcuteT «Oecbka MOPCbKa akaJaeMis»

3acTocyBaHHSI HAHOMATeEPiaJiB /sl 3aMiHA METAJIYHMX JeTajleil Ha
HOBI JIETKi Ta KOPO3IiHOCTIKI
Beryn

XapakTepHOIO0 0COOTMBICTIO PO3BUTKY KpaiH 3 BUCOKUM PIBHEM IPOMUCIIO-
BOTO BHPOOHHUIITBA € TEPeXia A0 IHHOBALIMHOT €KOHOMIKH, BIPOBAHKCHHS MeEp-
CIEKTUBHUX PO3pPOOOK, MPUHIIMIIOBO HOBUX BUCOKUX TEXHOJIOTIH Yy BCiX cdepax
ismbHOCTI. OJTHUM 13 MPIOPUTETIB PO3BUTKY HAYKOBO-TEXHIYHOI'O IpPOrpecy B
CBITI € HaHOTEeXHOJIOTii[1].

HuHi BinOyBaeThcsi HAKOMUYEHHS 1 TEOPETUYHE OCMUCIICHHS €KCIIEpUMEH-
TaJbHUX PE3yJIbTATIB Ta MOIIYK HOBUX MIIXOJIB JI0 CTBOPEHHS KOHCTPYKIIMHHUX
HaHOMaTepialiB. B OCHOBY 1MX MiJIXO/IB CTABUTHCS 3aBJIaHHS CTBOPEHHS MACHB-
HUX 00’€KTIB. 3 4OTO BUXOJIUTh, IIIO TaKl MaTepiaJii MaloTh OyTH MOOyAOBaHI 3a
TUIIOM TMOJIKPUCTATIYHUX, OaraToga3Hux abo KOMIO3ULIMHHUX CHCTEM 31 30epe-
KEHHSIM y HAHOCTPYKTYPHOMY CTaHI yTBOPIOOYMX MOP(OJOTIYHUX EJIEMEHTIB.
OctanHl, Ha BIAMIHY BIJl MOPQOJIOTIYHUX MIKPOEJIEMEHTIB, MalOTh, MEPEIYCIM,
O0COOJIUBY CTPYKTYDY.

VY 3B’s3Ky 3 MM, y TPOBIIHUX MPOMHUCIOBO-PO3BHHEHUX KpaiHax CBITY
MPIOPUTETHUMH HaNpsIMaMU PO3BHUTKY (YHAAMEHTAIBHUX 1 MPUKIATHUX J0-
CJIIJIPKEHB nepedoadeHa po3poOka MaTepialo3HABYMX OCHOB HAHOKOHCTPYKIIHHUX
MaTtepiaiiB 1 TEeXHOJOTIH. 3aBIASKH iX YHIKaJIbHUM (YHKIIOHATHBHUM BIIACTUBO-
CTSIM Yy BChOMY CBITI MPOBOJASITHCS ITHTEHCUBHI JOCIIJIKEHHS B Tally31 TEXHOJIOTI,
b13uKky 1 Ximil QyrepeHiB, aTOMHUX KJIacTepiB, HAHOTPYOOK, KBa31KpUCTAIB, BU-
COKOCHTPOITIHHUX CIUIaBiB Ta iH. [1].

BuxopucranHs HaHOMAaTepiaji B BPi3HUX rajgy3fix TeXHIKH

Cy4acHi KOMIO3UIIIMHI MaTepiaiy 3HAWILIN 3aCTOCYBaHHS B TEPIILY Yepry
B aBlalliiiHI}A, KOCMIYHIA Ta CyTHOOYAIBHIN TEXHIII, JJIs SIKMX HAWUOUIbII BaXKJIv-
BUM € 3HM)KEHHSI MaCH KOHCTPYKLIM PH OJTHOYACHOMY IT1JIBUILIEHHI X MILHOCTI 1
YKOPCTKOCTI.

[lepcneKkTUBHICT, BUKOPHUCTAHHS KOMITO3ULIIMHUX MaTepialliB B PI3HUX Ta-
Ty3s1X TEXHIKM BU3HAYAETHCS IMUPOKUM CIIEKTPOM iX CAMUX Pi3HUX BJIACTUBOCTEH.
BHCOKIMIIIHICTD 1 MHUTOMaXOPCTKICTh, Majla YYyTJIUBICTh JO KOHLIEHTPATOpIB
HaIpyT 1 BUCOKHUI OMip BTOMHOMY PYWHYBaHHIO, KapOMIIIHICTh, 3HOCOCTIUKICTB,
CIICKTPOIPOBIIHICTD, @ TAKOXX €IIEKTPOI30JISIiiHI, aHTU(PPHUKITIHHI, TeIIO3aXHCHI,
€pO31MHOCTIHKI, paionpo30pi, paaioNorInHA0Yl, EHEPTOEMHI 1 1HII BIACTUBOCTI
- TaKW JAJIEKO HE TOBHUM MepeiK HAaWBAKIUBIIIUX XaPAKTEPUCTHK ITMX Ma-
Tepiaiis[2].
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Puc. 1. Cxemu OynoBu pi3HEX MOu}iKaIlii ByriIemto 3rifHo: a anMas; b rpadir; ¢ 1oHc-
neitnit; d pynepen 6aki6on Cgg; e dpynepen Csaq; f pynepen Coq;
g amopdHwuit Byrienb; h Byriemnea HaHOTpyOKa[ 3]

3ajaHuil piBEHb 3a3HAYEHOT0 KOMIUIEKCY MEXaHIYHUX, (PI3UYHUX Ta THIIMX
BJIACTUBOCTEN (POPMYETHCS B MPOLIECI BUTOTOBJIEHHS — KOHCTPYIOBAHHS MaTepialy
Oe3nocepeIHbO 3 KOMIOHEHTIB. Bapialiero uduciia, 00'éMHOTO CITiBBIAHOILICHHS
KOMITIOHEHTIB 1 3MIHOIO CTPYKTYpHM apMyBaHHS MOKHAa B IIMPOKHX MeE¥XKax
LIJECOPSIMOBAHO 3MIHIOBATH 1 PEryJIIOBaTH BJIACTUBOCTI 1 CTBOPIOBATH
IOPUHLIMIIOBO HOBI MaTepiajd 3 TAaKUM T[O€AHAHHAM XapaKTePUCTHK, SIKE
HEJIOCSDKHE B TPAIUIIHHKUX MaTepianax [2].

BaxnuBoro cdeporo BUKOPUCTaHHS KOMITO3UIIMHUX MaTepialliB € TEIUIo-
HABAaHTAXKEHI JIETaJll Ta30TypOIHHUX JIBUTYHIB JJIsi TPAHCIIOPTHHUX 1 €HEPTETHUYHUX
yCTaHOBOK. J[0 HaWOUIbII TEIJIOHABAHTAXKEHUX JIeTajel Ta30BUX TYpOiH BITHO-
CAThCS poOOUi 1 COTUIOBI JIONATKK TYpOiHU, TaK K BOHU MPHUIIMAIOTh Ha cebe yaap
rapsiaMx rasiB, TEMIEpaTypa SKMX 4acTo MEPEBUILYE TEMIIEPATYPY IJIABICHHS CY-
YaCHUX JKapOMIIHUX cCIulaBiB. HalO1mpmI skapoMIlHI CTapitoyl HIKEIEBl CIJIaBU
MOKYTb IMpaIoBaTH npu Temmepatypi Tiabku 10 1050°C. lng Hux Temmeparypa
1100°C cranoBuTts 0,8 1 €, MaOyTh, TPAHUYHOIO, TOJI SIK JICTIEPCHO3MIITHEHI KOM-
no3uiiHI MaTepianu npu temiepatypi 1200°C 3xatHi 10Bro i eeKTUBHO MPOTHU-
CTOSITH 3HAYHUM HAaBAHTAXKEHHSM, aJie TIIbKA B TOMY BUMAKY, KOJIM BUKOHYIOTb-
Csl TPU YMOBHU:

1) cnemianbHe KOHCTPYIOBAHHS JIeTajel 1 By3JliB KOHCTPYKIIIHA 3 ypaxyBaH-
HSIM 0COOJIMBOCTEH BIIACTHBOCTEH 1T XMaTepialliB;
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2) CTBOpEHHS CIeEIIaabHOI TEXHOJOTIi BUTOTOBJICHHS JE€Tajeil, OCKUIbKU
criocoOu BUTOTOBJIICHHS AeTaliell 3 TPaJAMLIMHUX CIUIaBiB HEMPUUHSATHI IJIST KOM-
MO3UIIITHIX MaTepiaiB;

3) 3miiiCHEHHS KOHTPOJIO TEXHOJOTIYHOTO MpOLECy 1 SKOCTI BHUXITHUX
MaTepianiB 1 BUpOOiB HA OCHOBHHMX €Tamax iX BUTOTOBJICHHS I 3a0€3MeYeHHS
HAAIMHOCTI MaTepiajiB NPy TPUBAJIN E€KCIUTyaTaIli.

VYcnixu MeTallo3HaBCTBA MPUBENU 10 CTBOPEHHS METOJIB, Kl MOETHYIOTh
BHYTpIITHBbO(DA30BHI HAKJIET 1 MEXaHIYHE 3MIIHEHHS IUIACTUYHOIO JedopMalri€ro.
[li Meromu, peami3oBaHi y BENUKIA TaMi pI3HUX MNPUHOMIB TEPMOMEXaHIYHOI
00poOKHU, TO3BOJISIIOTH OTpUMAaTH cTam 3 MinHIcTIO A0 3000 MITa. Oxnako 6macTi
3aCTOCYBAHHS IMX CTaJICH JIyKe 0OMeXeH1, TaK SK 3 I1JIBUIICHHSM MIITHOCTI P13KO
3pOCTa€ YyTIUBICTh CTAJICH 1 CILIABIB JI0 KOHIIEHTPATOPIB HAIpPYT, 1CTOTHO 3HU-
KYETHCS KOPO31MHACTIUKICTh 1 0COOJMBO OMIp KOPO3ii IMiJi HANPYTOo, 10, MPHU-
POJHO, 3MEHIIYE MIIHICTh 1 HAAIMHICTh JAETaJlie, BUTOTOBJICHUX 3 TaKUX Ma-
Tepiais[2].

TpanuiiiiHi BUCOKOMIIHI CIUIaBH, K MPABHJIO, MAIOTh HU3bKY IIACTHY-
HICTh, BUCOKYYYTJIUBICTh O KOHUEHTPATOPIB HANpPYr 1 MOPIBHAHO MaJUi OIip
BTOMHOTO pyiiHyBaHHs. KOMIO3UIIIIiHI BOJIOKHHCTI MaTepiaiu, BOJIOAI0UN OUIbII
BHCOKOIO MEXXEI0 MIITHOCTI, HI’)K BUCOKOMII[HI CIJIABU, MalOTh, OJHAK, MEHITY YyT-
JIMBICTH JIO KOHIIEHTPATOPIB HAMPYT 1 OUIBIINNA OMip BTOMHOMY pyiiHyBaHHIO. Lle
MOSICHIOETBCS TUM, ITI0 Y MaTepialliB pI3HUN MEXaHI13M PO3BUTKY TPIIIHH.

VY TpaaMiiitHUX 130TPONMHUX BUCOKOMIIHUX CTaJsIX 1 CIUIaBaX PO3BUTOK
TPIIMH € MPOTPECyr0YMM TEMIIOM, IIBUAKICTh YTBOPEHHS TPIIIMH 3POCTaE B
MIpY 3aJIy4€HHSI B OCEPEOKY TBOPEHHS TPIIIMHU BCE OUIBIIUX €JIEMEHTIB CTPYK-
TypHU - 3€peH, JACHIPUTIB TOIIO. ¥ KOMMO3UIIMHUX Marepilajax 1HIIMK MeXaHi3M
pPO3BUTKY TpimuH. TpilmMHa 3a3BUYail BUHUKAE B MaTpHUIll 1, PO3BUBAIOYKCH,
3yCTpiva€e MepemKkoar Ha KOPAOHI PO3Iidy MaTpullsi - BOJIOKHO. BojokHa raib-
MYIOTh PO3BHUTOK TPIIIMH, 1 HACTA€ TEPIoJ BITHOCHOI CTaOiIBHOCTI, MPOTATOM
SIKOTO TIPUTTHHSIETHCS PO3BUTOK TPIIIIHH.

AHani3yloud XapakTep pPyWHYBaHHS KOMIO3MI[IMHUX MareplajiB, CIiJ
3a3HAYUTH, U0 OCTAHHIN SIBJsIE COOOIO P MOCTIAOBHUX JUCKPETHUX €TalliB, KO-
JKEH 3 SIKMX BIJPI3HIETHCS BiJ] 1HIIOTO MEPEPO3MOAITIOM HAMPYKEHb MK apMylo-
YUMH BOJIOKHAMH.

BonokHuCTI KOMMO3UIIINMHI MaTtepiaiu, M0 CKIATAIOThCS 3 MOYEPrOBUM
PETYJSIPHUM YHWHOM apMYyIOYMX BOJIOKOH B TUTACTMYHIM MAaTpHIll, MalOTh JOCUTH
BHUCOKY B'SI3KICTh pyHHYBaHHS.

TakuMm YMHOM, B KOMITO3UINIMHIN CHCTEMI MOETHYIOTHCS JIBI MPOTUIICKHI
BJIACTUBOCTI, HEOOX1H1 JJIsI KOHCTPYKIIMHUX MaTepialliB - BACOKA MEKa MIITHOCTI
1 JOCTaTHA B'SI3KICTh pyHHYBaHHS. BrUcOka MIIHICTh TOCATAETHCS 32 PAXYHOK BU-
KOPUCTaHHS TCHAITHHX BHUCOKOMIITHMX BOJIOKOH, a JOCTATHS B'SI3KICTh PYHHYBaH-
Hs1 OOYMOBJICHA MJIACTUYHOIO MATPUIEIO 1 CIEU(PIYHUM MEXAHI3MOM PO3CIFOBaH-
Hsl eHeprii pylHyBaHHsS Kommo3uuii. KpiM Toro, B KOMIO3MIIMHUX MaTepiaiax
BoHa 30uIbmyeThess Ha 100...200%. Ile 5m03BOJIsE ICTOTHO 3HU3UTU Ma-
TEp1aIOMICTKICTh KOHCTPYKIIIH.
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3 KOMITO3UIIIT 3 METAJIEBOK MATPHUIICIO HAMOLIb MIMEPCIEKTUBHUMH BBaXKa-
IOTHCSI AIFOMIHIN, MarHiil Ta iX cIiaBy, 3MIITHEH] BOJIOKHaMH 00py 1 Byrierpadira.
Po3poGreni 1 BunpoOyBaHI BEHTHJIATOPHI 1 KOMIPECOPHI JOMATKA 3 KOMIIO-
3ULIHHOTO MaTepilany amoMiHii-Oopcik, Macaskux Ha 40% MeHIIe Mach aHa-
JIOTIYHUX JIOMATOK 3 TUTAHOBUX CIUIaBIB. AJIIOMIHIEBI CIUIaBH, 3MIITHEHI BYTJIC-
rpaiTOBUMHU BOJIOKHAMH, MOXKYTh 3HANTH 3aCTOCYBAHHS JIJIsl BUTOTOBJICHHS KOM-
MIPECOPHUX JIOMATOK, €JIEMEHTIB JKOPCTKOCTI, MaHeJe, CTPUHTEPIB, KPIOTEHHUX
€MHOCTEH Ta MOB'SI3aHMX 3 HUMU KOHCTPYKLIHA. [Ipu BUKOpUCTaHHI KOMMO3UILIH-
HUX MarepiajliB Maccy rapsdoi CeKIlii aBlalliiHUX JBUTYHIB MOKHA 3HU3UTH Ha
33...45%, a maccy 000JIOHOK MaJTMBHUX 0akiB pakeT Ha 14% mpu BUTOTOBJIEHHI iX
3 MaTepiary aaoMiHii-cTanb[2].

BukopucTtaHHs MOXJIMBOCTEH HAHOTEXHOJIOTIH MOXKE BKEe B HE JalieKii
MEPCIIEKTUBI IPUHECTH Pi3Ke 301IbIIIEHHS BapTOCTI BaJOBOTO BHYTPIIIHLOTO MPO-
JTYKTY 1 3HAYHUI €KOHOMIYHHUN €(EKT B HACTYMHUX 0a30BHUX rally3aX €KOHOMIKH.

ao

Puc.2. - Ilpuknaan BupoOiB, OTpUMaHUX HAAIUIACTUYHOI TOYHOT 0OCSTHOT IITaMITyBaHHSM Ha
OCHOBI peajizailii CBepXIIaCTUYHOCTH aJIFOMIHIIO 1 HOTO CIIJIaBiB: a - BUPIO TUITY «TIOPIICHBY; O
- CTPYMO3MOMHUKH JJIS1 €IIEKTPOTPAHCIIOPTY 3 BUCOKOIO 3HOCOCTIHKICTD [4]

Byrneuesi HT MoOXyTh 3irpaTé BaKJIMBY pOJib Y BHPOOHHUIITBI HOBUX
METOJIMK BIIOPCKYBaHHS MaJbHOIO Ta aKyMYJISLI BOJHIO.

Hanonopucti Matepiaqii MOXYTh 3aCTOCOBYBATHCS [UJIsl PO3KJIAJaHHS
O0aratboX 3'€qHaHb (HANPUKIAJ, BOAM HA BOJIEHb 1 KHCEHb) IPH BUKOPUCTAHHI
MeMOpaH 3 JAy»e PO3BHHEHOI MOBepXHEr0. KpiM TOro, MiKpomopucTi peUOBHUHU 3
BEJIMKOIO 1 AKTUBHOIO TIOBEPXHEI0, OUYEBUIHO, ABIISIOTH COOOI0 MIPEKPACHY OCHOBY
JUTsl CTBOPEHHSI HOBUX THMIB (PUIBTPIB, K1 MEXaHIYHO 3aTPUMYIOTh HEOOXITHI TH-
UM YaCTUHOK.

B maliOyTHbOMY pPO3BUTOK EHEpPreTHUKU, MOXJIMBO, Oy/l€ TMOB'SI3aHUN 3
MacCOBOIO 3aMIHOIO0 3BHYAHUX BHJIIB IMaJWBa HAa BOJACHB, KU HEOOXITHO OyIe
aKyMyJIIOBaTH B CIEIIaJbHO CTBOPIOBAHUX MPHUCTPOSX, 1 caMe B IbOMY HaHOMa-
Tepianu (HaNpUKIafd, CKJIaaHI (yJIepeHH) MOXKYTbh BHSBUTUCS BHUKIIOYHO KO-
pucHUMHU. Bxke 3apa3 ekcrnepTy MIaHylOTh CTBOPEHHSI €MHOCTEH-CXOBUII BOJHIO
Ha ocHOBI pynepeHiB 3 10% edeKTUBHICTIO.

HanocTpykTypH1 MaTepiajii J03BOJIAIOTH BUTOTOBJISITH JIETKI Ta OJJHOYACHO
JIOCUTb MIITHI KOHCTPYKIIi1 JUIs IESIKUX JieTajiell MacOBOrOB HPOOHUIITBA.
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[TigBuiieHa MIIHICTD A0 MEXaHIYHUX MOIIKO/KEHb JOCATAETHCS 3 BUKOPHU-
CTaHHSM HAHOJIAKiB HAa OCHOBI TMOJIIOKCaHIB.

[lepcriekTHBY HAaHOTEXHOJOTII B MaIIMHOOYAIBHOW MPOMHCIOBOCTI 3apa3s
0araTo B 4OMy MOB'SI3yIOThCS 3 BUKOPUCTAHHSIM HAHOCTPYKTYpHUX (HaHO(Da3HUX)
METaJIeBUX MaTepialiB, IO BOJOMAIIOTh BEIMYE3HOIO MIIHICTIO Ta 1HIIMMU BHUCO-
KHMUMEXaHIYHUMH XapaKTePUCTUKAMH, & TAaKOXX 3 BHPOOHHUIITBOM HOBHUX THITIB
MeTajgokepamiku. Po3po0iisieTbesi BelIMKe YKUCIIO JIaKiB HA OCHOBI HAHOCHCTEM, 1110
BOJIOAIIOTH HE TUIBKM BHCOKOIO MIIHICTIO, aJIe€ 1 HaBITh 3aTHICTIO 10 '"camMo3alli-
gyBaHHIO" moBepXHi. KpiM TOro, BUBYaIOTHCS MOKJIMBOCTI KepaMI4HUX Marepia-
J1B 3 HAHOYACTUHKAMH, a TaKOXK PO3BUTOK HOBUX METOAMK CTBOPEHHSI CKJIOKepa-
MmikH. [Ipu boMy B O0araTh0X BUIAJKAX JTOCHIIIHUKHU BXKE€ TUIAHYIOTH 3/[1HCHIOBATH
aBTOHOMHY a00 MicCIIeBY "pereHepaiiiro” peuoBUHU Ha OCHOBI HAIIOBHEHOTO HAHO-
YaCTUHKAaMHU IITYYHOTO MaTepiay.

VY nabopaTopHUX yMOBaxX B)KE€ BUBYAKOTHCS CKJIAJHI MITMEHTHI CTPYKTYpH,
KOJIIP SIKMX MOXE IIJIECIIPSIMOBAHO 3MIHIOBATHUCS T1JT BIULIMBOM MPUKIAJACHOT eJie-
KTPUYHOI HANpYyTH, M0 Ma€ BEJIMYE3HI NEPCHEKTUBHU ISl O(DOPMIICHHS 1HTEp'-
epycyaHa. depomMarHiTHI piIuHU (CYCMEH311 MarHITHUX YaCTUHOK, (hepodtoiam)
TaKO MOXKYTh 3HAWUTHU IIMPOKE 3aCTOCYBAHHS B MPUIIaA00yIIBHINA MPOMHUCIOBOC-
TI.

TakuMm YMHOM, HAHOCTPYKTYpPHI MaTepiaidi MOXYTh 3HAWTH HaWpi3HOMaHi-
THIIII3 aCTOCYBaHHSI B aBTOMOOUIbHIN, CyTHOOYIIBHIHN, NMPUIaa00yT1iBHINA TPOMU-
CJIOBOCTI, MEpII 3a BCE, y BUPOOHMIITBI JIAKiB, , JISTKMUX KOHCTPYKIIiM, HOBUX IpH-
BOJIHUX MPUCTPOIB[2].
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AHaJi3 cucTeM iHePpTHHX rasiB TaHKepiB

[HepTHI ra3m — 11 Ta3u, sKi € 3a3BUYail XIMIYHO 1HEPTHUMHU (HEPEaKTUB-
HUMH) 1 B YMOBaXx 3aJlaHO1 XIMIYHOi peakIlii He OepyTh ydacti B ii mepebiry. 3a-
3BMYail 0 1HEPTHHUX Ta3iB HaJeXaTh a30T, OJaropoiHi rasu, rekcadTopui CipKH
Ta iH. [HepTHI ra3W BIA3HAYAIOTHCS BEIWKHM 3HAUYCHHSM HETaTHBHOI €HTAJBIIIT
yTBOpeHHs. BoHU He MaroTh 3amaxy Ta HeOTpyiiHi. braropoani ra3u Takox 4acto
HE pearyroTh 3 0ararbMa pedyoBHHAMH 1 ICTOPUYHO iX HA3WBaJIM IHEPTHUMH rasa-
mu. [IpoTte y mmpiioMy po3yMiHHI € TaKOX 1 1HIII 1HEPTHI rasu, AKi 3a3BUYail BU-
KOPHUCTOBYIOTHCS JJI1 YHUKHEHHS HeOaKaHUX XIMIYHUX PEaKIIii, 10 MOTipIIyoTh
3pa3zok. Ha Biaminy Bij OJaropoJHUX rasiB, IHEpTHHUI ra3 He 00OB'SI3KOBO € €Je-
MEHTapHUM 1 4aCTO € Ta30M, CIOJYKOIO 13 JEKUIbKOX eJeMeHTiB. barato xiMiuHuUX
peakxiliii BUMararoTh iX MpoBeAeHHS B aTMOc(hepl IHEPTHOTO Ta3y uepes Te, 10 KU-
CEHb Ta BOJSIHA Tapa, 110 MICTATHCSA Y MOBITPi, MOXKYTh MEPEHIKOIKATUA 1 YTBO-
proBaTu HeOaxaH1 MOOIYH1 MpoaykTu. [Ipu BUTICHEH1 KUCHIO 13 aTMocdepH, 110
OTOYY€ TIEBHI MPOIIECH, IHEPTHI Ta3u 3amo0iraroTh TOpiHHIO, BUOyXaM, 3amaio-
BaHHIO.

Bignosigno no Bumor Konpeniii SOLAS-74 cucrtema iHEpTHUX rasiB €
000B's13k0BOI0 s TaHkepiB aeaedTom 20000 per.t 1 Oinbiie. Bona moBuHHa
HNIATPUMYBATH B OyAb-sIKIM YacCTHHI BaHTaXHOTO TaHKa arMmocdepy 3 BMICTOM
KUCHIO He Outbiiie 8% 3a 00'eMOM Ta HAJIMIIKOBUM THUCKOM, IIO MEPEHIKOKAE
HAJXO/DKEHHIO MOBITPSA (K mpaBwmiio, el tuck He nepesunrye 20 klla).3rigno 3
[IpaBunamu Perictpy, y BaHTaXHI TaHKM Ma€ MOAABAaTUCA I1HEPTHHUU Ta3 13
BMICTOM KHCHIO He Oubiiie HixX 5% 3a o0csarom. Temmneparypa rasy, 10 HaJIxX0AUTh
y TIIPUMIIICHHS, 1[0 3aXUIIAETHCS, TOBUHHA OyTH He O1blie 65°C 11 BaHTaXHUX
TaHKiB 1 He O1nbie 50°C 1t CyXOBaHTaXKHHUX TPIOMIB.

Cucrema 3abe3nedye mojavdy iHEPTHOTO Ta3y J0 BaHTAXKHUX TaHKIB y KiJib-
kocTi 125% mMakcuManbHOI MPOAYKTHBHOCTI PO3BaHTaXXEHHS CyaHA. TakuM 4u-
HOM 3/IIHCHIOETHCS 3aTTIOBHEHHS 00'€MIB TaHKIB, 1110 3BUTBHAIOTHCS, 3 YPAXyBAHHIM
MOXKJIMBOCTI BUIIAPOBYBAHHS JICSIKOTO 0OCSTY IHEPTHOTO Ta3y.

Sk 1HepTHUI ra3 MOXKYTh BUKOPHCTOBYBATHUCS JAMMOBI ra3u, IO MPOUIIIH
00poOKYy, BiJl TOJIOBHUX 200 JOMOMI>KHUX KOTJIB.

PosrasiHeMo cucteMy iHEPTHUX Ta3iB Cy4aCHOrO TaHKepa, Je K 3aXHCHI
1HEpPTHI ra3u BUKOPUCTOBYIOTHCS BIJMpallbOBaH1 JUMOBI Ta3u OJHOTO 3 JIBOX J10-
noMikHUX KOTHiB. [Ipu TernnoBux HaBaHTaxxeHHAX He MeHIe 40 % KOTIu € reHe-
paropamMu 1HEPTHHUX Ta3iB 3 HU3bKUM (10 5 % 3a 00CsiroM) BMICTOM KHCHIO Ta
TeMIepaTyporo B paiioHi Bii0Opy rasis, 1mo He nepesuinye 533 K (260 ° C); micas
JIOCSITHEHHSI HOMIHAJILHOTO TEIJIOBOTO HABAaHTAXKEHHS TEMIIEpaTypa ra3y 3pocrae
10 638 K (365 °C).

MakcumanbHa KUTBKICTh BIAMIPAIlbOBAaHUX 3 TUMOXOY KOTJa BiAMpaIboBa-
HUX Ta3iB B 1,25 pasu mepeBuIlye CyMapHy MoJladyy BCTAaHOBJIICHMX Ha TaHKepi
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BaHTA)KHHUX HacociB, 110 Bigmosizae 7500 m 3 /rox ado 30% Bix 3arajbHOI KiJIb-
KOCTI AMMOBHUX Ta3iB, II0 BUKUAAIOTHCS B aTMocdepy depe3 AUMOXila. 3 TaKUMHU
napamMeTpaMH 1HEPTHI ra3u HATXOATh Y CUCTEMY TEXHIYHOTO KOHIUITIFOBAaHHS Ta
MO/TAFOTHCS Y BAHTAXKHI Ta BIICTIHI TaHKH.

Cucrema mpaIfioe B Takui crmoci0. 3a paxyHOK pO3piLIKEHHS Y IIJISHII, 1110
BCMOKTYE, 110 CTBOPIOETHCS MPAIFOI0YO0i T'a30yBKOIO, IHEPTHI a3 MOCIIJOBHO
MPOXOJSTh Yepe3 KOHTAKTHO-TIPSIMOTKOBI OXOJIO/)KYBaui-OYMCHUKHU Ta31B MEPIIO-
ro 1 APyroro CTymneHs. IHEpTHI ra3u 0X0JIOKYIOThCS 3a paXyHOK 1HTEHCU(IKOBa-
HOTO KOHTAaKTy 13 3a00pTHOIO BOJIOIO, 1110 MIJBOJAMTHCS B amapar 3HU3Y uepes 3a-
BUXpIOBay 13 jonatkamu. [Ipu Temmnepatypi 3adoptHoi Boau 30 °C, TemmepaTypa
1HEpPTHHX Ta3iB Ha BUXO/I1 3 anapary JApyroro cryneHs cranoButh 35 °C.

VY cucreMi mnependadeHO JABOCTYIIHYACTE OYMILNECHHS Ta3iB Bl Caxi, Me-
XaHIYHUX JOMIIIOK Ta CIPYMCTUX 3'€IHaHb. HasBHICTH MBOX I1a0JIIB OYMILICHHS
301JIbIIIY€ Yac aKTUBHOTO KOHTAKTy ABO(A3HOTO cepefoBuIla (ra3u - BoJa) 1 UM
CHpHsi€ MIJBUILEHHIO €(DEKTUBHOCTI 1€l oneparii. B pe3ynbTaTi BiANpanbOBaHUX
rasiB Bupanserscs Bi 99,1 10 99,6% cipunctux Cromyk.

OXo0J0/17KeH1 Ta OYMIIEH] 1HEPTHI ra3u HA BUXO/1 3 aKTUBHOI 30HU arapaTiB
M1JIaI0THCS MEPBUHHIN cenaparliii BOAu, 0 MiCTUThCs B HUX. Ll oneparris 3/1kic-
HIOETBCSI B OpU3KOBIAOIMHKMKY 3 Mpo(UIbOBAHUMHU JIOMIATKAMU, JI€ MIJ 4ac PyXy
ra3oBOT0 MOTOKY BIJIIEHTPOBI CHJIA MOAUIAIOTH Ta30BOJIIHY CyMilll Ha (a3u; mpu
IbOMY BOJIa BUIAJIAETHCA 3 anapatiB 3a 00PT, a IHEPTHI ra3u HAJIXOIATh Y Kparie-
BIJITITIOBAaY. Y HbOMY MPOBOJMUTHCS BTOPUHHA Cemapailisi, 3aCHOBaHa Ha MPUHIU-
nax 3MiHU HampsMy MOTOKY BOJIOTHX Ta3iB Ta BIAIIEHTPOBOIO MOJLITY CEPEIOBHII
y 3aBUXpIOBadi 3 MpoduUIbOBAaHMMHU JIomaTkamu. BincemapoBaHa BoJjiora BHa-
JSETBCSA 3a OOpT uepe3 3arajibHUM 3JIMBAJILHUM TPYOONpOBIJ, a 1HEPTHI Ta3u
HArHITAIOTHCS Ta30/lyBKOI0 B MAITYOHY PO3MOIIBHY MaricTpaib 4epe3 naayOHui
BOJISTHUU 3aTBOP.

[IpuHuun poOOTH BOASHOIO 3aTBOPA 3aCHOBAaHMM Ha TIAPABIIYHOMY 3a-
KPUTTI TpyOOINpPOBOAY 1HEPTHUX Ta3iB MPU HEMPALIOKOYid ra30lyBll, a MpH ii po-
00TI Ha BIATUCKaHHI PiBHS BOAM 3a B1IOMBaY JJi MPOXOAY IHEPTHUX rasis. [{um
3ano0iraroTh MEPETIKAHHIO MOXKEKOHEOE3MeYHO1 BYIJIEBOJIHEBOI NapU B CYAHOBI
NPUMIIIEHHS Ta BUHECEHHS! BOJAM 13 3aTBOPA Y BaHTaXH1 BIJCIKM MPU BCTaHOBIIE-
HOMY pEXHUMI poOOTH cucTeMu. JIJIsl i€l METH 3aTBOp OO0JIaIHAHUHN CHeIliaIbHIM
MOBOPOTHUM MPHUCTPOEM, IO CKIATAETHCS 13 3aCIIHKU 3 MPOTUBArO0, J0 SIKOTO
KPIMUATHCS BIAKPUTHIA KiHEI[b THYYKOTO MUIAHTY, IO CIIYXHUTh JIJISi BUIAAICHHS BO-
JI1 3 BOJSIHOI MOPOKHUHU 3aTBOpA Ta 3a0e3MeueHHs Oe3nepepBHOI MUPKYJIAIIT B
HI/ BOJW TIPH MPAIIOIOYii 1 HEMpaIodiid cucTeMi 1HepTHHUX Ta3iB. Llupkymsiis
BOJI B 3aTBOPI 3MIMCHIOETHCS JIBOMA BIIIICHTPOBHUMH HACOCAMH, OJHH 13 SKUX €
pesepBHUM. Boja 13 3aTBOpa 31MBa€ETHCS 32 OOPT Yepe3 KIHTCTOH, PO3TAIIOBaHUN
y BaHTQXXHOMY HACOCHOMY BiJIlJIEHHI. 3aTBOpP 3a0e3MeUeHul OTJIsiJOBUM CKJIOM,
BOJIOBKA31BHOIO KOJIOHKOIO, TTApPOIPOBOJIOM OO0ITPiBY BOJSHOI MOPOKHUHM Ta 3a-
co0amMu aBTOMaTUYHOTO KOHTPOJIIO PiBHS Ta TEMIIEpaTypH BOJIH.

3 mamyOHOTO BOJISTHOTO 3aTBOPA Uepe3 BCTAHOBIICHUH 32 HUM HETIOBOPOTHO-
3amipHUNA KJamaH 1HEepPTHI ra3u HAaIXOJATh y MajgyOHy PO3MOAUIbHY MaricTpalb i
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MOJAI0ThCA Y BaHTaXHI BIJICIKHM, Ha BIATATYKEHHAX J0 SKHX TaKOX BCTAHOBJICHI
HEMOBOPOTHO-3aIMMipHI KJIaaHH.

Cucrema iIHEpTHHX Tra3iB MpaIIOE€ y TAKUX BUMAIKAX: MPHU OYATKOBOMY 3a-
MOBHEHHI BAaHTA)XKHUX BIJICIKIB IHEPTHUMHU ra3aMu IMepej NpUAMaHHSIM BaHTAXY;
1] yac Iepexo/y TaHKepa 3 BaHTakeM ab0 OanacToM, IpyU HaBaHTAXEHHI TaHKepa
JUTS TIATPUMKH 33/1aHOTO HAJUIMIIKOBOTO TUCKY iHEepTHHUX ra3iB Bix 2 1o 8 klla i
NEePIOIMYHOrO iX MiJKaYyBaHHS B TaHKU NPH MaJiHHI THCKY HI)KY€ 3a3HAYEHOTO
3HAYEHHS; MPU PO3BAHTAXKEHHI HA(DTOMPOIYKTY AJIs 3aMIlIeHHS HOTr0 1HEPTHUMHU
razaMy; MijJ 4ac MUTTS TaHKIB CTal[lOHAPHUMHU 3ac00aMH, 30KpeMa CHpOIO0 Ha-
¢ Tor0; MpHW BEHTUJIALIT BaHTAXKHUX BIJCIKIB IHEPTHUMH Ta3aMH Ta Jierasailii TaH-
KiB 30BHIIITHIM MOBITPSIM.

TpyOompoBia MmiaABEACHHS 1HEPTHUX Tra3iB 1 MPoJayBHA TpyOa po3HECEeHI I0
JIOBXKMHI TaHKa, YUM 3a0e3neuyeTbes eHEKTUBHUN ra3000MiH, IO CIPHSE MPHUC-
KOPEHHIO CTBOPEHHSI PIBHOMIPHOI HU3bKOI KOHUEHTpAIli KUCHIO a00 OJM3bKOi 10
aTMOC(EpHOro TMOBITPS 3a KOHIEHTPAII€I0 KUCHIO CEPEIOBUINA MICs Jera3ailii.
Jns mpoayBanHs (y pa3i mOTpeOM) IHEPTHUMM ra3aMy BaHTAXKHOI CUCTEMHU MiX
HEI0 Ta CUCTEMOIO 1HEPTHUX Ta3iB MepeadaueHo NepeMUUKY, 3a0€3MeUeHY 3a YMO-
BaMHM O€3MEKH 3aMPHUMH OPraHaMH Ta MOBITPSHOIO TOJIOBKOIO.

CITUCOK BUKOPHUCTAHOI JIITEPATYPHU
1. https://uk.wikipedia.org/wiki/IeprHi_rasu
2. http://www.stroitelstvo-new.ru/sudostroenie/mehanizm/sistema-inertnyh-gazov.shtml
3. http://sea-library.ru/bezopasnost-plavanija/195-inertnie-gazi.html
4., https://studfile.net/preview/1665822/page:58/
5. https://bstc.com.ua/uk/cours/systema-inertnyh-gaziv/
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Technological support of durability of resource-saving parts of shipping
facilities

A significant increase in the durability of restored resource-providing parts
can be achieved by applying: the design of a reinforcing coating, the use of modi-
fied hard alloys as the material of the reinforcing coating, and the modernization
of surfacing technology. The design of the reinforcing coating of the parts is sub-
stantiated, taking into account the profile of their predominant wear figure, which
allows saving the material that strengthens the coating and increasing the re-
source of the parts.
Key words: modification, restoration, strengthening, coating, wear.
Problem. In practice, there are frequent cases when the low durability of the re-
sponsible parts limits the possibilities of further improvement of the technical and
economic indicators of the machine. To imagine the need to fight against abrasive
wear of parts, it is enough to point out that the service life between repairs of
many machine parts is calculated not in years and months, but in hours. After
strengthening, the service life of parts increases several times [1]. Currently, in or-
der to increase the durability and resource of resource-providing parts, a number
of new strengthening methods have been developed, including the method of in-
duction surfacing, the method of cladding with a wear-resistant tape, methods of
chemical-thermal strengthening, new hard alloys of the PS type have been devel-
oped and implemented, which are significantly superior in terms of wear re-
sistance and economic the well-known Sormite alloy, which in turn has now ex-
hausted its operational characteristics. Therefore, this surface material must be
modified to significantly increase the wear resistance and durability of parts dur-
ing operation.
Analysis of research and publications. Various types of wear-resistant surfacing
with T-590 electrodes, powder-coated wires of the PP-AN125, PP-AN170 type,
methods of electric contact welding of powder materials, wire or tape, sputtering
methods with subsequent melting of coatings with a gas flame are used for restora-
tion. , electropulse build-up and electrospark alloying At the level of experimental
research, processes of soldering and gluing of hard alloys and metal-ceramics are
used. The most universal technology for applying wear-resistant coatings is arc
welding with hard alloys, the feasibility of which depends on the degree of heating
of the parts being strengthened and the cost of hard alloys. To increase the wear
resistance, the technology of intermittent surfacing with individual straight or arc-
shaped rollers, the width of which is smaller than the distance between them, has
been developed [2]. During the passage of a pulsed electric discharge in a gas me-
dium between the anode electrode and the processed part, the cathode, a certain
part of the mass of the anode electrode is destroyed and transferred to the surface
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of the part. With repeated exposure to spark pulses, a coating 0.32...0.53 mm thick
is formed on the surface of the part with properties close to those of the electrode
material. By substantiating and selecting the electrode-anode material, it is possi-
ble to obtain a wear- and corrosion-resistant surface depending on the operating
conditions of the parts [2]. The task is solved by the fact that the cutting edges of
the anti-cutting plates are hardened in air and, according to the invention, after
hardening, a wear-resistant coating in the form of a strip is applied to the hardened
edges by electrospark treatment.

Research results. In the process of applying the method of electrospark
processing, two directions of processing were used: 1. "Clean processing"” in our
case, "soft processing mode" is processing in soft modes with short-circuit
currents up to 10-15 A, while achieving the smallest roughness of the strengthened
surface (up to V7) with a small thickness of the strengthened layer (up to 0.1
mm). 2.

"Rough processing” - in our case, "hard processing mode™ is processing in rough
modes with short-circuit currents of more than 15-20 A with obtaining larger
thicknesses of the hardened layer up to 1-3 mm with high surface roughness of the
hardened layer [3]. Self-propagating high-temperature synthesis (HSS) is an
effective energy- and resource-saving method of obtaining composite powders. An
important technological advantage of using the SVS method for obtaining
composite powders is also the possibility of obtaining multicomponent products in
one stage even in material systems that differ significantly in terms of materials.
Metals, metal alloys and intermetallic compounds are often used as binders, and
carbides are usually used as refractory compounds. titanium, chromium, silicon,
and others, as well as titanium, aluminum, aluminum, and iron oxides [4]. In SVS
technologies, the materials used are an exothermic mixture of powder components
in a bulk or compressed state. As starting reagents, we used: aluminum powder of
the PAP-1 brand, chromium (IIl) oxide, boron oxide, qualification h.ch. and
graphite of the GLS brand, technical erod angle P 804-T. Initially, the SBS was
considered as a method of obtaining refractory powder ceramic compounds
(Cr3C2, TiC, CrB, Fe2B, FeB and their mixtures), which are used in the distant
future to create mechanical surfacing mixtures. When studying the parameters of
linear wear of used parts, the greatest difficulty is the measurement of their blade
thickness. There are various methods of measuring this parameter, obtaining an
impression on plates made of lead or aluminum, with further processing of these
proven methods. The problem of measuring the thickness of the layer is that there
are no generally accepted criteria for assessing its sharpness for real time. Hence
the impossibility of comparing the results obtained by different authors. To
increase the hardness and wear resistance of surfacing materials, without
significantly changing the technology of their application, it is possible to use the
technique of modifying these materials with the addition of superhard metal
carbides (TiC, WC, Cr2C3), nonmetal carbides or solid lubricants (B4C, S[]
coating is applied by high-energy methods: arc, laser or plasma surfacing. At the
same time, the modifier introduced into the main material to be surfacing, as a
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rule, in small (up to 5 wt. %) quantities, can improve its characteristics due to
various effects: Charpy, dispersion hardening, or enter into chemical interaction
with the material, forming new phases, i.e. is an active modifier of training and
wear resistance.

Conclusions: The design of the reinforcing coating of the parts is substantiated,
taking into account the profile of their predominant wear figure, which is two
right-angled triangles, oriented with long sides and sharp angles along the cutting
edge in the direction of the rounded part of the part, applied to the back of the
knife, the width of the milled edge and the length, which is equal to 2/3 of the
length. It is proposed to increase the durability of parts by increasing the wear
resistance of the materials of their strengthening coatings based on hard alloys by
modifying them: cermet Cr3C2/ PG-US 25 (up to 4.5 times), carbide B4C (up to
2.5 times), WC/B4C complex (c0 3.1 times), which are included in the base charge
for induction surfacing. At the same time, modification of the coating material
with Kermit increases the durability of the part by about 10 times.
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TEXHOJIOI'TYHE 3ABE3INEYEHHSA TOBI'OBIYHOCTI
PECYPCO3ABE3INEYYIOUUX JETAJEN CYJJHOBUX TEXHIYHUX
3ACOBIB.

[cToTHE mMiABUINEHHS JOBTOBIYHOCTI BIJIHOBIEHUX PECypco3ade3neuyrodnx
JeTane Moke OyTH JTOCSATHYTO 3aCTOCYBAHHSIM: KOHCTPYKIII 3MIIIHIOIOUOTO I10-
KPUTTS, BUKOPUCTAHHSAM SIK MaTepiajl 3MIITHIOIYOr0 MOKPUTTS MOIU(]PIKOBAHUX
TBEpJAUX CIUIaBIB Ta MOJIEPHI3AIEI0 TEXHOJIOTII HamiaBieHHs. OOrpyHTOBaHO
KOHCTPYKI[IFO 3MIITHIOIOYOTO TMOKPUTTS JIeTajei, 1Mo BpaxoBye€ Npoduib iXHBOI
nepeBaxHoi (irypw 3HONTYBaHHS, IO JO3BOJSE EKOHOMUTH MaTepial, o
3MIITHIOE TIOKPUTTS, 1 30UIBIIUTH PeCypc ACTayei.

KuarwuoBi ciaoBa: Moaudikaiiisi, BITHOBICHHS,3MIIIHEHHS, TTOKPUTTS, 3HOIIIY-
BaHHS.
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IMoxpanieHHs1 eKCNJIyaTaliiHUX MOKA3HUKIB TAHKEPA 32 PAXyHOK
BHKOPHCTAHHA BOJAHEBUX TEXHOJIOTiii

BukopucranHs BOJHEBUX TEXHOJOTIA MOXE MO3UTUBHO BIUTMHYTH Ha €KC-
TTyaTalliitHi MOKa3HUKU TaHKepa B HACTYITHI CIIOCOOM:

1. 3MeHIIeHHS 3a0pyAHEHHS HABKOJHUIIHBOTO CepenoBUINa: TpaauIliiiHi Ta-
HKEpH MPAaIIOI0Th Ha MaJMB1 3 BEJIMKOIO KUTBKICTIO BYIVICIIO, IO BUKUIAE B aTMO-
cdepy BENUKY KUIbKICTh 3a0pYIHIOIOUUX PEUOBUH, TAKUX SIK BYTJIEKUCIIHUH a3, OK-
CUAM a30Ty 1 Cipku. BukopucTaHHs BOIHEBUX TEXHOJIOTIH JOMOMOXE 3MEHIIUTH
BUKUAM IKIJJIMBUX PEUOBUH, OCKUIBKU MAJMBO Ha OCHOBI BOJIHIO HE BUKHUJAE B
arMoc(depy BYIJIEKUCIUNA ra3 1 1HII HIKIIJIMB1 pEYOBUHH.

2. 3MeHIIIEHHSI BUTPAT HA MajnBo: BomeHb € ePeKTUBHIIIMM MaJIuBOM, HIX
TpaauIliiiHe HaQTOBE MAIMBO, IO MOXE JOTIOMOTTH 3MEHIITUTH BUTPATH HA TIAJIH-
BO TaHKepa.

3. [NokpamenHs mpoayKTUBHOCTI: BomeHnb Moxe 3a0e3meuuT OiTbIl BHCO-
Ky IPOAYKTUBHICTh JIBUTYHIB TAHKEPA, IO JO3BOJUTH iM MpaLOBaTH OUIbII e(ek-
THBHO Ta 3MCHIITUTH Yac 3yITMHOK Ha TEXHIYHE 00CITyrOByBaHHSI.

4. Tlokpamennst 6e3nexku: Bopens, ik manuBo, € MEHII BUOyXOoHeOe3Iey-
HUM, HIXK TPaJMIIiHI TaJIuBa, 0 MOXKEe JOIMOMOITH 3MEHIITUTH pU3UK BUOYXiB Ha
OOpTy TaHKepa.

BukopucrtanHs BOIHIO B JIBUTYHAX BHYTPIIIHBOTO 3TOPSIHHS Ma€ 3HAUYHUN
MOTEHITIAJ 1 MOXKE MaTH JeKiIbKa mepeBar MOPiBHIHO 3 TPAIUIIIHHUMHU TTaJTuBaMH,
TakuMU K HadTa abo ras.

Exonoriuni nepeBaru: BukopucTaHHS BOAHIO Y ABUTYHAaX BHYTPIIIHBOTO
3TOPSIHHS JTI03BOJISI€ 3HU3UTH BUKHUIN BYTJICKHUCIIOTO Ta3y Ta 1HIINX IIKiIJTUBUX pe-
yoBuH. [Ipu 3ropsiHHI BOJHIO B JBUTYHI YTBOPIOETHCS BOJA K €IUHUHN MPOIYKT,
10 pOOUTH BOACHBH OJTHUM 3 HAaMEKOJIOTIYHIIINUX BUJIIB MAJIUBA.

EdexruBHicTh: BogeHb Mae BUCOKY €HEPreTUYHY UIIIBHICTh Ta BUCOKY Te-
IJIOTBOPHY 3JaTHICTh, IO JO3BOJISIE JOCSATHYTH BUCOKOI €(DEKTUBHOCTI IIPU BHUKO-
pPUCTaHHI y IBUTYHAX BHYTPIITHBOTO 3ropsHHSA. BomeHbs MOXke OyTH BUKOPUCTaHUH
SK JOTIOMDKHE TIaJIMBO JIJIs1 IBUTYHIB 3 BHYTPIITHIM 3TOPSHHSM, 1110 JIO3BOJISE 3HH-
3UTH CTIOKMBAHHS TAJIMBA Ta BUKUJIW IIKIJJTUBUX PEYOBHH.

IcHye KisbKa cI0CO0IB BUKOPUCTAHHS BOJIHIO B IBUTYHAX:

1. BaytpimHe 3ropsinasa: BoneHb Moxke OyTH BHUKOPUCTaHUM y JABUTYHAX 3
BHYTPIIIHIM 3TOPSIHHSM, TaKUX K JBUTYHH 3 BHYTPIIIHIM 3rOpsIHHSAM Ha O€H3UHI
a00 au3enbH1 ABUTYHU. J1J1s IIbOTO BUKOPHUCTOBYETHCS MAJIMBHA CHCTEMA Ha OCHOBI
BOJIHIO, i€ BOJICHb 30€pIiracThCs B CIHEIialbHUX 0akaxX Ta MOMAEThCS 10 JABUTYHA
yepe3 cucTemy nojaayi nanusa. [Ipu 3ropsHHI BOJHIO B IBUTYHI YTBOPIOETHCA BOAA
1 TEIJI0, 110 J03BOJISIE 3a0€3MEUUTH CHEPTIIO )Tl pyXy TPAaHCIIOPTHOTO 3ac00Yy.
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2. [lanuBHi enemenTu: Bonens Moke OyTH BUKOPUCTAHHUM y MAJIMBHUX €Jie-
MEHTaX, SIKi KOHBEPTYIOTh XIMIUHY €HEpPril0 BOJIHIO B €JICKTPUYHY E€HEPriio, IO
MOTIM BUKOPUCTOBYETHCS JIJISl IPUBOAY €NEKTPUYHUX ABUTYHIB. [lanuBHI eneMeH-
TH CKJIQJJAIOTHCS 3 JIBOX €JIEKTPOJIIB Ta €MEKTPONITY, IKHIM PO3ILEIUIIOE BOJICHD Ha
CJIGKTPOHM Ta MPOTOHU. EJEKTpOHU pyxaroThcsl depe3 30BHIMIHIN KOO Ta CTBO-
PIOIOTH €JEKTPUYHHUI CTPyM, a MPOTOHHU PYXArOThCsS Yepe3 €NEKTPONIIT Ta 3B'A3Y-
IOTBCS 3 KUCHEM, 1110 J103BOJISIE YTBOPUTHU BOLLY.

3. I'iopuana cucrema: BomeHp Moke OyTH BHKOPHUCTAHHMH SIK JOTIOMIKHE
NaJIMBO B TIOPUIHUX CUCTEMaxX, J€ BUKOPUCTOBYIOTHCS SIK €JIEKTPUYHUM, TaK 1
BHYTPILIHBOIO 3rOpaHHA ABUTYHH. IIpy 11bOMYy BOJI€Hb BUKOPUCTOBYETHCS AJIS 3a-
Oe3rneueHHs 101aTKOBO1 MOTYKHOCTI JUIsl €IEKTPUYHOIO JBUTYHA abo SIK JOIOMi-
YKHE MaJMBO JJIsl ABUTYHA 3 BHYTPILIHIM 3rOPSHHSAM, L0 JO3BOJISIE 3HU3UTHU CIIO-
YKUBAHHS MaJIMBA Ta BUKUAU LIKIJIMBUX

BuxopuctanHs BOAHIO MOXE JOMOMOITH MOKPAIIUTH eKCIUTyaTaIliifHi MoKa-
3HUKH JIBUTYHA, 30KpeMa:

EdexruBHicTh: BoneHbp Mae BUCOKY TEIUIOTBOPHY 34aTHICTb, IO J03BOJISE
JOCSITHYTH BUCOKOI €(peKTUBHOCTI ABUTYHA. KpiM TOro, BAKOPUCTaHHS BOAHIO J0-
3BOJISIE 3MEHILUTH BTPATH €HEPrii, 10 BiAOYBAIOTHCSA B PE3yNbTaTl TEPTS Ta 1HIIUX
BUJIIB BTPAT y CUCTEMI MATMBOTIOCTAYaHHS JBUTYHA.

Exonoriunicts: BukoprcranHs BOAHIO SIK MaJIMBa y ABUTYHI J103BOJISE 3Me€-
HIIMTH BUKUIM LIKIUIMBUX PEUYOBUH y aTMOC(epy, OCKUIbKY MIPH 3rOPsIHHI BOJHIO
YTBOPIOETHCS BOAA SIK €IUHUI MPOTYKT.

JIoBroBiuHicTh: BukoprcTaHHs BOIHIO MOXKE JOMOMOITH 3MEHILIUTH 3HOC Ta
KOpO31I0 JieTajeil ABUTryHa, 110 CIIPUYUHEH] BIAKIAICHHSAM BYIJICLIO Ta 1HIINX 3a-
OpyIHEHb.

['myukicts: BoneHb Moxe OyTH BHUKOPUCTAHUMN SIK IOMOMIKHE TAJMBO IS
JBUTYHIB 3 BHYTPIIIHIM 3rOPSIHHSM, 110 J103BOJISE MIABULIUTH €KCILUTyaTallliHI M0-
Ka3HUKHU JIBUTYHA B MOPIBHAHHS ICHYIOUMMH CIIOCOOAaMU MiIBUILIEHHS €()EKTHUBHO-
CTI.

Tak, BUKOPHCTOBYIOUM MaJll TOOABKHU BOJHIO IO OCHOBHOIO MaJliBa, CyJHA
tankepa IMO: 9384447 3 neurynom MAN 9L48/60 moxHa 3abe3neuntu 3011b-
IIEHHS MOTY>HOCTi Ha 1...3%, a BUTpary najauBa 3MeHIIUTH Ha 3...5% B 3alex-
HOCTI BiJl peskumy pobotu (puc. 1).
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PI/ICYHOK 1. HaBaHTa)Ky'BaJ'ILHa XapaKTCPUCTHKA IBUT'YHA

BucHOBOK: 0TXe BOJIEHB MOCTAE TyXe MEPCIEKTUBHUM Ta €(heKTUBHUM 3a-
coOOM IS MIJIBUILIEHHS €KCIUTyaTalliHOl €()eKTUBHOCTI CyAHOBHUX JBHUTYHIB. 3a
pe3yJbTataMi MOJIeNIoBaHHs Ha posrisHytomy aBuryni MAN 9L48/60 mocsra-
€TbCs 30UIBLIEHHSI MOTY)KHOCTI Ta 3MEHIIEHHS] MUTOMOI €()eKTHBHOI BUTpATH Ia-
nuBa 110 5%, B 3aJIEKHOCTI B1Jl KUTBKOCTI BOJAHIO Ta HABAaHTA)KEHHS Ha JBUTYH.
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VJIK 628.31

Ceupunos B.l., Aaapees A.A., Illananko/[.O.
XepCOHChKHI HaBYaJIbHO-HAYKOBUH 1HCTUTYT HallioHaapHOTO yHIBEPCUTETY KO-
pabnedyayBaHHsS iMeHI aamipana MakapoBa, YkpaiHa

JlocmiiskeHHsI MPOTrHO3iB BUKHM/IIB CYJ€H Ta BIUIMB HA HABKOJIMIIITHE
cepe10BHIIE

HaykoBIIsIMH €KOJOT1YHUX TUTaHb Oy MPOBEACHI Pi3HI JOCHIIKEHHS, 1100
CIIPOTHO3yBaTH BUKUHW 3 CyJIeH 1 IXHIi BIJTUB HAa HABKOJMIIIHE cepenoBuie. Ha-
npukiaa, Corbettetal. (2010) cTBoprM MeTanbHUN KagacTp BUKUIIB 711 6a30BOTO
2004 poky Ta nporro3oBanux pokiB 2020, 2030 ta 2050 pokiB, BpaxoByOUH Je-
KUIbKa crieHapiiB cyaHoruiaBcTsa. [litepc Ta 1H. (2011) moOyayBaiu MaliOyTH1 BHU-
KHJIA CY/IH BiJl apKTHUYHOI'O CyJHOIIABCTBA Ta HadTOoBOI AisibHOCTI HA 2030 Ta
2050 poku Ta BUKOPUCTAIH 111 JaH1 Jisi GOPMYITIOBAHHS MOJICITIOBaHHS TPAHCIIOP-
TyBaHHs ximikaTiB. Jlocnigauku SongiShon (2014) npoananizyBaiu IIKiIJIHBI BU-
kunu 13 cyneH 3a 2006, 2008, 2009 poxu y nopty Ilycan (IliBnenna Kopes) ta
NOpiBHSUM iX 13 MaitOyTHIMU cuieHapismu (2020, 2050 pp.).JIro Ta iH. (2018) moc-
JKYIOTh IPOTHO3 BUKUIB CYAEH Ha PiBHI MOPTY Ta periony Ao 2020 poky, mob
BUBYUTH BIUIMB ICHYIOUO1 Ta MOTEHIIMHOI MOMITUKA KUTailchkoi BHYTPIIIHBOI 30-
Hu koHTpoiito BukuAiB (DECA). HaBeneHi Bullle JOCHIIKEHHS JalOTh 3HAYHI
3HaHHA Npo 00K BUKUAIB cyJieH. [IpoTe cyuacHa iiTepaTypa 30cepeakeHa nepe-
BaKHO Ha JIETEPMIHICTCHBKOMY MIJIXOJl, 1 PE3yJIbTaTH MPOTHO3Y 3a3BUYAll BHUpa-
YKAIOTHCSI SIK TOYKOBI OIIHKH, SIKI HE MICTATh MOMIJIOK 1 MICTATh HEJIOCTaTHIO 1H-
dopmartito. Kpim Toro, BaxJIMBO BpaxOBYBAaTH MPUTAMaHHY HEBU3HAYEHICTh MPO-
THO31B, 1 BUKOPUCTaHHS JIETEPMIHOBAHOI €KCTPAMoJIAlii MOXe OyTH He HailKkpa-
UM MiX0JI0OM, SIKIIIO OCHOBHUM 1HTEPECOM € MPOTHO3YBAaHHS WMOBIPHOTO 1HTEP-
Bally MaiOyTHIX BHUKHUJIB. 3anpornoHoBaHuii anroputm baiieca Hamae ocobi, sika
npuiiMae pilieHHs, P MOXKIMBUX PE3yIbTaTiB HA OCHOBI KOHIIEIMIII IMOBIpHIC-
HOTO MPOTHO3yBaHHs. Ha BiiMiHY BijJl TOYUKOBOTO MPOTHO3Y, BiH HAJA€ JOJATKOBY
LIHHY 1H(pOpPMAIlil0, TaKy K HalOUIbII MMOBIpHA KIIbKICTh, AUCIEPCisl, HUXKHIN 1
BEpXHiil moporu MaiidytHeoro posmnozairy (Moritaetal., 1996; TaylorandBuizza,
2003). OTxe, BIH CIyXUTh KpalllUM OPIEHTUPOM JJIsl MPUNUHATTA PIlI€Hb, HIXK TO-
ykoBa oliHka. Kpim Toro, 6alieciBChkUil miaxij 3a0e3reuye ajanTUBHE HaBUaHHS
3 4acOM 3MIHHUX Yy 4acl YIEpeIKeHb 1 OHOBIIIOE MOIEPEAH] 3HAHHS HOBUMU Ja-
HUMH, 00 OTpUMATH KOPHUCHI 3HAHHS IIOJ0 3MIHHUX Yy Yacl MOJElel pyxy Cy-
JIeH, a TaKOX Ja€ OUTbIl HaNIMHY OIIHKY. BukopucTanHs 6alleCiBCbKOi CUCTEMU
JUTSl TIPOTHO3YBAHHS HEBIJOMUX HE € HOBUM B aKaJeMIYHUX JOCHiKeHHsX. Ha-
cnipaBji, O0ale€ciBChKe MPOTHO3YBAHHS OyJIO Tapsiduoi0 TEMOIO JTOCHTIKEeHb Y JIiTe-
paTypi 3 yOpaBiIiHHS MaTepiadbHO-TeXHIYHUMU 3anacamu 3 1950-x pokis (Brown,
1959). IloniOHuM YrHOM OYJTM TaKOK MPOBEACHI TOCHIKEHHS 3 BUKOPUCTAHHIM
0aiieciBCHKOTO aHasizy B o0nacrti IPOTrHO3yBaHHS MOBEHEN
(KrzysztofowiczandHerr, 2001; MaranzanoandKrzysztofowicz, 2004). Y mopcs-
Kiil cepl nocnimkeHHs 0aileCiBCbKOro Ta IMOBIPHICHOTO MPOTHO3YBAaHHS € PiJIKi-
CHUMHM Ta oOMexeHumu. [IpoBesieHo KiJibka AOCIIPKEHb Ha TEMU MOPCHKHX aBa-
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piil, 3ITKHEHb 1 OLIHKH PHU3UKIB MOPCHKOTO TpaHcnopty (ZhangandThai, 2016;
Afenyoetal., 2017). OqHak 10710 BUKU/IIB KOPaOIIiB 3aCTOCYBaHHS 0ali€eCiBCHKOTO
MIPOTHO3YBaHHS 3AJIMIIAE€THCA B OCHOBHOMY HEBHBUEHUM. MallOyTHE MOJIeTIOBaH-
HSI BUKUIIB Ma€ BAXJIMBE 3HAYCHHS JIJIS1 OI[IHKH MPOTPECy B TOCATHEHHI €KOJIOT14-
HUX muteld. OgHaK MOTOYHA METOJIOJIOTIS HE MOKe OyTH BHKOPHCTaHA Yepe3 BiJl-
cytHicTh AlS 1 MaitOyTH1 pyxu cyaeH. Takum 4nHOM, 111 CTATTA € QyHAaMEHTab-
HUM BHECKOM, SIKMI OB’ S3Y€ 171e10 6aileCiBCHKOT0 MMOBIPHICHOT'O MPOTHO3YBaHHS
3 BUKUJIAMU KOpaOJiiB. 3arporoHOBaHa METOOJIOTISI MOXKe OyTH 3aCTOCOBAaHA JI0
HIMPOKOIO J1ala30Hy MPOTHO3HUX TOPU3OHTIB JJIs MPOTHO3YBAaHHS TI00abHUX
BUKUJIB 13 CYJI€H, a TAKOX JIJIi CTBOPEHHS KaJlaCTPy PEriOHATIbHOTO YU MICIIEBOTO
Maciitady.

B nocnimkenHsx Oyino po3misIHYTO M'ATh THMIB CYAEH: KOHTEHHEPOBO3; CY-
XOBaHTOKHUM  CYJHO; TaHKEp, SKWAW BKJIIOYA€ TaHKep I  XIMiKa-
TI1B/Ha()TH/CKPAIIEHOr0 Ta3y/IPUPOAHOrO Ta3y; BaHTAXKHE CYIHO, SIKE€ BKIIIOYAE
CYJHO JJI T€HepaJIbHUX BaHTaxiB, cyaHO-PO-PO 1 pedpmxeparop; HapemTi na-
CaXXUPCHKE Ta KPYI3HE CYJIHO.

O6uncneni 3a6pynnrorodi pedoBuan: CO2, SOx, NOx, CO Ta CHy4. ®akTryni
BUKUAM Bija cyaeH y nopty Cinramypy 3 6epe3ns 2019 p. no mrotuit 2020 p. mia-
CyMOBaHi B Tabmuui 3. 3arajiom, y3roJ»KeHiCTh pe3ybTaTiB MK (DAKTUYHUMH Ta
PO3paxyHKOBMMHM BUKUAAMHU B CyZieH OyJia 3a10BIJIbHOIO, BPaXOBYIOUH, 110 (aK-
TUYHI BUKUIU NIepeOyBalli MK BEPXHBOIO Ta HUKHBOIO MEXKaMU OYIKyBaHUX pe-
3ynbTaTiB 3 95%

Baxxko npuaymaTtu 61111 €(hEKTUBHE JKEPENIO JOXOIY, HIK OIOJAaTKyBaHHS
najrBa, 110 BUKOPUCTOBYETHCS B MIKHAPOJHIN aBiallii Ta MOPCBHKIM JISUIBHOCTI.
BoHu € 0OCHOBHMM J’K€pesioM BUKH/IIB BYTJIEKUCIIOrO Ta3y, U0 MOCTIHHO 3pOCTaE,
1 B OCHOBHOMY HE OTOJIaTKOBYIOTHCS, 1[0 TIOCHUTFOE HACIIJIKHM 1HITUX aHOMAJil y
BHUPA3HO JIETKOMY OINOAATKyBaHHI 000X cekTopiB. OUiKyBaH1 BUTOAM JJII HABKO-
JUIITHBOTO CEPEJOBUIIA, TOXO/IB 1 3MEHIICHHSI HEKJIIMAaTUUYHUX MOJATKOBUX BHU-
KPUBJIEHD (SIK IpYTrUii HAWKpalui miaxXi1) € 3HAYHUMU.

[IpoOnemMu nonsraroTh y COpUSHHI MI>KHAPOAHIN KOOpAMHALIl BCTAHOBJICHHS
CTaBOK, fKa € HEOOX1IHOIO Yepe3 BUCOKY MOOUIbHICTh 0a3u OMOAATKYBaHHS, a Ta-
KOX y PO3MOJAUII I0XOJIB MK KpaiHaAMH Ta HampsiMKaMu BUKOpucTaHHs. JloOpe
JUTsl HAaBKOJUIITHBOTO CepeloBuINa, 100pe i dickanbHoi mo3uiii [lamuBo, 1o
BUKOPUCTOBYETHCS JJISI MIXXKHAPOJHOTO aBIaIifHOTO Ta MOPCHKOTO TPAHCIOPTY,
CTaHOBUTH 3POCTAIOUy YaCTKY INI00aIbHUX BUKU/IB BYIJIELIO, TTOB’SI3aHUX 3 €HEp-
reTUKO0 (01M3bK0 4%), ajie BOHU MaiKe 3aBXKJIM BUKIIOUYEHI 3 1HIIIaTUB BCTAHO-
BJICHHSI LIIHU HA BUKUU BYTJICLIO.

JIJis MOPCBKOTO TPaHCIOPTY 1€ BiJIoOpa)kae rocTpy MOJATKOBY KOHKYPEH-
1110, SIKa BUHUKAE Yepe3 37aTHICTh BEIUKUX KOPAOJiB, sIKIi MOXKYTh JOJIATH BEJIU-
Ye3H1 BIJICTaHl HA OJHOMY 0aKy MaJIbHOTO, JIETKO 3MIHIOBaTH MapHipyT, 1100 BHU-
KOPUCTOBYBATH JIeHIEBIIE MAIUBO. MIXKHApOHI MOPCHKI MEPEBE3EHHS TAKOXK BU-
KirovaroThes 3 [1/1B, ane e He Tak BaXJIMBO, OCKIJIBKM OUIBIIICTh MOCIYT 3 JOC-
TaBKU KyNyIOThCA JUIsl O13HECY, @ HE ISl KIHIEBOTO CIIOKUBAHHS (TOMY OYyIb-SIKUI
[1/IB 3apaxoByeTbcsi a00 MOBEPTAETHCS MJIATHUKY MOAATKY). Y MOPCHKOMY CY/I-
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HOILJIAaBCTBI Ma€ 3HAUYEHHS T€, 1[0 3BUYAHUI MOJATOK HA MPUOYTOK MiANPUEMCTB
YaCTO HE 3aCTOCOBYETHCS (3HOBY JK TaKH B PE3YyJIbTaTi TOCTPOI MOAATKOBOI KOHKY-
peHilii), 3aMICTh ILOTO MOAATOK CTATYEThCA — 32 HAbaraTo HIKYUMH €()EeKTUBHH-
MU CTaBKaMH — BIIIOBITHO JO CICIIATLHAX PEXUMIB «IOJATKy Ha TOHHAX.
OdiuiiiHo MpoaHaIi30BaHO 1l TPOOIIEMH.

CyThb mpocTa: MOTEHIIIHI BUTOAM BiJ BCTAHOBJICHHS 3HAYHOI IIHW HA Il BU-
JIU TaJIMBa € AYy>K€ CYTTEBUMHM — JUIsl HABKOJIUIITHBOTO CEPEOBUIA, AJI JOXOIIB 1
JUTsL 3SMEHIIEHHST BTPAT BiJl 1HIIMX MOJATKOBUX BUKPUBJICHB. SKIIO TOBOPUTH PO
JOX1]1, TO robanbHa miaTa 3a BUukuan CO; y po3mipi 25 gonapiB CIIA 3a ToHHY
— Ha Hu3bK1H ctopoHi (IAWG CIIA, 2013 p.) — 301IbIIKUTH 10X0U TPUOIU3HO HA
12 minesapais pomapiB CIIA Big mixkHapoaHoi aBialii Ta 25 MiIBIpAIB J0JIapiB
CIIA Bin cyanomnaBctBa. Lle Moke MaTu Benuke 3HAYEHHS I BUKOHAHHS 30-
OOB’s13aHb PO3BUHYTHX KpaiH moao MoOumizarii 100 MiubspaiB aojapiB Ha pikK,
nounHarouu 3 2020 poky, JuIsl KIIIMAaTUYHOTO (PiHAHCYBaHHS B KpaiHaX, 110 PO3BHU-
BaIOThCS (HABITH MIC/IsSI KOMIIEHCAIIMHUX 3aXOiB, PO SIK1 aeThesa Hibkue). Bpa-
XOBYIOUH MOJITHUYHI TPYIHOIIl 3 PO3MOALUIOM BUKHIIB 1 JOXOMIB Bl JISIIBHOCTI 3
NEPETUHY KOPJIOHIB MK OKPEMHMH KpaiHamH, 11e 0araTo B 4OMYy € MPUPOJHHUM
JUKEPESIOM TaKOTO KOJIEKTUBHOTO (pIHAHCYBaHHS. 3BUYAITHO, TOXOAH MOXYTh OyTH
BUKOPUCTAH1 JJISI 3a/I0BOJICHHSI HAIIOHAIBHUX (PiCKAIBHUX TOTpeO; MOXKIUBO,
11100 3MEHIIUTH 1HIII O1JIBIII BUKPUBIICHI TIOIATKHU.

['ocTpuM mUTaHHSAM JJI MOMITUKYA MTOM’ SIKIIEHHS BUKHUIB BYTJICLIO € MIPUH-
nun — BruteHui y Pamkosiii konBenitii OOH mpo 3MiHY KiIiMaTy — «CIUIBHOI, ajie
nudepeHIiioBaHoi BiAMOBIIAILHOCTI. BiHOCHA JIETKICTh, 3 SKOKO ONEpaTopu
MOXYTh BUKOPHUCTOBYBATH PI3HUINIO B I[IHAX HAa MaJIMBO (MOXKIUBO, OCOOJIMBO Ha
MOPCBHKI MTEPEBE3CHHS ), 03HAUAE, MO0 e(PEKTUBHICTh BUMAraTUMe IHUPOKOT y4acTi B
X cXeMmax IIHOyTBOpeHHs. HacimigkoMm € HeoOXiIHICTh TIEBHOI KOMITCHCALIIT JJIst
KpaiH, 110 PO3BUBAIOTHCA (HA SIKI MpUMNaAae OUIbIIEe TPETUHU BUKU/IIB SIK BIJl aBia-
111i, TaK 1 Bl MOPCHKOT'O TPAHCIIOPTY).

[Ifo cTocyeThCcsi MOPCHKUX MEPEBE3CHB, 1ICHYE OIbIIIAa HEBIAMOBIIHICTh MIXK
THUM, XTO 30Mpa€ MoJAaTKU Ha TMajbHE, 1 TUM, XTO HECE TATap BUIIMX I1H; OUYEBU]I-
HUM TIPUKJIAJIOM € KpaiHu, 0 HEe MAOTh BUXOIY J0 MOpS, SKi IMIIOPTYIOTh TOBA-
pH. 3HIKKH, IPOTOPIIIIHI YaCTKaM KpaiH y BapTOCTI abo 00csA31 robanbHOI MOp-
CBKOI TOPTiBIIi, MOKYTh OyTH Kpamnum migxoaom (Stochniol 2012).

Ines BcTaHOBJICHHS IIHM HA BUKHUAM BiJl MAJIMBA JJII MIKHAPOJIHHUX IEPEBe-
3€Hb IMIHAIACS Ha TOJITHYHUHN MOPSI0K ISHHUH MPOTATOM OCTaHHIX KIJTBKOX PO-
kiB. [Ticng 6aratbox 37€TIB 1 MaAiHb 1 6araTo MOJITHYHOTO PO3May, BUKUIAN BYT-
JIeII0, BUBUIBHEHI BHACTIAOK O00poThOM Becepenuni €C, tenep BrimtodeHi B EU-
ETS. Ane e 9acTkoBO AJi TOro, 100 MATPUMYBATH THUCK Ha caM CEKTOP, 1100
BiH HapelITI BUCTYIUB 13 MPOTO3HIIAMU 110710 TiI00anbHoi cxemu; IKAO mnanye
po3pobutH Taky cxemy 10 2016 poky. IMOBIpHO, MOPCBKHIl CEKTOP Iie 3a LHM.
AJne mporpec Mok 1o OyB JIy>Ke MOBUIbHKUM, 13 HIMPOKUM OMIOPOM MPOCTUM MOAa-
TKOBUM 3aX0J1aM 1 CXWJIBHOCT1 BUJIUIATH 3HAYH1 YaCTKH HAJIXO/KEHb CAMUM Taiy-
3siM. Po3risiiatoun 1€ K €KOJIOT14HI TPoOJeMHU Ta 3aUIIaloud MUTAHHS JU3aiiHy
B OCHOBHOMY B pyKaX CaMHX CEKTOpPiB, MU HE 3aBenucs naneko. Hacrae wac s
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IIMOIIOro 3aTy4eHHs] MIHICTPIB (DIHAHCIB — HE B OCTAaHHIO Yepry 3 OIJIALYy Ha iX-
Hil 1HTEpec 10 GiCKATbHUX 1HCTPYMEHTIB 1 HOBUX HAJIXOJKEHb JJIS 33J0BOJICHHS
noTpeO KoHCoiaIlii ab0 3HMKEHHS THITNX OOTSDKIIMBHUX TOIATKIB.
BucHoBOK
Bbyno po3pobiiero 6aifeciBChKHI IMOBIPHICHHMA aaTOPUTM MOJICTIOBAHHS IS
MPOTHO3YBAHHS KYMYJISTUBHUX BHKHIIB CYJICH IUIIXOM BUKOPUCTaHHS (paKTHU-
HUX PYXIB CyJIeH y 3pa3kax 3amuciB AIS ta exctpanomsiii oocsary npudyTTs cy-
neH. EMmnipuyne gocnimpkeHHs 0yno mpoBeneHo s nopty CiHramypy Ta nepioay
20202025 pokis, npuaomy 2018 pik € 6a30BUM POKOM ISl TOPIBHSHHS.
3anmpornoHOBaHUH IMiIX1JT MOYKHA aJanTyBaTH J0 1HIIUX MOPTIB 1 PETiOHIB, Bi-
JTOOpaKkar0uu XapaKTEPUCTUKHU PYXY CYJICH 1 OUIKyBaH1 MPUOYTTS Cy/ICH.
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XepcoHChKUM HaB4YanbHO HaykoBui iHCTUTYT HYK, M. Xepcon

Y10CKOHAJIEHHS eKCIIyaTaAliHHUX MOKA3HUKIB MAJIOTr0 Cy/JAHA,
BUKOPHMCTOBYIOYH METAJIOTIAPUIHUNA NATUBHUH eJleMeHT

Taxk, B 60poTh01 3a 30epeKEHHS HABKOJMIITHBOTO CEPEAOBHINA Ta 3MEHIIICHHS
HETaTUBHOTO BIUIMBY Ha 3/I0POB's JIIOJEH, HOPMH TOKCUYHUX BUKHUJIB 3 JIBUTYHIB
BHYTPIIIHBOTO 3TOPSIHHS MOCTIHHO 3MeHIIyloThea. Hampuknan, B kpaiHax €Bpo-
neiicekoro Coro3y ta CIIA mpuitHATI BUMOTH 10 €MICii HIKIJUIMBUX PEYOBHH 3
aBTOTPAHCIIOPTY, SIKI PEryJSIPHO OHOBJIOIOTHCS Ta MOCUIIOIOThCS. Taki HOpMU €
pe3ynabTaTOM HAYKOBHX JOCIHIJIKEHbB, SIK1 MOKa3ylOTh HETaTUBHUI BIIUB BUKU/IIB 3
JIBUTYHIB Ha 3JIOPOB'S JIIOJIeN Ta HABKOJIUIIHE CEPEIOBUIIE. 3MEHILIEHHS TOKCUY-
HUX BUKHJIB JOTIOMAra€ 3HU3UTU PU3UK PO3BUTKY CEPUO3HUX 3aXBOPIOBaHb, Ta-
KHX SIK paK Ta 3aXBOPIOBaHHS JUXAJIbHUX ILISAXIB.

Ha >xainb, po6ota qu3enb-reHepaTopiB Ha "BaKKOMY' MajiMBi 32 MEKaMU 30-
HU KOHTPOJIO BUKHJIB HA MOBHY IMOTY>KHICTb HE € €(EKTUBHUM PILIECHHSAM JIs
3MEHIIIEHHSI HETaTUBHOTO BIUIMBY HA HABKOJIMIIHE CEPEOBHINE Ta 3I0POB'A JFO-
nei.BUKOpUCTaHHA BaXXKUMX MNaJMB (TaKMX SK Ma3yT 4YM BYTUUIS) B JAU3€Ib-
reHepaTopax IpU3BOAUTH 0 BETUKUX BUKUIIB IIKIJUTMBUX PEUOBHH, TAKUX 5K Ci-
PKOBYTJICLIEB] CIIOMYKH, OKCHJIM a30Ty Ta YAaCTKU UMY, SKI MOXKYTh MaTH CEp03-
HUW HETaTUBHUI BIUIMB HA 3I0POB'S JIIOJIEW Ta HABKOJIUILIHE CEPEIOBUILE.

Jln3enb-reHepaTopy 0 BCTAaHOBIIIOIOThH Ha CyJax 3a3BMyail MaloTh 3arac Io-
TY>KHOCTI, 1I¢ 0OYMOBJICHO HasBHICTIO CIIOYKMBAYIB IO MPAIIOIOTh MEPIOUYHO, a
TaKOXKPE3ePBOM TOTYKHOCT1 JIJIs13a0€3MEUCHHSI CIIOKUBAYIB 10 MPAIIOITh 0€3-
MepPEPBHO, aJie 31 3SMIHHUMHU €HEProBUTpAaTaMK.3a]Isl HAKOTIMYEHHS eHeprii edek-
TUBHUM PILIECHHSIM [IOCTaHE OTPUMAaHHS BOJHIO CIIOCOOOM €JEKTpPOIIi3y 3 HACTYII-
HUM BUKOPHUCTaHHSM HU3bKOTeMmmeparypHux namuBHux eiemeHTiB (IIE) Ha 6asi
MOJIIMEPHOT TPOTOH-OOMIHHOT MEMOpPaHH.

OTprMaHHsI BOJHIO BiAOYBA€ThCS €IEKTPOII3EpaMu 3 TBEPJIUM IMOJIIMEPHUM
€JIEKTPOJIITOM, II0€ HOBUM MOKOJIIHHAM OOJaJHAHHS ISl BUKOPUCTAHHS €JIEKTPO-
xiMiuHoro mpouecy [l, 2], Ta BIAPI3HAIOTBCA MAJIUMH EHEPrOBUTpATAMU
(4,0...4,3kBrron Ha 1 M3 BOJHIO), MEHIIMMU PO3MIPaMHU, BUCOKOKO YHCTOTOKO BO-
nuto.[TonimepHa MmeMOpaHa 11e CUHTe30BaHa Ha 0a31 BUCOKOMOIIMEPHUX CMOJI, 1O
CKJIaJIal0ThCA 3pTOpOBaHUX CYJIbPOKUCIOT. BiracTuBocTi Takux meMOpaH OJM3bKi
10 TeIoHy, a IpHu 301JIbIIICHH]Y BO/1 BOHA eKkBiBajieHTHA 10 % cipyaHOi KHUCIOTH.
Memb6pana, o HaOyxJia y Boji MeMOpaHa CTa€ MPOHUKHOIO JJIS T1IPOTHPOBAHUX
10HIB BOJIHIO. KOHCTPYKTHUBHO €JIEKTPOITI3ep 3 TBEPAOIOIIMEPHIUMH E€IEKTPOIaMHU
(TTIE), mae mix eneKkTpoaamMu eIeKTPOIITHY MeMOpaHy TOBIIMHOIO 10 0,2 MM Ha
OIYHMX TpaHsX SKOi HaHECEH1 BUCOKoaucIepcHi enekTpokaranizaropu (EK) karto-
JTHOTO 1 aHOAHOTO TporeciB. KOHTaKTyi04Yl TOHKHMHU KOJIEKTOPAMH CTPYMYEJIEeKT-
poKaTai3aTopy, BUTOTOBJICHUMH 3 TTOPHUCTOTO TUTaHy. Peakiris, 1Mo mpoTikae Ha
aHO/I:

H,O ¢ —»2H+ 10,
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Jie:e — 3apsij HeJNeKTpPOoHa, 10HU BOAHIO H+ mepeHocsThecsuepe3 TBEPIOMOIi-
MepHi enekTpoanHa katonuuit EK mifg BIIIMBOM €NeKTpHUYHOTOMNONS MIXKEJIEKTPO-
JTHOTO TOTEHITIaTy, ajie 10HU T1IPOTEHY TiApaTOBaHi 1 MEPEMIIIYIOThCS 10 KaTOIy
B Mapi 3 MOJIEKYJIOI0 BOJAMY BTl 10HY rigpokconis HzO+. Ha katogqnomyEK
BiIOYBA€THCS pPEaAKIIis:

2H50+ *?¢* -H, + 2H20

Bopenb, 10 yTBOpHBCS, Yepe3 MOpH KOJIEKTOpa CTPYMYIPOXOANTh B KaTOI-
Hy KaMmepy eJeKTpojizepa. AHAJIOTiYHO YTBOPCHHWI KHCEHb Ha OJIHIM CTOPOHI
MeMOpaHH, aBOJICHb - Ha JIPYTiil.

30epiraHHs BOJHIO Ma€ TPY/IHOII, MOB’sA3aH1 3 HOTO HU3BKOKO IIIJIBHICTIO B
ra3ornoAioHoOMy cTaHl (Tak Mpu aTMocpepHOMYy THUCKY 1 KT BOAHIO 3aiiMae 00’eM
11m3). Ha choroani Halle(peKTHBHILIINM Ta O€3IIeYHUM METOJOM ABIISEThCS 30epi-
raHHs BOAHIO y 3B’S3aHOMY BUIJIAMI y Tiapuaax metaniB. OOOpoTHa peakilist
YTBOPEHHSI METAJIOTAPUY MOKE OyTH 3A1MCHEHA MPSIMOIO B3aEMOJIIEO T1IPHUI0-
YTBOPIOIOYOr0 MeTaly abo IHTepMETaliay 3 ra30M0110HUM BOJTHEM:

M (ms.)+ H, (2)&]\@)6 (ms.)+Q

oect dec

ne: M — rigpoyTBoprorounii crutaB, Q — TemioTa peaxiiii.

3pocTaHHsI THUCKY BOJIHIO Ta 3MEHIIICHHS TEMIIEpaTypy 3COBYE PIBHOBAry B
CTOPOHY BUHHMKHEHHS T1APUIIB, a MaJiHHSI THCKY Ta 3pOCTaHHS TeMIEpaTypu BHU-
KJIIUKaIOTh po3naj riapuay.Cepes NepCreKTUBHUX CIUIAaBIB TapHI BJIACTUBOCTI
MaeMg-Mm-Ni, Bin mozke BMicTuTH 10 5,4% BOJAHIO 32 Macol0, HOTro NMUTOMA
eHepProeMHicTh aocsrae 2,1 kBr-roa/kr, njisi nopiBHsHHs Li-ionakymynstopu
MaloTh MUTOMY €HEpProeMHICTh O65n3bKO0 0,22 kBT roM/KT.

Buxopucranns BoAHIO BiiOyBaeThcsaHa 0a31 maJuBHUX eleMeHTiB. Haliedek-
TUBHIIIMM Ta mommpeHuM mnaauBHuM enemeHToM (I1E) € enementnoOynoBanuit
Ha TBepaomnomimMepHiii memOpani. Eneprermunuit KKJ[ manuBHuUX eneMeHTIB
cknanae 65...70%, mpu ymMOBI yTuIizamii enepropecypciB Moxe csaratu 85%. I1E
CKJIQJAETHCS 13 10HHOTO MPOBIJHUKA (EJEKTPOIITY) Ta ABOX EJIEKTPOIIB,AKI 3HA-
XOJSIThCA B Oe3mocepeJHbOMY KOHTaKTIl. Jlo €leKTpo/1iB MOCTIHHO MOAAETHCS BO-
JIeHb Ta KUCEHb a00 MOBITPS (B SIKOCTI OKUCIIIOBAyYa), a TAKOX BIJIBOJATHCS MPOAY-
KTH OKMCJIEHHS Ta TEIUIOBA €HEPris. B SKOCTI eNeKTpOoNiTYBUCTYIIA€ TBEPIA MOJIi-
MepHa MeMOpaHa (TUTiBKa), 10 MPOBOAUTH JHIIECEIEKTPUYHUHN 3aps 3 aHoAa Ha
KaTol, B pe3yibTaTi 4OTO Ha €JeKTpoAax 3 ABIATHCS CTpyM. EjexTponu 3 BKpHTI
IapoM TUTATMHUMAIOTh BUCOKY KOPO3iMHY CTIWKICThTa 3a0€3MeUyiOTh BUCOKY
HIUTBHICTH CTPYMY, IO J03BOJISE€ 3MEHIIUTH X MacorabapuTHI mapaMeTpu Ta Io-
JIMIINATY X eKCIUTyaTaliiHy e(peKTUBHICTb.

BukopucranHas gaHoi METOAWMKH IPHU3BOJIUTH JO IMABUIICHHS ¢(pEeKTUBHOCTI
poOOTH IU3ENbreHepaTopiB, a caMe MaaKCUMAJIbHOI TPUBAJIOCTI poOOTH Ha Haiie-
(EeKTHUBHIIIOMY HAaBaHTAXKYBAJIbHOMY pPEXHMI. A TaKOX aKyMyJsIisi eHeprii
OTPUMAHO1 Ha OUTBII JEIICBOMY MMAJIMBI, 3 MOJAIBIINM ii BAKOPUCTAHHIM B 30HaX
€MICIITHOTO KOHTPOJTIO.
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Buau ta anaJjis nedgexriB MaTepiaJiB i iX XapaKTepUCTHKA

[ToMuIKKM KOHCTPYIOBAaHHS, MOPYIIEHHS! TEXHOJIOTIYHOTO MPOIECY BUPOOHHUIITBA,
TEXHIYHOT'O OOCIYyroBYBaHHS 1 PEMOHTY JieTajel CyJHOBUX MEXaHI3MIB, a TaKOX
eKCIUTyaTallisl IPUBOAATH 10 BAHUKHEHHS B HUX JAC(EKTiB.

JedekToM Ha3UBAIOTh KOKHY OKpeMY HeBiANOBIAHICTH MPOAYKUii BU-

MOraM, BCTAHOBJIEHUM HOPMATHBHOK JOKyMeHTauiew. Jlepextu neranei mo
MICITIO PO3TallyBaHHS MOKHA MOJUIMTH Ha JOKAJIbHUX (TPIIIUHHU, PU3UKU 1 TaK
namni), nepextu y BcboMy 00'emi ab0 MO BCiii TOBEpXHI (HEBIMOBIIHICTh XIMIYHO-
ro COCTaBa, SIKOCTI MEXaHIYHOT 0OpOOKH 1 Tak aaii), 1eEeKTH B OTPaHUYCHHUX 30-
Hax 00'emy a0o0 MOBEpXHI JeTadl (30HH HEMOBHOTO TapTy, KOPO31MHOI MOPA3KH,
MICIICBE HaKJICTTaHHA 1 Tak gami). JlaHe MicIie3HaXoKeHHS AeheKTy Moxke OyTH
BHYTPIIIHIM (TJTUOMHHKUM) 1 30BHIIIHIM (TIOBEPXHEBUM 1 MIJMIOBEPXHEBUM).
[To MOKIJIMBOCTI. BUMPABJICHHS N€PEKTH KIACU(PIKYIOTh Ha THX, 110 YCYBAIOTHCA 1
He ycyBaroThCs. JIeeKT, IO yCYBa€TbCsS, MOXJIHMBO 1 €KOHOMIYHO JOIIJILHO
BUIIpaBUTH. [HakIIe 11e AedeKT, o HeycyBaeTbes. 1o Biaa3epkaneHHI0 B HOpMa-
TUBHIN JOKyMEHTaIii A1eeKTH IiIATh Ha MPUXOBAHUX 1 sBHUX. [IpuxoBanwmii jie-
(dekT — aedekt, sl BUABICHHS SIKOTO B HOPMATUBHIM TOKyYMEHTalli HE Mepe-
OadeHl HEOOXI1JIHI MpaBUja, METOIU 1 3aCO0M KOHTpOIIO. [Hakmie 1e sSBHUU ne-
¢dekr. [lo mpuumHax BUHHUKHEHHS A€PEKTHU MIAPO3AUIAIOTh HA KOHCTPYKTUBHHX,
BUPOOHHMYNX, eKCIUTyaTalliHUX. KOHCTpYyKTHBHI epeKTn — 1€ HEBIANOBIAHICTh
BUMOTaM TEXHIYHOTO 3aBJaHHsS a00 BCTAHOBJIECHUM IIpaBUJiaM PO3POOKH (MO-
nepHizauii) npoaykiii. [lpuurHu Takux nedekTiB — MOMUIKOBUN BHOIp Ma-
Tepiany BUpOOy, HEBIpHE BHU3HAUYEHHS PO3MIPIB JI€Tajeil, pEeKUMYy TEPMIUHOI
o0poOku. Li gedexTn € HacHIIKOM HETOCKOHAIOCTI KOHCTPYKINIT 1 MTOMHUIIOK KOH-
CTpYIOBaHHS. Bupobnuui depekmu — HEBIINMOBIIHICT BUMOTaM HOPMATHBHOT
JIOKyMEHTAIlli Ha BUTOTOBJICHHS, PEMOHT a00 MOCTa4aHHS MPOAYKIlii. BupooHuui
neheKTH BUHUKAIOTh B PE3YJIbTATI MOPYIIEHHS TEXHOJIOTIYHOTO MPOIIECY MpPH BU-
rOTOBJICHH1 a00 BIJIHOBJICHHI JeTaneil. Excniyamayitini oegpexmu — 1€ nePeKTu,
K1 BUHUKAIOTh B pe3yJbTaTl 3HOIIYBaHHS, BTOMH, KOPO3ii JieTajel, a TaKoX He-
npaBuiIbHOI ekcruryarauii. Haifuacrime 3ycTpiyaroThCsl HACTYIHI €KCILTyaTaliitHi
ne(deKTH: 3MiHa PO3MIPIB 1 T€OMETPUYHOT (POPMU pOOOUMX OBEPXOHB; MOPYILIEH-
Hs HEOOXI1AHOI TOYHOCTI B3a€EMHOIO PO3TAIlyBaHHS POOOYMX MOBEPXOHb; Me-
XaHIYH1 MOIIKO/JKEHHSI; KOPO31MHI MOLIKOJKEHHS; 3MIHA (I3UKO-MEXaHIYHHUX
BJIACTUBOCTEHN Martepiany JeTallei.

Jlegpexmu, wo euruxaromes npu cKI1a0aHHi 0OUHUYb, — BTpPATa KOPCTKOCTI
3'€THAHHS; TOPYIICHHS! KOHTAKTY MTOBEPXOHb, TOCATKU JeTael 1 pO3MipHUX JIaH-
1oriB. BTpaTa ®OpCTKOCTI BUHUKAE B Pe3yIbTaTl OciaabieHHs pi3b00OBUX 1 3aKiIe-
nyBaJIbHUX 3'€THaHb. [lopylIeHHS KOHTAKTy — II€ HACIHIJOK 3MEHIIEHHS TUTONT
IPUISITAaHHS TIOBEPXOHB B JIETAJICH, 1110 CMOMY4Yal0ThCs, BHACIIOK YOTr0 CIIOCTepi-
ra€ThCsl MOTEPS TEPMETUYHOCTI 3'€THAHb 1 30UIBIICHHS YAAapHUX HABAaHTAXCHb.
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[TopymieHHst mocaaku AeTaneil BUKIUKAETHCS 301IbIICHHAM 3a30py a00 3MEHIIICH-
Hs HaTATY. [lopyIlieHHs po3MipHHX JIAHITIOTIB BiOYBA€THCS 3aBASIKM 3MiHI CIIiBiC-
Hil, IEPIEHANKYIISIPHOCTI, MapajieNbHOCTI 1 TaKk Jall, 10 HAaBOAWTH JO HarpiBy
JeTanel, MiABUILEHHS! HaBaHTAXXCHHS, 3MIHH T€OMETPUYHOI (OpMH, PYyHHYBaHHS
JIeTaneu;

Hegpexmu, wo sunuxarome 8 demainetl 6 Yiiomy, — TOPYIICHHS ITICHOCTI
(TpimmHM, 00670M, PO3PUBH 1 1H.), HEBIAMOBIAHICTh (POpMU (BUTHUH, CKPYUYyBaHHSI,
BM'SITUHH 1 1H.) 1 po3MipiB AeTaneil. [IpuurHu mopyiieHHs MiTICHOCTI (MeXaH14uH1
MOIIKOPKEHHS) JIeTallell — I1€ TIePEBUIIICHHS JOMyCTUMUX HABAHTAXXCHb B IPO-
1eci eKcIuTyaTalii, siki BIUTMBAIOTh Ha JieTajdb a0o 13-3a BTOMHM MaTepiaiay JeTall,
K1 TIPAIfOIOTh B YMOBaX IUKIIYHUAX 3HAKO3MIHHMX a00 yJAapHUX HaBaHTaKCHb.
SKmo Ha neTanb BIUIMBAIOTH JWHAMIUHI HABAaHTAXCHHsI, TO Y HUX MOXE BHUHUK-
HYTH HEBIANOBiAHICTH (hopmu (medopmarrii, pyiHaiii);

Y i

Puc.1. 3nam KoIiHYACTOrO BaITy JU3ETIS.

Hegpexmu, wo sunuxaroms 8 OKpemux nogepxHsx, — HEBIANOBIAHOCTI pO3Mi-
piB, (popmMU, B3a€EMHOIO pO3TAlIyBaHHS, (PI3UKOMEXAHIYHUX BIACTUBOCTEH, MOPY-
HIEHHS TUTICHOCTI. 3M1HA PO3MIpIB 1 PopMU (HE LHITIHAPUYHICTh, HE TUIOLUHHICTh
1 TaK JaJi) NOBEpXOHb AeTallel BIIOYBAEThCS B PE3yJbTaTI X 3HOIIYBAHHS, a B3a-
€MHOI0 PO3TalllyBaHHsS MOBEPXOHb (HE MEPHNEHIUKYISIPHICTb, HE CIIBBICHICTH 1
Tak Jaii) — 13-3a HEPIBHOMIPHOTO 3HOCY MOBEPXOHb, BHYTPIIIHIX HANpyru abo
3anuIIkoBux Aedopmairiii. Dizuko-MexaHIyH1 BJACTUBOCTI MaTepially MOBEPXOHb
JeTanei 3MIHIOIOThCS T11]1 Yac HArpiBy iX B Mpoiieci po6oTu abo 3HOCY 3MIITHEHOTO
MOBEPXHEBOTO MIApy 1 BUPAXKAETHCS B 3HMIKEHHI TBEpAOCTI. [TomKkomKkeHHs 1iic-
HOCTI TIOBEPXOHbB JIeTajJell BUKIMKAETHCA KOPO3IMHUMU, epo3iiHUMH ab0o KaBiTa-
misMu TopaskamMu. KoposiifHi TOMIKOKEHHS (CYIIIbHI OKMCHI TUTIBKH, TUISIMH,
PAKOBHMHHM 1 TaK Jajll) BAHUKAIOTh B PE3yJbTaTi XIMIYHOTO ab0 €IeKTPOXiMIYHOI
B3a€EMOJIiT MeTany JeTaji 3 KOpo3iiHUM cepenoBuieM. EposiiiHi 1 kaBitailii mo-
pa3Ku MOBEPXOHb BUHUKAIOTH MPH Jii HA METaJ TIOTOKY PIAMHU, pPyXOMOi 3 BeJH-
KO0 MIBUAKICTIO. Ep03iitH1 MOMIKOMKEHHSI MeTaly JeTajl BII0yBa€eThCs 13-3a 0€3-
NEPEPBHOTO0 KOHTAKTY METAJy 13 CTPYMEHEM PIAMHM, 10 HABOJIUTH 10 YTBOPEHHS
IUTIBOK OKCHJIIB, SIKI MIPU TEPTI MOTOKY PIAMHHU 00 MeTan pyHHYIOThCS 1 BlaAaus-
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IOTBCS 3 TOBEPXHI, a Ha MOBEPXHAX JeTalied yTBOPIOIOTHCA IUISIMH, BHUMOIHU.
[TomkomkeHHs (KaBepHU) KaBiTalllii MeTaldy BiIOyBAalOTHCS TOJi, KOJH IOPY-
IIYETHCS HIUIbHICTh MOTOKY PIWHU 1 YTBOPIOIOTHCS MIXYpH KaBiTalliil, sSKi 3HaXO-
JSYMCh B TIOBEPXHI J€Talll, 3MEHIIYIOTHCS B 00'€MI 3 BEJIMKOIO IIBHJKICTIO, IO
HABOJUTH JO T1IPaBIIYHOTO YAApy PIAUHH IO TOBEPXHI METaTYy.

B peanpHux ymoBax cmocTepiraiotTbes noeqHaHHs nedekrti. [Ipu Bubopi
crioco0y 1 TEXHOJIOTIi BITHOBJICHHS BEJIWKI 3HAYEHHSI MalOTh PO3MIpH Je(EKTiB.
Benuuuna oeghexmie — KinbKicCHA XapaKTEPUCTHKA BIAXWICHHS (PaAKTHUHHX PO3-
MipiB 1 (a00) dhopmu aeTaselt 1 iX TOBEPXOHb BlJ HOMIHAJbHUX 3Ha4eHb. MOJKHA
BUJIUIUTH TPU IpynH po3mipiB — g0 0,5 mm; 0,5...2 MM 1 ToHA 2 MM.
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Modeling technique for increasing the reliability indicators of *'shaft-plain
bearing" parts’ interactions

A model is considered for assessing the increase in reliability indicators of
“shaft-sliding bearing” couplings, the time between failures of which are described
by the five most common laws: normal, logarithmically normal, exponential, Er-
lang and Weibull.

One of the directions is to identify the influence of the reliability of the parts
that make up the product on the reliability of the entire assembly, unit, machine.
This allows one to identify those parts that need to be improved in the first place,
choose a strategy for improving the reliability of a technical product, quantify the
improvement in the reliability characteristics of the “shaft-plain bearing” mates,
and the entire structure as a whole.

The object of these studies is conjugation, which is a functional system con-
sisting of M parts connected in series. The failure of any part leads to the failure of
the entire assembly as a whole. The operability of the node is restored by replacing
the failed i-th (i = 1, 2, ..., M) part with a new one. Since failure occurs at a ran-
dom moment, the lifetime of a part can be described using recovery processes. At
the same time, it is considered that each i-th part of the product is characterized by
the operating time tcp ij from (j-1) - to the j-th failure (j = 1, 2, ... Z), the distribu-
tion of which does not contradict one of the following laws: normal, exponential,
log-normal, Erlang and two-parameter Weibull law.

The main characteristics of the recovery process are the leading function of the
failure flow Q (t) and the failure flow parameter  (t). Since in the course of re-
search methods for calculating the leading function of the failure flow Q (t) ac-
cording to analytical dependencies [1,2] and the method of statistical modeling [3]
were developed, this makes it possible to analyze products whose life cycle is de-
scribed by any recovery process, in particular, a simple, general and general non-
stationary. With the help of the model, it is also possible to consider systems in
which the laws describing the operating time until the next replacement are differ-
ent.

The objective function of the mathematical model is the minimum of the total
average unit costs C ud(t) for the manufacture of a technical product and its
maintenance in good condition:

D + 1 C
chtQ (1)

where M is the number of elements included in the product; D is a coefficient
that takes into account labor costs, material consumption and losses from down-
time when replacing product parts; Cdi - cost of the i-th part; Si - the initial cost of
the product; Qi (t) - the leading function of the flow of failures of the i-th part.

C.
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In addition to the minimum of the total average unit costs C sp min , the relia-
bility level n, the optimal resource topt, as well as the product time to first failure
tfl are taken as optimized reliability indicators.

To simulate the increase in reliability indicators, a part replacement is simulat-
ed. A part that has the worst reliability characteristics compared to other parts of
the product is replaced by a more reliable one, which has higher values of reliabil-
ity and durability, and, therefore, has a different cost.

To take into account the increase in the resource and reduce the relative dis-
persion of the values of the parts’ operating time and the corresponding change in
cost indicators, the coefficients introduced in [1,2] were adopted:

- coefficient of resource increase - p, shows how many times the resource of
the improved part increases in relation to the original,

/0: tycpaltcpay (2)

rae tycpa 151 tcpa_

respectively, the resources of parts improved and original;

- coefficient of change in the cost of the part p, reflects the increase in the cost
of the part as a result of its improvement,

uw=C,lC,, 3)

where C’e and Se are the cost of the improved and original part respectively;

- coefficient of change in the dispersion of the resource of parts n, showing a
decrease in the dispersion of the resource of a product part with its improvement,

nl=Cwvvl, 4)

where ve and v’e are the coefficients of variation of the original part and after
its improvement;

- coefficient of proportionality kp, reflecting the ratio of the increase in cost to
the increment in the resource of the part when it is improved,;

- coefficient of proportionality kn, reflecting the ratio of the increase in cost to
the decrease in the dissipation of the part’s resource the during its improvement;

- coefficient ki, reflecting the ratio of the cost of the product to the total cost of
parts

K, = (5)

2.C,
i=1

where Si is the cost of the product; Cdi is the cost of the i-th part.

The coefficients listed above are the control parameters of the model. During
the simulation, they are assigned different values, and then the main cost and reli-
ability characteristics of the part are recalculated.

The cost of an improved element is determined by the formula

C,(): U C@, (6)
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where

=Ltk (p=1)" + K2 (-1 (7)

The cost of the improved product is calculated according to the dependence:

o= (-, 35c, | )

The correction of the average resource and the coefficient of variation of the
part is carried out using coefficients, depending on the type of the theoretical dis-
tribution law, taking into account changes in the parameters of the law.

In particular, for a normal law:

t=tp 9)

o=0-p/n. (10)

Since the exponential law is one-parameter law and does not depend on the re-
source dissipation factor, the parameter A’ for a new part is calculated using the
following formula:

A=A/p. (11)

For the Erlang law, the step of the resource dissipation factor is changed dis-
cretely so that the order of the law m' of the improved part is changed by an inte-
ger. The order of the law is calculated by the formula:

m =m-77 (12)

and is rounded to a integer value; the law parameter [ 'is defined as

A=A-n2/p. (13)

For the two-parameter Weibull law, the parameters are recalculated in stages.
The shape parameter depends only on the scatter factor of the resource, but is re-
lated to the coefficient of variation using the gamma function. Therefore, it is cal-
culated, through the coefficient of dispersion of the resource, the coefficient of
variation of the improved part. Then, according to the obtained value of the coeffi-
cient of variation, using the table, the shape parameter and the value of the gamma
function for the improved part are calculated. The scale parameter [’ is calculated
using the following formula:

= 1
. ﬂ,‘Z‘F(l'F j
A=y < (14)

B
(94

where G(x) - gamma - Euler function, o and A - the parameter of the form and

scale of the law of distribution of the resource of the original part respectively; o’
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and A’ are the parameter of the form and scale of the law of resource distribution
of the improved part respectively.

For the logarithmically normal law, a new value of the parameter [’ is also
determined from the beginning, since this parameter depends only on the change
in the coefficient of variation. The formula for calculating the parameter [1” is:

o =\/|n{ea;;1+1} (15)

where o is the dispersion parameter of the resource of the log-normal law for
the original part.

The parameter t' of the log-normal value is recalculated for the improved part
according to the formula:

2 2
.:2|np+02+2t o (16)

where o is the resource dispersion parameter and t of the log-normal law for
the original part; o’ is the log-normal resource dispersion parameter for the im-
proved part.

t
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JBUT'YHHM TA EHEPTETUYHI YCTAHOBKH
V]IK 629.5

Carin C.B., Cronspuk T.O.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

JliarHOCTYBaHHSI SIKOCTI Mpo1ecy MallleHHsI CYJHOBUX /IU3eJIiB

[Ipouecu MalieHHs BIAIFPalOTh MEPIIOPSIHY POJIb MiJ 4Yac eKCIulyaTamii Ta
3a0€3IeUeHHs] HalIMHOCT1 CYJHOBUX au3eiiB. HaBiTh KOpPOTKOYACHE BiJICYTHICTh
MacCTWJIBHOTO Marepialy MK HOBEPXHSIMH TepTs a00 BIAXWUJICHHS B HETaTUBHUI
01K mpoliecy MaIlleHHs BiJI pO3paxyHKOBOTO Ta TOMY OYiKyBaHOT0 abo mependady-
BAHOTO PEKUMY MAIllEHHS MOXE MPUBECTU /10 BUHUKHEHHS aBapiiHUX CHUTYyaIliit
Ta 3HUKEHHIO HaJIIHHOCT1 pOOOTH CYTHOBOI €HEPTeTUYHOI YCTAaHOBKHU.

SkicTh nmporecy MaleHHs CYAHOBHUX JU3EJIB OLIHIOETHCS 32 PI3HUMH MOKA3-
HUKAaMH, HacamIepe 3a aHali30M MOTOPHOTO MacTuia, 110 B3STO 3 MIANOPIIHE-
BOT'O MPOCTOPY (JIMILIE 7151 JBOTAKTHUX AU3EIB) a00 3 KapTepy Au3eis (s YOTh-
PUTAKTHHUX); 3@ TOKa3HUKAMHU pOOOYOro HUKIY (32 BEIMYMHOIO TUCKY HAIPUKIHII
IPOLECY CTUCHEHHS Ta 3a 3HAYEHHSIM TeMIIepaTypu BUIYCKHHUX T'a3iB); 3a Mexa-
HIYHMMHM BTpaTaMHy, 1110 BUHUKAIOTH M1/ Yac MEePEeTBOPEHHS TEINIOTBOPHOI 3aTHO-
CT1 MaJIBa B KOPUCHY pOOOTY.

YoTupUTaKTHI AMU3€Il XapaKTepU3ylOThCs 3arajibHOK0 CHUCTEMOIO MAlIeHHs, B
SKOI MOTOpPHE MacTUJIO 3a0e3Meuye MallleHHs Ta OXOJIOKEHHS IMIIHAPOBOI IPy-
U Ta MAIUIHUKIB pyXy. I YOTUPUTAKTHUX JU3ETIB OJHUM 3 PO3MOBCIO/IKE-
HUX 31 COCOO0IB 1arHOCTYBaHHS MPOLECY MAIICHHS Ta TEXHIYHOTO CTaHy nap Te-
pTs (TpUOOCTIONYYEHb MOPIIHEBE KUIbLIE — BTYJIKA IMIIHAPA a TAKOXK BKJIAJUII
NIJIIUITHIKA — Bajl) € aHajli3 MOTOPHOIO MacTHIIA, sIKEe B3STE 3 KapTepa JU3es.
[Ipyn 1bOMYy 10 OCHOBHHUX IMOKA3HUKIB, 32 AKUMHU 31MCHIOETHCS 1arHOCTYBaHHS
npolecy MalleHHs, € 3arajibHe ayxkHe yucio (Total Base Number — TBN) Ta
BMICT B MOTOPHOMY MacCTHJIl MEXaHIYHUX JOMIIIOK.

JlocmiKeHHST MPOBOAUINCS JIJIsi CyTHOBUX MoTopHUX MacTui Castrol Vection
15W40 ta Shell Rimula R4X 15W40, sixki BUKOPUCTOBYBAJIUCS B CUCTEMI ITUPKY-
JSALIHHOTO MalleHHs cyaHoBoro nau3ens Volvo Penta TMDA 163A. OcHoBHI Xa-
PaKTEPUCTUKU MOTOPHUX Maces HaBe/leHi y Tabnuii 1.

Taomuus 1
OCHOBHI XapaKTEPUCTUKU MOTOPHUX MACEI

Mapamerp Castrol Vection | Shell Rimula

15W40 R4X 15W40
Knac SAE 15 15
['ycruna mpu 15 °C, xr/m® 912 918
Kinemarnuna B’ s3kicts ipu 40°C, cCr 98 97
Kinemaruuna B’si3kicth npu 100°C, cCr 15,2 149
Temnepatypa cnanaxy, °C 217 212
Total Base Number, MrKOH/r 12,2 12,3
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OOuaBa COPTU MOTOPHUX MACTUJ BIAHOCATHCS A0 PEKOMEHIO0BaHUX (ipMOIO-
BUPOOHHUKOM TSI €KCILTyaTarii qu3eniB. J[o ckiramy CyTHOBOI €HEpreTUYHOI yCTa-
HOBKH BXOJIAJIO JIBa HA3BaHI JU3€I, KOXKEH 3 KX OyB 00JlaHAaHUN aBTOHOMHOTO
CHUCTEMOIO MAIICHHsI, IO JO3BOJISIIO BUKOPUCTOBYBATH B HUX Pi3HI MOTOPHI Mac-
tina (mus  omHoro —  Castrol Vection 15W40, s apyroro —  Shell
Rimula R4X 15W40). [Tu3zeni nepen MoYyaTKOM €KCIIEPHUMEHTY MajH MPOIIOPITii-
HUI TIepioj] eKCIlTyaTallii, OJTHAKOBUI TEXHIYHUIA CTaH OCHOBHUX KOHTAKTHHX BY-
3J1B (KOJIHYATOTO Bajly, BKJIQJIMIIIB IiIIMITHUKIB, MMAJMBHOI amapaTypu) Ta eKc-
TUTyaTyBaJIUCs Ha OJHAKOBUX HABAHTAKEHHSAX (3 HEY3TO/UKCHICTIO He Oinmbiie
+2,5 %). Lle 103BOJISIIO 3pOOUTH BUCHOBOK PO IXHIO 1ACHTUYHICTh OJUH OJHOMY
SIK TIepeJT MOYaTKOM EKCIIEPUMEHTY, TaK i IiJ] 9ac Horo MpoBeICHHS.

OJHUM 3 TTOKA3HUKIB, 3a SKUM 3IHICHIOBABCSI KOHTPOJIb TEXHIYHOTO CTaHy Ta
JIarHOCTYBaHHS MPOLIECY MAIICHHS JU3EiB, OyJie 0OpaHe 3arajbHe JY)KHE YHCIIO0
(TBN) MoTopHOro Mactuia. Mloro BUMipioBaHHS BUKOHYBABCS 3a JOIOMOIO0 Cy-
nHoBoi nadoparopii DIGI Used Oil TBN Analysis Kit. Pe3yiapratu BUMiproBaHb
HaBeleHl B Ta0auI 2.

Taonurs 2
3MiHa 3araJbHOTIO le}i(HOFO quciia MOTOpHI/IX MaCTHUII HII[ qgac CKCHHyaTaHﬁ

Yac Castrol Vection 15W40 Shell Rimula R4X 15W40

t ro;[ TBN, V1eN, TBN, V1eN,

' mMrKOH/r (MrKOH/r)/ron mMrKOH/r (MrKOH/r)/ron

1 12,20 — 12,30 —

200 12,00 0,10 11,95 0,175

400 11,75 0,125 11,55 0,20

600 11,35 0,20 11,10 0,225

800 10,95 0,20 10,60 0,25
1000 10,55 0,20 10,10 0,25

Sk moka3HuUK, U0 XapakTepu3ye auHamiky 3MiHu TBN motopHOro macrumia
32 IEBHUW MPOMIKOK 4Yacy, JOLIBHO BU3HAYATH IIBUJIKICTh 3MEHIIIEHHS HOTO 3a-
TaJIbHOTO JIy’KHOTO YMCIIa

VTBN =

TBN_,—-TBN

n

t

n~ ‘n-1

n.100;

ne TBN,, TBNq_1, ty, th.g — moTOUHE Ta TOTIEpeAHE 3HAYCHHS BIAMOBIIHUX IMOKa3-
HUKIB, CIIIBMHOKHUK 100 BBEIEHO 3 METOI Kpalioi Bizyami3allii 3Ha4eHb IIBHU/I-
kocTi 3MeHIIeHHs T BN B 3B’s13Ky 3 1X HEBETUKUM a0COIIOTHUM 3HAUCHHSMH.

3a pesynbTaTamu, 10 HaJlaHi B TaOmwuIl 2, moOyI0BaHi Jiarpamu, ki BiJo-

Opaxxatots 3Miny TBN Ta Vrgn 3a yacom (puc. 1).
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TBN, Vs

MrKOH mrKOH/r
r roj
12 H 0,2
11 {1 0,1 1
1
1[2
10 0
1 200 400 600 800 1000 trox 200 400 600 800 1000 #ron
a) 0)

Puc. 1. 3MiHa xapakTepuCTHK MOTOPHOI'O MAaCcTHJIA TiJ] Yac eKCIuTyaTallii CyTHOBOTO JTU3EIIs
Volvo Penta TMDA 163A:
1 — Castrol Vection 15W40; 2 — Shell Rimula R4X 15W40; a — TBN; 6 — V18N

HaBeneni pe3yapTat cBiAYaTh PO MOKJIMBICTH A1arHOCTYBAHHS IMPOLIECY
MaIleHHsI CYAHOBHUX Ju3eniB. [Ipu mboMy K KpUTepid SAKOCTI mepediry mporecy
MaIlIeHHs JIOIUIBHO BUKOPUCTOBYBATH IIBUJIKICTh 3MIHHU 3arajIbHOTO JY’KHOTO YH-

cia.
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HarmionansHuit yHiBepcuTeT «Onechka MOpPChbKa aKaIeMis»

HigBuimeHHst epeKTUBHOCTI POOOTH MAJTUBHOI ANIAPATYPH BUCOKOI0 THCKY
AU3eJIiB CyJeH MOPCHKOIr0 Ta BHYTPIllIHLOTO BOJAHOT0 TPAHCIIOPTY

Jluzeni BIAHOCATHCS O HAWMONIMPEHINIOTO THIY €HEPreTUYHUX YCTAaHOBOK,
SIKi BUKOPHUCTOBYIOTHCS Ha CYJHaX MOPCHKOTO Ta BHYTPIITHROTO BOJAHOTO TPaHC-
nopty. OTpuMaHHSI KOPUCHOI pOOOTH B CYJHOBUX JBUTYHAaX BHYTPIITHBOTO 3T0-
psauHas ([IB3) HemoxinBO 0e3 BUKOPHCTAHHA PIJKOTO MajluBa HAPTOBOTO MOXO-
moxeHHs [1].

[TanuBa s cynHoBux JIB3 moaunsitoTh Ha AUCTUIIATHI (JIETK1), HAPUKIIAA
DMX 3 B’s3kictio 5,5 Mmm%c, DMA 3 B’s3kictio 6 MM%/c, DMB 3 B’s3KicTiO
11 mm?%/c, Ta 3amumkoBsi (Baxki), Hanpukaan RMA 3 B sskictio 10 mm%/c, RMB 3
B’saskictio 30 mm%c, RMD 3 B’askictio 80 mm%c, RMG 3 B askicTio
180...500 mm%/c, RMK 3 B’s3kicTio 380...700 Mmm%/c. Baskke MayMBO 3aJIAIIAETHCS
OCHOBHHMM €HEPTOHOCIEM, SIKE BUKOPHUCTOBYETHCS Ha CYJHAX MOPCHKOTO Ta BHYT-
piTHBOTO BOAHOTO TpaHCcTopTy. CydacHi BUMOTH, MO0 TOMEPEHKEHHS 3a0py -
HEHHS JIOBKUUISI OKCHJAaMHU CIPKU Ta MOB’si3aHi 3 IIUM OOMEXKEHHS I110JI0 BMICTY
CIDKM B TaJMBI, HAKJIaJalOTh NEBHI YMOBHU JI0 CTPYKTYpPHOro Ta (hpakuiifHOIro
CKJIaJy CYQHOBHUX MaJMB. ICHy€ ABa OCHOBHUX THIM 3MEHIICHHS BMICTY CIPKH y
NaJauBl: XIMIYHUNA T4 TEXHOJIOTIYHUUA. Y MEpPUIOMY KUIBKICTb CIPKH 3MEHILYETHCS
3a JIOMOMOTOI0 CIEIIaIbHUX XIMIYHUX J00aBOK. Y JPyroMy (TEXHOJOTTYHOMY)
ICHY€ KUJIbKa CKJIQJHUX METO/IIB, 110 3a0€3Meuyl0Th 3MEHIIEHHS CIpKU B MaJIUBI,
HAIMPUKJIAJ, 3aCHOBAaHUX HA BUKOPHUCTAHHI yJIbTPa3BYKOBUX Ta €JIEKTPUUYHUX I10-
JiB, a TaKOX TIIPOJAMHAMIUHIN 00poOIll. Yce Ie YCKIQIHIOE TPOIeC MepepoOKu
cupoi HaTH Ha MATUBO Ta CYTTEBO 301IbIIy€E BUTPATH HA MOTO BUPOOHUIITBO Ta
MOJAJIBITY eKCIUTyaTtaniro. Jl0JaTKoBI KOMIIOHEHTH, 110 BBOJSTHCSA B MAJUBO JIJIS
3MEHIIICHHS] B HhOMY KOHIICHTpaIlii CIpKH, arpeCUBHO PearyroTh i3 yciMa KOMIIO-
HEHTaMH TaJMBHOI CUCTEMHU — TMOYMHAIOYl 3 BIACTIMHUX TaHKIB Ta 3aKIHUYHOYHU
MaJIMBHOT arapaTypor0 BUCOKOTO THCKY.

BukopucTaHHsS HU3bKOCIPYMCTUX COPTIB MAJIUBa YCKIAIHIOE MPOLEC EKCILTY-
aTalli CyAHOBHUX JIBUTYHIB 4epe3 MOCTIMHI omepanli 3 Nepexoay 3 OJHOIO COPTY
najvBa Ha 1HIE. 3MiHA COPTIB MaJuBa HEOOXiJAHA MiJ Yac 3aXOAy B MOPT Ta MiA
yac Mepexojly B CHeUlaIbHUX ekoyoriyHux paiioHax (Sulfur Emission Control
Area — SECA). V mux paitonax siamorigao go sumor Annex VI MARPOL no-
3BOJICHO BUKOPHUCTAHHS MaJivBa i3 BMICTOM cipku He Ounbine 0,1%. [lepeBeneHns
JU3eIIs 3 OJTHOTO COPTY MajuBa (3 BMicToM cipku 10 0,5 %) Ha iHImMi (3 BMICTOM
cipku 70 0,1 % abo Ha Take, 1110 HE MICTUTH CIPKY) Ma€ BUKOHYBATHUCS BIJOBITHO
JI0 PEKOMEHJAIl| Ta BUMOT 1100 3aMiHM TMajiBa 13 3aMIHOIO MaJluBa y BCiX eJe-
MeHTax cuctemu. Lleit nporec Moxe BinOyBaTUCS BiJl KUIBKOX TOAMH /10 A00HM B
3aJIEKHOCTI1 Bij THITY MAJUBHOI CUCTEMH, BUTpAT MaJIMBa Ta TEXHIYHUX MOKAa3HU-
KiB JIBUTYHA BHYTPIIIHBOTO 3ropsiHHA. [Ipu BUX0/I1 3 MOpTY Ta 3ajlMILIaHHI CHelia-
JHLHUX PaiOHIB HEOOX1HO BUKOHAHHS 3BOPOTHOIO MEPEBEICHHS TU3ENs Ha Taju-
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BO 3 MiABHUILEHUM BMICTOM cipku. L{i ¢pakTopu BU3HAUAIOTh aKTyaJIbHICTh 3aB/IaH-
HsI, TIOB'SI3aHOr0 3 MIABHIIEHHAM 3HOcocTiiikocTi nertained ITHBT, a Takox 3HU-
KEHHSIM €HEePreTUYHHUX BTPAT B €JIEMEHTAX MaJUBHOI arapaTrypu BUCOKOTO THUCKY
JIM3EITIB 1]l YaC BUKOPHCTAHHS MaJiBa 31 3HI>KEHUM BMICTOM CIpKH [2].

[cHye kinbKa NUISXIB JUIs BUPIMIEHHS Ii€l mpoOaemu. OauH 13 HUX 1€ HaHe-
CeHHsI Ha MoBepxHI nmpenusiitHux map (wrymkepa [IHBT ta posnumtoBaya dopcey-
HKH) CHelliadbHuX (TOPOPTaHiuHUX MOKPUTh. OCHOBHA (PYHKIlIS MOJIOHUX TMOK-
puTh nosisirae B yrpuManHi piguau (y Bunaaky [IHBT — mapy nmanuBa) B 30H1 Te-
pts. Lle mocsiraeThes 3a paxyHOK 301TbIIEHHST KpalOBUX KYTiB 3MOUYYBaHHSI TAJIH-
Ba, 110 3HAXOJUTHCS OIS MOBEPXHI METaly, Ha sKiM HaHEeCeHO (TopopraHiyHe
NOKpUTTs (prc. 1), a TaKOX 3a PaXyHOK MEPECIPIMOBAHOCTI BEKTOpa Jii CHITH TI0-
BEPXHEBOTO HAaTATY najiuBa. [Ipu oMy 301IBIITY€THCS HeCyda 3aTHICTh TOHKOTO
IIapy HajJvBa Ta MiIBUIIYETHCS PO3KIMHIOBATBHHUIA THCK, IO 3a0€3MEUyIOThCS 3
Ooky manusa [3].

Puc. 1. KpaiioBuii KyT 3MOUyBaHHS 1 HAPSIMOK BEKTOPA CHUJIM MOBEPXHEBOTO HATSATY ITaJIHBA:

@ — map TajuBa Ha METaJeBOi IIOBEPXHIi; O — IIap MajrBa Ha METAJICBOI IIOBEPXHI, Ha SIKii Ha-

HEeCeHO (hTOpOpraHivHEe MOKPHUTTS; 6 — IIap MAIMBA HAa MEXK1 METaJICBOI MOBEPXHI Ta METaJICBOL

MOBEPXHi, Ha sKi HaHeceHO (pTopopraHiyHe MOKPUTTS; O — KpaloBuUil KyT 3MouyBaHHS; Fy, Fe

— CHJIM TTIOBEPXHEBOTO HATATY Ha METaJIeBOI IIOBEPXHI Ta METAJICBOI TOBEPXHI, HA sIKili HAaHEeCe-
HO TOpOpraHivyHE MOKPUTTS BIAMOBITHO

3acToCyBaHHSI METOJly BUKOPUCTaHHS (PTOPOPraHIYHUX MOKPUTH JUIs Mpeuu3iiiHOi mapu
wiyHxep-Bryika [IHBT cynnoBux JIB3, He oTpuMano MUPOKOro MOMIMPEHHS B €IEMEHTAX CY-
JTHOBUX TE€XHIYHUX 3aco0iB. Lle, B ToMy 4mcCIi, TOB’s13aHO 3 KOHCEPBATUBHICTIO CYJHOBOI €HEep-
TeTUKHU SIK HAyKU 1 IPAarHeHHSAM CYJHOBOT'O €Killa)ky YHUKHYTHU JIOJJATKOBUX PHU3HKIB, 10 BUHH-
KarOTh MPH BIPOBAKEHH] 1HHOBAIIWHHUX 171ei. OCOOIMBO 11€ CTOCYEThCS TAKUX BIMOBITATBHUX
BY3JIiB, SIK NAJIMBHA araparypa BUCOKOro THUCKY. O/HaK, MpH SIKICHUX MONEpPeaHIX JTOCIIIKEeH-
HSX, @ TAKOX MpPH JOTPUMaHHI TEXHOJOTIi HaHECeHHs (PTOPOPraHIYHMX MOKPUTH Ha MOBEPXHI
€JIEMEHTIB NMaJIMBHOI anapatypd BHCOKOTO THUCKY, MOKJIMBO CTBOPUTH YMOBH, IIO CIPHSIOTH
IIBUMICHHIO X EKCIUTyaTalliiHIX XapaKTePUCTUK 1 EKOHOMIYHOCTI poOO0TH Iu3eniB [4].

JlocmikeHHsl, 100 BHU3HAYEHHs BIUIMBY (DTOPOPraHIYHMX HMOKPUTHh Ha HAINHICTH Ta
e(eKTUBHICTh POOOTH MAJIIMBHOI arnapaTypH, BUKOHYBAINCh HA CYAHOBOMY CEpPEeIHbOOOEPTOBO-
My nuseni 9MaK43, mo BUKOPHCTOBYBABCS SK TOJIOBHUUM Ha cynHi aenseidtom 12580 ToHH,
MPU3HAUYEHOMY JUJIsl [IEPEBE3E€HHS HABAIOBAJIbHUX BaHTaXiB. EHepreTruHa epekTUBHICTh Oy/Ib-
SKOI TpUOOJIOTIYHOI CHCTEMH OLIHIOETHCS BEIIMYMHOIO BTPAT, A0 SKHUX BIJHOCSATHCS: BTPATH
eHeprii Ha TepTs (BU3HauYeH1 KoedillieHTOM TepTs) 1 BTpAaTU Marepially B pe3yibTaTi pyiiHyBaH-
HS TIOBEPXOHb TEPTS (BU3HAUCHI IHTEHCHBHICTIO 3HOIYBaHHA). ToMY, JOCHIPKEHHS TOJISATaIN y
BH3HAUEHH1 3HOCY MOBEPXOHb IUTYHXKEPIB K1 OYJIM MOKPUTHU MIApoM (PTOPOPraHidYHUX MOKPUTH,
a TaKOX THX, L0 3HAXOAAThCS B 3BMUaiiHOMYy cTaHi. Ha mmynxepa ITHBT, mo 3a6e3neuyors
nojavy naiusa B muiaiaapu NeNe 1, 4, 7 He HaHOoCcWiInCcA mapu GTOPOPraHIYHUX MOKPUTH. K
MOKPUTTS TOBEPXOHb IUTYH)KEPIB BUKOPUCTOBYBaJIacsi (PTOpOpraHiyHi piiMHU, KM HAHOCHJIACH
Ha uryHxepa [THBT NeNe 2, 5, 8 (mokpurtst Ty A) Ta Ha turyrkepa [THBT NeNe 3,6, 9 (mmok-
putTTs THITY B).
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Yepes npomixku vacy, mo Bignosimzamu 400, 800, 1200, 1600 i 2200 rogunam po-
00TU nu3ens (TPUBANICTH SIKMX OOYMOBIIIOBaJlacs YMOBaMH €KCILTyaTallli, 1o J103BOJIs-
I0Th BHKOHATH 3yNUHKY au3ens 1 peBisito ioro IIHBT) BukonyBamocss BU3HAYCHHS
IO 3HOCY MOBEpXHi TUIyHkepiB. [licis 9oro oTpumaHi 3HaAYCHHS JJISI KOKHOI TPYIH
IUTYHXKEPIB YCEPEIHIOBANIUCA, a JAW3€l 3HOBY BBOJMJIMCSA B €KCIUTyaTallliHUN pexuM
pobotu. PesynpTatu gociiKeHb HaJjaHi y BUTIISAA1 HOMOTpaMH Ha puc. 23.
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Puc. 2. 3anexnicts 3Hocy |s murymkepis ITHBT Big wacy po6otu t cyaroBoro nuszens 9IMaK43:
1 — nnynxepu 6e3 HaHECEHHsI Ha TOBEPXHIO (PTOPOPraHivHOTO MOKPUTTS; 2, 3 — IUTyHXKepa 3
HAHECCHHUM IIapOM (PTOPOPTaHIYHOTO MOKPUTTS (TUT A Ta B BIAIOBITHO)

[TpoBeneH1 AOCHIAKEHHS 1 OTPUMAaH1 pe3yJabTaTH JO3BOJISIIOTH 3pOOMTH HACTYIHI
BUCHOBKH.

ExcrumyaTartis TpubosioriaHoi cucreM miyrkep-pTyiaka [IHBT BinOyBaeTbcs B pe-
YKUM1 TPaHUYHOTO TEPTS, a IIap NaJliBa, U0 PO3AUILE iX NOBEPXHI, BUKOHYE (PYHKIIIT Ma-
CTUJILHOTO Matepiany.

Jlnis mpenu3iiHoi Mapy MaJMBHOI anapaTrypy BUCOKOIO THCKY IUTYH)KEp-BTYJIKA SIK
METO/, 110 CIPUSE 3HUKEHHIO KOHTAKTHUX HaBaHTaXXEHb, sIKI BUHUKAIOTh Ha 1X MMOBEpPX-
HSIX, MOKe OyTH BUKOPHCTAHO HAHECEHHSI (PTOPOPTaHIYHUX MOKPUTTS.

ToBmuHa mapy GTOpOpraHivYHUX MOKPUTTA Ha moBepxHi TuryHxkepiB [THBT ckna-
nae 12,0...15 HM, 110 HE BIUTMBAE HA TEOMETPUYHI PO3MIPH IUTYHKEpPU Ta HA JUHAMIYHI
HaBaHTAXXEHH: MiJ yac Horo nocTynaabHOro pyxy BeepenuHi Brynku [THBT.

Hlapy ¢TOpopraHiYHOTO TOKPHUTTS, HAHECEHU Ha METAJIEBY MOBEPXHIO, CIIPHUSE
MiBUIIICHHIO TPYXHUX BIACTUBOCTEH 1 PO3KIMHIOBAIBHOTO TUCKY MMAJIMBa, IO PO3LISIE
npenusiiiny napy Brynka-turyHxep [THBT.

HanecenHst opraHiyHuX MOKPUTTIB Ha noBepxHi npeuusiiaux nap [THBT cnpuse
MiBUIIICHHIO €HEePTeTUYHOI €()eKTUBHOCTI JIaHOT TPUOOJIOTIYHOT CUCTEMH, IO (B 3aJICXK-
HOCTI Bix vacy ekcruryaranii /IB3) Busnavaetrbes B 24,0...44,6 %-My 3HMKEHHI 3HOCY
TUTYHKEPIB.

HanecenHs eniiaMiB BiTHOCUTBCS 0 KaTEropii Cy4acHUX HaHOTEXHOJIOTTYHUX Me-
TOJIiB, BUMArae moIepeHiX JOCIiKeHb MI0/I0 BU3HAUYEHHS ONTUMAIBHIX BHUJIIB OpraHi-
YHHMX TOKPUTTIB 1 Yacy iX HAaHECEHHs Ha Mpelu3iiiHi MOBEpXHi, ajieé MPHU IbOMY HE BH-
KJIMKA€E JOJATKOBHX TPYAOBHUTPAT MPU MOTO BUKOPUCTAHHI HA PIYKOBUX 1 MOPCHKHX CY-
JTHaX, MiIBUINY€E eHepreTHYHy eeKTUBHICTh TpuOonoriynux cucreM JIB3 i Moxe Bpa-
XOBYBATHCS MIPHU PO3pOOIIi METOAWKHM BU3HAYCHHS MapaMeTpiB CYAHOBUX €HEPreTHYHUX
yCTaHOBOK [6].
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3ale3nevyeHHs] €KOJOTIYHOCTI MOPCHKHUX CY/I€eH I/l Yac iX eKcIyaranii B
creniaJIbHUX eKOJIOTiYHUX pailoHaX MiBHIYHOI €eBpoNu

Y CyIHOBUX E€HEPreTUYHHX YCTAaHOBKaxX Ha MOPCHKOMY Ta BHYTPIIIHBOMY
BOJIHOMY TPaHCIIOPTI SIK TOJIOBHI, TaK 1 JOMOMIKHI IIMPOKO BUKOPHUCTOBYIOTHCS
JU3eJIbHI TOPIIHEB] ABUTYHU BHYTpilIHbOro 3ropsiHHs ([B3) pisHux moaudika-
ITIH.

OcnoBHuM mxepernoM eHeprii /IB3 € manuBo HaQTOBOTO MOXO/KEHHS. 3a
JAHUMH TpaHCHalioHalbHOI KoMmItaHii British Petroleum (sxa 3mificHuia anami3
IIOPIYHUX OOCSTIB CMOXKMBAHHS Ta BUI0OYTKY MajnBa) HaQTOBUX 3araciB B BiKE
ICHYIOYHX Ta PO3POOJIIOBAHUX POJOBHINAX CBITOBOI €HEPreTHKW BUCTAYUTH Ha
40...45 naitbmmxuux pokiB. Lle, a Takoxx cyyacH1 exosioriuni Bumoru 1o JIB3 aB-
TOMOOUIBHOTO, 3a13HUYHOIO Ta MOPCHKOI'O TPAHCIOPTY, 3MYLIYIOTh PO3BUBATU
aIbTCPHATHBHY CHEPreTHKY Ta pO3pOOJIATH albTepHAaTUBHI majuBa [1]. OxHiero 3
XapaKTePUCTHUK aNbTEPHATHBHUX TAJMB, SIKa CIPHUAE iX 3aCTOCYBAHHIO B TEIJIOBUX
JIBUTYHAX, € MiHIMaJIbHa KIJIBKICTh 200 MOBHA BIJICYTHICTh Y HUX CIPKU Ta a30Ty.
[Ipu npomy npu iX 3ropsiHHI 3HMXKYETHCS KUIBKICTh OKCHAIB cipku SOX Ta maaus-
HUX okcuaiB a30Ty NOX y BUITYCKHHX Ta3ax.

Jns IB3 cyaeH MOpChKOro Ta BHYTPIIIHBOTO BOAHOTO TPAHCIOPTY SIK allb-
TEpPHATHBHE MAJIMBO HAWOUIbIIE 3aCTOCYBaHHS OTpUMAalH 010/IM3eNbHE MaJuBO Ha
ocHOBI MeTmiioBUX edipiB sxupaux kuciotT (Fatty Acid Methyl Esters — FAME) ta
NaJIMBO Ha OCHOBI TifiporeHizoBanux pocauHHux ok (Hydrogenated Vegetable
Oil — HVO). I[Tutoma Bara JaHHWX MaJHB aHAJOTiYHA MUTOMIN Ba3i Ha)TOBHX Ia-
nuB, 11e A03Bosie 3MimyBatd FAME 1 HVO y HeoOMexeHOMY CITIBBIHOIICHH] 3
Ha()TOBUM JU3EIHHUM MAJTUBOM 0€3 3MIHHM TYCTHHHU Ta B'S3KOCTI OJEP>KyBaHO1 Ta-
KAM 4YMHOM mnanuBHOI cymimi [2, 3]. 1o ocobauBocteit ekcrnyaTamii /IB3 cynen
MOPCBHKOTO Ta BHYTPIIITHLOTO BOJHOTO TPAHCTIIOPTY HAJCKHUTH iX mepioanyHa (3a-
JICKHO B1J] BUKOHYBAHOTO TPAHCIIOPTHOTO 3aBJaHHs) poOOTa y CHeliaJbHUX €KO-
JIOTIYHUX paiioHaxX KOHTPOJIIO BUKUAIB okcumaiB cipku — Sulfur Emission Control
Areas (SOX-ECAs) Ta okcuai azory — Nitrogen Emission Control Areas (NOX-
NECAS). PoboTa nu3ens B Takux pallOHaX MOXKJIMBA JIUIIIE HA MAJIHMBi, BMICT CipKH
B sikoMmy He nepesunye 0,1 % 3a macoro. Bukuau okcuis azotry NOX y mux 30-
Hax nmoBHHHI Bianosigatu Bumoram Annex VI MARPOL (puc. 1). MakcumanbsHe
3HAYEHHS eMiCii OKCUIB CIPKHM HE TIOBUHHO TIEPEBUIIYBATH BiJHOIICHHS 1OKCUTY
cipku SO2 no miokcuay Byrieno CO2 (tabmwuis 1), mpu IbOMY BHKOPHUCTAHHS
najgnBa, BMICT CipKu B sikomy mepeBuirye 0,5 %, MOXKIIUBE JHIIIE y pasi 3aCTOCY-
BaHHS JIOJAaTKOBUX TEXHOJIOTIN 3 OUYHWIIIEHHS BUITYCKHUX Ta3iB BiJl CIpYMCTHX J10-
mirrok [4, 5].
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NO,

g n<130 min"'  130<n<2000 min" #>2000 min"'
kWilfl) —\ Tierl
:j —\éz\'“Q” s 17 g/kWh 457 "2 gkWh 9.8 g/kWh
10 My, O Tierll
g| O Terl GOID == 144 gkWh  44n 7 g/kWh 7.7 gkWh
6
4 IMO TierIIl (2016) TierlIl
g | 3.4 g/kWh 9n % g/kWh 2.0 g/kWh
500 1000 1500 2000 2500
Engine Speed, min '
Puc. 1. Bumoru Annex VI MARPOL 11010 BMicTy OKCHJIIB a30Ty B BUITYCKHHUX ra3ax CyJHOBUX
JTU3ETIiB
Taomurg 1
Bumoru 3 O6MC)K€HHH BMiCTy OKCI/II[iB ClpKI/I B BUITYCKHHX I'a3aX CYJIHOBHUX OU3C-
JIB
Bwmict cipku B nasnuBi, BinHomeHHs BUKUIIB
macoBi % S02/CO2, ppm/o6’emHui %
3,50 151,7
1,50 65,0
1,00 43,3
0,50 21,7
0,10 4,3

OpHuM 3 BapilaHTIB MIJBUIIEHHS PIBHS €KOJOTIYHOCTI €KCILTyaTalli MOpCh-
kux cyaeH mig yac ix 3HaxomkeHHs B SOx-ECAS 1 NOx-NECAS € BukopucTanas
MaJUBHUX CyMIIICH, 10 CKIIaAy SKUX BXOJIUTH OloAu3ebHE MaanuBo. ExcriepumeH-
TH, IO MATBEPKYIOTH 1€ BUCIOBIIOBAaHHS BUKOHYBAIMCH Ha CIEIIAII30BAHOMY
CyIHI neaBerToM 7493 TOHH MiJ 4ac HOro eKCITyartailii B OCOOJMBUX €KOJIOTid-
HUX paitonax [liBHiuHOI €Bponu. Sk rOTOBHMI ABUTYH Ha CYJHI BCTAHOBJICHO C€-
penapoodepToBumii au3enb 12V32/40 MAN Diesel & Turbo. ITix gac gocimimkeHb
CYJIHO 3[IIACHIOBAJIO MEpEeBE3EHHs BaHTaXIB 3a MapiipytoMm Knaitnena (JIutsa) —
Tere6opr (IlIBewist) Ta mami Mmix mopramu, 1o 3HaxoaaThes B SOx-ECAS: Tere-
oopr (IBerist) — Ecobepr ([Janis) — bpemepxasen (I'epmanist) — Porrepnam (I'o-
mnannis) — Aarepned (benbrist) — lyBp (Benuka Bpuranis) — Ondasop (Ppan-
uis) — bpect (Opaniis).

[Tix yac mopchkux nepexomiB mo3a SOx-ECAS muszens 12V32/44 MAN Die-
sel & Turbo ekcrmyaryBaBcs Ha nanmui RMG420, 31 BmicToMm cipku 0,5 % 3a ma-
coto, mij yac nepexoiB B SOx-ECAS — Ha nanuBHoi cyminni 3 RMG420 ta 6ioau-
3enpHOrO naguBa FAME99.6, 31 Bmictom cipku 0,085 % 3a macoro. OCHOBHI Xa-
PaKTEPUCTUKHA MOPCHKUX TIEPEXOiB HaJaH1 B TabyuIIi 2.
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Tabnus 2
OCHOBHI XapaKTEpUCTHUKU MOPCHKUX MEPEXO/IiB

[Topt Knaiinena \ T'ereGopr | EcOnepr |BpeMepxaBeH | Porrepnam
Bincranb, MOpChKI MIUTI 430 418 220 238

Yac nepexony, roja 43 42 22 24
Hanmso, wmo Bikopie- RMG420 FAME99.6 | FAME99.6 FAME99.6
TOBYETHCS

ITopT Porrepnam ‘ AHTBepIieH ‘ HyBp ‘ Ondasop ‘ bpect
BincTanp, MOpCbKi My 89 260 207 237

Yac nepexony, roj 9 26 21 24
Hammeo, wo BuKoprcto- FAME99.6 | FAME99.6 | FAME99.6 FAME99.6
BYETBCS

3 ypaxyBaHHSIM HaBIramiiHUX 0OCTaBUH (IHTEHCUBHOCTI CYAHOILIABCTBA, Ii-
JPOMETEOPOJIOTIYHUX YMOB, PO3TalllyBaHHs Ta TNIMOWHU (papBaTtepy) MOTYKHICTh
rojoBaoro asuryna 12V32/44 MAN Diesel & Turbo 3minroBanacek B miama3zoHi
(0,65...0,85)Neson, A€ Newon=5280 xBTt. IIpu oMy (depe3 3MiHy HUKIOBOI MMOjayi
najanBa) 3MIHIOBAIACh KUIBKICTh JIOKCHIB CIPKH Ta BYTJICHIO B BUITYCKHUX Ta3ax
ta BiamosigHo BigHomeHHS SO2/CO2. Takox yepe3 3MiHY HaBaHTAKECHHS HA JIH-
3eJIb HE 3aJIMIIANach NOCTIMHOO KOHIIEHTPALlisl OKCUAIB a30Ty B BUITYCKHHX rasax,
MaKCUMaJIbHE 3HAYCHHS KOI (B 3B’S3Ky 3 TUM, mo am3ens 12V32/44 MAN Die-
sel & Turbo BigHOCHTECS 10 piBHIO Tier 1) HemOBUHHE TIEpEBUIITYBATH

NOJ™ = 44n"0%* = 44750 °** = 9,60 r/(kBr - rox);

ne N=750 xB! — HOmiHaNBHA YacTOTa OOEPTAHHS ANU3EIIS.

[1ix yac 3HaXO/KEHHS CyJHA B OCOOJMBHUX €KOJOTIYHUX palioHax 3abe3reuy-

BaBCs MOCTIMHUI MOHITOPUHT HOTO €KOJOTIYHUX MapaMeTpiB, Y TOMY YHCII eMicii

niokcuaiB cipku SO2, Byrnemo CO2 ta azoty NOx. 3mMiHa 1TUX MOKA3HUKIB ITi]T

yac BukopucTaHHsa nasmBa RMG420, a Takok TaauBHOI CyMillli, Ky CKJIaaalivd

80 % mamuBa RMG420 ta 20 % 6iogusensunoro nmanusa FAME99.6, naBenena Ha
puc. 2, 3.
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Puc. 2. 3mina BigHomenns SO2/CO2 B BUIYCKHHX Ta3ax IiJ] 4ac eKCIIyaTallii CyJHOBOTO /U~

zems 12V32/40 MAN Diesel & Turbo:
1 — nmanmuBo RMG420; 2 — cymitn RMG420 (80 %) Ta FAME99.6 (20 %)
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Puc. 3. 3mina konuentparnii B NOX B BUIIyCKHMX Tra3ax B IMiJl 4ac eKCIUTyaTallii CyTHOBOTO JIH-
zenst 12V32/40 MAN Diesel & Turbo:
1 — manmuBo RMG420; 2 — cymimm RMG420 (80 %) Ta FAME99.6 (20 %)

Hapeneni pe3yabTatu CBig4aTh MPO MOXKIMBICTH MOKPAIICHHS €KOJIOTTYHUX
MOKA3HUKIB CYAHOBUX JM3EJIB IIiJI YaC BUKOPUCTAHHS IMAJMBHUX CYMIIICH, 10
CKJIaJly SIKMX BXOJIUTh MAJIMBO O10JIOTIYHOTO MOXOJKEHHSI, Ta 301JIbIIEHHS TaKUM
YUHOM IX €KOJIOT1YHOI CTIHKOCTI.
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Performance of refrigerated container with phase change materials for
cooling storage

At present, a large amount of cargo is transported by different sea routes. In-
cluding cargo required to maintain certain temperatures. In the example of a con-
tainer ship, refrigerated containers are used. In modern ships, such containers are
increasingly using electricity from the main engine when moving. However, dur-
ing coastal navigation or anchorage, they consume electricity produced exclusive-
ly by diesel generators or are powered from the ground. During sea navigation,
excess power from the main engine is used to generate electricity.However, for the
operation of the diesel generator, additional diesel fuel is used. In order to save
diesel fuel and reduce emissions of CO,and other pollutants, it is necessary to re-
duce fuel consumption in coastal areas and ports [1]. This case can be done by re-
ducing the load on diesel generators, which,also generate electricity for refrigerat-
ed containers. It is necessary to increase the efficiency of the interaction between-
refrigerated containersand diesel generators for carrying out these requirements.

On the one hand, the energy efficiency of the refrigeration unit itself or the
diesel generator is considered. On the other hand, it is necessary to pay attention to
the methods of keeping cold inside the container, after it has cooled, for reducing
the number of hours of operation of the refrigeration unit.

This article proposes to usephasechange materials (PCM) to maintain a given
temperature in a refrigerated container as an alternative to the operation of a re-
frigeration unit from a diesel generator.

During the operation of the refrigeration unit in the “from the main engine”
mode, the PCM that is inside the container will be cooled, and then store the
“cold” stored in it. Properly selected material has a crystallization temperature
close to the required temperature for maintaining the transported goods. Conse-
quently, during the voyage between ports, the PCM is in a solid state.

While the ship's electrical system is powered by the diesel generator, the re-
frigeration machine is turned off. The container begins to heat up, and as a result,
the entire PCM begins to melt, “taking” all the external heat onto itself. As a re-
sult, the main task of maintaining the temperature in the container is performed.

At the moment the main engine is started, electricity is again supplied to the
refrigeration machine, which continues to maintain the temperature in the contain-
er at the same level, and also helps to crystallize the PCM for further use.

In this paper, it is proposed to use the PCM, which is located in rectangular
containers measuring 200 cm by 100 cm by 5 cm [3]. It is proposed to make the
containers from a material with high thermal conductivity [2]. The containers
themselves must be attached to the walls of the container from the inside. In this
paper, the option of attachment to the upper wall of the container is considered. A
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40-foot refrigerated container with internal dimensions of 11638x2284x2557 mm
was chosen as a prototype. The design of a 40-foot container with installed con-
tainers with PCM is shown in Fig. 1. The container is designed for 10 plates, but it
Is possible to use a smaller amount.Walls, ceilings, and doors are made of polyure-
thane foam with a thickness of 70 mm and a density of 40 g/cm3. Externally and
internally it is lined with stainless steel sheets. The floor was made of polyure-
thane foam with a thickness of 140 mm and a density of 60 g/cm?.

Fig. 1. Schematic solution of the 40-foot refrigerated container with PCM's plates

In order to estimate the required mass of PCM to maintain a constant temper-
ature in the refrigerated container when the refrigeration machine was not in oper-
ation, the calculation of heat influx into the container was performed for two tem-
perature regimes. The initial data and calculation results are shown in Table 1.

Table 1. Initial data for analysis

Mode Cooling | Freezing
Ambient temperature 20°C
Temperature in container -18°C | 4°C
Wall thickness 70 mm

Bottom thickness 140 mm

Wall insulation material, thermal
conductivity

Bot_to_m insulation material, thermal Polyurethane, 0.035 W/(m K)
conductivity

Heat loss 1,779 KW | 0.904 kW

Polyurethane, 0.029 W/(m K)

Based on data from The Review of Maritime Transport 2022 [4], the average
time spent by container ships in the port is 19 hours and 12 minutes. As a first ap-
proximation, this time can be taken into account as the time of operation of the
ship's electrical network with diesel generators, and as a result, this time the sys-
tem with PCM needs to maintain the specified temperature in the container. In the
case when the PCM is almost completely melted, and the temperature in the con-
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tainer starts to approach the upper limit of tolerance, it is necessary to connect a
refrigeration unit. This can be done in two ways: either directly manually, or cre-
ate an automated complex that, based on temperature sensors in the container, will
turn on the refrigeration unit.

In this study, the PCMs were selected taking into account their melting-
crystallization temperatures in such a way that these temperatures coincided with
the storage and transportation temperatures of the respective goods. Comparative
information on PCM, their properties, and transported cargo is given in Table 2.

Table 2. PCM characterization

RT5 RT5HC RT-9HC

Melting point 5C° 5C° -9C°
Heat storage capacity 180 kJ/kg 250 kJ/kg 250 kJ/Kkg
Goods Grape Grape Fish
Heat loss 0.904 0.904 1.779

kW kW KW
Mass of PCM 347 kg 250 kg 492 kg
Number of PCM's plates 4 3 5
Total price 2065 eu- 2050 eu- 8561 eu-

ro ro ro

The cost of installation of equipment and the cost of materials is quite small.
It will pay off in the first year of exploitation in the first assessment. Therefore, it
Is advisable to install this equipment on containers.In our further study, an analysis
will be carried out using CFD modeling of heat transfer processes. A complex en-
vironmental and economic assessment will also be carried out.
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Cascadecompression-ejectorrefrigeration systemformarine provision
chamber

Electrically driven vapor compression refrigeration machines are currently the
most common type of refrigeration system used in the shipping industry. One of
the promising ways to increase the efficiency of vapor compression refrigeration
machines is their combination with heat-driven vapor ejector refrigeration ma-
chines, which can use waste heat as a heat source[1].

An interesting and at the same time difficult task is the assessment of the fea-
sibility and technical possibility of utilizing the low-potential waste heat of engine
cooling water for the operation of heat-driven refrigeration systems. The tempera-
ture of the water cooling the engine is 80...90 °C, which is a fairly standard value
for most engines. Nevertheless, for some dual-fuel and gas engines, the water
temperature for cooling the cylinder head can reach 125 °C at a pressure of 3...4
bar [2].

The purpose of this study was a preliminary evaluation of the feasibility of up-
grading the vapor compression refrigerating machine of provision chambers by
replacing the water-cooled condenser withan evaporative condenser. That means
the condenser of the vapor compression machine is cooled by the boiling refriger-
ant of the ejector refrigerating machine. The goal of the modernization was to re-
duce the condensing temperature of the vapor compression stage and to reduce the
power consumption of the entire system.In order to solve the set goal, it was
planned to perform a comparative analysis of the power consumption of a vapor
compression refrigerator (basic variant) and a combined compressor-ejector re-
frigerator at different temperatures in the evaporator-condenser and at different
condensing temperatures of refrigerant in the condenser of the ejector refrigerator.

The refrigerating machine of the provision chamber produced by YORK ma-
rine was chosen as the object of analysis.

General specification for provision refrigeration plant:

1) Cooling system: R404A direct expansion in the air coolers located in each
provision room.

2) One-stage R404A compressor, pressure lubricated, marine type. Model
SB022, number of cylinder 2, bore 60 mm, stroke 57 mm, speed 1095 rpm.

3) Cooling water temperature +36 °C. Condensing temperature +42
°C.Evaporation temperature minus 27 °C (two evaporators for rooms with volume
approx. 22.6 m*® and 12.5 m®) and minus 10 °C (evaporator for a room with vol-
ume approx. 22.6 md).

R407F was chosen instead of R404Aas a refrigerant in the vapor compression
stage due to its lower GWP=1824. R1233zd(E) was chosen as the refrigerant for
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the ejector stage. The refrigerant has a GWP=1 and is a non-combustible sub-
stance [3].

Jacket cooling water with a temperature of 85 °C, which is a standard value,
was chosen as a heat source for the ejector stage [2].

The calculated condensing temperature of the refrigerant in the condenser of
the ejector stage is taken to be 42 °C for the basic variant for a fresh cooling water
temperature of 36 °C. This meets the design requirements of ship refrigeration
equipment. However, the temperature of the water cooling the condenser depends
on the vessel's sailing area (the water that cools the condenser is cooled by the
seawater) and may vary slightly from the accepted one.This can be a problem for
the stable operation of the vapor ejector stage. To maintain the stable operation of
the entire ejector stage, it is advisable to keep the condensing temperature constant
by automatic regulation of the flow of cooling water. But regulation of water flow
is limited to a certain interval. In order to solve this problem, it is possible to con-
sider a schematic solution with two ejectors, which are designed to operate at dif-
ferent condensing temperatures.

The analysis was carried out at three different temperatures in the condenser-
evaporator: t,;=5°C/t,,=10°C (where 5°C is the boiling temperature of

R1233zd(E), 10°C 1s the condensing temperature of R407F), t,..=10 °C / t . =15
°Cand t,;=15°C/t =20 °C. The condensing temperature range of the refriger-

ant (R407F in the basic version, i.e. in the vapor compression machine, and
R1233zd(E) in the ejector stage of the combined system) was taken from 34 to
42 °C.

When calculating the refrigeration cycles of the compressor and ejector stages,
the thermophysical properties of the refrigerants were taken according to [4]. The
power of the compressor of the compression stage was determined. In addition,
the power of the pumps was estimated: the ejector stage refrigerant feed pump, the
hot water pump for the ejector stage generator, and the condenser cooling water
pumps (for both the ejector stage and the basic vapor compression machine). As a
result, the value of the total power P, of the comparative variants was obtained
in different modes of their operation.

The results of the calculation of the value of refrigeration capacity related to
the total electrical power of the system Q,/P.,,, at different condensing tempera-

tures and at different temperatures in the condenser-evaporator are shown in Fig.
1.

0Ej

tota
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Fig.1 Values of Q, /P, at different condensing temperatures and at different tempera-
tures in the condenser-evaporator

The application of a combined vapor-compression-ejector refrigeration sys-
tem for the provision chamber leads to energy savings compared to the basic va-
por-compression system. At high condensation temperatures (up to 42 °C), there is
no significant difference in the value of Q,/P ., for the three selected tempera-

ture levels in the evaporator-condenser. In view of the fact that a decrease in the
temperature in the evaporator-condenser leads to an increase in the dimensions of
the condenser and generator, in the opinion of the authors, it is advisable to con-
duct a deeper analysis of the feasibility of the application of the proposed schemat-
ic solution at a temperature in the evaporator-condenser of t,; =15 °C/ t,¢, =20 °.
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MeToau MiABUIIEHHS €KOJOTTYHOI 0e31eKH CYTHOBHUX AHu3eiB

["'0710BHUMU TEHACHIIISIMU PO3BUTKY CBITOBOTO ABUTYHOOYIyBaHHS OyJIH i
BUIICHHS MAJIMBHOT EKOHOMIYHOCTI, CKOPOUCHHSI MacorabapUTHUX XapaKTEPUCTUK
IpU OJAHOYACHOMY 3POCTaHHI MUTOMUX MOKA3HHUKIB MOTYXHOCTIHOBUX arperaris,
3a0e3MeYeHHs] BUCOKUX PECYpCHUX IMOKA3HUKIB, 3HIKEHHSA CO0IBapTOCTI BUPOO-
HUIITBA.

VY cydacHOMy CBITI Au3eaeOyyBaHHSI BEKTOpP CIPSIMOBAHOCTI HOBUX PO3PO-
OOK HEYXWJIBHO 3MIIIYEThCS B HANPSAMKY JOCSITHEHHS HaANO1IBIIOI €KOJIOTTYHOI
oesneku. [locTiliHe MABUIIEHHS BUMOT €KOJIOTIYHUX CTaHIAPTIB 3MYIIIY€E BUPOO-
HUKIB JBUTYHIB 3a0e3leuyBaTH I1I BUMOTH, HE3Ba)KAlOUM HA MOXKJIMBI BTPAaTH B
NaJIMBHINA €KOHOMIYHOCTI 1 30UIBIIIEHHS BAPTOCTI, po3MipiB 1 Baru arperaTis[1].

[IpioputeTHUMH HANIPSIMKAMH 3HM>KCHHSI TOKCUYHOCT1 BIANpallbOBaHUX Ta3iB
(BI') nBuryHiB €: mojanpliiie yIOCKOHAJICHHS! KOHCTPYKII1i; BUKOPUCTAHHS albTep-
HAaTUBHUX BHJIB TaJlMBa, TOJOBHUM YHHOM HEHA(TOBOTO IMOXOMKEHHS; CTBO-
pPEHHS IBUTYHIB, a TAKOXK MPHUCTPOIB, 3aTHUX 3HU3UTH BMICT TOKCHIHUX KOMIIO-
HEHTIB y BIIMIPAIbOBAHMX ra3ax JBUTYHIB BHYTPIITHHOTO 3rOPsIHHS [2].

CkJiaj BiAmpanboBaHUX ra3iB AW3eiB HaBeaeHo B Tabwmmi 1 [3,4,5].

Ta6muus 1. Cknan Bianpab0BaHUX T'a3iB IU3EIiB

KommnonenTu TokcuuHiCTh Bwicrt, %
Aszot, % 76...78
Kucens, % 2...18
[Tapu Bon, % 0,5...4
Byrnexucnuii ras, % CTBOpIOE MAPHUKOBUH e(eKT 1...10
Oxkwuc Byrieo, % + 0,01...0,5
Oxkcuan a3oty, % + 0,001...04
Byrnesoani, % + 0,01...0,5
Caxa, r/M° Moske HECTH KaHIIEpOTre€HH1 PEYOBUHHU 0,01...1,1

KonBeHIioHaJIbHE TTOCUJICHHS HOPM IO IITKIVIMBUX BUKHUIIB JU3EIIIB IIPU3BE-
JIO 10 TOTO, IO au3eneOyaiBeabHl GipMU MPUCTYIWIM 0 JOCIITHUIBKUX POOIT
3a HaNpsSIMKaMHU:
— (QopMyBaHHS MAJIOTOKCUYHUX POOOYMX MPOLIECIB (IEPBUHHI METO/IN);
— po3poOka edekTuBHUX cucTeM ouuineHHs BI' 13 3acToCcyBaHHSM creliaib-
HUX ra30BUX (DUIBTPIB (BTOPUHHI METOJIN).
OcCHOBHI pe3yJIbTaTH BUKOHAHUX JIOCHIIPKEHb MIPEACTABICH] B TAOIUIII 2.
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Ta6muist 2. OCHOBHI METOAM MiABUIIICHHS €KOJIOTIYHOT O€3MEeKH CyI0BUX JIU3ETIiB

3MiHa BUKHUIIB

. Qe, T/
. IIKiIJTUBHX pe-
No [rpymin 3axonu 0B, % K(]i’l[ E
NOx|CO| C |CH
[linTprMKa TEXHIYHOTO CTaHy, ONTUMI3allis PEKUMIB PO-
1 NN
) 0OTH IBUTYHA
5 E 3acTocyBaHHsI JIETKUX (ppakiiiii MOTOPHOTO Maclia , OIl- 1 e
= TUMI3aIlisi TUCKY MAaCJIO3HIMHOTO KiJIbIIS
3 = BBeieHHs TPOTUANMHHX TPUCATOK =| =160 =|=|=
4 | 5 .= |BBeneHHs KaTanizaTopiB y BUTTISL IPUCSIKY J0 mayiuBa | = |-61| = |-38| -9 | 1
5 % § BinkiroueHHS YaCTUHU IWIIHIPIB HA YACTKOBUX PEKHU- vl |-s0]-20] 1
8, = Max.
6 | @ = 3MeHIeHHs TyCTUHY TIaIUBa =1 =/-8|=]111"1
7, Jlumerunosuit edip (JAIME) sk maauso Vlmi|m | — | 1T ||
8 qg JIME six mpucanka 10 moBiTps ViDLl
9| & [MeraHon fIK ATUBO 75| 7 |-50| 7 [+50| |
10 E EMeTaHon SIK TIPUCAJIKA JI0 TTOBITPS 85| — | — | — | — | —
11| = £ Meranony y Burisui emyinscii 3 IIT (MTE) S0l — | —|—|—|—
&}
12 § E [Tpupoanuii ra3 800 Ll ——| 17
13| ¥ § bioau3ens =1Ll L —11
14 | @ =|Boxens -30| | |-40(-35
15| B 3MilTyBaHHSM IaJMBa Ta BOAM J0 NMAJIMBHOTO Hacoca Ta 30[=|y|=|¢|¢
.E BIIOPCKYBAHHSM Y IMUTIHJP BOJIOTIAJIMBHOI €MYJIbCii
S |YHOpcKyBaHHAM BOIM G€3MOCEPENHBO B UMIIIHAD, st _ _
112 YOro JN3€ENb 00JIaHYETHCS OK aemy |0 T T[Tt
= y PEMOIO CHCTEMOIO ( )
% |YnopckyBaHHs 3a00pTHOT BOJU B MOTIK TapsA40ro MmoBiT- _ _
7] £ . S0l =01 1=1111
X |ps Ha BUXOJ1 BIALEHTPOBOro Kommpecopa (YHB),
18 § [Toauero neperpiToi napu 3 yTuiizaliifHOro KoTia B 1u- 60| = |—|=|-5]|1
o miHap Ta novyatky xony ctucHenss (I1I111).
19 AGcopOirist -15| = |-50(-60| = | =
20 L KaramiTiiHe OKUCHEHHSI = |-90|-10|-90| = | =
21| A [KaramdiTH4YHE BIJHOBICHHS V|— | —|—|—|—
22 E OOpoOKa eNEeKTPUIHUM PO3PSAIOM (XOJOAHOI M1a3moro) |-60(-90( — | — | — | —
23 QE)I MemOpaHHUH MO V| —|—|—|—|—
24| = |Pimkui HeHTpatizaTop -10| = |-75]-60| = | =
25| O |Caxesi ¢inbrpu =|=1]95=|=]|=
26 3MeHieHHs: MakcuMmanbHoi LTTT = |-63|-63|-63| = | =
27| = 3MEHIIIEHHS KyTa BHIIEPEDKEHHS YITOPCKYBAaHHS MajiuBa | =- |-63|-63(-63| = | =
> ‘é PerymoBanHs napametpis ITA 60| = [+35+25|— | 1
28|~  |PerymoBanHs (a3 ra30po3mnominy = |-35|-35|-35| —| =
29 Perupkyrsiis BI S350 L L)L — =
30 HannyB 13 0X010)KEHHSIM MOBITPS -50{-50{-50|-50|-50| 1
31 30araueHHs MOBITPS Ha BIYCKY PiAKUM a0o0 razono/io- v |-35|-50|-35| | | 1
HUM TTQJINBOM
32 30UTBIIEHHS TEMIIEPATYPH Ha BITYCKY 7 |-28|-28|-28| — | v
33 [TinBumenHs remneparypu crinok K3 7 |-28|-28|-28| — | ¢
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[To3nauenns:1/| —30ibIICHHS/3MEHINICHHS,  /'//—He3HaYHE301IbIICHHS/3MCHIIICHHS
+50....-50 — 30inpmennsa/3menmends Ha 50%; = — 0e3 3MiH; — — HeMae JaHux; E — exoHo-
MIYHICTh — BEJIMYHMHA, Ha3aJl IPOIOPIIiiiHA MUTOMIi BUTpaTi nanusa (Je).

3anpoIroHOBaHO PI3HI CMOCOOW MiJBUILECHHS €KOJOTIYHO1 O€3IMeKH CYJI0BHX
nuzeniB. Iling gac BCTaHOBJIGHHsS HEOOXITHO BpaxOBYBaTH HEOOXIJHHM CTYIiHBb
ouniieHHs: BI' nu3ensi, MOXJIUMBICTh BCTAHOBJICHHS Ta BapTICTh JI0JaTKOBOTO 00-
JaJHaHHS, MOJIEpHi3allll CUCTEM CYJAHOBOTO JM3eis, JOAATKOBI eKCIUTyaTarliiiHi
BUTPATH.

Jlocuth eheKTUBHUM METOAOM ouuilieHHs BUnyckHuX ra3iB NOy € ycTraHoBKa
SCR peaxtopis. Lleit meTton Bumarae mpomatkoBoro mpoctopy y MKO, cyrreBoi
MOJIEpHI3aIlli CHCTEM JIH3eJIsl, BUCOKOI BapTOCTI YCTAHOBKH Ta JOJATKOBOTO €KC-
TUTyaTamiitHoro 00CIyroByBaHHS.

[lepcieKTUBHUMU € METOJY 3MIHM MMapaMeTpiB poOOYOro MpoLecy 3HUKEHHS
MaKCUMAaJIbHUX IMapaMeTpiB mukiIy. OaHaK y IbOMY BHITAJIKy MOYKE 3pOCTH BUTpa-
Ta MaJuBa.

Bukopucranas 100aBKU BOJAM MOKE 3HU3UTH BMICT HIKIJIMBUX JOMIIIOK Yy
BI' nuzeni. Boga Moxe BIOpCKyBaTHCS B KOJIEKTOP BIIYCKHMM, O0€3MOCEpPEaHBO B
KaMepy 3rOpsSiHHS 3 BUKOPHUCTAHHSIM CHEIlaTbHUX (OPCYHOK, IMOJIaBATUCS B ITHJII-
HJIp Y CKJajl BOJAOMAIUBHOI emMyJbcii. [li ycTaHOBKM BUMAararoTh J0JIaTKOBUX BU-
TpaT, IMiJABUINYIOTh BUTPATH MAJILHOTO Ta €KCILTyaTalllifH1 BUTPATH.

Takuit camuii eeKT Mae BUKOPUCTAHHS METOIIB PEIUPKYIIALIT Ta MEePEIycKy
BI' cynHOBOTO Iu3ens.

B sxOoCTI anpTepHATHBHUX MANHMB y CYJOBUX JU3EIAX MOXXYTh BUKOPHCTOBY-
BaTHCS ra3oBl Ta 010ra3oBl MajKMBa PI3HOTO MOXOIKEHHS, BOJOBIJ, CIIUPTOBE Ma-
JIMBO, TIaJIMBa Ha OCHOBI OJIIM1 POCIMHHOTO MOXOKEHHA. SK mpaBuiio, 1i MajiuBa
MalOTh BHCOKI €KOJIOTiYHI Moka3HUKU [6]. OgHak HEoOXiTHO NepeadauynTH MOXK-
JUBICTh OYHKEPYBaHHSI, BCTAHOBJIEHHS CIIELIAIbHUX CHUCTEM MIATOTOBKH Ta YIOP-
CKyBaHHSI MTaJINBA.
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Po3po0ka nmiiaHy eKciepuMeHTy JJIsl ONTUMI3anii KOHCTPYKUIil CyTHOBOI0
cKpyOepa

ABTtopamu B [1] 3anponoHOBaHO psii TEXHIYHUX PIMIEHb MO0 MOJAEpHI3aIlii
CYJITHOBOTO CKpyOepa, skl 6a3yr0ThCS Ha MOJICTIOBAHHI OKPEMUX CJIEMEHTIB, a ca-
Me (puc 1):

- BCTQHOBJICHHS MIHHOT TapiJIKU 3 3aBIXpyBauaMH;

- 0OnaiHaHHA CKpyOepa 101aTKOBUM JBOXIIIAPOBUM MiCIIEBHUM OIIOPOM;

- pO3TalllyBaHHs BXIJIHUX MaTpyOKiB mij KyTom 120°;

Pucynok 1 — [Ipunuunosa cxema ckpyOepa [1]:
1 — BuxpoBa Tapiika; 2 — ABOIIAPOBUI MicLIEBUH OIip;
3 — BXOJIM po3TamoBaHi mijg kyrom 120°

OnTumizarlis KOHCTPYKTUBHUX €JIEMEHTIB CyJTHOBOTO CKpyOepa (10 BHKO-
HaHU 332 pekoMeHaamisaMu [1]) moBrHHA 3a0€3MeUNTH MiABUIICHHS €(PEKTUBHICTh
eKCILTyaTarllii CyJTHOBOi €HEPreTUYHOi YCTaHOBKH.

ToOTo HacTynHuU# eTtan JOCHIKEHb CKpyOepa MOBUHEH MICTUTH KOMILIEKC
€KCIIEpPUMEHTIB 110 ONTHUMI3allli 3alIPOIIOHOBAHUX pillleHb. BUKOHAaHHA ONTHMI3a-
MIMHUX JOCTIAIB JOLUUIBHO MPOBECTU HUISXOM IMPOBEJICHHS «aKTUBHOT'0» EKCIIe-
PUMEHTY, IO J03BOJIIE€ MPOBECTU MOILIYK ONTUMAIBHUX PIIIEHb MPU MiHIMaJIbHIN
KUIBKOCTI JOCJII/IIB.
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s 3a0e3nedyeHHss TPOBEIACHHS EKCIEPUMEHTAIBHUX JOCHIHKEHb II0-
nepine HeoOXiJHO BU3HAYNTH (popMastizoBaHy MOJEbh 00’ €KTY JOCIHIHKEHHS (MO-
JepHi3oBaHui ckpyoep [1]).

[Ipu HemoBHiM i1HGOpMaIlli, 0 MexaHi3MaX HI0 BiIOYBAaIOThCS B MPOIIECi
OYHUCTKH Tra3y B CKpyOepi, JOLULIFHO MPOBECTH HOTO BUBYEHHS C TOUKH 30py (yH-
KI1OHAIBHOTO Mpu3HadeHHs. ToOTO AOCHIIKEHHS MPOBOISATHCS 3a JOMOMOTOIO
KiOEPHETHYHOTO0 METOY «YOPHOI CKpUHBKI» [2].

Jlani HeoOxigHO 0Opatw Kputepii omTuMizalii Ta (pakTopu IO HA HUX
BIUTUBAIOTh. {7151 TiIpoAMHAMIYHUX JOCIIIKEHb CKpyOepa B SIKOCTI KPUTEPIIO OII-
THUMI3aIlii MOXJIMBO 00paTH - TiApaBiaiyHui omip anapaty (Y), a B sKocTi (pakTopiB
110 Ha HOTO BIUIMBAIOTh: IIBUJIKICTh HAa BXOJII B ATPYOKH (X1), BUCOTY JIOJIATKO-
BOT'0 MICIICBOr0 Oopy (X2) Ta KyT HAXMJIY IEIIOCTOK Y BUXPOBIiH Tapimi (X3).

Toni MareMaTUyHO TIAPOAMHAMIYHUEN pyX Ta3y B amapari 3 ypaxyBaHHSIM
BU3HAYEHOI0 KPUTEPIIO ONTHUMI3alli Ta (PaKTOPIB MOXHA MPEICTABUTH Yy BULJISIIL
PIBHSHHS Ta rpaiyHO y BUTIIAIL (popManizoBaHoi Mozedi (puc. 2):

Y =1 (X1, X2, X3)

X1

W

v

= > CKpyOep

X3

i

>

Pucynok 2 — @opmanizoBaHa MOJEIb T1IPOIMHAMIKH B CKpyOepi
OpHiero 3 3a7a4 CTATUCTHYHOTO JTOCHIIKEHHS 0araTopakTopHOro o0’ €KTy
(ckpybOepa) € BU3HAUYEHHS KIIBKICHUX 3aJICKHOCTEM BUXIJHUX IMapaMmeTpiB Bij
Bx1HUX (akTopiB. KinbKkicHI XapakTepucTuku (pakTopiB HagaHi B Tabi. 1. Kibki-
CHI XapaKTEPUCTUKHU TTapaMeTpa ONTUMI3Allii BU3HAYAIOTHCA IM1Jl Yac MPOBEACHHS
EKCIIEPUMEHTY.

Tabmuis 1 — Xapakrepuctrka (pakTopiB IpH JOCTIKEHHI T1IpaBIiuHOrO ONOPY MOJAEP-
HI30BaHOTO CKpyOepa

Ne ak- VYmoBue | Konose mo- | Haspa ¢a- | Posmipnicts |  OOnacthb Obnactb
TOpa | NO3HAYEHHS | 3HAYEHHS KTOpa BU3HAYEHHS | iHTepecy
1 % X1, LHBHZ[KI.C T m/c 0-m 5-25
Ha BXOJII
2 h Xz, Bitcora MM 0- o0 20 - 40
OTIopy
3 a X3 KyTHH;XH' rpaj. 0-90° 15-45

Jlnsa npoBenenHst moBHoro (akropHoro excrepuMenty (ITOE) neobdximaHO
MIPOBECTH TAKOK KOJyBaHHS 3MIHHUX Ta BU3HAYCHHS PiBHIB (pakTopiB (Tadmd. 2).
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Tabmuus 2 — KogyBanHs Ta iHTepBasiu BapitoBaHHS (aKTOPIB MPH JOCTIHKEHHI T1IpaB-
JIYHOTO OTMOPY MOJIEPHI30BAaHOTO CKpyOepa

Komose mo3- PiBHi (hakTopiB IaTepBai Ba-
HasBa daxropa HAYCHHS -1 0 +1 pitoBaHHS
AZj
IBuakicTs HA BXOII X1, 5 15 25 10
Bucora onopy X2, 20 30 40 10
Kyt naxuny X3 15 30 45 15

[Ipu BimomMoMmy 3Ha4eHHI uucia (pakTopa MOXKHA 3HAMTH YHUCIIO JOCIIIIB

JUISL peastizaliii BCiX MOXKJIMBUX MOEAHAHB PiBHIB Ta (DaKTOPiB 3a GOPMYJIIOIO:
N=2"=23=8

ne: N — KUTbKICTh €KCIIEpUMEHTIB

N — KUTBKICTh (akTOPiB (B HAIIOMY BUMAIKy N=3).

[Inan ekcepuMeHTYy 3py4HO HajaBaTH y TabOiauuHiil ¢opmi (Tadn. 3). B
Tabn. 3 BKa3yeTbcd TUIbKM 3HAK (0e3 mudpu 1). 'eomerpuuHa iHTEpOpeTaiis
[IOE tumy 2° nasenena Ha puc. 3. Jnsa IIOE tumy 23 excriepuMeHTH MPOBOAATS
TIIBKH JIJIS1 YMOB B KyTOBHX TOYKax KyOy (puc 3.).

Tabmus 3 — Marpuus [IOE tumy 28

NQ‘ X1 X, Xa YMoBHa
JOCITI Ty 3amuc

1 + + + asc

2 + + - as

3 + - + ac

4 + - - a

5 - + + 8c

6 - + - 8

7 - - + c

8 - - - (1)

Bamummemo s IIDE tumy 2° piBHAHHS perpecii, ke omucye mpouec Tedii
ra3y Kpi3b CKpyoep:

Y = b0 + blxl + b2x2 + b3x3 + b12X1X2 + b23X2X3 + b13X1X3 + b123X1X2X3

CroBmui X1, X2, X3 (Taba. 3) BUKOPUCTOBYIOTh AJI MPOBEAEHHS €KCIIEPH-
MEHTY, OJHAK JiIs BU3HAUCHHS BCiX KoedilieHTIB piBHsAHHsA perpecii (bi, b2, bs,
D12, D13, D23, D123, HEOOXiTHO BU3HAYMTH PE3yJIBTATH MAPHOI Ta MOTPIHHOI B3aEMO-
aii (X1 Xz, X1X3, XoX3, X1X2X3) 411 1bOTO po3po0JIsSIE€ThCS PO3PAXyHKOBA MAaTPHU-
s ITOE tuny 23 (Tabn. 4).
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(7), 5
|
1)
Lo
o Pl-d-Je
Xy /
(4)% 2)

Pucynok 3 — I'eometpuuna intepnperanis [IOE tumy 28

Tabnuns 4 — Po3paxynkoBa matpuus [IOE tumy 28

Ne noc- Xo X1 X2 X3 X1 X2 X1X3 XoX3 X1 XoX3
miny
1 + + + + + + + +
2 + - + + - - + -
3 + + - + - + - -
4 + - - + + - - +
5 + + + - + - - -
6 + - + - - + - +
7 + + - - - - + +
8 + - - - + + + -

Pospo6nennii muan IIOE tumy 2° moxe OyTd peanizoBaHMil y BUIISIL
KOMIT FOTEPHOT CUMYJISILIL TeUll y TBEpAOTUIbHIA MOell CKpyOepy abo sk HaTyp-
HUW €KCIIEPUMEHT.
CIINCOK BUKOPHUCTAHOI JITEPATYPU
1. Adranok B.B., Kipic O.B., lanunenko [.B., Adtantok A.B. Po3poOka iH-
TErpoBaHOi KOHCTPYKIIII CKpyOepa sl Cy/THOBUX €HEPreTUYHUX YCTaHOBOK
. CyTHOBI €HEpreTUYHI YCTAaHOBKHU: HayKOBO-TEXHIUHMMA 301pHUK. Bum. 45. -
Opneca: HY «OMAy, 2022, — C. 15-25.
2. Adranrok B.B., CninoB B.M., Jlanunenko /[.B. Intencudikaris ckpybep-
HOI TEXHOJIOT1i OYMIIEHHS BUKUIHHUX ra3iB CYJHOBHX €HEPrOyCTaHOBOK. —
Oneca: Tunorpadis HY «OMAy, 2019. — 136 c.
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Ad¢ranrok B.B., I'appinkin O.€., Kipic A.B.
Kadenpa CTE

HamionansHoro YHiBepcutety «Onecbka Mopcbka Akaaemisn»

Moae/il0BaHHSI NOJABAHHS PeareHTy y Bo03a0ipHUX pelliTKax KiHICTOHIB
CYHOBHX CHCTEM O0XOJIO[AKEHHS

B poGoti [1] 3ampornoHoBaHa KOHCTPYKIiSI MOJICPHI30BAHOT PELIITKH s
CYJHOBHX CHUCTEM OXOJOKeHHS. OCHOBHOIO OCOOJHMBICTIO IIET PEUIITKU € BUKO-
puctanHsa nepdopoBaHux TpyO-pedep (puc. 1) 3 AKUX MOAAETHCSA peareHT AJis 3a-
nmo6iranHs 010710T1YHOTO 3a0pYTHEHHS.

EokogBi rpani

nepc opoBaHUX

Tpy®

Bici oTBOpIB

NRRENAREARE!

MoTik BOAOM,
WO NOQAETECA ¥ KIHFCTOHHWA ALWMEK

Pucynok 1 — MogepHizoBaHni TpyOuacTi Bojio3abipHa pemriTka [1]:
1 - mepdoposani TpyOH-pedpa OBaIHLHOTO TEpepizy; 2 - OTBOPH TSI BUXO/Y PEareHTy

BukopuctanHs 3arpornoHOBaHOT KOHCTPYKIIii TOBUHHA JI03BOJHTH [2]:

— YHEMOJKJIMBUTH 3MHUBaHHSI peareHTy, Mpu pycl 3a00pTHOI BOAM B3IOBXK
PEUIITKY, 32 MEK1 BOJONPUUMAIILHOTO TPUCTPOIO, TOOTO. 32 OOPT;

— HAJaTH JOJATKOBUN MEXaHIYHHWH BIUIMB CTPYMEHIB PEareHTy, 10 BUXO-
JISITh 3 OTBOPIB HA MOBEPXHI MPOTUIIEKHOTO pedpa peuIiTKy;

104



— CTBOPUTH 32 PaxyHOK 3MIILIEHHSI OTBOPIB nepdopailii Ha MOPsT pO3TALIO-
BaHUX TPyOax MEPEKPUTTA CTPYMEHIB peareHTy, 110 3a0e3rneuye rapaHToBaHy 00-
pOOKy peareHToM yciel 30BHINTHLOT TOBEPXHI BOA03a01pHOT PEIIiTKH;

— 3poOuTH OUTBII SKICHE MEPEMINTyBaHHS PEareHTY 3 OCHOBHHM MOTOKOM
BOJIM, 110 HAJXOJUTH Y KIHTCTOHHI STIUKY;

— MIJABUIUTH, TIPH MOAa4l yepe3 nepdopoBani TpyOH BOA03a0ipHOI peIiT-
KU T1apa.

Opnak, six Oyso mokaszaHo B po0oTi [3] odikyBaH1 iepeBaru MoJiepHi30BaHOi
TpyOUacToi BOJ103a0IpHOI PElIiITKH MOXIJIMBO 3a0€3MEUYUTH MPH BUKOHAHHI KOM-
TUTEKCY MOJICIBHHUX JTOCIHIKCHbB, 110 TO3BOJISITh BU3HAUWTHU paIliOHATLHE PO3Mi-
IIEHHS 1 KIJIbKICTh OTBOPIB JJIsI BUTIKAHHS peareHTy. ABTopamu [3] 11 BUKOHAH-
HS KOMII FOTEPHOTO MOJICIIOBaHHS TiIPOAMHAMIKKM MOJEPHI30BaHOI TpyOdacToi
BOJ103a01pHOI PEIITKH PO3pOOIECHO TBEPAO-TIILHY MOJIeb ITepdOopoBaHOi TPyOu-
pedpa 0BaIbHOTO NEPEPI3Y PELIITKH.

JInst BU3HaUYeHHS €PEKTUBHOCTI PO3MOJILTY peareHTy OyJia CIpOeKTOBaHa Ta
CTBOpEHA TBEPJIOTIJIbHA MOJIETh JOCIIIHOTO CTEHAY (pHuc. 2), Ha sIKii mpoBeaeHa
cepisi KOMI FOTEPHUX JOCIIIIB.

Pucynok 2 — ExciepuMeHTanbHUN CTEHA IS JOCHIPKEHHS BUTIKaHHS PEareHTy y Tpyo-
4acTii BOA03a01pHIM penTiTIIi:
1 - imiTanis nepopoBaHux TpyO-pedep; 2 - OTBOPHU AJISt BUXOY PEareHTy

[TepeBaroro KOMI’ FOTEPHOTO E€KCIIEPUMEHTAIBLHOTO CTEHIY € MOXJIHUBICTH
3a0€3MeUYeHHs] eKCTIEPUMEHTY JIJIsl IIUPOKOTO KOJIa TEXHOJIOTIYHUX Ta KOHCTPYK-
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TUBHUX NapaMeTpiB poOotu peuriTku. Hanpukmnan, Ay BU3HAYSHHS pallioHAIBHOT
KUTBKOCT1 PeareHTy, 10 MOJAETHCS B PEIIITKY MOKIIMBO 3a/1aBaTH BUTpATy peare-
HTY 110 HaJXOAWUTh, Ta AOCTIAUTH KAPTUHY PO3MOBCIOIXKEHHS peareHTy B mepepisi
pEIIITKH Ta JaJeKOOIHHICTh CTPYMEHIB Y PI3HUX OTBOpax. Takoxk Ha MOJEl MOX-
Ha 3MIHIOBAaTH KOHCTPYKTHUBHI MapaMeTpH PElIiTKH (JilaMeTp Ta KUIbKICTh OTBO-
piB, BiJICTaHb MK OTBOpamMu abo pebpamu Ta iH.). Lli MOXKIMBOCTI T0O3BOJISIIOTH
MIPOBECTH TOMEPEIHI CKCIIEPUMEHTH Ta OLTBIIT TOYHO BU3HAYUTH O0JIACTh MONIYKY
ONTUMAJBLHUX TMapaMeTpiB. Jlami, Marouu J1aHi o010 00J1acTi MOMIYKY ONTUMAaTb-
HUX MMapaMeTpiB, MOXKIIUBO MTPOBECTH MOBHUH (haKTOPHMI EKCTIEPUMEHT Ta BU3HA-
YUTH CTATHCTUYHY MAaTEeMAaTHYHY MOJICIh B3a€EMO3B’SI3KY MapaMeTpiB, IO BILIH-
BalOTh Ha POOOTY PEIIITKH.

Bisyanizarliis pe3ynbTaTiB ONepeIHLOTO MOJICIIOBAHHS TEUl peareHTy Ha-
BEJICHA Ha puC. 3 (U1 MEPIIOro Ta TPEThOI'0 PEIKUMIB).

b . 0.232
- 0.206
- 0180
_ - 0154
- - 01249
- 0103
— - 0.077
0.051
0.026

- 1]
— Welocity [mfg]

a) 0)

Pucynok 3 — Bizyanizaiist pe3ysibTaTiB MOJIETIOBaHHS BUTUKAHHS PEareHTy 3 OTBOPIB Y
TpyOuacTiii B0J103a0ipHIM penriTii: a — HepIuil pexXxuM; 6 — TPETil PexUM

[TonepenHi MOCHIKEHHS T4l MPOBEJEH] JUTsl TPhOX PEKHUMIB MOAABAHHS
pearenty (pu 1 kr/c, 3 Kr/c Ta 5 Kr/c), TOBEIU «IIpare3gaTHICTL» po3pobdIeHOT
KOMIT FOTEPHOT MOJIETi €KCIIEPUMEHTATILHOTO CTCHTY.

AHani3 Bi3yaiizanii pe3yJbTaTiB MOJEIIOBAHHS MTPOBEACHUM ISl TPHOX pe-
JKUMIB MOKa3aB, 1110 MpHU 301IbIIIEHH] KIJTLKOCT1 peareHTy B iHTepBa Bif 1 Kr/c 10
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5 kr/c BimOyBaeThCs CyTTE€BA 3MiHA KapTHHM TiapoauHamiuHux Teuii. [lpu mep-
moMy (puc 3, a) Ta IpyroMmy pexumi (Ha puc. 3, He HaBeJIeHUI) Bi10OyBaeThCA MO-
MIpHHI PO3MOJILI peareHTy Mo OTBOpaM. 3MEHIICHHS IIBHIKOCTI HasiBHE B KiHII
TpyOKu. Tediss mpoxoauTh (PakTUUHO B JamiHapHOMY pexumi. [IpoxomkenHs mic-
[IEBUX OMOpPiB (ITOBOPOT MOTOKY Ta OTBip) HE HAOyBalOTh 3HAYHOTO BIUIMBY Ha
PO3IOJILT PEareHry.

[Ipy BUKOHAHHI MOJICTIIOBAHHS B TPEThOMY pexuMi (puc 3, 6) Bizyamizarlis
Te4ill MokKasaja, 0 y PO3MOAUIbYl KaHAIW PEIITKA MOTOKH PEareHTy BXOISTh
«JIOCTaTHHO TYpOOITI30BAaHUMU Y, ajie MPH BUXO/I1 3 PO3MOLIBYNX OTBOPIB CIIOCTE-
piraeTbesl pi3Ke MaJiHHA IMIBUIKOCTI Ta MPAKTUYHO PIBHOMIPHE IMOJIE MIBUAKOCTEH
10 BChOMY KaHaly.

Hageneni pe3yiabTaTé MOJENIIOBaHHS € TOMEPEIHIMU. Ta TOTPEOYIOTh MPO-
BEJICHHS JIOCHIIIB Ha 1HIIUX peKUMax poOOTH PEIITKU JJIsl HAKOMUYEHHS 1H(Op-
Mallii JJisi IPOBEACHHS ONTUMI3allli KOHCTPYKIIIi.

OnTuMizaniss KOHCTPYKLIi TpyO4yacToi BOI03a0IpHOI PELIITKH JJIsi CUCTEM
3ano0iraHHs 010J0TIYHOTO OOPOCTaHHA J03BOJISIE 3a0€3NE€UUTH 3MEHIICHHS EHEp-
TOBUTPAT T4 BUHUKHEHHS aBapiiiHUX CTaHIB y CYAHOBOMY OOJaJHaHHI, TOOTO B
UJIOMY MiABUIIUTUA €(PEKTUBHICTh Ta HAIMHICTh €KCIUTyaTallli CyIHOBUX €Hepre-
TUYHUX YCTAHOBOK 1 O€3IEKy CYHOIJIaBCTRA.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. IlpucTpiii A 3ano0iraHHs 0OPOCTAHHS CyTHOBUX BOJONPUWMAIIBHUX MPHU-
CTpOiB Ta cucteMu nojadi 3adoptHoi Boau: A.c. Ne 1630200 CCCP, MK
B63B 13/00 / B.A. A6pamos, FO.U. boes, B.A. Baranos, B.®. KoBanenko,
b.A. ITaBnenko -Ne 4297726/11. 3assn. 27.05.1987. Ony6:. 1991, Bron. Ne
8.

2. AbpamoB B.A. AHani3 eQeKTUBHOCTI CIOCO0IB 3armoOiraHHsT 0OPOCTaHHIO B
cUCTeMax 3a00pTHOI BOJH, II0 BUKOPUCTOBYIOTHCS Ha MOPCHKUX CyAHax /
B.A. A6pamos, b.A. [1aBnenko // CyqHOBI €HEpreTH4HI YCTAaHOBKU: HAYK.-
TexH. 30. - 1998. - Ne 1. - Ongeca: OHMA. - C. 52-58.

3. Adranrok B.B., I'aBpinkin O.€., Kipic O.B. Po3poOka mozeni Bogo3a0ip-
HUX CHCTEM pENITOK KIHICTOHIB CYJHOBUX CHCTEM OXOJIOJKCHHSI.
MATEPIAJIM MixHapoHOT HayKOBO-TEXHIYHOI KOH(EPEHINI Ha TeMy
"MOPCBHKHI TA PIYKOBUI ®JIOT: EKCIUIYATAILIS I PEMOHT "
24.03. 2022-25.03.2022.
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AngpeeB A.A., [lupucynsko M.A., 'onuna B.1.
XepCOHChKHI HaBYaIbHO-HAYKOBUN 1HCTUTYT HallioHampHOTO YHIBEPCUTETY KO-
pabieOymyBaHHs IMEH1 aamipana MakapoBa

IlepcrieKTMBY 3aCTOCYBAHHS aMiaKy B MOPCbKHX YTHJII3AWiHHUX CHJIOBHX
YCTAaHOBKAX

[Tutanas ytumizanii BTOPUHHUX TEIUIOBUX PECYpPCIB CYAHOBHUX IU3EIbHUX
CHEPIeTHYHUX YCTAaHOBOK Ha CHOTOJHI CTOSTH BKpail roctpo [1, 2]. OcobmuBy
npo6sieMy CTaHOBUTh BUKOPUCTAHHS 3 METOIO IeHepallii eleKTPOCHEPTii JIKepen
HU3BKOMOTEHIIIMHOI TEIUIOTH, 10 MawTh Temmepatypy a0 100 °C, nanpukia,
MPICHOT BOJIM, 110 0X0JIOKYe TojioBHUM ABUTYH (I'/]). Lle BUKIMKaHo THM, 0 Ha
TaKUil piBeHb TEMIEPATYP TPATUIINAHI yTHIII3all1KHI cuiioBl ycTaHoBkH (YCY), mo
peanizyloTh KOHJICHCAlIMHUM 1K1 PeHKiHA 3 BOJSHOIO MApOI0 SIK pOOOYUM TIJIOM,
MaroTh HU3KY ICTOTHUX HeaoumikiB [3]. HasBHICTh BaKyyMy B CUCTEMi ITPU3BOIUTD,
Mo-TepIie, 10 BEIUKUX MUTOMHUX 00’€MiB BOASHOI Mapu, 1, OTXKe, JO TPOMI3IAKUX
CTYIICHIB HU3BKOTO THUCKY TypOiHHW 1 MIIBUIEHUX JlaMETPiB TPyOONpOBOMIB, a,
No-Jpyre, 10 HEOOXITHOCTI €XKEKTOPHOI Ta JieaepaliifHOi yCTAHOBOK. 3HAYHA BO-
JIOTICTh BOJASHOI Mapu B KiHII mnpouecy po3mupenHs 3Hmwkye KKJI cuioBoi
TypOIHHU 1 CIPUYMHIOE €pO31iiHI pyHHYBaHHA ii JJOMATOK.

[{1 HEemodiKU MOXYTh OyTH MOJONaHI HUISIXOM 3aCTOCYBaHHS HU3bKOKHILIS-
yux podounx tin (HPT) [2, 3]. [TeBHOIXO mpobiiemoro € Bubip parionansaoro HPT,
OCKIJIbKU € CYTT€B1 HEraTHBHI CTOPOHHM Y BUKOPUCTAHHI TPATUIIAHUX POOOUUX
peyoBuH YCVY. Hanpukian, 11 XJ1aJ0HIB XapaKTepH1 HU3bKa TEPMIYHA CTIMKICTb,
BHUCOKA TEKY4iCTh, 3HAUHA BAPTICTh TOIIIO, & JIJIsl BYTJIEBOHIB — TOPIOYICTb.

EdexTrBHrM poOourM areHTOM Moke BBaxkatucs amiak (NHs), skuit exo-
JIOT1YHO (O30HOBUH IIap, MTAPHUKOBUN €(PeKT) Oe3MeuHuid, qeneBruil, Mae TapHl sK
TEPMOJIMHAMIYHI TTOKa3HUKH, TaK 1 XapaKTEPUCTHKHU TeIUIonepeaayl. 3acToCyBaH-
HSl aMiaKy CTa€ JOIUTHHIIINM, SKIIO Ha CYJHI BCTAaHOBJICHA aMmiadyHa pedprxepa-
TOpHa ycTaHoBKa. [Ipy IbOMy MOJIMBE 3aJIy4€HHS II€ OJTHOTO JKepena HU3bKO-
MOTEHIIMHUX TEIJIOBUX PECYpPCiB, a caMe TEIJIOTH MEPErpiBy MapiB amiaky IMicIs
CTUCHEHHS Yy KOMIpecopi (TeMriepaTypa KiHUs NpOLecy CTUCHEHHS MOKE J0cAra-
1 160 °C [4]). Kpim Toro, 3apa3 aKTUBHO PO3IJIAAAOTh aMiak SK MEePCICKTUBHE
nanuBo cynHoBux I'J[, sike macTh MOXJIMBICTH JIOCATTH JAeKapOOHi3allli CyIHO-
IJIaBCTBA, MIHIMI3yBaTH MOTO BILJIUB Ha JOBKIJUIS.

OpHak Ha CbOTOJHINIHIN JIEHb Y HAYKOBO-TEXHIUHIN JIITEpaTypi € JHUIIE Po-
3pi3HEH] JaHl Mpo KOHKpPeTHI po3pobku amiaunux YCVY, cxemu iX poOOTH, KOH-
CTPYKIII1 MaIllMH 1 armapariB, TEPMOJUHAMIYHI Ta TEXHIKO-€KOHOMIYHI TTOKa3HHKH.
[le ¥ BU3HAYMIIO METY I[bOTO JIOCHIKEHHS: TPOBECTH aHAJ3 CXEM 1 XapaKTepu-
cTuK pi3HuX amiadHux YCY st oOrpyHTYyBaHHS 001acTed iX Kpairoro 3acTocy-
BaHHS B EHEPreTHIIl, y TOMY YHCII i CYTHOBIH.

Awmiak sk HPT YCVY wmae naBnio ictopito. e y 1881 p. XKak /I’ ApconBaib,
TEOPETUYHO OOTPYHTOBYIOUM MOKJIMBICTh BUKOPHUCTAHHS BEIWYE3HUX 3arlaciB
Teru10BO1 eHeprii CBITOBOTO OKeaHy, 3alpoTOHyBaB 3aCTOCYBATH aMiak sIK poOoue
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T170 oKeaHChKUX TermoBux enekrpoctaniiii (TEC). Amiak 1 10 1[pOro IHS € OC-
HOBHOIO p0O0YO0I0 PEUOBUHOIO, SIKY PO3IIIAAIOTH y MMPOSKTOBAHUX 1 CTBOPIOBAHUX
okeancbknx TEC mis paiioHiB sk TpomikiB [S], Tak 1 Apktuku [6, 7].

[HIIMM TEepCHeKTUBHUM HAMpsSMKOM YTWIi3allli HU3bKOMOTEHUIWHUX BTO-
PUHHHX TeIUIOBUX pecypciB € YCVY Ha BogoaMiauHOMY pO3UYUHI. YTiepIie 3ampo-
MOHYBaB BHUKOPHCTATH 1€ pobodye TUIO y UHKII TEIJIOBOrO JABUTYyHA
JI.M. Pozendenbn 1955 p. [8]. [Ipomucnosi TEC Ha it po6ouoi cymiri, 1o pe-
amzyroth mukia A.l. Kanmuau, excrutyatyiots 3 1999 p. B Anonii Ha 3aBoji ¢ip-
mu «Kashima Steel Worksy» (yruiizaliist TeIioTd BiAnpanboBaHOi BOAU TEMIIepa-
typoro 98 °C), ta 3 2000 p. B Icnanaii (reoTepMalibHi JKEpesa 3 TeMIepaTyporo
121 °C); enexTpuyHa MOTYXKHICTh, L0 T'€HEPYeThbcs, cTaHoBUThH 3,1 Ta 2,0 MBT
BIIIIOBIIHO.

Mopceki YCVY 3 Bogoamiaunumu HPT minTBepauiau cBOi mpare31aTHICTh Ta
e(EeKTHBHICTh K y paMKaX HayKOBO-AOCIIAHUX poOIT, TaK 1 MpU MPOMUCIOBIM
eKCIUTyarTarlii, iX po3risiay B 1HO3EMHIA TEXHIYHIN JIITEpaTypl OCTaHHIM 4YacoM
NPUALIAETbCS 0araTo yBar.

CynoBuii HanpsiMok peanizamii YCVY 3HalIoB BifoOpaxeHHs Y JOCTIIKEH-
HSX, 00O MPOBOJATHCS HUHI B HallloHanbHOMY YHIBEPCHUTETI KOpabOiieOyayBaHHS
(M. MukonaiB) Pe3ynbratu po3risgy cXeMm yTHii3anii HU3bKOMOTEHIIHHOT TEIIo-
TH CYAHOBHUX JIU3EJIbHUX YCTAHOBOK IMOKA3yIOTh, II0 amiak 3HAXOJIUTHCSA B TPyl
HPT, mo 3a6e3neuyroTh HaiBuUIII TepMoauHaMiyH1 nmokasHuku YCY. Hanpukian,
IIPU PO3PaXyHKY YCTaHOBKH, 110 yTuiizye 1630 kBT Teriotu Bucokoremmepatyp-
HOTO KOHTYPY CHUCTEMH OXOJIOJKEHHS IMPICHOIO BOJAOIO CYAOBOIO I'OJIOBHOIO CE-
penHbo0OepTOBOTO AM3eis Mapku 61.46-B dipmu «Wartsilay (DinnsHais) noTyx-
HicTIO 5850 kBT, npu HacTymHUX BUXIIHUX AAHUX: TEMIIEpATypu MPICHOT BOAH
CHUCTEMH OXOJIOJKCHHS Ha BUXOJIl Ta BXOJ1 B KOTCI-YTHJI13aTOp BIAMOBIIHO 74 i
91 °C; rtemmeparypu KumiHHS Ta meperpiBy mapiB HPT y xkotmi-ytumizatopi
BianoBigHo 70 1 80 °C; TemmepaTypu 3a00pTHOiI Boau Ta koHjaeHcamii HPT
BinoBiIHO 30 1 35 °C oTpuMaH1 Taki XxapakTepUCTHUKUA poOoTH amiayHoi YCV:
TUCK KOHAeHcalli Ta kumiHHs amiaky 1358 1 3371 klla; macoBa BuTpaTa amiaky
1,37 xr/c; TOTYXKHOCTI CHOXHMBaHA HAcOCOM, KOpPHUCHA IMKIy 1 BHpoOJeHa
TypOiHOtO BignoBigHO 8, 143 ta 151 kBT; TemioBe HaBaHTa)XKeHHSI HA KOHJIEHCA-
top 1487 xBT; repmiunuit KKJI yctanoBku 9,2%.

[IpoBenennii aHami3 CcXeM, a TaKOX TEPMOJAMHAMIYHMX 1 TEXHIKO-
EKOHOMIYHHMX XapakTepucTuk cynHoBux YCVY mokasye, 10 3aBIsSKH CBOIM Oe3Iie-
pPEUYHHM TepeBaraM aMiak € OJJHUM 3 OCHOBHUX MEPCIEKTUBHUX POOOUYMX TLT J1a-
HUX €HEProyCcTaHOBOK.

Pe3ynpTaT HAyKOBO-IOCHIIHUX POOIT, JOCHITHO-KOHCTPYKTOPCHKHX PO-
3po0OK Ta MPOMHCIIOBOI EKCIUTyaTalli MiATBEPKYIOTh BUCOKY €()EKTHBHICTD
amiaynux YCVY sl LIMPOKOTO CHEKTPY 3aCTOCYBaHHS B eHepreTuili: Bia CBITOBO-
TO OKeaHy J0 KOCMOCY.
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VJIK621.57

AnpnpeeB A.A., [lupucynsko M.A., Auapeesa H.b.
XepCOHChKHI HaBYaIbHO-HAYKOBUI 1HCTUTYT HallioHanpHOTO YHIBEPCUTETY
KopabieOymyBaHHS

BusHaueHHsl pe3epBiB MiIBUIIEHHS e()eKTUBHOCTI TYPOOHAAIYBY CYTHOBHX
AU3eJIiB I HanpsIMKY iX peaJizamii

3 METOI BU3HAYEHHS PE3€PBIB IMABHUINCHHS €(PEKTUBHOCTI TypOOHATYBY CY-
THOBUX TONOBHUX MBHUTYHIB (I'J]) 1 MOIINBHOCTI 3aCTOCYBAaHHS TETUIOYTHITI3AIl M-
HUX CHCTEM, 1[0 BUKOPUCTOBYIOTH TEIUIOTY HAJAyBHOTO MOBITPs, OyJIO MPOBEACHO
PO3paxyHOK MOTY>KHOCT1 yTuiizamiiHoi TypOinu N, 1 kommpecopa NgHaamayBHO-
rotrypookommpecopa (TK) ausens Ta BU3HAUEHO YMOBH, 3a SKHX PE3EpPB MOTYXK-
Hocti TK nmocratHiii st BUKOpUCTaHHS B TypOoaeTannepHux ycraHoBkax (TAY)
oxosiofpkeHHs noBiTpss Ha BxoAl TK. PesepB moTy:XHOCTI BHU3HA4aBCs SIK BITHO-
mreHHA ANy =(N;—Ng)/Ng. [Ipu po3paxyHKax BUKOPUCTOBYBATHCH XapaKTEPUCTUKH
JBUTYHIB BUpoOHUITBA dipmu "Wartsila".

3a OazoBuil Oyno mpuitHATO Mayio oOopoTHUM au3enb 5SRTAS2 moryx-
HicTIONe = 8000 kBT BupoOHUIITBa BUIIIEBKa3aHO1 (hipMH.

Po3paxyHKu BUKOHYBaJUCSl 3 IOCHIJIOBHUM YTOYHEHHSIM yMoB poOotu TK:
crioyaTKy 0e3 ypaxyBaHHS BIUIMBY TEMIIEpaTypH 30BHIIIHBOTO NOBITPSA lys HA BXO-
a1 komnpecopa TK Ha TemmepaTypy BIAXIAHMX Ta3iB t,; Ha BXOAl yTHII3aLlAHOT
ra3oBoi TypOiau (I'T): t,1=f(t,;); MOTIM 3 ypaxyBaHHSM BIUTHBY TEMIICpaTypPH 30B-
HIIIHBOTO MOBITPA ty; HAa BXxo1 komnpecopa TK Ha TeMmepaTypy BiAXITHUX ra3iB
tr, ae 6e3 ypaxyBanHsAM 3anexxkHocTi KKJ[ kommpecopa mi BiJl cTeneH1 MiJBH-
HIEHHS TUCKY T; 1 HapemTi 3 ypaxyBaHHsaM 3anexHocti KK/ kommpecopa 1y Bifg
T

Pe3ynbTaTi po3paxyHKIB3 ypaxyBaHHSIM 3QJIKHOCTI TEMIMEPATypH BIIX1THUX
ra3iB 1y Ha Bxozai TypOinu TK Bij Temmeparypu 30BHIIIHBOTO MOBITPS 1y HABE-
neHo Ha puc. 1.

Nx, KBT AN, %
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Puc. 1. ITotyxxHocTi TypOinu N; i kommpecopa N« TK nauzens npu mi = 4 (a) Ta pe3eps mo-
TyxkHOCTI TK AN = (Ni—Ni)/Nk 100 % () B 3a1€3KHOCTI Bijl TeMIIepaTypy 30BHIIIHBOTO TTOBIT-
pst tun HA Bx0J TK 3 ypaxyBaHHAM 3alI€KHOCTI TEMIIEpaTypu BiAX1THUX ra3iB Ha BXOJ1 TypOiHU

TK Bin remneparypu tun: qu3ens SRTAS2 "Wartsila”, Ne = 8000 kBt

[Ipu poMy 3riJIHO 3 JAaHUMU NPOBIAHUX ABUTYHOOYAIBHUX QipMm "MANB&W"
ta "Wartsila" npuiitmanocse, 110 miaBUIICHHS TEMIIEPaTypy 30BHIIIHBOTO MOBITPS
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Ha Bxon1 TK na 10 °C cnpuyuHsie 3pocTaHHs TeMIIEpaTypH ra3iB Ha BUXO/I 3 LIH-
miapis JIB3 wa 16 °C. [puitmanock Takox, 1mo 1,=0,80 mpu m,=3 1 4.

B iaTepBam temmepatyp tur=10...20 °C 3Hauennss AN, ctanoBumm 5...8 %,
IPUYOMY MIPH MEHILUX T, Pe3epB MOTYKHOCTI ANy OLbIINH, 110 BKa3ye HA HEAO-
HUIBHICTH HOTO peanizalii MmiJBUIICHHIM THCKY B HaJAyBHOMY TypOOKOMIIpEcopi,
SK 1€ 3MIMCHIOBANIOCH y TpamuiliiHiid TJ/[Y oxomomkeHHsS HaITyBHOTO TMOBITPS
nsuryHiB ¢ipmu "Cooper-Bessemer”,

[TotyxxHocTi Typ6iHu N, 1 kKoMnpecopa N TK st psay MamooOopoTHUX au3e-
i (MOJ) "Wartsila" B 3anexnocTi Big notyx)HocTi qu3ens Ne 3 ypaxyBaHHS 3a-
JICKHOCTI TeMIepaTypH BIIXiTHUX rasziB Ha Bxoial Typ6inu TK Bixg Temmeparypu
30BHIITHKOTO MOBITPSI HABEJICHO HA pUC. 2. SIK BUIHO, ISl BCHOTO DSy MOTY>KHO-

crerr Ne MOJI "Wartsila" mae micue pe3eps noryxkuocti TK.
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Puc. 2 TToryxuocTi Typ6iau N; i komnpecopa N« TK ms psimy MOJL "Wartsila" B 3anexno-
cTi Big nmoTyx)HoCTi au3enst Ne 3 ypaxyBaHHSIM 3aJIeKHOCTI TEMIEPATypH BIIX1IHUX rasiB Ha
BxoJi1 Typ6inu TK Bix TemnepaTypu 30BHIIIHBOTO MOBITPS Lo
A x-1c=3¢m-—1=4

[Tomanpii po3paxyHKH IPOBOJWINCH 3 YPaxyBaHHSAM SIK BIUIMBY TeMIEpaTypu
30BHIIIHBOIO MOBITPS ty; Ha Bxoai kommpecopa TK Ha TemmepaTypy BiAXITHUX
rasiB t;, Tak 1 3anexunocti KK/ kommpecopa 1 BiJ cTeneH1 NiABUILEHHS TUCKY Ty
N=f(my). Tak, mpuitasro 1,=0,85 mpu ©,=3; N,=0,80 npu m,=4. Pe3ynpratu yrou-
HEHUX PO3paxyHKiB HaBeIEHO Ha pHC. 3.
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Puc. 3. Ilotryxnocti Typ6inu N; i kommpecopa N TK (a) Ta pezeps nmotyxuocti TK
ANz = (N— Ni)/N« 100 % (0) B 3ae:KHOCTI Bij] TEMIIEPATyPH 30BHILTHBOTO MOBITPS tus HA BXOJI
TK 3 ypaxyBaHHSIM 3aJI€)KHOCTI TEMIIEPATypH BiAXigHUX ra3iB tr1 Ha Bxoxai TypOinu TK Bix Tem-
neparypi tus: qusens SRTAS2, Ne = 8000 kBrt; ' — ypaxyBanus N« = f(7c); 1« — 63 ypaxysaH-
Hs M = f(7)

Ax BugHO, BpaxyBanHs 3anexxkHocTi KKJ[ kommpecopa mi Bif cTeneHi MiaBu-
IICHHS THCKY 7. Mk = f(7x) CyTTEBO BiIOMBA€ETHCSA HA pe3yjIbTaTaX PO3PaxyHKY.
[Ipu upomy niiicHi BeTUYMHU pe3epBy notyxHocTi TK BUsABIAIOTECS Habararo Oi-
aemuMu: ANy = 6...14 % npu 1, = 3 B iHTepBani temmepatyp ty; ~45...10 °C 3
ypaxyBaHHIM 1) = f(my), Tomi sik ANy = 2...8 % 06e3 ypaxyBanus 1 = f(ny). Ilpu
MEHIIHUX Tk 1 tyy pe3epBU NoTyKKHOCTI ANy OlNIbIIII, 1110 BKa3ye, MO-MEpIie, Ha Hee-
(heKTUBHICTH X peanizallii miABUIIEHHSIM TUCKY B HaJITlyBHOMY TypOOKOMITpecopi,
AK 1€ 3[1UCHIOBANOCh Yy TpaaulliiHii T/Y oxonomkeHHs HaJAyBHOTO MOBITPS, a
Mo-Jpyre, AOMiIbHICTh 3acTocyBaHHs T/Y /1t 0X0JI0MKEHHS 30BHIITHBOTO MOBI-
Tps oBiTpst Ha BXxoAl TK, T00TO 6€3 HaIMIpHO BUCOKHUX Ty.

BusHaveHHsi HANPAMKY peaJiizauii pe3epBiB miaBUIIeHHS e()eKTUBHOCTI
TYpPOOHAIYBY CYITHOBHUX I'OJIOBHUX IHM3€JIiB

VY cyuyacHux cynHoBux MO/J] mae Miciie HaJUIMIIIKOBA €HEPTis BIAX1IHUX Ta3iB
(moHay eHeprito, HEOOXIHY JUIsl MPUBOAY HAIJTYBHOTO KOMIIpECopa), TOOTO pe-
3epB noTykHOCTI TK AN. JloBeleHO TakoXkK, 110 HEAOLIBHO peaai3oByBaTu e
pe3epB MOTY>KHOCTI ANy ITIIBUILIEHHAM THUCKY B HaJJyBHOMY TypOOKOMIIpECOpi,
K 1Ie 3A1MCHIOBATIOCh Y TpamauiliiHii TJIY oxoyoKeHHs] HaJayBHOTO MOBITPS,
OCKIJIbKHU 31 30UIBIICHHSM T BETMYMHA Mk 3MEHIIYETHCS, 1110 MPU3BOJUTH /10 CYT-
TeBOro ckopoueHHst ANy (cM. puc. 3).

BoueBuib, HAUIMILIKOBY €HEPTit0 BIAXITHUX Ta3iB (IOHAA €HEprito, HEOOXITHY
JUJIS1 IPUBOJTY HAJITYBHOTO KOMIIPECOpa) JOIIbHIIIE Peai30ByBaTH 301JIbIIICHHSIM
npoayktuBHOCTI TK mpu makcumanpaux KKJ[, ToOTO BUXOIWUTH 3 HAIJIUIIKY
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npoayKTuBHOCTI TK AG=(G—Gyu)/Gy 100 %, ne Gy — MPOIYKTHBHICTH KOMITPE-
copa, HeoOX1IHa JJi1 HaAayBY AM3ENd, Ky 3abe3neuye yrumizamiina ['T npu Bu-
KOpHMCTaHH1 BIJNOBIHOT YaCTUHU €Heprii BiAXiTHUX ra3iB; Gx — NPOIyKTUBHICTh
KOMITIpECOpa, sIKy 3/aTHa 3a0e3neunty yTuiizamiiiHa ['T 3a yMOBHM MTOBHOTO BUKO-
PHUCTaHHS €Heprii BIAX1IHUX ra3iB.

Pesynbratn pospaxynky pesepBy mpoayKTuBHOCTI TK AG=(G—Gy)/ G
100 % B 3amekHOCTI BiJ TeMmepaTypH 30BHIIIHHOTO MOBITPs tyHa BXxoal TK 6e3
ypaxyBaHHsM 3aiexxHocTi KKJ[ kommpecopa 1y Bif 7, 1 3 ii BpaxyBaHHSIM HaBeIe-
HO Ha puc. 4,a 1 6. IlpuitasaTo 1,=0,85 npu m,=3; 1=0,80 pu m,=4.
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Puc. 4. Pezeps npoayktuBHOCTI TK AG = (Gi—Giu)/Giu 100 % B 3a71€3KHOCTI Bijl TemIiepa-
TYpH 30BHIITHBOTO MOBITPs twe Ha B0l TK 0e3 ypaxyBannsm 3anexxHocti KK/I kommpecopa 1«
Bl T (@) 13 11 BpaxyBaHHsM (0): T'= 3 — ypaxyBanHs N« = f(1c); 7« = 3 — 6€3 ypaxyBaHHsI
M = (7o)
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Sx BumHO 3 puc. 4, 6, 3HaUeHHA pe3epBY MNpoAyKTUBHOCTI TK cTaHOBIATH
AG=6...14 % npu m=3 B inTepBaii Temneparyp tu;=45...10 °C. Ilpu meHmmx my 1
tun pe3epBu poyKTUBHOCTI AG O1J1bIII, IO BKA3y€ Ha JONUIBHICTh 3aCTOCYBAHHS
THAY nns oXonopKeHHS 30BHIMIHBOTO TOBITPS MOBITPS Ha BXoai TK, ocKimbku
npu oMy TK ekcruiyaTyeTbest pyu ONTUMAIBHUX (HE MIABUIICHUX) T, K1 BiJl-
noBigaroTh MakcuManbHuM KK/ TK. Jlo Toro * 3HM>KEHHS] TeMIepaTypHu 30BHIIII-
HbOTO TOBITPsty; Ha Bxoal TK 3aBAsku HOro 3MilllyBaHHIO 3 MOBITPSIM, OXOJIO-
JKEHUM Y TIPOIIECi PO3UIMPEHHS B TypOoeTanaepi, 3abe3neuye 3poOCTaHHs 4acT-
KH XoJIogHOTO MoBITpst AG, sika moaeThes Bix TypOoaeTaHaepa.

BapTo 3a3Ha4nTH, 110 31 3MEHIICHHAM N1k CKOPOUYYEThCA NMPOAYKTUBHICT TK,
BIJIMOBIHO 1 BUTpaTa BIIX1HUX ra3iB. Lle ckopodeHHs npeBaitoe Hall MPUPOCTOM
TEIJIOBMICTY BIJIXITHUX Ta3iB, 00yMOBJIEHOr0 30LIBIIEHHSIM iX TeMIEpaTypH 3 Ii-
IBHIICHHSAM T, OKpiM TOTO, Mae Micie neske 3HmwkeHHs KK nusens yepes 3me-
HITIEHHST KOedilli€HTa HAJIUIIKY TOBITPS 0, SIKE MOKE CTAaHOBUTH 110 2 % B 3aJie-
KHOCTI BiJ ckopoueHHs npoayktuBHocTi TK [3]. B pesynbrari HaamumkoBa mo-
TYXKHICTh yTUJI3aIiitHO1 TypOiHH, sika nmpuBoauTh TK, a 3 HEI0 1 XOJ0I0MPOTyK-
TuBHICTH TJIY ckopouyroThes, 1o W oOMexyBano edexktuBHicTb TJ[Y oxono-
JUKEHHST HaJyBHOTO TOBITps. BodeBuab, MO OUIBII JOMUIBHO peati3oByBaTH
HAJIJTUIITKOBY €HEPTiI0 BIAX1AHUX Ta3iB HE IUISIXOM IiJBUILEHHS TUCKY HAJITyBHO-
ro noBiTps (3 HeMuHy4uuM 3HkeHHIM KKJ[ komnpecopa), sik y Tpaauiiitaiin TAY
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OXOJIO/PKEHHSI HaJyTyBHOTO TIOBiTps [4], a 30inbmenHsM mpoxyktuBHocti TK i3
BUKOPHUCTAHHSAM €HEPTii HAaJJIMIIKOBOI KUIBKOCTI HajayBHOro mositps B TAY
OXOJIOJIPKECHHS TOBITPS HA BXO/I1 IBUTYHA.

OTxe mpu TOTYXKHOCTSX TroyioBHOTO aum3ens menme 20 MBt 8...15 %-i
HAQ/UTUIIOK MOTY>KHOCTI (BIAMOBITHO M MPOAYKTUBHOCTI) HamyBHUX TK MOIIBHO
peani3yBaTH MIISXOM BHKOPUCTAHHS HAUMIIKOBUX 8...15 % BHUTpaT HamIyBHOTO
noBiTps y TypOoaeranepi TIY oxomnokeHHs 30BHIIIHBOTO MOBITPs Ha xo/1 TK.

TakuMm 4YMHOM, NMPUNUHATO aNbTEPHATUBHY TiNoOTe3y BUKopucTaHHA B TIAY
HAJIJTUIITKOBOI €HEeprii BIAX1THUX Ta31B MiABUIIICHHSM MTPOTYKTUBHOCTI HAIYBHUX
TK, a He THCKY, K y Tpaauliitaux TY oxonomxenHs HaayBHOro noBiTps. [lpu
upomy HagayBHHM TK ekcrutyaTyeTbest Ipu ONTUMAIBbHUX CTETECHSIX MiABUIICHHS
TUCKY T, 1, BIIMOB1AHO, MakcuManbHuX 3HaueHHIX KKJ]I TK.
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VJIK621.57

Angpees A.A., Ceupunos B.1., Auapeesa H.b.
XepCOHChKHI HaBYaIbHO-HAYKOBUI 1HCTUTYT HallioHanpHOTO YHIBEPCUTETY
KopabieOynyBaHHs, YKpaiHa

Po3po0ka panioHaJbHUX BapiaHTIB Typ0oeTaHIEPHOT0 0XOJIOAKEHHSA
NMOBITPA CyTHOBHUX JU3eJIiB

EdextuBHicth cynnoBux JIB3 3HauHOIO MIpOIO 3aJ€XUTh BiJ aTMOC(HEpPHHX
YMOB. [3 MIABUIIIEHHSAM TeMIepaTypu 30BHIIIHBOTO MOBITPS 1 BIAMOBIIHO MOBITPS
y MalIMHHOMY BIAJIJICHHI 3MEHIIYEThCS KOe(DIli€HT HAAJIHUIIKY MOBITPs, MOTip-
HIYETHCS AKICTh CYMIIIOYTBOPEHHS, 301IBIIYIOTHCS MEPIO 3aTPUMKH CaMO3aii-
MaHHS MajnBa, TEMIEpaTypa BUMYCKHHUX ra3iB 1 BIABEICHHS TEIJIOTH BiJ IMIIIH]-
piB, TOOTO TEIIOBTPATH, MiJBUILIYIOTHCS TEIJIOBA HAMPY>KEHICTh ABUTYHA Ta MH-
TOMa BHUTpaTa MajuBa, 3HWKYIOThCS ioro epexktuBHud KK/I 1 moryxHicts. Tak,
koxH1 10 °C miaBUIIEHHS TeMIIEpaTypH 30BHIIMIHBOTO MOBITPS yy; HA BX01 TYpOO-
xkommpecop (TK) cnpuunnsiors 3mentenns KK/ JIB3 mpubausuo #a 0,5...0,7 %
1, BIAMOBIZAHO, 3pOCTaHHsA MUTOMOI BUTpaTtu naynmBa §.[1-3]. [Ipu mpomy moTysx-
HICTh Au3eist ckopouyeTbest Ha S...7 %. LltatHi ) cucTeMu BOASIHOIO OXOJO-
JUKEHHST HAJITyBHOTO TOBITPS, SIKE MOTJIO O JeMridyBaTH 301JIbIIEHHS TeMIIEpaTy-
pu tyn, HE B 3MO31 3a0€3MEeUNUTH HEOOX1IHY TJIMOMHY OXOJIOJKCHHS 4Yepe3 MiJBU-
HIEH]1 TEMIEPATYPH 3a00PTHOI BOJIH.

Otxe nouinbHUM Oyno 6 ytunizyBatd BEP y TemmoBUKOpHUCTOBYHOUMX XOJIO0-
nunpHux MammHax (TXM), a BupoOieHud X001 3aCTOCOBYBATH JJISI OXOJIO-
JUKeHHsT ToBiTpst Ha Bxoal /IB3. Taki TeniaoBHKOPHCTOBYIOUI CHUCTEMHU OXOJIO-
okeHHst noBiTps [IB3 He Tuibku 3akpuBaiv O HIUIY MO MOTY>KHOCTI TOJIOBHUX
neuryHiB Ne<20...50 MBT, koiu 3aCTOCYyBaHHS CKJIQJIHUX 1 JOPOTUX TypOOKOM-
nayHaaux cuctemax (TKC) ekoHOMIYHO HE JONLIIBHO Yepe3 BEIHMKI TePMiHH, ajie
i 3a0e3meuyBaiu O MiABUIIEHHS €(EKTUBHOCTI AU3ETIB MPU BUCOKUX TEMIIepaTy-
pax 30BHINIHBOTO TIOBITPsI 1 3a00PTHOT BOJIM Ta HA XOAY CYJHA, KOJU BUPOOHUIIT-
BO Ter1oBoi abo enekTpuuHoi eneprii B TKC nepeBulye3araibHOCYIHOBI TOTpe-
Ou B HUX.

Ta Bce * TypOoAeTaHIepH1 TEXHOJIOTIi MOXKYTh OYTH BUKOPHUCTAHI JJII 0XOJI0-
JUKEHHS TTOBITPS, alie He HAJJyBHOTO, a 30BHIIIHLOTO MOBITPs Ha Bxoai TK ause-
niB. IIpu npomy Bifnagae HEOOXIAHICTh MIABUIYBaTH TUCK MOBITPs B TK moHaz
TUCK HAJAIyBy, IO CYHpOBOKyBanoch OM HemuHyuuMm 3HWxkeHHsSIM KKJI TK,
OCKUJIbKM HAJIMIIOK €HEpril BIAXIJHUX Ta3iB peali3yeTbcs 301IbIIEHHSIM MPOAYK-
tuBHOCTI TK, a He Horo Ty, 1m0 3a0e3neuye excrutyaTanio TK npu MakcuMaaibHUX
sHaueHHsAxX KK/I. [{ro HaamumkoBy KUJIbKICTb CTUCHEHOT'O MOBITps (ITOHAJ] HEO0O0-
X1AHY 11 KUIBKICTB JUIsl HAAAYBY) 1 CIIPSIMOBYIOTh Y TypOOAETaHIep, IPHU PO3IIH-
pPEHHI B SIKOMY (10 aTMOC(EPHOTO TUCKY) MOBITPSL OXOJIOIKYEThCA. OXOJI0IKEHE
MOBITPS 3MINIYIOTH 13 30BHIIIHIM MOBITpsM Ha BxoAl TK, 3a0e3nedyroun 3HUKEH-
HSI TeMIIepaTypHy MOBITPs Ha BCMOKTyBaHHI TK mpu BHCOKHX TeMmIiepaTypax 30B-
HIITHBOT'O TIOBITPA 1, K Hacminok, 3poctanasg KK/ JIB3 1, BianoBigHO, CKOPOYCH-
Hs1 MATOMOT BUTpaTH nanusa g.[1-3].
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binei cknaanoro € typOoaeranaepra xonoauiabHa Mammna (TAXM) 13 Bukopuc-
TaHHSM €HEeprii CTUCHEHOTO MOBITPS MPH HOro po3MIUpeHHI B TypOoaeTaHaepi 3
OTPUMAHHSAM MEXaHIYHOi pOOOTH, Ky 3aCTOCOBYIOTH JJISI TIPUBOIY J0JIATKOBOTO
kommpecopa. Cxemu THAXM, siki BUKOPUCTOBYIOTh HAJHUIIKOBY €HEPrit0 BiAXiJ-
HUX Ta3iB IS OXOJIO/DKCHHS HaayBHOro TOBITps (TpamumiiiHa TAXM dipmu
"Cooper-Bessemer") abo moBiTps Ha BX0i ocHOBHOTO KoMmripecopa K1 (3amporio-
HOBaHa), HaBejeHl Ha puc. 1,a 1 0 BiANoOBiAHO. JlomaTKOBa eHepris HaIAyBHOTO
MOBITPS BUKOPUCTOBYEThCS B TypOoaetanaepi T/l ans onmepskaHHS J10AATKOBOI
MOTYXHOCTI, SIKy Mepe/laloTh Ha MPUBLJ A0AaTKOBOro kommnpecopa K2. Sk BuaHo,
crangaptHa TJXM oxoyomkeHHsS HaAJAyBHOTO TOBITpS (CM. puc. 1,a) Jerko
TpancopmyeTbes B TJIXM oxostomKeHHs MOBITps HA BX01 au3ens (cM. puc. 1,0)
0e3 3anmyueHHs OyAb-sIKUX JOJAaTKOBUX E€JIEMEHTIB: JOCTaTHbO Ha TypOOJeTaHIep
MoJaBaTU TIIbLKM HAJJIUIIOK HAJAAYBHOTO MOBITPsS (IMOHAJ MOT0o KiJIbKICTh, HEOO-
XIAHY JJIs HAAJAYBY), @ OCHOBHY MOr0 KUJIbKICTh HANpPAaBIISTH B HAJJlyBHUW peCcH-
BEp JBUTYHA B 00XiJ TypOoaeTaHaepa.

TO, TO, 0T
@ H{B vr N7 vT
. _l:m K, K, T L T
e HB
O0000O 00000
T BC ' JBC -
a §)

Puc. 1. Cxemu T/IXM oxomnomkeHHs] HAAAYBHOTO MOBITPS (@) 1 MOBITPS HA BXO/1
HaJIyBHOTO TypOokommpecopa (0): T—yrumizaniitna typ6ina; T/ — Typ6onerannep; TO:1
1 TO2 — Tenno0OMIHHUKHU-BOJISTHI OXONIOKyBaui HaamyBHoOro moBiTps; K1 1 K2 — ocHOBHUT
1 nonatkoBuil kommnpecopu; Y1 — BinxiaHi ra3u; HB — 30BHimIHE MOBITPs HA BXO1

PesynbraTti po3paxyHKiB MOKa3ajiM, M0 MPU BUXIAHINA TemMmIeparypi MOBITPS
nepea TK muzens 35 °C (30BHIIIHE TOBITPS, IO BIAMOBIAAE€ TPOMIYHUM yMOBaM
excrutyaraiiii) 1 45 °C (moBiTpsi B MalIMHHOMY BIJIJIIJIEHH1), TEeMIIepaTypa MOBITPS
Ha BuX0/1 3 Typooaeranaepa csrae —40 °C 1 —30 °C BianmoBigHo. Y 3a1eKHOCTI BiJl
KUTBKOCTI HAJIJTUIITKOBOTO HATYBHOTO MOBITPs (HAJIUIIKY MPOJIYKTHBHOCTI HaJI-
nyBHoro TK moHajm KiIBKICTh HAJTyBHOT'O TOBITPS, SIKE IMOJAIOTh Y ITUIIHIPH
JBUTYHA), sIKe MojaoTh y Typooneranaep TAXM, i cTeneHi miABUIIECHHS TUCKY
TK mk 3HM)KEHHs TeMmIiiepaTypu NoBiTps Ha Bxoal TK nBuryna Atm 3a paxyHOK
3MIIllyBaHHS 30BHIIIHBOTO TMOBITPS 3 HAJIMIIKOBUM MOBITPSIM, OXOJOJKEHUM Yy
MpoIIeCl pO3MIMPEHHS B TypOoaeTaHAepi, CTaHOBUTHL Osn3bko 10 °C (mpu BuTpaTi
HAJUIMILIKOBOIO CTHUCHEHOro MOBITps yepe3 TypOoxaerannep 10 % Bina 3aranbHOi
roro Butpatu) 1 maibke 20 °C npu 20 %-it yactii, mo 3a0e3nedye abCOMOTHUMN
npupict KKJ[ nuzens ne na 1,5...2,0 %, npuuomMy 06e€3 yCKJIaJHEHHS CUCTEMU HaJI-
JyBY 3a HAsSIBHOCTI TypOOJETaHIEPHOI CHCTEMH OXOJIO/PKCHHS HaJITyBHOTOIIOBIT-
ps. YV BUNAQJAKY XK HasBHOCTI TITLKH BOJSIHOI CUCTEMHU OXOJIO/PKCHHS HAJTyBHOTO
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NOBITPs HEOOX1IHO Ha JIHII MoAaul CTUCHEHOTO moBiTps Ha Bxia TK ycranoBuTH
TypOoeTanep 13 BIABEACHHIM HOT0 NMOTYKHOCTI Ha mpuBia TK.

XonomonpoaykTuBHicTh TJIXM moske OyTu 301/IbIIIeHA MIJITXOM TOAaTKOBOTO
(1o BOZISTHOTO) OXOJIOMKEHHs HayBHOTo ToBIiTpss B TXM. Tak, y pasi migBurie-
HUX TEMIIEPATyp 30BHILIIHHOTO MOBITPS 1 3a00pTHOI BOJU, KOJU CTaHJApTHA CHC-
TE€Ma BOJSHOTO OXOJIO/DKCHHS JHM3ETs HE B 3MO31 3a0e3MeunTy HEoOXiaHI TeMIIe-
paTypu HaJITyBHOTO MOBITPS, & TAKOXK MPHU HEJOCTATHIN KUTHKOCTI HAIJTUIIIKOBOTO
HAJTyBHOTO TIOBITPSI 3 METOI MOro OUIbII TITMOOKOr0 OXOJIOKEHHS MOXHA 3a-
CTOCOBYBATH MAIIMHHUM XOJIOJI, SKUH Yy CBOIO Yepry BUPOOISTH B TETUIOBUKOPH C-
TOBYIOUIM exXeKTopHIM XojoawibHIH MammHl (TEXM) sk KOHCTPYKTHBHO Haii-
O1nbII IpocToMy BapianTi. [[xepenom ckunnoi Teriotu 1t TEXM MoxyTs OyTH
B1JIX1JIHI Ta3u a00 HAJyBHE MOBITPS MICIsI KOMIIpEcopa, TeMIiepaTypa sSKoro B 3a-
JIKHOCTI BiJl TUCKY Moxe ctaHoBUTH 150...250 °C. Sk poboue tuio B TEXM 3a-
CTOCOBYIOTh HU3bKOKUILISIYI poOoui Tina (HPT), 30kpema, 030H00€3MeuHIXIIaJOHU
R142b 1 R600 (u-O6yTan).

Cxema Takoi komOiHoBaHoi TJAXM 13 typOoaeranmepom 1 TEXM nmnsa
OXOJIO/DKEHHSI LMKIIOBOTO TOBITpsA — MoBITps Ha Bxoal TK Ta cTucHeHoro —
HaBezeHa Ha puc. 2. [Ipu mpomy B TEXM yTumizyeThcsi TEIIOTa HATyBHOTO
HOBITPSL.

JABC
Puc. 2. Cxema komb6inoBanoi T/IXM i3ryp6oaeranaepom i TEXM: T—yruinizauiiina Typ6ina;
K — xommnpecop; T[] — typboneranaep; TO — terooominnuk; TEXM:I'— reneparop;
N-BO — BunapHuk-nioBiTpooxonomaxysady; E — exexkrop; Ku — konzaencarop; H — Hacoc;

HK—npocensuuii kianan; Y —Biaxiani razu; HB—3oBHimHe noBitps Ha Bxoi; 3B—3abopTHa
BOJAa

Terora HagAyBHOTO TMOBITPSI MICHS KOMIIpECOpa BHUKOPUCTOBYETHCS B
redeparopi TEXM nns onepxkanns mapu HPT BHCOKOro THCKY, €HEpris SKOi
BUTPAYaAETHCS,B CBOKO 4epry,Ha exekTyBaHHA napu HPT Hu3BbKOro THUCKY, sKa
BUITAPOBYETHCS Y BUMIAPHUKY 3 BIJIBEICHHSIM TEIUJIOTU BiJ HAJJAyBHOI'O MOBITPS Ha
BXOA1 TypOoaetanaepa. 3arasioM reHepatop TEXM Bkiouae eKOHOMai3epHY
CeKlito, B sKii pinkui xonomoareHT — HPT HarpiBaeThcsi Bing Temmeparypu
koHgeHcamii  t~t;+5..10°C, nme t,; — Temmeparypa 3a00pTHOI BOAH, [0
temneparypu #oro kumiHHg t.=100..120°C npu BUCOKOMY THCKY, Ta
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BUIAPOBYBAIbHOI ceKlii, B sKid pigkuii HPT xunuTh mpu BHCOKOMY THCKY 1
BignoBigHo Temneparypi t.. Jlo HPT B 000x cekuisx rerepatopa MigBOIUTHCS
TEIUIOTA B HAJTyBHOTO MOBITPSI.

Po3paxyHku mokasyroTs, 1o 3actocyBanHsa T/IXM 3abe3neuye nogatkosi (10
OXOJIOJKEHHSI B CTaHAAPTHOMY BOJSIHOMY OXOJOJDKyBayl HaJTyBHOTO TOBITPS)
3HIDKEHHS TEMIEpaTypyd HAJJAyBHOTO TMOBITPS Ha BXOAI TypOoneraHaepa Ha
20...40 °C 1 TemnepaTypH MOBITpsA Ha BUXO/1 3 Hboro e Ha 15...30 °C. 3aBasku
HU3BKIN TeMmIepaTypi MOBITPS Ha BUXOM1 3 TypOojaeTaHaepa, 3MIITyBaHOTO 3
30BHIIIHIM TOBITPsAM (TIOBITPSIM MAIIIMHHOTO BiAJAUIeHHS), Ha Bxoml TK
OJIEPXKYIOTh JOCTAaTHHO HU3bKI TemrepaTypu noBiTps (6mm3bko 10 °C) HaBiTH IIpH
TeMIiepaTypax MOBITPS B MamMHHOMY BiaauieHH1 45...50 °C 1 3a00pTHOI BOJIU
32°C, sKi BIANOBIIAIOTH TPOIIYHUM YyMOBaM €KCIUTyaTallii, IO J03BOJISE
CKOPOTUTH MUTOMY BUTpATy MajiuBa IBUTYHOM Ha 2...4 %.

BUCHOBKUA

1. 3actocyBanusa T/IY momnepeHbOro 0XOJIOHKEHHS 30BHIIIHBOTO MOBITPS HA
Bxo/i /IB3, 1110 BUKOpUCTOBYE TEIJIOTY BIIXIAHUX ra3iB, 3a0€3Me4uy€e 3MEHIICHHS
MUTOMOI BUTpaTH majiuBa npubiauzHo Ha 4 % ta npupict KKJ[ JIB3 Ha 2 % B a0-
COMOTHUX 14 % y BIZTHOCHUX BEIMYMHAX.

2. 3acrocyBanHs TIY y xomOiHallii 3 €XKEKTOPHOIO XOJIOAWIBHOK MAIIMHOIO,
10 BUKOPHUCTOBYE TEIUIOTY HAJTyBHOTO MOBITPS, MOJIBOIOE MPUPICT €(hEKTUBHOCTI
JIB3 1 3a0e3nedye 3MEHIIEHHs] MUTOMOI BUTpaTH nanuea Ha 8 % Ta npupict KK/
JIB3 Ha 4 % B abcomoTHUX 1 8 % y BITHOCHUX BEJIMYUHAX.

3. 3ampononoBaHo cxemu THXM oxonomxeHHsi moBiTps Ha Bxoml [IB3,
OTpUMaHI1 TpaHchopMalLli€ro ICHYIOUHUX CUCTEM TypOOHaAlyBY 1
TypOOAETAHIEPHOTO OXOJOJDKEHHS HAJIJIyBHOTO TOBITps 0€3 J10JaTKOBOTO
oO0J1aTHAHHS.

CIIUCOK BUKOPUCTAHOI JIITEPATYPHU

5. Influence of Ambient Temperature Conditions on Main Engine Operation:
MAN B&W Diesel A/S, Copenhagen, Denmark, 2005. -http://www.mandiesel.
com/files/news/filesof762/5510-0005.00pr_low.pdf.

6. MAN B&W. Project Guide. Two-stroke Engines. MC Programme. Vol. 1:
MAN B&W Diesel A/S, Copenhagen, Denmark, 1986.

7. Thermo Efficiency System (TES) for reduction of fuel consumption and
CO, emission:. MAN B&W Diesel AJS, Copenhagen, Denmark, 2005.-
http://www.mandiesel.com/files/news/filesof5055/P3339161.pdf.
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YK 621.431.74
borau B.M., [lypanos O.I1.
HarmionansHuit yHiBepcuteT “Omechka MOpChKa akajaemis’”

Oco0uBOCTI po00TH JTYOPUKATOPHHUX cUcTeM cyaHoBuX /(B3

Bci nyOpukaTopHi CUCTEMH MarOTh 3arajbHy CTPYKTYPY, 34 CIUIBHICTIO SIKO1
ICHY€ BeJIMKa PI3HOMAHITHICTh KOHCTPYKIIIA OKPEMHUX €JIEMEHTIB MaCJIONOAAI0UnX
MPUCTPOIB 1 CHCTEM B IIJIOMY. 32 OCOOJIMBOCTSIMHU MPUBOJIB JIyOPHKATOPIB BOHU
JUTSTHCS HA CUCTEMU 3 MEXaHIYHUM 1 T1APaBIIYHUM MPUBOJIOM, SIKi 3a0€3MEUyIOTh
Ty a00 1HIITY 9aCTOTYy poOOUYNX XOIB IUTYHXKEPiB TyOpuKaTopa.

Y IBUTYHIB Pi3HUX MapOK TOYKH IMiJBEICHHS Macja pO3TallOBYIOTHCS Y BepX-
Hili 200 HIDKHIN YacTWHI MIIIHJpA, 1[0 BU3HAYAE JOBXKHHY MAacJIOMPOBOIY, SKa
MO’Ke KonuBatucs Bif ogHoro g0 10 1 Oinbie meTpiB. | Bce x, HallOLIbII 3HAYHI
BIJIMIHHOCTI 30CEPE/IPKEeHI Ha JIUJISHII MK 0€3MOBOPOTHUM KJIAMIAHOM 1 I3€pKaJIOM
nuIiHApa. JloxkuHa i€l AUISTHKY Y 1CHYIOUMX MapOK JBUTYHIB BIJIPI3HSETHCS Y
50 paziB. KonvBaHHs BEeTWYMHU JlaMeTpa KaHally CTaHOBHUTH Bif 2,5 10 20 M,
OOYMOBJIIOIOUM MICIIEBI MOTO 3BY>KE€HHSI, YTBOPEHHSI CBOEPIIHMX Kamep 1 mepe-
XOJIIB BiJl OAHIET (hopMU TTepepi3y 10 1HIIOI.

p MakcumanbHUI TUCK IMITYJIBCIB Ta3iB (P1

r b — Tpu cTuckaHHi Ta P, — mpu po3smmpeni),

puc.l 1 BiicTaHb MiX iX BepUIMHAMHU BU3Haya-

b A\ €TbCSI PIBHEM pO3TAIlyBaHHS KPANoK 3Malry-
_/\\_ BaHHS 1O BUCOTI uwiiHapa. Ilpu BepxHbOMY
i o po3TanryBaHHi, P1 y cydacHUX Iu3eNiB MOXe
180 360 180 "% nocsratu 1,2 MIla, a P, - 3 MIla. IIpu HImKHB-
Puc.1. Xapaxtep sMiHH THCKY OMYy pO3TallyBaHHI MAacClITHUX KaHAJlB THCK

Ha MAaCTUJIbHI KaHaIu . . . .
ras3iB y OTBOplB BlI[pl?)HSICTBC}I SK BCJIIMYHHOIO,

TaK 1 XapakTepoM 3MiHM 3a 4yacoM. MakcumanbsHe 3HaueHHs1 P1 He nepeBumnye 0,3
MllIa, a P, - 1,5 MIlIa.

3ayBakMMO TaKOXK, 1[0 32 Yac MEPEMIIICHHS KOMIIPECIHHUX KUIEIb Yepe3 Mosic
MacCTUJILHUX OTBOPIB Y 1X 30H1 (hOPMY€ThCS: HA XOJ1 CTUCKAHHS - TUIKA MaJiHHS
TUCKY IMITyJIbCy P1, @ Ha X0/l pO3MIMPEHHS - TUIKAa HAPOCTAHHS TUCKY IMITYJIbCY
P.

3BiZICM MOKHA TIPUITYCKATH, 110 B 3a3HAYCHUHN TEPiOJ] X0y MOPIIHS HA CTHC-
HEHHI 3MIHM THCKY Ta3iB CHpPHS€ HAIXOHKEHHIO Maciia B LHMJIHApP, a HA PO3LIU-
PEHHI - IPOTUIE HOMY.

AHani3 MX yMOB Yy MO€IHAHHI 3 pe3yibTaTamu ocluiiorpadyBaHHs poOOTH
CUCTEMH JO03BOJISI€E BU3HAUUTH TEPIOAH, KOJU OOUIBI YaCTMHU HArHITAJIbHOTO
TpakTy (Maciomnposif 1 "nepeakamepa’), po3ijieHI HEIOBOPOTHUM KJIalaHOM, I10-
YUHAIOTh MPAIIOBATH CIIIBHO.

[Tpuknan ocruiorpaMu Mporiecy Mojiadi Macia J0 MIIIHIPa 3 BEpXHIM po3Ta-
ITYBaHHSIM MACTHJIBHUX OTBOPIB 1 MEXaHIYHHUM HECHHXPOHI30BAaHUM TMPUBOJIOM
nyOpuKaTopa HaBeJICHO Ha puC. 2.
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3 ocruiorpaM BUILIUBAE, MO TUTYHXKEP MOXKE MOYMHATH PYX Y Pi3HI MOMEHTH,
aje B Mekax ofgHumX 1 Tux e 180° m.x.B., 1 3MiHCHIOBATH MOBHMH XiJ B OJUH
npuiiom (octmiorpama 1, puc. 2) abo dactuHamu (ocumiorpamu 2,3). 3anexHo
BiJl MIOBHOTH XOJYy IUTYHXKepa 1 MoYaTKy HOro pyxXy THUCK y HarHITaIbHOMY Tpy0o-
MIPOBO/II TIepe] KJIamaHoM 3MiHIOeThCs B Mekax 0,3...0,8 MIla, a Tuck Ha knaman
31 CTOpOHM HUJIiHApa 3MiHIO€Thes Bif 0,16 10 2,2 MITa.

3icTaBieHHS 3alUCy TUCKY Maclia y KJlalaHa IITynepa 13 3alMcoM TUCKY Ta3iB
Ha kiamnad (Pr) mokasye, 1110 OcTaHHIN MOXXE BIIKPUBATUCS TUIBKH y JBOX Jiama-
30HaX IMOBOPOTY KoJjiiHuactoro Bamy. Ilepmmuii giama3on nexuts mix 320 1 32°
I.K.B., TOOTO, KOJM IMOPIIHEBI KUIBIS 3HAXOMATHCS HAJ KaHallaMU MiABEICHHS
Macina, a apyrui - mix 120 1 290°, To0TO, KOJIM KUJIbIS 3HAXOAATHCS HUXKYE Ma-
CTHJIBHUX OTBOPIB.

, Ha pexxumi po6oTH nBUryHa 3MiHa THCKY Pr
Py~ & ] Bl IUKIY 0 IIUKIY 3aJUIIAETHCA MOCTIMHUM,
TucK Macia (PM) y KOXHOMY LHMKJl pPI3KO

X, ) oL
= 3MiHIOETbCA. lle MOsICHIOETBCS  BIAMIHHICTIO
TR e e A 2 MOMEHTIB i BENMYHHHU XOAy IUIyH)Kepa, IBH/I-
KICTIO HOTO PyXY, & TaKOX PIBHEM THUCKY ra3iB
‘YK\J — 3 3cepenuHH UWJIIHIpa, M0 MPOTUJIIE BIIKPUTTA

Pr e St KJIaraHa. 3 OCIUJIOrpaM BUILTUBAE, IO [IUKJIOBA
, MOpIIisl MAaCTHIIA TIOJIAE€THCA B MEpEKaMepy Iie-

Puc.2. OcumiorpaMa noaadi Macia npu .
PO3MillleHHI KaHaIiB B BepxHii yactuni [[B PCBA)KHO 34 2.3 BIAKPHATTA KjIallaHa, IO
BIIHOCSITBCSA TMPHUOJIU3HO 0 OJIHOTO 00O0pOTY
BaJly Ha MOYaTKy KOXXHOTO UKy Macionojayi. Ha vactynuux 13-tu oboporax,
JI0 4epProBOTO X0y IUTyH)Kepa, Mojlaya mMacia 3a 0€3MOBOPOTHHUM KiiamaH BIJCYT-

HSl.

TakuM YWHOM, SKIIO YAaCTOTYy i MOMEHTH BIIKPHTTS KiamaHa IITyIepa OTO-
TO>KHIOBATH 3 YACTOTOIO 1 MOMEHTAMU HAJIXOJKEHHS Maciia B IMJIIHAP, TO HEBAXK-
KO JIUTH BUCHOBKY IIPO HE3aI0BUIbHUIA PO3MO/LI HOTO MO J3epKally HaBITh HAa TUX
000poTax, KOJIM ICHY€E Mojaya.

[Tpu 301bIIEHH] POAYKTUBHOCTI JyOpUKaTOpa MEpeCTaHOBKOIO PEryIIOBaAIb-
HOT'O BakeJisl, 4acTOTa MoJiayul 1 TUCK B MacJIONPOBO/l ICTOTHO 30LIbIITYIOTHCS, 110
pU OBHUX a00 OJIM3BKHUX /10 TOBHUX XOAaX IUTyH)Kepa MPU3BOAUTH 10 BBEACHHS
B IIpeJIKaMepy BCI€T UKIOBOT MOPIIii 3a OJHE BIAKPHUTTS KJlallaHa.

Takum 4uHOM, y JM3ETIB 3 BEPXHIM PO3TAIyBaHHSAM MACTUILHUX OTBOPIB 1
HECHHXPOHI30BaHUM TPHUBOJIOM JTYOPUKATOPIB BUHHUKAE PI3HUN MEPEPO3MOILT Y
dazax BIIKpUTTA OE3MOBOPOTHUX KJIAMaHiB, SIKE MPU3BOJIUTH J0 HEJOCTATHHOTO
3a0€3MeUYeHHS] MACTHUJIOM BEPXHBOT YACTHHH BTYJIOK Y OJTHUX IMIIHAPIB 1 HUKHBOT
- B 1HIIIKX.

JI1st BUSIBIIEHHS OCOOJIMBOCTEH, SIKI BHOCUTH B POOOTY CHCTEMH TiApaBIIUYHUN
NPUBL] JIyOpUKATOPIB, PO3TIIIHEMO MPOLIEC MACIONOJaul TaKUM JIyOpPUKATOPOM.
Ha BigMiHy BiJ 1HIIMX, T1IpaBIiYHUN TPUBIJ 3a0e3Medye MiaBHe 1 Oe3nepepBHE
nepeMilleHHsl TuIyHxepa JyOpukaropa Xm MNpPOTATOM JEKUIbKOX (B JaHOMY
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BUIIAJIKY OAMHAAUIATH) 000poTiB, puc.3. Ha Hactymaux 10 oGeprax, mo 3aBep-
HIYIOTh IIUKJI MaclIONoadi, IUTyHXep 31HCHIOE XiJl BCMOKTYBaHHSI.

TakuMm unHOM, MepepBa B MOJa4l Macia B Ie-
peakamepy ctaHoBUTH 10 000OpOTIB depe3 KOXKHI
11, mo noOpe MpOrasmaeThCs K IMOAO 3MIHU
TUCKY B MaciornpoBoAi (miHis Pm), Tak i BiAKpuT-
Ts O€3MOBOPOTHOTO KjanaHa (miHii Xk). Biakpur-
TS KjamaHa BiOYBAa€ThCS TUIBKK B IEPIOJ T'a30-
0oOMiHY, TOOTO, KOJM TMOPIIEHb 3HAXOJUTHCSA Ha
2/3 xony HUX4Ye TOUOK 3ManryBaHHs. [le 00ymMoB-
JICHO MaJIOl0 BEJIMYMHOIO MOPI[ii, IO BUTICHSA-
IOThCS B MACJIONPOBII Ha KOXXHOMY 0O0OpOTI,
Puc.3. Ocuunorpama nosadi Macia npu HU3bKHM THCKOM IICPCH KJIallaHaAMMH, X OIIOPOM,

rigpaBiiuHOMY NPUBOI NYGPHKATOPA  3HAYHOK JOBKMHO MACIOIPOBOMIB T4 iH.

Po3risiHyti ymoBH (oOpMyBaHHS ToJayl Macia IpU MEXaHIYHOMY Ta
TIAPaBIIYHOMY MPUBOJAX JIyOPUKATOPIB XapaKTEePHI JJIA NEPEBAKHOTO YUCIIA Ma-
POK CcynHOBHX Au3eniB. Lle kpeHukorndHi 1 TPOHKOBI JBUTYHH NEPEBAKHO 3 KOH-
TYpPHUM MpPOJYBAaHHAM 1 BEPXHIM PO3TAllyBaHHSM MAacCIsSHUX OTBOpIB. Po3ramry-
BaHHSI MacCJISIHUX OTBOPIB y 30HI HU3BKUX THCKIB, IPUHIIMIIOBO 3MIHIOE XapaKTe-
PUCTUKY MNpoTHU.li rasziB. MoxiuBo, 10 came
s o0CTaBMHA 1 3yMOBMJIA 3aCTOCYBAaHHS CHUH-
XpOHI3allil MepeMillieHHsl TUTyHXepa JTyOpHuKa-
TOpa 3 IEBHUM IOJIO’KEHHSM MOPIIHS.

[Tpuxnan ocuuiorpamu, MOKjiIaj€HOI B OC-
HOBY C(hOpMOBaHMX TOTJISAIB HaBEACHO Ha
puc.4. 3 ocIIIIOrpaMu CIIAYye, M0 pOOOUNi X1
TUTYHXKEpa 1 BIAKPUTTS HEMOBOPOTHOIO KJilama-
Ha 31UCHIOIOTHCS JIMCHO HAa BUCXITHOMY XO/Ii
i N MOPILHS Yepe3 KOxkH1 2 00epTu.

Onnak, HEOOXIIHO 3ayBaKUTH, 1110,
Puc.4. Ocunnorpama nojadi macna  HAIPHUKIAJ, IPH TPUBANOCTI XOIY ILTyHKepa

TP PO3MIllleHH] KaHaiB B HWKHiK  JyOpUKaTopa, 0 CTHOBUTH 46°
gactuHi [[B

I.K.B., HEITOBOPOTHUH KJIamaH BIIKPUTUN MTPOTATOM 55° I.K.B.

SIK110 Ha HaBEJEHY OCHMJIOTpaMy HAKJIACTH KPHUBY PYXy MOPIIHS, TO JIETKO
BCTAaHOBUTH, 1110 TIEPi0JI CYMIIIIEHHS MOsica KOMIPECIMHUX KiJelb 3 MaCTUILHUMU
OTBOpPaMHU CTAHOBHUTH BChOTO 15°m.K.B., TOOTO, TPUBANICTh BIIIKPUTTA OE3MOBO-
pPOTHOTO KJjlamaHa Moke B 3...4 pa3u MepeBUIYBaTH 4Yac 3HAXO/KCHHS KiJIelb
HaBMPOTHU TOUOK 3MalllyBaHHs. ToMy, SKIIO Mepioj BIAKPUTTS KJarmaHa OTOTOXK-
HIOBAaTH 3 YaCOM HAJXOKEHHS Maclia B MIIHAP, TO BUXOAUTh, 1110 3HAYHA HOTO
YaCTHHA B paiOH KiJI€Ib HE MOJAETHCA.

Kpim Toro, 3i 30UIbIIIEHHAM XOAy IUTYHXKEpa JIyOpuKaTopa MOMEHT MOYaTKY
roro pyxy Habmuxaerbest 7o HMT Ginbin Hixk Ha 20°. k1o BpaxyBaTH, 110 B CH-
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CTeMax PO3IJITHYTOTO THUIY JBWUTYHIB TOYATOK BIIKPUTTS KJalaHa MPaKTUIHO
30Ira€ThCs 3 TOYATKOM XOAY IUTYH)KEpa, TO CTAa€ I[IJIKOM OYEBUIHHM, III0 3aCTOCO-
ByBaHa CHHXPOHI3a1lisl O1IbIII, HI’K YMOBHa.

PosrisHyTI pUKIIaaM OXOIUTIOIThH MPAKTHYHO BCl OCHOBHI YMOBHU (hOpMYBaH-
HSl TIPOIIECY TMO/ayl MacTWia A0 IMIIHAPIB AU3EMIB. 3 aHAI3y IIUX YMOB BHILIHU-
Bae€, 10 KOJHA CHUCTeMa He 3a0e3leuye KepOBaHWW IUIYHXKEpOM JyOpuKaTopa
mpoliec mojavi Macia 3a 0e3MOBOPOTHUI KJanaH. 3BiJICK BUILIMBAE, 10 HI KOH-
CTPYKIlIi TPUBOAIB JIyOpUKAaTOpiB, HI cami JyOpikatopu, HI ©Oararopasopa
BIIMIHHICTh BEJIMYMH MOPIIiI MacTHIa, 0 TMOJAI0ThCs, HI JOBXXKHHA MaCJIONPOBO-
1y, 10 Bijpi3HsAeTbes B 10 1 Oiable pa3iB, HI po3TaIllyBaHHS MAacJIOMOBOSIIINX
OTBOPIB MO BUCOTI MITIHAPA, CKUIbKH-HEOYb MOMITHOTO BIUIMBY YIIPaBJIiHHS I10-
Ja4yero Macja B Iiepe/ikaMmepy He MaloTh.

Bbinbin HIX MEpEeKOHIMBO 11€ BUILJIMBAE 3 aHAII3Y HACIIIKIB HAJIXOKEHHS Mac-
7a He B "mepeakamepy'”, a 6e3mocepeHbO B HIWIIHAP, PUC. S.

BusBnseTnscs, Mo y BCiX AU3EIIB, HE3AICKHO
BIJl YyCIX NEpepaxoBaHUX Ta IHIIUX ICHYIOUUX
0COOJIMBOCTEN TyOPUKATOPHUX CHUCTEM, Ha TOJIO-
BKax MOPIIHIB BHILE MEPIIOro Kb HABIPOTHU
MAacJsiHUX OTBOPIB € OJHAKOBI CJIIXA 3yCTpidl Ma-
CTHJIA 3 TIOPIITHEM.

Skmo Bce XK Takd MOTOAUTHCS 3 TBEPKECH-
HSIM, IIIO TIeP10J BIAKPUTTS 0E3MOBOPOTHOIO KJjla-
MaHa € Yac HaJIXO/DKEHHS MAacTWia B IIWIIHJP,

Puc.5. Cnign sycTpidi MacTiia  [IPOTATOM SIKOTO (SIK BHILIMBAE 3 OCIUJIOTPAM)

3 T'OJIOBKOTO HOPIITHS MOPIIICHb 3HAXOAUTHCS a00 BHIIE, a00 HIKYE Ma-

CJIOIT IBOJISIIMX OTBOPIB, TO BUHUKAE IMUTAHHS - K BiIOYBA€ThCS 3yCTPid MacTHiIa
3 O1YHOIO TOBEPXHEIO TOJIOBKHU.

[li cmiaw, y moenHaHHl 3 pe3yiabTaTamMu ocliuiorpadyBaHHs, BKa3ylOTh Ha
HEBIJIMOBIJIHICTh Yacy HAJXO/KEHHA MACTW/a B UWJIHAP MEpIOAY BIIKPHUTTS
HEMMOBOPOTHOTO KJIanaHa.

Kpim TOTO, CHUIBHICTH LMX CIIJIIB ISl BCIX BIJOMUX JU3EJIIB, HE3AIECKHO BiJ
HACTIJIbKM CYTTEBUX KOHCTPYKTMBHHMX BIJAMIHHOCTEM CHCTEM, Ta ¥ caMux
JIBUTYHIB, BKa3y€ Ha ICHYBaHHsI TaKOl B3a€MOJii CUCTEMHU 3 JBUTYHOM, SIKa TIO-
pokye (OpPMYBaHHS €IMHOTO MEXaHI3My HaAXOJKEHHS MacTuia B IIWIIHIPH
cyaHoBux /[B3.
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KoJip mosiym'st ik 0CHOBHMII NOKAa3HUKIPOLECY TOPiHHSA B NAJTMBHHUX
NPUCTPOAX KOTJIOBUXYCTAHOBOK

VY nynkri 2.6.8. HopMmatuBHOTO AokyMmeHTa [1, ¢.135] "Kontpousb sikocTi ro-
PIHHS MOBUHEH MPOBOJUTUCS 1O KOJIHOPY MOJIyM'st B TomIl... [lomym'st B Tomil Mae
OyTH TIPO30pUM, a HOTO KOJIp - COJOM'STHO-)KOBTUM a00 SICKpaBO-OpaHKEBUM'.
TemHO-4epBOHMIT KOJIp — HECTaya MOBITPSA, a ICKPaBO-01Jie MOIyM'st — HAJAMIpHUHN
HA/JTUIIOK MOBITPSL.

Taka oriHka moayM'st B TOMIIKOTIA € PE3yJbTaTOM CYTO ICHXOJIOTTYHOTO
CIOPUHHATTS ONTHYHUX XaPaKTEPHUCTUK BUIPOMIHIOBAHHS B BUIAMMOMY CIIEKTDIi,
AKMOHOXPOMATHYHE 1 MAa€ CBOIM 3aBJAHHSIM BCTAHOBUTH CYTO (I3UUYHY 3aJICK-
HICTb KOJIbOPYBIJ CTaHy MPOLECY TOPIHHSL.

B nificHocTinonym'ssHe € MOHOXPOMATHYHUM 1 Ma€ JJOCUTh CKJIATHUN CIIEK-
TpaJIbHUM CKIIQJBUIIPOMIHIOBAHHS, B SIKOMY OCHOBHY pOJIb BIJIITpacca)kaB 30H1 Xi-
MIYHOI peaxilii TOpiHHS, KAl CTBOPIOE KOJIPHUM CIIEKTP BUIIPOMIHIOBAHHS IMOJY-
M'S.

OcHoBHUI (akTOp, IO BU3HAYAE KOHIICHTPAIIO CaXiTa TeMIepaTypHUi
pIBEHb MPOIECY, B 3aJIEKHOCTI BiJ] YMOB MEPEMIIlyBaHHs MaJIUBA,€ KOCPIIIEHT
HAJIJTUIIKY TTOBITPSL.

MiHiMalIbHUI TeMIlepaTypHUi piBeHb TOpiHHA[2, ¢.313], npu KoMy no4YH-
HAEThCS YTBOPEHHS caxi, ckiagac 6mus3pko 1400°K. 1 BiamosigHOMaKCHMANbHUIA,
110 BIAMOBIAA€ KOE(ILIEHTY HAJIMILKY MOBITPS ISl «IOPOTY YTBOPEHHS caxi»|[3,
¢.28] 2200°K. TakuM 4MHOM, TOpiHHS BYIJIEBOJHEBHMX MAJIUB CYIPOBOIKYETHCS
YTBOPEHHSM Caxly BKa3aHOMY Jliara30Hi poOoYrX TeMmnepaTyp Mpoiecy ropiHHs.

Hali01abp11 1cTOTHOBIUIMB KOe(illieHTa HAUIUILKY MOBITPSIHABKA3aH1 TeMIIe-
paTypyTaKOHIIEHTPAIIO CaXi (SIK HACHIJOK ONTHYHI XapaKTEPUCTUKU BHUIIPOMi-
HIOBaHHS )CIIOCTEPITAETHCS MPUABOCTYIIIHYACTOMYIIPOIIEC], PU SKOMY TOpPIHHSHA
nepirii crazii Big0yBaeThbCs MIPU HeCcTaul MOBITPs 3KoediieHToM Haamumky 10 -
30 % Bix HEOOXITHOTO JJISACTIAIIOBAHHS TTATUBA.

Binominani i3 mocmimkens[2, 3, 4] naroTh AKICHY KapTHHY3aJICKHOCTI KOH-
HEeHTparlii caxi BiJ Koe(ili€eHTy HAJJIMIIKY TOBITPS 1 HE Tal0Th MOXKJIUBICTh BU-
KOHATH PO3PaXyHKUKOILOPOBUX XaPaKTEPUCTUK MOIYM sl IISTOMIKOBUX MPUCTPO-
iB, 110 HEOOXITHIJISIOIIIHKY cTaHy Tporiecy. OHak 11l JaHi 1o BMICTY CaXl B IO-
JyM'i 103BOJISIFOTH BU3HAYUTH HEOOXIAHI YMOBH JUIsl aHAII3YKOJIbOPOBHUX BIIACTHU-
BOCTEM MOIYyM A,

Heo0xigHo 3ayBaxkutH, 1o qaHum|[2, 3, 4],MakcuMajibHa KOHIIEHTPALlis Caxi
CIIOCTEPITaEThCS Y MOPIBHSHO BYy3bKOMY Jliana3oHi KoedilieHTa HaJIUIIKY MOBIT-
pst Ut manuBHUX cymimeit 3 1.25<[1'<4, a mpu [1''<1.25 KOHIIEHTpAIlis He-
3HaYHAa BHACHIJOK TEpPEMINTyBaHHSA, IIO0OYMOBIEHO CKAISPHOIO CTPYKTYPOIO
poLeCy.
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Buxoasum 3 TOro, moB BUAMMOMY A1ana3oHICIIEKTpabHA CTYIHL YOPHO-

THE3AJICKHOCTHBI KOHIIEHTpaLiicaXki Ta TOBXUHH XBUII
e, = 1 -exp(-k,101001),

rie K; -criekTpanbHui KoedilieHTIOT TMHAHHS YaCTOK Caxi,

[ [JKOHIIEHTpAIlis YaCTOK CaXi,

| —onTnyHa ToBIIMHA 00’ €MY;

€ MOXXJIMBICTh BU3HAYUTH3AICKHOCTI KOJIBOPOBOTO CHEKTPY MOIYM s Bil-
PO3IOIITY KOHIICHTpAIIll caki Ta TeMIiepatypu mnpoiecy(koediieHTy HaIuIIKy
TIOBITPS).

Jnis mporo Oynia BUKOPUCTaHA BiJJOMa 3aJICXKHICTh I «BiTHOBJICHOT KOH-
IEHTpallii» Z majauBa B TypOyJIE€HTHOMY MOTOILI [5] isIKka BH3HAYa€ JIOKAJIbHI 3Ha-
YeHHsI Koe(illieHTaHAJTMIIKY ITOBITPS o Ta TEMIIEpaTypH MOIyM s

I-I;

75757,
T,-Ty _|1-Z 1
Tos —Toa 5.7 1+ oSt

KonbopoBicThsIK IBOBUMIpHA BEIMYMHA, 300paKYETHCSI TOYKOIO HA IJIOIIH-
H1 1004KCcIIeHa TI0 MPOIeAYPl AUCKPETH3AIlIT TOTOKY BUIIPOMIHIOBAHHS 110 CIIEKTPY

U, =[5 (1)e(2)1 (2)dn

nel1i([1) —ayTnuBicTh criekTpo3oHaibHOro (iabTpa; [1([]) - criekTpanbHa CTYIIHb
qopHOTH 1oJyM’si; |([]) -IHTEHCHUBHICTD TETIOBOTO BUIpOMiHIOBaHHS o AYT.

BianmoBigHOKOIEOPOBICTHIIONYM I BU3HAUYAJIACH 110 BUPA3y

X= Y, Y= Y, :
U, +U,+U, U, +U, +U,

CrexTp TEIuIoBOrO BUIPOMIHIOBAHHS TOJNYyM's JIJIi KOXKHOTO 3HA4YeHHS
[Jpo3paxoByBaBcs 3a ¢opmyiioro Ilnanka s TemmnepaTyp TOPIHHS BYIJIEBO/IHIB
(ma3ytn)B aianazoni 1500 + 2400°K. YyTnuBIiCTh CHEKTPO30HAIBHUX KOOPAHHAT
¢inpTpalli([1) BU3HAYAIACH OpAMHATAMHU KPUBUX CKiafaHHs B cuctemi XYZ [3].

VY mporieci aHai3y XapaKTEPUCTHK BUITPOMIHIOBaHHS CTIICKTpaJIbHA CTYIIHb
YOPHOTHUNpPUKMAJIa 3HAUYEHHS e, = 117151 3HaueHb Koe(dillieHTa HaJJTUIIKY MOBITPS
JUIs TanuBHUX cyMimient 3 1.25<[] <4, anpu [ <1.25BianoBigHoe; <0, 1.

B 3anexHOCTIBI TeMIepaTypH 1 CTYNEHs] YOPHOTH MOIyM'sBU3HAYAIIICh
MOJIOKEHHSATOUYKH KOJILOPOBOCTI Ha fiarpami XYZBiAMOBIIHO 10 CTaHY MPOIIECY.
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0,418

0,416

0,414 * *

0,412 * u

0,41 |

0,408

0,406 ||

0,404

0,402

0,4

0,45 0,47 0,49 0,51 0,53 0,55 X
*Panl WMPan2

Puc.1CriekTp KOJIbOPY MOJIyM sl B 3aJICKHOCTI BiJI JIOKAIILHOTO 3HAYCHHS KOE-
(iuieaTy HagIUIIKy noBitpsaa: psaa 1- gus [177'<1.25; psan 2- mia 1.25<[]'<4,

Sx BungHO 13 Puc.lcnekTp KoJbopy NOJIyM'ss HE € MOHOXPOMAaTUYHUM 1 Mae
JOCUTh CKJIaJHHUM CIIEKTPAIIbHUNA CKJIaJl BUMIPOMiHIOBaHHS. CHEKTP KOJIbOPOBOCTI
CHIBHAAA€E 3 BIJOMUM CHPUNHATTSIM ONTUYHUX XapaKTEPUCTUK BUIIPOMIHIOBAHHS
B BUUMOMY CIIEKTPI.

Jlns oTpuMaHHS HEOOXIHMX AaHUX JJIsS OI[IHKH CTaHYMpOIleCy TOPIHHS B
TOMII KOTJIa HEOOXiHA PO3pOOKa METOJIMKH Il BUSHAUCHHS 3aJIEKHOCTI KOJIbO-
Py BiA KOEDIIIEHTY HATUIIKY MOBITPS 1 IK HACIIIOK CTAHy MPOIIECY TOPIHHS.

Jlns 1boro HEoOXIJTHO BUPIMIMTU 3aBAaHHA, SKIAAIOTh OCHOBHI BUXIJHI
JTaHI:

KUIBKICTh €HEPT1i, 1[0 BUIPOMIHIOETHCS TIOTyM'sIM;

MEX1 3MIHM Ta HIBUJKICTH 3MIHHM SICKPABOCTI Ta CHEKTPAIBHOTO CKJIATy
BUIIPOMIHIOBaHHS;

MEX1 3MIHU KOJIbOPOBHUX Ta CIIEKTPATBLHUX XaPAKTEPUCTUK MOTYM's.
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Texnonoriunuit iHcTUTYT, Bankysep, Kanana

IHigBumeHHs eeKTUBHOCTI CyITHOBUX MEXaHI3MiB
NPHY BUKOPUCTAHHI HAHOMAaTepiaJIiB

30UTbIIEHHST pecypey Ta KoedilieHTa KOPUCHOI Ail CyTHOBHX MEXaHI3MiB; 1
3aXMCT JOBKULIS B BUKHU/IIB € OCHOBHUM 3a/iauaM, skl BAHUKAIOTh TP eKCILTya-
Tamii cyaHoBuX MexaHi3miB. Lli mpoOiaeMu e€(peKTUBHO MOXYTh BUPIIIYBATHCS
IJITXOM BHKOPUCTAHHS YHIKaIbHUX BiIacTuBoctel[1l]nanomarepiamis (HM).

Ilepesacu npu eukopucmanni HAaHOYACMUHOK.

3aBasku ManuM po3mipam HaHodacTHHKU(HY) ycmimHo aucnepryThes B pis-
HUX PO3YMHHHUKAX 1 HE BUKJIMKAIOTh YTBOPCHHS OCaiy, IO XapakTepHE IS TPH-
caJIoK MIKpOHHUX po3MipiB. [lepeBaru 3acTocyBaHHs pEYOBUH Y HAHOPO3MIPHOMY
CTaHI TOB’sA3aHl 3 OCOOJIMBOCTSIMM iX MOBEIIHKU [2] Ta HACTYNMHUMHU OCOOJUBO-
CTSIMU y TIOPIBHSHHI 3 YaCTUHKAMU MIKPOHHHUX PO3MIpiB:3HA4YHA JIOJIsSI IOBEpXHE-
BUX aTOMIB Ta BUCOKa KPWBHU3HA MOBEPXHI 30UIBIIYIOTHPEAKIIAHY Ta XIMIYHY
3JIaTHICTH; BHACIIOK CBOIX Manux po3MmipiB HU MoxyTh BOyJOBYBaTUCS Y KOH-
TaKTyIOUl MaTepiaju 1 THM CaMUM 3MIHIOBATH iX BIACTHUBOCTI.

BBakaeTbcs, 110 onTUMaIbHA KOHLEHTpPAIis, IPU KA KOePIIEHT TEPTS J0-
csira€ MIHIMYMY, BUHUKA€ KOJIM TUIOIIA MOBEpXHI BrpoBapkeHnx HY mokpuae
KOHTaKTYyI041 ToBepXHi. OCKUIBKY ILIONIA MOBEPXHI OJIHOTO IpamMy YaCTUHOK PO3-
mipom 10-15 aM cknagae Benmuuny 100-200 M2 B 3aI€KHOCTI Bif Marepiany Ha-
HOYACTHHKH [2], TO CTa€e 3p03yMiJIMM, YOMY Maca MPHUCaJKi HAHOYACTUHOK Ha -2
MOPSIIKM MEHIII, HIXK Maca MPUCATKU MIKPOHHUX MaTepiaiiB, IO BUKOPHUCTOBY-
FOTBHCS U1 QHAJIOTTYHHUHN IJIEH.

3acmocygeanna HAHOYACMUHOK OKCUOI8 Memaiie

Hocnimxeni [3] TpuOOJOriyHI XapakTepuCTUKU MoTopHoromactuia (Motul
5100 4T10 W-30) na xynbkax ctam 3 noaaBanHsiM HY TiOasix mMacTuiabHOI mpu-
caaku cepennim po3mipom 18 — 21 um. Koedimient reprs (KDT) 3 Hanomactuiom
3HM3UBCS NMpuOIM3HO Ha 60 % BiJ 3HaUYCHHS KOoedilieHTa TepTs 3 0a30BUM MaCTHU-
JIOM TIpY KIMHATHI#M Temneparypi 1 mpudiauzno Ha 80 % npu temmepartypi 75 °C.

Cycnen3siss MacTUIILHOTO Matepially, sika MICTUTh HaHouyacTuHku Al,Osz Ta
TiO,, Haitoiubir edekTrBHO — 10 50% 3HM3MIIA 3HOIIYBAHHS Y HAIIHIPI ABUTYHA
BHYTPIIIHBbOrO 3ropsiHHs (IB3) B yMOBax IrpaHUYHOro Ta 3MIIIAHOTO 3MalllyBaH-
Hs, TOOTO B 00JaCTI BEpXHbOI Ta HWXKHBOI MEPTBUXTOUOK, Ta 10 30% 3HM3UIA
IIBUJIKICTh 3HOIIIYBAaHHS MOPIIHEBUX Kijielb [4]. J{ociimkeHHs: BUKOHAHI aBTOpa-
mu BctaHoBwid, mo HY Al,Os, ta TiO, BBeieHI B cMCTeMy 3MaIllCHHS JIBUTYHA,
30UTBbIIYIOTh TEPMIH CIIY’KOM MacTuja Ta 3MEHIIYIOTh MIBUAKICTH 3HOCY KOMIIO-
HEHTIB IUISIXOM (hopMyBaHHS TprOOIIapy Ha MOBEPXHSX TEPTH.

3acmocysannsa wmapysanuxHY

[Tomikpuctaim MoS; Ta WS, MIKpOHHOTO PO3MIpy HIUPOKO BUKOPHUCTOBYBA-
JIUCS SIK TBEPJIe MACTHJIO 1 TIPUCAKa JO MACTHII 3aBJISIKM CBOIl IMIapyBaTii CTPYK-
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typi. Ilpucagku HY MoS; ta WS, 10 mactun epeKkTuBHO 3MEHIIYIOTh TEPTS Y
MOPIBHAHHI 3 MIKPOHHUMH TpHUCaTKaMd. Y HaHOCTPYKTYpHOMY Buai MoS,, sk i
WS,,yTBOPIOIOTE (PYJIEPEHONOIOH] CTPYKTYpHU Ta HIMPOKO BHUBYAIHCH SIK Ma-
CTWIBbHI 100aBKH [5] ockibku cyTTeBO 3MeHITyI0Th KOT mo 0,05-0,06 mpu Buco-
KHX KOHTaKTHUX THCKaX, 10 MOSICHIOETHCS 1X CTaOUILHICTIO.

Kpim cyrreBoro 3menmmenns KOT HY MoS; MoxyTs yTBOproBaTH TpruOOIIO-
KPUTTS Ha B3aeMOJIiF0uMX MmoBepxHsx [5]. ChopMoBaHi MIIBKU BUSBISIOTH BUCOKY
€JTACTUYHICTh 1 IJIACTUYHICTh B 30HI KOHTAKTy Ta MiABUIIYIOTh 3HOCOCTIHKICTH
B3a€EMO/IIFOUHX TTOBEPXOHb BiJl 4 10 20 pa3is.

BnacTuBOCTI 3MEHILIEHHS TEPTs, POJIEMOHCTPOBaH1 OaraTomapoBuM rpade-
HOM [6], MOSICHIOIOTHCA HaHOIIApaMHU, SIK1 HAKJIaJAl0ThCsl OJIMH Ha OJTHOTO TaM, Je
B110yJ10CS 3HONTYBaHHSI, 1100 3aXUCTUTH KOB3al0ul KOHTaKTHI MOBEPXHI

3acmocyeannna HMNanoVitMotorRenovator

[MpoxaykT € cymimo HaHomucnepcHux nopomkiB SiO; - 80%, Al,O3- 10%
Ta iHTEpKaaboBaHOTO Tpadity - 10%. CepenHst po3MIpHICTh YACTUHOK KOMITO3HIIIT
HAHOMOPOIIKIB CTaHOBUTH 14 HaHOMeTpiB. [ln01Ia MOBEpXHI YaCTMHOK BENUKa 1
ckaanae 156 M2 Ha OIMH TPaM HAHOMOPOWIKY [7].

[Ipu BukopuctanHs NanoVit siKk npucagkd HOro HaAaHOPO3MIPHI MaTepialiv
B3a€EMOJIIIOTh 13 TOBEPXHSAMH TEPTS Ta YTBOPIOIOTH 3aXMCHI IUTIBKH [8]. VY
bpukiiiHii 30H1 BinOyBaeThcsi po3kiagaHHs Monekyn SiOzta Al,Os, mo cympo-
BOJDKYETHCSI KPEMHIIOBAaHHSIM TOBEpPXHI Ta 3aMIIIEHHSM aTOMIB 3aji3a aToMaMu
QITIOMIHIIO 3 YTBOPEHHSM IUTIBKHM 31 3HAYHOIO TUTACTMYHICTIO Ta MIIHICTIO, a Ya-
CTUHKHU rpadiTy OepyTh y4acTh Yy CTBOPEHHI 3HOCOCTIMKOTO MIapy Ha MOBEPXHi.

Po30upanHs ABUTYHIB MOKa3ajio, M0 B pe3yabTaTi BUKopucTtanHa NanoVit Ha
CTIHKAaxX JieTajeil B 30HaX TEePTS YTBOPIOIOTHCS CTIMKI IJIIBKH, Kl YTPUMYIOTh Ma-
cTwibHUM Matepian [9]. [iokcun xpemuito 1 rpadiT CTBOPIOIOTH JTBOBHUMIPHHIA
map, 1o pi3Ko 3HUXKYE OYylb-sK1 JOJAATKOBI MOIIKOKEHHS (DPUKIIHHUX YaCTUH
JBUTYHA, & TAKOX MPOTHUJIE MPOLIECY CTapiHHSA MacTuia. MacTuio He CTIKae 3 ix
MOBEPXOHb, IO JOJATKOBO 3axXWINA€ TapU TEPTS NPH XOJOIHOMY IYCKY BiJ
M1JIBUIIICHOTO 3HOCY Ta BIIHOBJIIOE A3E€PKAJIO IIUJIIHIpA.

3acmocysanna HM XA/1O

Pesitamizant XA/[O (XapkiB) po3B's3ye 3aBiaHHs 0€3p0301pHOTO PEMOHTY,
30UIBIICHHS. pecypcy Ta MaKCHMMaJbHO HE3HOCHOI eKCILIyaTallii MaIiuH 1 Me-
xanizmiB. HM XAJIO ckmagaetses 3 HU Al,O3 Ta SiO, (abo MgO, a6o Ca0,ab0
Fe,0s3) cepenus nucnepcHicTh sskux meHmma 100 aMm [10].

ITpomec dhopmyBaHHsS 3axucHOro MOKpUTTS [9] mpu Bukopucrtanni XAJIO
SK TIPUCAJIKU O MACTWJI, KWW HA3WBAETHCS peBiTami3allis, 3aCHOBaHUM Ha (i3u-
KO-XIMIYHI# B3a€MOJII1 MOBEPXOHb TePTs y mpucyTHoCcTI XAJIO mipu rpaHuYHOMY
a00 3MINTAHOMY peKHUMax 3MallleHHs. B pe3ynbrari mporecy yTBOPIOEThCS MeTa-
JokepamiuHe rpagieHTHe MOKpUTTA[10]. OcobnuBiCTh Mpoliecy — 1€ 3MIIIHEHHS
MTOKPHUTTS 3 OTHOYACHUM 3POCTAHHSIM TIOKPHTTS.

Bukopucrannspesitanizanty y JIB3 [10]: ycyBae oBaibHOCTI Ta KOHYCHICTh
Ha poOoUiil moBepxHI HWIIHAPIB ABUTYHA 10 0,15 MM; MOBHICTIO YCyBa€ BUHHK-
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HEHHS MOJPSIMHUH Ha poOOYid MOBepXHI HUIIHAPIB rmubuHow 10 0,1 MM; eKOHO-
muTh 10 10% nanuBa; 3amwkye CO 1 HC y Bukuaamx ra3ax a0 2 pasis.
3acmocysanna HM Nanol

Jlo6aBka Nanol — e ogHOpimHa Maca, sika MICTUTh 3Bakeni HY mini, mwuc-
neproBati B crabineHoMy kojoini [11]. IloBepxHeBa akTuBallis B 30HI TEpPTS 3a-
MyCKae OKUCIIOBAIBbHO-BITHOBHY pEakKllilo, sSIKa 3MEHIIY€e KiJIbKICTh 10HIB MiJi B
n00aBIll 3 BIAKIAACHHSM MiJl Ha IOBEPXHI METaly, IOCTBOPIOEHAHOILIIBKY,
3IaTHY J10 BiAHOBJIEHHs.Lle 3MeHIIye 3HOC 1 MOJOBXKY€E TEPMIH CIIyKOM KOMIIO-
HEHTIB 1 MAaCTWJIBHUX MaTepiaiiB, 3SMEHIITYIOUM BUKOPUCTAHHS IaJliBa.

VY CyqHOBUX HAaTypHHMX BUIIPOOYBAHHSAX CIIOCTEPIrasiocsl MpU BUKOPUCTAHHI
no6aBka Nanol[11] 3HmwKeHHST BUTpaTH MajivuBa Ha 4% JJis AU3EIbHUX JIBUTYHIB
cepenuboi moTyxkHocTi a0 10000 kBt), 1 Ha 2% nmna motyxux 15600 kBt
JIBUTYHIB.

3acmocysannsa HY ona 3minu mennoghizuunux eracmueocmeit

VY pob6ori [12] mocmimkeno nogaBanus HU Al,Oz no piaux (i30mpoImioBoro
CIIUPTY)HA MUTOMY TEINIOEMHICTh. IToka3zaHo, 1110 HAsIBHICTh HAHOYACTHHOK 3HH-
Ky€ TEIUIOTY IUIABJIEHHSA Ta MUTOMY TEIUIOEMHICTH 130MPOIJIOBOrO CIHUPTY Ta
CIpUsSi€ TOJIMIICHHIO TEIJIOMPOBIAHOCTI Ta 30UIbIIY€E 1HTEHCHUBHOCTI TEIJIOBII-
adi.

ITokazano, mo pomaBanus 0,20 r/kr ¢ynepenie C60 10 KOMIIPECOPHOTO
MacJja BIUTMBA€E Ha Teruio(di3ndHi BIacTUBOCTI [13] 1 BimoOpakaeThCsi HA MOKA3HU-
KaX eHepreTuyHoi e(eKTHUBHOCTI XOJIOAWIbHOI KoMIpecopHoi cuctemu.lle mpu-
BOJUTH JIO0 3HWKEHHS €HEProcrnoxuBaHHs [13] nmpu npakTUuHO HE3MIHHIN XOJI0-
JTOTPOAYKTUBHOCTI KOMIpecopHoicucTeMroe3 ii MojepHizallii 3a paxyHOK BITPO-
BaJ[KEHHSI KOMIIPECOPHUX «HAHOMACTHUII».

3acmocysanna HY ona niosuwennn epekmugnocmi 320paHHA nanuea

BcranoBneno [14], 1m0 BBEACHHS MNalWBHUX MPHUCATOK HAHOYACTUHOK Me-
TaJiB Ta X OKHUCIIB Y JU3€JIbHE MajJuBO MIABUULYE TEMIO(I3UYHI BIACTUBOCTI Ta
MOKpaIly€e XapaKTEPUCTHKU TOpiHHA. JlomaBaHHS TpucagKyd 10 TalWBa TaKOX
MPU3BOJIUTH JI0 PAHHBOTO 3TOPSHHS Ta CKOPOYCHHS 3aTPUMKH 3aliMaHHS, 30171b-
IIEHHS TMOBHOTH 3TOPSIHHSA, a MIABUINEHHS TEIJIOMPOBIAHOCTI Ta 3HMXKEHHS MiKO-
BO1 TEMIIEpaTypH IWTIHIPA 3YMOBIIOIOTH 3HWKEHHS BUKHIIB NOX.

Y pob6ori [15] BcTanosneno, mo chepuuni HU Al,O3 miamerpom 10 HM mipu
3MIIIIyBaHHI 3 CUPUM JU3€JIEM CIPHUSATIMBO BIUIMBAIOTH HA MPOLIEC TOPIHHA -
3eJIbHOTO MmayinBa. JlocmimkeHHs nmpoBoauiarcs Ha 4-X TaktHoMy aBurydHi DEUTZ
F1L511. Byno BcTaHOBIEHO, IO CEPEHE 3HIKEHHS MUTOMOI BUTpATH MalnBa
IpY TIOBHOMY HABaHTAXKEHH1 IBUTYHA BITHOCHO YHCTOTO JU3EIHHOTO TAJMBa CTa-
HOBUIIO 3,5%, 4,5% 1 5,5% npu piBusax mozyBanss 20, 30 i 40 ppm, BiAmOBITHO.
JonaBanas 40 ppmHaHOMO00aBKH [JIs JW3EIBHOTO JIBUTYHA TPU3BOAHUTH [0
nigsuiieHHss KKJI na 5,5% ta npubnusHe 3umkeHHs BukuaiB aumuocti, HC, CO
ta NOxna 17%, 25%, 30% 1a33% BiaM1OBIIHO.

KoHiieHTpalliss HaHOYAaCTUHOK OKCHAYy altoMiHito 40 ppm pekomMeHI0BaHa
[15] nns mocsrHEeHHS ONTUMAIBLHOTO IMOKPAIICHHS XapaKTePUCTUK 3TOPSHHS, MPO-
JYKTUBHOCTI Ta BUKHW/IIB IBUTYHA.
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Bucnoexu

[Mpucangku HY ta HM 1o MacTuinbHUX MaTepialiB, piIuH Ta MaJuB J03BOJIS-
I0Th YCIIIIHO BUPIITYBAaTHU Oarato mpooiem:

® 3MEHIICHHS KOe(]IIIEHTY TePTs Ta 3HOLITYBAHHS Ha TOPSIKH,

CaMOBI1/IHOBJICHHS YTBOPEHUX IOIIKO/)KEHb,
3MIHY TeII0(13UIHUX BIACTUBOCTEH PIJIUH Ta IMaJIUB,
301nbienHss KK/ ta 3Menmennsanuromi BuTpatu nanusa y J1B3,
3HIDKEHHS eMICil IIKIATUBUX PEUOBHH NPU CHaNoBaHH1 mansHoro y J(B3.
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VJIK. 629.123

Manaxos O.B., [Tanaria O.M., bougapenko A.B., HaiineoroB A.l., Jlixormsiy
H.JI.
HarmionansHuit yHiBepcuteT “Omecbhka MOpChbKa akajaemis’”

I'inpoaunamivyHi 000 1MBOCTI KaBiTANIHOT 00POOKUCYAHOBHUX JUISIJIbHIX BO/

[Tpu po6oTi cyaen cyaHosi JusuibHI Boau (CJIB) € Haitbinbm OaratoToHHA-
JKHUM BHJIOM BIJIXOJIB 1 JJIsSI iX OOpOOKHM BCl CyJHA 3TiHO 3 PerjlaMeHTYIOUUMU
BuMoramu [1] moBunH1 obnagnyBaTucs cenaparopamu CJIB (BSW). CJIB € tex-
HOJIOTIYHUMH CTOKaMH, SIKi B YMOBaxpoOOTHU CyJHa BUHHUKAIOTh Y MAaIIMHHOMY
BIJIJIVICHHI, Y BaHT&XKHUX TPIOMax, a TaKOXKIIi 4ac eKCIUTyaTallii majgyou Ta maiy-
OHMXMEXaHI13MiB.

KinbkicHi 3Miau cymapHux oocsriB CJIB, 1m0 reHepyroThes mija 4ac podoTu
3ac001B BOJAHOIO TPAHCIOPTY B OCHOBHOMY BH3HAUYAIOTHhCS CYKYITHICTIO HACTYII-
HUX MPUYMH: IHTEHCUBHICTIO POOOTH CYAHOBOI €HEPreTUYHOI YCTAHOBKH; MOTYXK-
HICTIO Ta KUIBKICTIO JOMOMIXXKHOTO KOTEJIBLHOIO OO0JIaJiHaHHS;, HEPIBHOMIPHICTIO
3aBaHTa)XCHHS TPIOMIB Cy/IHA OJHUM 1 THM K€ BUJOM BaHTaXYy; SKICTIO OTJISIY Ta
PEMOHTY €EMHOCTEH Ta CHUCTEM IOJayl MajiMBa, OJii TOLIO.

Sxicuuii Ta kuibkicHu# cknag CJIB He yHiBepcalbHUN 1 B KOKHOMY KOHK-
PETHOMY BHITQJIKy € BEJIMYMHOIO 3MiHHOIO. BiH BU3HAYA€THCS CyTHOBUMH TEXHO-
JIOTIYHUMU Tiporiecamu. [0 cepeTHbOCTaTUCTUYHOIO MEePEeTiKy OCHOBHUX KOMIIO-
HeHTiB CJIB Mo)kHa BilHECTH: pO3uMHEHI ra3u; oiii (1HaycTpiajabHi, BIAMPaIbO-
BaH1 MaIIMHHI TOIO) 3 KoHIeHTpaIieo 10 1000 mr/m; BianpambsoBaHi HadTOIPO-
JTYKTH Ta 1X CKJIaJIOBl, a TakoX HadTOBUM Iutam (KoHIeHTpals 10 8000 mr/m);
MUIOUl pedyoBUHU (KOHIEHTpallis 10 5-10 mr/n); cycnensii (koHmeHTpaiist 10 300-
500 mr/n); cynbdatu (koHneHTparis 10 200 mr/in); denonu (koHreHTpaiis 10 S0
mr/in).Bci mepepaxoBaHi BUIllE KOMIIOHEHTH, KPIM Ta31B, XapaKTepU3YyIOThCS BEIIU-
KMM 3HAQYCHHSIM ITUTOMOI Baru B TIOPIBHSIHHI 3 aHAJIOTIYHUM TTapaMeTPOM IS BO-
JIv, TII0 € OCHOBOIO JIJIs1 TOAAIBINOI HEOOX1THOCTI iX BUIEeHHS 3 ToToKy CJIB.

Posrnsmaroun CJIB sk 6araTOKOMIIOHEHTHHH IOTIK JOIUILHO BIJI3HAYWTH,
110 MiJ Yac aHadi3y MPaKTUKHU €KCIUTyaTalli cenapamiiiHuX yCTaHOBOK OYJI0 BCTa-
HOBJIEHO, 1110 BUCOKa epeKTUBHICTh ouniieHHsICJIB Mae micue npu KOHIEHTpallii
IIKIJIMBUX KOMMOHEHTIB TUTbkH A0 100 mr/n [2]. [lepeBurieHHs 11i€i BEIUYUHU
MPU3BOJUTH JI0 YCKJIAHEHHS BUKOPUCTOBYBAaHMX METOJIB iX cemapariii.

3aranpHl OpUHIMNK (DYHKITIOHYBAHHS TEXHOJIOTTYHHUX CXEM, MPU3HAYCHHUX
s cenaparii CJIB 6e3mocepeiHbo BU3HAYAIOTHCS POOOUMMHM TIpoIIecaMu, SKi 3a-
CTOCOBYIOTBCSI JJIsl PO3IMOAUTY iX CKJIAJOBUX KOMIIOHEHT. [I[pUHIIUIIOBO, B yMOBax
eKCIUTyaTarlii cyJHa, MOXKHa BUIUIMTHA TPU OCHOBHI HAINPSIMKHU OYHIICHHS: (i3ud-
HHH, XIMIYHHAH Ta O10JIOTTYHUH.

B ocHOBi (i3uyHOTO HAMPSAMY JICKUTH BUKOPUCTAHHS MAaCOBHX Ta PiAlie
MOBEpPXHEBUX CuI. JI0o MacoBUX CUJ y LIbOMY BHUIIAJKY BIJHOCSTH CHJIM 1HEpILi,
TSPKKOCTI, CIIJIMBAHHS TOIIIO.
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Peanizanis ximiunux nporeciB npu cenapaiiii CJIB 0azyeTbcst Ha BUKOpHUC-
TaHHI PI3HUX PEAreHTIB y KOMOIHAII 3 eIeKTPOXIMIYHUM OKHCIEHHSIM 00pOoOITIo-
BaHOTO MOTOKY.

bionoriununii Hanpsimok cenapatii CJIB 6a3zyeTbcst Ha BUKOPUCTaHHI MIKPO-
Oprasi3MiB, 110 3a0€3MeUyIOTh y MPOIIEC] CBOET KUTTEMISIBHOCTI 3HUIIIEHHS CKJIa-
JIOBUX KOMIIOHEHTIB MPOJAYKTIB HAPTOXIMii.

JleTanpHuii aHaii3 Bcix meToaiB cenapaiiii CJIB 103B0oIMB 3p0OMTH BUCHO-
BOK, 10 BOHU XapaKTEPU3YIOThCS OJHUM 3arajJlbHUM HEIOJIIKOM — OJHOCIIPSIMO-
BaHUM OYHUIICHHSAM. ¥Y X0/l cenapailii BUXiJHUM MPOYKTOM € JIUIIIE OJJHA KOMIIO-
HEHTHA CKJIaZIoBa — BOJA. 3 BUKOPHUCTAHHSAM LIUX METOJIIB OYMILEHHS IiJ 4yac ce-
HapyBaHHs Ty’Ke€ CKJIQJHO OTPUMATUB YUCTOMY BUIJISJ1 BTOPUHHI NPOAYKTH Hag-
ToXiMii. 3 I[i€] MPUYUHU TPU MPOBEJAEHHI JTOCTIIKEHb OyJ0 3p00JIEHO BUCHOBOK
po HEOOX1IHICTHPO 3p0OKHU HOBOro Metoay cemnapaiiii CJIB Ta moUiJIbHOCTI BU-
KOpPHUCTaHHS B I[bOMY BHWIIQJIKy TiApOJAMHAMIYHOTO MPOIECY CyMepKaBiTarii 3i
MITYYHOIO BEHTUJIAIIIEIO TAPOBOi KaBEPHHU.

[Ipu nokanbHOMY 3apOJKEHHI B MOTOLll CYNMEepPKaBiTYI0UO1 KaBEPHHU B CEpe-
nuH1 Hel 3aBKau Oy/ie 3HAXOAUTHCS JUIe HaCUYeHa BoasHA mapa. [Iporec Oesrre-
PEPBHOTO BiAOOPY BOASHOI Mapy 3 KaBEpHU CHPHUATUME OTPHUMAHHIO 3 PEIITOIO
BHCOKOKOHIICHTPOBAHO1 CyMiIlll TUX HA()TOMPOAYKTIB, sIKI CTAHOBISATH MMOYATKOBY
ocHoBy CJIB. Ilpuxnan cynepkaBiTaiiHOl KaBepHHU B3ITHI 3 poboTu [3] moka3a-
HUW Ha PUCYHKY .

Puc. 1 CrauionapHa cynepkasiTauiifHa kaBepHa [3]

Jlo roI0BHOI mepeBaru 3arnpornoHOBAHOIO HOBOI'O METOJy cemapallii BigHO-
CUTHCA MOKJIMBICTh OYMIIEHHS MOTOKY 3 BHCOKOI KOHUEHTPALIEK ILIKIIJTUBUX
nomimok. Takuit MeTos MOXke OyTH albTePHATHBOIO €JIEKTPOXIMIYHUM METOJIaM
cemapailli, Kl B JJaHUI 4ac BBAXKArOThCS MPAKTUYHO €IMHUMU €(DEKTUBHUMH Me-
TOJIaMH, SIKI MO>KHA 3aCTOCOBYBATH NpU KOHIIEHTpAIlii JOMIIIOK Y BOJI, HIONepe-
Buiye 1 1/ [4].

HTyyHi kaBiTAlHI CylEpKaBEPHHU CIOYATKY 3aCTOCOBYBAJIUCS MPHU JTOCII-
JOKEHHI SIBUIL, MOB'S3aHMUX 3 BHCOKO IIBHJKICHHUM pyXoM Tin y piausi. [Tyuni
CyIlepKaBepHH B MOPIBHSAHHI 3 KaBepHaMH, IIIOBUHUKAIOTH MPU MPUPOIHINA KaBiTa-
1ii MalOTh BIAMIHHI PUCH: PyX MOTOKY, B SSIKOMY IITYYHO CTBOPIOETHCS KaBiTallis
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3aBXIU XapAKTEPU3YEThCSI MEHIIMMHU 3HAYEHHSMU CEePEAHBOI IMIBHIKOCTI, Yepe3
PO3XO/KEHHS B IIUTFHOCTI P1IMH 1 TIOBITPS, SIKE 3aBXKIU HAaOaraTto MEHIIE OJNHH-
Il IITY4YHI CyNepKaBepHU 3aBXKAH MAIOTh YITKY MEXY PO3MOJUTY MK 00JacTIMU
PYXOMOTO TOTOKY; MOYaTOK IITYYHOI CyNEpKaBEpHH 3aBXAU Ma€ OJHO3HAYHE
MIPOCTOPOBO-(HIKCOBAHE CTAHOBHIIES; PYXOM Mapo-Ta30BOi CyMillli BCEPEAUHI MITY-
YHOI CyNepKaBEepHH MOKHA 3HEXTYBATH 1 BBAXKATH, 110 OOTIKAaHHIK aBepCcH BiiOy-
BA€THCA MOTEHIIHHUM MTOTOKOM.

JIist BUNaAKy WITYYHOrO MOJAHHS MOBITPS B KaBITAlllMHYCYNEpKaBEpHY B
nepiiomMy HaOamxkeHH1 (0€3 ypaxyBaHHS PO3PHBY CYIUIBHOCTI OCHOBHOT'O IOTOKY
CJIB) O6yna BUKOHaHa OIIHKA 3aJIEKHOCTI IIBUAKOCTI Ha MEX1 CylepKaBepHHU BiJ
HIBUKOCTI MOJIaHHS MOBITPs. SKIIO NMPUHHATH, IO HA BXOJ1 10 poO0UY0i KaMepu
KaBiTaTopa: 3HayeHHs IMBUJAKOCTI Ta THUCKY moToky CJIB cknanarotbPpsw, Visw;
IIBUJIKICTh 1 TUCK TOBITPS, IO BIYETHCA, CKIAAAI0Th Pa, Vi) MIBUAKICTH Ta TUCK
Ha MexikaBepHU notoky CJIB ckimanarots Pe, Ve, TO BUIKICT TOTOKY Ha KOp-
JIOH1 KaBEPHUMOXE OyTH 3HalJIeHA SIK

2
V, =V, 1+ Q+ Pazva (1)

OCKUIbKH BHCOKI MIBUAKOCTI PYXy BIAMOBIJAIOTh MAJIUM YUCIaM KaBiTallii

[5], TO MpUOAM3HO MOXKHA 3aMKCATH, O 11 Q zl—l—%- VY 1poMy BUNAAKYy OCTaHHIN

BHPa3 MOXHA CIIPOCTUTH J0 HAOIMKEHOT (HOpMYIH BULY

2
V, =V, (1+ %) + % (2)

Amnani3 (2) n03BoJi€ 3p0OUTH BUCHOBOK, IO IMIBUKICTh KA BUKIUKAETHCS
TApOJIMHAMIYHUMH OCOOJMBOCTSMH BCEpEIMHI KaBITAllIMHOTO KaHaTy, Ha MEXi
KaBEpPHH B OCHOBHOMY BH3HAYaTUMETHCSI TOPU3OHTAILHUMHU CKJIAJJOBUMU IIIBH/]I-
koctedt moBiTpst 1 motoky CJIB, mo nogaerbcst Ha o0poOKy. Ilpu 1pomy mpeBa-

JIOI0UNA BHECOK Y BenmnuunyVe y dopmyii (1) gae mogaHok Vbsw%

BaxxnuBe 3HaueHHs MmiA 4yac WTY4YHOI KaBiTauiiHoi cenapauii CJIB Takox
BIJIIrpae TemneparypHuil paktop. 31 3pOCTaHHAM TEMIEpPaTypu Yepe3 3MEHIICHHS
PO3YMHHOCTI T'a31B iX MPOLIEC BUIUICHHS 1 IEPEHECEHHS B CEpEIMHY KaBEpPHH Bij-
OyBaTHMeThCsl HabaraTo iIHTEHCUBHILIE. [Ipyrum gakrtopoM, sIKuii BIUIMBaTUME Ha
30UTBLIEHHS! PO3MIPIB KaBITAIHHOT CylepKaBepHU MpHU 30LIbIIEHH] TEMIEpaTypu
MOTOKY, € MaJIHHS BEIMYUHU Koe(illieHTa TOBEpXHEBOro HaTATY. [Ipu HEe3MiHHIN
BEJTUYMHI CTATUYHOTO TUCKY 30UIBIIEHHS TEMIIEPATypU HE3MIHHO MPOSBISETHCS Y
301JIBIIICHH] KaBITAlIHHOT KaBEPHH.

[Ipu po3rmsani cynepkapiTaiii y 3BUYaHOMY OJHOPIAHOMY IOTOII 3pOC-
TaHHS TEMIIEpaTypHOTO (hakTopa MpHU3BENE MO0 HETaTUBHUX HACIIIKIB — PyHHY-
BaHHS KaBITAIlIMHOI MOPOXHWHHM BHACIIJIOK PI3KOTO 301IBIIICHHS MAacH BOASHOI
napu Ta najaiHHsg TUCKY B Hil. Lleit Hemomik 3 Touku 30py mpoiecy cenapartii CJIB
€ TIEpPEeBarol0, OCKUIbKM PIBHOMIPHUN BiAOIp BOJSHOI Mapu MPU3BOJUTUME JIUILE
10 cTaluIi3alii TpOCTOPOBO-YaCOBUX PO3MIPIB KaBEPHHU 1 3pOCTAHHS MPOTYKTUB-
HOCTI MpOIECY cenapalii 3a KIIbKICTIO BOAM, IO BIAOKPEMIIIOETHCS.
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[Ipu mopemoBanni mpouecy cenapanii CJIB Oyna BuzHaueHa 3aneXHICTh
MOJIOBKEHHSI KaBepHH L 10 BIAHOIIEHHIO 10 MIMPUHUPOOOYOro KaHAITy KaBiTalliii-
Horo cenapaTtopa CJIB. Pe3ynpTaTi po3paxyHKiB IMoKa3aHi Ha pUCYHKY 1, 1€ BUII-
HO, [0 3HIDKEHHS IIBUAKOCTI MOTOKY, SIKE BIAMOBITAE 3pOCTAHHIO YMCIa KaBiTa-
1ii, TPU3BOJIUTH JO ICTOTHOTO CKOPOYEHHS PO3MipiB KaBepHH. Poboui po3mipu
KaBiTalllifHOT KaBepHU JIeKaTh B Jiama3oHi uucen kasitauii Big 0,1 mo 0,15. B
IIbOMY BHUIIAJIKy JOBXMHA KaBEPHHU CTAHOBMJIA BiJl 5 10 4 KajaiOpiB IMMPUHU POOO-
401 KaMepu KaBiTaTopa.

gL 111
0,05 0,075 01 0,125 0,15 0,175 0,2 Q

Puc. 13anexHicTh TOBKUHU KaBEPHU BiJI YMCiIa KaBITaIlil

[Tpu mpoBeeHH] PO3paxyHKIB OYJI0 BUKOHAHO OIIHKY CTYIIEHS BIUTHBY KO-
PCTKO1 TOPU3OHTAILHOT MEXI poO0UYOi KaMepu KaBITAlIMHOTO KaHaly Ha aedop-
Mallif0 HUKHBOTO KOHTYPY KaBiTalliifHOi KaBepHU. Po3paxyHok opauHaT mpodiiro
KaBEPHH MPOBAUBCS VISl TPhOX 3HAYEHBb BIJHOCHOI BUCOTH BXOJY IMOTOKY JIO PO-
60401 Kamepu kaBiTaTopa. LI BenmuurHa po3paxoByBasiacs sIK BiIHOIICHHS BUCOTH
BX1JIHOT CTiHKM h 10 BHCOTH KaBitamiiHOro KaHainy H. Pe3ynbraTté po3paxyHKiB
NOKa3aHi Ha PUCYHKY 2, JI€ BUIHO, 110 MaiHHS BEIUYUHU h MPU3BOAUTH 0 BUPi-
BHIOBAaHHS MEKH KaBEPHH JI0 TUIECKaTOl opMHU.

['opusoHTanbHa BiCh HAa PUCYHKY 2 BIJINOBIJIA€ BIJHOCHOMY IOJIOBKEHHIO
KaBEpHU X :E a BepTUKaJbHA BICh — 3MiHI 11 BIJHOCHOI OpJIMHATU ¥ = % :

Ockinbku mpu cTBOpeHHI KaiTarlii B morori CJIB kaBepna, 1mo BUHUKAE,
IpYU TIAPOMEXAHIYHOMY MIIXO0JII MOXKE PO3IIISIIATUCS, SIK MICIIEBUN OITip, TO Mae
MEeBHE 3HAYEHHS OIiHKA BEIMYMHM KoedilieHTaii omopy. Llel mapamerp Moxe po-
3T AATHCS SIK CyMa 1HAYKTUBHOTO Ta ABOX MPO(LIHLHUX OMOPIB
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Cx: Cxind + Cxt.w. + be.l. (3)
ne Cying— IHAYKTUBHUAN OMIp, IO 3aJIKUTh BiJl MOJOBKEHHS KaBEPHH 1 KyTa aTaku
MOTOKY, 1110 Habirae Ha kaBepHY; Cy,, — IPOMUILHUN KaBITAIIIHUI OMip, 110 BH-
KITUKA€ETHCS TYPOYJIEHTHUM CIIIJIOM 32 KaBEPHOIO Ta HECTALIOHAPHUM PEKUMOM

0(,)5: \ ‘

. \ ‘
0,45 \ |
04 - !

1

0,05 -

]

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Puc. 2 BimuB reomeTpiiteuiiHa KOHTYp KaBepHU
1-h=0.1;2-h=0.4;3-h=0.6

3aMuKaHHA 11 MeX; Cyp; — MpodUIBHUN IPY3bKICHUM OIMIp, SIKWK 32 HASBHOCTI TBE-
PAMX TEPENIKO/I,BUKINKAETHCSA MPUKOPAOHHUM IIAPOM, 110 Ha HUX BUHUKAE.

VYeci cknanosi Bupasy (3) 6e3rnocepelHbO0 BU3HAYAIOTHCS MPOIIECaMHU YTBO-
pPEHHSI BUXOPIB HAa MEX1 PO3JUTYy KaBITALIITHOI KaBEpHU 13 3arajibHUM MOTOKOM.
[HIYKTUBHUHN OMip BUKIUKAETHCS MEPEBAKHO MO3AOBKHIMU BUXOPAMH Ha MEXKax
KaBITalIiHOT KaBEpHH, a MPOPUILHUI OMip — NONEPEYHUMHU BUXOpaMHU Ha il Me-
xKax.
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CamonoB C.®.,I'nazesa O.B., Jly6oBuk B.O., Tumomienko O.I.
Hamionanpauit yaiBepcuret "Oniecbka MOpChKa akajiemis"

CucreMa ynpasJ/iiHHSI peKylepanicio BiAnpanboBaHOI0 TeIJia
KOHTelHepoB03y MicTKicTIO 8800 KoHTeliHepiB

CytTteBuUM (aKTOPOM B TIBUIIEHHI €KOJIOTTYHOCTI Ta €HeProe(eKTUBHOCTI
MOPCBKHX CYyJIEH € BJIOCKOHAJICHHS CHUCTEM peKyIepallii BiAMpar-oBaHOrO Teria
(WHRS). TexniuHi pilieHHS B IIbOMY HaNpsSMKY 3a0e3mneuyroTh migsumieHHs KK/
CYITHOBOI €HEPTreTUYHOI CHUCTEMH Ta, SK HACIIIOK, 3HMKEHHS BUTpATH TaJIUBa
IBIUIMBY Ha HABKOJIMIIIHE cepeioBHUIle 3a0pyaHiorounMuBukuaamu[l]. Oxaum 3
TaKUX pIilllIeHb € BHUKOPUCTAHHSA TeEIUIa BIANMPAIlbOBAHUX BUXJIOMHHUX Ta3iB
rojjoBHoro npuryna (['JI) nms reHepalii eleKTpUYHOI €Heprii JKUBJICHHS
CyIHOBUX croxuBadiB. Cepel JIEKUIbKOXICHYIOUMX BapiaHTIB  TEXHIYHOI
peamizamii mporecy pekyrnepamili HaWOUIbII NPUAHATHUM 1 €QEeKTUBHUM €
CIpsIMyBaHHSI HEOOXiJIHOTO 00’eMy BuxJonmHUX rasziB ['Jl B cuiioBy TypOiHy, sika
obepTrae oOkpemMuid enekTpuuHuil reHepaTop. Chig 3a3HAUYUTH, WO TaKUM
TEXHIYHUI 00’€KT Mae OyTH TMOBHICTIO aBTOMATH30BAaHUM 1 HOPMAaJIbHO
¢dyHKUIOHYBaTH 0O€3 BTpPy4YaHHs ONeEpaTropa, TOOTO OCHAIIEHUM BiANOBIIHOIO
CHCTEMOIO yIPABIiHHS 3 JATYUKAMU Ta PETYITIOI0YNMH eIeMEHTaMH.

Posrnsaemo Bapiant WHRS, BnpoBamkenoi ¢ipmoro ABB, Ha mpukimami
CJIIEKTPOCHEPTETHYHO1 YCTAaHOBKHU KOHTeHEpOoBOo3y Post-Panamax 8800 TEU.

CyaHo ocHalleHe Cy4acHMMH CHCTEeMaMu aBTOMAaTH3allli Ta BIAMNOBiIa€
3Haky Al. T'onoBuuii nuryn MAN B&W 9S90ME-C10.2 notyxuictio 47430
kBT npu 78 06/xB.J]0 cknamy eneKTpoeHEepreTUYHO1 YCTAHOBKH BXOJSTh: YOTUPHU
nusenb-redeparopa (UI'), omun WHRS Ttyp6oreneparop (TI') moryxwnictio 3500
kBA, posnomimpumii  mur  Hampyrowo450B3  cuctemoro  ympaBiiHHS
enektpoenepriero  (PMS). TI'Moke mpaitoBaTé SK MapaielbHO 3  JAU3ETb-
reHepaTopamMu, TaK 1 B 130JIbOBAHOMY PEKHUMI, KOJM peliTa JKepesn eHeprii Ha
cynai BinkmoueHi[2].CuioBa TypOiHa Ta IeHEpaTop MEXaHIYHO 3’€qHaHi MiX
co00I0 4Yepe3 JABOCTYMIHYACTUW pEIyKTOp Ta BCTAHOBJICHI Ha 3aralibHii
cranuHi.JlonmomixkHe 00JlaJHAHHSI arperary CKIAJaeThCcsl 3 BOYIOBAaHOI CHUCTEMU
3MalllyBaHHS 3 HAacocaMHUTa OXOJOJPKyBadeM, perysiTopoM IMojaadi ra3y Ha
CUJIOBY TypOIHYy, HIBUIKOAII0YO1 3amipHOi Ta MIEPEIyCKHOL
apMmatypu.DyHKI[IOHAJIbHA CXe€Ma CUCTEMHU HaBeJleHa Ha puc. 1.

OcunoBuumu kommnoneHTamu cucremu WHRS e: cusnoBa TypOina ta renepa-
TOP, SKI BUPOOJIAIOTH €IEKTPOCHEPTIIO IS €JICKTPOMEPEXKi CyJ/IHA; MMaHEelb Kepy-
BaHHS CHCTEMOIO; KJIallaHW KepyBaHHS, IMIBHIKOTO BiIKIIOUEHHS Ta MEPEMyCKHI
KJIallaH! JJIsl BUXJIOMHUX Ta3iB; AuHaMmiuauii komneHcatop ([IK) 3 raapmiBHEM
pesuctopoM. Ilpuznauenusm J[Ke oOMeXeHHS MiABUIIEHHS YacTOTH OOEpTaHHS
TI' B pasi panToBOro majiHHSI HaBaHTakeHHS reHepartopa. Jlo ckmaxy JIK BxO-
JSATh: JIOJHUM BUIMPSAMIISY, TaJbMIBHUH IepepuBay Ta rajibMiBHUN pe3nuctop. Pe-
T'YJIIOBaHHS YaCTOTU OOEPTaHHS CUJIOBOI TYpPOIHM 3/IIMCHIOETHCS JIOKAIBHUM PETy-
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JSITOPOM, SIKMI BCTAHOBJIGHWHM Ha arperarti Ta 3a0e3ledye KepyBaHHS MPHUBOJAMHU

PEryJIIOIYNX KIIaMaHiB.

450V 50Hz
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+ Y GEAR ‘
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Pucynok 1 — Cxema cucreMu pekymneparii BiIpalbOBaHOT0 TEIIa BUXJIONHUX ra3iB ']

Cucrema ympamninus TI (puc. 2) noOynoBana Ha 6a31 IporpaMoBaHOro JIO-
riygoro koHtpojepa ABB AC500M, BcraHOBIEHOTO B OJOK YIpaBIiHHS
(WHRSLCU). Jlo cknamy OJ0KYy BXOIATh: MOIYJb IEHTPAJIBLHOIO Ipoliecopa
(CPU) AC500 PM590-ETH, xomywnikamiiiauii Mmoayias Profibus CM572-DP, ana-
ntepu ABB ACS880, Moayni udpoBoro Ta aHaJioroBoro BBOAY-BHUBOIY, MOAYJIh
*KuBJNeHHs. [HTepdelic 3 onepatopoM 3a1HCHIOEThCs yepe3 rpadiuni aucruiei TFT
3 CEHCOpHUM ekpanom|3,4].
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Pucynox 2 - Apxitekrypa cuctremu ynpasiainags WHRS
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s 3aiicuenns ynpasminags WHRS LSU npuennana sk A0 JaT4MKIB ma-
paMmeTpiB arperary, Tak 1 J0 1HIIMX CHCTEM: TOJOBHOTO PO3MOJLIBYOTO IIHTA
I'PII (SWBD),PMS, cuctremu ynpasninas ['J[ (ECS) Ta inTerpoBanoi cuctemu
moHitopunry (IAS). Oomin ganumu 3 IAS (indopmariist po crtaH o01aTHAHHS,
aBapiifHI CHTHAJIM TOMIO) 3MaiiicHeHWi 3a mpotokojom Modbus TCP; 3B8’s30K 3
LCP -uepe3 kanan Ethernet. [lns 3B's13ky mixk cucremoro ympaeininas WHRS ta
IIEPETBOPIOBAYEM YaCTOTH, SIKIIO BiH BCTaHOBJICHHUH,icHye muHa Profibus DP. Po-
6ota kouTposepa WHRS BinOyBaeThcs 32 HACTYIHUM anroputMoM (puc. 3).

£ wes enabled/
{ Start block disabled )1‘—

Alarm Walt for starting

Generate alarm i mits exceeded ] |

Can be started

Emergency |
Emergency  le—critical faukt

Inkislization phase

Initialization completed

phase |
|

Alsrm listaner, fault bstener snd
timer Objective generator  gp e aown command

frequency reached of WHRS diabled

or GV_MAX too low

Synchronization |
phase I

Non<xritical fault Circuit breaker closed
Normal shutdown

Paraliel operastion |
| EE—
mode

DGs connected

island operation |

made |

Non<ritical fauk or timacut

|l Shutdown ]1—

Pucynok 3 —Anroput™m ¢yHkiionyBanHsa koutposiepa WHRS

3anyck WHRS He MoxxnuBuii pu HasiBHOCT1 CUTHATY OJIOKYBAaHHS 3aIlycC-
Ky. SKiocucremMa 3HaX0AUThCA a00 EPEXOIUTh B CTaH OJIOKYBaHHS 3aIyCKy, aK-
TUBYETHCS JIOKAJIBHUMN cepBicHUN pexuM. [Ipu ibomy npuunHa GJ10KyBaHHS 3aImy-
cKy Bi1oOpaxytoTbesa B LCP. [lns 3HATTS curHaity OJ0KyBaHHS 3allyCKy MOTPIOHO
BpyuHy 3 LCP nepeBipuTH npaie3gaTHICTh CUCTEMH, BUAAIUTH PUYUHU HECTIpa-
BHOCTEH 1 KBITYBAaTH BCl aKTUBHI CUTHAJIU TPUBOT.

[Ticns HaTHUCKaHHS KHOMKK aBTOMATHYHOTO PEXUMYCHCTEMA MTOYHE MPALIto-
BaTU BIAMOBIAHO JI0 HOPMAJILHOTO LIMKITY KepyBaHHs. [Ipy HasBHOCTI CUTHAY BiJ
PMS"WHRS BxitoueHuit" B aBTOMAaTUHYHOMY PEKHUMI Ta SKIIO PO3pPaXyHKOBA J10-
CTYIHa MeXaHI4Ha MOTYyXHIcTh ['J] mepeBuillye 3aBaany sl 3alyCKy MEXY, CUC-
tema 3ziiicHioe 3anmyck WHRS, abo 3ynuHky, sSKIo BiAMOBIAHHUM CUTHAN BIACYT-
Hii.B pyuyHOMYy pexxumi cuctema Moxe OyTH 3alyllieHa HATUCKaHHSIM KHOIIKU py-
yHoro pexxumyHa LCP abo na SWBD mnipu BiicyTHOCTI cTaHy OJIOKYBaHHS.

Ha erami inimiamizariii 3amyckaroTbest JonoMixkHi mpuctpoi WHRS Ta akTu-
BYEThCS KJamnaH aBapiHoro BinkmoueHas ESV-P1. fkmo nponeaypu inimianiza-
1ii BukoHaHi, cucreMa WHRS nepexonuts y a3y npucKopeHHS 10 MOYaTKOBOI
HIBUIKOCTI OOEpTaHHsS TeHeparopa Juisl MoAalbliol cuHXpoHizauii. [Tpu gocsr-
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HEHHI1 3aBJlaHOi MoYaTKoBOi mBUAKOCTI cucteMa WHRS nepexoauts y pexxum cu-
HXpoHizarii. CHHXpOHI3aIis reHepaTopa BIUIMBOM Ha PETYJSTOp TypOiHW BHKO-
HY€TBHCS 32 KOMaHAaMH CUHXpoHi3aTopa Big SWBD, sikuii Habnnxye Ta 3piBHIOE
gacToTy 1 (pa3y Hampyrm reHepaTopa 3 4acTOTOIO i (a30l0 HAMPYTH HA MIWHAX
SWBD, micnst 4oroBugae KOMaHIy Ha BKIIOYEHHS aBTOMAaTHYHOTO BUMHKAya re-
Hepatopa. Tum WHRS enekTpuuHO 3’€IHY€ETBCS 3 MEPEKEIO, a CUCTEMA MEPEXO-
JUTh B PEKUM KEpYBaHHS CTaTU3MOM, MPHU SIKOMY 3/I1IHCHIOETHCS PO3IMO/ILT AKTUB-
HUX HABAHTAXXEHb MOMIDK TeHepaTopaMu Ta MIATPUMAHHS YacTOTH HANpYTd Ha
mmHax SWBD. Cucrema WHRS npaiitoe B pexxumi mapasienbHOi poOOTH JOKH
SKUNUCH 13 TU3eb-TeHepaTOPiB MAKII0UEeHUH 10 Mepexi. SAxmo Bei I Biakitoue-
Hi Bia mmH, WHRS nepexonuts y pexum 130160BaHOi pOOOTHSK €MHUN BUPOO-
HUK EJICKTPOCHEPTii y Mepexi. B aBTOMaTuuyHOMY peKuMi YIpaBliHHA HaBaHTa-
JKEHHSIM 3I1MCHIOETRCS 3a KOMaHgaMHy BiJg PMS Ha 3011bII€HHA/3MEHIIICHHS IIIBU-
nKocTl o0epTaHHs. HaTUCKaHHS KHONKU 3YNUHKH Y 3BHYAHOMY pPEXKHMI KEpy-
BaHHS CTaTH3MOM aKTHUBYE 3BUUYANHY TOCIITOBHICTh aBTOMAaTUYHOTO BUMKHCHHSI.

[Ipu nosiBi B cucteMi OyAb SIKOTO aBapiiHOTO CHUTHANY BiANOBIAHA 1HPOP-
Marttis Haaxoauth B LCPta |AS. ¥V Bunaaky BUSBICHHS HEKPUTHYHHX HECIIPABHO-
cTeil B Oyab-IKoMYy peknMi a0o konu HaBaHTakeHHs Ha ['J] 3a curnanom Big ECS
CTa€ HIKYUM BCTAHOBJICHOI MiHIMQJIBHOI MEXH,CUCTEMA BUKOHYE 3BUYANHY ITOC-
minoBHicTh BigkmodeHHs WHRS. fkmio HecmpaBHICTh € KPUTHYHOIO, CHCTEMa
3/11MCHIOE aBapiiiHe BUMKHEHHs. [Ipu 3amuTi Big PMS Ha miakiaroueHHs MOTYKHO-
ro cnoxwuBaya cuctema migeaaye 10 WHRSuepes JIK ranpMmiBHUN pe3ucTop B
SKOCT1 HABAHTAXKEHHS, 1110 BIATOBIAA€ MOTYHOCTI TAKOTO CIOXKUBAaya, 1 MiJITBEP-
JKYE€ 3BOPOTHUM cuTHaioM 10 PMS rotoBHicTh 0 miakiatoueHHS. CIoKHBay
BMUKAETHCSA JI0O MEPEXI OJHOYACHO 3 BIAKIIOYEHHSM TalbMIBHOTO PE3UCTO-
pa.®a3u iHimani3amii, IPUCKOPEHHS Ta CUHXPOHI3aIli, a Takox pobdora JIK ma-
I0Th OOMEKEHHS Yacy OUiKyBaHHS Ha BUIAJOK MEpPEpHUBAHHS 3aIUIAHOBAHOI OIle-
pauiinpu BUHUKHEHH] AKOICh 3 MPUYHUH. SIKIIO Yac O4iKyBaHHS 3aBEpPLICHHS Oy/b-
AKOi 13 (ha3 BUYEPIAHO, a CUTHAITY MIATBEPIKEHHS BUKOHAHHS HE HAIINILIO, 3a-
MyCKAEThCS 3BMYaiiHa mpouenypa BiakiaodeHHs. B pasi 3ynunku WHRS uyepes
Oy/Jib-SKy HECIpaBHICTh a00 aBapiiiHy CUTYyaIlil0, CUCTEMa 3aBXKJU MEPEXOIUTh Y
pEXUM OJIOKYBaHHS ITYCKY.

st kepyBanast WHRS B nokanbromy pexxumi Bix SWBD BiH ocHarmeHu-
HopraHaMy ympaBiiHHS IMyCKOM Ta 3yNMHUHKOIO, 3allUTOM HAa CHUHXPOHI3AINI0 3
BKJIFOUCHHSM JTMHAMIYHOTO KOMIIEHCATOpa Ta PO3MUKAHHIM/BMUKAHHSM BUMHKA-
ya reHeparopa 3 BiANOBIIHOK 1HAMKali€ro. Konu aBToMaTWYHWUN BUMHKA4d 3a-
mkHeHOo, WHRS nepebyBae y HOpMallbHOMY peXHUMI KEpyBaHHS CTaTU3MOM, ajie
3aBJaHHS MIBUIKOCTI Ma€ 31ACHIOBATUCS orepaTopoM BpyuHy 3 SWBD komaH-
namMu 301IbIIeHHs/3MeHIIeHHs.. Oneparop Mae MOXJIMBICTb BPYYHY 3yNHUHUTH
WHRSHicns nepeposnoainy HaBantaxeHHs 3 TI' Ha DG,MaHinmytor0un 3aB/1aH-
HSIM IIBHIKOCTI,Ta BiJKJIFOYCHHS BUMHKaJa TeHepaTtopa. Po3sMHUKaHHS aBTOMAaTHY-
HOTO BUMHKAyYa BHIIEC 3a MMEBHY MEXY HaBaHTAXCHHS 3aBXKJIM aKTHBYE IOCIIIIOB-
HICTh M'SIKOTO aBapiiiHOro BIAKIIIOUEHHS.B ekcTpeHoMy BHUMajaKy mpu poOOTi B
130JIbOBAHOMY PEXKHUMI OIMEpaTop MOKE MPUMYCOBO BIIIMKHYTH BUMHKA4 reHepa-
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topa Ta 3ynuHutd WRHS. V pyunoMy pexxumi onepatop MOBHICTIO KOHTPOJIOE
CHCTEMY, aJie Hece MOBHY BiJIMOBIAAIBHICTE 32 O€3MeUHy poOOTy 00JIaJHAHHS.

JlokanpHUM CEpBICHUIA PEXKHUM, SIKHH aKTUBYETHCS ONEPaTOPOM abo aBTOMa-
TUYHO CHCTEMOIO, € aHAJIOTIYHUM peXUMY JIokajabHoro kepyBanua 3 SWBD. Ilpu
1IbOMY HEOOX1H1 omneparlii 3aiicHI0IThCA 3 LCP 3a 10moMoror KHOMOK Ta 1HIH-
KaTOPiB BIIHOCHO BCiX OCHOBHUX BHIIE BKazaHuX PpyHkiit WHRS.

Takum uMHOM, pekyneparlis BianpanpoBaHoro temia I'/] no3Bosse 3aoma-
JUTH EHEPTrOpecypcH Ta 3a0€3MEUNTH CYTHOBI CIIOKHUBAUl €JIEKTPOEHEPTIELO.
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%20Generations_28%20Achieving%20improved%?20fuel%20efficiency%?2
Owith%?20waste%20heat%20recovery.pdf.
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VJIK:681.518

[Mupucynsko M.A., Ceupuaos B.1., Hlananko JI.O.
XepCoHChKHI HaBYAIbHO-HAYKOBUH 1HCTUTYT HaiioHanmsHOTO yHIBEpCHUTE-
Ty KopabieOyayBaHHs iMeH1 aaMmipana MakapoBa, Ykpaina

AHaJIi3 MeTOAIB 1iarHOCTYBAHHS CYJAHOBOI'0 IBUTYHA

IlocranoBka npo6eMu.OqHNM 13 OCHOBHUX OOOB'S3KIB €KIMaxy € CIO-
CTEPEKCHHS 32 TEXHIYHUM CTAaHOM BCIX €JIEMEHTIB CyJ/IHA, B TOMY YHCJIIi 1 CyTHO-
Boro eHepreruunoro ycrarkyBanus (CEY). 3rimHo 3 mpaktukoro, 10 50-% Bcix
BIIMOB JTU3ETbHUX ABUTYHIB BHYTpIIIHbOTrO 3ropsHHs (/IB3) moB’s3ane 3 BTpa-
TOIO TpaIe3/1aTHOCTI MAJIMBHOI anapaTypu, HacaMIiepe| O1Ibliie MOJOBUHH BIJMOB
JIB3 mpunanatoTs Ha BiiMOBH opcyHOK. [Ipruyomy, Ha €KOHOMIYHI Ta €KOJIOT1YH1
noka3Huku podoTu JIB3 icTOTHO BIUIMBaE came TEXHIYHUM cTaH POPCYHOK.

besneky miuaBaHHs CyJIHa Ta MOro €KOHOMIYHY €(EKTHBHICTh BU3HAYAE
CBOEYACHE BUSIBIICHHS MEPEYMOB /10 BAHUKHEHHS THX YH IHIIUX MOPYIIEHb B PO-
6oti CEY. CTBOpeHHs MPOCTHX Yy 3aCTOCYBaHHI, €()EKTUBHHUX 1 OTMEPATUBHUX B
OTpUMaHHI JOCTOBIPHOI 1H(pOpMalli METOMIB J1arHOCTYBaHHS CTaHY €HEpPreTHY-
HOTO 00JIaTHAHHS MPU EKCIUIyaTallii Cy/lHa € aKTyaJJbHUM 1 BOKJIMBUM 3aBJIaHHSIM
[1].

OcHoBHa yacTuHa.Po3BUTOK MeTOIIB 1 3ac001B AiarHoctyBanHs JIB3 € of-
HUM 3 TOJIOBHUX HANpsIMKIB B 3a0e3MeUYeHH1 HaAIHHOCTI Cy/IHOBOI TexHIKU. Buoip
e(eKTUBHUX 3ac00IB Ta PO3BUTOK METOIB TEIUIOBOI'O J1arHOCTYBAaHHS CYAHOBHUX
JIB3 1 ix cucTem Tra30BiIBO/IY € aKTyaJIbHUM 3aBJIaHHSM JIJIs1 BOJAHOTO TPAHCIIOPTY,
mo Bianosigae BuMmoram IMO (MixkHapo/Ha KOHBEHIIISI 3 OXOPOHH JIFOJCHKOTO
KUTTS HA MOpi, MIXKHApPOJHUN KOJEKC 3 YIPaBIiHHS O€3MEYHOI0 EKCILTyaTaIller
CyJIeH 1 3amo0iraHHsM 3a0py/IHEHHIO) [2].

OO0GOB'SI3KOBOI0 YMOBOIO I CTBOproBaHMX JIB3 cTano BiAMOBIIHICTH iX
CKOJIOTIYHMM HopMmaM. BoHM moBuHHI BiamoBimatu aojaatky VI MixuapomaHoi
kouBeHiii MARPOL 73/78, sika cnpsiMmoBaHa Ha paaukaibHe 3HWKEeHHS SOx Ta
NOx B BimmparsoBaHux ra3ax cyaHosux J1B3.

VY nanuil yac TeIIOHANpPY>KEHUM Ta TEIMJIOBOI CTAH € OJIHUM 3 TOJIOBHUX 00-
MEXEHb B 3a0€3MEUeHHI HAAIMHOCTI TEIUIOBUX JBUTYHIB 1 YCTaHOBOK. lle
MOB’SI3aHO C TUM, IIIO BiH CIIPaBJIsi€ BU3HAYAIBHUIN BIUIMB Ha YTBOPEHHS TPIIIUHY
KPUIIKAX 1 BTYJKax LWIIHAPIB, JCHLSX MOPILIHIB, pyHHYBaHHS MPOKIAJ0K MIXK
KpUILIKAMH 1 OJIOKOM IMIIIHPIB, MIBUAKICT Ta30BO1 KOPO3ii 1 JOBrOBIYHICTh KJIa-
MaHIB, IHTEHCUBHICTh 3HOIIYBAaHHS B MOEIHAHHI «BTYJKA IWIIHAPA - MOPIIHEBUI
KOMITJIEKT», PEKUM MacTHJIa 1 yrap Macja, Ta, B pe3yJbTari - Ha €eKOHOMIYHICTD 1
pecypc cynHoBux J1B3.

Metoau KOHTpoOIIO 3a pob6oToro JIB3 mparforoTh Ha OIIHII TEIUIOBOIO Ha-
NPYrd MO PSIAy HEMPSMUX MOKA3HHKIB: TEMIEpPaTypu BUITYCKHHX Ta3iB, OXOJIO-
JUKYIOUOi BOJIM 1 Macia, 10 BUXOAUTH 3 TOJIOBOK MOPIITHIB, CEPEHBOTO 1HIUKATO-
PHOTO THUCKY, MMOJ0KEHHS MOKaXKUYNKA HaBaHTaXEHHS (MAJIUBHOT peiikn) [3].

[HauIirOBaHHS pOOOYOT0O MPOIIECY BIAHOCUTHCS J0 YMCiIa HAMOUIBII TOIIU-
PEHUX METOJIB OLIHKK TexHIYHOoro crany JIB3. Oxnak BoHO nae HeaudepeHiiiio-
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BaHy OIIHKY CTaHy AeTaieu muininaponopirHeBoi rpymu (LI17), mexanizmy razo-
PO3MOMLTY TU3EIIS Ta iH., Ta BUMArae MoIajbIIoro BeJIbMHA KBaTi(hiKOBAHOTO aHa-
i3y pe3yJbTaTiB MiarHOCTyBaHHS [4].

Jlo HaWOUTBII MOMIMPEHIMNUX METOAIB JIarHOCTYBAHHS TEXHIYHOTO CTaHY
JIB3 Ha mpakTui ctajau mapaMeTpUIHUN METOJ, 10 TePMETUIHOCTI pOOOUYHUX TMO-
POXXHUH, BIOPOAKYCTUUHMIA, 1THCTPYMEHTAIBHUH, 10 TEIJIOBOMY CTaHy, 3a CKJIa-
JIOM TIPOAYKTIB 3HOCY JeTayei, CTpOOOCKOIIYHMM 1 32 CKJIa0M BiAMpaIibOBaHUX
rasi..

[Ipu 3acTocyBaHHI MapaMeTPUYHOTO METOJYy BUKOHYIOTH Oe3lepepBHE a0o
MeploAMYHE BUMIPIOBAHHS OJIHOTO a00 JAEKUIBKOX JIarHOCTUYHHUX MapaMeTpiB -
3eJ1s1, cepel SIKUX: TeMIlepaTypa BIAMPalbOBAHUX ra3iB MO IIIHpaX; MUTOMA BU-
TpaTa majauBa; KoedilieHT HAJIUIIKY MOBITPS; TeMmIepaTypa BTYJIOK IWJIHIPIB,
MOPIIHIB Ta 1HIIMX JIeTaJIe; MAKCUMaJIbHUM THCK 3TrOpsSHHS a00 cepeaHil 1HIuKa-
TOPHUMN THUCK; TUCK CTUCHEHHS; aKyCTUYHI Ta BIOpalliifHi XapakTepUCTUKU; BUTpa-
Ta MOBITPsA a00 Mepernajl TUCKY MOBITPS Ha P13HUX JUISTHKAX MOBITPSIHOTO 200 BU-
MTyCKHOTO TPAKTYy.

JI71s1 OIIHKY TEXHIYHOTO cTaHy cuctem, aetaneit LI, rigpo- 1 mHEBMOIIpU-
BoJ1B /IB3 3a3Buyail 3acTOCOBYIOTH METOJ J1arHOCTYBaHHSI MO TE€PMETUYHOCTI
pobounx mopokHUH. [Ipn 1TbOMY BUKOHYETBCSI ONPECOBYBAHHS TUTYHXEPHHUX TTap
MaJMBHUX HACOCIB KOHTPOJb pOOOYOTO TUCKY B CHCTEMax 1 MOPIBHSHHS HOro 3
IPaHUYHO JTOMYCTUMHMH 3HAYCHHSIMU; TEPEeBIpKa IIUIBHOCTI CUCTEM, MPUCTPOIB
JeTanei nu3end IiJl 4ac TiApaBIiuHUX BUMPOOyBaHb Ta iH. JlaHul MeToa TOCUTh
MPOCTHUIA, caMe TOMY Ha0yB IIMPOKOTO MOMIUPEHHS B MPaKTUlll ekcrutyaraiii JIB3.

JlilarHOCTYBaHHS 1O TEIUIOBOMY CTaHy, IO OIIHIOETHCS TEMIIEPATYPOIO 1
MIBUJIKICTIO HarpiBy NMEBHUX JIETajleil Ta BY3JiB, 3aCTOCOBYETHCS ISl BUSBIICHHS
TEXHIYHOT'O CTaHy TEPTHOBUX 3'€IHAHb, CUCTEM OXOJIO/PKCHHSI 1 3MAIllCHHS, PEIy-
KTOPIB 1 IHIIMX arperartis 1 npuctpois JB3.

Mera BIOpOaKyCTUYHOTO METOJy MOJISITa€ y BU3HAUEHHI €Heprii aKycTH4-
HOTO CHUTHANY, SIKHWA 3pOCTa€ 31 30UIbIICHHSIM 3a30py JAETalied, 10 BIAPSIOTHCS.
Pe3ynpTyroumnii akyCTUHUHUN CUTHAJ, IO CIIPUMMAETHCSI BCTAHOBJIEHUMU B TIEBHUX
MICIISIX JaTYMKaMH, PO3KJIAJIa€ThCsl HAa CKIIaJ0BI TAPMOHIKH 10 4acToTi. Jlami npo-
XOJIUTh MOJajbIIa OllIHKA €Heprii BiOpallii B KOXKHIM BUALICHIN cMy3i. [lanuii me-
TOJ BIIPI3HSETHCS YHIBEPCAIBHICTIO 1 MOXE OyTH BUKOPUCTAHUM IJIsi BEJIMKOTO
qyucia CIOJydYeHUX AeTanei. J[o HemomikiB TaHOTO METOMY CJiJl BITHECTH TPY/I-
HOIIl HAJIHHOTO MOy KOPUCHUX CUTHATIB-TICPEIITKO/I.

[HCTpyMEHTaIBbHUN METOAOM J1arHOCTYBaHHSI 3aCTOCOBYIOTH Ha HEIpallto-
rouoMy JIB3 abo 6e3 itoro pozOupaHHs, ad0 3 YaCTKOBUM PO3OHMPAHHIM JESIKHUX
Horo By3JiB (HANpUKIAJ, PO3KPUTTS (PIIBTPIB, JIOKIB, 175 3HATTA (HOPCYHOK Ta
1H.). Texuiuauii cran By3mniB [IB3 1m0 nepeBipseThCs OMIHIOETHCS O0€3M0CepeTHBO
3a pe3ysibTaTaMu KOHTPOJIIO 3HAYEHb 3HOCIB OCHOBHUX JIETAJIEH, SIKI BUMIPSIHI 3a
JOTIOMOT'00 MTPOCTUX MPUJIA/AIB, IPUCTOCYBAHb Ta IHCTPYMEHTIB. BUKOpUCTOBYI0-
YH 1[ei METOI, MOKHA J1arHOCTYBAaTH TIIITUITHUKY, IPUBOJIU, TIepeadi, MeXaH13M
razopo3noauty JIB3 Ta iH. Meroa 1HCTpyMEHTaNbHOI JIarHOCTHKUA € HaWO1IbIIn
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O0OMEKEHUM y MOXKJIUBOCTSAX 1 TPYJOMICTKHM, TOMY III0 BUPOOJICHI BUMIPIOBAHHS
HEMOYJIMBO aBTOMAaTU3yBAaTH.

JI1s1 BU3HAUYCHHS 1HTEHCUBHOCTI 3HOCY OCHOBHHUX JeTajnei J[B3 Bukopucro-
BYETBCSI METO/JI J1arHOCTYBaHHS IO KOHIIEHTpAIlli MPOAYKTIB 3HOCY JIeTayeH, 110
TPYThCS Ta 3MAIYIOThCSI MacyioM. J[aHui MeTo/1 AO3BOJISIE TAKOXK OTPUMYBATHU 1H-
dbopmarliro mpo HeOOX1AHICTh 3MIHM Maciia, CIIPaBHICTH Ji1i 3aCO0IB OUMIIICHHS Ma-
cJia TOIIO.

JI71s1 OIIHKH SIKOCT1 pOOOTH 1 CIIPABHOCTI MAJMBHOI anapaTypH, sIKOCT1 pery-
JOBaHHS (Da3 ra30po3MoJIlTy, 3HOCIB B JIETANIAX MEXaHI3My Ta30po3MoAily 1 aera-
asx LTI 3acToCOBYIOTH J1arHOCTYBaHHSI 1O aHaJli3ax BiIpaliboBaHux rasis JIB3.

BucnoBku. CyyacHi cucteMu aiarHocTuku TexHigyHoro ctany CEY enepre-
TUYHOTO JI0 AKUX, 30KpeMa, BITHOCIAThCS cyAaHoB1 JAB3, ciyxaTh 1151 TOCATHEHHS
BHUCOKHX TEXHIKO-€KOHOMIYHUX MOKa3HUKIB €KCILTyaTallli [IMX YCTaHOBOK. Y 3B's-
3Ky 3 IIUM, YJOCKOHAJEHHS CHUCTEM JIarHOCTHKUA TEXHIYHOTO CTaHy CYJAHOBHUX
JIB3 € nyxe akTyaabHUM 3aBJaHHSAM. byno mpoaHanizoBaHO pi3HI METOU J1arHO-
CTYBaHHsI CYJHOBOTO TEIUIOCHEPTreTUYHOro OOJIa[HaHHS, 1[0 BU3HAYae OE3IeKy
IJIaBaHHS Cy/JHA 1 KIOr0 €EKOHOMIYHY €(DEKTUBHICTb.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU:

1. Hanusaiixo, B.C. CyaHOB1 ABUTYHU BHYTPIIIHBOTO 3ropsiHHS [TeKcT]
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Bunasens TopyOapa B.B., 2015. — 332 c.

2.  [Jlauenxo, B.I'. Teopis ABUTYHIB BHYTPIIIHBOTO 3ropstHHS [Tekcr]:
HaBy. / B.I'. /[auenko: [mpoB. 3 ykp.]. — Xapkis: XHAJLY, 2009. — 500 c.

3. Fisher, R.W., Brown, N.A. (2005), Factors affecting the underwater
noise of commercial vessels operating in environmentally sensitive areas.
OCEANS.

4, llonos, I'.C. PeryntoBaHHs Ta BUNPOOYBaHHSI MaJMBHOI amaparypu
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I'.C. Ilonos. — Muxomnais, 1973. — 36 c.
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VJIK: 621.438-712.8

[Tupucynsko M.A., AuapeeB A.A., Auapeesa H.b.
XepCoHChKHI HaBYAIbHO-HAYKOBUH 1HCTUTYT HalioHanmsHOTO yHIBEpCHUTE-
Ty KopabieOyayBaHHs iMeH1 aaMmipana MakapoBa, Ykpaina

EdexkTuBHICTS BUKOPUCTAHHSA TEIUIOTH PEUMPKYJISAUIHHNX ra3iB CyAHOBOIO
JABHUIYHA TENJIOBUKOPHUCTOBYIOUYNMH MAIIMHAMM

ITocTtanoBka npodaemMu.3a0pyTHEHHS HAaBKOJIHUIITHBOTO CEPEAOBHINA IIKI-
JUTMBUMH BUKWJAMU 3 JIBUTYHIB BHYTpImHbOTO 3ropsiHus (/IB3) 3 BogHOTO TpaHCc-
MOPTY B IaHUU Yac € TOCTPOIO POOIEMOI0 Y BChbOMY CBITI, SIka BU3HAHA OaraTbma
eKCIIepTaMu 3 PI3HUX Tally3ed: eKOJIOT1i, eHEPreTUKH, €KOHOMIKH, MEIUIIMHA TO-
0. He3Bakarouu Ha pi3HI 3aX0/H 110 BChOMY CBIT1 €KOJIOT1YHA CUTYAIlisl MPOJAO0B-
kye noriparyBarucs. [1, 2]. lle HeraTUBHO BIUIMBA€ Ha €KOJIOTIYHY CHUTYAIlO B
paiioHaxX BOJIHUX PailOHIB, MOPTIB, PEMOHTHUX 0a3, Ha ¢uiopi Ta dayHi BOAHUX Oa-
CEHIB Ta Ha 3/10poB's JroauHKu. Ha ganuit yac 6yiau po3poOsieHi MEeToIu JiJisl 3Me-
HieHHs: BMicTy NOx y BiANpalbOBaHUX Ta3axX J0 CTaHJAPTIB, BCTAHOBJICHUX Yy
IMO Tier I1. [3].

MixkHapOIHI KOHBEHIII1 BCTAHOBJIIOIOTH CYBOPI BUMOTH IIOJI0 TEXHIYHOTO
CTaHy CYyJICH Ta IMpoIleCcy iX ekcruryaraiii. HegpoTpumaHHs X cTaHAapTIB M1 Yyac
pOOOTH CyJHAa MOYKE IIPUBECTHU JI0MOr0 0OMEKEHHs a00 3a00pOHM aIMIHICTPATHB-
HOIO0 mpouenyporo[4, 5]. 3 2016 poky Oynu BBeaeHi HoBl ctangapTu IMO Tier I11.
BianoBinHo 10 HUX, y peryiboBanux paioHax (ECA) KUIBKICTh HIKIAJIMBUX BH-
KH/JI1B TOBUHHA 3MEHITYBAaTHCS OUIBII HIXK Ha 3 pa3u.

Oxkpim okcuiB a3zoty, npaswia IMO TakoX 0OMEXYyHOTh BUKHUJIA OKCHUIB
cipkuSOx. Best cipka motparuisie B kamepy 3ropsiHHS pa3oM 13 TaJuBOM, TOMY BU-
kuu SOx MOKHA 3MEHIITUTH JIUIIE 32 JIOTIOMOTOI0 BUKOPUCTAHHS MajuBa 3 HU3b-
KUM PIBHEM CIpKH.

OcHoBHA YacTHHA.Y TEXHIYHIN JITEpaTypl pO3TISAalOThCS HACTYIMHI Me-
TOAW 3MEHIIEHHS IIKIJJUBUX BUKHUIIB: BUKOPHUCTAHHS TPATUIIMHOTO BaKKOTO
najavBa Ta BUKOPUCTAHHA J0JATKOBOIro o0JaAHaHHs (CKpyOep) s HelTpamizaiii
Ta OYUIIEHHS BIANPALbOBAHMX ra3iB (Cepel] LUX METO/IB BiJ3HAUYECHA PELIUPKYJIs-
Iisl BIAMPAIlbOBAHUX Ta3iB); BUKOPUCTAHHS AJIbTEPHATUBHUX BUIB MajuBa, 110
BI/INOBIIaI0TH cTanAapty IMO; BUKOpHCTaHHS ABOCTYIIEHEBUX KOTJIB, IO JI03BO-
JIsi€ 3MEHIITUTH CTIOKWBAHHS MaJIMBa Y BUMAJIKY BUKOPUCTAHHS MaszyTy. MeHIie
NajyBa CHATIOETHCS - MEHIIE BIAMPaIlbOBAaHUX Ia3iB 1 BIMOBIIHO MEHIIIE IIKIIJIN-
BUXBUKUJIIB IOTPAIJISIOTh Y HABKOJIUIITHE CEPEIOBUIIIE.

OmHuM 13 IEPCHEKTUBHUX HANPSIMKIB Y €KOJIOTIYHOCTI CYJHOBUX JIBUTYHIB
€ HeWTpai3ailisl MKIJIMBUX PEUYOBUH Y BIAMPAIIbOBAHUX ra3ax 3a JOTOMOTO0 iX
perupKyAiii. Y 1boMy BUTIQJKY BiANIpaIlbOBaHl ra3d OYUIAIOTHCS B CKpyOepax,
a 1X TeII0 BUAAISETHCS MOPCHKOIO BOAOK0. [licis 1pOoro ouwIneHi BiAmpa-oBaHi
ra3u MojarThCs Pa3oM 13 HalyBHUM TMOBITPSAM MICHsI TypOOKOMIpecopa Hazam y
muTiHApy aBuryHa (texsosoris EGR).

OpHak BUKOPHUCTAHHS TaKUX TEXHOJIOTIHM MOB'sI3aHE 3 JTOAATKOBUMH BHUTpA-
TaMU Ha €HEPrito JJI peUUpPKYJISIii ra3iB Ta BTpaT TeIjia 3 MOPCHKOIO BOJAOIO, 1110
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MPU3BOIUTE 10 301IBIICHHS CIIOKWBAaHHS TaJIMBA Ta 3MEHIICHHS MOTY>KHOCTI
JMBUTYHA. Y TOM K€ Yac, OXOJOKEHHS BITYCKHOTO TMOBITPS IBUTYHIB 3a0€3MEYNTh
3MCHIIICHHS CIIOKMBAHHS ImajuBa |6, 7].

VY 3B’s3Ky 3 IUM BUNPABAAHUM € BUKOPUCTAHHS TEXHOJOTIN yTHIIi3amii Te-
Iia BiAMPaIibOBAaHUX Ta3iB PEIUPKYJIIAIT 1T OXOJOHKCHHS MOBITPS HA BXOJI B
JMBUTYH IS TTIBUIICHHS €KOJIOTIYHOCTI Ta MAJMBHOI €(PEKTUBHOCTI CYTHOBOTO
nuzens 3 BukopuctanHsaMm cucreM EGR. Li TexHomnorii 103BONSIIOTH MBULIUTH
E€KOHOMIIO JIU3EJIbHOTO MaJluBa 32 PAXYHOK OXOJIOMKEHHS TOBITPSI JJI 3TrOPSHHS
BIJITPAIbOBAHUM TEIUJIOM 3a JIONTOMOTOI0 XOJOIUIIbHUX MAIIHH.

EdexTuBHICT 3acTOCYBaHHS 3alIPOIIOHOBAHOTO TEXHIYHOTO PIIICHHS MPO-
aHai30BaHO Ha ocHOBI cuctemMu EGR, TunoBoi /71 ManooO6epTOBUX IBOTAKTHUX
nuzenbHuX nBUryHiB MAN BianosigHo go HopM Tier III. Penmpkynsiis 3ade3mne-
qyeThCs 0almacoM YaCTUHHM OYMIICHUX Bl IMIKIJIMBUX ra3iB BIAMpaIllbOBAaHUX T'a-
31B y CKpyOepi Micisi OXOJIOPKEHHS B TEIJIO0OOMIHHUKY-Ta300X0JIO[XKyBaul.

PosrasHyTO pimeHHs 3 BUKOPUCTAHHSM TETUIOBUKOPHCTOBYBAJIHHOTO KOH-
Typy abcopOuiitHoi xomoawibHOT MammHu (ABXM) nis nBOTaKTHOrO JBUTYHA
6G50ME-C9.6. [Ins aHamizy CUCTEMHUX MapaMETPIB 1 XapaKTEPUCTUK TU3ETIS BU-
kopuctoByBaBcsi makeT mporpam CEAS [8]. is po3paxyHKYy BHKOPHCTaHO Ha-
CTYMHI1 BHUXIJIHI JaHi: mOTYXHICTh — N, = 9288 kBT; HaBaHTa)K€HHS JBUTYHA —
NMCR = 90%; nutoma Butpara nanusa (SFC) — g, = 166,0 r/(kBt'rox); yactota
obepranns — N, = 96,5 06/xB; cuctema EGR.

Po3paxyHOK XapakTEepUCTHK JBUTYHA IPOBOJUBCS Ha POOOUOMY pExKUMI
iy yac peiicy cynna Opneca — [llanxait. Ha puc. 1 mokazaHo 3MiHM KJIIIMAaTHYHUX
YMOB IIiJI Yac IJIaBaHHs (TeMIiepaTypa MOPChbKOi Boju ty, TeMreparypa HaBKOJIU-
IIHBOTO TOBITPS ta, BIIHOCHA BOJIOTICTh (95 Ta a0COJIFOTHA BOJIOTICTH U,).
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Pucynok 1. 3miHa KIiMaTHUHUX YMOB (TeMIepaTypa MOpChbKOi Boau tw, TemmnepaTtypa
HABKOJIUIIIHBOTO MOBITPS ta, BITHOCHA BOJIOTICTh (a Ta a0COJIFOTHA BOJIOTICTD Ua) IMijT Uac peicy
cynana Opneca-1llanxai

[Tim yac BUKOpUCTAHHSI CUCTEMHU PEIUPKYJIAIII BIIPAIlbOBAaHUX ra3iB dac-
TUHa BignpamboBaHux rasziB (10-40%) HagxoauTh y CKpyOep CHCTEMHU PEIUPKY-
nsuii (SRS). ¥V HbOMy BOHU OUHINAIOTHCS IUISIXOM PO3MUIICHHS BOAM uepe3 (op-
cynku. IToTim BiampanpoBaHi ra3d OXOJOJKYIOTHCS B TEIJIOOOMIHHUKY - ra3o-
OXO0JIOJIPKyBaul (HarpiBaui BoJu JJisi TeHepaTopa xonojaoareHTy AbXM), koHAeH-
COBaHa mapa 3 BiJMpalbOBaHUX T'a31B BIIBOJIUTHCS Y€pe3 KOHEHCATOYJIOBIIOBAY 1
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OXOJIO/KEHI Ta3u MOJIAI0ThCSI BEHTWISTOPOM B PECHBEp MPOIYBHOTO MOBITPS, 1€
ra3u 3MIIIYIOThCS 3 MPOJYBHUM IOBITPSIM, IO HAAXOIUThH 3 TypOOKOMIIpecopa
[4].

SFC 3 cucremoro EGR na petici cranoButs 168-170 r/(kBTt°rox). B ibomy
BHNAAKY KoedilieHT pernupKyIsiii cranoBuTh K, = 13-15%. 3aranpHa MacoBa BH-
Tparta BiampanboBaHux ra3iB Gy = 18-20 kr/c, a BUTpaTa peIUPKYIIAIINHIX Ta3iB
Ggr= 2,8-2,9 kr/c. MacoBa BHUTpaTa «CBIXOTO» TMOBITPSA 10 TypOOKOMIIpecopa
nBuryHa ctaHoButh G = 16-17 kr/c 6e3 cucremu EGR, a i3 cucremoro EGR
Gaegr = 13-14 kr/c. nsa asuryna 6GS0ME-C9.6 3a po3paxyHkamu 3 BUKOPUCTaH-
HsIM niporpaMHoro komiiekcy CEAS mnpu 0xofio/1keHHI BCMOKTYBaHOTO TOBITPSI
Ha koxHI 10 °C 3HWKEHHS NUTOMOI BHUTpaTH TnajguBa crtaHoButh 0,109
r/(xkBt'ron-K) Ha xoxHi 1 °C 3HM)KEHHS TeMIiepaTypy MOBITPSL.

PesynbraTu anamizy eeKTUBHOCTI POOOTH PEHUPKYISIIIIHHUX Ta30BUX Tell-
noytunizatopiB ABXM 3 KKJI ¢ = 0,7 cBiiuath mpo OTpUMaHy XOJOAONPOTYKTH-
BHICTB: Qo.rq 07) = 690-750 kBTt (¢= 0,7). Lle#t crmoci6 m103BosIE 3HU3UTH TEMITepa-
Typy TOBITPS, IO HAAXOAUTH Y TypOOoKoMIIpecop aBuryHa: Ataoz= 9,3-21,5 °C (¢
= 0,7). Y cBorw uepry, 1¢ NpU3BOAUTH A0 3HWKCHHS IHUTOMOI BUTpaTH Iaju-
Ba.lluromaButparananusa cTaHOBUTH (pHC. 2): AJe.0,7)= 163,0-167,3 r/(kB1°T01)

€=0,7).

e, r(xBT'TON)
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Pucynok 2. [ToTouyHi 3Ha4eHHsI MUTOMOI BUTPATH MajrBa 0a30BOT0 ABUTYHA 3 PEIUPKY-
TISIIET0 Ta31B Jep. TA 0€3 HEl Je, MUTOMOI BUTPATH MAJINBA IBUTYHA Je.rg(0,7) 3 OXOJIOKEHHSIM T10-
BiTps Ha BxoAl B ABXM (= 0,7) mpoTsirom peiicy cyaHa

3HIKEHHSI BUKHIIB 32 PAXYHOK 3HUKEHHSI TEMIIepaTypH MOBITPS Ha BXOJI1
Py BUKOPUCTAHHI TEIJIOTH PEUUPKYIAIMIAHUX (EKOJOTIYHUX) Ta3iB CKIIAJAE:
AQsox=2,2-2,4 r/(xkBT ron) 1 Agnox=10,2-10,6 r/(xBt rox). Koediuient peunpky-
JISILT BIATIpalbOBaHUX ra3iB npu 1bomy ctaHoBuTh K, =30 %.

BucHoBku. by BukoHaHU aHaIi3 MiABUIIECHHS eKoyioriuyHo1 0e3nmekuCEY -
3a paXyHOK OXOJIOJIP)KEHHS MOBITPSl HA BXO/I1 Y ABUTYH IUISIXOM yTHJII3allli CKHIHO1
TEIJIOTU BUIYCKHUX 1 PEeHUpPKYJsUiMHuX (ekojoriyHux) rasiB.lle 3abe3neuye
KOMIICHCAIIIF0 TUX BUTPAT MAJIMBA, [0 3yMOBJICHISIK OYUIIICHHSM B1JIX1THUX ra3iB-
31 CKHJIaHHSM iX TEIJIOTH 3a00pTHOO BOAOIO,TaK 1IpelHUpKyJIsIieto. Takox Mae Mi-
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CIIe JI0JIaTKOBE CKOPOYEHHS BUTPATH MayvBa Ha 2-3 % Ta BUKHIIB IIKIIJIUBUAX
NOx 1 SOx.
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[TonoBunka E.M., TaOynincekuii [.M.
Hanionanenoro YHiBepcutety «Onecbka Mopcbka Akanemisi»

IIBuaKiCHA XapaKTEPUCTHKA CHCTEMH NMAJUBONOAAYI common rail ABUryHiB
rt-flex

3araapHONPUIHITAME IS Taly3l MaJuBHOI arapaTypy CYJHOBHUX JIHU3EIIB €
NpEJCTaBICHHS poOOYMX MpoleciB y (Gopmi HaBaHTaKyBalIbHOI Ta IIBUIAKICHOI
XapaKTEPHUCTHK.

VY wmiif po6oTi mpeacTaBiIeHl pe3yabTaTH JOCHIIKEHHS MapaMeTpiB MaluBoO-
nojaaul akyMmyssiTopHoi cuctemu Common Rail npu 3MiHi yacToTu oOepTaHHS Ta
HE3MIHHUM KepyBaHHSM TPHUBAJIOCTI BIOPCKYBAHHS 1O KyTYy MOBOPOTY KOJIIHYAC-
TOT'O BaJTy, IIO BiJNOBIA€ IMIBUJIKICHIM XapaKTEPUCTHII.

Oco0smBe 3HAUYCHHS MPU JOCIIKEHH] TPOLIECIB MAIMBOIOAa4l MAa€ BIIACTH-
BICTh CHUCTEMHM - aKymyJsiTopHa TexHousoriss Common Rail 3 BUkopuctanHaMm J10-
natkoBoro npuctporo ICU (Injection Control Unit).

ImiTaniiine moaentoBanHs B cepenosuili GT-Power 3a0e3neunso aeranbHe
YSIBJIEHHS PO T1JIPOJIMHAMIYHI MPOIECH B MPUCTPOAX CUCTEMHU Ta MEPEMILLECHHS 11
MEXaHIYHHUX €JIEMEHTIB.

OyHKIIOHAJIbHA cXema cucteMmu nanuBonoaadi RT-flex, mo orpumana B Te-
XHIYHIN diTeparypi HaliMeHnyBaHHsS Common Rail, npencrasnena na puc. 1. Jlo-
CUTb JICTAJIbHO MOKAa3aHUl OCHOBHUU (PYHKIIIOHAIBHUHN OJIOK yIpaBJIiHHS BIIOPC-
kyBaHHsM (BYB) - Injection Control Unit (ICU). BYB 3nilicHioe nojgauy nanuBa B
HWTIHAP NpOTAroM (pa3u BIOPCKYBAaHHA MPHU MOBITOMIICHHI pOO0UYO0i MOPOKHUHHU
2 1 ¢popcyHOK uepes kinananu 6. OCTaHHI, CBOEIO YEPror0, BIIKPUBAIOTHCS CEPBiC-
HHUM MacJIOM BiJl KjanaHiB 7. EJeKTpuuHUil cUTHA KJalaHu 7 HaJIXOJuTh Bij 3a-
raJIbHOI KOMITFOTEPHOI cucTeMu ynpasiinas nsurynom WECS-9520.

bydepna nopoxxanna 3 bBB 3anuiiaeTscs mOCTIHO MOBIJOMIICHOIO 3 TIAJTH-
BHUM aKyMyJATOpoM. B pe3ynbTaTi mepemiiieHHs: J03yr4oro mopiiHs 4 BU3HA-
YAEThCS CHIBBIIHOUIEHHSIM 3yCHJIb, CTBOPIOBAHMX THUCKOM NajlKMBa B poOoOYidd Ta
oydepniit mopoxkxaunax. Kpim Toro, mae 3HaueHHs eexktuBHa mioma JI1. 3 6oky
O0ydepHOi MOPOKHUHU BOHA MEHIIIA 32 PAXyHOK IITOKA.

3oBHimHINA Bursaa Ta MoHTaX BYB na nBuryni RT-flex50 300paxeno Ha
puc. 2. Sk 3a3HayeHo BuIle, OJOK KianaHiB po3mimieHuii Ha kopmyci bYB. Ilpu
bOMY KJIAMAaHU pPO3TalIOBaH1 6 TOPU30HTAIBHO 1 MAlOTh TEIUIOBY 130JISL1O.

[Tepexoasum 10 opranizamii JOCTiHKEHHS 1Tl TOOYI0BH IMIBHIKICHOI XapaK-
TEPUCTUKHU, 3YIIMHUMOCS Ha po3paxyHKoBiit cxemi. [Ipu ii po3poOiii craBmiocs 3a-
BJIaHHS CTBOPEHHS MOJIE, 10 JTOCUTh TTOBHO OMUCYE (DYHKIIIT OKpEeMHX eJIeMEH-
TIB CHCTEMH 3 YPaXyBaHHIM iX peajbHUX IMapaMeTpiB.
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ImiTartiiine MOACITIOBAHHS MTPOIIECIB MAMBOIIOAAYl MPOBEJAEHO MPU HE3MIH

1
2 3
Control -
0il \Yn
Fuel quantity pistion Fuel quantity
N\ gigan| 8
Rail valves 1
7 | h
Injection
6
Injection control H- H H H H
valves [ —
Zl J ( 1 L 2 Fuel
—t nozzles

Yv vy

Puc. 1.AxymynstopHa cucrema BropckyBanus nanusa ACBT (CR-Common Rail)
neuryHiB RT-flex:
1 - 6nok ynpasninas BropckyBanusMm (BYB) - Injection Control Unit - ICU; 2- PoGo-
ya nopoxuuHa PIT BYB;, 3-0ydepna nopoxuuna bIl BYB; 4- no3yrounii nopiuieHsb
JAIT BYB (QP-Quantity Piston); 5 - manuBuuit akymynsarop TAK (Fuel Rail); 6- kia-
NaHu ynpasiiHHSA BrnopckyBaHHAM (Injection control valves); 7- kimanaHu akymyms-
Tona* R- naTuuk nmuknorni nonaui ( Fuel anantitv cional)

HI{ TPUBAJIOCTI BIIKPUTTA KianaHa ynpasiiaas B 12 ° [IKB Ha mectu pexu-
Max 3a 4acTOTOI0 OoOepTaHHs JBUTyHa B giama3oHl n=68-149 06/xB. Pe3ynpTaTn
MIPOBEJICHOTO JIOCITIKEHHS MIPEACTaBIICH] Y TaOMMIll. Y3arajJbHeHE MoJaHHs Ta0-
JUYHUX JIAaHUX, 10 TPEACTABISIE MIBUAKICHY XapaKTEPUCTUKY CHUCTEMHM IMOjadi,
odopmIIeHO Ha puc. 3.

Jlnst aHanizy y3arajdbHEHUX 3aJIeKHOCTEH PO3TIISHEMO PO3BUTOK MPOIECIB Y
OKPEMUX MPUCTPOSIX CUCTEMH.

Ha puc. 4 nano 3anuc rigpoauHamivaux sBuil B bYB, mo Bu3Havyae nepedir
BITOPCKYBaHHH.

Ak mapamerpu, o GopMyIOTh (PYHKIIIIO OJIOKY — MEPEMIILIEHHS 103YI0UOT0

[IIBuaKicHa XapaKTepUCTUKa aKyMYJIATOPHOI cucteMu nanuBonogadi Common Rail

O max,
n, o X, hn, O, Vi max, Jos Pp.m, P6.n,

o6/ | TIKB MM | mMm |°TIKB| w/c Kr/cex Oap Oap Gu T
68 134,77 | 287 | 135 | 30 0.49 0.507 633 763 30.9
87 1355 1289.9] 10.6 | 29.9 0.49 0.507 633 769 23.86

105 1355 1291.7] 8.85 | 29.9 0.49 0.507 633 767 19.54
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Puc.4. Ocuunorpamu mporecis y BYB nipu n=149 06/XB: Pp.n — TUCK
y po0odiii MOpOKHUHI, P6.n — TUCK Y OydepHiil mopoxkHUHI, Vi
MIBUIKICTH TOPIITHS

MTOPIITHS -
Mpe/CTaBICHI THC-
Ky MajiuBa B JBOX
MOPOXKHUHAX:  PO-
6ouoi Ta OydepHOi
- pp.ru p6.n-

CraH KIHIIEBOI
da3u  3amoBHEHHS
po00Y0i TOPOKHU-
HA TQJIUBOM, IIIO
XapaKTEPHU3y€EThCS
PIBHICTIO THUCKIB Y
PII ta BII, mo cra-
HoBUTH 800 Oap. Lle
BIIMIOBIZIa€  TIOBEP-
Hennto /I y Buxi-
JTHUW CTaH IpHU
3'€elHaHHI 000X TO-
POXKHUH 3 TIaJIUB-
HUM  aKyMYyJISITO-
pOoM.

da3a BHOPCKY-

BaHHS MouyuHaeTbes npu 3'eqnanHi PIT 13 dopcynkamu yepes knananu 6 (puc.l).
Ha minsami ¢= 120 -127°TIKB JII1 po3raHseTbest 70 MaKCUMAJIBHOI IIBUAKOCTI VIT
max = 0,49 m/c. Pemrra mogaui rmajimBa 31MCHIOETHCS
py He3HAYH1# 3MiHI mBHakocTi JI1.
3HIDKEHHS MBUAKOCTI mounHaeThes npu @= 136 ° I1IKB, a 3BopoTHUit pyx mopii-
Hs - 3 0= 136,9 °I1KB, Binpa3sy micnsa 3ynunku. Kinemaruka 3BopoTtHoro xoxy JAI1

cUMeTpHUYHa poOoUiil (a3 3 Ti€r0 K€ MIBUIKICTIO.

HaBeneni xapakTepuCTUKK BU3HAYAIOTHCA KOHCTPYKTUBHUMHU MapaMeTpaMu
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CUCTEMH, 110 33Jat0Th 3MiHY THUCKY B nopokunHax bYB. Tuck y po0ouiii mopox-

Vi1 max.
M/c Vi1 max
049 |—o—t—e :/ ~——o—o
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Puc. 3. [lIBusKkicHa XapaKTepUCTHKA

aKyMYJISITOPHOI CHCTEMH BIIOPCKYBaHHS

naxusa Common Rail

HUHI TIPU MAKITIOYeHH] GopCy-
HOK magae 3 800 mo 633 OGap,
30epirarounch y aiamnazoni 633
- 640 6ap OpOTATOM OCHOBHOTO
nepiofy YMOPCKYBaHHS Maju-
Ba. 3aKkiouyHa (aza MajruBOIO-
Jlayl CYMPOBOJKYETHCS IT1BU-
HMIEHHAM Ppn 10 700 Gap. Ha
JusHIN 3BopoTHOro xoay JIT 1
3aroBHeHHS PII P, 3MIHIOETH-
Csl HE3HAYHO, 3aJIUIIAI0YNCh Ha
piBH1 680 Gap.

[HIIIUM icTOTHUM Tapame-
tpoMm st BYB € Tuck y 6yde-
pHIi  mopokHUHI. Buxiane
3Ha4YeHHS Pon = 800 Oap. Ilo-
Jlanplia 3MiHa Py € pe3ysIbTa-
TOM  B3aeMoJli  €JIEMECHTIB
CKJIQJIHOI T1IpOAMHAMIYHOI CH-
cremu: popcynku — PIT — JIT1 —
BIT — TA 3 xkepytouuMH MPUCT-
pPOSIMU Ta CIIOJIYYHUMHU J1JISTH-
KaMH KaHajiB Ta TPyOONpOBO-
ITIB.

Posrin Il cynpoBomKyeThCS
NaJiHHAM THUCKY B OydepHiii
nopoxxuudi BYB 3 800 no 764
O0ap. IlpoTaroM OCHOBHOIO
YIOPCKYBAaHHS Py TOBTOPIOE
bopMy Ppn , 3AIMLIAIOYHUCH Y
niama3oni 764- 775 6Gap. Ilpu
peBepci JIII cmoctepiraerbes

iaHOM Psy 10 848 Oap. 3BopoTHwmit xia I ine 3 Psn piBHOMY 848-830 Oap. IIpu
synunil JI1 renepyroThes 3aracarodi KOJMBAaHHS Pey 3 IEPBICHUM po3mMaxoM 735
-855 6ap, TpuBainictio 150-170°TIKB 13 ciMmoMa KOJTMBaHHSIMU.

[Tepemimenns JII1 Bu3znagae GopmyBaHHS ITUKIOBOI MOAadi, MPOIEC SKOTO
npencraBieHuid Ha mMai. 5. ['padik moOyaoBaHui y BUIJISAI MOTOYHOI CyMapHOl
KUIBKOCT1 TaJIMBa, BIOPCHYTOTO JIO0 MOTOYHOTO 3HAYEHHS KyTa MOBOPOTY. 31 30i-
JBIIEHHSIM YacTOTH OOEpTaHHS IMKJIOBA IoJada CKOPOUYYEThCS BIAMOBITHO 10
3MEHIleHHs 4acy ynopckyBanHs W xoau [II. ['opu3oHTanpHI AUISHKHA KPUBUX
CTaBJIATHLCS JI0 MMPOMDKKY MK YITOPCKYBaHHSM IajIUBa.
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Puc.5. 3anexHicTs MUKIOBOI 1014l [TaJIMBa Bl
KyTa MOBOPOTY KOJIIHYACTOTO Baly IMPH Pi3HUX
mBUIKOCTAX N[06/xB]: 1-68; 2 — 87; 3 -105; 4 —
124;5-136; 6 — 149

Jliarmazon  3MiHH
gy ckamaB 30,9 - 13,39

T..
BucHoBkH

[IpoBeneno imiTarii-
HE MOJCITIOBAHHS TIa-
JUBOMOAAYl aKyMyJsi-
TOPHOIO CHUCTEMOTO
Common Rail cyano-
BOTO Majgo00epTOBOTO
neuryna tummy RT-Flex
HAa 6 peKMMax IIBUJ-
KICHOI XapaKTepUCTHU-
KA B [Jlama3oHl 4acTo-
TH obepraHHa N= 68-
149 00/xB, mocTaTHIX
U1 OOYAOBH  BIJIIIO-
BIIHUX 3aJI€KHOCTEH.

[IIBuaKicHA XapaKTepUCTUKA TIpeACTaBiieHa y (opMi y3arajibHEHHUX 3aJeKHOCTEN

Ta JETAJIBHOIO OMUCY MPOIECIB B €IEMEHTaX CHCTEMH.

[Ipouecu B BYB, 1m0 Hagae BU3Ha4YanbHUN BIUIMB HA XapaKTEPUCTUKH MATABOIIO-
Jlayl, OMMCaH1 3MIHOI0 THCKY NajuBa B poOouiil Ta OydepHiii mopoKHUHAX, a Ta-

KO JJMHAMIKOIO MEPEMIIEHHS MOPIIHS, IO JT03YE.

VYMOBHI ITO3HAYEHHS;

N —gactoTa obepTaH- @n - KyT mogaui 11,
HSL; Vi max - IIBUAKICTH J{IT
(nmax- KyT MakciMa-  MaKCHUMallbHa;
JBHOTO TIEpEeMIIleHHsT (g - IHTEHCHBHICTh
AIT; YIOPCKYBaHHS;

Xn - koopauHata [I1;  Pp.n - THCK y poOouiit
hy - mepe6ir A1, nopoxxuuHi BYB;

O - IMKJIOBA MOJayva.
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[Tetpoxunpkuit H. M., ITlonoBunka E.M.
HarmionansHoro YHiBepcuteTy «Onecbka Mopchka Akagaemisn

TexHoJ0orus NMPUIroTOBJCHUA BOAOTOIVIMBHBIX 3MyJIbCHﬁ H aHAJIHU3 UX
NMPUMEHECHUA B TU3CTAX

Ines BukopucTaHHS eMyJbeil «Boja B au3eni» (W/D) B ocTaHHIX JOCHIIKEH-
HSIX K MMaJMBO JIJISl TU3EJIbHUX JBUTYHIB TOJIATAa€ B 3MEHIIICHH1 BUKU/IB. BBeneHHs
BOJIM B JU3CJIBHUN JBUTYH 3 BUKOpUCTaHHIM W/D eMyibCli Ma€e psi MOTEHIIIHHUX
nepeBar 1 MO)K€ BUKOPUCTOBYBATHUCS SIK aJIbTe€pHATUBHE ManuBO. OHUM 13 BaXKIIU-
BUX (DaKTOPiB BUKOPUCTAHHS I[LOTO MaJiiBa OyB PO3MOJLT Kpareib BOJU B €MYJbCil
Ta CTaOUTBHICTH EMYJIbraTopa.

VY nmaniii po6oTi OyJIO ITOCHTIHKEHO BIUIMB JI03YBAaHHS e€MyJibraTopa (CITiBBiJI-
HOIIICHHS BOJa/Am3elb) 1 HarpiBanHs emyibeii W/D Ha mepion ctabitbHOCTI 3a J10-
MIOMOTrol0 onTUuyHOro Meroxy. JocmimxkyBanu S 3paskiB B/Jl emynbcii npu pi3HHX
no3ax emyissraropa (5%, 10%, 15%, 20% 1 25%) BmicTy Boau, npu LbOMY Harpi-
BaHHs eMyJbciit ipoBoauau mipu 40 o C, 60 o C , Ta 80 0 C. Pesynpratn, oTpumani
B XOJ1 MOTOYHOI POOOTH, MOKa3aiM, 1o 30iIbmeHHs 103U Boau 10 W/D emynbcii
MaJio HETaTUBHUM BIUIMB Ha MEp1oj CTaOUIBHOCTI, TAKOXK MMIJBUILIEHHS TEMIEpaTypH
HarpiBarnHs W/D emyibcii moka3ano HeraTUBHUN BIUIMB Ha CTIHKICTh €MYJIbCII.

B ocranHiX mocnimKeHHSX 1/1es] BAKOPUCTaHHS eMYIbCii: BoJa B AM3ell a0o
JIU3€ITb Y BOJI1 SIK TIAJTMBO JIJIS TU3EJIbHUX JABUTYHIB MOJISATAE B TOMY, 100 30UTBIITUTH
BMICT KHCHIO B CYMIIIll 3rOPSIHHA Ta 3MEHIIUTUA BUKUIU. JeKkiibKka n1ociiiHukiB Yen
1 Tao (2005) , Kannan 1 ¥Ygaskymap (2009) gifinuin BUCHOBKY, 1110 €MYJIbCii BOJIHO-
mm3ensHoro (W/D) 3menmrytots Bukuau NOX, CO 2 i He3ropinmx BYTJICBOIHIB
(HC). Kpim Toro, ToCii»KeHHsI TIOKa3aJId, 0 BiH MOXe ¢()eKTUBHO 3HMKYBAaTH Ma-
KCHUMAaJIbHY TEMIIEPaTypy MOJyM s Ta IMiIBUINYBATH €(PEKTUBHICTH 3TOPSHHS, TAKUM
YHHOM 3MEHIIYIOUH K HEe3ropiii ByriieBoIHI, Tak 1 Bukuam, Park et al. (2000) , An-
npea Ta iH. (2003) , Tay3sis Ta 1. (2010) 1 Cy6pamanss (2011) . Otxe, € 6araro re-
peBar Bukopuctanus W/D eMmyibcii ik maquBa JUIsl JU3CIbHUX JABUTYHIB, TAKUX 5K
OLIBIII TTOBHE 3TOPSIHHS, 110 IPU3BOAUTH 0 KPaIoi €KOHOMIT MMajruBa Ta YUCTIIIOTO
CHATFOBAHHSI MAJIMBA 3 MEHIIUMHU BUKUJaMU. J[0 TENepilmHbOro 4acy TpUBatOTh HOBI
nocmmkenns emyibcii W/D, 1 HaBiTh ii MOpiBHsJIbHA MEepeBara MopiBHIHO 3 0a30-
BUM TIaJIJMBOM HE € 3arajbHOBiIoMOI0. KpiMm Toro, He3BuyaiiHa (izudHa moBeiHKA
eMYJIbCIi 1010 3MIITYBaHHS Ta BUIIAPOBYBAHHS B KaMepl 3rOPSIHHS Ta BIJCYTHICTh
PO3yMIHHS SIBUIIA TOPIHHA Ta CKJIATy CaXkli BCEpeIrHI KaMepH 3TOpsiHHS OyJid OJTHi-
€10 3 HaBAXKJIMBIIIUX PUYUH ISl BUBYEHHS BJIACTUBOCTEN €MYJIbCIi.

Kinpka mocaigHUIBKUX METOAOJIOTIN Oyj10 BUKOPUCTAHO JIsl BUBUCHHS €MY-
abcii W/D sk majuBa I TU3€IbHUX JABUTYHIB K YCEPEIWHI, TakK 1 103a KaMeporo
sropsinHs ABuryHa. AOy 3ain (2004) , Anamep Tta iH. 2010 , CeniMm Ta 1. 2001 , Ta-
Haka Ta iH. (2005) 1 (2007) BUKOPHCTOBYBaJM TOPU30OHTAJIbHI MOBEPXHI 3 He-
pKaBIOUOi CTall Ta alIOMIHIIO JJIs JOCHIIKEeHHS BumnapoByBaHHS W/D emyrbcii
IUISIXOM 3MiHM TemrepaTtypu moBepxHi Big 200 mo 550 .C npu armochepHomy THc-
Ky. Tomi sik I{ye Ta iH. (1996) BUKOpUCTOBYBaIM Tapsdy MOBEPXHIO, 13071b0BAHY BiJ]
aTMochepy MUITTHAPUIHOI KAMEPOI0 BUCOKOTO THUCKY, ITFO MIOBEPXHIO BUTOTOBIISIIH
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3 JopanoMiHito. TakuM YuHOM, 3aCTOCYBaHHS OKPEMOI Kparuli CycreHsii Ta rapsiaoi
MOBEPXHI SIK 3aco0y IJisg JAOCIIPKEHHS 000X SIBHUI MIKpOBUOYXY ISl TU3EIbHOI
eMYJIbCIi € Ay’e BOKIUMBUM JJIsi MPOTHO3YBAaHHS MPOLIECY 3MIIyBaHHS TOBITPS Ta
nanuBa . Pe3ynbTaT MOXyTh OYyTH HETOYHHMH TOPIBHSHO 3 OCHOBHMMH TMPHUITY-
meHHsMu. [IpoTe emmipuyHe NOCHIIKEHHS BIUIMBY IIMX SIBUIIl Ha CKJIAJl TOPIHHS Ta
BUKHJIIB yCEpEUH1 KaMepH 3TOPSIHHS 3aJUIIAE€ThCS HAMCKIIAAHIIINM 3aBJaHHSIM.
Excniepumentu 3 HarpiBanas W/D emynbcii

BingcoTok Boau B emylbcii, Temmeparypa eMyJbryBaHHS Ta pOOOYHN THUCK €
OCHOBHHMIMH ITapaMeTpaMHu, sIKi BIUTUBAIOTh HA CTAOLIBHICTh eMyJbeii. CTabUTbHICTD
emynbcii W/D nocnmikyBanu MmiJl BIUIMBOM HarpiBaHHS €MyJbCii /Ui BU3HAYCHHS
Yyacy pO3JIJICHHS KOMIIOHEHTIB emynbcii. Emynbcito W/D, migrotoBneny uis mo-
TOYHOTO AOCTIIKEHHS, CIOCTepiraiu npoTsarom oOinpiie 90 AHIB mpu HarpiBaHHI B
niana3oni Temnepatyp Bix 28 o C no 80 o C, mo6 aizHatucs, yu Oyna BOHA €MYJIb-
rOBaHOIO (BHUSBJIEHO CTAa0UIBLHOIO MPOTATOM IbOro mepioay) uu Hi. 500 mMi Tpbox
eMylnbciit 3 no3yBaHHsIM Boau 5%, 10% 1 15% BusHayanu mpu Temmeparypax B
niara3oni Bia 28 g0 80 o C. s HarpiBaHHS 3pa3KiB A0 HEOOXI1THOI TeMIlepaTypu
BUKOPUCTOBYBAJIM JYXOBKY 3 €JICKTPUYHUM HarpiBanHsMm 127°C, yucty KiMHaTy, y
CTaOlILHUM CTaH Il 3pa3Ku OyJIM MepeBipeH] Mep1OgUIHO.

PucyHok2 ®oTo ana ontuyeckoro Mukpockona tuna MeijiTechno

PucyHok 1 W/D 3pa3ku emynbcii 3 5%, 10%, 15%,
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Posmnonin kpanesns 3a po3mMipom
[Io6 3’scyBaTH, 4M BIUIMHYJIO 30UIBIIEHHS 03U BOJU B €MYJIbCii Ha KUIBKICTH 1
pO3Mip  Kpamejb BOJW, PO3MOJUT PO3MIPIB  Kpameilb BOAU  JIUCIEPCHOI

400
350 Water dosage = 5%
300
250
200
150
100

s0

Droplet frequency

1.23 1.46 1.68 1.83 2.2 25 a2 5.6 6.2 7.6
Dropletsize. pm

Water dosage = 10%%

Droplet frequency

1.21 1.62 1.89 2.4 3.5 a6 5.1 5.6 6.2 7.3
Dropletsize. um

Water dosage = 15%

Droplet frequency
:

1.23 1.62 1.9 2.5 3.5 a.6 5.1 5.6 6.2 7.3
Dropletsize. pm

500

450

400 Water dosage = 20%%
350

300

250

1.23 1.62 1.9 2.5 3.5 4.3 5.2 6.1 6.8 7.5
Dropletsize. pm

Droplet frequency

450
400
350
300
250
200
150
100

S50

Water dosage = 25 %

Droplet frequency

1.23 1.62 1.9 2.8 35 4.3 B2 6.1 7 L 4 7.9

Droplet size. nm

3’aBnfAeTbCcA rictorpama gna emynbciii 3 Bmictom Bogu 5%, 10%, 15%, 20% i 25%.

BruiuB HarpiBaHHs eMyJibCii Ha PO3MOJILIT Kpamneib 3a PO3MipoM
OyJ10 BUBUEHO BIUIMB HarpiBaHHS Ha CTAOUIBHICTH €MYJIbCIT MPU PI3HUX TEMIIEPATy-
pax 28 0 C, 40 0 C, 60 0 C 1 80 o C, a motiMm OyB BUKOPUCTAHUN aHAI3 MIKPO-
CKOIMYHUX 300paKE€Hb ISOOUYUCTITh MEXKY BOJOBUIIUICHHS JIsI KOXKHOTO 3pa3ka
5%, 10% 1 15% BignoBigHo. Ha pucCyHKy 5 mpeacTaBiieHi MeXi pO3AUICHHS IS
emyinbcli W/D 3 pizaumu temnepatypami Bif 28 o C 1o 80 o C nipu 103yBaHH1 BOJIU
5%, 10% 1 15%. 3 uporo MaatoHKa BUIAHO, 1110 3MiHA MOBEPXHEBO-aKTUBHOI PEYOBH-
HU BHACJIJIOK 30UIbIIEHHS IIBUAKOCTI HarpiBaHHs Oyjla HalBaXXKJIMBIIIUM (PaKTO-
pOM, SIKUI BIUIMBA€E HA CTAOUIBHICTh eMyJbceli. Ha puc. 5(a) npu 5% no3yBaHH1 Boau
Ta mBUAKOCTI HarpiBanHsa 28-80 o C miamerp kparuti 30uIbmuBCesa 3 98 1o 115 Mxm
70 MEXI1 PO3AUICHHS, TOJMI K TMepioj] 3MinTyBaHHs 3MeHmuBCs 3 93 no 47 nuiB. Ha
puc. 5(b) mpu 10% mo3yBanHi Boau Ta mBUAKOCTI HarpiBanHs 28-80 o C miameTp
kparuti 30uemuBes Big 110 mo 123 MkM 10 MEXi MO1TY, TOMAL SIK P10 3MIITyBaH-
Hs 3MeHIMBCsA 3 76 1o 34 nuiB. Ha puc. 5(c) npu 15% no3yBanni Boau Ta HIBUI-
kocti HarpiBanHs 28-80 o C giameTp kparuti 30itbmmBces 3 122 1o 131 MM 10 Mexi
MOy, TOAl K Mepiof] 3MilTyBaHHs 3MeHIuBces 3 58 10 19 aniB. Hapemri, excre-
PUMEHTH TOKa3aJid, M0 30UIbIIEHHS WIBUAKOCTI HarpiBaHHs mia W/D emynbcii
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MPU3BEJIO A0 CKOPOUCHHS Mepioay ctadbiibHOCTI. KpiM Toro, 11e moB's13aHO 3 THUM, 1110
BOJIa 1 AW3€JIb MAlOTh PI3HI TEIJIOBI BJIACTHBOCTI: TEMIMEPATYpPy KHUITIHHS 1 IIBH/I-
KICTb BHMIIAPOBYBAaHHA. TakUM YMHOM, MOJIEKYJIM BOJIU PO3IIMPIOIOTHCS Ha CTajli
HarpiBaHHs IIBUJLIE, HIXK JAU3€JIb, CTBOPIOIOUN IPUCKOPEHHS 10 a3y MOALTy.

BBeneHHs1 BOASIHOI mapu MpsIMO YU OINOCEPEAKOBAHO B KaMmepy 3TOpPSIHHS €
OJTHUM 13 €()eKTUBHHX 1 HAMOUIBIII €KOHOMIYHMX 1HCTPYMEHTIB 3MEHIIIEHHSI OKCHJIIB
azory (NOX) 1 TBepaux yactTuHOK (PM) y BUXJIONMHUX razax AU3EJIbHUX JIBUTYHIB.
baraTo mocnigHUKIB po3poOMIN pi3HI CHCTEMH ISl BBEJCHHS BOAM B KaMepy 3ro-
PSIHHS, Takl SK MpsiMe BIIOPCKYBaHHS BOJH, (yMiraiiisi Ta BOJAHO-TIAIMBHA €MYJIbCIsl.
VYci pi3HI cHCTeMHU MOYalld CTBOPIOBATHUCS HA MOYATKYy pO3pPOOKHU aBlalliifHUX MOPIII-
HEBUX JBUTYHIB, 1 3 TUX Mip OYyJI0 AOCATHYTO 3HAYHOI'O MPOTPECY B PO3POOIIi ONTH-
MaJbHOI CUCTEMH JJIsl 3MEHIICHHS 3a0pyAHIOIOYNX PEYOBHUH Y BUXJIOMHUX razax. ¥
IIbOMY OTJISIIOBOMY JTOKYMEHTI MPEJCTaBJICHI SK MepeBard, Tak 1 HEJAOJIKH PI3HUX
CUCTEM BBEJICHHS BOJH, OCATHYTI B OCTAHHIX JAOCIIKEHHAX. Tako BIH OXOIUIIOE
Pi3H1 0COOJIMBOCTI, OCHOBHI BUCHOBKH Ta TEOPETUYHI Ta EKCTIEPUMEHTAIBHI TT1IX0 U
70 BOJIHO-TU3EIbHOI €MYJbCli Ta MPSAMOI0 BIPUCKYBAaHHS BOIU ISl AU3EIBHOTO
JBUT'YHA Ha BHYTPIIIHBOMY BBEJICHHI1 JJIsl OJAJIBIIOT0 CKOPOUEHHS BUKU/IIB.

MeTtoa npsiMOro BHOPCKYBaHHS BOJAM B LMJIIHJP TaKOX MPUBEPTA€E yBary 4ye-
pe3 BUKOPHUCTAHHS BOAHO-AM3EJIBHOI €MyJbCli Ta (pyMiraimii 3 METOIO 3MEHILEHHS
NOx1iPM.

OnHuUM 13 HEAOJIKIB TEXHOJIOT11 BOJHO-AN3EIBbHOI €MYJIbCii € T€, 110 BiJICOTOK
BOJM HE MOXe OyTH 3MIHEHHI y EepEeXITHUX yMOBaX JBUTYHA (HAIPUKJIAJ, IPH XO-
JIOTHOMY 3aIlyCKy a00 3MiHI HaBaHTaXXEHHS) NOPIBHAHO 3 (PyMIrami€ero Ta CUCTEMOIO
MPSIMOTO BIOPCKYBAaHHS BOAM. Tak camMo HEAOJIKOM TEXHIKM (pyMmiramii nepes cu-
CTEMOIO MPSMOTO BIIOPCKYBAHHS € T€, 110 BOAY HEMOKJIMBO BIOPCHYTH B KIiHIII TaK-
Ty CTHCHEHHS B3[IOBX NainBa. TakuM YMHOM, CHCTEMa MPSIMOTO BIIOPCKYBAaHHS BO-
U MaTUMe OUIBIIMKM CTYIiHb CBOOOIM TOPIBHSHO 3 CHUCTEMaMU eMyJbCii Ta dy-
mirarii. JlogaTkoBi BUTpaTH Ha MOJIU(DIKAIIIO 1HXKEKTOpA pPOOJATH IO CUCTEMY
MEHIII MOIMYJISIPHOIO MOPIBHSAHO 3 IBOMA 1HIIUMU cucteMaMu. Kirouem 10 cuctemu
IPsIMOTO BIPUCKYBAHHS BOJM € TOABIMHUN PO3MUIIOBAILHUN COILIO 3 BIATIOBIIHOIO
CUCTEMOIO Mojayl Boau. TyT cucTemMa BOJIOINOCTaYaHHS HE MIATPUMYE BUCOKHUH
THUCK, SIK CUCTEMa BIOPCKYBaHHs MajnuBa. Bona 1 nu3enbHe majlvBO 3MILIYBaUCS B
HaKOHEYHUKY 1HXXEKTOpa TaKUM YHMHOM, 1110 MOYAaTKOBAa YAaCTHMHA BIPHUCHYTOIO JU-
3eIPHOTO TAJIMBa MICTHJIA TIepeBaKHO Au3enb. OHAK HAsBHICTH BOAM B MEpeIHIN
YacCTHUHI 1H €Ki MOXKe CIPUYMHUTHU 3aTPUMKY 3aiiMaHHSI.

HaliBaxxnuBimuM (akTopoM y IpUrOTYBaHHI €eMyJbCiil € BUOIp BIAMOBIAHOL 103U
BOAM ab0 CyMilll OBEPXHEBO-aKTUBHUX PEUOBHUH, SIKI MOXKYTh 33JJOBIJILHO €MYJIb-
ryBaTh BUOpaHi IHTPENIEHTH MPU MEBHIN Temneparypi. Y JaHiid poOOTI TOCTIIKEHO
BIJIUB €MyJIbratopa maniii (CHiBBIAHOIIEHHS BOJIA/IM3€Ib) 1 HArpiBaHHS €MYJIbCii
B/]1 Ha mepioj cTaGiIbHOCTI 3a JOMOMOTOI0 ONTHYHOIO METOoAy. BumpoOoByBasu
’sTh 3pas3kiB emynbeii W/D 3 pisaum nosyBanHsM emysbratopa 5%, 10%, 15%,
20% 1 25% BMicTOM BOM, a HarpiBaHHs emysbcii mpoBoawm npu 40 0 C, 60 0 C 1
80 o C. Emynbcito W/D, mpUroToBiieHy AJI IOTOYHOTO JOCIIIKEHHS, CIIOCTEPITaIH
npotsiroM Oubie 90 nHiB. Byno BiamiueHo, 110 YuM OLIBIINKA BMICT BOJU B €MYJIb-
Cii, TUM SICKpaBillla MOJIOYHA €MYJIbCis. EKcriepuMeHTH Tokasaiu, mo 301IbIICHHS
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no3yBaHHs Boau B W/D emynbCii HeraTMBHO BIUIMBA€E Ha Mepioj cradimizamii
eMyJbCli; JIe BUSBUJIOCSA, IO MOJJIMBICTh OTPUMATH CTaOlIbHY €MYJIBbCIIO 3 JI0-
3yBaHHSM BOJU 25% mpu3Bela 10 CKOPOYEHHS Mepioy cTadimizanli npubIu3Ho Ha
1/4, Hix panimie s g03yBaHHS Boau 5%. KpiM Toro, BUSBUIIOCS, 1110 301IbIIICHHS
IIBUJIKOCT1 HarpiBanHs it W/D emynbcii 3MeHInye rnepiof cradumzari gt W/D
eMYJIbCII.
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Yopuuii €.1., ITetpoxunubkuii H.H., Orypnos /1.B., [TonoBunka E.M.
Hamionansaoro YHiBepcuteTy «Onecbka Mopchka AKkagemis

E¢dexTuBHICTH 32CTOCYBAHHS TAa XaPAKTEPUCTHKH BOJOTOILNIMBHUX eMYJIbCiH

CyaHOIIaBCTBO CIOKUBAE OJIM3BKO 11’ SITH BIJCOTKIB CBITOBOT'O CITOYKHMBAHHS
HaTH, 1110 TPU3BOAUTH J10 Tio0ansHuX BUKKIIB NOX Ha piBH1 61m3bK0 12,57 Mmi-
JBHOHIB TOHH Ha PIK 1 IPU3BEJIO JI0 TNI00anbHUX BUKUAIB SOX Ha piBHI OJM3BKO
10,54 minbiioHIB TOHH Ha piK. [ToBiTOMIIsSI€THCS, 1110 CBITOBE CYTHOILJIABCTBO T'€HE-
pye 6mu3bko 438 mutbiioHiB ToHH CO2 Ha pik, 1110 €KBiBaJEHTHO MPUOIHM3HO 1,8
BiICOTKY Tiio0anpHux Bukuaie CO2.

Ha BUKuM MKiIIMBUX PEYOBHH BiJ CIIATIOBAHHS CYJIHOBHX MAJIWB ICHYIOTh
OOMeXEeHHsI BIIMOBIAHO 10 MDKHAPOAHHUX MPOTpaM 3aXUCTy aTtMochepu Ta BHMOT
MixxnapoaHoi MOpcbkoi opranizartii (International Maritime Organization - IMO)

VY nunni 2010 p. HaOyna unHHOCTI penakiis Jogatka VI MixkHapo1HOiI KOHBE-
HIIiT 110710 3amo0iranus 3aopyaHeras (MARPOL 73/78. Convention Annex V1), sika
nepeadayvae OUIBII )KOPCTKI BUMOTH 0 cyAiB. HOBI BUMOTY TOPKHYJINCA MPAKTUYHO
BCIX TPy MIKIJIUBUX BUKUAIB, BKiItouaroun NOX (puc. 1).

3acTocyBaHHS MaJUBHO-BOJHOI €MYJbCii € 100pe BIIOMUM METOJOM 3MEH-
menHs BukuaiB NOx. PobGora nBuryHa Ha MajJWBHO-BOAHIN €MYJbCli TEOPETHUHO

- A03BOJIAI€ CKOPOTUTHU BUKUIH

i | NOx nmo 50 BigcotkiB. bByio
15 BCTAHOBJICHO, III0 BHKOPH-
14 1 AR e T CTaHHSA €MYJIbCOBAHOIO IIa-
12 | L P e e | IMBA  MOXE  MOKPAIIUTH
10 A T _
310 Tior l (OREST IIpoIec 3ropsHHS Ta 3MCH
g8 A — — [IUTU CIHOXKWUBAHHS I1aJINBA.
6 - 30 1pm » 14;

ol e s o 3a 1eBHUX YMOB y Kparuisx
—— fE < S0 P > LOB K rajauBa B110YBaIOTHCS
21 Termmecay [Cormesponds o 80% reduction of Ter 1] «MIKPOBUOYXW», KOJIH THUCK

0 T T T T T T T T T T 1 .
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 ~ BOHAHOL Iapu J0OJa€ CUJIA
Rated engine speed (rpm) IMIOBCPXHCBOI'O HATATY, IO

Figure 9 IMO NO, limits. Figure adapted from (MAN Diesel & Turbo, 2008).
IMPpU3BOAUTE OO ITOKPAIICHO-

Puc. 1. Bumoru 1o BMmicty okcuai azoty NOX y BiAIpanbo- g PO3IUICHHS  IaJuBa.
BaHHUX rasax Wirtsila NSD Buszae, 1o

«MIKPOBUTIAPOBYBAHHSI
Kparnesib NajivBa MO3UTUBHO BIUIMBAE HA MPOLIEC 3TOPSIHHS, YTBOPIOIOYM OLIbII OJ1-
HOPIJIHY MOBITPSHO-MAJTUBHY CYMIIIL.

MAN B&W Bigjmae nepeBary najJiMiBHO-BOJHUM eMyJibcisiM. CTaHgapTHA KOH-
ctpykuis nsuryna MAN B&W ponyckae npu6mauszao 20% Boau B eMyIbCli 3 Maju-
BOM 3a MTOBHOT'O HaBaHTa)KeHHs 6e3 Moaudikarii GopcyHOK abo MajuBHUX HACOCIB.
3umkenns BukugiB NOx (y r/kBt-roa) Habmmxaerses 10 60% mpu HaWBUIIOMY BMICTI
BOJIH, 110 3aCTOCOBYE€ThCS mpu HaBanTaxkeHHi 50% (puc.2). Ha pucyHky HaBeneHO pe-
3yJbTaTH BUMPOOYBaHb Manoo0epTHOro TectoBoMy aBuryHa 4TSOME-X.

JIMCTUNATHE MAIMBO Ma€ HUKYY MIUTBHICTD, HIK BOJIA, TOOTO Kparuii BOAW MaTUMYTh
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HabaraTo BUIILy TCHACHIIIO 0 OCITaHHS, a TAKOXK MEHIIA B’ SI3KICTh JUCTHISTHOTO TaInBa
HE MIITPUMY€ PO3CIIOBAHHS Kparesb BOIH.
Meton nonaBaHHS BOAM JI0 MayivBa € €(EKTUBHUM CIIOCOOOM 3HIKEHHS TeMIepa-
Typy TOJIyM’sl, THM CaMUM NpUrHiuyroun yTBopeHHs NOX. Y MuHynoMmy OyB BHU-
npoOyBaHUI Ha BEJIMKUX JBOTAKTHUX JU3EIBHUX JBUTYHAX, ajie¢ OUIBIIICTh JOCBITY
0OMEKEHO BHUKOPHUCTAHHSIM 3aJIMIIKOBOIO MaJIMBA, SIKE 32 CBOEIO CYTTIO €MYJIbIYE,
NpUHAKWMHI, IOMIPHY KIJIBKICTh BOJH, 3aBISKH CBOIM BIIMIHHUM (p13UYHUM BJIACTH-
BOCTSIM. 3 1HIIIOTO OOKY AUCTUIISATHI anuBa OyAyTh BUKOPUCTOBYBATHUCS OUIBII IIIH-
40 poko, ocobmuBo B IMO SECA, ue-

& = =A 25% load

. ©—@ 50% load €3 00OMEXXEeHY NOCTYHHICTh Ma3yT
358 i, @ 100% load p Y AOCTY I

A—d 75% load 1110 Bi.I[HOBi.I[aE CTPOTUM  BUMOTaM
30 T e 0 BMICTY CIPKM BCEPCIHHI LIUX TEC-
PUTOPIH.

[Ipu  Buxopucranni B  ECA
muctunatHux naauB ULSFO ichye
npobiemMa HHU3bKOi 3MallyBaJIbHOI

3MATHOCTI nuX nanus[1].

25

20

15

NOx emission (g/kWh)

10

JInst OIlIHKM XapaKTEPUCTUK BOJO-

80 01 02 03 04 05 06 07 08 09 nIamuBHUX emynbciii (BIIE) Ha oc-
LRIl rfatio ("') HOBI JMCTHJIATHUX (IU3ETIbHHX )
PI/IC:2. Bukuan NOx six ¢pyHKILisl BMICTY BOAU B Ia- mamus na kadenpi CEY apropamu
JIOTIOB1/11 MMPOBEACHO JabOpaTOPH1 JOCTIHKEHHS.

VY X0/l miArOTOBKU JOCTIIKEHb OyJI0 MPOBEACHO POOOTH 3 HACTPOIOBAHHS
nabopaTopHoro o0NagHaHH, 3ac001B peecTpallii Ta 00pOOKH TaHUX BUIIPOOYBaHb.
3aranbHUM BUTIISLA 1a00PATOPHOT YCTAHOBKYU MOJIAHO Ha pHuC.3.

PoGouwnit Bapiant BTE 3 komnonentamu 1 ctaHoBUTH Habip OOCHIAIB 3
TUCTUNIBATHUM  (IM3EebHUM) mnaiuBoM. J[ns aHamizy JUCIEPCHOrO CKIIAay
BUNPOOYBaHUX OO'€KTIB BUKOPUCTAHO MIKpockom 2 31 30uibiieHHsM 20x-400x 3
TphoMa oO0'ektuBamu (4x/10x/40x) ta Buxomom USB. Peecrtparis 3paskie BTE y
U poBiit Ghopmi, 10 MpuMaeTbes 3 Mikpockona, 3xaiiicHioBanacs 11K 3. O6poOka
BuxigHuXx  komnoHeHTiB BTE  mnpoBoawnacs 'y  1OBOX — jaucmepraTopax:
YIbTPa3BYKOBOMY 4 Ta €JIEKTPOMEXaHIYHOMY 5.

VY npouect BiAIpaltOBaHHS METOAUKHA €KCIIEPUMEHTY BUKOHAHO KaJlOpyBaHHSA
BUMIPIOBJILHOT CUCTEMH Ta OPraHi30BaHO MOIMEPEIHI0 MIJATOTOBKY MiKpodoTo-
rpadiii qis aucnepciiiHoro anamizy. Komn'torepna miarpumka Oyna 3a0e3neudeHa
naketoM Image-ProPlus 6.0. Bukopucrani 3HiMKH 31 3011b1eHHSIM X 10.

Meta nepmioro eramy eKkcrnepuMeHTy Oyia BU3HAUUTU SIK BIUIMBAE ILIBH]I-
KICTh Ta TPHUBAIICTh OOPOOKM BOJO MAIMBHOI €MYJbCIi Y €IEeKTPOMEXaHIYHOMY
nicniepraropi (OMJI) na xapakrepuctuxu BIIE.

Jlocriau ipoBeieH! pU HaNpy31 Ha eNEKTPOABUTYHI1 aucnepratopa 6,5-9,6B 6
etamiB TpuBajicTio 1o 20-120 c. KopoTkouacHa 3ynuHKa BUKOPUCTOBYBAIACS AJIs
B1100pY KparuIimHHOI PoOH.
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Jlani mepuioro etamy €KCIIepUMEHTY MpeACTaBlieH! y Taou. 1.

Puc.3.3aranbHuii Burisg 1abopaTopHOT YCTAHOBKU:

1 - Bogo-nanuBHa eMyJbCis,

2 - mikpockon Bresser Biolux Advance

3 - HeTOyK Acer aspire one,

4 -ynprpazBykoBuil mucneprarop Baku BK-3050,
5 - eNeKTpoMeXaHIYHUHN TUCTIEpraTop

Ta6un.1 Po3Mmip kpanesnp B 3aJI€)KHOCTI BiJl TPUBAJIOCTI 0OPOOKH

Howmep Yac, Cepenniit Makcu-
Tun peXUMy CeK niamerp, MaJIbHUH Jlia-

00poOKH MKM METpP, MKM
1 20 3,4 4,6
2 40 4,1 4,9
3 90 3,9 54
Hucnepry- 4 120 3,4 43

BaHHA 5 240 9,6 10,99

6 360 6,1 8,3

[Tpuknan mikpodortorpadii 3pazka BTE nepuioro pexumy nanux oopooku Ha [1K
HABEJICHO Ha puC. 4.

Bukonano KkoipOpoBe BHAUICHHS JaucriepcHoi (asu  (Boau), 1OOYI0BAHO
ricrorpamy

IPaHyJIOMETPUYHOTO CKJIaAy 3pa3Ka, HAaBEIEHO CTATHUCTHYHI MMapaMeTpu MaCUBY
JTaHUX.

AHanorivHo 00pOoOJICHO MaTepiayii IHIMUX M'STH PEXUMIB TEPIIOro eTarry
BUIIPOOYBAaHb.
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] Statistics STl a
File File
¥ Locate the abject. I~ Scrollto the object i
Stats [ Diameter {max) | Diameter {min) | Diameter (mean)
0
se07 b 60
Max 49.365982 14.142136 32.647827
(Obi.H) 200 23 0 T
Range 48365982 13.142136 31647827 |c
Mean 46252508 22247858 34088101 [t 20
Std.Dev 5.9542046 1.8553817 37035882 [° oJilm II.I“.' wl i o
Sum 14985813 720.83057 1104.4545
Samples 324 324 324 5

Puc.4. Mikpodotorpadis BIIE micns nepmioro eramy
00pOOKHU B ANEKTPOMEXaHIYHOMY JUCHIEpraTopi

3a OTpUMaHUMH JaHUMHU MOOY/I0BaHO rpadik (puc. 5) 3aNeKHOCTI
cepenHboro aiamerpa kpanenb Bojau BTE Bin yacy 06poOku.
Jpyruii eram JOCHi/DKeHb TMOJsiTaB y oTpuMmaHHi Ta o0pobui BTE
yIbTpa3BykoMm. Bukopucrtano ynbrpasBykoBuit qucneprarop (Y3/1) (puc. 3, nos. 4).
JlaH1, oTpuMaH1 B pe3yibTaTi JOCTIAIB, BKIFOUEHI 10 Ta0.2.
Tab11.2 Po3Mip Kkpanenb B 3a1€KHOCTI BiJl TpUBAJIoCTI 00poOku B Y31

12

11

10

= « o ~

Po3mip Kpanenb, pm

— ]
. . 275 300 325 350 375 400
Puc.5. 3anexHicTh cepemHBOro giamerpa Kpa-

nenb Boau BITE Big



Ho- Yac, Ce- MakcuMansHUH
Tun Mep CeK penHiii JiaMeTp, MKM
00poOKH pe- Jiamerp,
KUMY MKM
1 20 4,0 5,2
YabTpa- 2 40 7,5 8,7
3BYK 3 90 8,4 10,1
4 120 7,2 9,2
5 240 4,6 6,3
6 360 3,4 4,7
£’

1

Puc.6. 3anexHicts po3mipy kpanens BIIE Bijx yacy 00po6ku B Y3/

BucHoBku

[Tokazano edexkTuBHICTh BUKOpucTaHHs BTE 118 mnokpamieHHs eKOJIOTTYHHMX
XapaKTEPUCTHUK CYTHOBUX JIU3EIIB.

HaBeneHo pe3ynbTatd MOYaTKOBOTO €Taly €KCIEPUMEHTAIbHUX JOCHIIKEHb 3
npurotyBanHs BTE 13 3acTocyBaHHS! AMCTHIIATHUX NaJIUB.

CIINCOK BUKOPUCTAHOI JIITEPATYPU

1. Nitrogen Oxides (NOx) — Regulation 13-
https://www.imo.org/en/OurWork/Environment/Pages/Nitrogen-oxides-(NOX)-
%E2%80%93-Regulation-13.aspx
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YK 621.431.74

Yopuuii €.1., [TonoBunka E.M.
HamionansHoro YHiBepcuteTy «Onecbka Mopchka AKkagemisn

BoaHo-nanuBHA eMyJibCifl AK NAJTMBO JJIA CYTHOBUX JBUTYHIB /ISl 3HUKEHHS
BukuAiB NOX i TBepaHUX YacTOK

3a OuiHKamMu, MOpchbka TPOMHUCIIOBICTh BINOBIIA€ 32 TPAHCIIOPTYBaHHS OJu-
3bK0 90% ycix TOBapiB y cBiTi. He3Baxkarouu Ha Te, 10 MIXKHAPOIHI IEPEBE3CHHS €
HaWO1IBI Oe3MeYHUM JIJI1 BUKHJIIB BYIJICIIO Ta €HEPri€ro crnoc0O0M TpaHCHOPTY-
BaHHS, JOCTYIMHHUM CbOTO/IHI, MIXKHApOJHE CYIHOIUIABCTBO CHpUSE MPUOIU3HO
2,7% CcBITOBUX BHKHUAIB BYyTJEI0 (Bim JIOACKKHUX kepen). OmHak yepe3 myxe
BHCOKY TEMIIEpaTypy 3rOpsSHHSI Ta TUCK yCepeuHI CydacHUX CyTHOBUX JIBUTYHIB, a
TaKO0X 3arajbHy BIJICYTHICTh 3aCTOCOBYBAaHHUX METOIB OOpOOKM BUXJIOMHHUX Ta3iB,
TaKMX K KaTaJiTUYHI METOAM, BiZIOMI BlJ aBTOMOOLIBHOI Ta BaHTaXHOI MpOMHU-
CJIOBOCTI, HAPHKIaA, TPUKOMIOHEHTHUI KaTaITHUHUNA HEUTPaIi3aTOp 1 CEJIEKTH-
BHe KatamituuHe BimHOBIEHHS (SCR), BHeCOK y ri100aibHI BUKAIU OKCHIIB a30Ty
(NOx) Bim cyaHOILIaBCTBa BITHOCHO BEJIMKHUH, (PaKTUYHO IMOPIBHSIHHHNA 3a BEJIH-
YUHOIO 3 JOPOXKHIM PYXOM.

3 nmocwiieHHsIM peryitoBanHs Bcepeauni SECA, 0co6mmBo micas 2015 poky,
NONUT Ha TaJduBO 3 HU3BKUM BMICTOM CipKd 3Ha4HO 30inbimumBces. J[omatox VI
MARPOL Tak0x BKJIF0Ya€e 3HAaYHO MOCHIICHI 00MEXEHHS Ha BUKUINA OKCHUIIB CIPKU
(SOx) 1 TBepaux yactuHOK (PM). Bukuau perymorTbcss 00MEKEHHIM BMICTY Cip-
ku B nanuBi. OJIHAaK, OCKUTBKH J103BOJICHO BUKOHYBATH HOPMH CIPKU albTEPHATHUB-
HUMH 3ac00aMu, pO3pOOHHMKAM JIBUTyHA Bce OHO HEOOX1AHO BpaxOByBaTu Oe3med-
Hy pO0OOTy JBUTYHA MpU pOOOTI HA MANMBI 3 BMICTOM CIPKM BUIIE TPAHUYHUX 3HA-
YeHb. AJTbTEpHATUBHUM 3ac000M 3MeHIIeHHS BUKUIIB SOy 1 PM MOxe OyTH cKpy-
Oep miciisi OUUILEHHS] BUXJIOMHUX ra3iB [1].

HatiBaknmuBimmMu mepBUHHAME MeTOaMu 3MeHIIeHHs BUKHTIB NOy , sKi
nocaipkye ta po3pooisie MAN Diesel & Turbo, e:

HanamryBanss/Oontumi3zaiiist npOAyKTUBHOCTI
3BOJIOKEHHS TIPOyBasIbHOTO MOBiTPst (SAM)
Boano-nanuBua emynbcis (WIF)
Perpkysnis Buxiaonuaux raszis (EGR) [2].

OCHOBHOIO METOIO € YMOXJIMBJICHHS €MYJIbI'YBaHHS BOJIM B JNUCTWISATHE Ta-
JUBO, SIKE TaKOX HA3MBAIOTh CYJHOBUM Tra30iijieM 1 CyTHOBUM Jau3eseM. BBaxkaeThb-
cs, MmO IIl BUAM TajguBa JOCUTh NOIIMPEHI B TEMEPIIIHIX 1 MalOyTHIX 30HaX
kOHTpOJto BUkuiB (ECA). Ilnaxom eMynbryBaHHs BOAM B MaJMBO MOXKHA Pi3KO
smeHIATH BUKUIU NOy. EMyNbryBanHs BOIU TUCTHISATHUM TATMBOM HEMOKIIMBO
0e3 BUKOpUCTaHHS eMyJIbraTopa.

Jlonaroun BOLy 10 Ma3yTy Juisl yTBOpeHHs emyiibeii BOaa B macii (WIF), Bu-
kuau NOyx MOxHa 3HAa4HO 3MeHImuTH. [IpuHiun po60TH nosnsrae B TOMY, 1m0 BOJa,
3aBISAKM HEOOX1JHIM TeIIOTI BUMIApOBYBaHHs, 3HIKY€E TeMIepaTypy B MOIyM’i u-
3ebHOTO TanuBa 1 TUM camuM 3MeHinye yTBOpeHHsT NOy (sikuii B OCHOBHOMY
YTBOPIOETHCS TIPHU BUCOKUX TEMITEpaTypax).
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JlabGOpaTOpHi JOCTIIKEHHS Ta pO3p00Ka eMybraTopa

JlaGopatOpHi BUIIPOOYBaHHS MPOBOAMIKMCS 3 METOHO 3'SICYyBaHHS PI3HUX BIla-
CTUBOCTEM eMyJIbCiil, HAMBAKIIUBIIIMMU 3 AKX € CTaOUIBHICT y Yaci, BKIHOYAIOUN
CIIOCTEPEIKEHHS 32 MOKIIUBUM PO3IiICHHSIM (pa3, a TaKOX B'SI3KICTh.

Ha pucynky 1 nmoOka3zaHO KUIBKICTh BUMPOOYBAHUX €MYJIbraTOpPIB 1 KIJIBKICTh BHU-
npOOyBaHUX €MYJbCiii, OTPUMAaHUX 3 OKPEMHM eMYyJIbraTopoMm. [[iist KO>KHOT 1OCTi-
JUKYBAHOT eMyJibeii OyJIO MpOBENEHO BEIMKY KiJIbKICTh aHaI31B, TAKUX SIK CTaTH4-
HUAW 1 JUHAMIYHAA MiKGba3HUN HATAT, pO3MOMI Kpareidb BOIW 3a PO3MIpOM,
KOH(OKampHa na3epHa ckaHyroua MikpOckOmis (CLSM) mis crmOcTepekeHHs 3a
pO3MOAUIOM Kpameiab BOAM B €MYJbCii, MOHITOPHHT Bi3yaJbHOI CTaOLTHHOCTI Ta
peonoTiuHi AOcHipKeHHs. PHCYHOK TakOX mae 300pakeHHs MpOIiecy BigOOpy, M0
PO3TISAAAETHCA SIK KUIBKICTh €MYJbCIN 1 TeCTiB, MPOBEACHUX Ha OKPEMOMY €MYIlb-
raTopi. SIKImo0 emynabraTOp OMUCYETHCS HAa OCHOBI HEBEIHMKOT KUIBKOCTI €MYJIBCIH 1
aHami3iB, 11e O3Hayae, M0 BiH HE MPOWIIOB MOTOYHI BUMPOOYBaHHS 1 TOMY OyB
B1JICOPTOBaHUIA.

30
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Number of test emulsions

U I I I - I -
8 2+11 10 4 6 1 3 9 1

Emulsifier

Puc.1 I'icrorpama pi3HHX eMyJbraTOpiB 13 KIJIbKICTIO €MYJIbCiii, BATOTOBJIEHUX 3 KOXKHUM €MYJlb-
raropom
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Puc.2 Emynbcii: miBOpyd — cTilika eMyIbCisi, TIOCepeInHI — eMYJIIbCisl 3 OCaKEHHSM, PaBOPYY -
eMYJIbCis 3 TOIIoM (a3

OnHuM 13 HaWBaXIMBIMIMX KPHUTEPiiB BUOOPY eMynbraTOpiB € iX 31aTHICTh
cTabimi3yBaTH eMyJbCiio 3 yacOM. EMynbcis He MOBHHHA pO3AiIATHCA HA a3y, 3
pPO3IiITPHUMHU BOMHOIO Ta au3enbHOI0 (azamu. Kpim TOro, OakaHO 3BecTd 110
MIHIMyMy OCiJIlaHHSI THUCIIEPrOBaHUX Kpameib BOAM B AM3eNbHOMY Mmachi. Ha pu-
CYHKY 2 HaBeJIeHO MpHKIaau cTabumpHOI emynbeii (37iBa) 3 TOMOTEHHO JuC-
NeproBaHUMH KpAaIIIMU BOIM, 10 MPU3BOAUTH OO0 OTpUMaHHS OJHOPITHOI 01101
eMyJIbCil, eMyIbCii 3 0canoM (TOcepenHi), a TaK0X eMyJbcii, pO3aiIeH0il Ha (asw,
sIKa MICTUTh BUTbHY BOIY IIPH JTHO TUISIIKH (TIPaBOPYY).

JIucTIIsITHE MaauBO Ma€ HUXKYY IIUTBHICTh, HIXK BOJa, TOOTO Kparuii BOJIU Ma-
TUMYTh Ha0araTO BUIILY TEHJCHIIIO J0 OCiIaHHs, a TAaK0X MEHIIA B’SI3KICTh JAUCTH-
JSTHOTO TAJMBa HE MIATPUMYE PO3CIFOBAHHA Kpareib BOJAW. 30UIbIIEHHS B'SI3KOCTI
(oxomomxenns ab0 nepexin 3 MGO 10 MDO), 3maeTbest, A0 MEPEHIKOIKae ce-
aUMeHTaIlli, x04a HeAaocTtatHbO. lle "iTKO migkpeciroe mOTpedy Yy BiAMOBIIHOMY
eMYJbIraTopi, SIKIIO JIETKI/TUCTHIATHI (ppakiiii mamuBHOTO Ma3yTy MaroTh 3a0e3re-
yut WIF mis 3amkenas NOy
WIF npusnadenuii rOJOBHUM YMHOM Ui 3aJMIIKOBOrO MajvBa, SIKE TaKOXK Ha3H-
BalOTh Ma3yTOM. BucOka B's3kicTh (3a3Buyaii Omu3pk0 10-15 cCt B p0O0UMx
yMOBax), a Tak0 OJi3bKa BIIMOBIAHICT IIUIBHOCTI M1’k BOJIOIO Ta MaJMBOM CIIpHU-
se crtabum3aiii Kpamneiab BOAU BCepearHI MaIMBHOI Matpuili. Kpim TOrO, 1, MOX-
JUBO, OUTBII BaXXJIMBO, Ba)KKI Ma3yTH MOXXYTb MICTUTH HpPUPOJHI NMOBEPXHEBO-
aKTUBHI PEYOBHHM, HANPHUKIAA acpaibTeHHU, Kl CTaOUI3YIOTh NMOBEPXHIO Malu-
Ba/BoaM Ta 3amobirarTh koanecteHmii[3]. WIF HeMOXIUBHE 1IsT TUCTHISATHOTO
najuBa, HalpHuKiIaa cyaHOBOro0 ra3oino (MGO) ab0 cy1HOBOrO 1M3eapHOr0 naiu-
Ba (MDO), 6e3 BUKOpUCTaHHS BiAMOBIIHOTO eMyJIbraTopa.
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Puc.3 Kondoxanbna nazepHa ckanyroda MikpOckOmiss (CLSM) Emul 2 (miBopyu) i Emul 1
(mpaBOpy4). UepBOHMiII OapBHUK 1OMaeThecsi N0 ¢a3u MaTMBHOTO 30J10, a 3€JIeHUN OapBHUK
n0maeTsest 10 BOAHOI (a3u. Emul 2 nemOHCTpye XOpOImIi eMyIbryrodi BIaCTHBOCTI, TOAI sk Emul
1 neMOHCTpy€e MOraHi eMyJbrytoUi BIaCTUBOCTI

B's3KicTh TakOX € QyKe BaXKJIIMBUM ITapaMeTpOM IMpH BHOOpI emyibratopis. Ha
pUCYHKY 4 TIOKa3aHO MPUKIIAJ BUMIPIOBAHHS B’S3KOCTI K (DYHKIII TUIY €MYJIb-
raTopa Ta KOHIIEHTpaIlli, a TAaKOX KIJILKOCTI BOJIM Ta TeMreparypu. MOxHa nodadu-

TH, 110 BMICT BOJIM Ma€ OUTBIIMI BIIUB HA B’ SI3KICTh, HIXK TEMIIepaTypa.
50%WATER

22 +

Maximum allowable viscosity

=40°C
ui5°C

33% WATER

Newtonian flow viscosity mPas

Puc.4 lani ans B's3k0CTi, 3rpynOBaHi 3a TeMIiepaTypOio Ta BMiCTOM BOJIH.

Ak BUAHO 3 pUCYHKa 5, BiIOyBarOThCsl 3HAYHI 3MIHM BUMIPSIHOTO THCKY B
LUWIIHJP1, KOJIU BOJA Y BEIMKHUX KIIBKOCTSIX A0MaeThest A0 nanuBa. [IomideHo, 1m0
IIBUJIKICTH MIJABUIIIEHHS TUCKY Ha MOYATKy NpOIeCy 3rOpsHHS (MiABUIIEHHS TUCKY
Bijipa3y micisi BepXHbOi MepTBOi TOuku (BMT)) € BuIIOw0, a MiABUIIECHHS TUCKY
BiI0yBaeThcsi Oulbin pi3k0. [lomepeaHi BUMpOOyBaHHS MOKa3aidu 30UIbIICHHS 3a-
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TPUMOK 3aiiMaHHs 31 30UIBIIEHHAM BMICTY BOAM. binbmia 3aTpuMka 3aiiMaHHS
N03BOJIsI€ YTBOPIOBATH OUIBIIY MOPIIII0 NONEpeaHb0 3MilIaHO0i cyMilri, TOOTO KOJIu
B110YBa€ThCS 3aiiMaHHsI, BUAUISETHCS OLIbIA KiJIbKICTh MAJUBAa.

CnocrepexxyBaHi KOJIMBAaHHS MEHII BHUpaXeH1 MpU OUIHIIOMY HaBaHTaKEHHI
nsuryHa. [Ipy O1TBIIOMY HaBaHTa)KCHHI JBUTYHA 3aTPUMKa 3allajlOBaHHs, K Ipa-
BUJIO, MEHIIIA yepe3 OLIbIIy HIIJIBHICTh CTUCHEHOIO Trasy, 1, OTXe, Mepea 3amnairo-
BaHHSM yYTBOPIOETHCSI MEHIIIA TMTONIEPEIHBO 3MilllaHa cymi [4].
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Puc.5 Bumipsuuii TUCK y UMTIHAPI HA UUITIHAPI Tpu 25% HaBaHTaXEHHI MPU HYIHOBIH KIIHKOCTI
BO1u (A) 1 noganoi Boau (b)

Merton mogaBaHHS BOAM JI0 TIAJIMBA, TIEpe]] BIPUCKYBAHHIM Y KaMepy 3TrOPSTHHS
JU3EJIbHUX JBUTYHIB 13 MPAMHM YIPHUCKYBaHHSM € €()EKTUBHUM CIOCOOOM 3HU-
KEHHSI TeMIEepaTypu MOJyM’s, TUM CaMUM NpuTHiuytouu yTBopeHHs NOy . s
CTBOPEHHsI CTAaOUIBHOI eMYJIbCli BOJia B MAJIMBI 3 JTUCTUJISITHUM IaJUBOM IMOTpPiOEH
BIJIMOBITHUN eMynbrarop. TakuM 4YWHOM, TOJIOBHA METa IMOJsIrae B TOMY, 100
3HAUTH eMyJIbraTop, sSIKUil 1a€ 3MOTY eMYJIbI'YBaTH BEJIMKY KUIbKICTh BoJH (10 50%)
y AUCTWISTHE TAaJIUBO, 3a0e3Meuyroyu IpH [LOMY Oe3reyHy Ta HaAllHY poOOTY
JIBUTYHA Ta 0e3 Oyab-SIKOTO 3HAYHOTO HOFlpIHeHHﬂ cTabipHOCTI ABUTYHA. [Tomans-
IIUMH [UISIMA € TTOTEHINA CKOPOYCHHS Bukuais WIF, mo BUKOPHCTOBYE JUCTH-
JSATHE TaJMBO, a TaKOX JOCHTIDKEHHS TOTCHIIIMHUX CHHEPTiYHMX eQeKTiB 3a
paxyHok noeaHanHs WIF 3 peuupkynsuiero BuxionHux rasiB (EGR), me omnum
e(exTUBHUM MeTOI0M 3HIKEeHHST NOy.

CITHCOK BUKOPUCTAHOI JIITEPATYPU
1.Prevention of Air Polution from Ships -
www.imo.org/en/ourwork/environment/pages/air-pollution.aspx
2.MAN B&W Two-stroke Marine Engines Emission Project Guide for Marpol
Annex VI Regulations - man-
es.com/applications/projectquides/2stroke/content/special _pg/PG 7020-0145.pdf
3.Water-in-fuel emulsion as marine engine fuel for reduced NOx and particulate
emissions Anders Andreasen MAN Diesel & Turbo Kirsten Braiiner -
www?2.mst.dk/udgiv/publications/2011/08/978-87-92779-30-4.pdf
4.Diirnholz, M., Eifler, G., & Endres, H. (1992). Exhaust-Gas Recirculation
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VJIK 621.431.74
Kapa6amxkak H.E., [lonoBunka E.M.

Onrumizanis npouecy ynopcKyBaHHsl CHCTEMAMH TOILUIMBONOAAYH CyYACHHUX
CYTHOBHX JH3€eJiB

Po3pobka cyuyacHUX qu3eIbHUX ABUTYHIB 0a3y€ThCsl HA HACTYITHHUX 3aBJIaHHSX:

® 3HIDKEHHS BUKU1B 3a0pyAHIOI0YMX PEYOBHH Y BUXJIOIHUX Ta3ax J0 CBITOBUX
HOpM;

® 3HIKEHHS BUTPATH NAJINBA;

® 3HIKCHHSI 30BHIIIHBOTO IIyMY;

® [IOJIINIICHHS JTUHAMIYHUX XapaKTePUCTHK.

BianoBigHO A0 MOCTaBIEHUX 3aBJaHb CydaCHI CUCTEMM IAJUBHOTO 3abe3me-
YEeHHs JU3€JIbHUX JIBUTYHIB 0a3ylOTbCS Ha BUKOPUCTAHHI MPSMOrO BIIPUCKYBaHHS
najyBa MiJl BUCOKMM TUCKOM. BakinuBa yBara npuaiisseTbcsi po3poOill 3aKOHY I0-
maui.

OnTumajbHuii 3aKoH BopckyBanus. Bignosigno noK. HwangraS.Kohketsu
[1,2]pexkomMenayeTbcsa 0OMEKEHE BIIOPCKYBAaHHS HEBEJIMKOI NMOpPLIi MajguBa Ha rmoyva-
TKY HPOLECY BIOPCKYBAHHS, 00 MIATOTYBAaTU MOBITPSHO-NAIMBHY CyMIII JUIsl T1O-
NepeaHbOro 3ropsHHA.KpiM Toro, ciiji JOTpUMyBaTH BIIOPCKYBaHHS OCHOBHOI yac-
TUHU MAJMBA B L0 MIATOTOBJICHY MOBITPSHO-NAIUBHY CYMIII, IO POOUTH MOXKIIH-
BHUM IIOBHICTIO KOHTPOJIbOBAHUI MpoIiec 3ropsHHA. ONTUMaNbHUNA 3aKOHBIOPCKY-
BaHHA MOKa3aHWM Ha puc.l.

Start of main injection
s

Start of pilot injection
——

Change of
injection
rate/law

Injection rate/law

L J

Time

Puc. 1. OotumanbHui 3aK0H
BIIOPCKYBaHHSI.

OnTuManbHUM 3aKOH BIIOPCKYBAaHHSI MOK€ OyTH JOCSITHYTHH PI3HMMH Ccrloco0amu,
mo Oe3nocepeHbO 3aNeKUTh BlJ KOHTPOJIO MPOLECY BIOPCKYyBaHHA. Bimomumu
KOHTPOJISIMU MPOLECY BIPUCKYBaHHS B CUCTEMax BIPUCKYBaHHS MaJlMBa €: 3BUYAM-
Hl CUCTEMU BIIPUCKYBaHHSA MajuBa 0€3 €JIEKTPOHHOIO KOHTPOJIO; Cy4acHI CUCTEMU
BIIPUCKYBAHHS MaJIUBA 3 €JIEKTPOHHUM YIIPABIIHHSIM.

3BuYaiiHI cMCTEeMHM BIPHUCKYBAHHS NAJUBA 0e3 eJeKTPOHHOIOYNpAaBJIiH-
H$1.3BUYaliHICHCTEMUBIIPUCKYBAHHMAINBA 0€3 €JIEKTPOHHOTO KOHTPOJIIO MPOIECy-
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BIIOPCKYBAHHSIY’)KE€ YaCTO MPEICTABICHO YBHUCOKOOOEPTOBHUX NM3ENsIX. TakuM dH-
HOM, 3 BITHOCHO HEBEJIMKUMH BUTPAaTaMH MOXKHA 3MEHIIUTH BUKUAHU 3a0pyIHIOIO-
YUX PEUYOBWH, BUIPOMIHIOBAHHS IIyMY Ta HaBaHTaKCHHS MOPIIHS, 3'€THYBAILHOTO
niaTyHa Ta KOJIIHYaCTOIro Baja 3 OLIbIII-MEHIITUM
ycmixoM.byno3po0ieHoKITbKapi3HUX 3BHYAHHUX CHCTEM BIPHUCKYBAaHHS TalliBa 3
MO>KJIMBICTIO IBO(ha3HOTO BIpUCKyBaHH:.J{esKi 3 HUX IIpeCTaBJICHI Ha puc. 2.

Cucremu BOpPUCKYBaHHS MaJliBa 3 MOXJIMBICTIONBO()Aa3HOTOBIIOPCKYBaHHS, 3a-
CHOBaHIHA: TTyH)KepaxX M BTYJIKaX

® BBCJICHHIIOATKOBOTO TIEPEIMBHOTO KaHATy HacOCa BUCOKOTOTUCKY [3], pwcC.
2.a;

® BBEJICHHS/IBOX MPYKUH y popcyHi, [4], puc. 2.b);

® BBEJICHHS CILTITTEPY[S], puc. 2.c).
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SPLITTER
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2.a) 2.b) 2.C)
Puc. 2. Konctpykuis cucreM ais 1Bo¢pazHOTo BIPUCKYBAaHHS.

[Tpuniun po6OTH TPYHTYETHCSI HA HACTYITHOMY: Ha MOYATKY ITiIBUIICHHS THUC-
Ky y (popcyHIll, BUKITMKAHOMY JII€F0 HACOCA BUCOKOTO THCKY, I'OJIKa 1HXXEKTOpa I0-
YUHAE MITHIMATUCS 3 CUIAIHHS 1 pOOUTHh MOKJIMBHM IOYATOK BIOPCKYBaHHS, OJHAK,
KOJIM THCK Yy (POpCYHIII MiTHIMAETHCS TOCTATHHO, MO0 IMOJ0JIATH CHUIY MPYKUHH B
CIUTITTEp1, KJIalaH y CIUTITTepl MTOYUHAE BIIKPUBATHUCS 1 TTAJIMBO MOYMHAE TEKTH Ue-
pe3 nepenuBHUN KaHau. lledt moTik manuBa 4epe3 MEpeMBHUM KaHal CIPUYUHSIE
3HIDKCHHSI TUCKY TaJIMBA, 1 TOJKA MOYMHAE CITyCKATHCS Ha CUAIHHSA. TakuM 4uHOM
3aKiHYy€eThbes (pa3a MiIOTHOro BIpucKyBaHHs. [loganbiiie MigBUIIEHHS TUCKY, BU-
KJIMKaHE HACOCOM BHCOKOTO THICKY, TIPH3BOIUTHL JI0 MOYATKy OCHOBHOTO BIIPHCKY-
BaHHS, TPUBAJTICTh SIKOT'O BU3HAYAETHCS TUCKOM MAJIMBA B 1HXKEKTOPI.

3a TOTIOMOT0r0 pO3p00JIEHOT KOMI'TOTEPHOI MporpaMu OYJI0 MPOBEICHO MOJIC-
JIFOBAHHSI MPoIieciB y GopcyHili. besayMoBHO, HalIIKaBIIIMM € 3aKOH BIPUCKYBaHHS
JUISL PI3HUX IIBUJKOCTEH JIBUTYHA, a JIeSKl 3 HUX TMOKa3aHi Ha puc. 3. Ha ocHOBI pe-
3yJIbTaTIB, MPEICTABICHUX HA pUC. 3, MOXHA MOMITUTU pi3HE MBO(DA3HE BIOPCKY-
BaHHs. KpiM TOro, mij 9ac KOXXHOTO MUIOTHOTO BIPUCKYBAaHHS BBEJICHOTO MaJIUBa
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ctaHoBUTh TpuOan3HO 10% BiA 3arambHOi KUIBKOCTI BBEJIEHOTO MajuBa 3a IUKIL.
. . . . . . *
KinpkicTh BBEIEHOTO MaJMBa Mij] Yac MUIOTHOTO BIPUCKYBaHHS BIAMIYA€THCA ( .
Ad. 4, A .
sl e 2]
50 50 50

T 3
.= 316 mm’/cycle 9. = 300 mm’/cycle 9. = 343 mm'/cycle
=1

- n =600 rpm
n=
000 rpm 40 750 rpm 40

40

30 30 30

20 20 20+
q.= 33 mm' q:= 34 mm

. 3
10+ 9.= 34 mm 10 10+

o] [“‘carrﬂ @ ['cam] ¢ [cam]
55 60 65 70 50 55 60 65 50 55 60 65

Pucynox3. 3akoH npo BIOPCKYBAHHS JJISl PI3HUX PEKUMIB IIBUIKOCTI.

[linoTHe BHIpUCKyBaHHS OYJ0 peani3oBaHO 3a JIOMOMOTOIO IPEACTABICHOTO
MPOCTOT0 CHOCO0Y KOHTPOJIO MpOoLeciB BOpUCKyBaHHS. KigbKiCTh BIOPCKYBaHOTO
najguBa MmiJ 4yac a3y MuUIOT-BOPUCKYBAaHHA 3aJ€KHUTh BIJl XapaKTEPUCTHK Hacoca
BHCOKOT'O THCKY Ta KOHCTPYKIII CIUTITTEpa, @ TAKOX BiJl pOOOYOTro peXUMy CUCTEMU
BIIPMCKYBAaHHS NaJIHMBa.

CyuacHi cucremMHu 3 eJIeKTPOHHUM KepyBaHHSIM. CydacHi CUCTEMU BIIPUCKY-
BaHHS MaJIMBa JJIsl IU3EIBHUX JIBUTYHIB 3/1€0UIBIIOT0 0a3ylHOThCA HA PI3HUX KOHC-
TPYKLI1H CUCTEM BIPUCKYBAJIbHUX MPUCTPOIB T4 aKyMYJISTOPHUX CUCTEM 13 3arajb-
HUM aKyMyJIATOpOM. YCl 3rajlaHi CHCTEMU MarOTh €JIEKTPOHHUIN KOHTPOJb MPOLIECY
BIpHUCKYBaHHs. KOHTposib mpolecy BIPUCKYBAHHS O3HAua€e BCE-TaKM HAsBHICTh
AKOTOCh «CIUTITTEPa», AKUI aKTHBI3Y€TbCS, BU3HAYAETHCS IIBUJKICTIO ABUTYHA Ta
peKMMaMU HaBaHTaXXCHHsI. TakKUM YMHOM MO>KJIMBA NIOBHA THYUYKICTh IPOEKTYBaHHS
3aKOHY BIPHUCKYBAaHHSI, HE3aJIEKHO B1Jl HIBUAKOCTI JBUTYHA Ta PEKUMY HaBaHTa-
KEHHS, 110 TOKa3aHO Ha PUCYHKY 4.

Jlnst Toro, o0 3po3ymiTy NpoOeMHYy 30HY ABO(A3HOTO BIPUCKYBAHHS B CY-
YaCHUX CHUCTEMax BIPHCKYBaHHS NaJMBa, BAOMPAETHCA CUCTEMA BIPUCKYBAaHHSA Ia-
JIMBA, IPEJICTABIICHA HA PUCYHKY 5.a).

[Tpunun poOOTUIIIEICHCTEMUBIIPUCKYBAHHS 0a3y€eThCsl HAa HACTYIIHOMY: 3a-
TJIbHUM aKKyMYJISTOp ManuBamiaHu3bKUMTHCKOM(10 200 6ap) momaenamuBo 10 OC-
HOBHOTOCOJICHOIJTHOTO KJIallaHa, a TaKOX JO0 3BOPOTHOIO KIIalaHa TiJCHUIIIOBayva.
TakuMm 4rHOM, MOXXKHA3pPOOUTHUIOTIOBHEHHAPOOOUOTO MPOCTOPY, PO3MIIIEHOIO BHHU-
3y MiACUIIIOBaya,nmajauBoM. Koiu akTUBOBaHMI KiamaH 30JI0THUKA, 3aJICKHO BIT
IIBUKOCTI JIBUTYHA Ta PEXUMY HABaHTA)XCHHS, MAJIHMBO HATHUCKA€E Ha BEPXHIO CTO-
POHY MiJICHITIOBaYa, BUKIMKAIOUN pyX MiACHIIOBaYa Ta CTUCHEHHs mnajnuBa. Ctuc-
HEHHSIMAJIMBa MPOBOJIUTHCAIIIYAC AKTHBAIli OCHOBHOTOCOJICHOIHOTO KJIaraHa,
TOJI1 SIK MAKCUMAJIbHO MOKJIMBUN KOE(PIIEHT CTUCHEHHS Moxe OyTu 16: 1. CtucHe-
HETNAJIMBONPOTIKae yepe3 TpyOy BUCOKOTOTHUCKY, 1 BOHOTIEPEMIIITYE KYITI0 3BOPOTHO-
ro KiamaHa aKyMmyJjsaTopa, MIOCTIPUYHHSE TMOAAauy aKyMYJSITOPOMITaINBaIiIBHCO-
KHUMTHCKOM, po3MimieHuM B dopcyHii. [Iporec mogaui akymysiTopanainBariIBy-
COKMMTHCKOMMAETAKY K TPUBAIICTB, 1110 1 TPUBATICTHAKTUBAIlIl OCHOBHOTO KJIarmaHa
3onotHuKa.Ilig yac mpouecy moaaui aKkymyJasTOPOM MajiMBa IiJi BACOKUM THUCKOM
rojika OPCYHKH 3aJUIIAEThCS Ha 11 CHAIHI, BIOPCKYBAHHAMOXEIOCITTH IMajiiBa B

173



poOouy Kamepy AU3eIbHUXIBUTYHIBKOHTPOIIOETHCS MUISIXOM aKTHBAIllilepeMHUKaH-
HS KJIallaHa KOTYIIKH, PO3MIIIEHOTO B OpCyHIli. TakuM YHHOM, MPSMUI KOHTPOJIb
npu po3poOIli 3aKOHY MPO BIIOPCKYBAHHAMOKEIOCITTH TOTO, IMIOAYKEBAKIUBO IS
Cy4aCHUXIU3CIbHUXABUTYHIB. [Ipukiaa XxapakTepHUXIapaMeTpiBIPOIECYBIPUCKY-
BaHHANOKAa3aHUU HATOMY XK MalIOHKY (Mall. 5.b). OcoOnuBayBaranpuauvise€ThCs1BO-
(ha3HOMYBIIPUCKYBaHHI, JI¢ MiJ 4Yac MUJIOTHOTOBIPUCKYBAHHIBBOIAATHOIM3bKO 16%
naymBa 3a oOcsroM. L{ipe3ynbTaTHOTPUMYIOTh NUISIXOM MOJICTIOBAHHSIPOIIECYB-
MIPUCKYBaHHsI3a JIOTIOMOTOIOBJIACHOTPO3POOIEHOTKOMII FOTEPHOITIPOTPAMH.
BinnmoBigHo 10 1p0ro (akTy, ONTUMI3alis KUTBKOCTI BBEIEHOTO MalMBa MiJ 4ac
MiJOTOBOTO BIPUCKYBAaHHS BHMAra€ Jy:Ke€ KOPOTKOITPHUBAJIOCTIMUIOTHOI(pa3UBIPH-
CKyBaHHSl Ta JyX€ HEBEIUKOTO XOJy MEePEMHKAI0uoro KiamaHa, PO3MIIIEHOTO B

dopcyHIi.

| A0

'CAM

o
3¢

mny

Engine load

Time

o

Engine speed, rpm

Pucynok 4. OntumanbHuil 3aK0H PO BIOPCKYBAHHS CYYaCHUX CHUCTEM BIIPUCKYBaHHS JIH-
3€JIbHOTO MaJIiBa Ul PI3HUX PEXXUMIB HAaBaHTAXXKEHHS Ta IIBUAKOCTI.
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5.a) 5.b)
Puc. 5. CyvacHa cucrema BIIpHCKYBaHHSI ITaJIMBA Ta BiIMOBIIHUI 3aKOH PO BIIOPCKYBAHHS.

mm*3/ms

Injection law

BucnoBku. OxpiM NpsMOTO BIIPUCKYBaHHS MaJIMBA I1iJ BACOKUM TUCKOM Y PO-
00uy KaMepy AU3EIbHUX ABUTYHIB, CIEllajdbHa yBara NpucBiyeHa po3po0lll 3aKOHYy
PO BIIOPCKYyBaHHA. MOXKJIMBOCTI IPOEKTYBaHHS 3aKOHY PO BIIOPCKYBAHHS B 3BH-
YaifHMX Ta CYYacCHHX CHCTEMax BIPUCKYBaHHS MajvBa IMPEACTaBICHI y JOKIAII.
Matoun Ha yBasi MOBHY THYYKICTh YIPaBIIHHS MPOILIECAMHU BIPUCKYBAHHS, LILTKOM
PO3YMIETBCS, YOMY CYYaCHICUCTEMH BIPUCKYBaHHS MaJMBa MAlOTh BAXKIIUBY YaCTKY
Ha CBITOBOMY PHHKY.

BpaxoByroun To# ¢akt, 110 aKyMyJIaTOpHI CUCTEMH MarOTh BEJIMKY YacTKy Ha
[IbOMY PHUHKY, JOJaTKOBa yBara NOBMHHA OYTH NpPHUCBAYEHA KOHTPOJIO MPOILECY
BIIPUCKYBAHHS Ta MPABWJIBHOMY Mi00PY €JIEMEHTIB, BAKIUBUX I SAKICHOTO KOH-
Tpodto. [Ipu BUOOP1 BIAMOBIIHUX MapaMeTPiB KOHTPOJIbHUX €JIEMEHTIB JJisi 1BO(da3-
HOTOBIPHUCKYBAaHHS BaXJIMBE MICIIE 3aiiMacMaTeMaTHdHe MOJETIOBAHHS TPOIIECIB B
CUCTeMax BIPUCKYBaHHS.
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Hamionansaoro YHiBepcuteTy «Onecbka Mopchka AKkagemis

Y100cKOHAIEHHS] CHCTEM BIIOPCKYBAHHS MAJIUBA CYJAHOBUX
cepeIHb00OOPOTHHUX HU3EITiB

VY HalOMMx4l poKM MU MOOAYMMO pi3Ke 3POCTaHHS E€KOJOTIYHHX Ta €KO-
HOMIYHHUX BHMOT JIO0 JABHUT'YHIB BHYTPIIIHBOTO 3TopsiHHA. CBITUCHHSIM IlI€] TEH-
JICHIII1 € Toaibllle MOCUJICHHS CTaHAApTiB BUKHU/IIB Y BCbOMY CBITi, SIKE CIp -
MOBaHE€ HE JIMIIE Ha MOKPAIIECHHS MaJUBHOI €KOHOMIYHOCTI, aje, Mepll 3a BCe,
Ha JIOCATHEHHS YUCTOTO 3rOPSHHS MaJnBa 3 HU3bKUM PiBHEM BHKHJIIB.

BianoBigHicTh iCHYIOUMM 1 MailOyTHIM HOpMaM BUKHU[IB MPU OMTHUMAJ b-
HOMY CIIOKMBaHHI MaJMBa CTa€ BCE OIIbII BXXIUBUM (AKTOPOM YCIIXYy IS
CYAHOBHUX 1 CHJIOBUX JAM3EIbHUX IBUTYHIB. OcoOiuBa yBara NpUAlISETHCS PO-
00T1 HA MaJuX HABAHTAXCHHSX, A€ TPaJulliiHE BIOPCKYBAaHHS 3alIMIIa€ MaJio
MOJKJIMBOCTEM JJs ONTHUMI3alli, OCKUIBKM MPOLEC BIOPCKYBAaHHS, KEpOBaHUU
pPO3NOALIBYUM BAJIOM, MOB'A3aHUN 31 MIBUAKICTIO OOEpTaHHS JBUTYHA.

TakuM YMHOM, MOXJIMUBOCTI JJIsi PO3POOKM HE3aJe)KHOTO BiJ HaBaHTa-
KEHHS MIIXO0y J0 MpoIecy 3rOpsSHHS CHUJIBHO OOMexeHi. TexHosoriss common
rail (CR) kommnanii "MAH [uzens 1 Typ60o" po3puBae 1ei 3B's130K y CepeaHbO-
06epToBuX YoTUpUTakTHUX JBUTYHaX. CR 1n03Bosse Oe3nepepBHO 1 HE3aIEHKHO
BiJ] HaBaHTAXKCHHS KOHTPOJIIOBATH Yac BIIOPCKYBAHHS 1 TUCK BIIOPCKYBaHHS.

Ile o3Hauae, Mo TexHOJOTIsI common rail 3a0e3nedye ajisi JaHOTO ABUTY-
Ha HallBUIUI PIBEHb THYYKOCTI JJI BCIX J1alla30HIB HABAHTAXXCHHS 1 Jla€ 3Ha-
YHO Kpallll pe3yiabTaTh, HDK OyAb-fiKa 1HIIA TpaJuIllifHA CUCTEMa BHOPCKY-
BaHHs. Po3po0yeno HaniliHy Ta edpexTuBHy cucreMy CR il IMPOKOro CHeKT-
Py CYIHOBHUX IaJWB, SKa TaKOX 3JaTHA MPAIIOBATH i3 3aJUIIKOBUM IaJIMBOM
(HFO).[2]

Onuc cucremu

Cuctema MAN Diesel & Turbo CR 6yna po3pobaena mis podoru 3 HFO
BigmoBigHo no0 crernudikamii DIN ISO 8217 (8'a3kictb 10 700 cCt nipu 50°C) 1
temrepatypoto nanusa 10 150°C (a1 qocsirTHeHHS HEOOX1HOT B'sI3KOCT1 BIIOP-
CKyBaHHS).

Kpim BHCOKOi B'SI3KOCTi, Take MaJMBO, K MPABHJIO, MAE BHCOKHUH BMICT
a0pa3sMBHUX YAaCTHHOK 1 Y€ arpeCUBHUX XIMIYHMX KOMMOHEHTIB. Cucrema
BIIOPCKYBAaHHS TOBMHHA OyTH 3/1aTHA OE€3BIIMOBHO BUTPUMYBATU Il YMOBH,
BKJIFOYAIOUYH 3aIyCK 1 3yMUHKY JABUTYHA i1 yac podotn Ha HFO.[1]
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Puc.1 Cucrema BnopckyBanHsi CR MAN 32/44CR

BukopucranHs nuuie 0JHOr0 akyMyJaTopa TUCKY (common rail) nis Be-
JUKOPO3MIPHUX JU3EIbHUX JIBUTYHIB, PO3TAIIOBAHOT'O MO BC1il TOBXKUHI ABUTY-
Ha, € MPOOJEMAaTUYHUM 3 HACTYITHUX MPUYUH:

- Pi3H1 BuaM manuBa, Ha SKUX MOXXE MpPaILOBATH JABUTYH, B1AOOpakaloTbCs Ha
HeoOXx1H1M TemnepaTypi nanua (Big 25°C go 150°C), a ue, B CBOIO 4epry, BU-
KJIMKA€ 3HA4YH1 BIJIMIHHOCTI B JIIHINHOMY TE€IJIOBOMY PO3IIMPEHH] PEUKH.

- JloBruii akkoMyJIsITOp BUMAarae pajaialbHOr0 CBEPJIIHHS AJIs 3'€lHAHHA 3 KO-
KHUM OJOKOM HMIIHIPIB. Jly’kKe BHCOKI HampyXKEHHS MaTepiaiy, CIpPUYUHEHI
[IUMU OTBOpaMH, HeMUHY4l. ToMy mpobOieMu 1 00cIT KOHTP3aX0diB 3pOCTAIOTh
MPONOPIHIAHO 301IBIICHHIO BHYTPIIIHHOTO JlaMETPy IIUHU Y BEIUKHUX JBUTY-
Hax.

-Y pa3si 3MeHIlIeHHsI 00'eMy aKyMyJsiTOpa HaBpsA YU BIACTHCS JOCITTH OJHA-
KOBUX CITIBBIJIHOUIEHb BIIOPCKYBAHHS JJISl BCIX LUJIIHAPIB JBUTYHA, 1 HE MOXKHA
BUKJIIOYUTHU HAJMIPHI KOJMBAaHHS TUCKY B CUCTEMI.

-Pi3Ha KUIBKICTh IUIIHAPIB TAaKOX Mpu3Bena O 10 pi3HOI KIJIbKOCTI CHUIBHUX
pEHOK.

-Ilinkn0YeHHsT aKyMyJIsTOpa TUCKY HaJIMIPHO1 JOBXHUHHU /10 Hacoca BUCOKOTO
THCKY JIMIIE B OJHIN TOYILl MPU3BEJE A0 NOTIPLUIECHHS SIKOCTI BIIOPCKYBAHHS.

ToMy AOUUIBHO PO3AITUTH aKyMyJSITOP HAa KUIbKa aKKOMYJISITOPHUX 0J10-
KiB BiAMOBITHOTO 00'eMy (puc. 1) 1 po3aUIUTH MoAady K MIHIMYM Ha JiBa HacCO-
CH BUCOKOTO THCKY Ul IIECTULHIIHAPOBOTO JIBUTYHA.
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MakeTt 1 GpyHKIIOHAJIbHICTh

Ha puc. 2 nokazana rigpaBiidyHa cxe-
Ma 3alaTeHTOBAaHOI CUCTEMH BIOPCKY-
BaHHsS Baxxkoro Maszyty CR mns nBuryna
MAN 32/44CR.[1]

3 majauMBHOI CUCTEMH MaluBO dYepe3
JIpOCeabHl 3acliHKA 1 1 BCMOKTYBajbHI
KJIanaHu 2 3 €JIEeKTPOMAarHiTHUM MPUBO-
JIOM TIOJA€THCSA 0 HACOCIB BHCOKOTO TH-
CKy 3, AKi 3a JOMOMOTOI0 HarHiTaJbHUX
KJIana"iB 4 MOAal0Th MaJIWBO ITiJ BHUCO-
KuM TuUckoM 10 1 600 Gap mo peliKkoBUX
0J10KiB 5.

PeiikoBi 010kH 5, sIKi BUKOHYIOTh (DYyHK-
I1I0 aKyMyJIaTOpa TUCKY Ta 00'eMy Malu-
Ba, CKJIaJIal0ThCS 3 BUCOKOMIIIHOT TpyOH,

jeetion timing

Formation of injaction pressure

autietinlet

Puc. 2 Cucrema Bnopckyeanss CR - 3araipHa cxema FCPMETUYHO 3aKPpHUTO1 TOPOEBUMU KPHILI-
Ta PYHKIOHATHHICTE KaMU, B Ky IHTEIPOBaHUM TpUMa4d pery-

morouoro kianana 6. Ha kpoHmITeiHi 3akpimieHi peryiroroui kiamanu 7. Ha
TpUMayl KJamaHiB paJialbHO PO3TAIlOBaH1 3'€IHAHHS JJIs TPYO BUCOKOTO THC-
Ky, SIKl BElyTh JO BIOPCKYBaJIbHUX KJIallaHiB 8, a TaKOX J0 HACTYITHOTO peil-
KOBOTO OJIOKY.

IlepeBaru

OcHoBHa nepeBara BrnopckyBaHHsi CR - 11e JerkicTh, 110 JOCSTaeThes 3a-
BIISIKH PO3JI1IBHOMY CTBOPEHHIO HOMIHAJIBHOTO THCKY Ta KOHTPOJIO BIIOPCKY-
BaHHS.

Kowmmanis "MAH [duzens 1 Typ6o" MakcuManbHO CIPOCTUIIA CBOIO TEX-
Hosoriro CR. Hanmpuknan, Hemae OKpeMOTO CEpBOKOHTYPY JJIsl aKTUBAIl Kila-
MaHiB BMOPCKYBaHHSA. BUKOPHCTOBYIOTHCS KJIallaHU BIOPCKYBaHHsS, KEPOBaHI
TUCKOM, a KJIallaHW YIMPaBIiHHS 1HTETPOBaHI B aKKOMYJISITOPHI OJOKH mojaai
BiJl HArpiBaHHs TOJOBOK MHUJIHAPIB, IO IMiABHUINIY€E€ HAMIWHICTD CHCTEMH 1
CIIPOILIYE TEXHIYHE 00CIYyrOByBaHHS.

JlBurynu, ocHamieHi Ii€ero TexHojoriero CR, a oTxke, OoNTUMi30BaHUM
MpPOLIECOM 3TrOpSAHHA, MAalOTh HaWKpalmMid NMOTEHU1ad JJs AOTPUMAHHS OUIbII
CYBOpHMX HOPM HIOAO0 BUKHJIB, SIKi MOXKYTh OyTH BCTAHOBJIEHI1 IPU HaWKpalio-
MYy CIOKMBaHHI manuBa. KOHCTPYKINiS rapaHTye, IO BUKHAU JUMY 3ajIWIIa-
IOTBCS HUKYE MEX1 BHUJIMMOCTI HaBITh y BUIAJKaX €KCTPEMaIbHO HU3BKOTO
HaBaHTa)XXeHHs.[2]

Konneniis 6e3nexu

Ha ocnoBi FMEA (anaini3 pexumiB 1 HacIiAKiB BiIMOB) OyJin po3pobiie-
HI Ta IHTErpOBaHI B CUCTEMY 3aXOJM 3 BUSBJICHHS BIIMOB 1 3amo0iraHHs mo-
MUJIKAM, aJi€ TUIBKH MICIS yCIIITHOTO 3aBEPIICHHS OOMMUPHUX BaJiJaIliifHUX
BUNPOOYBaHb Ha BUNPOOYBAJIBHOMY CTEHJI, SIKI € KUTTEBO BAXJIUBUMU [JIs
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OyIb-aKO01 HOBOT TEXHOJOT1YHOT KOHIIEITIi.
Cuctema CR Ta i1 koHIemisa Oe3meKkH, SK MOKa3aHO HHXKYE, € MaKCUMaJILHO
MPOCTUMH:

- Kitananm BHOPCKYBaHHS 3HAXOIATHCS IiJ THCKOM JIMIIE ITiJ] Yac BIIOPCKY-
BaHHS - HEMa€e HEOE3MEeKH HEKOHTPOJIHOBAHOTO BIOPCKYBAaHHS, HABITh SIKIIO
peryiorounii Kiamnad ado KjamaH BIOPCKYBaHHS HETEPMETHIHUM.

- KoMmoHeHTH BHCOKOrO THCKY MalOTh IMOJBIHHI CTIHKM - HEMae HEOEe3MEeKHu
BUTOKY TaJInBa B pa3i MPOTiIKaHHS a00 pO3pHUBY TPyO.

- OOMexyBayd MOTOKY JJIsI KOXKHOTO IH-

£1,200 ] JIHApPA - BIICYTHICTh HEOE3MEKH HAIMI-
e pPHOTO BIIOPCKYBaHHs, HaBiTh Yy pasi
i oo MPOTiIKaHHS a00 MOJOMKHA KOMIIOHEHTIB.
g 0] - 3BOpOTHI KIalaHW IS KOXXHOTO IIH-

JiHApa - 3amo0iraloTh 3BOPOTHOMY MO-

07 TOKY 3 CUCTEMHU HHU3BKOI'O THUCKY B IU-
© ] JIHApP, HAPUKIA, Y pa3l 3aKJIMHIOBAH-
0.0 4

HA (OPCYHKH.

Needle lift (mm)
o
(4]
1

0.000 06 0. 01{] 0. 015
Time (sec)

Puc. 3 IloegHAaHHA.MOJeTOBAHHA Ta
BHMIPIOBAHHS

[NapaBiiyHa onTUMI3allig Ta BUIPOOYBAaHHS HA BUTPUBAIIICTh HA 1HXKEKIIHHUX
BUIIPOOYBAIBLHUX CTEHAAX

Sk 3a3Havanocs Bulle, poOOTa Ha BaXXKOMY MajUBl € CEpHO3HUM BUKIH-
KOM JJIsl BCIX CUCTEM BIOPCKYBAHHS 3 €JIEKTPOHHUM yHpaBiaiHHAM. ToMy KOM-
nais "MAH [u3zens 1 Typ60" BUKOpUCTOBY€E BUNIPOOYBajdbHI CTEHIH, HA SKUX
riipaBjiuHa ONTHUMI3allisl 1 BUNPOOYBaHHS HAa BUTPUBAIICTh CUCTEM BIIOPCKY-
BaHHs CR mpoBoasTbCA B Maibke peanicTUUHUX ymoBax. LI BumpoOyBasnbHI
CTEHAU XapaKTEPU3YIOThCSI HACTYIHUMU OCHOBHUMH OCOOJIUBOCTSIMH:"
- "Mo>JIMBE BCTAaHOBJIEHHS KOMIUIEKTHUX CHUCTEM BIOPCKYBaHHS 110 10 muiiiH-
HpiB;"
(Puc.3): IloeqnanHst MOJIEIIOBAHHS Ta BUMIPIOBAHHS
-IToBHICTIO KOMIT'IOTEpPU30BaHE YMPABIIHHS Ta BUMIPIOBAHHSA 3 MOJKJIHMBICTIO
pOBEACHHS 0€3MITOTHUX BUNTPOOYBaHb HA BUTPUBAIIICTD;
- "PoboTa 3 pi3HEMHU BUITPOOYBAIILHUMU MaduBaMH, 0co0iuBo 3 peadtbauM HFO
1o temmnepatypu nanuba 150°C nist BUmpoOyBaHb Ha BUTPUBAIIICTh
riJIpaBiaivyHl BUIPOOYBaHHS.

Puc. 3 imoctpye MOpiBHSHHS MIDXK MOJEJIIOBAaHHAM 1 pe3yjibTaTaMU BH-
npoOyBaHb, 11100 TPOAEMOHCTPYBATH
1 pe3yilbTaTamyu BUNPOOYBaHb, 100 MPOAEMOHCTPYBATHU HAIINHY KOPEISIII0
MK MOJIEIIOBAHHAM 1 BUMiproBaHHsIMU. OHAK MOJEJIOBAaHHS HE 0OMEXKyBajo-

180



csa ogHOommIiHApoBUMH Onokamu. [1[06 mocmiauTu BIIUMB pi3HOI KiJTBKOCTI IH-
JIHJPIB, OyJIU CTBOPEHI IMITaI1iHI MOJI€JI1 TOBHOT
CR nnsg 10 muniaapiB Oyiad MiATOTOBJEHI IMITaIIHI MOJENl MMOBHOI CUCTEMH,
SIK1 TaKO BapilOBAJIMCS 3a IOMTOMOTOI0 BUMIPIOBAaHb.
Ha puc. 4 mokazaHo BUMIps-
HUM THCK Iepe]l BIOPCKYBaJbHUM
KJIAIIaHOM JJI TPhOX PI3HHUX Bepciit
pPETyII0I0Y0ro KjamaHa B MOPiBHSHHI
3 KPUBOIO THCKY BIIOPCKYBaHHS 3BHU-
YaiiHO1 CUCTEMHU BIIOPCKYBAHHS.
Jlerko MOMITHUTH, IO IIBHAKICTH
BIIOPCKYBAHHS Ha MOYATKy BIOPCKY-
BaHHs, SKa € HaWOUIBII Ba)XKJIHBOIO
s yrBopeHHss NOX 1 numy B cHc-
Thus o) teMi MAN Diesel & Turbo CR, mo-
—VesonA —Version 8 — Version C_— Convent. inject. system ’KHA ONTUMI3YyBaTU B MIUPOKOMY Jiia-
Ma30Hi1, MO0 MPUBECTH CUCTEMY BIIO-
Puc.4 ITigGup MBHAKOCTI BIOPCKYBAaHHSA PCKYBaHHS Y BiJIOBimHICTH 1O BH-
MoT nBUryHa.[1]

- 20
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121
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0.2 4

0.0
0

Rail pressure (bar x 10%)

BucHoBOK
VY nonoBial Oysio mpeacTaBlIeHO TepeBary cuctemu BrnopckyBaHHsa CR, 110 mo-
Jsira€e y BUIBHOMY pEryJlOBaHHI mapameTpiB BIOPCKYBaHHS. KOHCTpyKiis cucteMu
CR 3 ii mmpokuMu (HyHKLIIOHATBHUMU MOKJIMBOCTSIMH, KEPYIOUOIO €JIEKTPOHIKOIO
Ta OpUCTPOsiIMU Oe3neKku 3ade3neunsia MPOAYKT MOTEHLIATIOM JJIsl 3aJ0BOJICHHS
MaiOyTHIX €KOJIOTTYHUX Ta €KOHOMIYHUX BUMOT.

CITHCOK BUKOPUCTAHOI JIITEPATYPHU
1. Domenico Fratangelo. Common Rail Design & Field Experience.- MAN
Diesel & Turbo86224 Augsburg.
2. https://www.academia.edu/37244837/
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HII «IaTpecko»

MeTpoJIoTivHi XapaKTepucTHKH BUMIPIOBAJIBHOI CCTeMH Ha 0a3i
KOMOIHOBAHOI'0 1aTYMKA THCKY

OpHi€ro 13 CyTTEBUX XapaKTEPUCTUK BUMIPIOBAILHUX CHUCTEM € YAaCTOTHI IMapa-
METpPH 3anucy (PiKCOBAHOTO MPOIIECY.

3 METOI0 BU3HAYEHHS TaKUX MOKA3HUKIB KOMOIHOBAHOTO JaTYMKa TUCKY MaJluBa
Ha kadenpi CEY OHMA po3po0ieHo METOMKY, aIrOpUTM Ta IpOrpaMmy rapMoHii-
HOTO aHami3y 3a MmeTonoM Dyp'e.

VY BUMazKy 3aBJaHHSIM TapMOHIWHOTO aHaNI3y € YSIBJICHHS CKIAIHOTO HErapMmo-
HIYHOTO KOJIMBAHHS K CyMH TapMOHIMHUX KOJHMBAHHS, IO YTBOPIOIOTh. CIIEKTP KO-
JUBaHHSA. SIKIIO CKJIaJHE KOJIMBAHHS — MepiognyHa (yHKIs i3 yactororo v = 1/T13
nepionoM 7, HOro CreKTp AUCKPETHUM M JIHINYACTHI CKIIAJAEThCs 3 TAPMOHIMHHUX
KOJIMBaHb 13 4acTOTaMH, KpaTHUMH V. JITHIHYaCTHIl CHIEKTp 13 HEKPATHUMH 4acTOTa-
MU MalOTh Maike NepioguyHl KoiauBaHHsA. HemepioawuHi. KOJWBAaHHS MalOTh CY-
IIJTbHUN CHEKTp, SAKUH MICTUThH CKJIAJOBI 3 PI3HUMH YacTOTaMH, IO OE3MepepBHO
3aMOBHIOIOTH JIESKY 00J1acTh YacTOT.

Jlanmi po3risiiaeTbes aHai3 JUIIe NepioJuIHNX (QYHKIIIH.

SIkmio anajizoBaHa QyHKINS € nepiognuyHoro ¢yHkimiero X(t) 3 mepiogom T, Ti
MO>KHA MOAATH SIK

xX(t) =ay+ él(ak cos(km,t) + b, sin(km,t)) (1)

ado X(t) =Co+ick coskant — @) , (2)

k=1
2 27

a
e ck:\/af+bk2 ,tg(Pk:E;, @1:7 ,

t-yac, 7T-niepioa, K - HOMEp FapMOHIKH,

ax, Dk - koedinienTn Dyp'e.

Cenc ¢popmynu (2) mossirae B TOMY, IO NepiognyHa QyHKIis MOke OyTH mpe-
CTaBJICHa CYMOIO CHHYCOITaTbHUX KOJUBAHb 3 YaCTOTAMH, KPATHUMHU OCHOBHOT Yac-
TOTH 1 HAJIEKHUM YMHOM MiAIOpaHUMH aMIUTITylaMH Cy 1 MOYaTKOBUMU (ha3amMu k.
®opmynu (1) 1 (2) ekBiBaJIEHTH1, BIAMIHHICTb JIMILIE Y 3pYYHOCTI MOJIaHHA Ta MOJa-
JIBIIOTO aHAJI3y.

3HaxoKeHHs KoeillieHTiB 8y, by adbo ck, @k € mpsimum neperBopeHHs M Dyp'e,
omepailiss 00unciaeHHsT (PYHKIIIT 32 BITOMUMHU KOE(IIIEHTAMHU - 3BOPOTHUM MEPETBO-
peHHsiM Oyp'e.

Oxpemi cknanoBi (2) cknamaroTh rapMmoHiku. KoJnuBaHHS OCHOBHOI 4acToO-

27 ) .
TH @, = - € TIEpPIIOI0 TAPMOHIKOIO, KOJIMBAHHS 13 YaCTOTOO 2 ®; - APYIroOlO rap-

MOHIKOI0, 1 Tak naji. [IocTiiHI CKIIa0BI ao, Co € CEPeaHE 3HAUCHHS
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byHKIIii.

3anexHiCTh 3HAU€Hb aMIUTITY/] Cx BiJl YaCTOTH Y HOMEpa FapMOHIKH HA3UBAETh-
Cs aMIUTITYJHUM CIIEKTPOM (PYHKIIIi, a 3aJIe)KHICTh 3HaUCHb MMOYAaTKOBUX (a3 ¢k Bij
YaCTOTH YM TO BiJ HOMEpa rapMOHIKH HAa3UBA€THCS (ha30BUM CIIEKTPOM (YHKIIII.

VY Oarathox BHUINaJKax, AKi Ha MpakTHIli, BuxigHa yHkiis f(X) 3agaerscs y Bu-
Al Tabauil abo y BUMIAAl rpadiyHoi KpUBOi. Y HHMX BHUIIAJIKaX 3aCTOCOBYETHCS
HaOJIMKeHe ysBIeHHs nepioaununol ¢yukmii f(X) TpuroHoMerpuuHuMu OaraTodiie-
HaMU BHITY

Ta BiJoOpaXkeHHs y BUTIIsAL rpadika

3aBaHTakeHHs (Dailry TaHHX @ Sh =8+ Z(ak Co S(kX) + bk sin (kX)) ) (3)
k=1

Puc.1. briok-cxema nmporpaMu rapMOHIHHOTO aHATI3Y

A 4

BBe/ICHHS BUXITHHX apaMeTpis: a xoedimientu dyp'e 0OGUUCTIOIOTHCA 32 J0-

- WBHKICTb, 06/XB IIOMOTOK0 HAOJIVKEHUX METOMIB IHTerpyBaHH:,

- KyToBi koopnuHatu

- HApAMETpH THCKY HANPUKIIA, 3 BAKOPUCTAHHAM bopMysT IPSIMOKYT-
HUKIB.

A 4

Sk 3a3HaueHo BUIIE, y LIl poOOTI CTaBU-
J0Cs 3aBJJaHHS CTBOPEHHS JITOPUTMY Ta Mporpa-
MU, 10 3a0e3MeuyroTh 0O0pOOKYy MOCTIIHUX Ha-

BinoOpaxxenns y Burisiai rpagika
NpOLECY 3 YpaxyBaHHIM BBEACHHX
napameTpiB

HHUX, IIPCACTABJICHUX VY BI/IFJBII[i OoCHHJIOrpaM.

A 4

Tuck namBa B THB/I 3anucyBaBcs nBoma jaat-
yuKaMu: 0a30BUM TPAAMIIIAHOT KOHCTPYKIII Ta
nociguenuM. OcTaHHiM OyB MOEAHAHUM 13 HINHU-

JluckpeTHe NepeTBOPEHHSL
Pyp'e (JT1D)

CIREC.

abkoro kpiruienns THB/.

A 4

brok-cxema mporpamu, 1o peanizye Omu-

Busenenns pesynsraty AID y o .
CaHUM aJITOpUTM, HaBeJeHo Ha puc.l. Po3pobieni

BUTIISL rpadika

)

porpamMHi 3aco0M TapMOHIMHOTO aHami3y J03BO-
JSFOTh MIPOBECTH MOPIBHAHHS YaCTOTHUX XapaKTEPUCTUK y rpadi-

yHii QopMi. Take ysBiaeHHs 1HpOpMalLlil HaBeze-
HO Ha puc.2,3.4.
PosraspatoTbes Taki pexxuMH:

3Bopotre AI1D Ta

BUBEJICHHS PE3yJIbTATy Y BUIJISIII rpa-
(hika 17151 Bi3yaJabHOTO MOPIBHSHHS

3 BUXIJTHUM IIPOIIECOM

O

MIHIMaJBHO1 YacTOTU o0epTaHHs n = 33 Ta

l 46 00/xB, a TakoK n = 248 00/XB, OJHM3bKI 10 HOMIHA-
b ) JBHUX 000POTIB.
03ApyKiBKa a00 30epeKeHHS B .
BUMIAAL aiiniB rpadiku @ Ha KOJXKHOMY rpa(bu(y IIOKa3aHO TpU KpH-
Bi. JIB1 BIZHOCATBHCS 10 aMILIITY/1 YacTOT IS Pi-

3anx gatunkiB (PH 1 Pmn), a TpeTs BinmoBigae ix pizawuii - PH-Pm.

Haii6ip11 i1cTOTHOO € BIAMIHHICTD y TapamMeTpax Ha 4acToTi 0OepTaHHS, 1110
nopiBHIOE 33 00/XB. MakcuMaibHa po30DKHICTh BITHOCHTRCSA 10 2111, 110 BiAIOBi-
Ja€ TapMOHII repiroro mopsaky. Ilounnatouun 3 gacrotu f = 10 ', ammmiTyaHi
3HAYEHHS TapMOHIK 000X aTYMKIB HE3HAYHI.

31 30UIBIIEHHSIM YaCTOTH OOEpPTaHHS YaCTOTHI NapameTpu JATUYHMKIB 30JIMKY-
IOThCS.

Ha nactynHiii yactoti o6epranss (N = 46 06/xB, puc.3) 3HaYHOI PI3HULI He-
Mae (pI3HULS aMIUTITY]l Maike B 5 pa3iB MEHILAa MOPIBHSIHO 3 MOMEPEIHIM pPEexKHU-
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Mom). I1lo % 70 YacTOTHOTO /Aiana3oHy aHali30BaHUX TAPMOHIK, BIH PO3IMIUPIOETHCS
31 3pOCTaHHSAM 4acTOTH oOepTaHHA. Tak, SKIIO B MEPIIOMY BUMAIKY BiH YKIaJ1a€Th-
csay 10 I'm, To mpu N = 46 06/xB 11e Bxe 20 '

SKicHO 1151 TeHIeHIIIs CIIpaBe/IJIMBa 1 TPETbOMY 3 aHAJII30BAHUX PEKUMIB
(n =248 00/xB , puc.4 ). Kpusi Pu ta P11 Biipi3HAIOTHCS HE3HAYHO, 3MIHIOETHCS

055[*
0.5
045
04
0.35 |2
0.3
0.25
0.2
0.15
0.1
0.05

Tuck, MIla

-0.05
-0.1
-0.15
-0.2
-0.25
-0.3

5 10 15 20 25 30 35 40 45 50 55
YacTtoTa Ny

Puc.2. [TopiBHSAHHS YacTOTHHUX XapakTepucTuk PH Ta Pu1 npu n=3306/xB

Juiie 3HaK pi3HuLl. Jliana3oH CyTTE€BHX YacTOT MPOAOBXKYE PO3LIMPIOBATHCH 1 CTa-
HOoBUTH 70 I,
JInst aHaui3y METPOJIOTTYHUX OCOOIMBOCTEH 3aIMCy THCKY 3a JI0IIOMOTOIO

0.5
0.45
04

0.35

0.3
o]
= 025
En 0.2
=
; 0.15
[ ) Pu-Pi
0.1
0.05
e

-0.05

5 1 15 20 25 30 35 40 45 50 55 60 65 70 75
YactoTta Ny

Puc.3. ITopiBHSAHHS YaCTOTHUX XapaKTepuCTUK Pu Ta P npu n=46 06/xB
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50 100 150 200 250 300 350 400
YacTtoTa Ny

Puc.4. ITopiBHAHHS YaCTOTHHX XapakTepucTuk PH Ta P mpu n = 248 06/xB

"I-/1" HeoOX1THO MPOBECTH OIIHKY BIUIMBY BJIACHUX KOJIMBAHb €JIEMEHTIB, 1110 Oe-
PYTh y4acTh y nepeaadi 3ycusuis Bij TucKy nanusa B THBJI no "I-/1".

JloriyHMM € BUKJIMKATHU I KOJHUBAHHS HE3ICKHHUM JIXKEPEIOM 3a JOTIOMOTOI0
YAApPHOTIO HABAHTAKEHHSI.

Takuii excriepuMeHT OyJi0 MPOBEACHO, a 3amuc aedopmaniii 1aTdyuka MoJaHo

Ha puc. 5.

3BepTarouuch A0 rpadika CBOiX KOJIMBaHb 3a3HAYUMO, 1110, OUEBHUJIHO, 3aITUC Ha
pHuC. 5 € CyMapHOIO BiJ Aii TUCKY MaJIMBa Ta BIUJIMBY BJIACHUX KOJIMBaHb. XapaKTep
OCTaHHIX 3p03yMLIUH 3 puc.6.

VYMOBHI OAHHMUIU

0 100 200 300 400 500 600 700 800 900
YactoTta Ny

Puc.5. YacToTHI mapaMeTpu 3almcy CBOiX KOJIHUBAaHb CTCHY
Y pobouoMy 3amuci HE POTJISIAETHCS IXHROTO BIUIMBY, IO CBIIYUTH MPO He-
3HAYHY aMILTITYly TAQPMOHIK BJIACHUX KOJIMBAHb.

[I{o crocyeTbest O1IbIT BUCOKMX YAaCTOT, TO, KPIM IX HE3HAYHOI ydacTi y dop-
MyBaHH1 poO0OYOro BUXIAHOrO CUTHany P THCKy manuBa, Ciijl 3a3HAYUTH BIACYT-
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Buxinuuii psn Tl'apMOHIKH CKOPHUTOBAHOTO PSIAY -
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Puc.6. T'apmoniunuii anami3 3anucy Pur kom6iHoBaauM aatyrkoM "IH-/I": n =248 06/xB, m = 32 MM

HICTH BHUAUMOI'O BIIIMBY BJIACHUX KOJIMBAHb BI/IMipI-OBaJIBHO.l. CHUCTCMU. LIe CIIpaBCa-
JIMBO, 30KpCMa, 51 y ,Z[iJ'II)HI/IIIi 3 MaKCHUMaJIbHUMN aMHJIiTy,I[aMI/I BJIACHHMX KOJIWBaHb f

~ 150-200 I'm.

BucHoBkH

CxJ1aJieHo METOJMKY TapMOHIMHOTO aHai3y mapamMeTpiB peecTpallii MpoieciB
MaJIMBOIIOIa4ul CYJHOBHUX JHM3EJIIB CUCTEMOIO Ha 0a3i KOMOIHOBaHOTO BHUMIPIOBAJIb-
HOTO NIEPETBOPIOBAYA.

Po3po0sieHo anroputM Ta nporpamy, o peaigizyloTb METOJIMKY aHalli3y, Mpo-
BEJICHO IMITAllIf{HE MOJICJIFOBAaHHS METPOJIOTTYHUX XaPAKTEPUCTUK CUCTEMHU.

OtprmaHOo OJM3bKI YACTOTHI MapaMeTpH peecTpalii MpoIeciB MaaTruBONOAaul
0a30BMM Ta KOMOIHOBaHUM BHMIpPIOBAJILHUMU MEPETBOPIOBAYAMH HA BCIX €KCILTya-
TaliiHUX peXUMax. BUHATOK CTaHOBUB PEXUM JIPOOOBOTO BIIOPCKYBAHHS 3a Me-

’KaMU MIHIMQJIbHUX 00OPOTIB JIBUTYHA.
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VJIK 621.45.052

Yepewmicin B.I, Camira B.B.
[acTutyT BilicbkoBo-Mopcebkux Cuin
HamionansHoro YHiBepcuteTy «Onecbka Mopchka Akamgemisn

Oc00,1MBOCTI PO3paxyHKY ra3000MiHy y CyTHOBHMX JH3€JIAX

AKTyaJIbHICTh TeMH. 3arajJbHOBHU3HAHUM METOJOM PO3PAaXyHKY OCHOBHHX
napameTpiB razooOminy € meton A. C. Opmina. [IpoTsiroMm TpuBasioro nepioga Horo
NPAKTUYHOTO BUKOPUCTAHHS METOJ] HE YIOCKOHAIIIOBABCS 1, O1JIBII TOTO, MOCTYIIOBO
CIIOTBOPIOBABCA. 3apa3 pPO3paxyHOK razo00MiHY IO IbOMY METOJY 3BOJUTHCS 10
BUOOpY TmMepenaaiB TUCKY Yy BIYCKHHUX Ta BHUIIYCKHHX OpraHax, 3a SKUMHU
BU3HAYAIOTHCA HEOOXiAHI dYac-Tiepepi3l Ta TMOPIBHIOIOTHCS 3  BIAMOBITHUMU
HasBHUMU. Lli BigHOmEHHs posramoBani y mexax 1,0-1,7 [1] um 1,1-1,4 [2], TO
pe3yNbTaTH PO3pPaxXyHKy BU3HAIOTH 330BIIbHUMU.

Hisu1o podoTH € 3HAXOKEHHS MEPernajiiB TUCKIB B OpraHax razoo00MiHy Mpu
3a/laHUX HAasIBHUX dYac-mepepizax. Y MOIMCHOCTI, B pe3yibTaTi PO3paxyHKy MarOTh
OyTW BU3HAYEHl p,, p,, TACK Y MOMEHT BIIKPUTTA BIIyCKHUX OpPraHiB p,, A1ACHUHN

ITOYaTOK IIPOAYBKH 3a BiIIOMI/IMI/I HassBHUMHU qac-nepepisaMH, 49U 3a 3alaHUMU p, , p,

MaroTh OyTH BU3HA4YE€HI HEOOXIJHI Yac-mepepi3u Ta JOPIBHSAHI 1O HasBHUX. Y
MIPOTUBHOMY pa3i pO3paxyHOK BTpadae cMUc. TUIbKH Y BUNAJKY Ipy00i MOMUIIKU Y
OpU3HAYEHHI p, Ta p, pe3yiabTaT pO3pPaxyHKy HE IMOTPaNUTh Yy JIiama3oH,
pexomentoBanmii B [1,2].

Buxiaa ocHoBHoro marepiany. [Ipu po3B’si3yBaHHI PIBHSIHb BUTIKaHHS Y
nepion sunepeoddcenns eunycky A. C. OpiiH 3 METOI YHPOIICHHS KIHIIEBUX
PO3paxyHKOBHX (HDOPMYJT IpUiiMa€e TTOKA3HHUK MOJITPOIH T PO3MIUPEHHS Ta3y y Hen
nepio] 0JIHAKOBHUM 3 TMOKa3HUKOM aiiadaru k, To6To T = k = 1,3. Ane me B [3] 3
EKCIIEpUMEHTAJIbHUX JAaHUX MOKa3HUK T OyB ogepxkaH y Mexax 1,36-1,65. VYV
Mi3HINKMX po0OTax BEJMYMHA T yTouHIOBajacs Ta 3a manumu A. C. Opmina [4]
ckimagana m = 1,5, B geuryni 74VTBF160 [5] m = 1,36, a 3a 6anaHCOBUM aHali30M
ra3ooOMiHy, BHKOHaHOMY B [6] Ha migcTaBi eKCIEPUMEHTIB Ha IHIIUX
Majoo0epToBuX aBuryHax T = 1,45-1,5.

Y 3B’M3Ky 3 IIUM JOIUIBHO Yy pO3paxyHKoOBI (opmynu yac-miepepisy
BUTIEPEHKCHHS BUITYCKY BHECTHU YTOYHEHHS, MPUITHSABIIN
Tt=15.

Yac-nepepi3 BUNEpeHKEHHS BUITYCKY CKIATAETHCS 3 TPHOX CKIIATOBUX

- yac-miepepi3 HaAKPUTHYHOI (Da3u BUTIKAHHS

1 3
1 pr/ph[ p jzmz [ p ]
A=- =] d=1] (@)
M-y W iax \/RTb ‘!. Py Py

- yac-miepepi3 NOJKPUTUYHOT (pa3u BUTKAHHS
1 3

Pa/ Py 2m 2
A'=-— 1 I 11p dl P

m-w, - R-T 1 ¥ pr pr

Kp

(2)
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Vy

B 1 I 1 adv 1,04 ~In\i(3)

m-

ugl'\Vmax'\/R'Tb Vb( p szl v “sl'\Vmax'\/R‘Tb Vb
Py
2 k+1
VY mmx (1)0 i i = L P ‘ _| P ‘
pMynax QyHKIIiS BUTIKAHHS = |2 1| >
- 1 1

Ma€ MaKCHMMAJIbHC 3HAYCHH

1
(2 )2 [2K
Vimax = k+1 k+1

ne p,, T, - THCK Ta TeMIiepaTypa ra3y y MOMEHT BiIKPUTTS BUITYCKHUX OPTaHiB;

Pxp - KDUTHYHUM TUCK Tazy;

Pr - THCK Ta3y 3a BUITYCKHUM KJIAaIIAHOM;

Pd - TUCK ra3zy y HWIIHJP1 B MOMEHT BIAKPUTTS BITyCKHUX OpPTaHiB;

V,,V, - o0’eMH IIWIHApPA y MOMEHT BIJKPUTTS BIJMOBIJHO BIYCKHHUX Ta
BUITYCKHUX OpPTaHiB;

u, - KoedIlleHT BUTpPATH BUIYCKHMX OpraHiB y TEpioJ BUIEPEIKECHHS
BUITYCKY.

[TincTaBnsgroyn YHcenabHI 3HAYEHHS BIJIOMHX BEJIWYUMH B BHINE HaBEIEHI

Bupasu (1), (2), (3) orpumyemo

V p 0,166
A= L. 0,3296-[—"} —-0,3535
Mg - ﬁ pr

V 0,166 0,166
A=—2 .010392.[&J -[2, 258-&J -{2, 258-&—1, 2)
,"Lel : ﬁ r pr pd

Vv
A ———_.0,091.In Y
Mel.\ﬁ Vb

Cymyroun BCi CKIIaJ0B1, 3HAXOJUMO HEOOX1THHM 4Yac-Tiepepi3 BUMEPEHIKEHHS
BUITYCKY

Mo \/ﬁ P

SKI110 BUKOHYETHCS MEPEBIPOYHUM PO3PAXYHOK, TO 32 BIJOMUM HassBHUM Yac-
IEPEPI3OM  BHUIEPEIKEHHA BHMIYCKY A7 BH3HA4YalOTh THUCK Yy LHMJIIHIPL Py,

PO3B’s3yI0uH PiBHIHHS (4) BITHOCHO Pa

r

r

V 0,166
A, =— -Ko, 282+0, oss.ﬁ]-(&j ~0,3535-0,091-In \\i—d 4)
b

0,088- p,

pd = ﬁ V 0,166
L“lvb A? +0,3535+0,091-In d](gj ~0,282
b

cp b

[Tpu TpaneuienogiOHOMY 3aKOHI BIAKPUTTS BUITYCKHOI'O KJIalaHa
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1

Af = Fox I: — ¢, /2+((Pd (Pl):l 6_

F.=mnd_-h .cosa_-10™

F P
max ne

(X'KJI f
iy

Puc. 1. Jliarpama «uac-niepepi3» IJIIHHOXO0I0BOTO ABOTAKTHOTO JU3EIIs

ne F . - IPOX1IHUI Tiepepi3 KopIlyca BUITYCKHOTO KJIalaHa,
h' - YacTKa X0/la BUITYCKHOTO KJIalaHa, 1o BiamnoBiae F,

max’

N - yacToTa OOEPTaHHS KOJIIHYACTOTO Baja.

3a A. C. OpniHuUM BepxXxHS MeEXKa JOIMYCTUMOTO P, BHU3HAYAETHCS 3a
dbopmyIioro

&:2,16—% (5)

r S
[licnst BiIKpUTTS BIYCKHUX Opra”iB HacTae ¢asza 3aKiHUCHHS BIJIBHOTO
BUITYCKY.
Yac-nepepi3 3aKiHYEHHSI BUIBHOTO BUIYCKY BU3HA4Ya€eThecs 3 (4) sIK PI3HULS
JBOX 3HAY€Hb Yac-Tepepi3y - OJHOr0, PO3PAXOBAHOTO MpU p,, a JPYroro, ne

3aMICTh P, MiJICTABJISE€THCS 3HAYCHHS P, .

V 0,166
- Ve . 0,088.(&] .[&_&j
l’lsl ' \ﬁ pr p” pd

Otpumane AA, 3 ypaxyBaHHSM MaclTaOy BIJKJIaJaeMO Ha jalarpami «dyac-

Tomal maeMo

nepepiz» Ta 3HaXOAUMO KYT MOYATKY MPOAYBKH (y.
[Tpornec nmpoayBKM MPUITYCKAETHCA BiIOYBalOUMM MPU MOCTIHHOMY TMepenai
THCKIB.
Maca noBiTps G, , sika IpoiIuIa yepe3 nepepi3 NpoAyBHUX BIKOH 32 IIUKII
G,=0,-G,,
ne @, - AIACHUH KOe(DIMIEHT HaJIMIIKY IPOJYBHOTO IOBITpS,
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G, - Maca TOBITpS, SKa MOTJIa OW PO3MICTUTHCS B 00’ €Mi V, mpu mapamerpax

S

ps’ Ts’
n, - Koe(]iIlieHT HAMOBHEHHS ITWIIHAPA, BIAHECEHWH 10 TOBHOTO XOIy

MOPIIHS.
[Ticnst mpocTUX EPETBOPEHb OTPUMYEMO HEOOX1AHHM Yac-niepepi3 NpoayBKU

Py Vs,
4 =—20" " ()
B, v, yRET,
[ToBHMIT HassBHMIA Yac-Tiepepi3 MPOAYBKH MOXKHA BUSHAUUTH aHATITUYHO

30-B8-D,-S
A7 :%Kz.% +%—1j-(n—%j+sin(pd +%“-sin 2(pd}

Btpary HagBHOTO qac—nepepisy IIPOJIYBKH 3-3a 3aKIHYEHHS BIJIBHOT'O BUITYCKY
3HAUJIEMO 3a q)opMyJIOIO
~30-B-D,-S
, =——X
2-n

A A . . A . .
x| | 2.y, +—4—-1|-——+(sinp, —SIn +—.(sin2p, —Sin2
K V.t j57,3 (sing, —sing, ) 5 (sin 20, cpy)}

Bunpagsienuii yac-nepepis npoyBKu
30-B-D, S
A :0,5-(14;’ +#.K2.W‘V +7L—“‘—1j-(n—&J+sin 0, +%"~sin 2(p”:|J
n

4 57,3
Maroun 4%, nopiBHIOEMO ioro 1o Ay B ¢opmyimi (6) Ta po3p’s3yeMo ii

BIJTHOCHO
y = ?q 'Vs ‘M,
’ Hf’l ) Alﬁ ’ \/R .TS
3a 3HAYEHHUAM \, 3a JONOMOroro rpadikiB QyHKIIi BUTIKAHHS 3HAXOAUMO
nepenaj TUCKY J, = Pu 3inKn 3HAXOAMMO THCK p, .

S

Benmuka mepeBara mpsMOro METONYy BHW3HAUEHHS TIEpernaay THCKIB 3a
BIJTHOIICHHSM [, CKJIAJA€ThCS B TOMY, III0 Y BETUKOMY IHTEPBaJl A¢ 3-3a MOMUJIOK

y 3aJlaHHI KOe(III€EHTY BUTPAT 1, YU KOSQIIEHTY HAJUIMIIKY MOBITPS HA MIPOTYBKY
¢, 1HTEpBaN B, BUABIAECTHCA y Oararo pas3iB MEHLIE Ta pilleHHS Oyae JOCTaTHBO
CTaJIMM Y BCIM MOKJIMBIM J[1alla30H1 3MIHU V, .

[TpumytieHnii BUMMYCK BU3HAYAETHCA 32 TUM K€ AUPEPEHIIIHHUM PIBHSHHSM,
110 1 IPOILIEC MPOTYBKH, TOMY HEOOX1AHUI Yac-mepepi3 NMPUMYIIEHOTO BUITYCKY

G
A, = "= (7)

P,
K W, Y,

H

neG, - Maca rasy, sKa IpOXOIUTh Kpi3b Mepepi3 BUIyCKHUX OPraHiB B1l MOMEHTY

MOYATKy MPOJYBKH JI0 3aKPUTTS MPOJTYBHUX BIKOH;
v, - QYHKIIIS BUTIKaHHA ra3y 3 LIIIHAPA 3a TO e yac;

p,, V, - Tuck Ta 00’€eM rasy y HMIIHIPI 32 NEPIOJ IPUMYILLIEHOIO BUILYCKY
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_ 3484 Ps 'Vs Py M,
- T

S

G,=G,-G,

ne

_GO

Y mporieci MpUMYIIEHOT0 BUITYCKY TEMIEpaTypa CyMilll y IMIIIHAP] Tajae Ta
ii cepenne 3HaueHHs A. C. OpJiH NpoNOHyBaB BU3HAUUTH 32 (GOPMYJIIOO
T, -T
T —_n a
cp T
In -
T

a

3aminwwun y (7) V, 3 piBHSHHS CTaHy, JiCTAHEMO

G, -R-T, -10°
Ane = (8)
“6 : “|]g ’ pH
HasiBHUMIT yac-mepepi3 TPUMYIIEHOTO BHUIYCKY 3 BpaxyBaHHSIM BTpaTH Ha
BUIBHHUI BUITYCK Ta a3y BTpaTH 3apsly BU3HAYAETHCS 3a AlarpaMolo «4ac-Iepepiz»
JBUTYHA, a I Cy4YaCHHMX JBUTYHIB 3 Tpareuienogionow ¢opmMoro miarpamu
BIJIKPUTTSI BUITYCKHOTO KJlarmaHa 4’ MOXHa 0OYUCITIOBATH 32 POPMYJIIO0
1
A =F (0. -0 ) —
ne max ((Pdl (PH) 6n
Po3B’s3ytoun (8)BiTHOCHO \y, 3HAXOAWMO P, , 3BIIKM THCK Ta3y 3a MIIIHAPOM
pr = Bg : pH
Jnst pospaxyHky (aszu empamu 3aps0y HEOOXITHO 3a J1arpamor0 «4ac-
nepepiz» 3HANTH HasIBHUN Yac-Tiepepi3 BTpATU 3apsany 4.
1
A, =Foy 'I:(Pz' _(Pd1+0’5'(q)a _(PZ’)]'E
TOJ1 BTpaTa 3apsay
, p,-10°

G =u. -y A=Y
n3 Mgl \Ile ns3 287Ta

Maca 3apsiTy y MOMEHT 3aKpUTTS BUITYCKHUX OpPTraHiB

G, =G, -G, =2u g
R-T

a

n3

a yacTKa BTPA4YE€HOI0 3aps1y

-6
3G, = G, 107 R-T, = G,
P, 'Vd Gdl
KoedirmieHT HamoBHEHHS MWTIHAPA, BITHECEHUH 0 TTOBHOTO X0y MOPIITHS
10°®
o G _G.10° oo
GS pS -VS

20e G, - Maca mMoxicaueozo 3apaody nogimps 6 00°emi V, .

BucHoBKH. Y 3amporiaHOBaHOMY METOJll PO3PAXYHKY 2a3000MiH)y OCTAaTOYHU-
MU Pe3yIbTaTaMH € He TUIBKU TUCK B ITMUTIHPI B MEP10 3MYIIEHOTO BUITYCKY 1 MPO-
JyBaHHS aJie 1 TUCK 3a IUJIIHIPOM, BUSHAUYCHHS BTPATH 3apsay MOBITPS B ABOTAKT-
HUX JBUTYHAX 1 JI03aPSIKU IMTIHIPA MOBITPSM - B YOTHPUTAKTHHUX, a TAKOK BU3HA-
YeHHS SIKICHUX MOKa3HUKIB ra3000MiHy - Koe(]illieHTa 3aIUIIKOBUX Ta3iB MPU MPO-
JyBaHHI KaMepu 3rOpsSHHS YOTHMPUTAKTHUX JBUTYHIB 1 KOe(ill€eHTa HANOBHEHHS
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LHWTIHIpa MOBITPSIM 3 BpaXyBaHHSIM BTPATH XOJly MOPIIHS Ha JIiHII CTUCKYBaHHS 10O
OanaHcy Macu rasy.
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TH)KEHEPHI TEXHOJIOT'TI EKOJIOTTYHOI TA TPO®ECIAHOI
BE3IIEKN HA MOPI

VIIK 621.43.068.4 (045)

[Tapmenona /I. I'., Koneraes M. O., Kynemos [. M.
Harionanpauit yHiBepcuteT «Onechka MOpPChKa aKaaeMis»

Oc00.,1MBOCTI BIPOBAIKEHHSI 3aX0/1iB [0/10 CKOPOYEHHS BUKHU/IIB NAPHUKOBHX
rasis 3 cy/ieH

3MEHIIIEHHS! BUKUIIB J10KCHUIY BYTJICIIO Ha JAHUM Yac € OJHUM 3 HalBa)JIMBIIIUX
nuTaHb MiKHapoIHOT MOpChKOi oprasizamii. CTpaTeriyHuii mjiaH, CKJIaJCHUN Yy
2018 pori, nependayae ckopoueHHs BUKUAIB 3 cyneH CO2 g0 2030 poky He MEHII
HiX Ha 40% mopiBHstHO 3 2008 pokom [1]. [dnst gocaraenHs uiei metu,[louaTkoBoio
CTpaTeri€lo 3arIaHoOBaHl KOPOTKOCTPOKOBI 3axoau 3 2018 mo 2023 poku Oynu BTi-
JIeH1 y BUIJISAI1 MOCUJIEHHST BUMOr 110 cyaeH B I'naBi 4 Jlogatky VI MixuaponHoi
KOHBEHIIIT 111010 3ano0irands 3a0pyaHeHHIo 3 cyjaeH 1973 poky, 3MiHEHOT TPOTOKO-
nom 1978 poky no nei (MAPIIOJI 73/78). [licna neperyisiay 114 riaBa3MiHIIA Ha3BY
Ha «[IpaBumia 3 ByrieneBoi MiCTKOCTI MI>KHAPOJAHOTO CYJHOIUIABCTBA» 3aMICTh I10-
nepeaHboi — «[IpaBuna eneproeeKTUBHOCTI IS cyAeH» [2].

Bueceni no Homatky VI 3minu, HaOymu yunHOCTI 01.11.2022 poky Ta CyTTEBO
BIUIMHYJIM Ha MIAXOJAU IOJ0 3BITHOCTI Ta KOHTpOtOo Beix cyneH 400 per. TOHH Ta
O1IbIIIE BIJHOCHO BHKHU/IIB JIOKCUAY BYTJICIIO, TOOTO TaKi Cy/JHA TEIep MalThy CY-
JTHOBIM JTOKyMEHTallli HaJaBaTH pe3ylbTaTH PO3pPaxyHKIB (PaAKTUYHOTOKOE(DIIIEHTY
eHeproepeKTUBHOCTI icHytouoro cyaHa (Attained EEXI), sikuit mopiBHIOETHCS 13 MO-
TpiOHUM 3HaueHHSIM (Required EEXI), ta, nayisi BUKOHAaHHS BUMOT, Ma€ OyTH MEH-
muM 3a Hboro. Kpim toro, cyana 5000 per. ToHH, 10 SIKHX 3acTocoBYyeTbes [IpaBuino
28 Homatky VI, mounmnaroun 3 01.01.2023 poxy mMaioTh HIOPIYHO PO3paxoOBYyBaTH
3HaY€HHS (DAKTUYHOTO PIYHOTO €KCILTYaTalliiHOro MOKa3HUKA €KCITyaTalliitHOl BY-
rieneBoi mictkocTi (Cll)3a kanengapHuii pik 2], 3HaYEHHS SIKOTO CIYTyE MIPOIO
OI[IHIOBAHHS CyAHA JUIsl BU3HAYEHHSWOTO PEUTHMHTY EKCIUTyaTaI[iiHO1 BYIJIEIIEBOI
mictkocTi (Operational CarbonIntensityRating).

Cepen m’ssTv peHTUHTOBHUX PIBHIB, HAUTIPIIUM JIJIsl Cy/IHA € HAOyTTs pertunry E B
OJTHOMY KaJIeHIapHOMY polli abo pedTuHry D mpoTsarom TpbhoX pokiB mocmiib[3],
10 CBIIYUTH MPO T€, IO JJIsl CyAHA MAIOTHOYTH 3aIJIaHOBaH1 Ta 3aMpOBaJKEH1 A1€B1
TexHIYHI Ta / ab0 eKcIulyaTaliiHi 3aX0[H, SAKi JO3BOJIATH MOKPAIIUTH HOTO pPEi-
tuHr.Inan Takux 3axo/1iB BigoOpaxyeThcs y [1nani ynpasniHHs eHeproeeKTUBHIC-
Ti0 cyaHa (ITYEC) B Yactuni III — CynHoBuii IU1aH 040 eKCIIyaTaniiiHOl BY-
rjeueBoi MicTtkocTi cyaHa. Cepea HalKpamux Ta Ji€BHX 3aXO0iB, sIKI NMPOIO-
HYIOThCA B [4]:

- Iepexiji cyAHa Ha HU3bKOBYTJICILIEB] / albTepHATUBHI BUAM MAJIMBA;

- OUHMIICHHS MMiIBOAHOT YaCTUHHU KOPITYCY Cy/IHA JJIsi 3MEHIIIEHHS OTO OTopY;

- ONITUMI3AITiS IBUAKOCTI Ta MPOKIAJaHHSI MapIIPyTY;

- eKOHOMISI €JIEKTPUYHOT €Heprii Ha CyIHi;

- BUKOPHUCTAHHS Ha CYyJIHI JOMOMIXHUX BIJHOBJIIOBAHUX JKEpe eHeprii (COHsSYHa,
BITPOBA TOIIIO).
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Bci 3 BuIle3a3HaueHUX 3aX0/iB MalOTh HA MET1 3MEHIIUTH a00 BUKIIOUYUTH BUTPATY
BHCOKO BYTJICIIEBUX BHJIIB TMaJMBa, OCKIIBKAPO3PAXyHKOBE 3HAYCHHS (PAKTUIHOTO
PIYHOTO eKCIUTyaTaliifHOro MOKa3HUKa eKCIuTyaTaliiHoi Byrienesoi mictkocTi (CII)
Oe3rmocepeIHbO 3aJeXKHTh BiJl KilbKocTi BuTpadeHoro namusa (FCj), Buny manusa
(CF;), mporinenoi Bincrani (Dy), BanTaxxomicTkoctiTa Tty cynHa(Capacity)[5]:

E?::':;FC_:' * ':F_:',.:'

Attained Cllgm = —
e Copocity = D,

MoskHa mepen0ayuTH, 10 IS JOCTaTHHO BEJIMKOI KUTBKOCTI CYIEH, BH3HAYCHHS
peiitunry OyayTh MaTH piBHI D a60 E, 0co6muBo 11€ cTOCY€eThCA Cy/EH, K1 HE € HO-
BHMH 32 BU3HauUeHHsM Jy1s niied riaBu 4 Jlomatky VI (HOBe CymHO — KOHTpPAKT Ha
OyIIBHHIITBO / Kilb sIKOTO Oyio ykiaaeHo / 3aknageHo 01.01.2013 poky abo mi3Hi-
mie; abo nmocradaHHs stkoro O0yso 3aikcHIoeThesa 01.07.2015 poky abo michs 1€l a-
TH) [2]. s 1eskux cylieH, Ha SIKUX HEMOKJIMBO YHUKHYTH BUTPATH BEIMKOI KiJIb-
KOCTI €JICKTPUYHOT €Heprii,BikKe rnepedaueHi THMYacoBl 3aX0/Id Y BUIJISI/IL 3aCTOCY-
BaHHS PEWCOBUX KOPUTYBaHb, SIKI MOJSTAIOTHB TOMY, IIO MPU PO3PaXyHKY 3HAUCHHS
daktruHoroCll BigHIMA€EThCA YaCTHHA BUTPAYEHOTO IMAJMBA Ta YAaCTUHA MPONIEHOT
BIJICTaHI, sIKa il BIAMOBiAA€, 3a MEBHUM TEPIOJ] 32 YMOBH JIOJIEpKAHHS IIEBHUX Tpa-
HUYHHUX KpUTEPIiB [6].
Take kopuUryBaHHsI IPUPO3PaXyHKY (DAKTUYHOTO PIUHOIO MOKAa3HUKA EKCILTyaTallii-
Hoi ByrueneBoi Mictkocti (ClIsShip) MoXXyTh BHKOPHMCTOBYBAaTHCYJIHA, IO MEPEBO-
35Th pedprKepaTOpHI KOHTEHHEPH; Ta30BO3HW Ta CyAHA IS TIEPEBE3CHHS 3P1IKEHO-
r0 IPHUPOJTHOTO Ta3y, Mo 00JaaHaHl eIEKTPUIHIMHU CUCTEMaMHU OXOJIOKSHHS BaH-
Taxy ab0 yCTaHOBKaMH MTOBTOPHOTO 3P1KEHHS;, TAHKEPH, OCKIJIbKHA Ha HUX e BU-
TpaTa eJICKTPUYHOI €Heprii Ha poOOTy BaHTAKHUX HACOCIB Ta MiIrPiB BAHTAXKY.
JIns BIACHUKIB 1HIIWX CYJICH, III0 MAalOTh HU3BKHI PEUTHHT, 10 SKUX TAKIMOIPaBKU
HE3aCTOCOBHI, HE OyIyTh MaTH MOXJIMBOCTI 3MEHIIHUTH CBOi NMOKA3HUKW BUTPATH
najanBa 32 paXyHOK PEHCOBUX KOPUTYBaHb. 1 NIl HUXOyAe MyKe BaXIJIMBUM 3arljia-
HYBaTH ONTHUMaJIbHO €(EKTHUBHI 3aXOIU JUIS CBOIX CyAeH, I00 MPOTATOM POKY
(TpbOX) TOKpAIIUTU CBIA peUTUHT. BUHUKAae MUTaHHS 100 TOTO, SKUM YHHOM MO-
’KHA BUSHAYMTH, 110 HA KOHKPETHOMY CYH1 HalO1IbIII CYTTEBO BIIMBAE HA BUTPATY
najavBa Ta SK1 3aX0JIM B KO)KHOMY KOHKPETHOMY BUNAAKY OyIayTh OUIBII e€(heKTHB-
HUMHM.
BpaxoBytouu, 1110 epeKTUBHICTb, 3anpoBakeHuX 10 2023 poKy BKIIOYHO,3aX0/lIB
nmo JekapOoHi3alii MOpPCHKOIO CYJHOIUIABCTBA, Ma€ OyTH OI[lHEHa K
01.01.2026 poxy, i koxxue cyano 5000 per. ToHH MaeOyTH TPOKOHTPOIHOBAHEIEP-
’KaBOIO TIparnopy Ta OTPUMAaTH «AKT MPO BIAMOBIIHICTh — HAJIAHHSIAAHUXIIOJIO BH-
TpaTH CYAHOBOIO TajMBaTa PeHTHHI EKCIUIyaTaliiHOT BYTJIENEBOI MICTKOC-
Ti»BianoBigHo mpaBuiay 8.3 Jomarky VI MAPIIOJI 73/78 [2,7], To 3po3ymino, 110
nonepeny OyayTh nepeadadeHi 3aXo/u, Ki MPU3BEAYTh 10 HETaTUBHUX HACIIIKIB
JUTSL CYJICH THX JIepkKaB, K1 HE 3MOXKYTh 3a0€3MeUNTH BUKOHAHHS BUMOT IIOJI0 3HU-
KEHHSI BUKHJIIB IIOKCHIY BYTJEI0. TakuM 4uHOM, JUIsl CYZeH, K1 HE MAarOTh MOX-
JUBOCTI MEPENTH Ha HU3bKOBYTJICIIEB] BUIM MAJINBA, TOTPEOYIOTh TIEBHUX PEKOMEH-
Jamii mo0 migoopy e€heKTUBHUX 3aXOJIB IS MIABUIICHHS PEUTUHTY E€KCILTyaTa-
I[IHHO1 BYTJIEIEBOI MICTKOCTI.

194



CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Pezomronist MEPC.304(72) IlouaTtkoBa ctpaterisa IMO mono ckopoueHHs
BUKH/IIB MTAPHUKOBUX Ta3iB 3 cyjaeH (mpuiinsarta 13 kBitHsa 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.354(78) 2022 Guidelines on the operational carbon in-
tensity rating of ships (ClI rating guidelines, G4) (adopted on 10 June 2022).

4. Resolution MEPC.346(78) 2022 Guidelines for the development of a ship
energy efficiency management plan (SEEMP) (adopted on 10 June 2022)

5. Resolution MEPC.352(78) 2022 Guidelines on operational carbon intensity
indicators and the calculationmethods (CII guidelines, G1) (adopted on 10 June
2022).

6. Resolution MEPC.355(78) 2022 Interim guidelines on correction factors
and voyage adjustments for Cll calculations (ClII rating guidelines, G5) (adopted on
10 June 2022).

7. Resolution MEPC.348(78) 2022 Guidelines for administration verification
of ship fuel oil consumption data and operational carbon intensity (adopted on 10
June 2022).

195



VIIK 656.612:305-049.5 (045)

HapMeHOBal,Z[.F., BOHI[apzc.A.
'Hauionansuuii yriBepeurer «Oechka MOPChKA aKaJeMisi»
’Mopexinuuii paxosuii konemx im. O. I. Mapunecka
HanionansHoro yHiBepcutety «Onecbka MOpChKa akaieMish»

I'engepHa piBHICTB y cdepi TOProBoro CyJIHONJIABCTBA Ta 3a0e3MeYeHHsI
Oe3nexku

Kinku Bce vacTie oouparoTh mpodecii, siki TpaauIliiHO BBaXKAIOThCIYOJIO-
BIYMMHU. 3 HEJABHBOI'O Yacy TOPIrOBE CYJIHOIUIABCTBO NEpecTaso OyTH BHUHST-
koM.IIpote, ik BBaXaroTh €KCIEPTU, HEOAraTo >KIHOK pU3UKYIOTHOCBOIOBATH (JIOT-
CBbKI1 CHEIaJIbHOCTI.

B nanmii yac mpocTexyeTbcs TEHACHINS 3aIy4eHHS KIHOK Ha (UIOT, y TOMY
yuci Haodiuepchki mocaau. MixuapoaHa Mopckka opranizaris (IMO) taMixHa-
ponHa ¢enepauis TpancnopTHUKIB (ITF) HaBITh 3aKIMKaIOTh CyTHOBJIACHUKIB 3a11y-
YaTH >KIHOK J10 poOOTH K WieHIB ekinaxy.lIpobnemamu, nos’sa3anumu 13 3adesre-
YEHHSM PIBHUX MOXJIMBOCTEH ISl YOJIOBIKIB Ta KIHOK y c(epl MOpEIIaBCTBa, BKE
JABHO OINIKYIOThCA MIKHAPOAHI Oprasizaiii, o 3aiMarThCs PO3POOKOIO Ta BOPO-
BaJDKEHHSIM CTAHJAPTIB MpOoQeciiiHOl MIArOTOBKH Ta OpraHi3alli mpami MOpsKiB. Y
Homosimi  T'eHepasibHOro  aupekrtopa  MiDKHApoAHOI — opraHizamii  mpar
(InternationalLabourOrganization, ILO) nmpo po3BUTOK CHTyaIlii B CEKTOPI MOPCH-
Koro cynHomiaaBctBa 2005 poky 3a3Hayanocs, 10 Y CBITOBOMY TOPrOBEIbHOMY
(0TI KITBKICTH KIHOK Cepejl MOPSIKIB € HE3HAUHOIO, a X PO3MOALT HEPIBHOMIPHHM,
OPUYOMY KUIBKICTh JKIHOK 3 IPOMHUCJIOBO PO3BHHYTHX JI€P>KAaB 3HAUHO MEPEBUIILYE
KUIBKICTB JK1HOK 3 KpaiH, 1[0 PO3BUBAIOTHCHA.

B pesynbrati npoBenenns y 2010 pomi Junnomarnunoi koudbepeniii IMO
Oynu cxBajeHi Maninscbki monpaBku 10 Kouseniii ta Kogekcy mpo cranmaptu
M1ITOTOBKH, TUIJIOMYBAaHHSI MOPSKIB Ta HeceHHs1 BaxTu 1978 p. Kpim nmomnpaBok 0y-
JI0 CXBAJIEHO TaKOX 19 pe3otoniid, 0Hy 3 AKUX MPUCBSIYEHO KIHOYIN Mpali B MOpi -
Pesomronist 14 npo cnpusiHHS y4dacTi KIHOK B MOpChKii ramysi. Llieto Pesomromiero
IMO 3anponoHnyBayia ypsijaM NPUIUIATH OCOOIMBOI yBaru MUTAHHIO 3a0€3MEUCHHS
PIBHOTO JAOCTYIY YOJIOBIKIB Ta KIHOK JO POOOTH y BCiX CEKTOpax MOPCHKOI ramysi;
HaJaBaTH BEJMKE 3HAYEHHS POJIl )KIHOK B MOPCBHKIN mpodecii 1 CIpUsATH iX OUIbII
IIMPOKIM ydacTi B MOPCBHKIM MIArOTOBLI Ta poOOTI HA BCiX PIBHAX B MOPCHKIH raiy-
31. Takoxx IMO Oy10 3anmponoHOBAaHO ypsiiaM B 3a3HAYEHIN Tally3i: IParHyTH 10 Po-
3IJISiAY NUIISX1B BUSBICHHS Ta MOJOJAHHS Ha MIXXHAPOJHOMY PiBHI ICHYIOUHUX OOMe-
KEHb, TAKUX SK BIJACYTHICTH 3aCO0IB JJIsl KIHOK Ha HAaBUAJIBHUX CyJaX, 3 TUM I00
KIHKM MOTJIM TIOBHICTIO 1 O€3MEepenKoHO OpaTu y4acTh Y MOPCHKINA JISITLHOCTI;
MIITPUMATH 3a0€3MeUCHHS MOKIIMBOCTSH HaBYaHHS 3a MicIieM poOOTH, 3 TUM, 1100
KIHKH MOTJIM HaO0yBaTH JOCBIAY BIAMOBIIHOTO PiBHSI, HEOOX1THOTO ISl TT1ABUIIICHHS
npodeciitnux Mmopcbkux HaBuuok. Tak Acam6nes IMO B xoai cBoei 32-0i cecii,faka
npoxonauia 3 8 mo 12 mucronaga 2021 poky npuiiHsia pilieHHs 3acHyBaTH MiKHa-
pOIHMIA KIHOYIM NeHb B MOpchKiit ramysi (InternationlDayforWomeninMaritime),
sIKHii Briepie OyB BifacBsaTkoBanuii 18 TpaBHs 2022 poky.[1, 2]
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Ha 31 ceciit Acamb6nei MixxnapomHoi mopckkoi opranizamii (IMO) Oyna
NpUIHATA I1e OJHa pe3ororis 3a Homepom 1147(31), B sxiii IMO 3BepHyacsao
ypSIAIB Ta MOPCHKHUX aJMIHICTpAIIMIOA0 3a0e3MeueHHs MOXKJIUBOCTEH JUIsl Hapo-
IyBaHHS TMOTEHINANy XIHOK, 3alHATHUX Y MOPCBHKiH cdepi, BKUBAHHS 3aXOJIB O
CTBOPEHHS JUI1 HUX 0e30ap'epHOro Ta 0E3MeYHOro cepefoBHIa y MOPChKii cdepi,
CIPUATH MOCTIHHOMY BUSIBJICHHIO Ta TOJIOJAHHIO MEPELIKOJ, 110 MOB'sA3aHl 3 Haii-
MaHHSIM TepcoHaTy, TPoeCiHHO MiATOTOBKO, TEXHIYHUM CITIBPOOITHUIITBOM Ta
MOCAJI0BUM 3POCTAHHSM, 3 TUM 100 BCi )KIHKA MOTJIM TTOBHOIO MipOI0, O€3MMeYHO 1
0e3nepenIkoHO OpaTh y4acTh y AisSTIbHOCTI MOPCHKOTO CIIBTOBAPUCTBA, BKIIIOYAIO-
9¥ MOPCHKE CYIHOILIABCTBO Ta CyaHOOYmyBaHH:[3].

Jlyis Toro, mo0 MONINIIMTU CUTYaIlo y cdepi 3a0e3nedeHHsT PIBHOCTI MOX-
JMBOCTEN Ta CTaBJICHHS BIAHOCHO JIOCTYIY 10 pOOOYHMX MiCllb, Cy/THOTIJIABHI KOMITa-
Hii MalOTh POBOANTH TMOJITUKY PIBHHX MOXKIJIMBOCTEH, 110 3a00pOHSIE TUCKpUMIHA-
I1F0 JKIHOK, SIK1 IPETEHAYIOTh Ha BaKaHTHI MICIIS, BKIIFOYAIOUW 3/I1IMCHEHHS 3aX0/IiB
I0JI0 YCYHEHHS TUCKPUMIHAIIIHHUX BUMOT, 1110 BUCYBAIOThCSI CUCTEMAaTUYHO, Ta K1
MOYYTb TIPU3BECTH JI0 BUKIIIOUCHHS XKIHOK 3 yCix abo okpeMux moca [4].

He3Baxkatouu Ha Te, 1110 MIXKHAPOJIHI OpraHizallii 3aKJIMKaloTh 0 JOTPUMaHHS
TeH/IEPHOT PIBHOCTI Y MOPCHKIN rany3i, J0CI IPUCYTHS TUCKPUMIHAIIIS KIHOK, 3a1Ty-
YEHUX /10 poOOTH y MOPCHKIil ramysi.

3a CTaTUCTUYHUMH JaHUMHU MiKHapoIHOT MOpchKkoi opraHnizaiii (IMO) B pi3-
HUX rajgy3sx CyJHOIUIABCTBA JKIHKU 3ailiMaroTh 29% poOoumx MicClib, 3 HUX Ha CYJI-
Hax MpaioTh 2%, a came, 3a JaHUMU 3BITYIIPO CTaH PUHKY MOPCHKHX KaapiB, Mij-
rotoByiieHuil banTilicbkoro Ta M1KHapOJAHOIO MOPCHKOIO Pafor Ta MixXKHapOHOIO
MajaTol CyJHOIUIABCTBA, HA ChOTOJHINIHIN JI€Hb y Tally31 cepe]l CBITOBOI 3arajibHOI
kinpkocTi 1,89 mmH. MopsikiB npubauzno 24 059 xinok. Cepen Hux — 7 289 odine-
piB, pelTa — WICHH PsIoBOro ckianay[5].B ocHOBHOMY KiHKH MPaIOIOTh Ha KPYi3-
HUX CYyJIHaX Ta Ha OpoMax Iij 3py4HuM mpanopom. [Ipu nupomy, 6% Big 3aranbHO1
KUTBKOCTI JKIHOK Ha (JIOTI XO/ATh Ha BAHTAKHUX CyJIHAX, y TOMY YMCIII Ha TaHKEpax
Ta Ta30BO3ax.

BerynuBmim Ha poOOTY, KIHKU-MOPSIKM CTUKAIOTHCS 3 THM, IO IM TUIATSAThH
HUKIY 3apo0iTHY miaTy (y MOpIBHSHHI 13 YoJoBikamu mpudian3Ho Ha 40% MeH-
mre)[6,7], He3Bakar4M Ha Te, 10 BOHM BUKOHYIOTH aHAJIOTi4HYy poOoTy.)KiHka B
MOP1 MOKE 3ITKHYTHUCSI TaKOX 13 CEKCYaJIbHUMH JJOMaraHHsIMH Ta HaBITh HACHUJIbCT-
BOM, III0 T&X BIUIMBAE HA iX HU3bKY YHNCEIHHICTh HA Cy/IHAX.

He 3Bakaroun Ha BCce BHINEC3a3HAYCHE, 3a JaHUMH, HABEACHHMMH B 3BITI
BIMCOSeafarerWorkforceReport 2021, B ocTaHHI II’ITh POKIBKUIbKiCThIUIIIIOMO-
BaHMX KIHOK, SIKI MPOUILIN CepTU(IKAIIIOBIAMOBIIHO 10 MiXKHApOIHOT KOHBEHIIIT
I[TIHB, 30inpmunacs Maibke BABiul. Take 3poCTaHHS CBIIYWTH, IO IMIABUIITUIACS
HiATPUMKA PI3HUX KaMIIaHii 13 3aly4eHHS IHOK JI0 raiy3i[5], a Takox i cydacHe
3HIDKEHHSI (D13MYHUX HABAaHTAXKEHb, M1BUIIIEHHS KOM(POPTHOCTI Ta O€3MeKn Ha MOP-
ChKUX CYJHAXBIUIMHYJO Ha (OPMYBaHHsS TPYNH €ProHOMIYHHMX YMOB (heMiHizarii
mpodecii MopsKa.

OpnnHak, KoJu MOBa ijie mpo miAdip KaapiB s poOOTH HA CyJHAX, TO MUTAHHS
aBapifHOCTI Ta MATOTOBKH KBaTi(PiKOBAaHUX KaJpiB (JIOTY BUXOIUTH HA MEPIIE MiC-
11e, OCKUIbKK Oe3meka Oe3CyMHIBHO TOB'Si3aHa 3 JIOJACHKUM (pakTopoM.TumM dacom
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JOJICHKUI (haKkTOp — 1€ CKJIaJHa, 0araTOBEKTOpHA XapaKTEPUCTHKA, KA JI0 TOTO K
HE € cTalOlIbHO0, a CXuabHa 10 (aykTyamii. mykryamii (Big matus. fluctuation —
KOJIMBaHHS) — BUIIQJIKOBI BIIXUJICHHs OYyJb-IKWUX BEJIWYWH BiJ CBOIX CEpeaHIX 3Ha-
YCHb, IO 3aJICKUTh BiJ] BUNAAKOBUX (AKTOPIB.Y CHUCTEMI «JIIOJIMHA — CYJTHO» IICH-
XiKa JIOJIMHUA CXWJIbHA JI0 OLIBII ICTOTHUX (DIyKTyalliid, HXXK TEXHIYHUN CTaH CyJIHA.
3BiJCH ¥ TaKWi BUCOKHUM BIJCOTOK aBapidHOCTI Yepe3 JIFOJChKUN YMHHUK SIK HACHi-
JIOK YXBaJICHHS HEMPaBUJILHUX YIPABIIHCHKUX pillicHb. BpaxoByrouw 11e, U1 1o1a-
JBIIOTO MPOCYBAHHS KIHKH Ha (DIOT, y CYJIHOIUTABHUX KOMIIaHIA Ta Yy JKIHOK, SKi
X04yTh 00paTH poOOTy Ha MOpPChKOMY (p10Ti, Mae OyTH UiTKE ysBICHHA, chopmMoBa-
HE Ha pe3yibTaTax MOCHIPKEHHS, IIOJ0 BHIPABIAHOCTI IHOTO BHOOPY 3 IO3H-
111i0COOIMBOCTEH TOTO, IO YOJIOBIYA Ta KiHOYA MICUXiKa POPMYETHCS IO PI3HOMY.
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Hamionanpauit yHiBepcutet «Oqiechbka MOPChKa akaJaeMish»

Exo0J10Ti4Hi aCIEKTUTPAHCIIOPTYBAHHS NMAJIOYTBOPIOIOYNX BAHTAXKIB

Beryn.3a octaHHI pokM 3HAYHO 3MIHWJIMCS OOCAT, HOMEHKJIATypa 1 CKJaja
HeOE3IeYHNX BaHTaXIB, IMIKIIJIUBHX 1 HEOE3NMEUHMX JICTKUX KOMIIOHEHTIB, SKI
MITPYIOTh B HAaBKOJUIIIHE CEPEJOBHINE 1 BHUKIMKAIOTH 3a0pyIHEHHS TMOBITPS
poOOUYMX MICIb 1 MICIIb IPOKUBAHHS HaceJieHHs. [IpakTU4YHO BiJCYTHI JaHI PO
MeXaH13MHU MUJIOYTBOPEHHS, JUHAMIKY MIrpallii My, mapis i ra3iB y BApoOOHUYIH Ta
KUTJIOBIM 30HAX MPUIOPTOBUX MICT B TMEpiojJ TMEPEeBE3CHHs, CKJIalyBaHHS,
30epiraHHs 1 MepPeBaHTAKCHHS BEJMYE3HUX CYJHOBUX MapTii BaHTaXIB 1 MPOSIBIB B
el TMepioJl CaHITapPHO-TIMEHIYHMX 1 TOKCUYHHUX BJIACTUBOCTEH HEOE3MEeUHUX
KOMITOHEHTIB, a X KOMOIHOBaHa Jis 3aJMIIAIOTHCS HE BHUBUCHOK. BiacyTHi maHi
€KOJIOTO-TITIEHIYHOI OILIIHKA BHUKOPHCTAHHS CyYaCHHX €(EKTUBHHUX CIOCOOIB
0€3BOJHOr0 MWJIONPHUTHIYEHHS MpPU MEPEBAHTAXKYBAIbHUX POOOTaxX 13 MUIOBHUMHU
HAaBAJIOBAJIbHUMHU BaHTaXaMU 13 3aCTOCYBaHHSIM YKPAiHCBKUX Ta 3apyOIKHUX
MUJI03B I3YIOUHNX PEArcHTIB.

AxktyanbHicTh TeMu. OCHOBHY Macy BaHTaXiB, IO TPaHCIOPTYIOTHCH,
CKJIa[Jal0Th HaBaJIIOBAJIbHI Ta HACUITHI MWJIOYTBOPIOKOY] Ta (PyMIrOBaHI BaHTaXl1, 10
MPEJCTABIAIOTh BIIOMUM PU3UK IMIKIAJIMBOTO 1 HEOE3MEUHOrO0 BIUIMBY TOKCHYHOTO
aepo3oyl0 Ta copOOBaHMX IMApPO-Ta30BUX CyMIIIEW Ha OpraHi3M IEepcoHaly,
YYaCHHUKIB TPAHCIOPTHOTO TMpoIlecy (3ali3HUYHHUKIB, aBTOMOOUTICTIB, JOKEPIB 1
YJICHIB EKIMaXiB MOPCHKUX 1 PpIYKOBUX CYJI€H), 1 CTBOPIOIOTH CaHITapHO-
eMJIEMIOJIOTIYHY HAMPYKEHICTh MICI[b TPOKUBAHHS >KUTEIIB MPUIIETIIUX [0
TPAHCIIOPTHUX BY3JIIB MICT Ta CeNUIll. Benuky npobieMy sl eKinakiB MOPChKHUX 1
PIYKOBUX CYAE€H CTBOPIOE OcoOnmMBUM BuI (PymiroBanux (ocdiHoMm 3epHOBUX 1
CLTBCHKOTOCTIOAAPCHKUX BaHTaXIiB, TEPEBE3CHHsS SKUX TIOB'SI3aHO 3 MAaCOBUMHU
OTPYEHHSIMHU 31 CMEPTEIHHUM PE3yJIbTaTOM YKPATHCHKUX MOPSIKIB.

[TocTranoBka 3amaui. [IpoananizyBatu cydacHy iH(opmMailito 1mo 10 0coOJIUBO-
CTe¥ MUIIOYTBOPEHHS MPHU TPAHCIIOPTYBaHHI MHJIOYTBOPIOIOUMXBAHTAXIB.

Pe3ynpTaTu nocniikeHb. B cydacHUX coOLiaibHO-€KOHOMIYHUX YMOBax HaOy-
BaIOTh 3HAYHOI aKTyaJbHOCTI MUTAHHS €KOJIOTO-TIM€HIYHOT O€3MeKH MPpU TPAHCIIOP-
TyBaHH1 HEOE3MEYHHUX XIMIYHUX BAaHTAXIB Yepe3 MOPChKI noptu Ykpainu. o Hexa-
BHBOT'O Yacy, 3a OQIIIMHIMHI JaHUMU B OCTaHHI POKU CIIOCTepirajgach CTiMKa JuHa-
MiKa 30UTBIIEHHS] BaHTaXX000ITy MPU MOPCHKHUX TMEpPEeBE3CHHIX. YOPHOMOPCHKUMHU
noptamu nepepoOroeTbes 75% Bija 3arabHOTO 00CATY BaHTaXIB, 3 skux Ha Oech-
kuii, Yepaomopcrkwuii 1 FOxxHuii moptu npumnagaino 6mm3sko 80%. 3HauHy 4acTKy y
BAHTAKO00Iry IIUX MOPTIB CKJIAAA0Th HeOe3meuHi HacuHi BanTaxi [13].

3 ornsiy Ha PO3IIMPEHHS HOMEHKJIATYpU HEOE3NMEUYHHUX BaHTaXIB, 1ICHYHOYA
HOpMaTHBHa 0a3a, 0 PETyJoe iX MepeBe3eHHs 1 MepepoOKy B MOPCHKUX MOPTaXx,
0a3yroTbesa Ha nonoxeHHsx craret 10-17, 23 1 24 3akony Ykpainu «IIpo 3ab6e3re-
YEHHS CaHITapHOTO Ta eMiJAEMIYHOTO OJaronojay4yus HaceJeHHs», moctanoBu Kaoi-
Hety MinicTpiB «IIpo 3aTtBepkeHHs [1o0xKeHHS PO TITIEHIYHY perjJaMeHTaliio Ta
Jep>KaBHY peecTpallito Hebe3neuHux (pakTtopiB», SKUMU IepeadadyeHo 3a1HCHEHHS
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3ax0/lIB IO J1IEBOMY TITl€HIYHOMY KOHTPOJIIO HacaMIlepel 3a HIKIUIMBUMH 1 HeOe3-
NEeYHUMH YMHHUKAMHU 3 METOI OOMEXEHHsI 1THTEHCHBHOCTI a00 TpHBAJIOCTI iX Adil
IIUISIXOM BCTAHOBJICHHS O€3MEYHUX PIBHIB Y BUPOOHMUIM 30H1 Ta JOBKULIIO, @ TAKOXK
3HIDKEHHSI CTYIICHIO BIUTMBY Ha 370pOB's HacejeHHs. [[boMy 3aBlaHHIO cripusi€ Ta-
Kok 3akoH Ykpainu «IIpo mepeBe3eHHs1 HeOe3neunux BaHTaxiB» [1-5]. Hopmatus-
HO-TIpaBoBa 0a3a Ykpainu B cdepi MOBOKEHHS 3 HEOE3NEUHUMHM BAHTAKAMU MAae
CKJIQJIHY 1€papXiuHy CTPYKTYpY, SIKa BKJIIOYA€ aepxaBHi cranaapta Ykpainu: JCTY
4500-1:2008 «Banrtaxi neOesneuyHi. TepMmiHM Ta BU3HA4Y€HHA NOHATH», 2008 p.;
JCTY 4500-4:2006 «Banrtaxi Hebe3neuni. Metoau BunpoodyBanby, 2006 p.; ICTY
4500-3:2008 «BanTaxi Hebe3neuni. Kmacudikaris», 2008 p.).

OCHOBHUM HOPMAaTHBHO-IIPABOBUM JOKYMEHTOM, SIKMI BU3Ha4yae 00'€KTH MO-
BOJ/DKEHHS 3 HEOE3MEUHUMHU BaHTaKaMH MiJ] 4ac iX MepeBe3eHHs 3aJII3HUYHUM, MOP-
ChKHM, aBTOMOOITBHHUM, aBlallliHUM BHUJAMHU TPAHCIOPTY, CyO'€KTH, iX mpaBa Ta
00O0B'SI3KM, KOMIIETEHTHI OpraHu 1 cepu X KOMIETEHTHOCTI - € 3aKOoH YKpaiHu
«IIpo mepeBe3eHHs HeOE3MEUYHUX BAHTaXIB». [[0JOKEHHIMU 1ILOTO 3aKOHY TaKOXK
PErJIaMEeHTYEThCSI BUKOPUCTAHHS 1HIIMX HOPMATHUBHO-TIPABOBHUX aKTIB, SKIIO 1€ HE
CYIIEpPEUUTh IIbOMY 3aKOHY. TakoX po3po0JIEHO 1 BBEAEHO B JII0 P JEPKABHUX
CTaHAapTIB YKpaiHH, SKi BU3HAYAIOTh TEPMIHOJIOTIIO, MOPSAOK Kiacudikalli, Map-
KyBaHHSI Ta 1HII MPUHIIMIIOBI MUTaHHS Y cdepl MOBOKEHHS 3 HEOE3IEYHUMHU BaH-
taxamu [6]. Kpim Toro, B YkpaiHi mpairoe mMuUIHA psiji Tady3eBUX PETJIaMEHTIB y
cdepl nepeBe3eHHsT HEOE3MNEUHNX BaHTAXIB PI3HUMU BUAAMH MI)KHAPOJIHOTO TPaHC-
MOPTY 1 HAIIOHAJIBHOTO 3pa3Ky, pO3po0JIEeHUX Ha OCHOBI pexoMeHaiiii ExcnepTis
OOH 3 nepeBe3eHHS HEOE3MEYHUX BaHTAXIB [7].

Cepen kateropii HeOe3MEYHUX BAaHTaXKIB OCOOJIMBE MICIIE 3aiiMalOTh MUJIOYT-
BOPIOIOYI HABAJIOBAJIbHI Ta (PyMIrOoBaH1 BaHTaxK1. BUIIJIEHHS LIMX BaHTaXIB B OKpe-
M1 KaTeropli MNOSCHIOETHCS JEKIIbKOMa MPUYMHAMM: BEJIMKUII BAHTAKOO0OIT MUIIOYT-
BOPIOIOYMX HaBAJTIOBAJIILHUX BaHTaxiB. Tak, 3a manumu xypHainy «Iloptu Ykpai-
HU», MOPIYHO B MOPCHKUX 1 PIUKOBUX MOPTax YKpaiHHU MEepeBaHTAXKYBaJIOCh IMOHA]]
120 MJIH. TOHH HABaTIOBAJIBHHUX 1 HACHUITHUX MUJIOYTBOPIOIOYUX BAHTAXKIB, SIK1 J10C-
TaBJIIOTHCS 3aJTI3HUIICIO 1 AaBTOMOOLTEHUM TpaHcropToM [8].

Pazom 3 HaBaOBaJILHUMU 1 HACUITHUMU MUJIOYTBOPIOIOUYMMHU BaHTAKaMH, 1110
HAJXOATh, Y IOPTH MOTPAIUISIFOTH COTHI THCSY TOHH MUJTY - HE TITBKH BUAUMOT, ajie
1 HEe3pUMOi, TaK 3BaHOI «BITAIOYOI», a 3 HEIO - TIApH 1 ra3u, IO OCUIM Ha MUIMHKAX,
IIK1VIUBUX JJIS 37I0POB'sS JTFOJIeH, 110 )KUBYTh HealIeKo BiJ mopTiB [9]. B 3anexHoC-
T1 B1J] (PI3UKO-XIMIYHUX BJIACTUBOCTEH BAHTAXKIB 1 TEXHOJOTIT MEPEBAHTAXKYBATbHUX
pOOIT TpU MPOBEACHHI BaHTAXHUX OMEpalliii, B MOBITPSI HAAXOIUTh 3HAYHA KiJIb-
KICTh Ty, B TOMY YMCJI1 HAHOLIBII HEOE3MEUHOr0 — TOM 110 «BITa€», APIOHOIUC-
nepcHoi ¢paxiiii, sika BITPOBUMHM MOTOKaMH MOKe MIrpyBatu Ha Benuki (350 1 6i-
JbIIE METPIB) BIACTaHI JAJIEKO 3a MEXK1 MOPTY, 3a0pyIHIOI0YN aTMOCc(hepHe MOBITPS
npunopToBux MicT. Lle € pakTopoM pu3nKy BUHUKHEHHS Y HaceJIEHHS 3aXBOPIOBaHb
MUJIOBOI €TI0JIOT11 (JIereHb, CAM30BUX OOOJIOHOK, IMTKIPHUX TOKPUBIB 1 alepriyHuX
nposgis) [10].

[ToTenmiiina exonoriyHa HeOe3MeKa, sKa BUTIKAE Bij] MIJIOYTBOPIOIOYMX BaH-
TaXiB, MOYUHAETHCS BT YKPATHCHKOTO KOPJIOHY. 3a3BUYall TOCTABIISIIOTHCS B HAITIB-
BIJIKpUTUX BaroHax TakKi HABaJIOBAJIbHI BaHTaXIl, SK BYT1UIA, CipKa IPyJIKOBA, MiHE-
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payIbHI pyaH, 3a130pyIHI KOHIIEHTPAaTH, MpU pyci Mmoi3aa Ha BiIPI3KY LULIXY MpHO-
mu3Ho 500 kM BTpavaroTh 10 10% CBOET Baru 3a paxyHOK BUBITprOBaHHs nuiy. Bona
3a0pyHIOE HE TUIBKHU JaHamadT, ajie 1 0Cijjae Ha TEPUTOPIAX 3aTI3HUYHUX CTaHIIIH,
cia 1 micT. KpiM 115010, MU IESIKUX BaHTAXI1B, 110 TPAHCIIOPTYIOTHCS, HAIIPUKIIAI,
CIpKH, TaiTh HeOE3IeKy 3aropsHHs B mpolieci pyxy mnoi3aa. Exonoriyna cutyartis,
CIIPUYMHEHA TTWJIOM, 1[0 BITA€, PI13KO 3aTOCTPIOETHCS B KIHIIEBUX MYHKTAX JIOCTaBKH
— y noptax. ['peliepHe nmepeBaHTaXeHHS CIPKU, TPUMIPOM, MOKE CYIIPOBOJIKYBa-
THCS HaBITh BUOYXaMH CIPYaHOTO MIJTY B CYAHOBUX Tpromax. [loaiOH1 Bumaaku Bij-
OyBasucs B yKpailHCHKUX MOPTax, JIe CIOCTepiraiacs CTUXiiHA MIrpaiis MUy npu
TIpsMyBaHHi uepe3 MicTo. Moro XmMapn MiCTHIIM BUCOKOTOKCHYHI T'a3M CipKOBOIHIO,
CIpUMCTOrO Ta YagHOTO Ta3iB. J[o HEOE3MeYHNX BaHTAXIB, SAKI MWISATh, CIi TOAATH
I1Ie 3€pHOBI, a TAKOK MaKyXy, IIPOTH, BUCIBKHU I'paHylbOBaHl. B3arami » muiaoyTBo-
proroul BaHTaXi HeOe3neyHi Ha Oyb-SIKOMY TEXHOJOTIYHOMY eTami MepeBaIKH.
[TommpeHHs muty 3a MEXi CaHITApPHOT 30HU Ta MONAJAaHHS B KUTJIOB1 OYJIUHKU 1100-
JIU3Y TIOPTIB € CIIPaBKHBOIO 0171010.

baratomiTHi AOCTIHPKEHHS MMOKA3aJM, 1110 BITAIOYUM MUJI HETAaTUBHO BILIUBAE
Ha CIU3UCTI OOOJIOHKM O4Yell, MOPOKHUHY pOTa, MIKIPHUM MOKPHUB, a TOJIOBHE, Ha
nuxanbHy cuctemy.[IumoBl XMapu MOXYTh 3aiiMaTH 3a 00CSITOM JIECSITKU THCSY KY-
OOMEeTpIB 1 IMepeMIilaTUCS Ha BeNuKi BiAcTaHl. ToMy BHUPIIIEHHS €KOJIOTO-
FITIEHIYHUX TIPOOJIeM, MOB'sI3aHUX 3 TIEPEPOOKOI0 HEOE3NMEUYHUX BaHTAXIB y 3aralb-
HOHAI[IOHAJIBHOMY (A€p>KaBHOMY) MacIuTadl, TpaAULIITHUM BUTPATHUM MEXaHI3MOM
MepeBaXKHOI OUIBIIOCTI BUJIIB €KOJIOTO-TITE€HIYHO1 MISUIBHOCTI. 3a OCTaHHE JECATH-
piuust EK/OOH 1 EB/BOO3 0y7n0 BuIlylieHO OUIbII HIK 85 JOKYMEHTIB, SK1 ITOBHH-
HI CIIPUSATH BUPILIEHHIO MTpo0iemMu « TpaHCmopT - HaBKOJIMIIHE CEPEeOBUUIE - 370-
poB'st HaceneHHs». [lopTu sIK TpaHCHOPTHI MANPHUEMCTBA 3 MEPEBAHTAKEHHS IIAPO-
KO HOMEHKJIaTypy MHJIOYTBOPIOIOYMX BAHTAXIB 3 OJTHOTO BUAY TPAHCIOPTY Ha iH-
I, iX CKJIalyBaHHS Ta TUMYacOBE 30epiraHHs, YNHATh HETAaTUBHUI BIUIUB HA BU-
pOOHMYE CepeIOBHIIE 1 CeNTeOHY 30HY JOBKOJHUIIHIX HacedeHUX Micib. [Ipu 1mpo-
My BiJIOYBa€ThCS 1HTCHCHBHE MUJIOYTBOPEHHS, IO CTBOPIOE TMOTEHIIIAHY 3arpo3y
3I0POB'I0 JIFOZICH, MOXE TIPU3BOAUTH JI0 3aruOeli pOCIUH Ha MPUIETINX TEPUTOPI-
X, T1Ip0OIOHTIB - BHACIIIOK 3a0pYy/THEHHS aKBaTOPii MOPTIB.

Cryninp HeOe3MEeKH HEeCTIPUSATINBOI Ji1 MUY Ha OPTaHi3M BU3HAYAETHCS B OC-
HOBHOMY KOHIICHTpAIII€I0 MY B MOBITPI 1 11 AucnepcHicTio. [1eBHy poib Bimirpa-
I0Th BHUIIE ONMUCaHi (HI3UKO-XIMIYHI BJIACTUBOCTI MUY, TOMY iX TaKOX CHiJ Bpaxo-
BYBAaTH MPH Tri€HIYHIN OLIHII THJIOBOI 3a0pYIHEHOCTI MOBITPSI - 3aITUJICHOCTI.

XIMIYHMM CKJIaJ MUY BU3HAa4Ya€e Ol0JIOTIYHY [0 ii Ha opraHi3M. 3a XIMIYHUM
CKJIQJIOM TWJI JAUIATh Ha JABI OCHOBHI IPYIU: TOKCUYHI 1 HeTokcuyHl1. [lepuri mpu mo-
najaHHl B OpPraHi3M BUKJIMKAIOTh TOCTpe a00 XpOHIYHE OTPYEHHS, IPYTl HE BUKJIIH-
KalOTh OTPYEHHSI OpraHi3My HaBITh MPU BEIUKUX KOHIIEHTpALii 1 Tpu HEOOMEKEHO-
My CTPOKY Jii.

bionoriyna Aisi TOKCMYHOTO MUY 3HAXOIUTHCS B TICHOMY 3B'SI3KYy 3 il po3-
qUHHICTIO. J|0Ope pO3UMHHI MWK, TOTPANIMBIIN B OPTaHi3M, PO3YHHSIOTHCS B CJIM31
1 B IHIIUX O10JIOTIYHUX CepenoBUIaX (KPOBi, JIM]1) 1 B pO3UYHHEHOMY BUTJIS 1 IIBU-
JKO 1 B OUIBIIIN CTYNEHI BCMOKTYIOTHCS 1 MOIIMPIOIOTHCS IO BCbOMY OpTaHi3My, Ha-
Jal0YM TOKCUYHY Jif0. 3a JTaHUMH KOMITETY eKcrepTiB BcecBiTHROI opranizariii
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oxopon# 310poB'sa (BOO3), 3 uncneHHUX 3a0pyJHIOIOUUX PEUOBUH, 10 HATXOIATh
B arMocdepy, OCHOBHUMHU €: 3BaXKEHI YaCTHMHKH - a€po30JIl PI3HOr0 CKIIaIy, MOTIM
CIPUMCTI CIIOJIYKH, OKCHUJU a30Ty, OKCHUJ ByIJemto 1 okcuau. OcobiuBe 3HAUYCHHS
NUTY Ta IHIIUX 3BaKEHUX YaCTOK BU3HAYAETHCS THUM, 110 BOHU 3a0pYyIHIOIOTh aTMO-
chepy HEe TUIBKHM B pe3yJIbTaTl MPSIMUX BUKHUJIB, aje OUIBIIOI MIpPOI0 B pe3yJbTaTi
PI3HHX MEPETBOPEHDb ra30IoAi0HUX PEUOBUH, IO BUKUIAIOTHCI B aTMOc(hepy.

3aranpHa KUJIbKICTh 3BOKEHHUX YACTOK, 10 HAAXOASATH B aTMOC(EpPY B PE3yilb-
TaTi PI3HOMAHITHOI MISUTBHOCTI JIOJWHU, 32 TaHUMH €KCIIEPTiB €BPOMEUCHKOI €KO-
HOMIYHO{ KOMICii, CTa€ MOPIBHSHHUM 3 KIJIBKICTIO 3a0pyIHEHHS TPUPOTHOTO MTOXO0-
TOKCHHS.

3aranbHi NIPUHIUIH MPO(ITAKTUKY BIUTUBY MIITy Ha OpraHi3M JIOAUHU:

1. JloTpuMaHHA CaHITApHUX HOPM M MPaBUIL

2. 3MeHIlIeHHS IKIATUBOCTI (PaKTOpiB Ha MIANPUEMCTBI: a)Bojiora oopodka
NPUMIIICHB;0)aBTOMATH3AIlII M MEXaHI3allisl PYYHUX MPOIIECIB;B)repMeTU3AIlIA U
YKPUTTS yCTaTKyBaHHS, TPAHCIIOPTHUX 3aCO01B;T") BUTSXKHA BEHTUJIALIIS.

3.3MeHIIIeHHsT Ha NUIAXaX MOUIUPEHHs (CIOPYKYIOThCS CIelialibHI 3aBICH,
EKpaHu).

4.3MeHIIeHH BIUIMBY Ha POOOUYUX MICISIX (OKYJISIpH, peCHipaTopu, CIIELOJIAT,
IPOTUTA3H).

5. Meaununi 3axoau: HenmpuitmMaHHsg Ha TAIPUEMCTBA JKIHOK 1 FOHAKIB 10 18
pokiB. OOOB'SI3KOBUM € MPOBEAECHHS MEPIOANYHUX MEIUYHUX OTJISIIB 2 pa3u Ha PiK
a00 1 pa3 Ha 2 poKU B 3aJICKHOCTI BiJl MOTEHIIMHOI HEOE3IEKH BUPOOHUIITBA.

BucHOBKU:3pOCTaHHA CBITOBOIO MPOMMCIOBOIO BHPOOHMIITBA, 301JIbILIEHHS
MOTPeON B CUPOBHUHI 1 MPOAYKIIi CIILCHKOTO TOCMOAAPCTBA, MEPEPO3NOILT YaCTKU
€KCIIOPTY Ta IMIIOPTY B TOPrOBOMY OaslaHCl psiy KpaiH MPU3BOJATH 10 3POCTAHHS
MepeBe3eHHST BAHTAXKIB MOPCHKUM TPAHCIIOPTOM. 3HAUHUHN OOCST y IIUX MEPEeBE3CH-
HSIX 3aiiMalOTh HABAJTIOBAJIbHI Ta HACHITHI BaHTaXi. 3a0pyIHEHHsI MOBITPS MPHU MPO-
BEJICHHI BaHTAXKHUX OMEpAIliii y MOPCHKHUX 1 PIYKOBHX MOPTAaX CIIOCTEPIraeThcs Ha
BCIX TE€XHOJIOTIYHUX €Tarax MOBOPKCHHS 3 BAHTAXKEM: BUBAHTAXXEHHS, CKJIaTyBaH-
Hs1, 30epiraHHsl 1 HABAHTAXKECHHS Ha Cy/HA, Y 3aJi3HWYHI BaroHW 1 aBTOTPAHCIOPT.
OpmHouacHO BCi omeparlii MepeBaHTaKyBaJIbHOTO KOMIUIEKCY CTAHOBIISITh HEOE3MEKY
IIOJI0 3aIUJICHHS MOBITPS KUTJIOBOI 30HM MPHUIOPTOBUX MICT. PiBeHb 3aluiIeHOCTI
3aJIeKUTH BiJl BUJY BaHTaXy, CIIOCOOIB 1 TEXHOJIOT1i BaHTaXHUX POOIT, CTyNEHS iX
MeXaH13allil, BAKOPUCTAHHS PI3HUX MMEPEBAHTAKYBAJIBHUX 1 TPAHCIIOPTHUX 3aCO01B.

CIIMCOK BUKOPHUCTAHOI JIITEPATYPH

1.3akon Ykpainu «IIpo mepeBe3eHHs] HEOE3MEUHUX BAHTAXKIB» BiJl 6 KBITHS
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2.3akoH Ykpainu «IIpo 0XopoHy HABKOJIUIIHBOTO MPUPOTHOTO CEPEIOBUIIIAY.

3.3akon Ykpainu «OcHOBU 3aKOHOJaBCTBA Y KPATHU MPO OXOPOHY 3I0POB’sIH.

4.3akoH Ykpainu «IIpo oxopoHy aTMochepHOTO MOBITPS.

5.3akoH Ykpainu «IIpo nepeBo3Ky OMmacHBIXTPY30B».

6.3auka M.A., boiiuenko A.H. K Bompocy o cucremexnaccudukaimmonac-
HBIXTPY30B /IIpo0sieMbl W TEPCHEKTUBBIPA3BUTHSKEIE3HOIOPOKHOTOTPAHCTIOPTA
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YK 656.61

MawmkiueB M.A.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMish»

3araJibHi NPUHIMINA PO3CJTIAYBAHHA TA CKJIAJaAHHSA 3BIiTiB Ta 10M0Biel MPo
IHIIUIEHTH, MOB'sAI3aHI 3 aBapPiSIMHU TA MOKeKAMM

Beryn. [IpoGiema Gesniekn MOpeTIaBaHHS € MIPIOPUTETHUM 3aBAAHHSIM, IO CTO-
iThb Mepea MOPCHKUM CBITOBUM CITIBTOBApPUCTBOM. Y JOMOBI/I MPOMOHYETHCA KOPOT-
KM aHali3 MIKHAPOJHUX JOKYMEHTIB IIOJO0 PO3CIiTyBaHHS MOPCHKUX aBapiiiHUX
npuroj (mam — AMII) Ta po3rasgaeTbes 3arajibHI IPUHITUIINA 00JIIKY, PO3CIiTyBaH-
HS Ta CKJIaJaHHS 3BITIB Ta JOIMOBIACH PO HUX BIAMOBIIHO A0 HOPM MIKHApOIHOT
MOPCBHKOI Oprasizarii.

AKTYaJIbHICTh T€MM TIITBEPKYETHCS 000OB'SI3KOM KaIliTaHa Ta JEp>KaBH Mpa-
nopa MPOBOJAUTH PO3CIITyBaHHs, 00K, aHATI3yBaTH Te, 110 CTAJIOCs, a TAKOXK MPH-
gy AMII onpuinto IHIOBATH.

IHocTranoBka 3anaui. KopoTkuil aHani3 KepiBHUX JOKYMEHTIB 00 PO3CIIIy-
BaHHsI AMII, npuHIMIIB iX po3CiiayBaHHS Ta HaJaHHS JOIMOMOTU CYJAHOBHUM MOp-
CBKHMM (paxiBISIM y [IbOMY Ba)KJIMBOMY ITUTaHHI.

Buksaa ocCHOBHOTO MaTepiady.

B nanmii yac npu poscainyBanni AMII kepyroTbcsi TAKHUMH OCHOBHUMH JIOKyMe-
Hramu IMO:

Konexc MibKHapOHUX CTaHJAPTIB Ta PEKOMEHAOBAHOI MPAKTUKU PO3CIIITYBAHHS
aBapii un iHIUAeHTy Ha mopi (Komekc poscmimyBanus aBapiit. Pezomromiss MSC.
255(84) Big 16.05.2008).

KepiBHUIITBO 3 HaJlaHHS TOTIOMOTH 0co0aM, siKi IPOBOJATH po3ciiayBaHHs Pe-
zomonisA. 1075 (28) Bix 04.12.2013.

Y Kooexci 3 poscnioysanna aeapiin 3Haiinuia BimoOpaxeHHs popma aHKETH, B
K1 poOUTHCS cripoOa BCTAHOBUTH BIUIMB JIOJICHKOTO (aktopy Ha AMII, sk ioro
MepeayMOBH, Y 3B'3KY 3 UMM 0arato yBaru NpUAUIEHO CTaHy JIOJIMHU MEepe]] aBapi-
€10, ii ToCBIAy poboTu Ta kBamidikauii.dopmyerbesa meta Kogekcy — cupusiTi oji-
HOMaHITHOMY Miaxoay A0 po3sciiayBanHs AMII Ha Mopi, a TaKOXX CHPHUATH CITiB-
mparll Aep>KaB y BU3HAYEHHI CYMYyTHIX (DaKTOpIB, U0 MPU3BOJIATH 10 aBapiil Ha MOPI.

JHepxaBam mparnopa CyJHa HACTIHHO PEKOMEHIYEThCS PO3CIiIyBaTH BCl aBapii
iX CyJeH Ta HaJCUJIaTHh KOMiI0 MPOEKTY OCTATOYHOI JOMOBIAl BCIM 3alliKaBICHUM
nepsxkaBam. /{75 mosnermeHHs oOMiHy 1HGOPMAIIIEIO PO PO3CIIITyBAaHHS aBapiil KOXK-
Ha JIOTIOBIb TOBUHHA BIJIMOBIATH TUIIOBOMY (dopmaTy, HaBeqeHoMy B Kopaekci.

3 MeTOr0 OTpUMaHHS J0CTOBIpHOT 1H(OpMaItii mpo obcraBuau aBapii IMO BHec-
na 3MiHM 10 riaBu 5 «besneka moperuraBanHsy Konseniiii SOLAS-74, ne B [IpaBu-
71 20 oOymMoBIIeHO BCTaHOBJIEHHA Ha cyaHax [lpunany peecTparii naHux mpo peic.
[{uMm mpaBUIOM BCTaHOBIIOETHCS, 110 3 1 ciuHsg 2009 poky Ha cyqHax Mae OyTH Ta-
kui nputaa[l].

Honatok 10 MixkHapOJHOTO KOJIEKCY MPOBEJCHHS PO3CiiyBaHb aBapiil Ta iH-
IIUJICHTIB HAa MOP1 MICTUTh «KepiBHUIITBO 1HCIIEKTOpaM 13 3acTocyBaHHs Kogekcy».

Leit Konekc 30008'13ye npu AMII kanitana HeraiiHO (3a NEPILOT MOKIUBOCTI)
o paaio abo iHmMUM criocobom aomnosicty po AMII cynHoBnacuuky. Ilicns yey-
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HeHHs (3akiHueHHs) HachiakiB AMII migrotryBaTu JoKiIaaHe MOBIIOMJICHHS Ta Ha-
PaBUTU MOr0 CyIHOBIACHUKY. SIKIIIO HEe HaJli/e 1HIlIAa BKa3iBKa, KaIliTaH CTBOPIOE
13 CyTHOBHUX (DaxiBI[IB KOMICIIO Mijl CBOIM TOJIOBYBAHHSM JIJIsI PO3CJIIIyBaHHS IPHU-
YUH Ta 00OCTAaBUH BUHMKHEHHS MOXEXI.

Jeporcopzanu Ykpainu, aKi po3ciioyloms aeapiini MopcovKi nooii, Kepyiomucs
[TonoxxeHHsIM TIpo KiIacu(iKalliio, MOPSAIOK PO3CIITyBaHHS Ta OOJIKY aBapidHHUX
MOPCBKHMX TOAIN 13 cynmHamu {I3 3MiHamu, BHECEHUMHM 3TiIHO 3 Hakazamu MiHic-
tepctBa iHppacTpykTypu N 575 (z1709-12) Big 24.09.2012, N 278 (z 1234-16) Bin
16.08.2016, N 354 (z0972-18) Bix 06.08.2018:

e MiHicTepcTBO 1HGPACTPYKTYpH YKpaiHu;

e MiHICTEpPCTBO arpapHoOi NOJITHUKHU Ta MPOJOBOJILCTBA Y KpaiHH;
e MopchKa aaMiHICTparlis;

o JlepxpubareHTCTBO YKpaiHU (BUKIIOUYEHO);

® KaliTaHU MOPCHKUX MOPTIB;

® KaIliTaHU Cy/ICH.

PoscnigyBanHs 1y>ke CEpHO3HUX 1 CEpHO3HUX aBapiii, M0 CTaJuCs 3 YKpaiHCh-
KUMH CyJHaMH, HE3AJIE)KHO BIJ MICIlS, /1€ BOHU TPAIUIIUCS, a TAKOXK 3 1HO3EMHUMU
CyJlHaMH y BHYTPIIIHIX BOJaX YKpaiHu, il TEpUTOpiaTbHOMY MOpPI MPOBOAUTHCH
KOMICISIMU, CTBOPEHHUMH OpraHaMu PO3CIIAYBAHHS, 10 KOMIETEHIII] IKUX BlJHECEHE
BIIMOBITHE PO3CiiayBaHHs [3].

Jlo KoMIleTeH11i KOMiCiii, cTBOpeHuX MIHICTepCTBOM 1HQPACTPYKTypH Y KpaiHH
Ta MIHICTEpCTBOM arpapHoi MOJITUKH Ta MPOJOBOJILCTBA Y KpaiHU, HAJIEKATHME PO-
3CIITyBaHHS Jy’K€ CEPHO3HUX aBapii, IKi BUKJIUKAIN BEJIUKUNA TPOMAJCHKHUI Pe30-
HaHC, SIKILO 3 MPUBOAY TaKUX PO3CIIyBaHb HE OYJIO yXBaJICHO CIEHIAIbHE PIIICHHS
Kabinety MinictpiB Ykpainu.

Jlo kommeTeHI1ii KoMicii, CTBOpeHHX MOPCHKOI aaMIHICTPAIlIEI0 HAICKHUTh PO-
3CJIITyBaHHS:

* Jy’Ke CepHO3HUX aBapiil, AKIIO PO3CIIAYBaHHS 3a PillIEHHSIM MiHicTepcTBa
iH(ppacTpykTypu YkpaiHu Ta MiHiCTepcTBa arpapHOi MOJITHUKKA Ta MPOJOBOJIbCTBA
VYkpainu He MPOBOAUTUCS HUM CaMUM a00 3 MPUBOJIY IILOTO PO3CIIiIyBaHHS HE OYIIO0
yXBaJIeHO crerianbHe pimenns Kabinety MinictpiB Ykpainu;

* cepilo3HuX aBapiii;

* MOPCBKUX 1HITUJICHTIB.

Jlo xoMmeTeH1li KOMICIid, CTBOPEHUX KaliTaHAMU MOPCHKUX IMOPTIB, HAJIEXKATh
PO3CIIITyBaHHS:

* MOPCHKHX I1HIIMJICHTIB, IPOBEICHHS SIKUX MEepPEAaHo M 3a pilieHHsIM Mopch-
KOi afMiHICcTpallii YKpaiHu;

* |HIMIECHTIB.

J1o KOMIIeTeHIIiT KOMICii, CTBOPEHHX KaIlliTaHAMH CYJCH, HAJICKATh:

* PO3CIiIyBaHHS IHITUACHTIB, IPOBEICHHS SIKUX TEPEIaHO iM 3a PIIICHHIM
KarmiTaHa MOPCHKOTO MOPTY;

* moniepeiHe posciiayBanHs Bcix AMII [3].

Po3cainyBaHHs aBapiiHOT0 BUNIAKY
[TouaTkoBe po3ciilyBaHHs BCIX MOJIN MOKJIAJAEThCs HA KOMICIIO, CTBOPEHY KarliTa-

205



HOM CYJTHA.
Kowmicisa cknagae AKT po3ciiilyBaHHSI aBapifHOTO BUITAJIKY.
Inghopmayisn, neobxiona 0ns po3cinioysanHs asapiliHUX MOPCLKUX NPUeoO ma CKId-
oanms Akmy po3ciioyeamnus :
1. Jlani npo peiic cyaHa.
2. BizoMocT1 1po CyJIHO.
3. JlokyMeHTH, K1 BUJAIOThCS KiIacUu(iKaIlIHHIM TOBAPHUCTBOM.
4. Kypuanu (cyaHOBUH, MAIIMHHUIN CYJHOBHI YOPHOBHM, IPOMHUCIOBHIA, HA()TOBHIA
oriepartii).
5. lani po kBasti(ikaIiito 4WieHiB eKinaxy.
6. Kypcorpama, peBepcorpama , exorpama.
7. Po3paxyHKH CTIHKOCTI Cy/IHA.
8. BimoMocTi mpo cTtax poOOTH YICHIB EKIMaxy.
9. Cran niorosu, 10, mpu Ta mcist AMIL.
10. Jlormomora, 110 HaJa€ThCS CYJIHY UM EKIMaxy.
11. CynnoBa podb.
12. lonatkoBa iHdopmailis, 3anexHo Big sugy AMIL
OdopmiieHHsT aBapiiHOTO BUIAJKY BKJIIOYA€ HU3KY OOOB'SI3KOBUX il I0JI0 OTOBI-
IICHHS, JOKYMEHTAJILHOTO 3aKpIIUICHHS J0Ka3iB 0€3M0ocepe/IHbO CIIIOM 3a TOJIIEI0
Ta 0OPMJICHHSI JOKYMEHTIB y TIEPIIOMY MOPTY 3aXOJy, 3 METOI CTBOPEHHS YMOB
JUTsI 00'€KTUBHOTO PO3CIIIYBaHHS BHUMAAKY Ta PO3TIIATY MOMJIHBOTO CIOPY MO0
BI/INIKOTYBaHHS 30UTKIB.
Heo0'exTuBHE BUCBITIEHHSI OOCTaBMH Ta COPOOM NMPUXOBATU JIMCHI NPUYMHU aBa-
pPIHHOTO BHUIAJKY 3HAYHO YCKJIAIHIOIOTH BEJACHHS CIPAaBH Ta CHPUYHHSIOTH HEBU-
MpaBJaHi BUTPATH.
besnocepennbo 3a aBapiiHUM BUIAJIKOM, KamiTaH 3000B'S3aHUN JOKYMEHTAJIBHO
1oro o) OpMUTH 1 3aKPIMMKUTH JOCTOBIPHI JIOKa3u TOTO, 10 cTanocs [1,2].
32i0H0 3 HayiOHANLHUMU OOKYMEHMAMU, cy008a AOMIHICmpayis 20mye maki 00K)-
MeHmu:
. TIOSICHIOBAJTBH1 3aITMCKH 0C10, 3aTy4eHUX 10 1HIUIACHTY,
. KOIIii 3 IUTJIOMIB Ta CB1JIONTB OCi0, MPUYETHUX JI0 aBApIMHOTO BUMAJIKY,
. TIOBIJTOMJICHHSI TIPO aBapiiHUMN BUIAJIOK 13 CYHOM,
. 3a5IBY KalliTaHy TOPTY MPO aBapiiiHUI BUTIAJOK 13 CYTHOM,
. CY/IHOBHMI TEXHIYHUH aKT Ha YIIKOJKEHHS, OTPUMAaHI IiJ1 Yac Moli,
. CIIUCOK 0C10, SIK1 3arMHYJIA a00 3HUKIIA O€3BICTH MPU aBapIHOMY BUIIAJIKY,
. aKT CIOPBEHEPCHKOTO OTJISAY Cy/IHA,
. 3aBIpEH1 KaliTaHOM BUTATU 3 CYJHOBOIO >KypHaly, MalllMHHOIO Ta paJiloc-
TaHIIi1 )KypHaJiB, 3a MonepeHi 4 TOAUHM JI0 aBapIMHOTO BUIAJKY Ta A0 JI1KBiJAIlil
Oro HaCIIKIB,

9. BUKOTYBaHHS 3 KOJIWHUX KapTOK 3 MTO3HAYEHHSIM MICIISl aBapiiHOTO BUIIATIKY
3 CYZIHOM, HAHECEHHSIM MPOKJIAIKU Ta o0CcepBalliid,

10. cxema pyxy cyaHa (CylleH) A0 Ta B MEPioja aBapiiHOTO BUTIAIKY 3 CYIHOM,
TaOJIHIISI MAaHEBPEHUX E€JIEMEHTIB,

11. mranmier rMOWH y MiCIIl aBapiitHOTO BUMIAAKY,

12. xomisi 3 CHHONITUYHUX MPOTHO31B Ta MITOPMOBHX MOTIEPEIKEHbD,
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13. noBiaKa Mpo KOPEKTypy CYAHOBOI KOJIEKIIIl KapT Ta KHUT,

14. xormist 3 JOKYMEHTIB PO JhOJA0BY OOCTAaHOBKY Ha NEPioj aBapiiHOrO BUIIa-
JIKY 13 CyJTHOM,

15. boTrogokymeHTH,

16. ecki3u HAC/IAKIB aBap1HOTO BUIIAJKY 3 CYJTHOM,

17. akT npo BUKOHAHI poOOTH 3 JIIKBiAAIllT aBapiitHOTO BUITAIKY,

18. akT BOZOJA3HOTO Ta JOKOBOTO OTJISAY CyaHa (MpoTaroM 48 TOAWH TiCs
MOJIaHHS 3asBH MPO aBapiiHUI BUMAIOK 13 CYTHOM),

19. noBiaka mpo HampaioBaHHs (TIPU aBapitHOMY BUIIaJKy TEXHIYHOTO Xapak-
Tepy),

20. mucTyBaHHS, Y TOMY YHCII pajiorpamMH: CyIHO-CYAHO, CYJIHO-
CYTHOBJIACHUK (OTIEPATOpP CYIHA)- CYIHO, 3 O(DIMiitHOIO BIAI010,

21. xorist 3asiBU PO MOPCHKUIN MPOTECT,

22. XOrid 3asiBU KalliTaHy YU CYJHOBJIACHHUKY CyJHAa-y4yaCHHUKa aBapiiiHOTO BU-
HaJKy PO BIAMOBIIAJIBHICTD 32 HACTIIKH.
Jlooamxogi doxymenmu w000 noxceddci Ha nanydi, Y 6AHMANCHUX NPUMIUEHHAX aOO
MAWUHHOMY BIOOLIEHHI:

. 3asBH BiJ] 0C10, SIK1 BUSIBHIIA TTOXKEXKY;

. Npi3BHINA, TTOCAU Ta OOOB'A3KU WICHIB CYJHOBOI TPyMHH MO0 OOpOTHOM 3
MOXKEXKEIO;

. 3aX0Ju JU1sl OOPOTHOU 3 MOKEKEIO;

. akuo myckaBcsi COz, HOro BUKOPUCTAaHA KUIBKICTB;

. MTOIIKOJIXKEH1 MOMXKEXKEI0 00'€KTH, BY3JIU, 30HH;

. AKIIO Mayia micie Oynb-siKa TpaBMa - MpI3BULIE, MTOcaaa Ta 0OOB'A3KH TpaB-
MOBAaHO1 0cO0H;

. BUJI HAJIAHOTO JIIKyBaHHA (HAJaHO1 JOMOMOTH), MOTEPIUIOrO BIAMPABICHO Ha
Oeper abo 3aJMIIIEHO Ha CY/IHI;

. yac mpuOyTTs T0MOMOTH Oepera;

. Ipi3BHIIE, TTOCaay Ta 00OB'I3KH OyAb-sIKOTO WiIeHa O0eperoBoi MOXKEKHOI KO-
MaH/Iu;

. IIOroJ1a I Yac MOKEXI,

. nepeBaXKH1 MPUILIMBH Ta Tedil [3].

VYci koMaHu Ta Aii TOBUHHI OyTH MIAKPITUICH] 3allMCaMU Y BAaXTOBHM JKypHAJL.
[Ticns mpuOyTTS A0 MOPTY KalliTaH CyIHA MOBIIOMIISIE PO MOAII0 KaIiTaHy MOPTY.
[Tpu mbOMy HaIAIOTHCS TaKi TOKYMEHTH: JTOHECEHHS KaIliTaHy MOPTY, aKT CYTHOBOI
KOMICIi, BUTST 3 BAXTOBOI'0 JKypHaJy, a 32 HEOOXIJJHOCTI, 1 3 MAIMHHOTO JKypHAIy,
MMCHMORBI CBITYCHHS OUEBHU/IIIB Ta 1HII JIOKYMEHTH Ha BUMOTY.

Jlonogios w000 enuxoi nocedci NoBUHHA Micmumu 8i0N0Gi0l HA 3ANUMAHHSL:
TouHe miclie MoXxexi Ha CyAHI.

UYu noramiena nmoxexa? SIKuM € MOTOYHUN CTaH TOKEkK1?

Sxi npumiteHHs (BIACIKH) 3HAXOASTHCS M0 YOTUPHOX CTOPOHAX?

Sxi npuMinieHHs iepeOyBarOTh BUIIE (HAT MICIIEM TTOXKEXK1)?

Sxi mpuMIIeHHs 3HAXOASATHCS HIK4E (TT17] MICIIEM TTOXKEx1)?

Ywu 3aKkpuTO 111€ TPUMIIICHHS (BIACIK), Y SKOMY Ma€ MicCIie TToXKexa?

Slka TemriepaTypa y CyMDKHUX MPUMIIICHHSX (Bifcikax)?
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8. SIkuit METOJ] BUKOPUCTAHO I TACIHHS TTOXKEXK1?

9. Axuit 3amac COz Ha cyaH1?

10.  SIxi MOXXJIMBOCTI HasIBHUX Ha CYJHI MPOTUAUMHHUX/IUXATBHUX arapaTiB?

11. Ywu icHye pU3HUK MOBTOPHOT'O 3aliMaHHS?

12. Illo momKkomKeHo?

CynHOBIIACHUKOM MOX€ OyTH CTBOpEHa BiJloMYa KOMICIs Il PO3CIIAyBaHHS I10-
xkexl. Kamitan cyaHa 3000B's13aHUM 1T0gaTH KoMicli BC1 HEOOXiAHI HEIO JOKYMEHTH,
CTBOPHUTH YMOBH AJIA il poOOTH.

B okpemux Bumamkax (3a 0COONHMBO BEIMKHX TOXKEK, MPH TOXKEkKaX 13 3aruOeIuTIo
MmoJei TOIo) AepKaBHOIO BIAJ0I0 MOXKe OyTH cTBOpeHa YpsaoBa KoMicis. Ii cTso-
PEHHS HE TIOBUHHO NMPUITUHATH PO3CIIITyBaHHS BIAOMYOI KOMICII Ta KamiTaHa mopTy.
3a pe3yibTaTaMu poOOTH KOMICIi TOTYETHCS CIIUTBHUM aKT 13 BUCHOBKaMH PO MPH-
YUHU Ta 0OCTAaBUHU BUHUKHEHHS MOXEX1, PO XiJ ii TaCiHHSA, 3 MPOTIO3UIIISIMH 010
3aXO0/I1B 110JI0 HEJAOMYIIIEHHSI BUHUKHEHHSI MOXKEeX [3].

CIINCOK BIKOPUCTAHOI JIITEPATYPU

1. Kogekc MIKHApOJHMX CTaHJAPTIB Ta MPAKTHKW PO3CIITyBaHHA aBapii a0do
iHuaeHTy Ha Mopi [Komekc poscmigyBanus aBapiii. Pesomtoriss MSC. 255(84) Bin
16.05.2008]: https://docs.cntd.ru/document/499028826.

2. KepiBHUIITBO 3 HalaHHS JOMTOMOTH 0c0o0aM, sIKi TPOBOASTH PO3CIIiTyBaHHS
Pezomronist A.1075 (28) Bimg 4.12.13r. http://rise.odessa.ua/texts/A1075 28.php3

3. [Nonoxxenns mpo kinacudikaiiito, MOPSAOK PO3CIiAyBaHHS Ta 00Ky aBapiii-
HUX MOPCBKHUX N0 13 cyaHamu { I3 3MiHamu , BHeceHUMHU 3rigHo 3 Hakazamu Mi-
HicTepcTBa iHppacTpyktypu N 575 (z1709-12 ) Big 24.09.2012, N 278 ( z1234-16 )
Big 16.08.2016, N 354 ( z0972-18 ) Bix 06.08.2018 }):
https://ips.ligazakon.net/document/view/re12833?an.
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VK 658.3.5.629

O6eptiop K.JI. k.1.H.,3acTynHuk qupexropa HHII
HarnionansHuit yHiBepcutet «Opechka MOPChbKa akaaeMis

MeToau OYHILIEHHS BOJ Bi/l OPraHiYHMX JOMIILIOK i MOBEPXHEBO-AKTUBHUX
peuoBuH (ITAP)

Cepen Benukoi pI3HOMAHITHOCTI PO3UYMHEHUX OPTaHIYHUX PEYOBHH, IO
3a0pyJHIOIOTH MPOMHUCIOBI CTIYHI BOJAM PI3HUX MiAINPUEMCTB, OCOOIUBE MICIE
HajnexuTh I[TAP. bauszsko 60% BupoOnenux IIAP BUKOPUCTOBYETBCS B SIKOCTI
MHUIOYHX 3ac00iB s MOOYTOBHX 1 mpoMuciaoBux miaeit [2]. AmcopOiris
rigpodineaux Tpyn Mmojekyn I[IAP nHa moBepxHi po3ainy ¢da3 (Ha MOBEpxHI
3a0pyIHEHHSI) BUKJIMKA€E 3HI>KEHHSI TIOBEPXHEBOTO HATATY.

3aXMCT HAaBKOJIMIIHBOTO CEPEAOBHINA IMPU BUPOOHUITBI 1 3aCTOCYBaHHI
CUHTETUYHUX MHIOYMX 3ac001B € 000B'sI3k0BOI0 yMOBOW. He3paxkarouu Ha Te, 110
TOKCUYHICTh OaraTthox ITAP, Hanmpukiaa aHIOHHUX, HE3HAYHA, MPUCYTHICTH iX Yy
BOJIOMMI HECTPUSTIMBO BIUIMBA€ Ha oro OlonoriuyHe kutTsa. Konuenrtpaiii T1AP,
10 He nepeBUInyoTs 10 Mr/J, ymoBiIIBHIOIOTH MPOLIECH CAMOOYHILIEHHS TPUPOTHUX
BOJ, MOTIPIIYIOTh IX OPraHOJENTUYHI BIJIACTUBOCTI, YIMOBUIBHIOIOTH PO3BUTOK
POCIMHHOCTI 1 TBAPUHHUX OpraHi3MiB [3].

®13UKO-XIMIYHI METOAM OvHuIIeHHS cTiuauxXx Bojx Big IIAP 3acHoBani Ha
BUKOPHUCTAHHI iX MOBEPXHEBOI aKTUBHOCTI (a7cOpOLisi), MOBEIIHKH SK €JIEKTPOITIB
(lonHMit 00MiH), a60 po3unHHOCTI MoJiekyd ITAP B pi3HHX pimuHax (EKCTpaKIlis).
Takox nnst ounieHHsi cTiyHUX BOJ BiJ [IAP 3actocoByroTh MeTonu (riokyssiii,
KOAryJisiii i 3BOPOTHOTO OCMOCY, YibTpadibTpaltii, OioxiMidauid MeTox [5].

HocnimkeHHs: 6araTb0X aBTOPIB MOKa3yloTh 1cTOTHUM BIuMB [TAP Ha Bcl xuBi
opraHi3mu, pociunu 1 moauHu. Hassuicte [IAP HaBiTh B He3HauyHIN KUJIBKOCTI B
TBApPUHHOMY OpraHi3Mi 3MIHIOE€ MPOHHUKHICTb MEMOpaH, BIUIMBAE HA aKyMYJISIIIO
PI3HMX PEUYOBHH, Y TOMY YHCII IIKIAJTUBUX, MIABUIIYIOUH iX TOKCUUHICTb.

Binomo neratuBHmii BrummB IIAP 1 Ha Heopraniuny cepeny. lle - eposid
IPYHTIB, MIABUIIEHHS KOpO3li MeTajiB, MPUCKOPEHHS MPOLECIB CTapiHHS
3am1300€TOHHUX KOHCTpyKUid. Ilpu B3aemonii 3 iHmmMu 3a0pynHeHHamu [TAP
CIpPUSAIOTh €MYJIbIYBaHHIO 1 cTalimi3amii pilkuX 1 TBEpAUX ITUCTIEPCHUX BHIIB
3a0pynHeHb. Tomy cTiuHI BOJM, 110 MICTATh [IAP, XapakTepusyroThCsi CKIIaJHUM
XiMIYHUM 1 (a30BO-AUCTIEPCHUM CKJIAJ0M, IO JO03BOJSE€ PO3MVSIAATH 1X SIK
ocoOnuBHiA BUI cTiyHUX BoJ [6]. Ctiuni Bomu, 110 MicTITh [TAP, knacudikyroTh 1o
KOHIICHTpAIIii 1 CKJIaay CYIyTHIX 3a0pyaHeHs (Tadi. 1).

KonnienrpoBani pozuunu [IAP yTBOPIOIOTHCS, TOJJOBHUM YHWHOM, B IPOIIECaxX
MpaHHS 1 «BOJOTrOI» YHCTKH BUPOOIB, TpalieHb, (hapOyBabHO-03700TI0BATBHIX
BUPOOHUIITB, MiAMPUEMCTB MUUKH aBTOTPAHCIIOPTY Ta 1H.

CtiuHi BOJW 3a3HAYEHUX BUPOOHUIITB MAIOTh B CBOEMY CKJIa/i aHIOHOAKTUBHI
peyoBuHu (AITAB) 1 HeioHorenHi peuoBuHu (HIIAB), siki Bakko mianar0ThCs
010XIMIYHOMY PO3KJIadYy.

B nanwuit yac, aiis ounnenHs ctidyaux Boja Bifg [TAP noBoauThCs 3acTOCOBYBaTH
[IIUI JTAHIFOKOK TEXHOJOTTYHUX MPHUIOMIB, IO BKJIIOYAIOTh Pi3HI (DI3UKO-XIMIYHI
METO/IM OUUILICHHS, KOXKEH 3 SIKUX MA€ PsiJl HEJOIKIB 1 0OMEXKEHb
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Tabmunsg 1. Kmacudikamis crivaux BoJ, ki BMimaoTs [IAP

TUmM cTiYHuX BOJ

CTiuH1 BOIU 3 BUCOKOKO
KoHIleHTpariero [TAP

CriyHi BOJIU 3 CEPETHBOIO
KoHIIeHTpatiero [TAP

CTi4Hi BOJIH 3 HU3BKOIO
KoHIIeHTpariero [TAP

KonneHTpartis

TIAP, wr/n 100 - 10000 10-100 o 10
JlxepenayTBoper [Muro4i po34MHH 3BUCOKOI0 BHpoOHUYI ITporiecH 3 ["ociogapchko- MOOYTOBI
Hs MOYaTKOBOIOKOHIICHTpalli€ BuKopuctanHsaMm [TAP, taki |cTiuni Boau, BmicT [IAP B

[0,XapaKTepHi
UII01IBIITIOCTI
BOJOMICTKUXBUPOOHUIITB
JIETKOTIPOMHMCIIOBOCTI,

11 ITPUEMCTBKOMYHAITBHO-
MO0OYTOBOTO0OOCIYTOBYBaH

SIK 3MOYYBayi,
eMYJIbraTopH,
cTabinizaropu, 1o
MepeXo/IATh B CTIUHI BOJH 1
MiHy B TOPIBHIOBAaHUX
KOHIICHTPALISX Y

SIKUX 00YMOBIICHO
[IIUPOKHM BUKOPUCTAHHSIM
HACEJICHHSM KOIITIB
MOOYTOBOTO IIPU3HAYEHHS 1
MpaJbHUX MTOPOILKIB

Hsl MOPIBHSHHI 3 IHITMMHU

3a0pyAHEHHSIMH

OuuleHHs BOJM aJICOPOITIEI0 HA BYTULII.

AJnicopOeHTH, 1110 3aCTOCOBYIOThCS ISl OUMILICHHS BOJM, IIOBUHHI BIJMOB1AATH
HACTYITHUM BHUMOTaM: MAaTH BEJIMKY COpOIIAHY €MHICTh, BHCOKY MEXaHIuHYy
MILHICTh, JIETKO PEreHEepPYBATHUCs, MaTH HU3bKY BapTicTh. PeuoBHMHHU 1 Martepiaiw,
IO BOJIOAIIOTH CHJIBHO PO3BHHEHOIO MOPUCTOI0 CTPYKTYpPOIO ab0 3HAXONATHCS B
TOHKO JIUCTIEPCHOMY CTaHI MAatOTh OUIBIIIY TOBEPXHIO aJCOPOIIi.

B nporeci ounmenns criuaux Boj Bix [TAP MoxyTh 3acTocoByBaTHCs Takxi
a7COpOCHTH: aKTUBOBAHE BYTULIA, 10HOOOMIHHI CMOJH, PI3HI COPTH KOHAJIHH
BYT1JLIs, MOJTIMEPHI copOeHTH [8].

AKTHBOBaHE BYTUUIS JaBHO BIIOMHUU SK €()EKTUBHUUA COPOEHT OpraHiuHUX
PEYOBHH 3 BOJAHHUX PO3UHMHIB. AJCOPOEHTH MalOTh MEPEXiIHI, MAKpPO- 1 MIKPOIIOPH.
B ycTaHOBKax OYMIEHHS CTIYHUX BOJ aJCOPOIE0 HAa aKTUBOBAHOMY BYTLII
3aCTOCOBYEThCSl IpaHyJibOBaHE BYruuis. Bigomi cnpobu  3aMiHUTH  HOTO
MOPOIIKOMOAIOHUM, TaK K OCTaHHINA B 3-4 pa3u JemieBlle rpaHyiIboBaHOTO. Kpim
TOTO, Y TOPOIIKOIOI0HOTO0 aKTHBOBAHOTO BYTUIISA IIBUIIIC KiHETHKA aacopOIi
BHACIIJIOK CKOPOUYCHHS IUIAXY BHYTPINIHBOI MU (Y311 MOJIEKYJI OPTaHIYHUX PEYOBHUH
1 30UIbIIICHHS] 30BHIMHBOI TOBepXxHI. OJHAK BTPATH MOPOIIKOMOIIOHOTO BYT1JIIS
npu pereHepamii ckianaroTh 15%, mo B 3 pasu Bullle, HDK TPaHyJILOBAHOTO.
Bapricts perenepaiiii mopomkonoaioHoro Byriuis MpuoIM3HO B 2 pa3u OUIbIIe, HIXK
rpanynboBaHoro. Kpim 1mporo BHHHKae 0araTo TEXHOJIOTIYHHUX TPYAHOIIIB IPHU
po0OOTI 3 MOPOIMIKONMOAIOHMM BYTJUISIM, 1 B JAHUW 4Yac MEPEBAXKHO 3aCTOCOBYIOTH
I'PaHyJIhOBaHE AKTHBOBAHE BYT1ILIA.

ITpu po3poOiii criocoOiB OUUIIICHHS BOAM 32 JOMTOMOTOI0 aKTUBOBAHOT'O BYT1JIJIS
CIiJi BpPaxOBYBaTH, WIO0 Iii aACOpPOCHTH JOIIJIBHO 3aCTOCOBYBAaTH Ha CTaisix
JIOOUHILEHHSI BOJ, IO MICTATh HeBenuki koHueHTtpaii [IAP (ne Ginpme 100-200
mr/ame).

OunieHHs BOAHU 32 10NMOMOI0I0 iI0HOOOMIHHHX CMOJI i MOJIIMEPHUX A/1COP-

OeHTIB

Benuki opraHiyHi 10HW, SK TPaBUJIIO, MOTJIMHAIOTHCS 10HITOM 3 BHCOKHM
crtynneneM BuOipkoBocTi. CopOllis 10HITaMH TPOTIKAE OLIbII €PEKTUBHO B
po3BefieHnx posunHax 3 BMicToM ITAP menme 100 mr / am3. AnioHoaktusni ITAP
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COpOYIOThCSI CEPEAHhO OCHOBHHMMHM 1 CHJIBHO OCHOBHMMH 10HITAMH, MPUUIOMY IS
pereHepailii 10HITIB PEKOMEHIYEThCS BHUKOPUCTOBYBATU BOJIHO-OPTaHIYHI PO3UYUHHU
coJieil. BripoBakeHHSI TEXHOJIOTIYHUX CXEM OUHMIIEHHS CTIYHUX BOJ 32 JOTIOMOT'OIO
JTUHAMIYHOTO 10HHOTO OOMIHY CTPUMYETBCS THM, 10 HEOOX1AHA YCTAaHOBKA BEITUKOI
KUIBKOCTI 10HITOBUX (DUTBTPIB, SIKa Ma€ MOPIBHSAHO KOPOTKUM POOOUMNA UK, MMICISA
4oro HeoOX1/THa pereHepallis, oB's3aHa 3 BEJTUKUMHU BUTpAaTaMHu €HEprii 1 KOIITIB Ha
nepepoOKy MpOAyKTiB perenepariii (eneariB) [7]. Takoxk 3 OnIsay Ha BHCOKY
BapTICTh 10HITIB 1 1X AEPIIUTHICTH, ouniieHHS Boau Bifg [IAP meromom ioHHOTO
OOMIHY MOX€ pPEKOMEHIYBaTHUCA JHIIe B THUX BHUMAAKaX, KOJA JO BOAH
MIpEI'SIBISIOTHCS M1 IBUINICHI BAMOTH B YacTHHI BifgcyTHOCTI [TAP.
OuuineHHs: BOJ KOAryJisiieio

B ocHoBHOMY posrisinaeTscsi €(EKTUBHICTh TaKHX KOAryJisHTIB, SK
CIpUAHOKHUCIUU aNIOMiHIN, cipyaHokucie 3ami3o. Bupanenus I[IAP B wmanux
KOHIIEHTpAI[ISIX BUMarae 3Ha4yHUX BUTpat. Tak, mpu yrpumanHi aHioHHuX [IAP 1 -
20 mr/mm® s pocarsenHs edexrty oumineHHS 98,3% BBOIUTHCA KOArylsHT 3
konuenTpauicro 30-1000 mr / am3, momaBaHHSAM KayCTUYHOI COAM IiATPHMYETHCS
3HaueHHs pH B mexax 5-10, micng doro miamimytoth cyibdar Hatpiro 200...5000
mr/am® 1 micns xoarynsauii 1...50 mr/mm® nomienexrponiTis [4].

OQunieHHs BOAYU MiIHOYTBOPEHHAM

[Ipucytnicts y BogHux po3umHax [IAP, 37aTHUX 3HUKYBaTH MOBEPXHEBUI
HaTAr, NpU CTPyLWIyBaHHI ab0 Mpu mnponycky OynbOamok ra3y (MOBITps),
MPU3BOJUTH 10 YTBOpEeHHS miHU. He3anexxHo BiA crmocoOiB JUCIEPTyBaHHS razy
(IOBITPSI), MEXAHI3M CTBOPEHHS MIHU MOJIATAE B YTBOPEHHI CIIOYATKY €MYJIbCIi «ra3-
piauHa», TOTIM OyJap0amok rasy, $KlI IOKPHUBAaIOTh pIJWHY JBOCTOPOHHIMU
IJTIBKaMH 1, MJHIMAIOUKUCh Ha TIOBEPXHIO PIJIMHU, YTBOPIOIOTH MOPUCTY CTPYKTYPY -
kapkac. Ilpu migiiomi Ha mnoBepxHIO OynbOamIok rasy (MOBITPS) BiOYBAETHCS
BIUTIJICHHS PIAWHU, 1 TEpBICHA EMYJIbCISl «Ta3-piAMHa» MEepPeXOJUTh B IIiHY.
CTiliKicTh THU 3al€KUTh Bl CTYNEHS 3HIKEHHS IOBEPXHEBOTO HATITY 1 BiJ
MIITHOCTI aIcOpOIIIHHOTO I1apy MOBEPXHEBO-aKTUBHI peyoBUHU [6].

Benukuit BrmmB Ha cTymidb ButydeHHs [IAP mae iX KoHIIEHTpallis B CTIUHUX
Bonax. [linHe koHueHtpyBanHs [IAP edexkTuBHO 1 TOpEeUHO JUIIE MPU BIITYYCHHI
manux kKimbkocte [IAP B pesynbrari pi3koro 30LUIBIIEHHS OOCSTY IMIHHOTO
OPOAYKTY 3 pOCTOM KOHLEHTpALlli peUOBUHH.

EdexTuBHicTh oumniieHHs cTiYHUX Boj BiAg ITAP miHOyTBOpEHHSIM 3alleUTh
Bl psaay dakrtopiB: pH cepenoBuina, po3mipy OyiabOaiiok raszy, BHUCOTH IIapy
pO34YMHY, TeMmIepaTypd, HAsBHOCTI IHIIMX 10HIB B po3uuHi. TOMy B KOXHOMY
BUIIAJIKYy TPOBOJUTHCSA MIJI0IP ONTUMAIBHUX YMOB MTPOBEACHHS Mpolecy (uoTari.

BukopucranHs eJIeKTPOXIMIYHUX METOAIB /ISl OYUIIICHHS BOAH

Sk moka3ye npakTUKa, eJEKTPOXIMIUHI METOJIM MAIOTh ICTOTHI MEpEBAru nepen
TPaAUIIITHIMHU METOIaMi 00pOOKHM BOH. | B mepIity uepry BOHU AatOTh MOYKJIUBICTh
B OUIBIIOCTI BUMAJAKIB BIIMOBUTHCS BiJl 3aCTOCYBaHHSI peareHTIB. 31 3HUKCHHSIM
BapTOCTI €IEKTPOCHEPrii, MOKHA MPOTHO3YBATH I1I€ OLIBII IMIUPOKE 3aCTOCYBAHHS
EICKTPOXIMIYHUX METO/IIB.

EnextpokoarynsiiiiHe OYMINEHHS TPOBOAUTHCS TMPU PI3HUX 3HadeHHSX pH
cepenoBuia. Hampuknaa, OYHMIIEHHS CTIYHMX BOJ BiJl aJKWAJICYJIb(OHATIB

211



3nicHioTh npu pH = 11-11,5. V npomy BHUMaaKy B SKOCTI JY)KHOTO pEareHTy
BUKOPUCTOBYETHCSI OKCHJ Kaiblito. [Ipy BUKOpUCTaHHI aHOJA 3 aIIOMIHIIO, a
KaToMiB 3 Mifi Ipu IMiIbHOCTI cTpyMy 10 3 A/mm? 3a 20-30 xB 3MicT
ankuicynb(oHartis 3HWKyeThes 3 3600 mo 42,5 mr/am3. BigHocHO Mana rycTHHA
CJIIEKTPUYHOIO CTPYMY 3aIo0irae KumiHHO po3unHa [7].

BioxiMiunuii MeTo1 OYMIIIEHHSA

Bunanenns [TAP y niporieci 610XiMIYHOT OYMCTKHA CTIYHUX BOJ, SIK 1 OY/Ib- SIKUX
OpraHiuYHUX CIONYK, BIOYBAa€ThCA 32 PaXyHOK 010XIMIYHOTO PO3Majy IUX PEUOBHH.
[Tpu HagxomKeHHI cTiYHUX BOA, 3a0pynHeHux I[TAP, B aeporanke abo Ha 6i0(inbTpi
B MIEPIINIA MOMEHT CIIOCTEPIraeThCsl IHTEHCUBHA a/1copOIlisa IUX pedoBuH. KinbKicTh
[TAP, ancopboBana 0JJHUM TPaMOM CyXOTr'0 aKTUBHOT'O MYITy, 3aJIEKUTh BiJ XIMIYHOT
oynoBu IIAP 1 3matHocti OakTepii A0 Merabomizmy. Ilpu HemocTaTHHOMY
6ioximiunomy posnani [TAP cnocrepiraeTbcsi HAKOMUYEHHS X B aKTUBHOMY MY,
10 MPU3BOJIUTH JI0 MOCTYNOBOI Aerpaaaiii myny. Busnauennst Hakonuuenss [IAP B
MyJIl BUKJIMKA€ TPYJIHOII HE TUIBKH Yepe3 HEeJIOCKOHAIICTh METOJIIB aHalli3y, aje i
Yyepe3 IHTEHCUBHE MIHOYTBOPEHHS, IKe Pi3Ko 3MiHIO€ po3noaiit [TAP mix TBepaoro 1
piakoro (pazaMu MyJIOBOi CyMillll B aepOTaHKAX.

KinbkicTe BuitydeHux B npotieci ounineHnns [IAP B nepiiry uepry 3aiexuthb Bij
iX 3gaTHOCTI 10 OI0XIMIYHOrO po3Maay, 0 OOYMOBJIEHO CKJIAJOM 1 XIMIYHOIO
OoynoBoto IIAP. JlaHi mono 3HM)KEHHS 3BaXEHUX PEUYOBHH IMOKA3ylOTh, LIO
MPUCYTHICTh Y BOAAX «O10JIOT1YHO >KOPCTKUX» PEYOBUH B KOHILIEHTPALIAX MOPAIKY
15 mr/mm3 i BumIe moripirye SKiCTh OYMCTKH, IHTEHCMBHE IIHOYTBOPEHHS MOYMHAE
pO3BHUBATHCS 3 TIABUIICHHSAM KOHIleHTparii Oureme 10 MT/ ™S, IIpun 1ux
KOHLIGHTpalisIX BIA3HAYAEThCA MOYATOK JErpajaiii aKTUBHOTO MYyJy, SKe
BUPAXAETHCS B MOJIPIOHEHH] (hOPM MIKpOOpraHi3miB, a rnpu BmicTi [TAP B kinbkocCTi
20 Mr/mM® crIoCTepiraeThes NPUAYMIEHHS iX KUTTEAISIBHOCTI 1 HABITH BiIMMPaHHS.

AmnainoriyHo aHioHHUX IIAP, HeraTuBHHMI BIUIMB Ha MPOIECH O10XIMIYHOT
OYMCTKHA CTIYHHUX BOJ HajarTh HeioHoreHHl I[IAP, ane, sk mpaBuiio, BOHO
IIPOSIBIISIETHCS TIPH OLITBIII BUCOKHX KOHIICHTpAIisfX. «bionoriano mM'ski» HE10HOTCHHI1
ITAP BuKIMKaIOTh HE3HAYHE MIABUILIECHHS O0l00TiyHOTO crioskuBaHHs KucHIO (BIIK)
OYMINICHUX CTIYHUX BOJ TUIBKHM MPH 30LIBIIEHHI BHXIJHOTO iX 3MICTy B CTIYHUX
Bogax Oumemn 50 wmr/mm3. IlpucytHicte B piauHi HeioHoreHHUX [IAP, ki
BITHOCSITECA 3a CTyNEHEM O10XIMIYHOTO OKHCJICHHS [0 «IPOMDKHOI» Tpyri,
BUKJIMKA€ IIHOYTBOPEHHA B aepOTaHKax 1 JesKe TMOTIPIICHHS MOKa3HUKIB
ounnieHHs, B Tomy uuciai mo BIIK mpu migBumienHi koHmeHtparii Oiigbime 20
mr/am3. g «O1070T14HO KOPCTKUX» HeloHOreHHUX [TAP moripiieHHs: moka3HUKIB
OUHMIIEHHS CTIYHUX BOJ, IHTEHCHMBHE MIHOYTBOPEHHS BIJ3HAYAETHCS MPU
MIJBUINECHH] 1X KOHIEeHTparii B Bogax A0 10 mr/mm3. Ilpu nboMy BugajaeHHS iX 3
Boau He nepesuiye 40 %.

Pi3Ha cTyninb BIMBY aHiOHHUX 1 HeloHOreHHuX [TAP Ha OioximiuHi mporecu
OUMIIEHHSI CTIYHUX BOJ| TOB'SI3aHa 3 OCOOJMBOCTSAMHU iX OyJOBH 1 OCOOIHMBO
3JIaTHICTIO MOJIeKyJ Toro 4H iHmoro [TAP mo agcop6rii 1 1o 6i0XiMIgYHOTO po3many.
I[TAP copOyroThcsi Ha 3BAKEHMX pPEUYOBMHAX, a TaKOX HAa MIKPOOpTaHi3Max
aKTUBHOTO MYyJy, Ta OOMEXYIOTh MOXJIUBICTb (PEPMEHTHOTO TiApOidi3y, L0 €
NEPIIOK CXOAUHKOIO MPOLIECY BUITyUYEHHS 3a0pyIHEHb 13 CTIYHUX BOJ.
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Oxuciaenns IIAP o30H0M

O30H € HaWOUIbII CWJIBHUM 3 BIIOMHX MPUPOIHUX OKUCHIOBAYiB, €KOJIOT1YHO
YUCTHUM 1 YHIBEpCAJIbBHUM METOJIOM OOpPOOKH BOJM. AKTHBHO BCTYIIA€ B PEAKIlIO 3
OpPraHIYHUMH 1 HEOPTaHIYHUMU PEUYOBUHAMHU, 1 MPU IIBOMY €KOJIOTIYHO aOCOJIFOTHO
HEUIKIJJIMBUN THM, 10 HOTO Yac XKUTTS y BOJII HE MEPEBUIIYE JEKIIBKOX XBHIIUH 1,
BUKOHABIIM CBOi KOPHUCHI (PYHKIIli, BIH MEPETBOPIOEThCA Ha3aJ B KHUCEHb. Lle
yHIKaJlbHA SIKICTb O30HY 1 € NPUYUHOI0 TOro, IO MOro BUKOPUCTOBYIOTH SIK
OKHCHIOBaY B MEPEBaXKHIN OUIBIIOCTI CUCTEM OYMIICHHS BOJIU B 0ararboX KpaiHax
cBity [1].

TexHom0TIsSI 030HYBaHHS J03BOJISIE TIPOBOIUTH OYHCTKY BI/IpO6HI/I‘-II/IX CTIYHUX
BOJ BiJ OIOJIOTIYHO BaXXKO OKHCIIOBAHMX OpTaHIYHUX CTIONYK 1 TOKCHYHUX
JIOMIIIIOK, TaKUX SK HAPTOMPOAYKTH (apOMATHUYHI, TEPIICHOBI BYTJICBOIHI), (eHOI,
OCH30MIpeH, MECTHIMANA, CTUPOJ, aneTrodeHoH, OakTepii, BIpyCH, IHUCTH, CHUHBO-
3elleHl BojgopocTi 1 T.h. [lpu KOHTaKkTi 3 O0O30HOM BOHHU BiAYYyBalOTh IOBHY
nectpykiito. O30H BUMarae Majoro 4acy KOHTAKTy, MOKpAIIye OpraHOJICNITUYHI
BJIACTUBOCTI 00po0IIeHOT BoH [5].

O30HYBaHHS € OJIHUM 3 MEPCIEKTUBHUX METOJIB OYMIIECHHS CTIYHUX BOJ BIJ
I[TAP. B pesynbraTi HOro BHUKOPHUCTAHHS YTBOPIOIOTHCS TPOAYKTH, SKI HE €
TOKCUYHUMH 1 HE MalOTh HETaTUBHOTO BIUIMBY Ha MPHUPOJHI 010- 1 TIApOXIMIYHI
OpolecH Yy BIIKPUTHX BOJOWMAax, KyIud iX CKHUJalOTh. BBakaeTbcs, 110
BUKOPHUCTAHHS O30HYBaHHS JOIJILHO JJI1 BUAAJICHHS HU3BKUX KOHIeHTpalii [TAP
(4,5 mr / nm®), X04a € IPOMO3UIi IOAO HOro BUKOPHUCTAHHSA 1 IPH 3HAYHO OiIbLI
BHCOKHUX KOHIeHTpauii (1o 200 mr / amd).

3 posrmaHytux MetoniB ouuineHHs Big OC 1 I[IAP MoxHa BUALIMTH
O30HYBaHHS, WIPOTE II€ METOJ] BHMAarae BIPOBAKCHHSI EHepro3oepirarounx
TEXHOJIOT1H 1 MiJIBUILIEHHS €(EKTUBHOCTI.

BucHoBok

B pesynbTaTi mpoBeeHoro 0030py eKCIuryaTallli CucTeM OYHUIIeHHS BOAH OyII0
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VJIK 621.436.05.018.7:629.5 (042)

Posznyupkuii O.M.
Hamionanpauit yHiBepcutet «Oiechbka MOPChbKa akaJaeMishy

IIpo6yieMu nepexoay BOJHOI0 TPAHCIOPTY HA CKPaIJIEeHUI PUPOAHUIA ra3

Beryn.CeiToBa mpakTHKa MOKa3ye, MO0 BUKOPUCTAHHS CKPAIICHOTO MPUPOJ-
Horo rasy (CIII') sk manuBoO I CUIIOBUX YCTAHOBOK MOPCHKHX Ta PIYKOBUX CY/CH
OCTaHHIM YacOM OTPHMY€ BC€ OUTBIITUN PO3BUTOK. [Ipu 1IbOMy OCHOBHOIO TIpOOJIe-
MOI0, sIKa CTPUMYE 1€l HaIlpPsIMOK, CTAa€ MUTaHHA 0€3MeKH, MOB'sA3aHe 3 OyHKepyBaH-
HSIM [IOTO BUJTY TTaJIMBA.

AKTYaJIbHICTB H0CTiTKeHHs. Y 3B's3Ky 3 BiitHOIO P® npotu Ykpainu nomitu-
Ka HaIloi JepKaBu Irepeadavae BiIMOBY BiJl MOCTa4aHHS MPUPOIHOTO Ta3y TpyOo-
npoBoJaMu 3 OOKy arpecopa. /s BITHOBJIIEHHS Ta MOAAJIBIIOTO PO3BUTKY €KO-
HOMIKHU HaIoi KpaiHu HEO0OX1JHO MPOJAyMaTH Ta BUPIIIYBATH MPoOJieMy TOCTaYaHHS
HEOOXI1IHOI KIJIbKOCTI BYIJIEBOJAHIB 1HITUMH JIOTICTUYHUMU IUItxaMu. OIHUM 13 Ta-
KUX NUBSIXiB Oyze OyAiBHHUIITBO MOPCBHKHX TEpMIHAIIB 3 MPUMOMY Ta MepepoOKu
CKpAIJICHOTO MPUPOIHOTO Ta3zy.

MeTo10 10CTiIzKeHHsI € TTOTEHIIAJI CKPAaIICHOTO MPUPOJHOrO Tra3ysik eHepre-
TUYHOTO JKepelia, TEXHIYHI Ta eKOHOMIUHI niepeBaru Bukopuctanusa CIII' y Mmopch-
KOMY TPaHCIIOPTi, a TAKOX MUTAHHS 0E3MEYHOT0 MEePEeX0ay CyHa 3 PIAKOTO MMajuBa
Ha ras.

3araapHOBIJIOMO, 1110 PO3BUTOK €HEPTeTUKHU CBITOBOI MPOMMCIOBOCTI 1CTOTHO
BIUIMBAE JISJIbHICTD JIFOICTBA. JlOCBI/ MOKa3ye, 110, MPOBOASYN TEXHIUHI BJOCKOHA-
JIEHHS1 00'€KTIB y rajy3l €eHepreTUKH, Ciij nepeadavyuTu MOXKIUBI MIPOOJIeMH 3 TOY-
KU 30py O€3MeKH, IKi MOXKYTh BAHUKHYTH Ha €Tarll X MPaKTUYHOTO BIIPOBAKEHHS.

CphOroJiHi MaJIMBO JIJIs1 CY/THOBUX YCTAHOBOK PO3TIISIAETHCS HE JIUIIIE 3 TO3UIIIN
HaJIHOCTI pOOOTH YCTAaHOBOK Ta €KOHOMIKH, a ¥ 3 ypaXyBaHHSIM BUKOHAHHS BUMOT
oo exoiorii. Lle ckianHe 3aBAaHHs 3HAYHOIO MIPOI0 MOXHA BUPIMIMTH, BUKOPH-
CTOBYIOUM Ta30Be MaiuBO. J[s ra3oBo3iB, OCOOJIMBO MJis CYJZI€H, IO TEPEBO3SITh
HAJMBOM CKpAIUICHWH ra3, y sSIKHX PYXOBl YCTAaHOBKHM MarOTh JBa BapiaHTH TaJHBa,
3a0e3reueHHs 0e3MeKu — Ay>Ke BaXJIUBUN MoMmeHT. Crij 3a3HAYUTH, 1110 Y CBITOBIH
MPAKTHUIl HAKOTIMYEHO MEBHUN TOCBI1JT €KCIUTyaTallli aHaJIOTTYHUX CYJIEH.

JIns 6e3MmeYHoro TPaHCIOPTYBAHHS Ta30MOAI0OHMX BYTJIEBOJHIB, MEPBUHHUM
Mae OyTHM BUBUYEHHS JOCBIAY MPOBIAHMX KOMIIaHIM y Iiil ramdy3i Ta BUPIIIEHHS 3aB-
JaHb II0JI0 SIKICHOTO KaJpOBOro 3a0C€3MeUCHHS HEe TUIBKH CKIMaXiB CYJeH, a i Maii-
OyTHIX TEpMIHAIIB 3 TPUHOMY 3P1JHDKEHUX MTPUPOTHUX Ta3iB.

3 MOMEHTY BHUHAXOJy JBHUTYHIB, 5IKi BUKOPUCTOBYIOTh SIK MAJIUBO MPUPOIHUI
ra3, BOHU IIHPOKO BIIPOBAIKYBAIUCS B PI3HUX TaTy3siX, BKIIOYAIOYW CyTHOTIJIAaBHUN
TpaHCcopT. B ocTaHH1 pOKH 3pocTae IHTEpEC 0 MEepexoy Ha Taki ABUTYHU 3 METOIO
3MEHIIICHHS] BUKHWIIB 3a0pyIHIOIOYUX PEUOBHMH B aTMocdepy, MOKpAIIeHHS €KO-
HOMIYHOI €()eKTUBHOCTI Ta AuBepcudikaiii jpxepen nanvsa. [luTaHHs BUKOpUCTaH-
HS ITAJIMB 3aBKIM 3HAXOIWIIKCS B IICHTPI YBaru po3pOOHHKIB CYTHOBOI €HEPTETHKH,
a 3 BIPOBAPKCHHSIM B 1HJIYCTpPilO CYJHOIUIABCTBA ra30BO31B 3aCTOCYBaHHS Ta3y SK
MAJTMBO CTAJIO TY>KE MOITYJISIPHAM.
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[1ig yac TpaHCHOPTYBaHHs ra3zy B PiAKOMY CTaHI HEMUHYYe HOTOBUIIAPOBYBaH-
Hs. YTHIII3alis BUITAPY MOKE WTH IUISIXOM MOBTOPHOI KOHJIEHCALlli Ta TOBEPHEHHS
y BaHTaX a0o, K BapiaHT, 10Jiadl JI0 TOJOBHUX JBUTYHIB 200 CYJHOBHX KOTJIB B
SIKOCTI TlajuBa. J{pyre pimeHHs O1IbIII eKOHOMIYHE Ta €KOJOT1YHO BUIPABIAHE.

KoHCTpykTHBHI 0COOJIMBOCTI ra30BO31B Ta BUMOTH IIIOJI0 3a0e3MeUeHHs Oe3ne-
KM BIJOOPaKarOThCS Y HOPMATUBHUX JOKYMEHTaX, IO BUAAIOTHCS KiacuQikaliiii-
HUMH TOBapHCTBAMHM Ta Ha PiBHI MI>KHApOJIHOI MOPCHKOI oprauizariii. [1]

JIyist iHIIMX CyzeH, SKi He € Ta30BO3aMu, Nepeo0IalHaHHs Ha ra3 3apa3 Mpak-
TUYHO BHUpimeHe nuTtaHHs. [lepexiz i3 piikoro maivBa Ha ra3 nmoTpedye MEeBHUX 3a-
XO/JIIB 11010 3a0e3nedyeHHs 0e3neku Ha 0opTy cyaHa. [2] OcHOBHI MpoOIeMH TOB's-
3aHl 3 TUCKOM, III0 BUHUKA€E B ra30BUX OaloHaX, Ta pU3UKOM BUOYXY. OJIHAK SIKILO
MpOLIEC CIHAJIIOBAaHHS BIANPAIbOBAaHUN BUPOOHMKAMHU JU3EIIB Ta KOTJIB, TO pO3-
MileHHs] OyHKepa Ha Cy/AHI Ta OTPUMAaHHS T'a30BOr0 MajuBa Ha OOPT CyaHA 3HAXO-
JSTHCA Ha CTall pO3pOOKHU Ta BIPOBA/KEHHS HAMOLIBII MPUIHITHUX BapIaHTIB.

JlocBiueHa eKcIutyaTallis CyJeH-Ta30BO31B CBIIUUTD, IO BUKOPUCTAHHS TPH-
POJIHOTO ra3y Ik MOTOPHOTO MaJIuBa Ha CyJIHAX BHYTPIIIHBOTO BOJHOTO TPAHCIIOPTY
MO>KJIMBE 1 JTOI[THHE.

3 OCBOEHHSM Ta30BUX POJOBUII] Ta PO3BUTKOM TPAHCIIOPTYBAHHS CKPAIJIEHOTO
OPUPOAHOTO ra3y TaHKEPHUM (JIOTOM Map, 110 YTBOPIOETHCA MPH BUIAPOBYBAHHI
BaHTaXy, CTaJli BUKOPUCTOBYBATH SIK MaJUBO. TpaHCIOPTYBAHHS Ta3y MOPCHKUM
TPAHCIIOPTOM 3yMOBJIIOBAJIO BIIPOBAKEHHS TaKOi TEXHOJIOTII K aJbTEPHATUBU pPe-
KOHJIeHcallli. 3a3Ha4rMO, 10 IpH OOrOBOPEHHI BUKOPHUCTAHHS Ta30BOT0 MajlnBa Ha
CyIHaX MIIEThCS HAacaMmIepe] Ipo Ta30BO3H, [ HE TepeadaueHo CreniaTbHuX €MHO-
cTel aJisi OyHKepHHX 3amaciB. ['a3 #ije 3 BaHTaXKHUX TaHKIB y BUTJISA/II BUIMAPY, T. €.
YaCTUHU ra3y, 110 BUIAPOBYeTbCA. KpIM €KOHOMIUHHMX ACMEKTIB, AYXE€ BaKJIMB1 U
€KOJIOT1YH1 MOKa3HUKHU. TermmoTexXHIuyHl 0COOIMBOCTI CIATIOBAHHS a3y B CYJAHOBUX
yCTaHOBKax (y JABUTYHAxX, KOTJIaXx) I0Ope aHaJi3YyIOThCs 1 mepeBara rasy He BUKIIH-
Ka€ CyMHIBIB.

3anuiaroThCsl MUTAHHS, e 30epiraTi Ha CyJHI Ta Je OpaTH ra3oBe MajuBO.
[IpoGnemu enepro3depekeHHs (MO CyTi, €KOHOMIis MajlMBa) Ta 3aXHCTY HABKO-
JUITHBOTO CEPEAOBUINA Bl IIKIIJMBUX BUKHUIIB 13 CyJICH, Kl OyJIM 3aBXKIU aKTy-
ATHbHUMU, 32 OCTaHHE JECATWIITTSA Ie Ouibiie 3aroctpuiucs. lle BHUKIHKaHO
HECTIWKICTIO CBITOBOTO Ha()TOBOTO PUHKY Ta MOCHJICHHSIM BUMOT MPUPOI00XOPOH-
HUX OpraHizalliii, BKJIIOYal0uu HOBI MOJIOXKEHHSI MIXKHApOIHOT MOPCHKOT OpraHizailii
(IMO) y BignoBigHux po3ainax koHBeHiii MARPOL Annex VI Tier II Ta Tier III.
Oco0uBy yBary IMO MpUALIAE po3po0II CTaHJApTy EEDI
(EnergyEfficiencyDesignlndex) sik y ioro 3arajibHoMy BU3HAuY€HHI, TaK 1 B TIlymMa-
YeHHSIX WOTO CKJIAJOBHX YAaCTHH, iX XapaKTEPUCTHK pa3oM i3 METOAaMH Ta TeX-
HIYHUMHU 3aC00aMH KUIbKICHOTO BHU3HAYEHHS KOHCTPYKILIMHOTO BUKOHAHHS CYJIEH,
iX po3MipiB Ta MpU3HAYCHHS.

Bupimenssam mux npo0ieM 3aiiMaroThCs BC1 CyTHOTUTaBHI KoMmriaHii. HaiOumbImn
e(deKTUBHO NMPOoOJIeMH BUPILIYIOTCA Ha PiBHI CyJHOOYIyBaHHS 3a HOTO JIep>KaBHO-
ro PETYIIOBAHHS 3 aKTUBHOIO YYacTIO B HbOMY IMEPEOBUX Kiacu(iKaI[iiHUX TOBa-
pucte (ABS, DNV, Lloyd Ta id.) Ha yom 3 MiXHApOIHOIO acOIlIAIIE€0 Kia-
cudikariitaux ToBapucts (IACS).
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[lepminii HampsIMOK HOBAIIlM y rany3i MaJTuBOBUKOPUCTAHHS (3HUKEHHS BUTpa-
TH TIAJIMBA) CTOCYETHCA BChOTO CBITOBOro (hoTy. Jpyruii HanmpsiMok (IpUpoa00X0-
POHHUI) 3HAYHO OLIBIIIOI0 MIPOIO BIIHOCHUTHCS JIO JBUTYHIB CYJI€H BHYTPIIITHBOIO
Ta MPUOEPEKHOrO TUIaBaHHS. 3a3HAUYKMMO, 1[0 B TOMY ¥ 1HIIOMY BUIAJKy HAMOUIbII
e(DeKTUBHUM CIIOCOOOM BHPIMICHHS NPOOJIEMU BHUSBISETHCS IHTCHCHUBHE BIIPO-
BaJ[KEHHS IPUPOJHOTO ra3y Ik OCHOBHOI'O MaJMBa B Cy/IHOBI €HEpreTHUlll.

VY pasi 3011bIIeHHS] MACIITa0lB BUKOPUCTAHHA ra3y Ha CyJHaX HaWOUIbII MPo-
OJIeMHUMH CTalOTh MHUTAaHHA OpraHizauii OyHkepyBauHs. Hacammepesn me eMHOCTI
30epiranHs razy Ha cyJHax Ta OyHKepyBaJbHUX TepMiHanax. CbOrojHi BXe iCHY-
I0Th 1 BUKOPUCTOBYIOThC cuctemu 30epiranus CIII' y Tankax (6amoHax) crerianb-
HOI KOHCTPYKIIii, SIKi MPOJyMaHO BIHUCYIOTHCSA B 00BOAM CyAHA 0€3 MIKOAM AJIsl HOTo
MicTKocTi. HalfuacTire 3acTOCOBYIOThCSI KOHTEHHEPHU-IIUCTEPHHU.

upokoMy 3aCTOCYBaHHIO Ta3y K MajJMBa Ha MOPCHKHUX Cy/THAX MEPEIIKOKAE
HEPO3BUHEHICTh 1H(PpaCTPYKTypH 3 OyHKEpYyBaHHS Cy/AE€H ra3oBUM mnajauBoM. Oco0-
JMBO BAXJIMBO 1€ JUISL CYJEH 13 KOPOTKMMHM HepexojamH. lneanbHUM BapiaHTOM
MOXKe OyTH JiHIHHE CYJHOIUIABCTBO 3 0a3amMu OyHKEpyBaHHS B KIHIIEBHUX IMOPTaXx.
Taxa npakTuka 3apa3 peani3yeTbCsi y HOPOMHOMY CYIHOIIJIABCTBI.

[Toctauanns CIII" MOXyTh 3A1MCHIOBATHCS 3 O€peroBoro TepmiHainy abo OyH-
KEPYBAJIbHUX CyZeH: 0apx a00 HEBENMKUX TaHKepiB. SAkuit Mmeton nocrayanus CIIT
PO3BUBAaTUMETHCS B MOPTY, 3aJI€KUTh B1J JIokanizauii jxepena CIIT B mopty.

[lutaHHg Oe3MeKu OJHOYACHUX BAaHTAXXHUX ONEpalliil Ta IHIIUX BUIB JIsUIb-
HOCTI Ha mpuyam ado Ha CTOSHLI MMiJ Yac OyHKEpYBaHHS TaKOXX BIUIMBAIOTh Ha Te,
K 3J1ACHIOBaTUMEThCsS TmoctadaHHs OyHkepa CIII: 3 Oepera abo 3 cyjaHa-
OyHKepyBaJIbHUKA, SIKE MPUILIBAPTOBAHO /0 CyAHA, 110 3HAXOAUTHCS OIS MpUYAITy
a00 Ha SIKIpHIM CTOSHIII.

VY pa3i BUKOPUCTAHHS CTAlllOHAPHUX CHIOPYJ 3a0€3MedyeThCs MPUETHAHHS
OyHKepyBaJIbHO1 JIHIT CyJHa Oe3mocepeHb0 /10 TPyOOIpoBoIiB Ha mpuvaii. [Ipu
pomy CIII 36epiraerbes B pe3epByapi, po3TaiioBaHOMY B MOPTY a00 MOOJIU3Y HbO-
ro.

ABTOMOOUTHHI IUCTEPHU JO3BOJISIOTH OYHKEPYBATH CYAHO 3 MpUYaly, HE
ob6nagnanoro CIII'-tepminamom. ABTolMCTEpHA HA MpUYATl MPUETHYETHCS 10 CYI-
HAa IJTAHTaMHU.

AnbTEepHAaTUBHUN BaplaHT BHUKOPUCTAHHS CTAHJIAPTHUX TaHK-KOHTEHHEPIB
(TK) 3amicTh manuBHUX TaHKIB cyAHa. [liciis BUTpauaHHs NajduBa TaHK-KOHTEHHEPHU
3aMIHIOIOTHCSl Ha 3alipaBiieHi. BOHM MOCTaBIAIOTHCS HA CyJAHO aBTOMOOUIBHHM YU
3aJII3HUYHUM TpaHcopToM, a noposxkHi TK moBepTatoThes nms 3anpaBku. Taka npo-
eaypa MOKe CKOPOTUTH 3arajibHy TPUBAIICTh OYHKEPYBaHHS.

[lepeBara BukopucCTaHHS CyIHA-OyHKEepYBaJIbHUKA, MPUIIBAPTOBAHOTO 10 OOP-
Ty CyJIHa, 1110 pUKMaE, 10 3HAXOAUTHCS B MOPTY a00 Ha SIKIPHINA CTOSHIIL, TOJIATAE
B 130711111 OYHKEpHUX Olepariiii BiJi BAHTRKHUX MPHUYAJIiB, 1110 3HUXKYE iX BIUIMB HA
BaHTaXHI omepariii B TOPTy 1 3MEHIIY€ HACIIIKA MOXJIMBHUX aBapiid, MOB'SI3aHUX 3
BukopuctanHsiM CIII.Tunose cynHo-OyukepyBaabHUKCIID' oxommtoe Oinbiuunit
paiioH mocTauaHHs MajuBa, HLK Oapika-OyHKEepyBaJIbHUK, 1 Ma€ OUIbIIY MICTKICTb.
KoncTpykuii cyneH-OyHKepyBaJbHUKIB Ta MpaBUiia iX eKCIUlyaTallii MOBUHHI
BIJIIOBIIaTH BUMOTaM MIXKHAPOIHUX KOJEKCiB. [1,2]
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["oBopstum mpo iHppacTpyKTypy OyHKEepyBaHHs, Tpeba MaTH Ha yBasi, 110 B Je-
SKUX BUMAJKaX BHUSBIAIOTHCS palliOHAILHUMM MPOCTIII BapiaHTH. ICHYyIOUl TEXHO-
norii OynkepyBaHHsi CIII" 3BoiITbCSI B OCHOBHOMY JI0 3aCTOCYBaHHS aBTOMOOUIBHHUX
muctepH. Lls TexHosoris maBHO BiANpalbOBaHA, JO3BOJSE MPUUMATH ONTUMAJIbHI
JIOTICTUYHI pillleHHs, 3a0e3meuye 3anpaBKy cyaHa HeoOxinHoro kibkicTio CIIT y
NOTPIOHUI Yac Ta y 3py4HOMY JJIS KIIE€HTA MICIII.

Bbapxki-0yHKepyBalbHUKH TOYMHAIOTH 3aCTOCOBYBATHUCH Y PI3HUX MOPTAX CBITY,
MPOTE BOHM >KOPCTKO MPHB'sI3aHI 10 pallOHY eKcIlTyaralii Ta crnokuBayiB. CyaHO-
TJTaBHI KOMITaHIi TOKH 110 HE BU3HAYMIM CBOIX MEpeBar moJ0 cXeMu OyHKepyBaH-
Hs: 3 0apK CTalliOHAPHOTO OEperoBOro MyHKTY YM aBTOIUCTEpH. JlOCBiA CBIAYUTH,
mo OapKi-OyHKepYyBaJbHUKN HaWO1abmn 3pyuHi st qoctaBku CIII, ocobmmBo B
noprax, e He po3BuHeHa iH(pacTpykTypa CIII'. V Toii camuii yac iHIII BapiaHTH
MaloTh NIEpPEBary.

ExcriepTy BUCOKO OIIIHIOIOTH €KOJIOT1YHI MepeBaru ra30BUX JBUTYHIB IMOPIBHSA-
HO 3 TPAIUIIIMHUMU: BIJICYTHICTh Y BIAINpPalbOBaHMX razax okcumiiB cipku (SOx),
ckopoueHHs Ha 92 % BmicTy okcuaiB a3oTy (NOx), Ha 32 % — MIOKCHUly BYTJICIIIO
(COy2), koposiliHa HEUTPATBHICTB. Y paMKax aHaIi30BaHOT TEMHU I[IKABUTh CTBOPCHHS
MIKXHApOJIHOTO CYCHIIBCTBA JUJIsl MPOCYBAaHHA ra3y sK CyJHOBOro naiusa. Pana au-
pekTopiB MIXKHAPOIHOTO TOBAPUCTBA OMEpaTopiB ra3oBosiB 1 TepMinaiiB (SIGTTO)
NpUKHATA PIIIEHHS CTBOPUTH CYCIUIBCTBO, IO MPOCYBA€ ra3 sk CyJHOBE IaJUBO
(SGMF), y dopmi HeypsnoBoi opranizaiii. lle BaxiuBuiA KpoK ymepea y crpasi
3MII[HEHHs O€3MeKH Ta OTpUMaHHA AocBiay y cdepl Bukopuctanus CIII sk cyaHo-
Boro nanusa. Ynenctso B SGMF noctymnHe BCiM 3alllkaBI€HUM CTOPOHAM, 10 OYH-
kepytoTbcaCIIl, 1. e. cynHOBIAacHUKaM, onepaTopaM OyHKEPHUX CYIEH, HOPTOBUM
aJIMIHICTpAIlisIM 1 peryIItorouuM opraam [3].

[Ipu posrmsiai nutanHa npo OyHkepyBaHHs CIII'-cygeH noBoAMTBCS Bpaxo-
BYBaTH HHM3KY acCIIeKTIB, MOB'I3aHUX 13 miaBuIeHo0 Hebe3nekoro CIII Ta ioro Bu-
napy. 30kpeMa, HeoOX1HO nepeadavaTy 3HayH1 3a IJIOIICI0 30HU BIAUYKEHHS, 1110
4acTo POOUTH PO3MIIIEHHS CTallioHapHOTo OyHKepyBanbHOTO TepMinany CIIIT ne-
MOKJIMBUM 4YM TNPOOJEMAaTUYHUM, OCOOJMBO Y yMOBAaX aKTHBHOI TIOCIOAAPCHKOI
TUSITBHOCTI OLJIS TTOPTY.

[Ipu BUKOpHCTaHHI CyqHA-OyHKEepyBalbHUKA OakaHO, III00 30HOI0 BIUYKEHHS
Oyna akBaropisi. byHkepyBaJbHHUK HEOOOB'SI3KOBO MOBHUHEH OyTH CaMOXITHUM: Yy
PAl BUTIAJKIB IOCTATHBO, 1100 BIH MOCTIMHO 3HaXOAMBCS B 3aaH1i TOYIll aKBaTOPIi
(HampuKa, CTOSIB Ha SIKOP1), a CY/AHO, sike OYHKEpPYEThCSI, MOKE MITIATH A0 HBOTO.

[Ipu armochepnomy Tucky CIII' kunute npu temmepatypi —163°C, Tomy
HaBITh 3aCTOCYBaHHs Halle(pEKTUBHIIINUX BUIIB TEIJIO130IA11i HE I03BOJISIE 3a0e31e-
YUTU MOro TpuBaje 30epiraHHs 0e3 yTBOpeHHs BuUmapy. B pesynbrari yTBOpEeHHS
BUIIAPY MIJBUILYETHCS TUCK Y €MHOCTI, e 30epiraetbes CIII'. OCHOBHI TUIIM €MHO-
CTeH, 1m0 3acToCcOBYIOThCs 11st 30epiranns CIIIT, He po3paxoBaHi Ha HAJUTHIIKOBUH
trck Oiumbmre 0,25 6ap, 1 BUmap JOBOJMTHLCS BIIBOJWUTH ISl IMIATPUMKH IPUHHITHO-
ro Tucky. Ilpu oMy ckumatu oro B arMochepy HeOE3NeyHO, OCKIIBKUA YTBO-
PIOETHCST XMapa MOTEHUINHO BHOYXOHEOEe3NeyHOoi ra3omoBITPsiHOI cyMimi. Bumap
abo cnamomoTh y (haKelbHUX YCTaHOBKaX, a00 BUKOPUCTOBYIOTH SIK MaJUBO B CY/-
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HOBIH eHeproyctaHoBui OyHkepyBanbHUKAaCIIl™ (sx 1 Ha razoBozax CIII'), abo mo-
BTOPHO CTUCKAIOTh Yy HasBHIM Ha OOPTY PEKOH ICHCAI[IHIA YCTaHOBIII.

BucHoBOK. ['0JI0BHOIO MEPENMIKOIO0 HA MUIAXY 3aCTOCYBAaHHS MPUPOJTHOTO Ta-
3y Ha MOPCHKHUX CYJHAX CTa€ HEPO3BUHEHICTh 1HPPACTPYKTYpH 3 OYHKEpPYBaHHS CY-
nen CIII.Cepen BapiaHTiB mocTaBKM OyHKepa Ha CyaHa, IO HE € Ta30BO3aMH,
HaWKpalluM € BUKOPUCTAHHS CyJeH-OyHKepYyBaJIbHHUKIB. Y LIbOMY BHIAJKy Oy/e 3a-
Oe3nedeHa MOOUTBHICTh 32 JOTPUMAHHS HAMKpaluX €KOHOMIYHHMX Ta €KOJOTTYHUX
ymoB. Hemae HeoOXiTHOCTI OyIb-KOTO TIEPEKOHYBATH, IO BC1 TpoOeMu 13 3a0e3me-
YEHHSIM CYJIeH ra30BUM IaJIMBOM MOXYTh OyTH BHpIIICHI JHie mpodeciiiHo miaro-
TOBJICHUM TiepcoHasoM. KpiM HaiexHOT TE€OpEeTUYIHOI MiArOTOBKH, BUBYECHHS 0CO0-
JUBOCTEH BIACTHBOCTEH Ta XapaKTEPUCTUK ra3zy B OOOB'SI3KOBOMY MOPSIKY IIO-
TpiOHE BiAIpaIfoBaHHS MPAKTUYHUX HABUYOK Ha TPEHa)kepax Ta B yMOBaxX pealib-
HUX CYJHOBHX yCTaHOBOK. T1JIbKH 3a TaKOTO ajiroputMy Oyze 3abe3nedeHo Oe3neKy
BIIPOBAKEHHS Ta30BOTO MAJIMBA B CyTHOIUIABHY 1HAYCTPIIO.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. MixxHapoauuil Kkogekc OyAiBHHUIITBA Ta OOJaJHAHHS CYJICH, IO TIEPEBO3SITh
ckparuieni ra3u HanuBoM (Konexc MKT). 31 3minamu 2016 p.

2. MixHapoaHull KoJeKC Oe3MeKu Jisi CYJEeH, 10 BUKOPUCTOBYIOTh ra3u Ta
1HII BUAU NaJIMBa 3 HU3bKOIO Temneparyporo cnanaxy (Komekec MI'T).

3. EHeprernuni TexHouorii Ta inHoBarii.30ipauk WorldEnergy Outlook 2019.
https://www.iea.org/reports/world-energy-outlook-2019.

219



VIIK 621.517

Kamniniuenko [.B., FOpkocbkuit FO.B.
XepCOoHChKHIA HaBYAJIbHO-HAYKOBUH 1HCTUTYT HarioHaIbHOTO YHIBEPCUTETY
KopabseOyryBaHHS iMEHI aamipana MakapoBa

IHigBuIeHHs eKO0JOTTYHOI €)eKTUBHOCTI Cy/ITHOBOI €EHEPreTHYHOI YCTAHOBKH
TaHKepPa BUKOPHUCTOBYIOUYH TENJIOBHII HACOC JJIfl O/1ePKAHHS BOJASIHOI NapH

IIpo6yemu 3a0e3nevyeHHsI BOASIHOIO MMAPOI0 HA TAHKEPi B XOJIOAHIH 30Hi

VYrunizaiis TerIoBUX BTpAT rojioBHoro asuryHa (I'J]) TpaguiiiiiHo € ogHUM 3
OCHOBHMX HAIPsIMKIB MiABUIICHHS €(PEKTUBHOCTI CYJTHOBOi €HEPreTUYHOI YCTAHOB-
ku. TeopeTuuHi TOCHIKEHHS 1 pO3pOOKH CUCTEM MOBTOPHOIO BUKOPHUCTAHHS TEIl-
JOTH CYJHOBUX TOPIIHEBUX JABUTYHIB BHYTpimHboro 3ropsiHus (CB3), Oynu
YCIIIITHO pealli3oBaHi Ha BEJNMKIH KidbKocTi MoOpchkux cyneH [1]. OmnHak Ha
CHOTOIHINIHIN JeHb cuTyallis 3 ytuiizarieto temiotd CIB3 Ha TpaHCOpTHOMY
¢noti sxkicho 3miHmnacs. Iligumenns KK (KK cydacHux manooOepToBUX
CJIB3 cranoButh Big 48,0 1o 51,0 %) 1 3HM>KEHHS MUTOMOI BUTpPATU MalikBa Cy-
YaCHUX CYJHOBHUX JU3EIIB CYIPOBOKYETHCS NEPEPO3NOALIOM CTaTEN 1X TEIJIOBOTO
OanaHCy, 30KpeMa 3MEHIIEHHSIM BTpar 3 BiaxigHumu razamu (BI') 13 3HUKEHHSIM
temrepatypu BI' (Temneparypa BI' nBurynis ¢ipmu "MAN Diesel & Turbo" 3uu-
swinacs 110 235...265 °C, a nquryHiB ¢ipmu "Wartsila" - go 257...298 °C) npu ogHo-
JaCHOMY 3pOCTaHHI YaCTKU TEIUIOTH, IO BiIBOAUTHCS B OXOJIOHKyBadl HaJTyBHOTO
noBiTps (OHII). i dakTopu B CyKymHOCTI Pi3KO 3HIKYIOTH €(EKTHBHICTH Tpa-
IULIMHUX cxeM yTwiizamii Temnotu. Crae CKIaJHUM OJIHOYacHe 3a0e3MeUYeHHs BO-
JITHOIO TapOoI0 SIK MIAITPiBaviB PI3HUX CEPEAOBHIN HA CYJHI TaK 1 YTHIII3AIIAHOTO
TypOoreHepaTopa, IO MPU3BOAWTH 1O HEOOXITHOCTI BBEJACHHS B PpoOOTY J0-
nomibkHOro kotia (J1K).

[IpoBenennii aHami3 €KCILTyaTallfHUX XOJOBUX PEKHUMIB POOOTH TaHKEPIB
MOKa3aB, IO ICHYE TPU PI3HUX PEKUMU HABAHTAKEHHS Ha KOTEIbHY YCTaHOBKY
TaHKepa B XOJIOBOMY PEXHUMI B XOJIOAHIN 30H1 X0A0BUi 10 45 °C; 3 miairpiBoM 10
60 °C Ta xomoBuii B 6anacTi [2].

Tomy BuUTpara mapu, a BIANOBIAHO 1 HABAHTAXEHHS HA CYJHOBY KOTEJIbHY
YCTaHOBKY OyJie 3aJie)aTH BiJl peKUMY eKCIUTyaTallii cyiHa. Y BCIX XOJOBUX PEXKH-
Max B XOJIO/IHIH 30H1 JUIsl OTpUMaHHs BOJSHOI apu Ha TaHkepi npaioe YK, ane BiH
HE 33JI0BOJIbHSIE BCIX CIIOXUBAYiB MapHu.

Jl1st 3a10BOJIEHHS BCiX MOTPeO y BOASHIN mapi HA CYJHI B XOJAOBOMY PEXUMI
y XOJIOJHIN 30HI JOJIAaTKOBO BUKOPUCTOBYIOTH JIK, sikuil mpaifoe Ha 4acTKOBOMY
HAaBAHTAKCHHI.

B Tabn. nmpuBeaeHO TEMI0BE HABAHTAKEHHS MPHU €KCIUTyaTallli CyHa IPOCKTY
15966 B x0J0/1HIi1 30HI.

3 Tabi. BUJHO, L0 B IaHOMY PEXHMI €KCIUTyaTalii CyJHa JUIsl 3aJ0BOJICHHS
BCIX CIIOKMBauiB y BOASHIN mapi nmaponpoAykTuBHOCTI YK He A0cTaTHBO, TOMY Ha
CyJIH1 BUKOPUCTOBYIOTh J0AATKOBO nanuBHUi JIK.
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Tabmuus. [TapoBe HaBaHTaXeHHs CYJHA B XOJIOHIN 30HI IPU PO3irpiBy BaHTaxy 10 45 °C

CriokuBaui mapu TeMnepaToypa "8 | Tuck napu, MITa Burparu napu,
pu, °C Kr/T0]

3aranpHOCYTHOBI 120...133 0,2...0,3 1246
Cnoxusiaui CEY 151...165 0,5...0,7 3512
CrienianpHi criokuBadi (miairpisayi BaH- 133,165 0.3..07 2402
Taxy)
Bcroro - 7160

. 1o 5000/
MaponponxykrusHicts YK/JIK 3ix 2160

Sk oauH 3 BapiaHTIB BUPIIICHHS I1i€1 MPOOIEMHU MOKE PO3TIIAAATHCS BUKOPH-
CTaHHS Ha CyJIHaX TEIUIOHACOCHUX MaporeHepyrouux ycraHoBok (THIIY) B xonox-
HI{ 30H1 peiiCy, KOJIM TeMIlepaTypa 30BHIIIHBOTO MOBITPSA t3r cTae HUxKYe 20 °C nis
BUPOOKHM BOJSHOI MapH, JHKEPEIOM CIIOKMBAHOI TEIJIOTH HU3bKOTO MOTEHIiany (y
BUITIAPHUKY) y SKUX Oynu O BTOPHHHI TEIUIOBI PECYPCHU CYJHOBUX Mal000EpTOBUX
neuryHis (MOJI). Ile mo3Bonwio O, mo-mepiie, 3MEHIIUTH TETUIOBE 3a0pyaHEHHS
HaBKOJIMIIHBOTO CEPElOBUINA, MO-ApPYyre, BIAMOBUTHUCS BiJ POOOTH AOMOMIXKHOTO
KOTJIa Ha XOJIOBOMY PEKHMI CyJIHA B XOJIOJIHIH 30H1, a BIAMOBIIHO 3HU3UTHU 3a0py/-
HEHHsSI HABKOJIMIIHBOI'O CEPEOBUIIA TOKCUYHUMH JMMOBUMH ra3aMH 1, MO-TPETE,
36KOHOMHTH HEBIHOBIIIOBAIBbHI JKepena eHeprii (KoTesbHe manuso) [3].

AKTYaJIbHICTh BUKOPHCTAHHSA TEIVIOBOI'0 HACOCY Y AKOCTI NapOreHepylo-
Y0l YCTAHOBKH Ha CYy/AHI

TeronacocHu# HaNpsIMOK yTWUJII3aIlli BTOPUHHUX TerioBux pecypcis CIB3
JUIs BUPOOHMIITBA BOJIIHOI Mapd B HAYKOBO-TEXHIYHIM JIITEpaTypl paHillle BXkKe
po3risnascs. OqHak AaHUX, HABEACHUX Y PO3IIIIHYTHX BUILE JDKEPENax, HeI0CcTaT-
HBO JIJI51 OI[IHKHU MEPCIEKTUBHOCTI TEMJIOHACOCHOTO HAMPSAMKY yTHII13a1lil HU3bKOIIO-
TeHmianbHO1 Terot C/IB3 nmnsa onepxkanusa mapu Ha cyadi. [lapamerpu pobotu
JM3EIB HaBEACHI JJIsl YCTapUIUX MOJENE JABUTYHIB, HE OOTpyHTOBaHMM BUOIp poO-
00YOro areHTa, He MPOBEICHI KOHCTPYKTUBHI PO3paXyHKH OCHOBHUX alaparib.

B sKOCTI aJbT€pHATUBHOIO T'OJIOBHOTO JBUTYHA JJIsi TaHKEpa PO3TIISIAINChH
CydacHI Majoo0epToBi JBUTYHHM, OAMH 3 sakux (ipmu "Wartsila" wmapku

6RTflex52U-B 3 HOMIHAILHOIO TMOTYXHICTIO Neﬁfm = 9600 kBt (temmepatypa Ta

KUIBKICTh TETUIOTH BOJIH, IO OXOJIO/KY€E BTYIKUA IUIIHAPIB /] BIAMOBIIHO typ =85
°C, Qe = 1862 «kBrt) Tta gBuryn o¢ipmu "MAN B&W" wmapku
6S50ME-C9-TII HoMmiHansHO0 moTykHicTIo N€ = 9960 kBT (=80 °C,
Qs = 1450 B1).

HaiiGinpmmii TeMnepaTypHuil MOTEHIAT CepPe KEPEN HU3bKOTO MOTEHITATY
(temneparypa mxepena Hmwkue 100 °C) mae mpicHa Boja, 10 OXOJOHKYE BTYJIKU
mutinapis CIAB3 (temneparypa Ha Buxoal 3 I'JI 80...85 °C), a mxepeno BUCOKOTO
notenmiary OHII (temmniepatypa mkepena gocsarae 180...200 °C) moxxe BUKOPUCTO-
ByBaTuCA K €KoHOMaiizepHa cekuis YK st miairpiBy >kuBuibHOi Boju. Tomy, sk
mokepeno HusbkonoTeHianbHoi Termiotd (HIIT) nns yrumizanii 8 THITY moxe Bu-
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KOPHCTOBYBATHCS BOJIA, 110 OX0J0Ky€e BTynkH muiainapie CAB3. Cxema migkiio-
yeHHs Ta cymicHoi po6otu THITY ta BOY s yrunizamii HIIT Boau, mo oxomnonu-
Kye BTyNnku 1winiHapiB JIB3 npuBenena Ha puc. OIHaK Ui OLIHKK TMOKAa3HUKIB
THITY HeoOximHO BpaxyBaTH, sika yactuHa gaHoro jxepena HIIT BukoprucToByeTh-
cs st pynkuionyBanHss BOY, a sika 3anmumaerses mos yrumizanii y THITY. Cxema
M1KITI0OYEHHS BUITApHUKA 10 cucTeMu oxonopkeHHs JIB3 npencrasineno Ha puc 1.

IpicHa Bozia
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Pucynok 1. Cxema 3’€1HaHHS BUIIAPHUKA TEILUIOBOTO HACOCY 10 CUCTEMH OXoJiokeHHss MO/
B - Bunmaphnuk TeroBoro Hacoca; 3B - 3a0opTHa Boja;
BOY - BogoompicHioBaibHa ycTaHoBKa; XPLI - X0moIUIBHUK CUCTEMH OXOJIOMKEHHS BTYJIOK
mwtiaapis JIB3; [{H - mupkysimiiiamii Hacoc

3rizHo 3 po3paxyHkamu cyMicHa podota THITY Ta YK 3a0e3neuye BoasiHOO
Maporo0 HEOOX1THUX MapaMeTpiB BCiX CIOKMBAUIB HAa XOJIOBOMY PEKHMI B XOJIOAHIH
30H1 0e3 BukopuctanHs /IK. 3araibHa KiNbKICTh OTPUMAHOI BOASHOI Mapy MpH BU-
kopuctanHi THITY moxe csaratu Ggy = 2272 kr/roa 3 roloBHUM ABUTYHOM "MAN
B&W" ta Gsw = 2632 kr/roz 3 romoBHuM aBuryHoM "Wartsila", mo GiibIme HiX 10-
TPIOHO AJI1 OKPUTTS BCIX MOTPeO CHOKMBAYIB MAapU HA CYJIHI B XOJOBOMY PEXKHUMI
U eKCIUTyaTallli B XOJIOAHIHN 30Hi.

Jnst yrumizamii  TeIIoTH TpPICHOT BOJAM CHUCTEMHU OXOJIO/PKEHHS BTYJIOK
mutiHapiB JIB3 HE0OX11HO BU3HAYUTHUCS 3 IIUKJIOM Ta mapamerpamu podotu THITY.
Bubip nmapametpiB pobotu ycranoBku ytwmizaiii HIIT 3a gomomMororo TemioBoro
Hacoca BU3HAYAETHCS, 3 OJTHOTO OOKY, HCOOXITHICTIO 3a0€3MCUCHHS MaKCUMaILHOTO
CTYTICHs YTHIIi3allli TeTUIOTH, 10 BIABOJUTHCS BiJ U3EINA PI3HUMHU OXOJIOIKYIOUHU-
MU CEpEeIOBUIIAMHU, a 3 1HIIIOT0, HASBHICTIO HA CY/AHI CrielU(}IYHNX CIIOKUBAYIB T1a-
pH, B Mepily yepry, miairpisayis Baxkoro nanusa ans CB3 1 nu3enb-renepaTopis.
AHani3 napameTpiB CyIHOBHX CIOKMBauiB TEIJIOBOI €HEPrii MOKa3ye, 110 BOHU MO-
XKyTb OyTH PO3/1I€H] HA TPU OCHOBHI I'PYIU: 3 BUKOPUCTAHHSM BOJASHOI TapU HU3b-
koro (0,2...0,3 MIla), cepennnoro (0,5 MIIa) ta Bucokoro (0,7...0,9 MIIa) tuckis.

HaiiG11b111 nepeBaskHUM JKEPENIoM CKUHOI TertoT aist podotu THITY €
IpicHa BOJIa CHCTEMH OXOJIOJIPKEHHSI BTYJIOK ITWIIHAPIB cyaHoBUX JIB3, sika mae
temneparypy 80...85 °C. Ii Tennotn nocratHeo A1 ogHOYacHoi pobotu THITY Ta
BOJI0OTPICHIOBANIHHOT YcTaHOBKH (BOY) (65u3bk0 46...54 % TemioTu BUKOPUCTO-
ByeThesa Yy BOY). IIpoBeaeH1 po3paxyHKH MOKa3ylOTh CHEPreTUUHY JOIIbHICTh BU-

222



Kopucta"Hs ABOKOHTYpHOI THIIY nis orpumMaHHs BOASHOI Iapy TUCKOM

0,3...0,5 MlIlIa nns TaHkepa B X0JI0BOMY pPeKUMI B X0J101Hi# 30H1 (puc. 1) [3]. Bo-
nsny napy 3 Tuckom 0,7 MIla orpumytots B yruoizamiiiHomy kol (YK). [punnun
po6otu THITY omucano y nmonepeanix podorax [3-5].

Pucynok 1. Cxema THITY 3 onepskanHsIM BOASHOT apy ABOX THCKIB
Kwm —xommnpecop; B — sunapnuk; JIK — apocensuuii knanan; Kx — konaencarop; 111 — mpomirkaa
nocynuHa; [{H — nupkymsiiiinuit Hacoc Bonu; C — cemaparop BoasiHoi napu; PK — pexykiiitanii
knanaH; JKH — sxuBunbHuM Hacoc; TS — Temnui smmk

VY sxocTi pobodoro Tina s Bucokoremmneparypuoro THITY nmpononyetscs
BUKOPUCTaHHS XJIaOHYy H-TieHTaH RO601 3 HOpMallbHOIO TeMIepaTypor0 KHWITIHHS
t;= 36,1 °C, KpUTHUYHOIO TEMIEpPaTypor tg = 196,6 °C, KpUTUYHUM THUCKOM
P, = 3,37 MIla Ta Temnepatyporo camozaitmaHHs te; = 286 °C.

V¥ skocti mactuina 0yB BuOpanuit PAG (momiaikiIeHTJIMKOJIb) 3a MOro Tep-
MOCTIMKICTh 1 TOCTaTHIO B SI3KICTh mpu Temmepatypi g0 180 °C. Ilpu BucokoTemrie-
paTypHUX BUIPOOYBaHHAX 3 Temreparypamu KoujaeHcarli t, = 160 °C 1 kumiHHA
to = 70°C, mo nmpoBOAWINCH ATOHCHKOIO KoMITaHiero "Mayekava" 3 BUKOpUCTaHHSIM
JAHOTO XJIaJ0Hy, KoeditieHT Tpancopmaiiii rerota COP nopisatoe {TH = 3,0.

[TorrepeHi po3paxyHKH MOKa3ald, 10 €KOJOT1YHa €(PEKTUBHICTD yTHIT3aIil
CKUJHOI TEIJIOTH OXOJOMKYyro4oi Boau J[B3 3a 70mOMOror TEIIoBOro HacoCy J103-
BOJISIE 3MEHIINTH TEIUIOBE 3a0pyAHEHHS HABKOJMIIHBOTO CEPEAOBHUIIA, BIIMOBUTH-
csl B poOOTH JOMOMIKHOT'O KOTJIa Ha XOJI0BOMY PEXHUMI Cy/IHA B XOJIOAHIM 30H] i
BiJIITOBITHO CKOPOTHUTH CTIOKUBAHHS KOTEIILHOTO najanBa
Ha 3...5 %.

CIINCOK BUKOPUCTAHOI JIITEPATYPU
1. JumutpoB A.A. YTunu3zauusi BTOPUUHBIX SHEPTOPECYPCOB CYJOBBIX YCTa-
HOBOK C TpPUMEHEHHWEM TexHoJioruu TpureHepauuu / A.A. JluMutpos,
0O.10. fIkoBneBa, M.I".XmenbHioK // IHHOBAIIT B CyAHOOYTyBaHHI Ta OKEAHOTEXHIIII:
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VJIK 628.31

Csupunos B.l., Aaapees A.A., [lupucynsko M.A.
XepCOHChKUN HaBUAJIbHO-HAYKOBHI 1HCTUTYT HallloHaIbHOTO YHIBEPCUTETY KOpao-
neOyayBaHHS iIMEHI agMipaia MakapoBa, Ykpaina

Hlasixu 3an06iraHHs WKOAM J0BKILTIONPH eKCIIyaTanii MOpCbKOro
TPAHCHIOPTY

Miuixunaponna Mopcbka opranizamis (IMO) cknukana Kondepenmiro Ctopin
MARPOL 73/78. Mera Kondepenriii ckinaganacs B po3rJisil Ta IPUHUHATTI IPOTO-
kony mpo 3miny MARPOL 73/78 mnsixom qoaaBaHHsS HOBOI MpOrpaMu, MIOA0 3aro-
OiraHHs 3a0pyaHEHHS TOBITPSIHOTO CEPEOBUIIA 3 CY/ICH.

CBiTOBHUI OKeaH (B3a€MOIIOB'SI3aHA CHCTEMa OKEaHIYHHUX BOJ 3eMJll) Tpa€ OaHY
3 MPOBIAHKUX MO3UTUBHUX POJIEH B JKUTTI JIOAMHH, B TOMY YHCI 3aBASKH KJIIMaTHY-
Hii cucteMi. Ti 30UTKH, K1 HAHOCSTHCSA TPAHCTIOPTOM, MAIOTh TAJIEKOCSKHI HACIII/I-
KM 3 TOYKH 30pY MPOAYKTHUBHOCTI, PI3HOMAHITHOCTI BH/IB 1 )KUTTECTIMKOCTI. Taka
JUSIIBHICTB, 3/11cHIOBaHa B CBiTOBOMY OKeaHi, CTBOPIOE 3arpo3y s JtoacTsa [1].

VYce, 110 CTOCY€ETHCSI MOPCHKOTO TPAHCIIOPTY, HAa CHOTOAHIIIHIN JIEHb € OJTHUM 3
OCHOBHUX JDKEpes NOCTIHHOTO 3a0py/THEHHSI MOPCHKOT0 CEpeloBUIIIA 1 M1BUIICHOI
3arpo3u po3NKBiB HAQTH, K1 MOXKYTh 3aBJIaTH HEMOMPABHOI IIKOJU JIETKO BpPAa3JIH-
Biii IPUPO/II.

JIB1 cKIaioBl — eKCIUTyaTalliitHl Ta aBapiiiHi, HAWOLIBII CYTTEBO BiANIOBIIAIOTH
3a 3a0py/IHEHHS HABKOJUIIHHOTO CEpEJOBUINA. | HEMOXKIIMBO BUAUINTH, SKI 3 HUX
HaWO1IpIT HeOe3MmeyuHl I JOBKULIA. 3a0pyIHEHHS, K1 € MPEeIMETOM EKCILTyaTarii
CyJIeH, MOPCHKUX MIANMPUEMCTB, 3 SIBJSIOTHCA Ta MOCTIHHO 3a0pyAHIOIOTh, X04Ua 1 B
HEBEJIMKUX KUIbKOCTAX. [Ipu excTpeHomMy BUIAAKy, TOOTO PO3JIMBH, 3A1MCHIOETHCS
panToBi BUKHUJIA BEJIMKOI KIJTBKOCTI 3a0pYyIHIOIOUHX PEYOBHH, 1, [0 BaXKJIMBO, BOHU
ryonsTe ¢uopy 1 gpayHy IbOTO pErioHy, Ha JOBI1 poka. bo BOHM pO3TIKalOThCS pa-
HoHOM aBapii.

[Ipu BUHUKHEHH] aBapii IpHU MOTPAIUISIHHI B HABKOJMIIHE CEPEIOBUIIIE BiJI0Y-
Ba€ThCA MACIITAOHMI BIUIUB Ha MOPCHKY (payHy Ta (hiopy, a mpHu eKCIuTyaTalliiftHo-
My 3a0pyJIHEHHI BIOYBA€ThCS XPOHIYHE OTPYEHHS BCHOTO 1 BCS, HA JIOJIO MOPCH-
KOTO Ta pIYKOBOTO (UIOTY IpHMaaae moHayn 18 BiCOTKIB 3a0pyIHIOBAIBHUX PEYO-
BUH TOBITPSI.

Bce 1ie BrumBae Ha cTaH IOBKULISA Mif 9ac poOOTH MOPCHKOTO Ta PIYKOBOTO
tpancnopty. IMO BBaxkae, 110 BUKHUIM BYTJICIIO BiJl Cy/JI€H JOPIBHIOIOTH OLbIle 2
BiJICOTKIB. | Bce 11e BIUIMHYJIO Ha aHTpororeHHi Bukuau 1 3 2012 p.1o 2050 p.BoHO
30UTbLIMTHCSA HA 250 BIFCOTKIB, SIKIIO CBITOBA CHIJIBHOTA HE 3aMOJ(1€ KOHCTPYKTHUB-
HHUX 3aXO/1B.

Mopchki mepeBe3eHHs TPAaHCIIOPTOM B HU3KY MPUHHATHX 3aXOJIiB JalOTh CYT-
TEBUU PE3yJbTAT, a 1I€ MAJIUIl piBEHb 3a0pyHIOBaHHS MOBITPs, 00 MpPU OJHAKOBHX
BaHTa)XaX Ta BIJCTaHI 1€ HAMOUIbIN €PEKTUBHIIMINUMN CTIOCIO TOCTABKM BaHTAXIB.

Lle BUAHO B MOPIBHSHHI 3 MOBITPSHUM TPAHCIIOPTOM. bo MOpPChHKi nepeBe3eHHs
Ta JOCTAaBKH BaHTaXXy MICTATh HabaraTto OUIbIIY KUIBKICTH PIYHOTO TOHHAXY, NMPHU
BEJIMKUX BIJICTAHSAX, OCb YOMY BUKHUH BiJ] CyJI€H 3HAYHO BILJIMBOBIIIII.
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3pocTaHHs MEPEeBE3€Hb MOPCHKUX TPAHCHOPTOM B cepeaHboMmy ckinagae 4%
IOpiYHO, MoynHawuu 3 1990-X pokiB, 1 Jajli HABIThI3 3aMPOBAKEHHSIM CyYaCHHUX
CyJICH Ta TEXHOJIOT1#, 3arpo3a — 301JIbIITYEThCS.

VY 2008 p. IMO parudikyBana nakert 3axo/iB 10 2025 p., IKuil BCTYIIUB B CUITY
3 01.07.2007 p., 010 CKOPOUYEHHSI BUKHUIIB 3 CYJIeH B aTMOC(hepy OKCHIIB CIpKH 1
a30Ty, O30HOPYWHYIOUUX PEYOBHH, TBEPAUX YACTUHOK, JIETKMX OPraHIYHUX CIIOTYK.
3rinHo 3 Joxatkom VI no Kouseniii MARPOL 73/78, HopMOBaHUMHM 1)1l CYIHO-
BUX JIBUTYHIB MapaMeTpamu € BUKUAN OKcHiB a30Ty (NOX) 1 cipku. Y mporieci 3ro-
PSHHS TIAIMBA B IBUTYHI YTBOPIOETHCS UMK Psij 3'€THAHb, 110 BUKUIAIOTHCS B aT-
Mocdepy, aine caMrMH IIKIJIMBUMH € OKCHUIN a30Ty. Y JIH3EIbHOMY JBUTYHI BOHU
ctaHoBITH BiJ 30 10 80% 00csry BUKUIIB [5].

I3 2000 p. cyHOBI IBUTYHH Ha CTafil BUTOTOBJIECHHS MPOXOJAATH BUIPOOYBaH-
Hs Ha BMicT NOX y BIANpanbOBaHUX ra3ax 1 OTPUMYIOTh T.H. TEXHIYHHM cepTudi-
KaT, /e BKa3yIOThCSl €TaJOHHI 3HAYEHHS A pi3HUX pexxkumiB podotu. o 2010 p.
nisB ctangapT PiBas I, skuitnomyckaB 17 r NOx Ha kBt / roa, 3apa3 Jii€ cTraHmapT
PiBns 11, mo gonyckae 14,4 r/ kBt / ron, a 3 2016 p. BctynuB B cuity ctangapt Pis-
Hs III (3,4 r NOx na kBt / ron), 1110 BCTAHOBIIIOETHCS JJ1 paiiOHIB KOHTPOJIIO BUKH-
niB NOX, siIKHii 3aCTOCOBYETHCS 10 CyIeH, mooyaoBanuM micist 01.01.2016 p.

3pocTaroya €KOoJIOTi4Ha CTypOOBaHICTh CBITOBOI'O CYAHOIUIABHOTO (hJOTy Ta
HOBI npaBwia IMO 110710 KOHTPOJIIO BUKUIIB 13 Cy/IeH (30KpeMa, BMICTY CipKH) BH-
MararTh CTaJIOr0 PIIEHHS MUISXOM BIPOBAXKEHHS 3aXO0J1B II0JI0 SIKOCTI CYHOBO-
ro najuBa, MOJEPHi3allli eHEPreTUYHUX CUJIOBUX YCTAaHOBOK Ta pO3poOKa perioHa-
JbHOI MOMITUKKU. J[71s1 BUOOPY KOHTP3aXOdy CJIiJi MPOBECTH OI[IHKY BIUIMBY Ta po3pa-
XyBaTH €()EeKTUBHICTh MOTEHUINHUX 1HCTPYMEHTIB, TOJI1 SIK MAaOyTHI1 PyXU CyJI€H Ta
ix AIS, oueBUIHO, HA JAHUW MOMEHT HEJOCTYIIHI.

[IpoOnemu 3abe3neyeHHs €KOJIOTIYHOI O€3MeKH B 30HaX KOHTPOJIO BUKHIB
okcumiB cipku Konseniiero MARPOL 73/78 momyckaeThCsi BAKOPUCTAHHS MajivBa 3
BMicToM cipku 10 0,1%. Takumu paiionamu € yzo6epexxi CIIA 1 Kanamu, paiion
Kapu6crkoro mopst CILIA, a takox bantiiicbke 1 [TiBHiuHE MODSI.

Bwmict cipku 3apa3 B nanuBi Mae ctaHOBUTH He Ounbie 0,5% 1 111 BUMora mo-
MIMPIOBAaTUMEThCA Ha Bech CBITOBHI OkeaH. TpaHcHOpTHUM (IIOT, SIKAWA BiTHOBIIIO-
BaBCs MICIIs BCTymy B cuity MixkHapoaHoi Kouseniii MARPOL 73/78 na piBHi 3a-
KOHY, TIOBUHEH CIPSTH OXOPOHI HABKOJIMIIIHHOTO CEPEOBUINA; ISl IOTO (DIIOT TIi-
JUISiTa€ MOJIEpHI3aIlli 3 METOK MPHUBEICHHS HOTO Yy BIAMOBIIHICTH JI0 MOJIOKEHB
Kongenmnii MARPOL 73/78 1 HamioHaIbHUX TIPABUJI 3 OXOPOHU HABKOJUIIIHBOTO CE-
penoBuIa.

Jlo nmepBUHHMX 3a0py/IHIOBAYIB MPHU €KCIUTyaTallii CyJIeH MOXYTh OyTH BlJIHE-
ceHl Ha)TOyTPUMYIOUl 1 CTIYH1 BOJIM, CMITTS 1 IIKIJIJIMBI BUKUAN B aTMOC]epy.

CynHa, 0 BUKOHYIOTh MIXKHAPOIHI peiicH, MarOTh KOHTEHHEpH (EMHOCTI)Is
300py 3a0pyAHEHOI BOJIM Ta CMITTA Ta/a00 YCTAaHOBKU JJISI OYUIIICHHS BOAM Bij Had-
TH, JUIS OUYMINECHHS CTIYHUX BOJ 1 CMITTECTIAIFOBAIBHIYCTAHOBKHU JIJISl CITAJIFOBAHHS
cMiTT KiJIbKICTh CYy/THOBUX BIJXOIB 3aJICKUTH BiJ] ICIBEUTY Ta TUITY CYyJHA, HOTO
BIKY, SIKOCT1 OOCIIyTOBYBaHHS Ta KUIBKOCTI Y€HIB eKinaxky. KilbKiCTh BIIXO/1B Ha-
(GTOBUX MAMB 3aJICKUTH BiJl BUy BUKOPUCTOBYBAHOTO TMAJMBa 1 MOXE CKIIaIaTh JI0
1,5...2,0% Bim 1060BOT BUTpaTH MajanBa i Yac poOOTH Ha BAXKKOMY TaJIHBI Ta OJH-
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3pK0 0,5% mpu poOOTI Ha MaTUBI CEPEAHBOI B'SI3KOCTI. 3aNUIIKK OpyAy B MAJTUBHUX
0akax MOXYTh gocaratu 7% BiJ] 3aralbHOro 00’€My BChOTO MaUBA.

JInsnpH1 BOJM, SIK1 YTBOPIOKOTHCS HA CYAHI M Yac eKCIUTyaTarlii, 3aBxau 0y-
yTh 3QJIEKATH BT TOTY>KHOCTI ABUTYHA, HOTO SIKOCTI OOCITyrOBYBaHHS, 1aTH MO0Y-
JIOBY CyJHA 1 KBadi(ikalii MeXaHiKiB Ta MOTOPHCTIB Ta MOXKe CKJIaaaT A0 1 Ky0. M
/ 100y, a 115 CyIeH BHYTPIIIHBOTO 1aBaHHs — 10 0.3 ky0. M / 100y.

3riHO CaHITapHUX HOPM CTI4HI BOJIM BU3HAYAIOTHCAKUIBKICTIO YICHIB €KIMaxy
i me 6yne 10100 1/ HA 0co0y B 100y, KUTBKICUTIIOOYTOBOTO CMITTS Oy/I€ CKIIagaTh
103,5 KT / 40J0BiKa B J€Hb, €KCIUTyaTalliifHl BiAX0AW (MacTuia, COMITONN 3 ABUTY-
HiB, cTapa ¢apba, 3a0pyaHeHe randip's) — Mmoxke 0ytu 1o 15 xr / 100y, a To i 61J1b-
me.

CMITTS, 10 3aJIMIIAETHCS MPU NIEPEBE3ECHHI TreHEepaIbHUX BAaHTAX1B, CKIIAAA€ 10
1000 xr Ha 200 T BaHTaxy, JUIsi KOHTEHHEPHUX MepeBe3eHb L nudpa O0ynel000kr
Ha 25000 T BanTaxy 1 cummyunx BantaxiB — 1000 kr va 10000 T BaHTaxYy.

[Ipu HasiBHOCTI Ha OOPTY CyAHA IHCHHEpaTOopa (CHelianbHOI 1eyl), TO MOMKJIMBO
CHAJIOBATH YaCTKOBO HA(TO3AJIUIIKU 1 MOOYTOBE CMITTS; BCE, IO CIHATIOETHCI Ha
OopTy CyjaHa, — IO Ta TBEpJia Maca, HErOproYi BIIXOIH 1 IIUIaMHU, 1110 310paHo Tic-
7151 0OpOOKH CTIYHMX BOJI, 3AI0THCS Ha MIPUIMaIbHI CIOPYAH OEpPEroBi B MOpTax.

3rinno KouBeHiii 3a0pyiHeHHs atMocepu cyJHaMU € OCHOBHI BUKHUIH 3 Mpa-
IIIOIOYMX JIBUTYHIB — OKCHJIIB CIPKH, a30Ty, BYTJICIIO, Ta 1HIIMX O30HOPYWHYIOUUX
PEYOBHH.

3ano0iranHs 3a0pyJHEHHIO HABKOJMIIHBOIO CEPEAOBHIIA MOXKIMBO 3a0e3re-
YUTH JIUIIE 32 PaXyHOK MIATPUMaHHS YCiX BUMOT, Ta 3alPOBAKEHHS HA TPAHCITOP-
THOMY (JIOTIHAJCYYaCHUX TEXHOJIOTIH Ta HOBOTO YCTaTKyBaHHS, BCE 116 HEMOKIINBO
BIPOBAUTH O€3 MOPTOBOTO MPUUMAIILHOTO YCTAaTKYBaHHS, SK€3AaTHETIEPEepOOIIATH
BC1 CYJTHOBI , 0€3 BUKIIFOUEHHS, BIIXOIH.

Posrasgatroun yci 111 BuMoru, He Tpeda 3adyBaTu Mpo Te, 110 BIUIMB Ha HABKO-
JIUIITHE CEPEIOBUIIE CTOCYETHCSA OATaCTHUX BOJI, 3BYKOBOTO 3a0pyaHEHHS, 31TKHCHb
3 IUKOIO TIPUPOOI0, 3a0pyaAHEHHST aTMOChEPH, pO3TUBU Ha(TH, CTIYHI BOJIU, TBEPIi
BIJIXO/M, 1 BIH HE 3MCHILIYETHCS, & 3pOCTAE 13 POKY B PIK.

B manuit yac, miaxia npu 3a0e3MedeHH] €KOJOTIYHOI 0e3MeKH aKTUBHO PO3BH-
BA€THCSA, K Ha JIEP)KAaBHOMY, TaK 1 Ha KOPIOPATUBHOMY PIBHSIX, a TAaKOX Ha PiBHI
OKpEeMHUX MIAIPUEMCTB. barato B 4oMy JlaHa TE€HJCHIIS BUKJIMKaHA 3MiHAMU B MiX-
HapoaHomy ctangapti ISO 14001, Ha OCHOBI SIKOTO pO3pOOJISAIOTHCS JIOKAJIbHI CTaH-
JIapTH, pelaryerbcsi eBponercbknid crannapt EMAS, kopuryersca cranmapt BS
8555.IlokpalieHHs Cy4aCHUX TEXHOJIOTIN J03BOJUTH 3MEHIIUTH PU3UKUA 3a0py/i-
HeHHsI 61ocepu CBITOBOTO OKEaHy /10 MIHIMyMY.
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VJIK 628.32.2

V nomariii B.b.
Hamionansauit yHiBepcutet «OJiecbka MOPChKa akaaeMis»

Ouinka epeKTUBHOCTI POOOTH CHCTEM OYHMILEHHS TMMOBHX I'a3iB MOPCbKHUX
Cy/JleH NIP¥ BUKOPHUCTAaHHI CKPyOepiB

Anomauia:3uecipuenus oumosux 2aszie mopcvkoio 6000t (SWFGD) esadica-
EMbCA HCUMMEIOAMHUM DIUUEHHAM OJis1 3ACMOCYBAHHA HA MOPCbKUX cyoHax.OoHaK
yei npoyec mMae pso HeOONIKi8, GKIIOUAIOYU KOPO3IUHY AKMUBHICMb aOCOpOeHmy,
HU3bKY 30AMHICMb NOSTUHAHHA NAPU, OCKLIbKU pO3uyUHHICMb okcudig cipku (SOy) y
MOPCOKILL 8001 HUMNCYA, HIJC Y 8ANHAKY, WO BUKOPUCTOBYEMbCS Y MPAOUYIIHUX Me-
MoOax,3HayHy UMpPAmy MOPCbKoi 800U, eeluki posmipu obaraouanus.lle cnonykae
00 NOUWLYKY MONCIUBUX 800CKOHANEHUX KOH@Dicypayitl 01 nioguweHHss npoOyKmueG-
nocmi npoyecie SWFGD. V yiti cmammi npedcmagneno 02110 HO8UX pO3POOOK, a
maxkodic 800CKoHaieHux kougicypayiu npoyecie SWFGD.

Kniouosi cnosa: exonoeiuni Hopmu, 8ionpayvosari easzu, dioxcuo cipku (SOx), npo-
yec SWFGD, moougirxayis npoyecy.

ASSESSING THE EFFICIENCY OF OFFSHORE FLUE GAS
CLEANING SYSTEMS USING SCRUBBERS

Udolatiy V.B.,assistant
National University «Odesa Maritime Academy», Ukraine

Abstract:Seawater flue gas desulphurization (SWFGD) is considered a viable
solution for use on marine vessels. However, this process has a number of draw-
backs, including the corrosiveness of the absorbent, low vapor absorption capacity
because the solubility of sulfur oxides (SOy) in seawater is lower than that of lime-
stone used in traditional methods, high seawater consumption, and large equipment
size. This prompts the search for possible improved configurations to increase the
productivity of SWFGD processes. This article provides an overview of new devel-
opments as well as improved configurations of SWFGD processes.

Keywords: environmental standards, exhaust gases, sulfur oxides(SOx),.
SWFGD process, process modification.

OmauM 31 crioco6iB 17151 €HEeKTUBHOTO KOHTPOITIO BUKUAIB SO> € necynbdypa-
it numoBux rasiB (FGD), npu sikiil TUMOBI ra3u B3a€MOJIIIOTH 3 MOTJIMHAIOUKUM Ce-
PEIOBUIIEM, TTPUYOMY MOKpI MPOLIECH 3aiiMaroTh mpubau3Ho 87% Bij 3arajabHOCBI-
TOBOI YaCTKH. 3aB/ASIKMA CBOil MPUPOJIHINA JTYy>KHOCTI Ta BUCOKIH JOCTYIHOCTI, MOPCh-
Ka BOJA PO3IIISIAETHCS K TEXHIYHO 1 €eKOHOMIYHO HAJIWHUM PO3UMHHUK JJIS TPO-
1eciB aecynbdypaiiii Ha Mopcbkux cyaHax. [Iporec FGD 3 BukopuctaHHsIM MOPCh-
koiBogu (SWFGD) sik copOeHTy € 3py4yHUM Ta €KOHOMIYHO BUTIIHUM, 1 3 IIIEI0 Me-
TOIO TIPOBOJAUTHLCS BEJIMKA KUIBKICTh JOCIIKEHb, OCOOJIMBO B Tay3l BJOCKOHAJIEH-
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Hs mporiecy. MeToro 1€l cTaTTi € BceO1uHMi o po3BUTKy TexHoznoriii SWFGD,
SK1 OCTAaHHIM 4acOM OTPUMAJIM 3HAYHY YyBary.

Ockisibku po3uuHHICTH 200 abcopOiriiiHa piBHOBara SO, € BaXIJIMBOIO 1 HE00-
X17THOIO JIISl TIPOCKTYBAaHHS CKpyOepiB,0yJid MPOBEICHI TOCTIHKEHHS 3 BU3HAYCHHS
po3unHHOCTI SO2. Y MOpchKiit Boal B Aiana3oHi temneparypu Bix 10 mo 25 °C pos-
uyunHicTh SOzK0muBaeThes Big 10° 1o 1 mons. [Ipornososana posunnHicTs SO, y
MOPCBHKIN BOJII MPUOIM3HO y JABA-TPU pa3d BUILA, HDK Yy MPICHIA BOJI. 3arajioMm, y
icHytounx cyneH SOz B IMMOBHUX Ta3ax Mae€ TUIIOBHUH Jlama3oH KOHIEHTpariil 80-
1000 ppmy Ha cyxy pedoBuHy [1]. ¥V Tabnumi 1 HaBeneHO naHi, M0 BPaXxOBYIOTHCS
IIPU IPOCKTYBaHHI CHCTEM 3HECIpUEHHS TUMOBHX Ta3iB B cuctemax SWFGD [2].

Tabmuus 1. Jlani, 1o BpaxoBYIOTHCS MPU MPOEKTyBaHHI cucteM Aecyiabdyparii SWFGD

Burpata qumoBux rasis, (Hv/ron) 23 000 - 540 000
Pisens SO2 Ha Bxoxi, (ppmd) 700
Buxigamii piBesr SO, Ha BUXO],
20
(ppmd)
97,1 (811 3,5% S 10 0,1% S): SECA
Edexrusnicts Bunanenus SO2, (%) 85,7 (3,5% S 1o 0,5% S): cBiTOBUIi OKeaH 3a BUHATKOM
ITiBnenno-CxinHoi Ta IliBnerHo-CxinHoi Adpuku
Enementu, 1o perymniorotses npu cku- | pH, [TAY, kanamyTHiCTh, HITpaTH
JaHHI MOPCHKOT BOJTH

Mopceki ckpyOepu, sKiOe3mocepeHbO BHUKOPUCTOBYIOTBCS B CHCTEMax
SWFGD mnoBunHI OyTH 31aTHI CIPaBISATUCS 31 3MIHOIO JIY>)KHOCTI MOPCBKOi BOJM,
TEMIEpaTypyu MOPCHKOi BOJM Ta HaBaHTaK€HHS Ha NBUryH.KpiMm toro, 6arato 00-
MEXEHb MaroTh OyTH BpaxoBaHi mij yac npoektyBaHHs mporecy SWFGD. Oxkpim
oOMexeHb, NoB's13aHuX 3 SO, Ta yMOBaMM €KCIUIyaTalii 3 TOUYKH 30pY CIIBBIIHO-
IICHHS piMHa-Ta3, e 000B’I3KOBO Tpeba BpaxoBYyBaTH OOMEKEHHS IO BUCOTI KO-
JIOHH, ii Bary 1 MpoCcTOPy Ha CyJIHI.

JUIsi MOPCBKHMX 3aCTOCYBaHb MOYKHA BUKOPMCTOBYBATH SIK BIAKPUTHH, TaK 1
3aKpUTHI KOHTYp ckpyOepiB. KpiM Toro, Moxe OyTH 3aCTOCOBAHHMI THy4yKUH abo
riOpUIHUN KOHTYD, SIKUM MOKE MEPEMUKATUCS MIK CUCTEMAaMH BIJKPUTOTO 1 3aKpHU-
TOTO UUKIY. BIZKpUTUN LMKI 3aCTOCOBYETHCS ISl 3MEHILUEHHS €KCIUTyaTalliHUX
BUTpAT, @ 3aMKHYTHI KOHTYpP 3aCTOCOBYETHCS y PETYJIbOBAHUX palloHAX IS 3a1o0i-
TaHHS MOPYIICHh HOPMAaTUBHUX BUMOT.
3a manumu DNV GL, 3 BcTaHoBieHux ckpyoepHux cuctem,’70,6% MarTh BiIKpHU-
tuit KoHTyp [3]. Ha ri6punni cucremu npunanae 27,4% ckpyOepHUX YCTaHOBOK, a
HAa CUCTEMH 13 3aKPUTHUM KOHTYpOM - 2%.

Hogi po3pooku

3a I0MOMOror0 €KCIEepUMEHTY OyJIo BUSIBIECHO, IO 3HMXKEHHS BUTPATU MOP-

chKoi BoaM Ha 47% MOXHA TOCATTH MIPU BUKOPHUCTAHHI CKPyOepiB 3 HACATHUM IIIa-
pom [4].
Oumniiennst Mopcbkoi Boau Bif SOz y TPOTUTOYHHMX KOJIOHAX 13 HACAJHUMU LIapaMHU
OyJ10 MpoaHaIi30BaHo 3a JOMOMOTO0 MojentoBaHHs [5]. Takox 3ampornoHoBaHo Oa-
rato HoBHX miaxonaiB gt SWFGD, Takux sik BAKOPUCTaHHS €JeKTpU(]PIKOBAHUX PO-
3MWIIOBAYIB [6], CTPYKTYpOBaHUX HacagHuX mapiB [7] abo ckpyOepiB NpsIMOKYTHOI
(xBaapatHoi) popmu [2], 1100 3a10BOJLHUTH OCOOIMBI MOTPEOU HOBUX CHUCTEM.
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Byno 3anponoHoBaHO HOBI MiAXOIU [Tl MOJIMIICHHS] TPOAYKTUBHOCTI PO3MUITIOBA-
JBHUX KOJIOH, BKJIFOUHO 3 MOJU(DIKAIE€O TPOIECy, TaKl SIK ONTHUMI3allisl YMOB €KC-
TuTyaTalii, yJOCKOHaJICHHS pO3IMUIIIOBaviB a€pO30JIiB Ta MapHu, H0JaBaHHS BHYTPIIII-
HBOT YAaCTUHU KOJIOHH, BUKOPUCTAHHS KBaJIpaTHOi ab0 MPsSIMOKYTHOI OopMHU Bexi,
BUKOPHUCTAHHS MOTIEPEIHBOTO CKpyOepa, BUKOPUCTAHHS JEKUIBKOX CKpyOepiB, 1HTE-
rparlis MpoIecy, Hampukia, moeaHaHHs ouuIeHHs Big SOy Ta 1HIIKMX ra3iB 3 YTHIII-
3aIli€r0 BIMPAIlbOBAHOTO TEIUIA, a TAKOX PEKyIepallis BIANPalbOBAaHOIO TEIia, Ta
1HTeHCH]IKaIlis TPOIIeCy, HAPUKIal, BAKOPUCTAHHS €JICKTPU(PIKOBAHUX PO3MUITIO-
BayiB, 3aKPyYEHOT0 ra30BOr0 MOTOKY Ta 00EPTOBUX HACATHUX IIAPIB.
- Monudixkaris Ta onTUMI3allisl yMOB €KCILTyaTarii
Po6oua Temmnieparypa

Bumi Temnepatypu abcopOIiiHOTO PO3YMHY MalOTh HETaTHBHUM BIUIMB Ha
aecyibdyparito, TOOTO HIKYa poboda TeMIeparypa € TEOPETUYHO CIPUSTIUBOIO
JUTsl TiiBUIEHHS epexkTuBHOCTI BumaneHHss SOz, TuM He MeHII, BIUIUB TeMIEpaTy-
pu abcopobirii B mexkax 20-40 °C e nesnaunum. s nmigBuieHHs: epexTuBHOCTI abco-
pOI1Iii MOKHA BUKOPUCTOBYBATH CKpyOep BeHTypi aJjis OUMIEHHS TUMOBHUX Ta3iB i
TEMI000MIHHUK JIJI1 MOPCHKOI BOJIU. OCKUIBKHU JIJISt OXOJIO/IKEHHSI BUKOPUCTOBYETh-
csl MOpChKa BoJia 3 Temmeparyporo 5-15 °C, ckpybep Moxe mpaioBaTi npu 25-35
C.
crad pH

pH Mopcbkoi Boau, AKuM 3a3BUYail BapitoeTbed BiA 7,6 10 8,4, MOXKHaA po3r-
nsaTh K Qakrop, mo miaBuilye eheKTUBHICTh BUAaleHHd SO;. byne kopucHilie
nonaBati NaOH 1o Tiei s abcopO1iitHOT MOPCHKOT BOJIU, JJIsl MIATPUMKH BUJIAJICH-
Ha SO, npu 30epexxeHHi piBHA pH npomMuBHOI BOIH, OJU3BKOT0 1O HEHUTPATBLHOTO
[8].
PoGouwnit Tuck

SWFGD moxe mpairoBatl ipu aTMOCHEPHOMY THUCKY Uepe3 BUCOKY PO3UHMH-
HicTh SO, y BOJI, 1 HaBITh BUIIUA POOOYHIT TUCK € CIIPUSTIUBUM JUIsl €(DEKTUBHOT
poboTu ckpybepa. Ase, 3aBAsSKA TYpOOKOMIIPECOPY B JBUTYHAX, JMMOBI Ta3u BXKe
MaroTh aTMOC(HEPHUI TUCK, 1110 MPU3BOJUTH JI0 MPOTUTHUCKY B cucTemi. Llel mpoTu-
TUCK MOXXE€ BIUTUBATH Ha MPOJYKTUBHICTH JBUTYHA, MPHU3BOISYH 1O 301TBIICHHS
CIIO’KMBAHHS TMaJUBa, BUKUIB TBEepAUX YacTHHOK 1 CO Ta Temmneparypu BUXJIOMTHUX
ra3iB. [linBumennst BUKUIIB NOy TaK0K MOXIJIHBE uepe3 30UTbIIEHHS HAaBAHTAKEH-
HS Ha JBUTYH.
- BriiuB mBMAKOCTI MOTOKY Ta3y Ha Aecylibyparlito

ExcniepuMenTanbHi pe3yabTaTH MOKa3aly, IO MBUIKICTh Ta3y Mae HEBEIUKE
3HA4YEHHS JJIs IIBUAKOCTI nepeHeceHHs . Ciijl 3a3Ha4nuTH, 10 301IbIIEHHS IIBUJIKO-
CTI razy B 4OTHpH pa3u 3 5 10 20 M/c pu HE3MIHHOMY CIIBBIIHOILIEHHI T'a3/piAnHa
03HAaYa€ YOTHPUKPATHE 30LIBIICHHS MPOMYCKHOI 37aTHOCTI. JIOCHIKYIOUH HIBU/I-
KICTh Ta3y 710 5 M/c, OyJ10 BUSIBIIEHO, 110 €PEKTUBHICTh BUAANCHHS Ta pH mornuHava
SO; 3MeHIIYIOThCS 31 301IbIIEHHSAM MIBUAKOCTI MOTOKY ra3zy. HeobxigHo mpoBecTu
JI0JTaTKOB1 JOCTI/DKCHHS JJII BU3HAYEHHS HAWOLIBIN €()EeKTUBHOI IIBUIAKOCTI Ta3y
st ckpyoepa SO 3 MeTor0 MiHIMI3aIll po3Mipy cKpyoOepa, 1o € HeOOXiTHUM JIJIst
MOPCBHKUX CKpYyOepiB.
-BriiuB ciiiBBiAHOIIIEHHS piAMHA-TA3 HA JIECYIb(ypariro
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Konu cniBBinHOIIEHHSI piguHa/Ta3 30UIBIIYEThCS MpH (PikcoBaHOMY 00'eMi
raszy, 00'eM piAMHU B KOJIOHI 30UIBIIY€ETHCS, IO MPU3BOAUTH J0 30UIBIIESHHS TUIOIII
KOHTAKTy Ta3-piauHa. B pe3ynbraTi MOXKHA JAOCITTH O1IBII BUCOKOI €(PEKTHUBHOCTI
BugaieHHs: SO,, 0cOOJMBO B PO3NMIIOBAIILHINA KOJIOHI. Y TOM K€ 4Yac, mepernaj Tuc-
Ky TaKO 3pOCTa€ 31 301IbIIEHHAM CITIBBIIHOIICHHS piauHa/ra3 [9].

BmuiuB coJI0HOCTI Ta JIy’KHOCTI MOPCHKOI BOJU

Mopcbka Boaa ouninye SO» Kpaiile, HK JTUCTUILOBAaHA BOJA 4Yepe3 MpuTa-
MaHHY 1l Ty>KHICTh. 3MaTHICTh MOTVIMHAHHS SO 3MEHITYETHCS, KOJIA 3MEHIITYETHCS
K JIY>)KHICTb, TaK 1 COJIOHICTh. Tako OyJ0 MOMIYEeHO, 1110 BUCOKA COJIOHICTh MOPCh-
KOi BoAM MOxe mokpanuté normuHadas SO;. [Ipu oHAKOBIH TY)KHOCTI BIUTHB CO-
JIOHOCTI € HE3HAYHUM, B TOW Yac K PO3UYMHHICTH JIOKCHUIY CIPKH TIOMITHO 3pOCTA€
31 30UTBIIICHHSIM JTY>KHOCTI.

Brnus napuiansHOro Tucky SO-

dakTopH, K1 BIUIMBAIOTh Ha e(eKTUBHICTh BuiaajieHHs SOz, po3TanioBaH1
BIJIMOBIAHO JIO 1X BIUIMBY: CIIBBIJHOIICHHS piHA-ra3, MBHAKICTh Ta30BOT0 MOTO-
Ky, KoHleHTpatiss SO, Ha BXOJi, TeMIeparypa NorjuHaIbHOro po3uuny. Kpim toro,
HIDKYUN TapiiadbHuil THCK SOz Ha BXO0J1 MPU3BOIUTH 10 OUIBIIOT e(PEeKTUBHOCTI
BunaieHHss SO;. pH cTiUHUX BOJ 3MEHIIYETHCS, a 3AaTHICTh MOPCHKOI BOAM IO JI€-
cynb(ypu3arlii 301IbIIY€ETHCS MPHU 301IBIICHH] HapiiaibHoro THCKy SO2 [10].

EdexT Bix BUKOpHUCTAHHS JOMIIIIOK

JlomaBaHHSI TOMIIIOK € BaXJIMBUM METOIOM IMiJIBUIIECHHS €()EKTUBHOCTI BU-
naneHHs SOz3a JOMOMOro MOPChKOi Bojau. Hukdi KOHIEHTpallli HeopraHiuHUX
n00aBoK (cynb(dar Martiro Ta cyiab(par HATpi0) NIABULIYIOTh €(EKTUBHICTh BHUJIA-
neHHs SO; 1 Maio BIUIMBAIOTh HA PErEHEPALIII0 MOPCHKOI BOAM MPH Jecyib(yparii.
OpraniyHi TOMIIIKH (OIITOBA Ta T€KCAHEII0IITOBA KUCIIOTH) CIIPUSIOTH Jiecyabdypa-
11ii MOPCHKOT BOJM 3a HWKYMX 3HaueHb pH, ajle BOHM MarOTh HETAaTUBHUN BILJIUB HA
BIJIHOBJICHHSI MOPCBHKOi BOJW Ticis Aecyibdyparii. HeoOXimHi 101aTKOB1 A0CITI-
JOKEHHS 1 po3p0OKH JJIs1 3SMEHIIICHHS 1HBECTUIIIMHUX Ta €KCIUTyaTaliiHuX BUTPAT Ha
11(S)7 @11 0J0) 1 (SToR
- Y 10CcKOHaJICHHS pO3MOAUTHLHUKIB a€PO30JIiB 1 Tapu

PosnuimtoBadi aepo30i1iB Ta mapu MOBUHHI OYyTH BpaxoBaHi ISl TOCSTHEHHS
HAJIEXKHOI T1APABIIKU B 30H1 BIyCcKy. PIBHOMIpHUN po3moUT mapu 1 piiuHA 3a0€3-
nevyye MaKCUMaJIbHY TPOJAYKTHUBHICTH 1 €(EKTUBHICTD IS 337aHOI KOHCTPYKITIi KO-
JOHU. SIKICTh POOOTH PO3MUIIIOBAYA 3aJEKHUTh BiJ JEKUIBKOX (DaKTOPIB, TaKUX SIK
dbopma po3nuIIOBaYa, KOHCTPYKIIS PO3MIIIOBaYa, KYyT PO3MIICHHS Ta BUCOTA PO3-
nuitoBaviB Haja mapom [11]. PIBHOMIpHICTh pO3MUIIEHHS, MAJIUK pO3MIp Kpamneib 3
BHCOKOIO IIBUJKICTIO Ta HU3bKA €HEPTisd PO3NWICHHS € OaKaHUMM KPUTEPIIMU IS
po3nuiaoBada.Po3ranryBanHs po3MOAUIBHUKA TIApH € YK€ BaKIMBHM, OCKUIBKH
SKIIO BIH 3HAXOJUTHCS 3aHAJTO HU3bKO, BIH MOXE€ OyTH 3aHypEeHUH y JOHHY Piau-
HY, 110 TPU3BOJUTH 0 TypOYJICHTHOCTI Ha PIBHI PiIMHU, BUCOKOTO MEperay THCKY
1 3aXOTUICHHSI PITUHU 3 BUCXITHOIO Maporo. [[apopo3noinbHUK HEe MOBUHEH PO3Ta-
IIIOBYBATHCS OJM3bKO J0 MaKCUMAJIbHOTO PiBHS PIIUHU, MK HUMU Ma€ OyTH MPOC-
Tip. Tpeba 3ayBakuTH, 10 MIHIMAJIBHUNA PIBEHb PIAMHU BHHU3Y TAKOXX BaXJIHBUH,
TOMY IIIO SIKIIIO BIH 3aHAJTO HU3BKUH a00 PI3HUIISI MK HIDKHIM KPA€eEM KOJIOHH 1 Mi-
HIMaJILHUM PIBHEM PIUHU HEBEJIMKA, Tapa 3 Mapopo3MOAUTEHUKA MOXKE YaCTKOBO
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BHUXOJIMTH 3 HUKHBOI YaCTUHU KOJIOHKU. KpiMm TOT0, MOTIK Mapu 3 po3MOAUTHPHIKA HE
NOBUHEH TOPKATHUCS HUXKHIA MOBEPXHI PIAMHU, 1[0 MOXE CTATUCS KOJIA BHYTPIIIHS
TpyOa HaxwieHa BHHU3, a00 SIKIO BXIiJIHA TpyOa KOJOHHM Ma€ HaXWJl BHU3 Ha BXOJIl
[11].
- lonaBaHHs BHYTPILIHbOT YACTUHH KOJIOHU

[lepeocMUCIIEHHSI CTPYKTYPOBAHUX HACAJOK, SIKI MOXYTh CTBOPUTH OUIbIIY
IJIOIY KOHTAKTY Ta30BOi 1 piaKoi (a3, Mo Npru3BOAUTH JI0 IMiJABUIICHHS ¢(EeKTUBHO-
CT1 po3ailieHHs, OyJl0 3ampONOHOBAHO JIsi BIOCKOHAJICHHS MOPCHKUX CKpyOepiB
[12], 32 ymOBH, 110 CKpyOepH 3aiMaTHMYyTh MeHIe Micisa. HemomaBHO moBigoMIs-
Jocs TPO pPE3yJabTaTH MOCHIIKEHb O MPOJYKTUBHOCTI JBOX PI3HUX YCTaHOBOK
SWFGD, Brirodarouu HacaaHy KOJIOHY 1 pO3MIOBaNIbHY KoJioHy [13]. Pe3ymbraTu
MoKa3ajM, 10 HacaJHl KOJOHU MOXYTh 3aomanutu 70% 3 Touku 30py mOTpedu y
BOJI1 IOPIBHSHO 3 PO3MUIIOBATLHUMH KOJIOHaMH. HellogaBHO movanu 3acTOCOByBa-
TH U1 MOpPChKHUX ycTaHOBOK SWFGD Hacajnku 4eTBepTOro MOKOJIHHS, SIKI MAalOTh
psi TiepeBar, TakUX SIK BUCOKA MPOAYKTUBHICTh, HU3bKUN TIEpeTajl TUCKY 1 3HUKEHI
BUTPATH BoH [5].
Cucremu 3 nephopoBaHUMH IUIACTUHAMU MAalOTh MEPEBArd 3a paxXyHOK HaJ3BHYaii-
HO 1HTEHCHMBHOI'O TIEPEHOCY ra3zy Ta PiAMHM, TOJIl SIK CAJIbHUKOBI HAOMBKUA BUKOPHC-
TOBYIOTh OUIBIIY TUIONTY MiK(a3zHOT MOBEpXHI ra3opiMHHOI cywimni. HemonaBHo
KOMOiHaIlIg HacaJoK 1 mephopOBaHUX IJIACTUH JO3BOJIMIIA TOCSITTH BUCOKOI edek-
TUBHOCTI BUAaneHHs: SO, IpU 0JHOYACHOMY 3MEHIIEHHI PO3MIpy MOTrJIMHAava 1 Crio-
KUBAHHSI MOPCBHKOT Bou [14].
- KBagparna abo npsiMokyTHa popma CKpyOEpHHUX KOJIOH

Ckpy0Oepu kBaapaTHOI a00 MPAMOKYTHOI (pOpMU 1at0Th O1IbII BUCOKY 00'€M-
HYy €(DEeKTUBHICTb, HIXK ICHYIOU1 LWIIHIPUYHI ckpyOepu [4]. [IpuunHOI0 LBOTO € Te,
110 MPU OJHAKOBIM IJIONI JlaMeTp HWIIHAPUYHOTO CKpyOepa OUIbIINMA, HI)K CTOPO-
Ha cKkpyOepa kBagpaTtHoi (Gopmu. 3aBIAsSKH Takid (opMi CIPOIIYEThCSI MOHTaX Ha
CYJIHI Ta BCTAaHOBJICHHS HAOWBKH, & TAKOX MPOCTIpP, KU 3aiiMae CKpyOepHa KOJIOHA
MoOke OyTH 3MeHIIeHnid. OHaK mpu Takii GopMi BaXKKO OTPUMATH XOPOIIHHA PO3-
noain aumoBux rasiB [15]. HemongaBuo kommanis PacificGreen Technologies po3-
poOuna KOMMAaKTHY, THYYKY CHCTeMy JAecyiabdyparlii mpsMOKyTHOI (opMmu, siKa
3aiiMae MiHIMaJIbHO MOXJIMBY IIJIOMTY 0€3 MIKOAU JjIsl €()eKTUBHOCTI.
- Bukopucranss monepeaHproro ckpyoepa

3ayBa)XUMO, IO Pi3HI TEMIEPATYPH BUXJOMHUX Tra3iB BIANOBIIAIOTH PI3HUM
HAaBAHTAXKEHHAM Ha ABUTYH. HU3bKi Temneparypu cnpusitoTb abcopOuii, ToOTO BH-
I1a PO3YMHHICTH CIIOCTEPIraeThCs MPU HU3BKHUX TeMiieparypax. Lle 3menmrye Butpa-
Ty PO3UMHHHMKA, HEOOX1AHY aJisi abcopOiii qaHoi KiibKocTi SO2. TakuM YMHOM, BU-
COKOTEMITEpaTypHUN JUMOBUH Ta3 MOBUHEH OyTH OXOJOKEHUM Tepe]] Moaucio B
CKpyOep. 3HIKeHa TeMIepaTypa TaKoK BUKOPUCTOBYETHCS IJI 3aXUCTY CUCTEMH i
JI03BOJISIE 3MEHIIIUTH PO3MIpP CKpyOepa, OCKUIbKK 00'€éMHa BUTpaTa JUMOBHUX Ta3iB €
MEHIIIOI. Y poboti [16] mpeacraBieHUn METOJ 3 BHKOPUCTAaHHSM JIBOX CEKIIIH
ckpyOepa ans BuaaneHHs SOz 3 BUXJIONHUX Ta3iB CyJHOBOIO JBHUryHa. BuxiiomnHi
ra3u MBHJIKO OXOJIOKYIOThCA 3 Temriepatypu npuonusno 180-250 °C no miamazony
Temriepatyp npudian3Ho 45-60 ‘C B mepiiii cekiii ckpyoepa nepea HaaxoKEHHIM
no apyroi cekiii. Ckpyoep Anbda JlaBanbSOx moeanye B co0i CTPYMEHEBHI CKPY-
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Oep, KUl BUKOPUCTOBYETHCS JIJISI OXOJIOKCHHS TMMOBUX Ta3iB 3a JIOMOMOTOIO BO-

1, 1 abcopoepy, ae SOy BUIAIA€ThCs 10 HEOOX1THOTO PiBHS (SIK MTOKa3aHO Ha PHC.
1).

Bixin  BUINPAIEORAHOTO
razy

Brig Blmpausopasoro
ra I}'

- " Geopbep
CIpyMeHesiii AGcopbey

ckpyGep -

4

Brryex Bou Binia sosi

Pucynox 1. [IpuHnumoBa cxema, 110 MOEAHYE CTpPYMEHEBHI CKpyOep Ta abcopoep.

CtpymeHeBuUil ckpyOep MOKHA 3aMIHUTH CKpyOoepoM BeHTypi, 11100 30UTbIINTH yII0-
BJIIOBaHHS TBepaAux yacTtok (TY), ane 1e 301blnye rnepemnaj TUCKY B YCTaHOBIII.
Buxopucranns ckpybepa BeHTypi ajis IMIBHUIKOTO OXOJIOKEHHS MPU3BOAUTH [0
3MEHIIIEHHs 00'€MHOT IIIBUKOCTI MOTOKY, OCKUIBKU Ha 00'€M BIUTMBAE TeMIIEpaTypa.
lle mpu3BOAUTH A0 30UIBIIEHHS MPOIYKTUBHOCTI ckpyOepa. Kpim Toro, ckpyOep
Bentypi moxe Bugansata SO, 110 TPU3BOAUTH JI0 IMiJIBUIICHHS €()EKTUBHOCTI BCIET
CUCTEMH 3 TOUKH 30py BuaanieHHs SOy.
- Jlexinpka moj1ad MOPCHKOi BOJIM JI0 CKpyOepa

VY ckpyOepax s BunaneHHs SO, NOTJIMHAHHS B OCHOBHOMY BiJIOYBA€ThCS B
HIDKHIN 4acTHHI, B TOM 4Yac SIK y BEpXHIM cekilii abcopOepa norinHaHHs BijgOyBa-
€ThCS B y>ke He3HauH1d Mipl. [Ipu abcopOuii SO2MOTIK MOPCHKOT BOJAU MOKE OyTH
PO3AUIEHUI JUIsl TOCATHEHHS OUThII BUCOKOI €(peKTUBHOCTI mpouecy. Y kKoHpirypa-
1ii 3 JeKiIbKOMa MojjayaMyu MOPCHKOI BOJIU J0 CKpyOepa (pucyHOK 2), Ouiblia qac-
THHA MOPCBHKOI BOJM MOBHMHHA HAIXOJUTU B HUKHIO YAaCTUHY CKpyOepa sl BUIa-
JeHHs Ounpmoi yactuau SO; B 1I# CeKIii, a TaKOX JJIS TOro, 100 3HU3UTH TEMIIC-
paTypy IMMOBOTO Trasy, 1110 MPU3BOAUTH J0 MiJBUIIEHHS €()EKTUBHOCTI BUIAJICHHS.
Takum 9yuHOM, 11e PIIICHHS MOYKe OyTH 3aCTOCOBaHE IS T1IBUINCHHS ¢(EKTHBHOCTI
BugaiieHHs SO».

‘Mositapusr
"BUCUTONHNX [23iE
Mopcska 'S )
Bofa ; ;
Crpybep
Bipuioms razn
IEUrVEA
Mositopusr
NPOMUEHIE BOJ

Cramasms

Pucynoxk 2. [IpuanumnoBa cxema KoHpiryparii 3 JeKiabkoMa 1mojadamMmu
MOPCHKOI BOIH JI0 CKpyOepa

- OnHovacHe ountieHHs: SOy Ta 1HIKX Ta31B B OJHOMY IIpoIieci
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NOy, sIKuii B OCHOBHOMY YTBOPIOETHCS B pe3yibTaTi 3ropsiHHs N2 1 Oy B MOBI-
Tpi, MOXKe OyTH BHAJICHUH 32 JOTMIOMOTIOI0 JIBOX HAWIMOMYJISPHIIINX METO/IIB: PEIH-
pkymsii BuxsionHux ra3iB (EGR) Ta cenekTHBHOro KaTajgiTUYHOTO BITHOBJICHHS
(SCR). Tum yacom, juist BuaasieHHa abo ynosmtoBaHHs CO; xiMiyHa abcopOiis 3
BUKOPUCTAHHSM PO3YMHHHUKA € OJIHIEI0 3 HAWOUIbII MOMYJSAPHUX TEXHOJIOTIH. 3a-
BIIIKM PI3HUM MeETOJaM 1 MeXaHi3maMm BujajeHHs SO; Ta IHIIUX Ta3iB, TaKUX SK
NOy a6o CO,, 31IiCHIOEThCS 3 BUCOKOIO €(DEKTHBHICTIO OUHUILCHHS B PI3HUX HE3a-
JKHUX yCTaHOBKaX. Taka cucTemMa Mae HEJOJIKH, TaKi K BUMOTa JI0 BEJIMKOI IJI0-
i YCTAaHOBKH, CKJIaJIHA CHCTEMa, a TAKOXX BHCOKI 1HBECTHUIIIHHI Ta €KCILTyaTariiiHi
Butpatu. [HTerpamiss o0podku SOx3 1HIIMMHU Ta3aMu, SIK OYIKYEThCS, Oyne OLIbII
KOMITAKTHOIO 1 3HU3UTh 1HBECTHIIIIHI Ta eKCIUTyaTalliiHi BUTpaTu. ToMmy GaraTto 1o-
CJIIJKEHb CHPSIMOBaHI Ha ogHouyacHe BupaneHHa SO; pasoMm i3 NOy ta/a6o CO; B
OJTHOMY TIPOIIECi 3a JOTIOMOTOI0 MOKPOTO CKpyOiHTy. HemogaBHo KOHIIEIIisT OTHO-
gacHoro BunaneHHs SOy 1 NOy 3 BUKOPUCTaHHSIM MOPCBHKOi BOjM OyJia po3poOiieHa
komnaniero YaraMarineTechnology [17].
- YTunizaiiis BiIpaboOBaHOTO TETia

OmHuM 3 HEJOJIKIB MOKPUX CKPYOEpIiB € Te, 110 TEIIO, SIKe MICTUThCA Y BHU-
XJIOITHUX Ta3ax, BTPavyaeTbCs JapEMHO. 3aBJaHHs peKyrepali 3aI1IIKOBOI TETIOTH
JUMOBHX Ta31B aKTyaJlbHE came 1o co01, OCKUIbKHU JJa€ 3MOTY MIiHIMI3yBaTH TEIJIOBE
3a0pyIHEHHSI HABKOJIMIIIHBOTO CEPEJOBHINA. Y 3B'SI3KY 3 UM JTOCHIJIKYETHCS MOXK-
JUBICTh NO€AHAHHSA BUAUTEHHS SOx3 peKynepalieo eHeprii AMMOBHUX ra3iB Ha OCHO-
Bl 1HTerpamii uukiy Penkina. Takum 4MHOM, CUCTEMA YTUJII3allll BIANPAI[bOBAHOTO
TEIa, sika 3aCHOBaHa Ha opraHiyHomy 1ukii Penkina (ORC), 3 MeTOO BUPOOHHUIIT-
Ba €JEKTPOCHEprii, I MIABUUICHHS 3arajlbHOI €Heproe(eKTUBHOCTI Ha CyAHaX €
JIOCTaTHBO MEPCIeKTHBHO. Ha prcyHKy 3 moOKa3aHO MPUHITAIIOBY CXEMY IIPOCTOTO
ORC. ITepmmii ORC BrnpoBamxeHoHa 60opTy HOBO3OymoBaHoro cyaHa MV Figaro,
o 3a0e3neuye MakCUMMallbHy BUXiIHY NOTYXHICTH 0,5 MBT [18]. Tpeba 3ayBaxku-
TH, 1110 TIEpenaa TUCKY MOTPIOHO PETENbHO MEePEeBIPITH, OCKUTBKH THCK BUXJIOMTHUX
ra3iB Maibke J0opiBHIOE aTMochepHoMy. [lepin HiXK KOHIIETIIISE MOXKe OyTH 3aCTOCO-
BaHa Ha MOPCHKUX CYJHAX, HEOOXIJIHI JT0JIATKOB1 pO3POOKH.

Binxin BinnpaukosaHoro razy

Typbia Tenepatop
g Bunapsix

Baxin eignpauzoraHoro razy

Pucynoxk 3. [IpyHnuumnoBa cxema nIpocToro opraHiyHoro ukiny Penkina

Konnercatop

- Bukopucrtanus enexkTpu(iKOBaHUX PO3MUIIOBAYIB MOKPAIIY€E MIBUIKICTh MOTJIU-
HaHHs SO;. Taka MojepHizallis MOB’sA3aHa 3 HU3bKUMU JTOJAATKOBUMHU BUTpaTaMu.C
pe3yNbTaTH JOCIIKEHb MOTJIMHAHHS €JICKTPU30BaHUMHU BOJSHUMHU Opu3kamu SO
3a PaxyHOK MOKpaIlleHHs reHepariii Opu30K i AUCIIepryBaHHs Kpareib[6].

BusiieHo, 1mo mBUIKICTh 3apsaKEHUX Kparensb B 1,57 pa3 Buie, HiX sl He3apsi-
JDKeHUX Kparenb. HeroaBHOBUIIPOOYBaHO 1ab0paTOPHUN MOKPHUH €IEKTPOCTATH-
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YHUM CKpyOep, B AKOMY OyJIM BUKOPHCTaHI CTPYMEHI TUCTHIbOBAHOI BOJIU 31 IIBH/I-
KICTIO MOTOKY Bij 2 10 6 MJI/XB, SIK1 €J€KTPU3YBAJIUCh KOHTAKTHUM 3apsJIOM 3 IIOTE-
Hiriaiom 10 5 kB [19].

- 3aKpy4eHUid ra30BUi MOTIK

MacomnepeHoc Mi ra3oBOIO 1 piIKOI0 (a3zaMy B PO3NMIIIOBAIILHUX KOJIOHAX MOXKE
OyTH MOJINIIEHUH 3 BUKOPUCTAHHAM KOHIEMIII] 3aKpy4eHOro ra30Boro noToky. 3a-
BISKU I[bOMY PILICHHIO IMMOBI Ta3l BBOJATHCSA TaHTEHLIAIbHO B OalTy, TOMy Ma-
I0Th JIOBIIKMI Yac YTPUMaHHSA B CKpyOepi, 1110 MPU3BOIUTE A0 301IbIICHHS Yacy KOH-
TakTy. Ha pucyHky 4 mokazaHa MpUHIIMIIOBA cXeMma CKpyOepa Uis OYHMIICHHS BiJ
okcuaiB SOy 13 3aKpy4eHUM ra30BUM MOTOKOM. 3aKpY4YEeHHI MOTIK ra3y NpU3BOIUTH
TaKOX 710 MMOCUJICHHS MacOOOMIHY B PO3MMIIIOBANIbHIN OAaIlTi 1 KOMIAKTHOCTI CKpY-
oepa.

Pucynok 4. [Ipuniunona cxema cucteMu ckpyoepiB SOx 13 3aKpy4eHUM ra30BUM ITOTOKOM.

- MemOpaHHUI KOHTAaKTOP

[HI1010 TIEpEOBOIO0 TEXHOJIOTIEI0, SIKY MOXHA PO3MJISIHYTH, € MEMOpaHHUN KOHTaK-
TOp, KU MOXeE peai3yBaTé Ta30piIUHHUN KOHTAKT Yepe3 MOPOKHUCTY BOJIOKHHUC-
Ty MeMOpany. ¥ 1iif TexHosorii abcopOyroda piiiHa Teue 3 OAHOro OOKY, a ras - 3
iHIoro 6oxky MemOpaHnu. L TexHonOris Mae psl nepeBar, BKIIOYAaIOUH BUCOKY Mi-
*(a3Hy MOBEPXHIO HA OJUHUII0 00'€eMy, BIACYTHICTh €MYJIbCIi, BIICYTHICTh 3aTOII-
JIEHHS IPU BUCOKHUX IIBUJIKOCTSAX MOTOKY Ta BUCOKY KOPO31MHY CTIMKICTb.

VY ckpy0epi 3 MeMOpaHHUM KOHTAKTOPOM KOoe(iIlieHT Macomnepeiadi B MOPChbKii BO-
1 mpubnan3HOo BABIYl B, HIX y po3unHi NaOH 3 pH 8,35. JlonaBanus Oynib0a-
IIIOK TOBITPS 0 MOPCHKOi BOJH, 1100 301IBIIUTH TYpPOYJICHTHICTh PITUHU HA MOBE-
pxHi po3ainy (a3 ra3-pinuHa Oias MOBEpXHI MEMOpaHHU, MOXKE 3MEHIIUTH OMip Ma-
comepeaadl piakoi IIiBKKA a0o0 mokpamutu Macorneperoc [20]. 3okpema, 3aranbHui
koedirienT maconepenocy SO, moxke Oytu 30inbmenuit 3 1,15-1,5 x 10-3 m/c 6e3
aeparii 1o 1,35-1,85 x 10-3 mM/c 3a MBUIKOCTI MOTOKY aeparii 5 J1/XB.
BrnpoBaa:keHHsI HOBITHiX po3po0oK y TexHo1oriyHui npouec SWFGD

[lepmmii y cBiTI cKpyOep, BCTaHOBJIEHUH Ha OOpTYy CyJHA KOMIIAHIEO
AalborgIndustries, 3HaxoauThcst B excrryaraiii 3 uepBHs 2010 poky. Llei riopua-
HUN CKpyOep MOXe MpaLOBaTH SIK B PEXKUMI MOPCHKOI BOJH, TaK 1 pEKKUMI MPICHOT
BOJAU. 3 TOTO Yacy OyJio JOKJIAAeHO 0arato 3yCHib JUIs TTOKPAIICHHS MPOIyKTHBHO-
cti SWFGD. Kinbka Baockonaienux cucteM SWFGD, ki HemogaBHO HaIMIIUIN B
eKCIUTyaTallil0 Ta OJHOYACHO 3aJ0BOJIBHSIIOTH HOPMATUBHUM BUMOTaM, MalOTh BHU-
COKY €(eKTUBHICTD 1 € JIOCUTH KOMMaKTHUMH. Kowmmanis
MitsubishiHitachiPowerSystems, Ltd. po3pobuna npsmokytny cuctemy FGD, mo
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JI03BOJIMJIO TTOKPAIIUTH CXeMy YCTaHOBKH [2], akommnanis HanbalMasstechlLtd 3arma-
TEHTYyBajla KOMITaKTHI, THYYKi YCTAaHOBKH MPSMOKYTHO1 ()OPMHU, SKi 3aiIMarOTh Haii-
MeHI MokJuBY muionty. Ckpy6epu SOy BupoOHuira FujiElectric BUKOpUCTOBYIOTH
UKJIOHHY TEXHOJIOT110. 3a I1€10 TEXHOJIOTI€I0 MOXHA €EKTUBHO MPUBECTH MOPCh-
Ky Bojy (200 JTy>kH1 XIMIKaTH) 1 BUXJIOIHI Ta3U B KOHTAKT, CTBOPIOIOYM BUXOP Y BU-
XJIOITHKX Ta3ax 3 OJJHOYACHUM PO3MIICHHSM MOPCHKOI BOJU 3 TPYO, PO3TAIlIOBAaHUX
cripansHo (pucyHok 5) [21]. [lukiIoHHA TEXHOJIOriS MOKEe OyTH 3aCTOCOBaHA Ha ic-
HYIOYUX CyJAHaX 3 OOMEXEHUM MOHTKHHUM IMPOCTOPOM.

IlepcnexkTnBY HA Maii0yTHE
[Ipu posrisinanni TexHonoriyaux mpoieciB B SWFGD HeoOxinHO BpaxoByBaTH Oa-
raTo oOMeXeHb, a TAaKOXK TEHJICHIIIIO /10 MOKPAIICHHS MPOJAYKTUBHOCTI IMPOIIECY 3
TOYKH 30pY KOMITAKTHOCTI1, 3MEHIIICHHSI Baru CKpyOepa, eHeproeeKTUBHOCTI, 3HU-
YKEHHsI CIIO’)KMBaHHS MOPCHKOI BOJAM.SIK 1 paHilie, HeOOX1IH1 AOCIIKCHHS ISl BH-
3HAUYEHHS HaOUIbIl e()EeKTUBHOI MIBUIKOCTI razy B CKpyOepi, 100 MiHIMi3yBaTu
po3Mmip ckpyoOepa.
Kpim Toro, icHye notpeba y JOCHIIKEHH] 100aBOK, IO MiIBUILYIOTh €(hEKTUBHICTh
BunaneHHss SO;. sl MOCATHEHHS KpAIUX TiAPABIIYHUX XapPAKTCPUCTUK IS ITiJI-
BUILEHHA e€(peKTUBHOCTI BHaajeHHs SO, HEOOX1IHO PO3POOUTH BUCOKOE(HEKTHBHI
PO3MUIIIOBAYl Ta PO3NOAUIBHUKHN napu. Uepe3 oOMekeHui MpocTip Ha CyAHaX, Me-
TOJ0JIOTIT OJlHOYacHOTO BuAajaeHHs SO, Ta IHIIMX Ta31iB MOXYTh PO3IJISAATUCS SK
XOpOIIUM HampsMOK y MaiOyTHroMy. KpiM TOro, HeoOXiHO MPOBECTH TEXHIKO-
€KOHOMIYHMI aHaJIi3 Ta aHaI3 KUTTEBOTO MUKITY MOpchknx SWFGD.
BucHoBku

3 ornany Ha riobanbHE MOCUJIEHHS ekoioriyHux HopMm IMO, y 1l poOoTi
Oynu mTpoaHa i30BaHI Cy4acHI JOCHIDKEHHS Ta TMPOMHCIOBE BHUKOPHUCTAHHS
SWEFGD.
SWFGD moskHa po3risgaTd K TEXHIYHO W €KOHOMIYHO HaJiiHY TEXHOJOTIYHY
CXEeMY JUI YCTAaHOBOK 31 CITaJTIOBaHHS BUKOITHOTO ITaJIUBa 3aBJSKW MPUPOTHIA TyK-
HOCTI Ta JOCTYIHOCTI MOPCBKOi BOJM, MPOCTOTI TEXHOJIOTTYHOIO MPOIIECY, BIACYT-
HOCTI HEOOX1JTHOCTI B XIMIYHOMY COpPOEHTI, BIZICYTHOCTI TBEPJAUX BIAXOIIB 1 BIIHOC-
HO BHUCOKiH e(eKTUBHOCTI BUAAJICHHS. Byso migmaHo KpUTHUYHIA OLIHIN OaraTo pi-
IIeHb 11010 Moau(ikallii, IHTerpalli Ta IHTeHCU@IiKalii mporecy sl MiIBUIICHHS
edextuBHOCTI SWFGD. Byno BusiBiieHO, 10 KiJbKa BJOCKOHAJEHUX Ta iHTEHCHUI-
KOBAaHMX CKPYyOEpHUX CHCTeM OyiH peani3oBaHi Ha CyJHax, IO MpU3BEIO0 10 Oara-
THOX IIepeBar, TakKux sSK OLIbIIIa KOMITAKTHICTh, MEHIIIA Bara, BUIa eHEProeeKTuB-
HICTh 1 MEHIIIE CTIOKMBAaHHS MOPCHKOi Boau. [IpoTe, MO0 AOCATTH BIOCKOHAJICHHS
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Ta 1HTeHCU(IKAIll MpoLeciB y CKpyOepHUX CHCTeMax HEOOXIAHI MOAABII JOCHI-
JOKEHHS MoJieliel, po3poOKa IHCTPYMEHTIB TPOCKTYBaHHS.
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Origin and etymology of marine superstitions

Nowadays intercultural awareness and cooperation of people working together
that have different cultural background is highly spread and very effective. It is of
utmost importance and relevance to those who work in international teams, a good
example of such a team is a ship’s crew in a multinational or mixed crew. While
working together in one crew on board one ship people have to communicate and
solve professional problems 24 hours a day. For successful communication they not
only have to know the universal language, English, which is adopted as mari-
timelanguage worldwide, they also have to be in the know of customs and traditions,
symbols and signs, taboos and omens related to different countries and cultures,
whichis essential at sea, to escape possible psychological misunderstanding and
even collisions while achieving their common target. That is why we decided to
concentrate our research on the origin and etymology of marine superstitions.

The history of marine superstitions dates back to the very first days of seafaring.
At the time when the first ships appeared and the first voyages started to be orga-
nized, the mariners didn’t have any maps or navigational aids, they relied mostly on
their intuition. The seamen of those times wanted to prove that the earth is round,
which explains the fact that great Columbus sailed west to reach the coasts of India
while in reality he reached the coasts of America, that’s why the locals are still
called Indians. The existence of this continent the Europeans were not aware of.
Needless to say that such long expeditions required not only a solid stock of food
and water on board but also psychological support for the people in the open ocean
that could not communicate with their relatives and families, the mariners were re-
stricted to the company of only their crew fellows. The big helper in this situation
were believes. That is how the marine superstitions began to appear. They still exist
on board every ship until now, but not all the seamen can explain them.

That is why the aim of this paper is to investigate and systematize the terms and
phrases reflecting marine superstitions according to their functions and attribution to
the notions that they suggest: people, animals, objects, traditions. This is the first at-
tempt of such classification made in the domain of maritime English not only in
Ukraine. The methods used were mostly historical comparative and contemporary
comparative. The suggested paper will hopefully trigger the interest not only of the
seafarers and people related to the maritime business, but also to all those interested
in etymology of marine/ nautical ESP.

The marine business is developing very fast nowadays with lots of new types of
ships being built and new routes being created. Since maritime business is interna-
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tional, many crews nowadays are multicultural and professional maritime English is
spoken on board. The problem of cultural awareness in mixed crews is vital in solv-
ing professional situations, problematic at times. The social world that seafarers en-
visage on board their ships is different from the social world of those people who
live on shore. Seaman live in an enclosed location, a ship, which is surrounded by
water and cut off land, which is not natural for human species. That’s why the sea-
men are followed by the drastic desire to come back to where they belong, i.e. home,
to their families. Of course, the navigation now is safe, people live in comfortable
conditions on board, but that was not always so. Historically all seamen were super-
stitious.So we thought that tracing back the origin and etymology of marine terms
and phrases connected with marine superstitions would be of high interest and rele-
vance. We followed the two track idea of our research: first we systematized the ob-
served bulk of lexical material according to the positive/ negative function of the
terms and phrases and secondly, we attributed the terms according to the notions
they reflect: people, animals, objects, traditions.
1. Positive and negative connotations of superstitions.

In the following article we undertook an attempt to systematize marine supersti-
tions according to two criteria: a) terms/phrases with positive or negative connota-
tion and b) groups of notions that marine superstitions refer to.

The word superstitionis defined as ‘the belief that particular events happen in a
way that cannot be explained by reason or science; that particular events bring good
or bad luck’ [2, p.1485]. Linguists include in the subject of ‘superstitions’ such
things as divinations, spells, cures, charms, signs, rituals and taboos. While divina-
tions or fortune telling, signs and rituals can be interpreted as with both good or bad
connotation, cures and charms definitely speak about protection or good luck, while
spells and taboos suggest the idea of ill luck. [1. p.3]

Superstitions appeared in the beginning of human civilization formation when
primitive pagan people feared that their livelihood could be harmed or even de-
stroyed by evil forces of nature, which they couldn’t explain and people deeply be-
lieved that tragic events may be prevented by some rituals, signs etc. Seamen are a
very special type of people because of their profession peculiarities: they are isolated
from the society on a spatially restricted territory — a ship, and their life is exposed
to severe dangers of unpredictable sea; in other words, their lives are in a much big-
ger danger than of those who live on land. Needless to say that they with years have
developed their own world of various superstitions, charms, signs, taboos, etc. which
they stick to up till now.

In this article we made an attempt to analyze the most frequently followed su-
perstitions from the point of view of being interpreted as ‘positive’ and ‘negative’,
that is bringing good or bad luck. Marine superstitions are frequently addressed to
not only by seafarers, but also by people living on land because seamen share this
information with their family members after the voyage. We also tried to make a
comparative analysis of superstitions naming in different countries.

Some people even don’t know the origin of a superstition as that of the marine
one, but are well aware of the meaning of it and use such expressions in everyday
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life. For example, all people love travelling nowadays and can afford it. No doubt
the tourists have a habit of tossing a coin in the watersof a Rome or Paris fountain
so that theymay come back and visit the place again. That’s a notorious fact, but not
many people know that this sign for good luck comes from marine superstitions. The
custom was registered in the 20-ies of the 20th century when fishermen, when the
nets are being paid out, cut the slice in one of the pieces of cork attached to them and
insert a coin, by way of informing Neptune that they are prepared to pay for the fish
they catch. Whenever a new fishing boat is launched, a coin is placed and kept per-
manently under the mast for good luck. [1, p. 92] A coin thrown into the sea was al-
so a kind of omen, pleading for the wind to come in the epoch of tall ships when the
sailing completely depended on the wind to blow the sails. After whistling and
blowing didn’t help the sailors would use their last resource, they threw a sixpence
overboard, believing this enchantment would help. They also accompanied the ritual
with the wordings: ‘Blow a little breeze, please, Father’, meaning of course Father
Neptune. [1, p.446]

Another example of a very common sign of good luck is horseshoe. It is usually
placed above the front door for luck, and the forks should look upward, not down-
ward, otherwise the horseshoe, being a symbol of a cornucopia or horn of plenty will
turn to look like a topsy-turvy vase that cannot keep anything inside. The origin of
this superstition also roots in marine tradition. In the 19" century it was usual to nail
a horseshoe on the foremast of merchant vessels which was meant to keep witches
and wizards from hindering the voyage or damaging the ship. Since then practically
no vessels have put to sea without this talisman. Admiral Nelson had a horseshoe
nailed to the mast of the Victory. [1, p.204]

One more association that would definitely ring the bell for many people is con-
nected with the word ‘cat’. In ancient Egypt cats were worshipped as sacred ani-
mals. In medieval times a cat was a symbol/ sign of witch. It is interesting to trace
how in different cultures different color of cats meant diametrically opposite thing.
Slavs would associate black cat with bad luck, and when black cat crosses the road
in front of you it’s better to use another itinerary. In Britain black cat was considered
a lucky talisman, lucky to possess and to touch; the blood of a black cat was be-
lieved to cure diseases while white cats in this country bring ill luck to the house and
people prefer to get rid of them.As marine tradition goes cats were also treated dif-
ferently in different times. In the epoch of sailing vessels, the superstition was that
drowning a cat was the surest way of raising a favorable wind while in the
19"century the common sailors would account it very unlucky to throw a cat over-
board or drown one at sea. As we can see sometimes superstitions can be very con-
tradictory.

The expression “there’s no room to swing a cat” is quite popular and often used
on land meaning “confined, restricted spacetoo small for a particular purpose” [3,
p34] But who would imagine a situation when people could swing a cat on land?
The origin of this expression comes from nautical slang and dates back to the times
when sailors were often punished for disobedience by “cat-o’-nine- tails” which was
a slang expression for nine-lashed whip. The punishment was administered on deck,
generally in the space between the poop and the main mastwhich was a pretty small
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area and to swing the cat effectively required quite some skill from the boatswain to
execute the punishment.

Human nature tends to balance the good and evil signs that the Universe always
suggests, so the human attitude to good and evil is reflected in peoples’ believes and
their reflection in the language. Alongside with symbols/signs associated with good
luck we’ll find many words and expressions associated with ill luck which originat-
ed within the frame of marine English.

One such example of bad luck is the presence of a dead body on board ship. It
was considered that a corpse defiled ship, so the sailors would do everything possi-
ble to get rid of a suddenly deceased seaman very often throwing the body over-
board. After that the deck was thoroughly cleaned with water. By the way this tradi-
tion to wash the place the coffin stood was transmitted to houses on land — after the
coffin had been brought out of the house and the funeral party had gone one of the
servants washed the threshold. [1, p.97]

Another sign of ill luck was pins on ship. They were considered ‘spiteful witch-
es and ought never to be brought on board a vessel’ [1, p.312] On the contrary, there
Is diametrically opposite tradition ashore, which says that wearing a safe pin some-
where on an invisible side of your clothes will bring you protection from bad luck.

3.Notions and etymology of superstitions’ subjects.

As was mentioned above the most frequently kept marine superstitions will be
considered here from the view of bringing good luck or bad luck.During the research
we figured out several groups of marine superstitions connected with: 1. People, 2.
Animals, 3. Objects, 4. Traditions.

1.People. In the history of seafaring definitely creation and development of ma-
rine superstitions were very important not only for mariners themselves, but also for
people who waited for them ashore or just met them in their town streets. That’s
why some superstitions connected with mariners were created by people on land.
We shall start with the word ‘sailor’. When sailors came ashore the hands crowded
round to touch them, because it was considered big luck. Especially important was
to touch the sailor’s color for girls and children. Bell-bottomed trousers, the robe
and the collar around the neck — these were sure signs of sailors who brought good
luck to people on shore. Sailors were well known to be the symbol of strength, cour-
age and good luck.[1,335]

Another good sign for a ship was children on board ship. ‘Children are deemed
lucky to a ship; their innocence being considered by sailors as protection and indi-
cated successful voyage ' [1, p.71]

The two examples above were the examples of people bringing good luck, but
the question is: why according to some believes different people brought different
luck? There were people that definitely were not wanted on a ship. Clergyman on
ship was said to bring bad weather. Mariners thought that if clergymen were playing
games with the devil on land being hypocritical and sinful, they would behave the
same way at sea, so gentlemen of that kind were considered very unlucky to be on
board.

Another unlucky person to be found on board ship was a woman. Today it is dif-
ficult to imagine any ship without a woman. Women are studying in Maritime
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Academies all over the world and they successfully cope with the work of cooks,
waitresses, maidens, passenger administrators, engineers, radio officers, electricians;
they can even manage with navigation responsibilities and be captains! But that was
not always so. Women were considered ill luck for the ship and the crew because
they were thought of potential temptation to the sailors. The old sea superstition was
that woman on board is unlucky sign.A woman on board was also considered to
cause a storm.

2. Animals.We would like to start with birdsthat accompanythe ships in the
ocean and they are seagulls and albatrosses. Seagulls are considered to be, strange as
it may seem, a bad luck because they are associated with the stormy petrel. These
birds are regarded as objects of superstitious fear and are believed to possess the su-
pernatural agencyin creating danger for the mariner. Seagulls were reported to cry
before any disaster. Many seamen also think of seagulls as souls of the
dead/departed sailors and if three seagulls flow overhead that maybe the sign of the
coming death on board. You should never shoot a seagull.

Albatrosses are also sea birds, and superstitions connected with them are com-
pletely different to those of the seagulls because since ancient times mariners always
believed that they were birds of good luck. Once a crew complained about a couple
of albatrosses were taken to the zoo (they are big and beautiful birds) they had had a
series of misfortunes.

Goat used to be hanged on the mast by Scottish seamen to procure favorable
wind, which is definitely for good luck during the voyage. On the other hand, such
animal as dead hare or rabbit on board is said to bring bad weather. It would have
been very unlucky to go to sea with even a fragment of rabbit’s hair anywhere on the
boat. Stories are told all along the coast of Scotland that mischievous boys got hold
of rabbit skins, filled them with rubbish and placed them in the sterns of boats, in
order to stop the men from going to sea. [1, p. 192] This is definitely for bad luck.

3.0bjects.Needless to say that the objects that surround us usually are very im-
portant for people. In the house everybody has his favourite place or small pieces
like statuettes, or some souvenirs that we love to look at, rub in our hands and feel
the reminiscences about the day when we bought them. The same goes with things
and objects that we’d like to get rid of because of bad memories. This typically hu-
man nature works with mariners, that’s why some objects they treatlike goodsigns,
some like bad.

The first example will be figurehead, an omen of protection of the ship. They
were the real carved figures, ‘usually human (but also very often animals), fixed on
the stem high in the bow (...) written as two words, “figure head”.[3, p. 49] The
prime function of such figures was a distinctive one: along with ship’s tonnage, di-
mensions,port of registry, etc. the classification societies such as Lloyd’ and Bureau
Veritas used to also mention the type of ship’s figurehead. Later their function tend-
ed to be more a decorative emblem. ‘Its origin is probably both religious and per-
sonal, in a milieu where a ship was treated as a living thing’ [3, p.50]. Gradually the
female figure heads were predominant, especially naked or half naked, despite the
fact that seamen considered women an unlucky sign. The point is that all sea gods
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were supposed to be males so the look of a beautiful woman would pacify them and
avert the ship from storm.

Another object which is connected with marine superstitions is the knife. In the
19" century it was said that it was a common practice among fishermen to stick the
blades of the knives into the mast to bring the luck up. They used to say that ‘when
the wind fails, you should stick a knife in the mast and a breeze will come. ‘[1,
p.218] So this was considered to be good luck.

4. Traditions. Traditions usually are referred to as ‘customs and beliefs existing
among a particular group of people for a long time’[2, p.1569].They mayalso referto
rituals, to the perception of what is a good sign or a bad sign on board ship, what
may or may not bring protection to the ship.Beginning voyage on Friday - is defi-
nitely a bad sign. ‘A voyagethat began on Friday is sure to be an unfortunate one.” A
Friday’s sail, always fail. [1, p 168] When Friday falls on the 13" of the month it’s a
double taboo to set on sail. On the contrary, going to sea on Sunday is absolutely
safe and is considered to bring the ship and seamen good luck. For mariners Sunday
was always the most fortunate day. ‘whatever voyage is begun on that day is sure to
be prosperous’ [1, p.382].

Another tradition is to keep brooms and buckets always on board because losing
broom or bucket at sea is considered very unlucky. That’s because a broom or a
mop is a tool of sweeping away all the ‘evil’ like dust and dirt from the ship and a
bucket is a vessel for keeping ‘good luck’ like water, etc. ‘When a sailor lets a pail
fall overboard, he feels ‘uncomfortable’ (...) because ‘a bucket lost overboard
means ill luck’ [1, p. 46]

Putting keys on the table. This is considered to be a bad luck because it means
that the person who put keys on the table may lose all his money in one day. Com-
pare with dropping keys meaning ‘a sign of a removal’. [1, p. 216] some of the same
idea traditions were mentioned above in this article, like tossing a coin overboard
for luck, touching a sailor, whistling for wind, etc.

Some of the traditions were originally connected not directly with the sea and
sailors but with the mariners’ family, their wives in particular. Seamen’s wives used
to practice some activities to avert the spell from their husbands when the latter were
at sea. Later on these ‘safety keeping’ traditions were transported on board ships by
the seamen. For example, combing hair after sunset was considered to bring bad
luck for those at sea, so fisherman’s wife would never dear to brush her hair after
midnight [1, p.185]

Another tradition was: never wash clothes on the day of sailing. The seaman’
wife would never wash on the day of the ship’s set sail ‘because the rushing away of
the washday water might wash his ship away’ [1, p. 425]

4. Conclusion.

The large domain of etymological bulk of the English language such as the
origin of marine superstitions terms and phrases has been sparsely researched so far
if at all. But this layer of lexicological material presents a great interest from histori-
cal and cultural viewpoint, although being vague and obscure. With this research we
start lifting the veil off this mysterious but yet essential and live sector of the nauti-
cal language.
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In the article marine superstitions were systematized according to:

a) having positive (e.g. horseshoe; tossing a coin overboard) and negative
(e.g.woman on board; keys on the desk) connotation

b) groups of notions they refer to: people, animals, objects, traditions.

The article may be of interest not only to students learning English etymology,
but also for all the seafarers and people who deal with maritime business.
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Oc00,1MBOCTI MOTMBYBAHHS CTY/JICHTIB BY3iB IIPU HABYAHHI aAHIJIIIICbKOI MOBH
B YMOBAX JMCTAHUIIIHOT0 HABYAHHSI.

AHoOTAaLIA

MeToro JaHOTO JOCHIKEHHS € PO3IJIsA 0COOJMBOCTEH NUCTAHIIMHOTO HaBYaH-
HS CTYJICHTIB BY3iB Y CY4aCHHUX YMOBaX OCBITH, 1, 30KpeMa, BUPIIICHHS MPOOIeMHU
MOTHBYBaHHS YUHIB B CUTYallll BIZICYTHOCTI IPSAMOTO KOHTAKTy 3 BHKJIagadeM. Hay-
KOBa HOBW3HA JOCIIPKCHHS MMOJISATa€e B aHATI31 HAaBUAJIbHUX 1HTEPHET I1aTdopM, sKi
BHKOPHUCTOBYIOTBECA BHKIIdJa49aMU By3iB AK JOJaTKOBHUX, B HpOHCCi AUCTAaHTHOT'O
HaBYaHHS, K CIOCIO IMiIBUIIICHHS MOTHUBAIIIT CTY/ICHTIB.

HiIICYMKOM I[OCJIiI[}KeHHSI € CTBOPCHHA apryMCHTOBAHOI'O CIIMCKY iHTepHeT pe-
CypCIB, 110 TPOMIUIM BUIPOOYBAHHS K 31 CTYAE€HTAMU MOBHUX, TaK 1 HE3PO3YMUIUX
BY3iB, 1 110 JaBaji HAHUOLIbII BUCOKI MOKA3HUKHU PIBHS BMOTHMBOBAHOCTI CTY/ICHTIB
JI0 BUBUCHHS 1HO36MHOI MOBH B YMOBAaX JIMCTAHIIIHHOTO HAaBYaHHS.

Kro4oBi ciioBa: mucTaHIlIHA OCBITA; TUCTAHIIIMHE HABYAHHS, IIJIBHIIICHHS MO-
TUBAILlll CTY/ICHTIB; HaBYaJIbHI IHTEPHET IUIAT(MOPMU; TPUHIMI JUCTAHIIAHOTO HaB-
YyaHHS; i1HO3eMHa (AHTIIIChKA) MOBA.

Features of motivating university students when teaching english in the process
of distance learning

KOZAK S. V. PhD Assistant Professor. National University "Odessa Maritime
Academy”

Abstract

The purpose of this study is to consider the features of distance education of uni-
versity students in modern educational conditions, and, in particular, to solve the
problem of motivating students in the situation of lack of direct contact with the
teacher. The scientific novelty of the study consists in the analysis of Internet learn-
ing platforms used by university teachers as additional, in the process of distance
learning, as a way to increase student motivation.

The result of the study is the creation of a reasoned list of Internet resources that
have been tested with students of both language and non-language universities, and
which have shown the highest indicators of the level of motivation of students to
study a foreign language in distance learning conditions.

Keywords: distance education; distance learning; increase in students' motiva-
tion; Internet training platforms; the principle of distance learning; Foreign (English)
language.

BBenenns

Curyanis,fka ckiiajgacsi B KpaiHi 1 B I[JIOMY B CBITI(€MieMis)BIUIMHYJIA Ha BCi
chepH KUTTS Cy4aCHOTO CYCIUIbCTBA.

Cepenni 1 BUILlI HaBYaJIbHI 3aKjiagu OyJid 3MyIIEHI MEpedTH Ha BiAJajJeHUN —
JTUCTAHIIMHUN PEKUM POOOTH. AKTYalIbHICTh MPOBEICHOrO JOCIIIKEHHS 00yMo-
BJIIOETHCA HEOOXIAHICTIO 3a0€3MeUYeHHs] BUCOKOTO PIBHS MIATOTOBKH CTYJIEHTIB
BY3iB, IK MailOyTHIX (haxiBIiB, AKi BOJOAIIOTH 1HO3EMHOIO (AHIIIIICHKOI0) MOBOIO.
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[Ipu mepexoni Ha BigaieHe(IUCTAHIIIHE) HABYAHHS BUKJIA[a4l 3ITKHYJIHCS 3 TPO-
0JIeMOI0 BTpATH IHTEPECY CTYACHTIB JI0 BUBYEHHS 1HO3€MHOI MOBH, 1, SIK HACIIJIOK,
31 3HM)KEHHSIM MOTHUBAIIIT J10 MPOIECY HaBYaHHSA, B 1ioMy. Ha ocHOBI mocTaBieHoi
METH aBTOP CTATTI BUCYHYB HACTYIIHI 3aBJaHHs AOCTIIPKCHHS: MO-TIEpIiie, HA OCHOBI
aHaI3y TEOPETUYHUX JKEPEI, JaTH XapaKTePUCTUKY THUCTAHLIMHOTO HABYAHHS, K
1CTOTHOT YaCTHHM CY4YacCHOI OCBITHBOI CHUCTEMH; MO-APYre, BUIUIATH MO3UTHBHI 1
HEraTUBHI CTOPOHM JUCTAHIIMHOT OCBITH, 1 TPOOJIEMH, 3 SIKUMU CTUKAETHCS BUKJIA-
7a4d By3y NpW HaBUaHHI CTYJEHTIB 1HO3€MHOi MOBHM B YyMOBaX BiJICYTHOCTI 0coOu-
CTOTO KOHTAaKTy 3 HaBYAIBHUMH; TO-TpeTeE, (1 e € MPAKTHYHOI 3HAYUMICTIO JO-
CIIJKEHHsS]) CTBOPUTH CIIMCOK JIOJAATKOBUX IHTEPHET pPECYpCiB, LIO0 CHPUSIOTH
MIATPUMAHHIO 1 ITiIBUIIICHHIO PIBHS MOTHBAIII] CTYJIEHTIB 10 BUBUCHHIO aHTJIIHCHKOT
MOBH, 3 MPAKTHYHUMH BKa31BKaMH JONLILHOCTI 3aCTOCYBAaHHS TOTO YH 1HIIIOTO pe-
CypCy, BIJIMOBIHO 10 HEOOXITHOCTI BHUPINICHHS KOHKPETHWX 3aBJIaHbh HAaBUYaHHI.
JIist TOCsATHEHHST METH POOOTH aBTOpP 3aCTOCOBYBAB TaKi TEOPETUYHI METOAM JI0-
CJIIDKEHHS, K METOJ| 1HAYKIIll, KOHTeHT-aHalli3y, TePMEHEBTUYHUIN METOJ, METOJ]
MojentoBaHHs. CUCTEMHHM MiAXIJ O BUBYEHHSI TEOPETUYHOTO Marepiaity 1 CUCTe-
MaTHU3allil TPaKTUYHOTO JOCBIIY IPU3BIB JO MOXJIMBOCTI BUPIIIEHHS OCHOBHOIO 3a-
BJAHHS JIOCJIJPKEHHS — CTBOPEHHS apryMEHTOBAHOTO CIHCKY 1HTEPHET pPEeCypciB,
HaIIJICHUX Ha YIPABJIIHHS M13HABAIIBHOIO aKTUBHICTIO YUHIB.

HecnoniBanuii mepexia BiA TpaauiiiHoi (GopMU HaBYaHHS Ha IUCTAHIUIAHUMA
dbopmaT BUSBUBCS CTPECOM SIK JIJIsi BUKJIa/lauiB, sIK1 HE OyJIM MiArOTOBJICHI 0 HBOTO,
TaK 1 JJIsl CTYJICHTIB, SIK1 3BUKJIM 37100yBaTU 3HAHHS BiJl BUKJajada OCOOMCTO, a He
CUJSYM IIEpe] EKPAaHOM KOMII'FOTEPA.

3 MOYaTKOM Iepioay BIJJATEHOI OCBITH BEJIUKY MOUIUPEHICTh OTPUMAJIO BHUKO-
puctanHsi [HTEpHET - pecypciB B CUCTEMI OCBITH, TaK K BUKJIaJa4yeBl HEOOX1THO
MIATPUMYBATH MOCTIMHUMA 1HTEPEC CTYIEHTIB 10 BUBUEHHS 1HO3EMHOI MOBH, a 3pO-
outHu 11e, repeOyBarYM Ha BiACTaHI, CTAa€ CKJIAIHINIE, OCOOJMBO JJII THX BHUKJIA-
JaviB, SIK1 HE 3BUKIIM BUKOPUCTOBYBATH 3aCO0U MEpEeXkKi IHTEpHET MpH HaBuYaHHI. Ta-
KUM YMHOM, CKJIQJHOCTI 13 3aCTOCYBaHHSAM TEXHIYHHMX Ta 1H(QOpMaIIiHUX 3ac00iB B
npolieci HaBYaHHs MOPOKY€E TIEBHI MPOOJIeMH TPU BUMYIIIEHOMY TIEPEXO0/Ii BiJ Tpa-
MUIIAHOI CUCTEMH OCBITH 10 JUCTAHIIIMHO] .

Ha croromuimHiii A€Hb B CUCTEMI OCBITI TeéMa JMCTAHIIIHOTO (IUCTAHTHOTO)
HAaBYaHHS MIMPOKOTO OOTOBOPIOETHCS 1 BUKJIMKAE TMIABUIIECHUN I1HTEpEC cepe
BUKJIaJa4iB 1HO3€MHOI MOBU. TemMa HaBUaHHS OHJIAMH MoYalia po3rysaTUCs 3 KIHIIS
XX cromitta. KpiM Toro, iHTepec 10 AMCTAHLIIHOTO YTBOPEHHS MiIrPIBA€THCS 1H-
dbopmalli€ro mpo BIEBHEHE 3pOCTaHHS JJaHOT'O HABYaHHS 32 KOPJAOHOM.

Came MOHATTS AUCTaHLINHOT (a00 TUCTAaHTHO11) OCBITH 3aI03UYEHO 3 AHTJIMCh-
KOi MOBH 1 MpakTuku ocBiTU BenukoOputanii, Kanaau 1 ocobmuBo CIIA, ne He
Tibku TOHATTS Distance Education, ane 1 abpeBiatypa DE, mo BinOyBaeThcsi Bif
WX CIIIB, CTAJM CTINKUMU 1 HE BUMAraroTh po3MMUGPOBKU. Y 3apyOiKHIN MpaKTHIIi
MTOHATTS TUCTAHIIIHHOI OCBITH OXOILTIOE€ HAaWPi3HOMAHITHIII MOJEIi, METOIU 1 TeX-
HOJIOT11 HaBYaHHS, MPHU SKUX TEAAror 1 y4Hi MPOCTOPOBO PO3JLIEHI, 3HAXOASATHCS B
PI3HHX MiCIIsX (KJIacax, IIKoiax, pailoHax, Mictax 1 kpainax). [IpupoiHo,1110 TexHo-
JIOT1YH1 OCOOJMBOCTI TOTO UM IHIIIOTO CEPEAOBUINA CIUIKYBaHHS HAKJIAJIAarOTh TEB-
HUU BIJOMTOK HA caMme CIIJIKYBaHHS MK TEIaroroM i y4HeM Ha CTPATETiio 1 TaKTH-
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Ky, MeToAuKy HaB4yaHHi. Came Iii mpoOJeMH € TEMOI0 BEJIMKOi KIIBKOCTI 3a-
pyODKHUX 1 BITUM3HSHMX JIITEPATypHUX NyOJiKallii B MEPIOAUYHUX BHIAHHIX
daxiBii AMepukaHChbKUM acormialii aucraniiinoro HaBdyaHHs (The United States
Distance Learning Association) il TEpMIHOM «IUCTaHIIIITHE HABYaHHS» PO3YMIIOTh
IpoIIeC HaBYAHHS, B SIKOMY BUMTEJIb 1 yU€Hb a00 yueHb reorpadgigyHo po3MojiaeH 1
TOMY CITMPAIOTHCS Ha €JIEKTPOHHI 3acOo0U 1 JAPYyKOBaHI MOCIOHMKHU ISl OpraHizamii
HABYaJIBHOTO MPOIIECY .

IIle omHuM 1 AOCUTH MOBHHM BH3HAQYEHHSM JUCTAHI[IMHOTO OCBITH MOXKHA
HA3BaTH Te, SIKE PO3TJIsAa€ JUCTAHIIIMHE HABYaHHS SIK HOBY OpraHi3allilo OCBITHBOTO
mporiecy, o 6a3yeTbesi Ha MPUHITUIIT CAaMOCTIMHOTO HaBYaHHs cTyneHTta. Cepemo-
BUIIIC HABYAHHS B I[bOMY BHUIIAJKy XapaKTEPU3YETHCS THM, IO YIHI B OCHOBHOMY
BiJIJIaJICH] Bi BUKJIaada B IPoCTopi 1/ab0 B "aci. Y TO# ke 4ac BOHU MArOTh MOXK-
JUBICTh B OyAb-KHMI MOMEHT BCTAHOBJIIOBATH 1 MIATPUMYBATH IiaJoT 3a JOMOMO-
ro10 3aC001B TEJIEKOMYHIKAIII].

TakuM 4rHOM, NTHUCTAHIIIHE HaBYAHHS SBJISE COOO0I0, OUIBIIOK MIPOIO, YACTKO-
BO CaMOCTIiHE HAaBYaHHS 3 BUKOPUCTAHHSAM TEXHIYHUX 1H(MOpMAIIHUX, MYJIbTH-
MEJIMHUX 3aco0iB, a TaKOX 3aco0iB Mepexi IHTepHeT, 10 BKJIIOYa€E 3B'SI30K 3
BUKJIaJlayeM B MOTPIOHMNA MOMEHT 1O 3aco0ax mepenadi iHdopmarlii Ha BIJCTaHi.
He3Baxatoun Ha oco6nuBy (hopMy AMCTAHIIIHHOTO HAaBYaHHS, B MOTO0 OCHOBI, SIK 1
paHillle TOBUHHI JISKATH JUJAKTHYHI MPUHITUIIN: 00'€KTUBHOCTI, HAYKOBOCTI; 3B'SI3-
Ky Teopii 3 MPaKTUKOIO; IMOCTIAOBHOCTI, CHCTEMAaTHIHOCTI; IOCTYITHOCTI TIPH HEOO-
X1AHIA Mipi TPYAHOIII; HAOYHOCTI 1 PI3HOMAHITHOCTI METOIB; CBITOMOCTI 1 aKTHB-
HOCTI , MIITHOCTI 3aCBOE€HHS 3HAaHb, YMiHb 1 HABUYOK. TaKMM YHHOM MOKHA BHILITH-
TH 0COOJIMBI, crieU(pIYH1 TPUHIUIH IJIs1 JUCTAHI[IHHOTO HABYAHHS:

1. TlpuHIUMn IHTEPAaKTUBHOCTI. 3a0e3MeUYeHHs I1HTEPAKTUBHOI B3aEMOMAIT MIXK
YYaCHUKAMH TIPU TUCTAHTHOMY HaBYaHHI.

2. [Mpunnun BinkpurtocTi. Bimkputuii qocTyn 10 oTpuMaHHs iHpopMailii Ta 3a-
co0iB TUCTAHIIIHOTO HABYAHHS JIJI1 KOKHOTO YYHSI.

3. Ilpunnun rHy4ykocTi. [HAWMBiAyalbHMM MiAX1A 10 KOXHOTO CTyACHTA 3
ypaxyBaHHSM HOTO 3/1I0HOCTEH 1 MOXKJIMBOTO Yacy HaBUaHHS.

4. OpienHTalis Ha croxuBada. MOXIUBICTh OTPUMaHHS BHUIIOI OCBITH VISl THX,
XTO HE MOXKe OyTH MIPUCYTHIM OYHO (OCOOMCTO) HA 3aHSATTSX.

5. IlpuHnun meparoriyHoi AOLUIBHOCTI 3aCTOCYBaHHS 3aco0iB HOBHX 1H(OP-
MallfHUX TEXHOJOr1HA. 3acTOoCyBaHHA 1HQOpPMALIMHUX Ta KOMYHIKALUIWHUX TEXHO-
JIOT1# B Mpolieci JUCTAHTHOTO HABUAHHS Ma€ BIJIMOBIIATH I1IJIIM HABYAHHSI, @ TAKOX
CIPHATH 1X YCHIIITHOMY AOCSITHECHHIO .

JIoTpUMYIOUMCh HAaBEIEHUX NPHUHIMUIIB BIIKPUBAIOTHCS HOBI MOJIMBOCTI B
BUKJIaJaHHI, @ TaKOXX y MIJBUILIECHHI MOTHBaIll y4yHiB. KpiM 3arajibHOBITOMHUX
miatdopm (Moodle, Blackboard, TrainingWare Class, Claroline LMS,Zoom ),siki
3aCTOCOBYIOTHCS MPHU JUCTAHIIHHOMY HAaBYAaHHI BEJCThCS aKTHBHA POOOTa 31 CTBO-
PEHHSI HOBHX IMpOTpaM 1 miatGopM Mo JUCTAHIIHHOMY HAaBYAHHIO 1HO3EMHUM MO-
BaM, sIKI BUKJIMKAIOTh BEJIMKHUM IHTEPEC Y CTY/ACHTIB.

B3zarauti, miaBuIieHHss MOTHBAIlT Y CTYICHTIB 3aBXIH € OJIHIEIO 3 OCHOBHUX 3aB-
JaHb negarora. MoTuBartisi — 1e mpoIecH, 0 BU3HAYAIOTh PyX J0 IMOCTaBIECHOT Me-
TH, 11e (DaKTOPH, IO BIIMBAIOTHh HA aKTUBHICTH 1 MMACHBHICTH MTOBEIIHKU. [ 0JIOBHOIO
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JIAHKOI0 MOTHBAIII] € CTIOHYKaHHS — MOBEAIHKOBUM TposiB .Came MOTHUBAIlisl BUKIIU-
Ka€ MiJIeCIPsMOBaHY aKTHBHICTb, BU3HAaUa€ BUOIp 3ac001B 1 MPUHOMIB, 1X YIIOPSIKY-
BaHHA ISl AOCATHEHHs MeTu. [IpucTtynarouu 10 3aHATh 1HO3EMHOIO MOBOIO, y CTY-
JICHTIB CIIOCTEPIra€ThCcsl BUCOKA MOTHBAIIlS, MPOTE IMi3HINIE 1HTEpeC 3HAYHO Ciab-
miae. [Ipuunna 0ayuThCSA B HACTYITHOMY: BUEHHS — II€ MI3HAHHS, HE MOXHA 3000B's1-
3aTH CTyAEHTa Mi3HATU 10-HEOyAb, HOr0 MOXKHA 3allikaBUTH. Tomy mpobdiiema Mo-
TUBAIIl] € TOJOBHOIO Ha BCIX €Tanax HaBYaHHS 1HO3eMHUM MoBaM. Bukianau noBu-
HEH MPEJICTABISATH CO0l BECh CIIEKTP MOTHBAIIMHUX 3aCO0IB 1 IPUHAOMIB TSI JJOCSIT-
HEHHS TOJIOBHOT METH HaBYaHHS 1HO3EMHOI MOBH .

Ha cporoanimHiii 1eHb TeMa MOTUBYBAHHSI CTYJEHTIB B YMOBax JAMCTAHLIHHOTO
HAaBUaHHS € JJOCHTh aKTyaJIbHOIO, TaK SK €(DEKTHBHICTh HABYAHHS CTYJIEHTa OE3I0-
CEPEIHBO 3AICKUTH BiJl TOTO, HACKLIBKK BUCOKA Horo MoTuBaris. CTyIeHTH 3 BHCO-
KUM piBHEM MpodeciiiHoi MOTHBALllT CIIPSAMOBaHI Ha HAaBYAIbHO-TIPO(ECIiHY HisTb-
HICTh, HA PO3BUTOK CaMOOCBITH 1 caMomi3HaHHs. CTy/IeHTH 3 HU3bKUM PIBHEM MO-
TUBAIlll BUYCHHSI BIAHOCATHCS 1HIAU(PEPEHTHO N0 MPOIECY HaBUYAHHSI. Y Kpalomy
BUIIAJIKY, CTYJICHTH MPOSBISAIOTH IMI3HABAIbHY aKTUBHICTh Ha PIBHI MOIMEPEIKEHHS
npeTeH3iid 3 00Ky BUKIAJava. Y TIpIIOMY — 3aiiMalOThCs MOIIYKOM HUISIXY 3aMiHU
BJIACHOTO MPOSIBY 3HAHb MAaTEePiaIbHUM €KBIBAJICHTOM.

Haiou1p 1ICTOTHUM HEIOJIIKOM IIEIAroriB € BUKJIAJaHHI «TFOJIUX 3HaHbY. To0TO
BUKJIaJIa4 HAMAra€ThCs 1aTH MAaKCUMAJIbHO MOKJIMBY KUIBKICTh «TOJIUX» 3HaHb, 0€3
OIJISIAKM HA iX aJIeKBAaTHICTh IMOTOYHOI CUTYyallli, 0 TOro >k 0e3 OOrpyHTYBaHHS iX
MOTPIOHOCTI. AJle CTYJEHT — 1€ HE WIKOJIAp, SIKOMYy MOXHa CKa3aTh «TaK Tpeday,
CTYICHTY HEOOX1JHO TAKOXK MOSICHUTH, SIKUM YMHOM 111 3HaHHS oMYy 3HaA00JAThCs
B MaiilOyTHbOMY. | SIKIIO BIJMOBIAb OyJ€ «B KUTTI BCE MOXKE OyTH KOPUCHUMY, IO
HaBYAETHCS 3 3pPO3yMUIUX MPUYMH BTpavae iHTEepec . Bel 11 CKIIaqHOCTI HE 3HUKAIOTh
3 BUKOPHUCTAHHSIM JMCTaHIIMHOTO HAaBYaHHS, a HAaBIAKW MOCHIIOIOTHCS. [Ipu Tpa-
TUIIMHOMY HaBYaHHI BUKJIaJa4d 3HAXOUTHCS B OCOOMCTOMY KOHTAKTI 3 HaBYAIbHUM
1 TUM caMHUM Oa4MTh 1 KOHTPOJIIOE Horo iHTepec. KpiM Toro, 10CBiTUeHUI BUKIIa1a4y
«TpUMAE» ayIUTOPII0 HE TUIBKK BUCOKOI KOMIIETEHTHICTIO, aJI€ 1 OCOOMCTUMH SIKO-
CTSIMHU, HAMPUKIAJ, «Xapu3Moo». Bukiagay Moxe BUKIUKATH BETMYE3HUMN 1HTEpEC
CTYJICHTIB JJ0 BUBYEHHS 1HO3EMHOT MOBH, MEPIOIMYHO BKA3YIOUYHM HA MOMEHTH TIPaK-
TUYHOTO 3aCTOCYBAHHS OTPUMAHUX 3HAHb.

[Ipu pucTanHIiiHOMY HaBYaHHS BIJCYTHICTh OCOOMCTOTO KOHTaKTy 1 HEOO-
XIJTHICTh BUKJIQJaHHSI «TOJIMX 3HaHb», TOOTO OOOB'I3KOBOI 1H(OpMAIli B MpoIlect
HaBuYaHHA (TpaMaTWy4Hl SIBUILA, BOKAOYJSAp 1 T.1.), € mepuiopsaHuMu (akTopaMu B
M1JIBUIICHHI 1 MOJAIBINOT MIATPUMKH MOTHBALIIT YUHIB. BUXOs4u 3 BUIIIECKa3aHOTO,
MOKHA CTBEP/KYBATH, III0 MOTHBYBAHHS CTYACHTIB 3a JOIOMOTOIO TPATUIIHHUAX
METO/I1B HE 3aCTOCOBHE HA IMUCTAHIIMHOMY HAaBYaHHI, a pO3BUTOK Mejia, [HTepHery,
BEJIMYE3HOT KUIBKOCTI COLIAIbHUX MEPEX 1 1HTEPHET-PECypCIiB, SIKI BUKIMKAIOThH
CTIMKUI 1HTEpEeC MOJIOAUX JIIOJIEH, € HEBII'€MHUM 1IHCTPYMEHTOM CYy4acHOTO BUKJIA-
Ja4a,BUKOPUCTAHHS 1HTEPHET-PECYpCiB 1 COIIaTbHUX MEpeX NpU HaBYaHHI
aHTJIACHKOT MOBH CIpHUS€ CTUMYJIOBAHHIO IMI3HABAJILHOTO 1HTEPECY CTYACHTIB, a
TaKOX PO3BUTKY HABUYOK pOOOTH 3 PI3HOMAHITHUMHU JKEepenaMu iHGopMarii .
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Crnimparounch Ha TEOPETHYHI JKepesa, a TaKoXK Ha BIACHUM mpodeciiiHuil 10-
CBIJl, OTPUMAaHHUI B MPOIECI JUCTAHTHOTO HABYAHHSA, ABTOP BBAXXA€ MOKIMBUM
BUJIUTUTHU JICSKI ITepeBary 1 HEJAOJIIKU JaHOTO TUITY HaBUYaHHS.

[To3uTHBHI CTOPOHU AMCTaHIIITHOrO HaB4YaHHs: 1.Hakonuuyenus ,30epiranss Ta
penaryBanHs iHopmarlii. [HTepHET-pecypcu J03BOJSIOTH PO3MIIYBATH BEJIUKY
KUIBKICTh 1H(OpMaIlii, a mpu HEOOX1THOCTI Y BUKJIalauya € MOXJIMBICTh 3MIHUTH 200
JIOTIOBHUTH ii, B TOM 4Yac, K JIPYKOBaHI BUJIAHHS HE MOXXYTh KOPUTYBATHUCS MPOTS-
rOM HaBYaJBHOTO Mpoitiecy .KpiM TOro, y CTyJIEHTIB 3'BISETHCS MOXKIUBICTD 3BEP-
HYTHCS 10 TOTP1OHOT iHcpopMaui'f B TOM MOMEHT, KOJIH 1€ CTa€ HEOOX1JHUM.

2. besnepepBHa KOMYHII(aI_Ilﬂ BUKJIaJja4a 1 CTYyJIeHTa, CTyI[eHTlB MK c00010, a
TaKOX 3 OJHOAYMISIMU 3 IHIIMX KpaiH. MOXXITUBICTh ayzuo 1 BiJIeO 3BIHKIB JT03BO-
JIsi€ BUKJIaJlaqy CTBOPUTH pealibHy KOMYHIKaTUBHY CHUTYAIlilO, B SAKii CTYACHTH MO-
’KYTh 3aCTOCOBYBATH BC1 OTpHUMaH1 3HAHHS Ha MIPAKTHIII.

3. MOXJIMBICTh CTYyJIEHTa BUOMpATH TEMII 1 YaCc HABYAHHA. Y ChOTOJIHIITHBOMY
CBITI Yac — I1€ HAMI[IHHIIIUN pecypc, 4acTo BiAOYBa€ThCA, 110 CTYACHT 3MYIICHHM
MOETHYBATH OCBITHIM TIporiec 3 poOoToIo.

OCHOBHUM HEJIOJIIKOM TaKOro0 TUIy HaBYaHHS € BIJCTaHb MK CTYJEHTaMH 1
BUKJIaJladeM. Y 3B'SI3KY 3 THM, [0 HE 3aBXIM y YUYHS BHUCTa4ya€ MOTHBAIIIl 10 caMo-
CTIHHOTO HaBYaHHSI, HEJOCTATHHO PO3BMHEHA CHJIAa BOJI 1 BIAMOBIJAIBHICTh, ICHYE
MO>KJIMBICTh BTPATUTH TEMITy HaBUYaHHs 0€3 MOCTIHHOTO KOHTPOJIIO BUKIaAaya. s
30epeKEeHHS TEMITYy HaBYaHHSI, 1JIs MIATPUMKH 1HTEPECY CTYIEHTIB, 1 AJI TOCATHEH-
Hs HaWKpallux pe3yJbTaTiB B MPOLECI OCBITH, aBTOP CTATTI BHKOPHUCTOBYBAB Y
CBOiM pOOOTI pi3H1 JOJATKOBI IHTEPHET PECYPCH, TAKI SIK :

1. https://www.edx.org/ - HekoMepIliliHa opraHizalis, TpoeKT MaccadyceTchKo-
ro TexHojoriyHoro IHcTuTyTy, ['apBapACBhKOTrO YHIBEPCUTETY Ta YHIBEPCHUTETY
bepkmi. Ilicns 3akiHYeHHS KypCy y YUHS € MOXJIMBICTh OTPUMATU cepTU(IKAT, aje
HOT0o BUAAIOTH TIJILKM TUM, XTO BUACHO 1 YCITIIITHO BUKOHYBaB JIOMAIIIHI 3aBJIaHHS.
Came uepe3 11e edX BBaKaeThCs HAWKPAIO TUIATGOPMOIO I OTPUMAHHSI TH00-
KX podeciiiHuX 3HaHb.

2. https://www.openlearning.com/ - ABcTpamiiicbkuii MPOEKT TUCTAHI[IHHOTO
HaBYaHHS, SIKUW 3acHyBaiu (axiBii 3 yHiBepcutery HoBoro IliBnenHoro Venbcy.
['onoBHa BIIMIHHICTH IILOTO CaWTy B TOMY, IO BiH MO3UIIIOHYE ceO€ HE TUIbKU K
HaBuYajbHa TUIaTQopma, aje 1 SK colliadbHa Mepeka I Oakaruux 3100yBaTH
3HaHHA. MaTepiaau CKIafaloThCs 3 JIOKJIAIHUX BIJCOJICKIIM, a TaKOXK MUTaHb IS
00roBOpEHHs, Ha Kl CTyJeHTaM Tpeba Oyne AaTh MUCbMOBY BIANOBIAb AHTIINCH-
KO0 MOBOI.CTYyA€HTH MOXYTh OpaTH y4yacThb B JMCKYCISIX 3 HOCIIMH MOBH, 00-
MIHIOBATHUCS 3HAHHSIMU 1 TPEHYBATUCA MMUCATH MOBIJOMIICHHS aHTTIHCHKOIO.

3. https://englex.ru/self-study-materials/ - onnaiiH-mKoga 3 OE3KOIITOBHOIO
010,TI0TEKOI0 MaTepialliB JJIs1 CAaMOCTIHHOT BUBYEHHS MOBH.

OpHak aBTOp CTaTTI BBaKa€ MOXKJIMBHM 3alpONOHYBATH IHTEPHET-PECYPCH, SKI,
Ha HOro IOIJISIA, HAWOUIBII CIPHUSIOTH IiIBHINCHHIO MOTHBAIll O BUBYEHHS 1HO-
3eMHO1 MOBH Y HABYAIOThCSA HA TUCTAHI[IHHOMY HaBYaHHI:

1. https://www.real-english.com/ Omnaiin Bimeo 6iOmioTeka, B sIKid 3i0paHi
JIiaJloTH aHTJIOMOBHUX JIIOJeW Ha pi3Hl Temu. Bci Bimeo chopmoBaHi 3a piBHIMHU
3HaHb, & TAKOXK 32 TPAMATHYHUMH 1 JICKCHIHUMH TeMaTUKaMu. Y TIPOIeci epers-
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Ay BiZIeO CTYACHT MOXKE€ BHOpaTH BaplaHT Heperysiny 3 cyOTuTpamu abo 0e3 HHX.
[Ipu perynsgpHOMy MOpPOCITYyXOBYBaHHI PO3MOBHOi MOBHM HOCISI MOBHM Y CTYJICHTIB
3'IBJIIETHCS PO3YMIHHS peajbHOi, CIIOHTAHHOI CUTYyallli CHIJIKYBaHHS, B SKIH iM,
MO>KJIMBO, CAMUM JIOBEIEThCSI OpaTH y4acTh.

2. http://tubequizard.com/ sBisie coboro Bimeo-0i01i0TEKY, chOpMOBaHY 3a piB-
HEM 3HaHb, a TAKOXX 3a TpaMaTUYHUMU TeMamu. Bukinanau Bubupae Bifieo o mpou-
JIEHOMY MaTepiaiy, a CTyJIeHTU BUKOHYIOTh I'PAMAaTHYHUM TECT, /1€ € MOXKIIUBICTb
CIIOYATKy MPOCITyXaTH BiJIeO MOBHICTIO, @ IPY BUKOHAHHI TIEBHOTO 3aBJIaHHS TIOBTO-
puTH OTPiOHMIM ypuBOK. CallT 703BOJIsIE 3/A1MCHIOBATH TMOIIYK 32 HEOOX1THUM CJIO-
BOM abo (pazoro,

kpim Toro, TubeQuizard mae (byHKuuo CTBOPEHHS CBOiX BJIACHUX TECTIB, IO €
BEJIMKOIO TIEPEBArol0 1 J1a€ MOXJIMBICTh BHKJIQJaueBl aNanTyBaTHd 3aBIAaHHS IIif
3HAHHS CBOIX CTY/ICHTIB.

3. https://ludwig.guru/ € BeTUKUM €JIEKTPOHHUM CIIOBHUKOM, KU JOTIOMarae
CTyJICHTaM I'paMaTHUYHO MPaBWIBHO OYyyBaTH CBOI BUCJIOBJIIOBAHHA. Y BIKHO IO-
IIYKYy HABYA€THCS BBOJUTH MPOMO3UIIIIO 1 HOMY MPOMOHYIOTH BapiaHTH BUKOPHU-
CTaHHS JIAaHOTO TEKCTY B PI3HUX KOHTEKcTax. KpiMm TOro, sIKIO CTY/IEHT HE BIEBHE-
HUM B MPABWIBHOCTI Ti€1 4K 1HIIOI rpaMaTU4YHOi (OpMH, HOMY MPOTIOHYETHCS BUKO-
PUCTOBYBAaTH 3HAK «*», peE3ylbTaToM YOro OyJe TMpOMO3UIlid CUCTEMU
https://ludwig.guru/ po3risHyTH BCl MOXJIMBI BapiaHTH. TaKMM YMHOM, BUKOPHU-
CTaHHS JIAaHOTO CANTY JIOMTOMOYKE CTYJCHTAM YHUKHYTH TPaMaTUIHUX TMTOMIIIOK TIPH
1o0Yy/10B1 BJJACHUX BUCJIOBIIIOBAHb.

4. http://www.grammargamble.com/. ganuii calT siBjisie COOOO0 TpaMaTUYHUI
TtecT Ha 10 XBWIMH, IKUH MOOYIOBaHUN HA MPUHIMUIN «BiJ] MPOCTOTO JO CKJIAJIHO-
ro». KpiM Toro, Ha KO>KHE TTUTAHHS MOXHa BCTAHOBUTH «BapTICTHY», KA B PE3yIb-
TaTl Oyje nmepepaxoBaHa Ha MIACYMKOBHUM Oan cryaeHTta. J[anuii pecypc Mmoxe OyTu
BUKOPUCTAHUH SIK MMJICYMKOBHI TECT M0 KOKHIM 3 BUBUYCHUX TPAMaTUYHUX TEM.

BucnoBok

Pe3ynpTaTi mpoBeneHOTO MOCHTIKEHHS MOKa3yTh, 110 BUKOPUCTAHHS 3aIpo-
MMOHOBAHUX aBTOPOM IHTEPHET PECypciB, 30KpeMa, T0JaTKOBUX OCBITHIX IIaT(HOPM,
HE TUTHKHU 3a0e3Meuye BUCOKUI PIBEHh MOTHBAIIIT CTYJICHTIB /10 BUBUCHHS 1HO3EMHOL
MOBH, a ¥ cripuse (popMyBaHHIO KOMYHIKATUBHOT KOMITETEHIII Ha Cy4aCHOMY MOB-
HOMY Matepiai.

CIIMCOK BUKOPHUCTAHOI JIITEPATYPH

l.I'anbkieBa 3. X. Ha nuisgxy miABUIIEHHS MOTHBAIl 10 BUBYEHHS 1HO3EMHOI
MoBH B HeMoBHOMY BH3:// Matepianu MixBY31BCHKOTO KpPYIJIOTO CTOJy, 3 JIFOTOTO
2017 poky.C. 26 — 31.

2. Kozak S. V. How to increase motivation for learning English.// European Ac-
ademic Science and Research.35,2021.

3.Maptunosa A.C.CorianbHi MEepexi sIK IHCTpPYMEHT HaBYaHHS 1HO3E€MHOI MOBHU
| matepianu |1l HamionansHOi Hayko mpakTUuHOi KoH(pepeHii, 26-27 nucronana
2019 .

4.Coxonbebka H.B. OcoO6amBoCTi MOTHBAIIIl HABUAIBHOI MISIIBHOCTI CTYACHTIB
BY3iB 3 JUCTAHIIIHHOI OCBITHBOIO TEXHOJIOTIE€I0: HA MPUKIIA/l BUBYCHHS 1HO3EMHO1
moBu / H.B. Cokoanceka. ABTopedepar, 2006p.

252



UDC: 621.431.7:629.5=111

Pavlenko V.S., Kozak S.V.
National University “Odessa Maritime Academy”

Marine Engines On Board the Ship

The diesel engine is a type of internal combustion engine; more specifically, it is
a compression ignition engine. The fuel in a diesel engine is ignited by suddenly ex-
posing it to the high temperature and pressure of a compressed gas containing oxy-
gen. Internal combustion engines were first used for ships. Early motors were not
necessarily more efficient than steam but did allow owners to employ far fewer
crew, as stokers to carry coal from the bunkers and shovel it into boilers of steam
ships were replaced by simple pumps to move oil from tanks to the diesel engine.

Diesel engine types. There can be either two-stroke or four-stroke with the for-
mer being low-speed engines and the latter either medium- or high-speed. Two-
strokes are used for direct mechanical propulsion only, but four-strokes can be used
either in mechanical propulsion systems — using a gearbox to reduce the engine
speed to one more suited to driving a propeller — or in a diesel-electric configuration
where the engine drives a generator to produce electricity which is then directed
through cables to electric motors to drive the propeller or another type of propulsion.
Either type of engine may also have a shaft generator to produce electric power
when the engine is running. Diesel engines can run on many types of oil fuel from
heavy residuals through to light distillates but, although it is possible (and frequently
necessary) to switch between fuel types, ideally an engine performs best when all
parameters are matched to a single fuel type. Because of the polluting effect of en-
gine exhaust when burning oil fuels, there has been a move to persuade owners to
switch to burning LNG. This can be done either using a pure gas engine or a dual-
fuel engine that is capable of running on either oil or gas fuels.

The Diesel and Otto cycles. Back in the 19th century when internal combustion
engines were in the very early stages of development, two men — Nikolaus Otto and
Rudolph Diesel — devised different means of initiating combustion of the fuel. Ot-
to’s method was to compress the fuel to a particular volume and to then apply a
source of ignition in the form of a spark. Diesel’s method was to continue to com-
press the fuel until it ignited spontaneously due to the heat produced by the higher
compression used. At similar pressures, the Otto engines are considered more effi-
cient but, because they make use of much higher pressures, in practice Diesel en-
gines are more efficient and consume less fuel. Modern oil burning engines mainly
rely on the Diesel cycle, but dual-fuel engines need an alternative ignition source
when operating in gas mode. Wirtsild engines make use of the lean-burn Otto pro-
cess in which gas is admitted into the air inlet channels of the individual cylinders
during the intake stroke to give a lean, premixed air-gas mixture in the engine com-
bustion chambers and ignition is obtained by injecting a small quantity of diesel oil
directly into the combustion chambers. By way of contrast, in MAN high-pressure
engines the gas is injected only after the combustion air is compressed, after which it
Is ignited by the pilot oil injection. But now MAN announced that it too would be
developing low-pressure engines making use of the Otto cycle.
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Multiple engine systems. With the notable exception of a small number of twin-
propeller tankers and container vessels, most two-stroke engines are installed as the
sole prime mover on the vessel. By contrast, on ships with highly variable power
demands, such as a cruise ship or offshore vessel, it would be quite common to find
four, six or occasionally more four-stroke engines installed. Because all engines
have an optimum load at which they operate most efficiently, operating below this
will increase fuel consumption. In such cases, the power required will be provided
by an appropriate number of engines operating at near to optimum speed with per-
haps another engine operating at low load as a spinning reserve. A multiple engine
arrangement also means that failure of a single engine will rarely have disastrous
consequences. The power arrangements on multiple-engined vessels will normally
mean that engines of different outputs are available. This can be achieved by having
engines of the same type but with different cylinder numbers or larger bore engines
supplemented by smaller bore types.

Two-stroke diesel engines are the engines of choice for almost all large ships
and, with the exception of a relatively small number of recent newbuildings, run on
heavy fuel oil. Two-strokes are used as prime movers only and ships equipped with
them will also have at least one medium- or highspeed engine operating as a genset.
A slow-speed two-stroke diesel is usually arranged to operate continuously on heavy
fuel and have available a diesel oil supply for maneuvering conditions. For 2 stoke
engines the cycle of operation will consist: intake, compression and power (intake).
The choice of engine model will depend upon the chosen power output selected by
the owner and with so many overlapping options available, several factors will come
into play including experience with different engine types and the benefit of similar
engines across a fleet. The latter point ensures crew experience and the advantage of
a reduced spare part stock.

Four-stroke diesel engines are higher speed engines encompassing both the
medium- and highspeed types and as such are not suited to being directly connected
to the propeller so require a gearbox, thus complicating the power transmission. Al-
ternatively, the engines can be linked to generators providing their power through
electric rather than mechanical means. The 4 stroke cycle of operation of engine in-
clude four distinct processes: intake, compression, combustion and power stroke,
and exhaust. They are frequently installed in multiples on a ship in both configura-
tions although in many ships, a single four-stroke will be the main engine. Because
of the more situations that four-strokes are employed in, the number of the various
models produced is generally higher than for two-strokes. This can mean faster de-
velopment and series production of the engines. Four-strokes also account for the
majority of dual-fuel engine types having been the first types to offer this additional
flexibility, although this numerical domination is slowly disappearing as dual-fuel
two-strokes become more popular. Generally speaking, it is accepted that four-
strokes as a type are marginally less efficient than two-strokes. They also tend to be
squarer with bore and stroke much closer in dimension than the two-strokes where
long and ultra-long strokes are the norm. The high revolutions of four-stroke engines
mean they are too fast for direct mechanical drive and so will require a gearbox for
mechanical drive or must be connected to a generator in a diesel-electric set-up. Alt-
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hough the large-bore four-strokes may come in six-cylinder in-line variants that mir-
ror. The four-stroke engines are being installed in many vessel types. Many of the
engines are being installed in vessels that are ‘dual-fuel ready’ meaning they have
the engines but not necessarily an LNG fuel system, which will be added later if the
operating profile permits.

There are two variants of diesel engines: the trunk type or the crosshead type.
Trunk engines have a shorter stroke than a crosshead and have the piston connected
to the crankshaft by a simple connecting rod. They use a common lubricating oil for
all aspects of the engine and the oil splashes up to lubricate the liner. Trunk two-
strokes are rarely used these days as prime movers. In Crosshead engines, a dia-
phragm plate separates the crankcase from the cylinder liner space and the piston has
a long rod passing through the plate using a stuffing box that separates the upper
cylinder lubricant from the system oil. The piston rod is connected at the crosshead
to the connecting rod attached to the crankshaft. These are the engines that power
the vast majority of bulk carriers, container ships, PCTCs, container ships and gen-
eral cargo vessels. Two-stroke crosshead engines are produced in a range of bore
sizes from 35cm to 95cm. The smaller 35-45cm bore sizes are found on Handy and
Handymax bulkers and similar size product tankers, the 50-60cm bores on Panamax
size bulkers and tankers and the 70-80cm versions on larger bulkers and tankers.
Most engines have five or six cylinders while the largest 90-95cm engines are found
in 10- and 11-cylinder versions on the largest container ship types where more speed
Is still considered a desirable characteristic. Today the focus of development is less
on absolute power and more on the need to meet EEDI rules. Different generations
of engines appear from time to time with the improvements almost always aimed at
improving efficiency as well as ease of maintenance and reducing complexity and
weight.

Three names dominate sector for main engines: MAN Energy Solutions,
Winterthur Gas & Diesel (WinGD) — which has acquired the two-stroke business
formerly owned and Wirtsild and Japan Engine Corporation (J-ENG), which marks
another change of ownership after Mitsubishi Heavy Industries spun off its engine
business which integrated with the former licensee Kobe Diesel. MAN Energy Solu-
tions has an almost 90% market share, WinGD around 9% and J-ENG the small re-
maining balance.

Diesel electric systems. Unlike the mechanical power that is delivered directly
to a propeller or through a gearbox, electric power produced by four-stroke gensets
needs to be managed to allow for safe and efficient distribution to all the consuming
systems. Opting for a diesel-electric propulsion system does mean that electric mo-
tors must be used to power any propulsors. This has advantages and disadvantages.
Unlike the mechanical drive systems, the cables from the electric distribution system
to the electric motors can be routed in any direction without any problems and with
far less space needed than for mechanical drives. This can allow engines and motors
to be isolated from each other and permit power to be generated from any genset on
the ship. The most obvious disadvantages are that electric motors are not cheap and
when installed they are an additional point of potential failure. Recent developments
in electric distribution have focused on the benefits of direct current (DC) rather than
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alternating current (AC) systems. Another major advantage of diesel-electric is the
potential for integration of energy storage sources such as batteries. The energy stor-
age sources reduce the transient loads on the diesel engines and give much better
system dynamic response times. Also, emission-free propulsion can be realized
when running on batteries especially when they are topped up using energy from so-
lar panels, recovered from waste heat onboard or even when charged in port using a
local grid. The footprint of such a propulsion plant is up to 30% less compared with
a classic diesel-electric propulsion plant.

Latest new models. For many years, Wirtsild was the main proponent of dual-
fuel engines although Rolls-Royce was also promoting spark-ignited gas versions of
its Bergen Diesel engines. Regardless of maker, all gas-fuelled engines were medi-
um-speed variants. That has changed and now there are dual-fuel low-speed two-
stroke engines produced by MAN Energy Solutions and by Wirtsild’s successor in
the two-stroke sector, Winterthur Gas & Diesel, better known as WinGD. In the
four-stroke sector, the number of makers producing dual-fuel engines is higher.
Wirtsild, MAN, MaK, EMD, ABC, Himsen, and Niigata all have dual-fuel engines
in their ranges and more makers are soon to join the list. Rolls-Royce is following a
different path with its Bergen engines, offering them only as oil-burning or pure gas
engines. In such a competitive field, regular releases of new models are essential to
keep pace although it can be two or three years following the launch of a new engine
before orders begin to be placed. Most of the new engine types announced over the
last five years have been models that are available in gas burning versions as well as
oil burning. That is not seen as marking the end of oil-powered ships as the sales
figures show that the majority of orders are for single fuel oil variants. Most makers
have opted for a modular design for new engines as a means of both reducing pro-
duction costs and facilitating maintenance. On the 31 series engine, Wartsila has
taken this to a new level by shifting from single parts to exchange units. For exam-
ple, the power pack unit now consists of a connecting rod, piston, cylinder liner and
cylinder head with related pipes combined in one single exchange unit. Standardiza-
tion also makes conversion of the engine from one version to another a simple mat-
ter of swapping components without the need for machining.

MAN Energy Solutions has two main types of electronic control in regular use.
On the newer engines, the electronic control includes flexible control of fuel injec-
tion timing and actuation of exhaust valves, starting valves and cylinder lubrication
whereas on earlier type engines, the injection timing is electronically-controlled but
actuation of the exhaust valves is camshaft-operated, but with electronically-
controlled variable closing timing. Simultaneous developments were also taking
place in the fuel injection systems with individual cylinder injector pumps giving
way to common rail systems where a single high pressure pump and common feed
were employed. On some large multi-cylinder engines, a segmented common rail
system is employed rather than a single unit to eliminate stresses in materials and
pressure fluctuations. For meeting EEDI purposes, the developments to the two-
stroke crosshead engine in recent years have centered on increasing the stroke, re-
ducing rpm and matching the engine to a larger propeller designed to match the op-
erating profile of the vessel. For many years, two-stroke engines were generally
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available in two variants — short or long stroke — the difference being self-
explanatory. To meet the greater efficiency requirements demanded by EEDI regula-
tions, most engine designers agree that a longer stroke, which increases compres-
sion, is advantageous. The designers and manufacturers have responded by design-
ing super- and ultra- long stroke variants of their engines. As these have been adopt-
ed by customers, the short and long stroke variants are gradually disappearing from
engine catalogues although they are still available if required. The new longer-stroke
engines do raise some issues: engines are necessarily taller and manufacturing suita-
ble crankshafts requires re-tooling by makers and subcontractors.

REFERENCES:
[ Manuals on board of the training merchant vessel ]
[ https://www.generatorsource.com/industrial_industry usage ]
[ http://mh-mechanicalengineering.blogspot.com/2012/06/motor_2546.html?m=1 ]
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[MuuoBa M.B, Orpeniu M.A, Jlazapuyk C.D.
Hamionanpauit yHiBepcuret «Oiechbka MOPChKa akaJaeMisy,
Onecbka aepkaBHa akageMis OyAIBHUIITBA Ta apXiTEKTYPH,
Onecbka aepkaBHa akageMis OyAIBHUIITBA Ta apXITEKTYPH.

OHIalH-BHKJIAIAHHS AHIJIICHKOI MOBM B HEMOBHOMY BHIIII

[Ipo6iiema minBUIleHHS €(OEKTUBHOCTI aHTJIOMOBHOI MIJATOTOBKH CTYICHTIB
HEMOBHOTO BHUIITY € IPEIMETOM OCOOJIMBOI yBaru rejaaroris, MCUX0JO0T1B, METOH -

CTIB, COIIIOJIOTIB 3 HU3KH COIliaIbHO-€KOHOMIYHUX MPUYHUH. Y HACTIOK CTPIMKO-
ro po3BUTKY iH(opMaTu3allii OCBITH CTBOPIOIOTHCS HOBI BHJIM OHJIAWH-TIPOIYKTIB,
SIK1 JJOTIOBHIOIOTH 200 3aMIIIyIOTh TPaJAUIIiIiHI HaBUYaJIbHI KOMIUIEKCH. Bukopucran-
HsI OHJIAMH-PECYpPCIB 3MIHIOE XapaKTep B3a€EMOBIIHOCUH MK YYaCHUKAaMHU OCBITHBO-
ro Tpolecy, JJ03BOJIAIOYM BHUOYIOBYBAaTH MOT0 TPAEKTOPIIO 3 ypaxyBaHHSIM
IHAUBITyaJIbHUX MOTPEO 1 0COOIMBOCTEN YCIX YUYAaCHHKIB, 3a0€3M€YUTH MOT0 Mepco-
HaJ13alio.

OmnnaitH-HaBYaHHSIBIIOPIBHAHHI3ay IMTOPHUMMAECBOISKIIO3UTHBHI, TaKIHEraTUB-
H1 pucu. OHIalH-0CBITa MOXKe OyTH Tak caMo €(EKTUBHA, SIK 1 TPAAUIIIIHA, 3aBISIKA
CBOIM THYYKOCTI Ta CTYJEHTO-OPIEHTOBAaHOMY Miaxoay. BoiHodac yCimIHICTh IHC-
TAHIIMHOTO HABYAHHA HE JOBEJEHO IIOBHOIO Mipor0. Ioro HeraTMBHHII MOMEHT MH
BOayaeMo y BIJICYTHOCTI 3ac0O01B CIUIKYBaHHS MK BUKJIAJa4yeM 1 CTYJEHTaMHU Ta
CTYJIGHTaMH M1 CO00I0.

He moxHa 3amepeuyBaTu, IO OHJIaiH-HAaBYaHHsS — Ii¢ O€3yMOBHE MaillOyTHE
OCBITHBOTO MPOIECY B YCHOMY CBITI, 1 TOMY KOKHOMY BHIILYy HEOOX1HO pO3pOOUTH
YITKY CTpATETiIo 1010 BIIPOBAXKEHHSI HOro MOJIesiel y pobouunii mpotiec.

B ykpaiHChKOMY OCBITHBOMY MPOCTOpPI CTBOPEHHS BJIACHUX OHJIAWH-KYpPCIB 3
1HO3EMHUX MOB — JIOCUTh piJKicHE siBuile. Haltuacriiie BOoHU BOY/IOBaH1 B CUCTEMY
3MIIIAHOTO HaBYaHHS, K€ Ma€ HIMPOKHUI CHEKTP MeIlalHTErpOBaHUX TEXHOJOTIH
nopsij 13 TPaJAULIMHUMU METOJIaMH Ta € 1HHOBAI[IMHUM JIOTIOBHEHHSIM JI0 ayAUTOP-
HUX 3aHSATh.

Haiibisb111 3aTpeOyBaHMMHU Ha CHOTOJIHIIIHIN JeHb BBAXKAEMO HACTYITHI METOIU-
KM OHJIAWH-OCBITU: T1OpUIHI MOJENI; TPYNOBa MPOEKTHA poOOTa; CyNpPOBIJl OHJIAWH-
CTYJICHTIB Ha OCHOBI MCHUXOMETPUYHOI aHAJITUKH; OHJIAH-HABYaHHS y CYNPOBOIL
THIOTOPIB; OIIIHOYHI 3aX0/I 3 1IeHTU(DIKAIIE€I0 OCOOU.

CydacHe OHJalH-BUKIIAJAHHS aHTJIIMCHKOT MOBH B HEMOBHOMY BHIIII — II€ TIPO-
JyKTUBHAa MOTHBYIOYA HaBYajlbHA JISJIBLHICTh, SIKA CTBOPIOE YMOBH IS CBIJIOMOTO
3aHYpEHHS B IHO3EMHY MOBY.

VY cTBOpeHHI OHJIalH-KypCy npodeciitHoro mpodiito MO>KHA BUJIIITUTH TaKi €Ta-
nu: BiAOIp 3MICTY; po3poOKa TEeMaTHKW; BUKOPHCTAHHS CTPATETid; OIlIHKA KypCY;
BHECEHHS 3MiH.

Crnix 3a3HaYUTH, 110 TIOPIBHSHO 3 TPAJUIIITHUM HaBYaHHSIM poOOTa 3 OHJIAMH-
pecypcaMu BUMarae BiJl BUKJIajada HabaraTo OiIblle CYTTEBUX YaCOBUX Ta €HEPIo-
BUTpAT. 3B1ICH BUIUIMBAE BUCHOBOK MPO HEOOXIJHICTh KOPEJALIi HABYAJIbLHOTO Ha-
BaHTA)KE€HHSI HAYKOBIIB, SIKI pO3pOOJISIOTH 1 3alPOBAIKYIOTh TaKi BUAM JISUIBHOCTI,
a TaKOXX OpraHi3alli creniabHUX KypCiB MABUIIEHHS KBaIi(iKallii.
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JIyist yCTHIITHOTO OBOJIOIHHS QHTIINWCHKOI0 MOBOIO TIiJ] Yac OHJIaH-HAaBYaHHS
HEOOX1THO: MPUKJIACTH 3YCUJIUIS II0JI0 CTBOPEHHS Ta MIATPUMKU CHPUSITIUBOTO KJTi-
MaTy y HaBYaJIbHOMY CITIBTOBAapHUCTBI MPOTITOM YChOTO KYpCY; 3AIyYUTH CTYACHTIB
JI0 CTBOPEHHS TaKoil CIUIbHOTH; BUKOPHUCTOBYBAaTH CUHXPOHHI Ta aCHHXPOHHI TeX-
HOJIOTIT JIJIs1 opraHizailii CreriajJbHOro MPOCTOPY B3a€EMOJIT BUKJIajaya W rpymnu Ta
PI3HOMAaHITHI METOAM CTUMYJIIOBAaHHS AUCKYCIM B IHTEepHETI; KpIM BUKOPUCTAHHS
HaBYaJIbHUX 3aBJ/laHb, 320X0YYBATH COLIAJIbHY B3a€EMO/IiI0, NT03aHABYAJIBLHE CILIKY-
BaHHs CTYJCHTIB MK COOOI0; JaBaTH JIHTBICTUYHI 3aBAaHHS, IO CIMIOHYKAIOTH 0
CIIBITpAIIi.

Pesynbratu omutyBaHHs cTynaeHTiB HamionanbHoro yHiBepcuretry «Onmechbka
MOpchKa akajaeMis» Ta Onecbkoi AepxkaBHOI akaaeMii OyAIBHUIITBA Ta apXITEKTypU
nokaszanu, mo 60% pecrnoHAeHTIB XOTUIM OM HABYATHCS aHTITIMCHKIA MOBI1, BUKOPH-
CTOBYIOUH OHJIAH-TeXHOJIOT1I. Ha OCHOBI MpoBeAeHUX JOCTIIKEHb OyII0 3p00JeHO
Taki BUCHOBKH: JAWCTAHIIITHE HABYAHHS MOYKE BUPIIIYBATU 3aBAAHHS 11010 GOpMY-
BaHHA y CTYJICHTIB KOMIIETEHIII}, MOB'A3aHUX 13 BUKOPUCTAHHAM 1H(POpPMAaIIIiHO-
KOMYHIKallIHHUX TEXHOJOTIH; JaHWM B ONAHyBaHHS 3HAHb BIJIOBiJA€ cTpaTerii
YHIBEPCUTETIB II0JI0 PO3BUTKY €JIEKTPOHHOTO HABYaHHSI.

['07OBHUM 1HCTPYMEHTOM HAIIOrO JOCTIPKEHHsSI CTaB HAaBYAJIBHUM EKCIIepHU-
MEHT, 110 CKJIaJaBCs 3 HACTYMHUX €TariB: OpraHi3alliifiHa miroToBKa Ta Bi0ip 3Mi-
cTy (po3po0Ka Kypcy MPaKTUYHUX 3aHATh, 3aBAaHb 1 MPAKTUKYMIB JJIS OI[IHKH SKOC-
Tl 3ACBOEHHX 3HAHb, YMIHb 1 HABUYOK; IMIATOTOBKA TECTIB 1 CUTYaLli 111 yCHUX Ipe-
3€HTalllil; po3p0oOKa MUTaHb ISl AHKETU 3 METOI0 CKJIAJIaHHS MPOQLII0 CTYAEHTIB 1
3BOPOTHOTO 3B'A3KY IIOAO KypCy; aHaji3 pe3yJIbTaTiB MPAaKTUKYMIB); MepeaeKcIie-
pUMEHTaJIbHUM 3pi13 (BU3HAYEHHS BHUXIJIHOTO PiBHSA C(HOPMOBAHOCTI aHIJTIOMOBHOI
1H(hOopMaIiHOT KOMYHIKAaTHBHOI KOMETEHIi CTYAEHTIB Ha IOYaTOK IPOBEICHHS
€KCIIEpMMEHTAJIbHOTO HABYAHHS; EKCIIEPUMEHTAIbHE HaBYaHHS (3pi3U 3 YCIX BH/IIB
MOBJICHHEBOI JISUIBHOCTI); OIIHKA Kypcy (MOPIBHSJIBHUN aHaNI3 €KCIIEPUMEHTAIb-
HUX JaHUX, BUCHOBKH); BHECEHHS 3MIH JI0 Kypcy (KOpeKilisl cTpaTerii MmiaroTOBKH
CTYJICHTIB B €KCIIEPUMEHTAIBHUX TPyIax, JOOMPAIIOBAHHS MaTeplaliB MPAKTUKY-
MIB).

VY npoBeneHii po6oTi HaMu Oy JOTpYMMaHi BCi 00'€KTHBHI (haKTOPH Te1arori-
YHOTO TPOIIECY, a caMme: HAsBHICTH ITiJIeH HaBYaHHS, 00JIIK MCUXOJOTIYHUX OCOOJIH-
BOCTEH Y4YHIB, 3QJIC)KHICTh METOIB BHKJIAJaHHS BiJ METH HaBYaHHS, HasBHICTb PO-
00401 MporpaMu HaBYaHHS, OpPraHi3allis yMOB HaBUYaHHS, KOHTPOJb YCIIIIHOCTI TO-
0.

Kpim 3aranpHOAUAAKTUYHUX, B OCHOBY OHJIAMH-KYpCYy OYyJIO TMOKJIaJICHO METO-
JUYHI MPUHIUIII, 110 BPaXOBYIOTh crielin(iKy HaOyTTs 3HaHb B OHJIalH-(DopMaTi, a
caMe: MPIOPUTETHOCTI CAMOCTIHHOTO HaBYaHHS; CHIJIBHOI JISJILHOCTI BUKJIagaya Ta
CTYJCHTIB; 1HJAUBIAyasi3allii HABYaHHS; aKTyai3allii pe3yJabTaTiB HaBUYaHHS; CBiJ0-
MOCTI HaBYaHHS; MYJIbTUMOJIAJILHOTO TOJIaHHs 1H(OopMaIrii.

[Tepen mouaTtkoM Kypcy OyJio MPOBEEHO BXiJHE TECTyBaHHS 31 BCiX BHIIB MOB-
JICHHEBOT JISITLHOCTI aHTIIMCHKOI0 MOBOIO (ayI1FOBaHHSI, YATAHHS, TUCbMa Ta TOBO-
PIHHS), a TAKOK aHKETYBAaHHS 3 METOIO BUSIBJICHHS CTABJICHHS CTYJEHTIB 0 poOOTH
OHJIAlH.
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3aBepiranbHe OMUTYBAHHS MMOKA3ajo, M0 /10 MepeBar AaHOi TeXHOJIOTI] B O11b-
IIOCT1 BUITAJIKIB CTYJIEHTHU BIJHOCSTH TaKli OCOOJMBOCTI, sIK: Oljibllie CBOOON Y BHU-
00p1 yacy BUKOHaHHS 3aB/iaHb; po0OTa 3 TOJATKOBUMHU PECYypCaMu; CTBOPEHHS YMOB
JUISL CITUIKYBAHHS 3 BHKJIaJadeM, a TaKOXK CTYJICHTIB Mik c00010 Ha (popyMax; MOXK-
JUBICTh YTOUHIOBATH HE3PO3yM1JIi MOMEHTH NPU BUKOHAHHI 3aBJaHb Y PEAIbHOMY
4aci; CBOEYAaCHE OTPUMAHHS OILIIHKY 332 BUKOHAHI pOOOTH Ta aHai3 JOMYIIEHUX T0-
MUJIOK.

Ha ocHOBi BuII€3a3HaYE€HOTO MOKHA JIATH BUCHOBKY, IO PI3HOMAHITHICTh Ta
JOCTYITHICTh €JIEKTPOHHHUX PECYPCiB y MPOIECi OHJIAWH-BUKIIAaHHS aHTIIHCHKOI
MOBHU B HEMOBHOMY BUIII BiI[KpI/IBaG MEBHI MOXJIMBOCTI Mpe3eHTallli HaBYaJIbHOTO
MaTeplaJIy B I{OCTyHHlI/I 1 MikaBiit ayia cryneHtiB ¢opwmi. [ToTentian kommn IOTepHI/IX
3ac00iB 1 nporpam 1HO3EMHOI0O MOBOIO JI03BOJISIE CTYACHTAM BU3HAUYATH 1HIUBIIY-
aNbHY TPAEKTOPII0 BUBUEHHS MIPEAMETA CAaMOCTIHHO.

3pi3u NoKa3aiu MO3UTUBHY AUHAMIKY PE3yJIbTaTiB OBOJIOIIHHS HABUYKAMU

YUTaHHS, TUChMA, ayJIIOBaHHS Ta TOBOPIHHS AHTJIMCHKOIO MOBOIO BITPOJIOBXK
Kypcy.

[IpakTuuHe 3HAYEHHS MPOBEACHOTO JAOCIIHKCHHS MOJISITae, B MEPILy Yepry, y
BUSBJICHHI HEOOX1HOCTI JIOAATKOBOTO PECYpCy 3 MIATOTOBKH (haxXiBIliB HEMOBHOTO
npodiyito 3 aHrIIACHKOI MOBU Ta PO3BUTKY iXHBOI 1HIIOMOBHOI KOMYHIKATHBHOI
KOMITE€TEHIII].

[lomanpmiuMu HampsiMKaul Hamoi poOOTI MU BBa)XKAEMO HACTYHI: aHami3 Ta
OIliIHKa METOJIMK OHJIaH-HABUYaHHsI, iX pO3po0Ka, 3aCTOCYBAaHHS B OCBITHBOMY MPO-
1[eCl Ta BU3HAYEHHS TPYJOBUTPAT BUKJIA/IAayiB, SIKI OPraHi30BYIOTh OCBITHIH MpOIIEC
13 3aCTOCYBaHHSIM OHJIAH-TEXHOJIOT1H.
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The most important ways of students mastering their listening skills

Listening skills are essential for any student to succeed academically and profes-
sionally. Good listening skills help students to understand instructions, comprehend
lectures, and effectively communicate with others. Unfortunately, listening skills are
often overlooked and undervalued in modern education. However, with some effort
and dedication, students can improve their listening skills and become better learn-
ers. In this article, we will discuss some effective ways to enhance students' listening
skills.

Active listening: Active listening is a critical component of effective communi-
cation. Encouraging students to listen actively means they shouldbe engaged in the
process of listening by asking questions and clarifying information. Active listening
can be encouraged by teachers by asking questions and facilitating discussions,
which require students to listen attentively to their classmates and respond accord-
ingly.

Remove distractions: One of the main reasons why students struggle with listen-
ing is that they are easily distracted. To improve their listening skills, students
should be taught to remove any distractions from their environment. This can be
done by turning off their cell phones, closing irrelevant tabs on their computers, and
keeping their study space free from clutter.

Visual aids: Visual aids such as diagrams, charts, and pictures can be a great way
to engage students' listening skills. These aids provide students with a visual repre-
sentation of the material being discussed, making it easier for them to understand
and remember the information. Teachers should use visual aids in their lectures and
encourage students to create their own visual aids when studying.

Note-taking: Note-taking is an effective strategy for improving listening skills as
it encourages students to actively engage in the listening process. By taking notes,
students are madeto listen carefully, select the most important information, and or-
ganize it in a way that makes sense to them. Teachers should encourage students to
take notes during lectures and provide guidance on how to take effective notes.

Practice listening exercises: Listening exercises can be a fun and effective way
to improve students' listening skills. These exercises can include activities such as
listening to audio recordings, watching videos, or participating in group discussions.
Teachers can incorporate listening exercises into their lesson plans to help students
practice their listening skills in a supportive environment.

Increase exposure to the language: Students' listening skills can also be im-
proved by increasing their exposure to the language. This can be done by encourag-
ing them to listen to music, watch movies or television shows in the language they
are learning. This can help students develop an ear for the language and improve
their comprehension skills.
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Provide feedback: Finally, it is essential to provide students with feedback on
their listening skills. Teachers should give constructive feedback on areas where
students need improvement and praise them for their progress. This feedback can be
given through assessments, class discussions, or one-to-one meetings with the teach-
er.

It should be pointed out that teaching listening skills to Maritime students is of
vital importance, literally and figuratively. Listening is a key skill for success in
modern maritime environment, as it allows students to comprehend instructions and
interpret information in order to make informed decisions and take appropriate ac-
tion.

In conclusion, listening skills are indispensable for academic and professional
success, and it is essential to improve them from an early stage. By implementing
the strategies discussed above, teachers can help students to become active listeners,
remove distractions, use visual aids, take effective notes, practice listening exercises,
increase exposure to the language, and provide feedback. By doing so, students will
become better listeners, which will lead to improved learning outcomes and a
brighter future.
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I'aBamox O.C., Ko3noBcrka JI.B.
[acTutyT BilicbkoBo-Mopcebkux Cuin
HamionansHoro YHiBepcuteTy «Onecbka Mopchka Akamgemisn

EdexkTuBHICTH IOEIHABYMX TEXHOJIOTiH Y HaBYaIbHOMY npoueci BBH3

I'6puana BifiHa pocii mpoTtu YKpaiHu mepenmporpamyBajia Bci cepu >KUTTS
yKpaiHChKOTro cycmiibcTBa. Lle mpu3Beno 10 meBHUX 3MiH B cpepi BUIIOI OCBITH 1,
0c0o0JIMBO, BHINOI BIMCHKOBOI OCBITH. ChOrojH1 3HAHHS MAalOTh 3a0€CIIEYHUTH HE
TUIBKU YCHIIIHY MiJATOTOBKY (DaxiBIlIB B YMOBaX BIMHM, ajie¢ 1 BUXOBATH 1HTEJIEKTya-
JBHY BICBKOBY €JIITy HaIlil, Ika 3MOXKe OTpUMAaTH IiepeMory Haja Boporom. [1] Taki
3aBAAaHHS CTOSTH TMEpe]l BUIIMMH BIIChKOBUMH HaBYAIBHUMU 3aKiaagamMu MiHiCTep-
cTBa oboponu Ykpainu (mani - BBH3) - 3akmagamu BuUIOT OCBITH Jep>kaBHOI Gop-
MU BJIACHOCTI, SIK1 3/IIICHIOIOTh Ha MEBHUX PIBHSAX BUIIOI OCBITU MIATOTOBKY Kypca-
HTIB JIJIsl TIOJAJIBIIOI CIIYOU Ha mocajaax o(]ilepchKoro CKiaaay 3 METOK 3aJ0BO-
neHHs notped 30poiinnx Cuil YKpaiHu Ta 1HIIUX CHJIOBUX CTPYKTYp JEpikKaBU — ic-
HYIOTh SIK BINCHKOBI HaBYaJIbHI MIIPO3/1IM 31 CBOEKD CTPYKTYpPOIO, CTaTycoM 1 (pyH-
kiismu. [1] B ymoBax BiitHu (B ocoOmuBmii mepioa) nepen BBH3 crosth Oiibin
CKJIQJHIII 3aBJaHHs, HK B MUpHHH Yac. [2] OgHuM i3 MeXaHi3MiB BUKOHAHHS Ta-
KHUX 3aBJIaHb MOXKYTh CTAaTH IMOEJIHABYI TEXHOJIOTIi y HaBYaJIbHOMY IPOLIECi, 5K Ie-
penbdavaroTh JOMOBHEHHS Ta MOEIHAHHS (POpMaiIbHOI OCBITH 3 HeOpMaIbHOIO Ta
camoocBiToro (iHpopmabHOIO OCBITOMN). [3,4] B IHCcTHTYTI BilichkoBO-MOpPCHKHX
Cun HarionaneHoro yHiBepcutety «Onecbka Mopcbka akanemis» ( pani IBMC HY
«OMA») Ha Kadeapi couiaqbHO-TYMaHITApHUX 1 (PyHIaMEHTAIbHUX AUCIUIUIH 3
MOJAHHS BeAy4yuX (haxiBIIiB Ta 1HILIATUBHOI KYPCAHTCHKOI MOJIOAl OyJIO MPOBEAEHO
JTOCTIKEHHS 110710 €(DEKTUBHOCTI TaKUX MOEJHABUUX TEXHOJIOTIM y HaBYAILHOMY
mporieci 3 raimy3i 3HaHb 25 «BoeHH1 Haykw, HallioHaJIbHA Oe3meka, Oe3meka aepKaB-
HOTO KOPAOHY» cheriaabHocTi 254 «3abe3neueHHss BiHChK (CHII)» creriami3artii
«MopanbHO-TICUXOJIOTIUHE 3a0€3MeUeHHs Y MiApo3aiIax, Ha Kopadiax BilicbkoBo-
Mopcbkux Cun 36poitnux Cun Ykpainu». B gocnimkeHH] NPUNHSAIN y4acTb Kyp-
cantu 2, 3 Tta 4 xypciB. Il yac po3poOku mporpamu TOCHTIIKEHHS Oyjia BUCYHYTa
rinore3a — MiABUIICHHS MOKA3HUKIB €()EKTUBHOCTI HaBYAHHS HA MPOTA31 CEMECTPY
MO>KJIMBE MPHU 3aCTOCYBAaHHI MOE€IHABUMX TEXHOJIOTIN y HaBYajIbHOMY mporieci. Jloc-
TpKeHHST mpoBoamiiocss B 2 eranu. Ha meprmomy etami Oynu mpoaHaidi3oBaHi pe-
3yJbTaTH HaBYAHHS KYPCAHTIB CreriaibHOCTI 254 «3abe3neueHHs: BIACHK (CHI)»
creriamnizaiii « MopallbHO-TICUXOJIOTIYHE 3a0e3MeUeHHs Yy MiIpo3iiax, Ha Kopadisx
BiiicekoBo-Mopcbkux Cun 30poitnux Cun Ykpainu». KoHTponbHUMU MOKa3HUKA-
MU CJIYTYBaJIM CEMECTPOBI MiACYMKOBI Pe3yJIbTaTU HaBUaHHS 3 (DaXOBUX JAUCIUTLIIH
aHAJOTIYHUX T'PYI 32 OcTaHH1 3 poku. B pe3ynpTaTi Oyna BU3HaueHa MEeBHA CTAOLIb-
HICTh B HaBYaHHI JIOCTIHPKEHUX TPYI 3 TEHJICHIIEIO JIO MIJABUIIEHHS SKOCTI OCBITU
MalOyTHIX 0QilepiB TAKTUYHOrO PIBHS Ha 3aMoBJeHHs 30poiiHux Cun YkpaiHu.
Tak sK BMHUKIIA HEOOXIJIHICTb MOUIYKY IHCTPYMEHTIB MiJBHUILEHHS SIKOCTI OCBITH
kypcanTiB IBMC HY «OMAY, npo 110 cBimuuiIn pe3yabratu | eTamy JOCHTiIKEeHHS,
OyJ10 MpUIfHSTE PIICHHS TTPO MPOBEACHHS 2 JPYroro eTamy JOCTiKeHHS BiITOBII-
HO JI0 BUCYHYTOI T1MOTE3M 00 MIABUIICHHS MOKA3HHUKIB €(DEeKTUBHOCTI HAaBYaHHS
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Ha TPOTA31 CEMECTPY 3 3aCTOCYBAHHSIM TMOEJHABYMX TEXHOJIOTIH y HaBYATHHOMY
nporieci. ['pynoro daxisiiiB kadeapu colianbHO-TYMaHITapHUX 1 PyHIaMEHTATbHUX
mucuumiiH IBMC HY «OMA» Oyna po3po0ieHa mporpama JOCTIIKEHHS 00
e(EeKTUBHOCTI BUKOPUCTAHHS IMOEIHABUMX TEXHOJIOT1M B HaBYaIbHOMY mporieci. I1ix
MOETHABYMMHU TEXHOJIOT1SIMH OYyJI0 BUBHAUYEHO Cy4acH1 OCBITHBO-1H(OpMAIIiiftHI TeX-
HOJIOT'11, SIK1 BKJIIOUalOTh B cebe: 1) TexHosorii ¢popmaibHOI OCBITH, BIAMOBIIHO J10
OCBITHBO-TIPO(ECIitHOT MporpamMu, 3riJHO OCBITHBO-TIPOPECIHHUX IporpaM, IUIaHIB
HaBYaHHs Ta poOOYMX MpPOrpaMm 3 HaBUAJBHHUX JAUCLUIUIIH, 2) TEXHOJIOTii Hedopma-
JIBHOT OCBITH , IO MOMOBHIOIOTH 3HAHHS KYPCAHTIB 3a ()axOM 1HCTPYMEHTaMHU CEeMi-
HapiB Ta TPEHIHTIB 3 TICUXOJIOTIi 3) TeXHOJOrii caMoocBiTH (1H(GOPMATHHOI OCBITH)
M1 YaC CaMOMIATOTOBKH 3 MPEIMETIB, sIKa € 00OBSI3KOBOIO CKIIQJOBOIO PO3MOPSIKY
IHS KypCaHTIB SIK OCOOOBOTO CKJIaay BiMCHKOBOTO HaBYAJBHOTO MiAPO3IUTY Ta
BKJIFOYA€E TIABUINCHHS 1HIWBITYyaIbHOTO CAMOPO3BHUTKY KYpPCaHTIB 3 JIOMOMOTOIO
YKpaTHChKUX IPOMAJICHKUX MPOEKTIB MACOBHUX BIIKPUTHUX OHJIAWH-KYypciB. [Iporpama
JOCIIKEHHS! €(PEKTUBHOCTI BUKOPUCTAHHS MOEAHABYMX TEXHOJIOTIH B HaBYAJIBHO-
My TIpoLIeci siBJsIa COO0I0 MOJIETh MOEHAHHS «TPU B OJTHOMYY, B SIKIH LIEHTpaIbHA
cdepa OXOIUToe TeXHOJOT1i (hopManbHOI OCBITH, a 1i OCHOBHI HANPSIMKH (B1JIOBI/I-
HO JIO MPOTPaM HaBUAHHS 32 CIEIIAIBHICTIO Ta CIIEIiali3aIli€l0) JOTOBHIOIOTHCS Te-
XHOJIOTiSIMHA HeopMasIbHOI Ta iH(opManbHOi ocBiTH. [3,4] Po3kpuTi B momepeaHix
HAYKOBUX TOIIIYKax TEXHOJIOT1I Bi3yali3allii B TpaJuIlIiHOMY HaBYAILHOMY IPOIIECi
BBH3 Oynu me pa3 nepeBipeHi MmiJl yac 2 €Tamy JOCHKEHHS 1 MOKa3ajiu CBOKO
e(eKTUBHICTh B HAYAJIbLHOMY IPOILIECi, IKa BUpa3uiacs B 30U1blIeHH] HAa 4% SIKOCTI
ocBiTh MaiOyTHIX odinepiB 3CY. JlocuTh pe3yabTaTUBHUMU BUSIBUIIUCS TEXHOJIOTI]
He(opManbHOI OCBITH , IO MOMOBHIOOTHh 3HAHHA KYpPCaHTIB 32 ()axoM 1HCTPYMEH-
TaMU CEMIHApiB Ta TPEHIHTIB 3 MCcUXOoJorii. 'pynoro ¢axiBuiB kadeapu coriaibHO-
ryMaHiTapaux 1 ¢pynaamentanbHux aucuuiuiin IBMC HY «OMA» Oyna Hanaro-
JUKEHA CIIBMpAIs 3 TPOMAJICHKOIO OpraHi3allielo «YKpaiHchka BUIA MEAUYHA KO-
nay. CHuUTbHUMH 3YCUJUIAMH B TI03aypOYHMM Yac OyJI0 TPOBENCHO KiJbKa CeMiHapiB
Ta TPEHIHTIB JJIs1 KypcaHTiB 2-4 kypciB IBMC HY «OMAy, 10 BKITI0YaI0 MiATOTO-
BKy B cuctemi TRIM. B pesynbrati kypcantu 2-4 xypcis IBMC HY «OMA» nHe
TUTBKH OTPUMAaJIU JOAATKOBI BUCOKOTO PIBHS 3HAHHS 3a CHCIIaIbHICTIO Ta CIeIiali-
3aIli€ro, ajge ¥ 3MOMIM MPAKTUYHO X peayizyBaT IMiJ Yac CEeMiHapiB Ta TPEHIHTIB,
IO BiJI3HAYEHO B OTPUMAHUX IMEHHHUX cepTHdiKaTax «YKpaiHChKOI BUIIOI MEIHU-
HOi mkoJmy». L1 cepTudikatu gar0Th MOXIMBICTh MaOyTHIM odinepam 3CY mpo-
BOAUTH MO10HI CEMIHAPH Ta TPEHIHTH B CBOI MIAPO3JUIaX HA BIANOBIIHUX MOCAaX
3 METOI0 MOKPAIIEHHS MOPaIbHO-IICUXOJIOTTYHOTO CTaHy MIAJIETJIMX BIMCHKOBOCITY-
»KOOBIIIB B OCOOJIMBHI Mepio/ BIHHU Ta MUPHHI Yac.

Jocuth epeKTUBHUMH BUSIBUJIUCS 1 TEXHOJOTIT 1H(HOPMaNbHOI OCBITH, 110 TO-
MOBHIOIOTh 3HAHHS KYPCAHTIB 32 ()axOM 1HCTPYMEHTaMU TEXHOJIOT1 CaMOOCBITH 1/
9ac CaMOIIATOTOBKH 3 TIPEIMETIB, IKa € 0OOBSI3KOBOIO CKJIaJI0BOIO PO3MOPAIKY JIHSA
KypcaHTlB K 0cOO0BOTO CKJIaAy BIHCHKOBOTO HABYAIBLHOTO MIAPO3/IIY Ta BKIIOYAE
MIBUILEHHS 1HIWBIIYaJIbHOTO CAMOPO3BUTKY KYPCAHTIB 3 JOMOMOTOI0 BLIKPHUTHX
oHJaiH-KypciB. Oxuum i3 Hux crtaB Prometheus (ykp. [Tpometeyc) — ykpainchbKuit
IPOMAJICEKUM TIPOEKT MAaCOBUX BUIKPUTHUX OHJIAWH-KypciB. Kypcantu 2-4 KypciB
IBMC HY «OMA» Haguxaiucs rOJIOBHOIO METOI0 MPOeKTy [Ipomereyc - Ge3kor-
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TOBHUM HAJIaHHSIM OHJIAH-IOCTYIy 0 KYpCiB YHIBEPCUTETCHKOTO PiBHS BCIM Oa-
xarounM. [1i1 9ac camoIiArOTOBKU B IIbOMY HAIIPSIMKY BOHH 3aCBOIIH KypcC «3acTo-
CyBaHHsI TEXHOJIOT1 B YMOBax BIHHM» 1 OTpUMaJIu BIANOBITHUN cepTudikaT. Takui
ceptudikar Ja€e  MOXIMBICTb  MalOyTtHiM  odiuepam 3CY  npoBoauTu
pO3’ICHIOBAIbHY pOOOTY 3 MUTaHb €()EKTUBHOCTI 3aCTOCYBAHHS TEXHOJIOTIH B yMO-
Bax BIHM Ta MUPHHUH Yac B CBOI MIpO3/iiaxX Ha BIATOBIIHUX MOCAaX 3 METOIO MO-
KpaIlleHHs] MOPaJIbHO-TICUXOJIOTIYHOTO0 CTaHy MiJJICTJIUX BICHKOBOCITYKOOBIIIB. Sk
BHCHOBOK 3 HayKOBOTO TMOIIYKY 3a3HAYUMO: PE3YyJbTaTH JOCIIIKEHHS IMOKa3allu
e(eKTUBHICTh 3aCTOCYBaHHS IOE€JHABYMX TEXHOJOTIH y HABYAIbHOMY TPOIIECI
BBH3: 3arikaBneHicTh KypcaHTIB B OUIbII IIHOIIOMY 3aCBOEHHI 3HaHb 3 Mpodecii
TIIBUIMIIA SIKICTh OCBITH Ha 7%. ['imoTe3a, ik HayKoBe mepea0avyeHHs], BUCYHyTa Ha
MOYATKy JOCTIDKeHHS, TmiaTBepaAmIaca. To0To, moeaHaBYl TEXHOJIOT MOXYTh BHU-
KOPHCTOBYBATHCS B HABYAJLHOMY IIPOIEC] 3 METOIO MiABUILIEHHS €()EeKTUBHOCTI Ta
SAKOCT1 OCBITH MalOyTHIX O(ilepiB TaKTUYHOTO PIBHS Ha 3aMOBJICHHS 30pOWHHX
Cun Ykpainu. Tak sk gochipkeHHs OyJio BHOIPKOBUM 1 OJIHOPA30BUM, MOMKEMO
POTHO3YBaTH PO3TOPTaHHS LIJIOTO HAMPSMKH TaKUX JOCHIKEHb. BOHU MOXYTh
OyTH BUCBITJICHI B HACTYITHUX ITyOJIiKaIIisX.

CIIMCOK BUKOPUCTAHOI JIITEPATYPHU
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New rules and new solutions

As the world becomes more conscious of the environmental impact of human
activities, efforts are being made to reduce harmful emissions from various sources,
including shipping. Shipping is a vital part of global trade, but it is also a significant
source of air pollution, with ships emitting a range of pollutants such as sulfur ox-
ides (SOx), nitrogen oxides (NOx), and carbon dioxide (CO2).

In 2023, the International Maritime Organization will implement new regula-
tions that aim to reduce harmful emissions from ships. These regulations are part of
the IMO's efforts to achieve its goal of reducing greenhouse gas emissions from
shipping by at least 40% by 2030 and 70% by 2050 compared to 2008 levels.

International Maritime Organization (IMO)

The International Maritime Organization (IMO) is a specialized agency to the
United Nations that maintains the safety and security of maritime transportation and
prevents pollution caused by international shipping activities

New regulations

IMO provided a lot of emission regulations since 2011 and new one from 1
January 2023 tells that it will be mandatory for all ships to calculate their attained
Energy Efficiency Existing Ship Index (EEXI) to measure their energy efficiency
and to initiate the collection of data for the reporting of their annual operational car-
bon intensity indicator (CII) and CllI rating.

e The Energy Efficiency Index of Existing Vessels (EEXI) which is based on their
technical design such as vessel type, date of creation, size and according to the
baseline. Non-compliant vessels will have to upgrade their engines to continue to
travel.

e The Carbon Intensity Indicator (CII), which is annual and scalable to 2024, is a
link between GHG (Greenhouse Gas) emissions and the ratio of cargo carried to
distance traveled. By 2023, all vessels must have an established CIl and will re-
ceive a graded grade from A to E, where A is the best. A ship rated D or E for
three consecutive years must submit a corrective action plan to show how the re-
quired index (C or above) may be achieved.

This regulations can make a lot of problems like increasing shipping prices

but in the same time they are pushing ship owners to improve their vessels.
The impacts on international shipping

To comply with IMO requirements, shipping companies will have to assess
and bring their vessels into compliance if necessary.

On the one hand, the impacts to be expected are economic with a possible in-
crease in shipping costs to help pay for new technologies and the price of biofuels.

On the other hand, organizational impacts such as :

e The detention of old vessels for compliance
e A potential decrease in capacity due to the reduction in speed
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e An increase in transit time, with disparities between routes.

e Disruption of charters due to the reduction in speed to reduce fuel consump-
tion.

Impact of the new IMO 2023 emission regulations on the world's economy

and marine shipping industry

Increased Costs: The implementation of the new regulations will result in in-
creased costs for the shipping industry. Retrofitting ships with new engines or
switching to cleaner fuels can be expensive, and the cost of compliant fuels, such as
low sulfur fuel oil, is expected to be higher than traditional heavy fuel oil. These in-
creased costs may lead to higher transportation costs for goods, which could ulti-
mately be passed on to consumers.

Investment in new technologies: The new regulations will require the devel-
opment of new technologies and fuels that can help reduce emissions from ships.
This is likely to create new business opportunities and potentially lead to job crea-
tion in the industry. The development of new technologies may also result in re-
duced costs over the long term, as more efficient and sustainable solutions are im-
plemented.

Potential Disruptions to Trade: The implementation of the new regulations
could result in disruptions to trade, particularly for countries and regions that rely
heavily on shipping. There may be delays or even cancellations of shipments as
companies work to comply with the new regulations, and the higher costs associated
with compliance could make some routes or modes of transportation economically
unviable.

Alternative fuels

There are many things a ship can do to improve ship’s rating. Many efficiency
improvements and emissions reduction pathways are being executed by carriers,
such as hull cleaning to reduce drag, steam speed adjustment, routing optimization,
and fuel switching.

One of the best option for environment and ship owners to obey the rules is
shifting fleet on alternative fuels. Now they are considering the various options for
alternative fuels and propulsion methods for their vessels. The less established, and
In some cases, not yet available fuel types, may present sourcing, storage, and sup-
ply challenges.

There will be supply issues, even if the alternatives are employed just as “dual
fuels,” where they are mixed with heavy fuel oil (HFO) or very low sulfur fuel oil
(VLSFO) in order to be able to ignite within the vessel engine cylinders. Examples
of dual fuels include:

e Liquefied natural gas (LNG) and liquefied petroleum gas (LPG).
e Proposed alternative marine energy sources, such as methanol, ammo-
nia, and hydrogen.

With the gradual arrival of alternative fuels and propulsion methods in the
shipping sector, there are now more opportunities to opt for greener energy sources
to cut carbon emissions. However, vessel engines may need substantial modifica-
tions in order to be able to use such fuels, even as dual fuels.
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Of course alternative fuel now is unpopular so shipowner have to check the
ports along the route are able to source and supply them and whether they will offer
guarantees as to the quality of the fuel supplied. Also, ship crews need to be trained
in handling these new fuels, as some are known to be more caustic and errors could
lead to substantial losses and potentially to crew injury.

However, the adoption of alternative fuels is still in its early stages, and there
are several challenges to be overcome, such as the availability and infrastructure for
these fuels, as well as their cost and energy density compared to traditional fuels.

Overall, the new regulations that will be implemented by the IMO in 2023 are
a significant step towards reducing harmful emissions from shipping. They will re-
quire the industry to make significant changes to the way it operates, but they will
also bring benefits in terms of improved air quality and reduced impact on the envi-
ronment.

REFERENCES:
1. https://www.imo.org/en/MediaCentre/PressBriefings/pages/Cll-and-EEXI-

entry-into-force.aspx

2. https://www.bansard.com/en/news/imo-2023-maritime-decarbonization-
requlation-what-you-need-to-know

3. https://www.marsh.com/jp/en/industries/marine/insights/shipping-industry-
faces-new-standards-on-carbon-emissions-from-2023.html

4. https://www.breakthroughfuel.com/blog/imo-2023-the-next-wave-of-
international-shipping-emissions-requlations/

5. https://www.bdpinternational.com/bdp-blog/less-than-6-months-until-imo-
2023-is-your-business-ready
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Theme of article: New Technologies in the Marine Industry

1. Digital twin of the vessel
Just like the name suggests a digital twin of a ship is another digitally simulat-
ed ship identical to its former.
A digital twin of a ship aims to improve the safety and efficiency of ships via
advanced data analysis technology based on real-time remote monitoring and
digital information on the physical and electrical state of the ship.

2. New ways of the route forecasting
With increasing technology and advancements, weather routing is done by
collection of oceanographical, and meteorological data and data received from
weather satellites and good forecasting techniques.

3. Enhanced crane operation in port
Automated robot cranes (arc) uses artificial intelligence technology and can
perform tasks autonomously or be controlled remotely by humans.

4. Fuel consumption optimization
There have been many innovative ways and technologies to incorporate fuel
saving and lower emissions such as air lubrication in which a carpet of air
bubble is formed on the ship's hull to reduce friction between the hull and the
water.

5. Hull monitoring robots
Nowadays robotics have also entered the hull maintenance and monitoring
operations during dry docking and underwater cleaning as well including rota-
ry brushes , high pressure and cavitation water jet technology, ultrasonic tech-
nology and laser cleaning technology.
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Future of maritime industry. Autonomous ships.

The internet of things (IoT) is enabling automation in a variety of industries,
as machine learning and Al-powered (artificial intelligence) technologies assist in
the processes once delegated to human operators. One sector reaping the benefits of
smart tech integration is the maritime industry.

Thanks to the ever-increasing possibility of reactive machinery, the possibility of
fully-autonomous shipping vessels at sea is inching closer to reality.

Precious cargo

The shipping industry has long been cyber-dependent to assist in open-water
operations. From navigation to communications, cargo transfers to systems monitor-
ing, the nautical freight sector has taken advantage of the latest Al integrations.

However, projections detailed in the Global Maritime Technology Trends
2030 report outline the possibility of unprecedented IoT reliance: Fully automated
freighters. The naval industry has long focused on improving safety outcomes by
removing workers from dangerous and mundane jobs.

What is an Autonomous Ship? Autonomous ships are highly automated (au-
tonomous) or remotely controlled ships and their operating system. These ships use
the latest technology, such as 10T, ICT, data analysis technology and onshore moni-
toring/control bases connected by broadband communication, and automatically op-
erate a part of or all of onboard tasks associated with ship operations, such as ob-
serving its surroundings (lookout), equipment status monitoring, ship maneuvering,
engine control, cargo management/loading, docking and undocking, and others. Au-
tonomous ships are said to contribute to improving the safety and efficiency of mari-
time transportation, the work environment and workplace attractiveness for seafar-
ers, and increasing the competitiveness of maritime industry, such as marine trans-
portation, shipbuilding, and other maritime business.

Figure 1: IMO definitions of autonomous ships (provisional)
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Source: Compiled by MGE55] based on IMOD press briefing, "IMO Takes First Steps to Address
Autonomous Ships® (May 2018)

The shift towards autonomous, or 'stand-alone' systems, will see the imple-
mentation of interconnected intelligent programs to the level of complete computer-
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controlled vessels. While current advancements in marine tech allow for semi-
autonomous navigation by removing engine-room and crew staff, the report esti-
mates that by 2030, long-distance nautical hauling could be performed strictly by
remote-control capabilities of smart tech.

Robot remote control

The integration of sensors and robotics technology to replace human operators
Is already underway. Frontiers in robotics and Al reports of studies detailing the po-
tential of sailing robots for at-sea operations undertaking both long durations and ex-
treme elements.

Prototypes have seen successful outcomes, with some autonomous sailing
achieving long-term operation. Future deployment possibilities are being reviewed
for energy efficiency and monitored for propulsion and steering precision. The inte-
gration of sufficient solar panels will be a key factor in ensuring these clean energy
experiments have real-world viability.

Big data, big iceberg

One of the key considerations regarding the automation of cargo vessels is the
vast amount of data needed in order to chart and execute a nautical operation. From
world meteorological and oceanographic data, to traffic information and machinery
performance diagnostics, the amount of analytics tasked to a conditioning monitor-
ing system is gargantuan.

Big data involves the deployment of a large number of algorithms designed to
capture correlation and interpret outcomes. This level of processing calls for ‘dynam-
ic learning,’ or intuitive inter-systems communication using loT infrastructure.

As maritime operations become fully automated, decisions as to where this
big data is stored will have to be made. Processing advantages exist for on-ship
servers, however oversight from land-based systems affords real-time human re-
sponse outcomes.

Cognitive systems mimicking human data interpreters will adapt from a deci-
sion-tree-driven approach to the execution of a probabilistic approach. Al and ma-
chine learning performance monitoring, alert systems and situational awareness al-

gorithms work together to essentially replace the need for sailors in the future.
Figure 3: Causes of cargo ship accidents in Japan (2018)
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Automated shipping coming to Europe’s waters

European researchers are participating in this push and designing ships with
varying degrees of autonomy. Two ships bound for automation already sail across
Europe today. The first is a carrier that delivers fish feed along the west coast of
Norway. The second is an inland cargo barge that operates in Flanders, the northern
region of Belgium. Both are to be retrofitted for autonomous sailing as part of a pro-
ject called AUTOSHIP.

‘The use-cases are very different,” said Jason McFarlane, Research & Innova-
tion Manager at the Norwegian company Kongsberg Maritime, a participant in
AUTOSHIP. ‘One is a short sea route off Norway, which has significant weather
challenges. The inland route, in turn, requires the ship to operate in a confined wa-
terway, often in areas where navigation is more challenging than in open seas.

McFarlane says there are several reasons to automate shipping. One is to in-
crease the attractiveness of water-based transport, where labour can often be a sig-
nificant proportion of operating costs. Another is to reduce road traffic and cut emis-
sions. McFarlane notes that one barge, like the one they are testing in Flanders, can
carry 300 tons of cargo which would replace 7,500 truck journeys per year. Accord-
ing to calculations from AUTOSHIP, this would reduce CO2 emissions per km by
90%. McFarlane says that automated ships could also sail more efficiently than if
they had human operators, optimising for engine power and speed.

In 2016 BIMCO, the largest association of shipping companies in the world,
published a study which projected that by 2025 there would be a shortage of
150,000 maritime officers worldwide. Automation, whether full autonomy or a par-
tial system like NOVIMAR’s, could help fill that gap.

It’s also why van Heusden-van Winden argues that NOVIMAR wouldn’t
deeply impact the prospects of workers in the shipping industry. ‘Our technology is
not a threat to them,” she said. ‘It will probably require workers to become more
qualified, but it will also mean that their skills and labour will be utilised more effi-
ciently.’

REFERENCES:
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Some new modern methods of teaching English

Over the years different science, theories, and learning styles were developed
in terms of teaching foreign languages. You won’t find the best, the one and only
method of teaching English. Choosing the proper teaching style depends on stu-
dents’ skills and abilities. So in this article, we listed some fresh ideas on how to
learn a new language and how to choose the right method of teaching English in
2023.

While traditional methodologies such as the audio-lingual and direct methods
still offer useful elements, they’re clearly outdated in the modern classroom. The
communicative approach, which was in vogue in the late ’90s, is still widely consid-
ered as the latest advancement in modern language teaching.

However, things have changed over the years, and though it was one of the most
effective methods of teaching English to young students, it no longer considered the
same now. This is due to various reasons, maybe because:

. the present generation gets exposure to the world through social media

. their knowledge base is augmenting by the information available on the inter-

net

. the students nowadays are more impatient and to grab their attention, teaching

methods need to cater to their dynamic thinking process.

The prevalence of social media and the internet as a whole have changed the way
people learn languages—for the better. It’s imperative for modern language teachers
to address the needs and interests of today’s students.

1. Task-based approach

The task-based approach in teaching English isolates individual skills and com-
petencies in order to teach students things, which they actually need to know, in or-
der to meet their goals and objectives.

The tasks in this method should be based on common real-life situations, which a
student may encounter, i.e. being on holidays, while talking to foreigners in a hotel,
at an airport or in a restaurant, shipboard practice. So, a task-based approach would
be teaching how to order a meal in a restaurant, how to book a hotel room, or per-
haps more advanced tasks like voicing their opinions about politics or getting infor-
mation about drills. With this approach, the language taught revolves around the task
itself, not the other way around.

For this method to work, teachers must understand their students’ needs and eX-
pectations well. Without that, it’s impossible to design lessons which will help stu-
dents succeed in particular situations. Grammar, vocabulary and language skills are
just the vehicles that enable students to achieve their final outcomes.

Teachers who decide to use the task-based approach should always ask them-
selves a question — why are my students learning English? The answer to that ques-
tion will help develop a solid program that’s relevant to students.
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In general, everything you teach needs to be relevant to the students’ environment,
as students are the focal point of the teaching and learning process.

The task-based approach represents a significant paradigm shift since the fo-
cus on content has shifted to skills and competencies. So, planning and design aren’t
about what’s taught, but why it’s taught.

Educators must then look at ways to help their learners achieve their personal and/or
professional goals.

2. Project-based Approach

Project — based approach is a teaching and learning method in which learners
gain knowledge and skills while investigating a problem or question that is extended
over time. For the English language learners , this can be more engaging than study-
ing words and skills in an abstract way. The language can be used in authentic pur-
pose which gives the language context and relevance. Learners develop content
knowledge as well as critical thinking, creativity and communication within a mean-
ingful project.

Much like the task-based approach, the project-based approach is meant to ad-
dress students’ real needs by adapting language to the skills and competencies they
truly need personally and/or professionally.

The application of this approach begins by determining the one, global objective that
the individual or group of students have.

As a teacher, you need to ask yourself why your students have come to learn
English. Now keeping their requirements in mind, you need to devise a project
which the learner works on. The project might be a presentation.

3. Lexical Syllabus

While the previous two approaches focus heavily on the skills and competencies
that students need to develop, this approach focuses on what language students actu-
ally need to produce. In particular, the actual words that students need to understand
in order to conduct specific tasks.

This approach is based upon the core language that students need to know given
their needs. Again, professional students need very specific vocabulary pertaining to
their field.

Moreover, any other language taught outside of this core language is meant to be
supplementary and intended to enable students’ communication within their respec-
tive fields. Topics such as movies and hobbies may take a back seat to things like
booking a hotel or describing work experience. Nevertheless, there are common
skills in all fields, such as saying your name or providing personal information.

Since this approach focuses on content, tasks and homework assignments should
focus on students’ true needs. Therefore, assessment should be based upon what stu-
dents actually achieved. Examples of these assessments include writing an email for
a job application or arranging a time for an interview.

This approach requires teachers to understand what students really need right
away, focus on that, and then expand students’ horizons as their communication
skills develop. The good news is that there’s quite a bit of research on this topic,
leading to word lists teachers can focus on.
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4. Spaced repetition technique

Spaced repetition is a technique that focuses on increasing intervals between pre-
viously learned and acquired material to retain maximum information. According to
scientific reports, it works mostly because frequent repetition helps our memory
maintain existing knowledge. Once we learn something new, systematic revision at
intervals helps us remember a more significant percentage of the material.

To make this teaching method work, you need to practice the previously learned
vocabulary, phrases or grammar rules with increasing intervals. At first, it can be an
hour, then a day, then once a week, then monthly etc. If you recognize a new piece
of English information right away — you know it already very well. If not, you need
to keep reviewing it more often.

5. Using quests in the teaching process

Quests are one of the most popular modern gaming tools. The name speaks for it-
self, as the word “quest” means there will be adventures. It already means that stu-
dents will encounter challenges, riddles and mysteries that they have to solve by us-
ing English!

Usually, quests are built in a way that makes us follow a certain route divided in-
to a few stages. Each stage gets us closer to the main goal — to get the objective. In
order to get it, we need to do challenges and tasks in various stages of the quest by
using the knowledge and skills that were learned during English lessons. Using
quests in the teaching process motivates students to keep learning English.

6. Online learning

The latest trend in teaching and learning English in the XXI century is online
learning. There are various types of online technology to consider, such as virtual
tours, web-quests, and, of course, many flavors of gamification. When teaching Eng-
lish online, 1t’s important to implement a good combination of the aforementioned
methods into the lesson and keep a good pace. Otherwise, our brains will get over-
loaded, and won’t remember much of anything.

Even if you use modern teaching techniques, such as online learning with a na-
tive speaker, it is important to constantly practice and acquire communication skills
in English. Communication based on real-life situations is always crucial in the pro-
cess of learning a new language.

7. Using Smartphones in the Classroom

Since just about everyone has some sort of internet access or data plan, banning
smartphones may end up being a lost opportunity to further enhance learning experi-
ences.

Love them or hate them, smartphones are a part of modern life. Many teachers
consider them to be a distraction since most students hate to part with them. Is there
a common ground?

Smartphones provide many useful tools for students such as dictionary, translator
and grammar reference apps. Much like computers, students need to understand that
their phones aren’t for play or personal use, but to be used as learning tools.

A good example of how smartphones enhance classroom learning is the scaven-
ger hunt exercise. Here, students must go through websites to find the information
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they need to fill out a worksheet. Students can also use their devices to access free,
online exercises that reinforce language and/or skills seen in class.

The key issue here is to be creative with the use of smartphones. Other uses for
smartphones in the classroom could be polling apps, surveys or even recording, yes,
recording! Students can record themselves in action, which is perfect helping them
receive feedback on specific tasks and activities.

Bringing It All Together

While traditional approaches do provide a solid foundation for effective lan-
guage teaching, it’s important to understand that these techniques don’t always ad-
dress students’ current needs. In fact, the communicative approach, still widely
preached as the latest and greatest approach, is already due for a makeover of its
own.

Language teaching has its challenges. Most of the time, it is a foreign lan-
guage that the learner can’t pick up from his/her surroundings, and you should teach
patiently and systematically so that the students become confident and can read,
write and speak the language effortlessly.

The English language is the language of the world, and English teachers have
changed their methods of delivery over the years to suit the present scenario, which
fulfills the demand of modern learners.

Always remember to tailor the teaching method to your students’ interests and
needs. Also, with the right motivation to learn English, the students are more likely
to succeed. So in order to choose the right method of teaching English to your stu-
dents, start with understanding why they need or want to learn the language and then
focus on the best technique to achieve their goal.

REFERENCES:
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2.https://www.fluentu.com/blog/educator-english/new-methods-of-teaching-
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3.https://www.novakidschool.com/blog/how-to-teach-your-child-english-modern-
methods-and-techniques/
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Modern cleaning equipment of exhaust gases from ships’ internal combustion
engines
As well as pollution of air increases year by year, MARPOL 73/78 introduces

new amendments regarding air pollution from ships. So that the shipowners and
shipbuilders must ensure compliance with the new requirements and for that purpose
engineers all over the world develop new cleaning systems as EGCS (Exhaust gas
cleaning system) & SCR (Selective Catalytic Reduction). I suggest you looking into
their working principles on the example of systems installed on 38,000 m3 CLASS
LPG/NH3/VCM CARRIER YUKON.

I. MARPOL requirements

Requirement from the International Maritime Organization(IMO)

Currently, the regulation on air pollution is becoming strengthened worldwide, and
IMO adopted the “Amendments to MARPOL Annex VI” at the 58th MEPC(Marine
Environment Protection Committee) meeting held in October 2008. The fuel type
was not separately stipulated, but the use of the fuel containing sulfur is restricted, as
shown in Table 1 below.

Table 01 : IMO Sulfur Oxide (SOx) Discharge Restriction Criteria

Applicgble Applicable Year and Discharge Restriction Standards
Region
All Seas Previous From Jan. 1, 2012 From Jan. 1, 2020
(Global imit) | | ecs than 4.5% m/m | Less than 3.5% m/m | Less than 0.5% m/m
Sulfur Emis- Previous From Jan. 1, 2012 From Jan. 1, 2020
sion control

Area (SECA) Less than 1.5% m/m Less than 1.0% m/m Less than 0.1% m/m

SECA includes: Baltic Sea area.North Sea area.United States Caribbean Sea
area (near Puerto Rico and the United States Virgin Islands). North American area
(covering designated Pacific and Atlantic coastal areas of the United States and
Canada, including Hawaii)

Regulation 14 of Annex VI requires ships to use fuel oil with a sulphur con-
tent not exceeding that stipulated in regulations 14.1 or 14.4. Regulation 4 allows,
with the approval of the Administration, the use of an alternative compliance method
at least as effective in terms of emission reductions as that required by the Annex,
including the standards set forth in regulation 14. The Administration of a Party
should take into account any relevant guidelines developed by the Organization per-
taining to alternatives provided for in regulation 4.

Similar to a NOxemission reduction system, an exhaust gas cleaning (EGC) unit

may be approved subject to periodic parameter and emission checks or the system

may be equipped with a continuous emission monitoring system. These guidelines

have been developed with the intention of being objective and performance oriented.
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Furthermore, use of the SO2(ppm)/CO2(%) ratio method will simplify the monitor-
ing of SOX emission and facilitate approval of an EGC unit. See MEPC.259(68) ap-
pendix Il for the rationale explaining the use of SO2(ppm)/CO2(%) as the basis for
system monitoring. Compliance should be demonstrated on the basis of the
SO2(ppm)/CO2(%) ratio values in table 2.

Table 02 : Fuel oil Sulphur limits and corresponding emissions values

Fuel oil Sulphur content (% m/m) Ratio emission SO, (ppm)/CO,(% v/v)
4.50 195.0
3.50 151.7
1.50 65.0
1.00 43.4
0.50 21.7
0.10 4.3

Moreover, the regulation on the quality of water during the wash water discharge is
de-fined in the IMO Scrubber Guidelines MEPC.184, and the following criteria are
given for the water quality of the discharge water, as shown in Table 03.

Table 03: Wash Water Discharge Criteria

Wash water Discharge Criteria
Inlet pH PAH Turbidity
) pH PAH Turbidity
Discharge
>6.5 50ug/L (@45t/MWh) < 25NTU

Requirement from the European Union(EU)

European Union (EU) introduced a directive for restriction on the discharge of sulfur
dioxide (EU Directive 2005/33/EC). The contents of the Directive are same as the
IMO MARPOL Annex VI, and the details are shown in Table 04below.

US EPA(Environmental Protection Agency) VGP(Vessel General Permit)

The ships at over 3 miles from the US coast must obtain the application range of the
ship discharge license system when entering the sea starting from Dec. 19, 2013.
The allowed discharge standard is for pH, PAH, turbidity, nitrate and nitrite, and is
similar to the IMO regulation. The wash water discharged from the exhaust gas pro-
cessing device must be measured when discharged during operation and shipping,
and pH must be over 6.0. This difference mustbe measured at the entry of the ship
and the discharge outlet.
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Table 04: Criteria on Emission of Sulfur Oxide (SOx) in EU

Applicable | Regulated | Application

Region Regulations Period Description
Marine fuels used by inland waterway vessels
and ships at berth in EU ports: Less than 0.1%
m/m sulfur by weight.
1. Record on logbooks for fuel changeover time
2. Signature and storage of fuel oil sample
3. At berth includes ships which are anchored,
_ on buoy and securely moored while loading
’ELBF?’T_? ”/‘ or unloading
orts oo : .
Inland 2005/33/EC | 2010.01.01 4. All forms of I_’uel ail, mc_ludlng the fuel oil
used in engine and boiler, etc.
Waterway ~ )
Vessels 5. Exclusions

A) During sail of ships (Only applicable at
berth)

B) Fuel oil of ships used for the purpose of s
hip’s safety and saving lives

C) Berthing for less than 2 hours or ships
which switch off all engines and use shore-
side electricity while at berth in ports

II. PANASIA Company EGCS (Exhaust gas cleaning system)

System overview with control panel

System type for this project is open mode with multi inlet U-type Scrubber unit.
*Open mode :

The open mode system uses the sea water as wash water.

It is an exhaust gas cleaning process using thenatural SOx removal capacity of the
sea water.

The sea water’s natural SOx removal capability is also relatedto salinityand alkalini-
ty of the sea water. Salinityand alkalinity of the sea water varies depending on the
location,time of a year and coastal region.Wash water taken from sea chest is
sprayed into the scrubber and is discharged to overboard without being reused.

The exhaust gas pipes from the combustion units are connected to the scrubberunit.
By-passing of scrubbers is possible with bypass dampers.The bypass arrangement
permits the operation of engines during scrubber service breaks or when the scrub-
ber is not needed.

*U-Type:

The foot print of the U-Type scrubber takes a wider and lower form as compared to
the I-Type. The U-Typescrubber system’s each exhaust gas discharge medium (main
engine, generator engine and boiler) hasseparate bypass, and the dry mode is not
possible. Packing is used inside the scrubber and the internalpressure is designed to
be less than 150 mmAQ.

*Multi inlet scrubber system:
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Amulti-inlet scrubber systemis equipped with exhaust gas connection parts,the ex-
haustgas is in flown into the scrubber through different inletsfrom separate exhaust
gas discharge medium (mainengine, generator engine and boiler).

It is efficient when operating conditions are diverse and theflow of exhaust gas is
very different depending on conditions.

*The maximum sulfur content of the fuel used is 3.5%.

+SOx within the exhaust gas is removed to the level below 0.1% sulfur contentof the
fuel used.

*The property of the sea water is alkalinity of 2,200 umol/L, and pH of 8.22.

«If the alkalinity is low, additional sea water or alkali may be used.

Process description

In the open mode system, the sea wateris supplied by sea watersupply pumps.

The quantity of wash water is controlled through VFD(Variable Frequency Drive)in
order toeffectively remove SOx according to the discharge of exhaust gas by meas-
uring salinityand alkalinitywithin the sea water.The wash water used for scrubbing
processis discharged to the sea.

VFDto adjust of the amount of seawater is controlled by PLC in the control panel.
Wash water is monitored inWMS(Water Monitoring System)measuringPAH, Tur-
bidity and pH value of washwaterto meet the requirements of MEPC 259(68).

The samplegas from the outlet of scrubber is moved to the GMS(Gas Monitoring
System)through the heated sample probe and hose.

The gas analyzer measures SO2andCQO2after removing the moisture, foreign sub-
stancesandetc.

PLC systemmonitors and recordsSO2,C0O2and ratio.

There are dampers at the entry point ofthe scrubber. Both bypass and intake dampers
haveelectric-hydraulic actuators,fail open positioningfor bypass dampers and fail
close positioning forin-takedampers.

In the PLC, the intake damper and the corresponding bypass damper are controlled
in an opposite way. For instance, DA-001A intake damper is closed whileDA-001B
bypass damperis open and vice versa.

I11.  SCR System on example of NoNOx™ Hyundai SCR

Basic description of NoONOx SCR System

Selective Catalytic Reduction is a means of converting nitrous oxides in the ex-
haust with the help of a catalyst into diatomic nitrogen and water.

A reductant Anhydrous Ammonia (NH3), Aqueous Ammonia (Ammonium Hydrox-
ide) or Urea (Carbamide) solution is added to a stream of exhaust gas and is ad-
sorbed onto a catalyst. Carbon Dioxide (CO2) is a reaction product when urea is
used as the reductant.

The chemical equation for the reaction using either anhydrous aqueous ammonia for
the process is

4ANO + ANH3 + 02 = 4N2 + 6H20
2NO2 + 4ANH3 + 02 = 3N2 + 6H20
NO + NO2 + 2NH3 = 2N2 + 3H20
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The reaction for urea instead of anhydrous or aqueous ammonia is
4ANO + 2(NH2)2CO + 02 = 4N2 + 4H20 + 2CO2 (in presence of catalyst)

Selective Catalytic Reduction

This exhaust gas after-treatment technology has a NOx abatement capability Of
more than 80%. The SCR concept involves injecting a Urea-Water solution into the
exhaust gas stream in combination with a special catalyst unit.

The SCR is considered as an additional and independent exhaust treatment system
and as such does not interfere with the basic engine design or combustion process.
The process diagram below gives a better understanding of the SCR system wherein
the urea interacts with nitrous oxides present in the incoming exhaust gas, in the
presence of a catalyst, converting it into free nitrogen and water vapour.

The Maritime Environmental Protection Committee (MEPC) At The IMO has pub-
lished guidelines for the certification of selective catalytic reduction (SCR) systems,
referred to the “SCR Guideline”, namely IMO Resolution MEPC.198(62).
According to their configurations, SCRs can Be Classified into 2 Types- They can
be either installed between The Exhaust Gas Manifold & The Turbocharger or be-
tween The Turbocharger and The Exhaust Gas Boiler.
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@®opMyBaHHS KJIIOY0BOI AHIJIOMOBHOIKOMYHIKATHBHOI KOMIIETEHTHOCTI
KYPCAHTIB IIVISIXOM BIIPOBA/I>KeHHS iHHOBAIITHUX TE€XHOJIOTIH

CydacHa emoxa TJIOOANBPHUX 3MIH Yy CBITOBOI I1HIIOMOBHIN CHIIBHOTI,SIKI
MOB’sI3aH1 3BOEHHO-TIONITUYHUMH BUKIMKAMHU, MiJBUIICHHSIM DIBHS OMNEPAaTUBHOI
B3aeMo/ili 30poitHUX cuil YKpaiHu 3 Miapo3aiiaMu 30pOMHUX CHJI Jiep:KaB-4yIeHIB
HATO 1moao Mi>kHapoJAHUX HaBYaHb, BUMAra€ CyTTEBOTO 3pOCTaHHS POJIl BUBYCHHS
1HO3€MHOI MOBH B 3arajibHii cuctemi miaroroBku oginepis 3C Ykpainu. MaiOyTHi
odiepy MarOTh HE JIUIIE BOJOJITH 1HO3EMHOIO MOBOIO, a 37]aTHI 3aCTOCOBYBATH IIi
3HAHHS MiJ YaCc BUKOHAHHS CIY>KOOBUX OOOB’SI3KIB B 1HIIOMOBHOMY CEpPEIOBHIIL.
3HaHHS TPAMATHKHU Ta 3aTHICTh KOPUCTYBATHUCS HEIO B MHUCHbMOBHUX TECTaX HE O3HA-
Jae Te, IO JIoJuHa OyJe MpaBWIBHO 1 3 aBTOMAaTU3MOM KOPHCTYBATHUCA HEIO Y
XKUBI po3MoBi. BoJIoAIHHSA 1HO36MHOI0O MOBOIO Ha BHCOKOMY piBHI, III0 O3Hauae
3/1aTHICTh BUIBHO CIIUIKYBATHCS 3 1HO3EMHUMH NAapTHEPAMHU, MA€ CTATU MPIOPUTET-
HuM s odinepiB 3C Ykpainu. Tomy BUBYEHHS 1HO3EMHOI MOBH Ha CYyYaCHOMY
eTari Ma€ MPaKTHYHY METY — HaBYaHHS CIiKyBaHHI0. CydacHa MOBHA MiATOTOBKA y
BUIINX HAaBUAJIBHHUX BIMCHKOBHX 3aKJIaJjaX BHCYBa€ Mepe] BUKIAJauaMH 1HO3EMHOT
MOBH CKJIaJiHI podeciiiHi 3aB/IaHHs, Y TOMY YHCII1 1 HABYaHHS CYy4acHOI BIICHbKOBOT
JIEKCUKU KYPCaHTIB, OCKUIBKHA BOKAOYJSIp JIIOJWHU BIJIIrpa€ BEIHMKY POJb IMiJ 4Yac
oprasi3ailii mporecy komyHikarlii. Buxosuu 3 mocTaBiieHoi 3a1a4i, CJii BUSHAYUTH
KOMYHIKaTUBHUH MIJIX1] K TIPIOPUTETHUHN Y HAMIPSMKY JTOCSITHEHHS TOCTAJIEHOT Me-
TH, TOMY 10 TOJJOBHUM HOTO HAMPSIMKOM € HaBUYaHHS MOBJICHHIO B YMOBAaX CITUJIKY-
BaHHS.

MoBHa MmATOTOBKAa KYpCaHTIB Tiependadae peamizaiilo  HaBYaJIbHO-
METOJMYHUX 1 HAYKOBUX 3aXO0/l1B, CIIPSIMOBAHUX Ha OMAHYBAHHS BIJIOBIIHOTO PIBHS
BOJIOJIHHSI IHO3EMHUMH MOBAaMH, a OTXE 1 HAJIEKHOTO PiBHA JIEKCUYHOI KOMIIETEH-
i, a7s 3a0e3neueHHs] €peKTUBHOIO CIUIKYyBaHHs y mpodeciiiHiit chepi. Lle cro-
Cy€TbCs 1 BU3HAYEHHS €()eKTUBHUX METO/IB HaBUAHHS CY4YacHOI BIMICHKOBOI JIEKCH-
KH. AHaJi3 HAyKOBUX JKEPEN Ta JOCBIJI HAYKOBO — MENAroriqYHoro CKiamay kadeapu
1HO3eMHUX MOB BiiicbkoBoi akangemii (M. Omeca) CBiIUUTH MPO Te€, IO Y MpoIieci
HaBUYaHHS HaWOLIbIT €EKTUBHUMHU € TaKi TPYIH METO/IIB:

[HTEpaKTHBHI METO N

MeToan KOMYHIKATUBHUX 3aB/IaHb
IrpoBi MmeToIM

Meroau npobOeMHUX 3aB/IaHb
CutyaTuBHUN METO]T

Merton npoexty

ook wbdrE
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OpHi€ro 3 OCHOBHUX IEpeBar ycix IUX METO/IB € Te, M0 3a JOCTATHHO KOPOTKUN
4ac KypCaHTH MOKYTh ONAHYBAaTHU BEJIUKY KUIbKICTh HABYAJIILHOTO JIEKCUYHOTO Ma-
Tepiajy 1 3aKpINUTH Horo B MoBiieHHI. [Ipy nmpaBuiibHOMY MiXO/I1 10 CKJIaJIaHHS 3a-
BJIaHb 1 BIIBEJICHHS TOM a00 1HIIIIM PoJil KypcaHTaM 3 Pi3HUM PIBHEM BOJIOAIHHS MO-
BOIO, Ta 32 YMOBU KOMOIHYBaHHS I[IX METOJIB, MOXKJIMBO JOCATHYTH MEBHOTO pe-
3ynbrary. Hanpukian, mig yac BuBYCHHS TeMu “‘Peacekeepingoperations”, kypcantu
MOXXYTh BUKOHYBAaTH TakKe 3aBJaHHS B Mapi: cilyxad, AKid Mae HE JTy>Ke BIIEBHEHI
3HAHHS, HA3MBa€ CJIOBa, sIKi 1MoB’s3aHi 3 Temoro ( conflict, peace, tension, disputes), a
KypCaHT 3 OUIbIII BUCOKHM PIBHEM 3HAHb Ma€ MOSCHUTH I TOHATTS AHTIHCHKOIO
MoOBo10. lle momomoxke SIKOIOCh MIpOI0 HAlaroAUTH KOMYHIKaTUBHUN MPOIEC MIiX
YUHSMH PI3HOTO PiBHS 3HAHb.

B minomy, KOMyHIKaTUBHUH MiIX11 Yy HaBYaHHI nepeadadae HeoOXiAHICTh MO0Y-
JI0OBH HaBYAJIBHOTO MPOIECY K MoAelni criikyBaHHs. CyTh JaHHOTO MiAXOAY B TO-
My, 110 MpaBHJia, CJIOBA 1 BUPa3u HE BUBYAIOTHCA Yepe3 CIeliajbHl BIIPaBU, a 3a-
CBOIOIOTBCSI B MPOIIECI KOMYHIKATUBHOI MISUIBHOCTI. TyT OJHOYACHO PO3BUBAETHCS
MIBUAKICTH MOBJICHHSI 1 BIANPAllbOBYIOTHCS MOBJICHHEBI 3pa3kh 1 CTPYKTYpPH.
Hanpuknazn, ayis BiampaifoBaHHsl BXKUBAaHHS MOJATbHUX JIECHIBYYHSM (B HAIIOMY
BUIIAJIKy KypCaHTaM) MPOMOHYETHCS PO3B’sA3aTH MPOOIEMH, IPOBECTU THCTPYKTAK,
BUBUUTHU MPaBUJIa KOPUCTYBAaHHS SKUM-HEOyab mpuianoM. [Ipoiec 3acBoeHHsS MO-
TaJbHUX JI€CHTIB Oy/e MIKaBUM 1 KOPUCHUM, SKIIO JaTH YYHSM 3aBJIaHHS HAIUCATH
a00 TMPOrOBOPUTH IpaBWIIa, BHKOPUCTOBYIOYHW JiecioBa: must, should, oughtto,
areallowedto, can, haveto, mustn't ta in. IlepedpazyBanHs TakoX CIPHUSIE 3aCBOEH-
HIO MOBHHX 3pa3KiB 1 CTpYKTyp. be3yMOBHO, /17151 yCHIIIHOTO BUKOHAHHS OY/Ab-sIKOTO
3aBJIaHHS BHUKJIaJad MOBUHEH IMOCTaBUTH KOHKPETHI 3aBAAaHHA 1 JaTH3pa3okabo ai-
TOPUTM BUKOHaHHs. Hampukiaa, yaHsIM Ha€Tbes CUCOK «don’ts» 1 MPOMOHYETHCS
CKJIACTH PEYCHHS 3 JOJJATKOM YMOBH.

Weapon handling

- Don’t play with the trigger (it can lead you to a tragic event. (If you play with
a trigger it can lead you to a tragic event).

- Don'’t release the safety catch (the rifle can fire). (If you don’t keep the safety
catch applied the rifle can fire).

TakuMm 4YMHOM, rpaMaTUYHa KOHCTPYKIIiS MOAAETHCS pa3oM 31 CHEI1aIbHOO JIEK-
CHKOIO, [0 € AyXK€ Ba)JIMBUM, BPaXOBYIOUH T€, IO MICIs pO3B’SI3aHHSA POCIHCHKOI
BIICHKOBOI arpecii, BUHHKJIA TOCTpa MoTpeda PO3IIUPEHHS BOKAOYISApY YUHS HUIS-
XOMOTIaHYBaHHsI BIMCHKOBHUMCIICHTOM Ta TepMiHoJorieo.JIekcuuna 6a3a cydyacHOTO
BIHCHKOBOCITYOOBL Mae OyTH JyXe pi3HOMaHITHOI0.OKpiM Haly)KHMBaHIIIUX CIIB,
BHCOKOYACTOTHUX CJIIB Ta MEBHOTO 3amacy 4YaHKIiB (JEKCHYHI Ta rpamatuyHi (pasu
nakmrant: Howyoudoing? Seeyoulater), maiiOyTHi odiliepyd MarOTh 3HATH CYCIiTb-
HO-TIOJIITUYHY 1 npodeciiiHy nekcuky.Ciifi BpaxoByBaTH, 10 BICbKOBa TEPMIHOJIO-
ris He € cTablapHOI. BOHA MOCTITHO 3MIHIOETHCS Yepe3 MOSIBY HEOJOT13MIB, IO Y
CBOEIO YEProl0 MOB’SI3aHO 3 PeopraHizaliero 30pOHUX CUJI, BAKOPUCTAHHSIM HOBHUX
BU/JIIB 030pOEHHS, HOBOTO BIMICHKOBOTO OOJIaJIHAHHS Ta HOBUX METO/IIB BEICHHS Biii-
Hu. He cninzabyBatu 1 3a «KpujaTi HEOJIOT13MU», K1 JIOAAIOTh CKJIAIHOCTI A0 PO-
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syminHs. Hampukman ¢pasza «chickenhawky» o3nawaenronuny, skamigTpumyeBiliHy,
XOYapaHIIeBCUIAKOYHUKANAcay>k0u B apmii, ¥ cdepi BIHCBKOBOI JIGKCHKH 4YacTO
3YCTPIYAIOThCSA OJWHUII, ITOBUHUKIN B YCHIUMOBI. BIbIIICTh IUX OJWHUIIL BIWCH-
KOBOI JICKCUKH MalOTh MO3UTHBHEE eMolliiiHe 3a0apsieHHs. [Ipu ¢popmyBanH1 Takoi
JIEKCUKHU 3arajbHOBIJIOMI CJIOBA Ta BHUPA3U MOEJAHYIOThCS 3 3arajibHOBIJIOMUMU
BIMCLKOBUMU TepMiHaMH. BiliCbKOBUIA CICHT € crienu(piyHO0 YaCTHHOI eMOIIHO-
3a0apBIICHOTO APy aHIJIIHCHKOI BilicbKOBOI Jekcuku. Hampukam,leatherneck - e
«MOPCHKHHMMIXOTHHEIbY; brasshat - «rerepam»; Gl - «commary; flattop - «aBiaHO-
cetby, loot - wreriteHanT»,Slick - «HE030pOEHUUTBHHTOKPHIY.

[Torpu Toro axTty, 110 3aCBOEHHS IHIIOMOBHOI JIEKCUKU Ta (opMyBaHHS HE0O-
X1IHUX yMiHb 11 BUKOPUCTAHHS MiJ 4ac CIIJIKYBaHHSIBU3HAIOTHCS MPIOPUTETHUMH,
came (popMyBaHHS JIEKCHUHOT KOMIIETEHIIIT BUKJIUKAE TPYTHOII Y MPOIEC] BUBUEH-
Hs iHO3eMHO1 MOBH. [le BinOyBaeThCs Yepe3 HU3bKUMA PIBEHDb YCBIIOMIICHHS KypCaH-
TaMHd HEOOXI1HOCTI CHUCTEMaTH4YHOI pOOOTH 3 JIEKCHUYHUMH OJIMHUIISIMH, a TaKOX
Opak HaBHYOK caMoOCTiitHOi poGotu. Jlyisi po3B’si3aHHS 111€1 MpoOiieMH BUKIIaIadi
1HO3€MHOI MOBH MPOQECIHHOTO CIPSIMYBAaHHS MMOBUHHI J0AaTH PO CTBOPEHHS HEO00-
X1IHUX YMOB 17151 OopMyBaHHS HAaBUYOK POOOTH 13 IPO(DECiitHOIO TEPMIHOJIOTIER, ii
MOCTI{HE OHOBJICHHS, IHTETPAIlil0 Ta MOAIbIIIe BUKOPUCTAHHSI.

Hanymky Garatbox (paxiBIliB, OJHUM 31 CIIOCOOIB CTBOPEHHSI TaKUX CIPHUSIT-
JUBUX YMOB JIJISI BUBYEHHSI aHTJIHCHKOI (haxoBOi TEPMIHOJIOTII ITiJT Yac BUKJIAIaHHS
AHTJICHKOT MOBU MPOQECIHHOTO CIPSMYBaHHS € 3aCTOCYBaHHS OHJIAMH TEXHO-
JIOT1H.

CyyacHi OHJIAH T€XHOJIOTIi J03BOJISIIOTh HE TUIBKH PO3POOUTH AOCTATHHOE(EK-
TUBHY CHCTEMY BIIpaB JJIsl OMaHyBaHHs NpO(eciiHOI0 TEPMIHOJIOTIEI0 Ta CTBOPUTH
JOCTaTHhO THYYKY CHCTEMY TECTIB JJIS 31HCHEHHS KOHTPOJIIO, a TAKOX JToTIoMara-
I0Th pEaJII30BYBATH 1HAUBIIYaTbHUM MiAX1]1 0 HABYAHHS.

[cHyIOTh yKClieHH] Be0-10aTKHU, K1 JO3BOJISIIOTH BUBYATH, TPEHYBATH Ta TECTY-
BaTH PiBEHb BOJIOAIHHS TpodeciitHowo ekcukorw. Ha HavyanpHOMY eTari BUKIJIaia4y
MO’K€ KOPHCTyBaTHCS TakuMmH moaatkamu, sik Quizlee, Kahoota6o Flashcard.online
Ta CTBOPIOBATH BIPTYyaJibHI KapTKHU 31 clIoBaMU. [[0 KOXKHOTO CJI0Ba, OKPIM TepeKiia-
7y, MOKJIUBO JIOAATH 300pa’K€HHSI 1 HaBITh HEBEJIWKUN Bifneo-dparmMeHT. OmiHuTH
piBeHb OTPMMAaHHX 3HAHb MOJKJIMBO 3a JOIMOMOror BeO-momatkiBQuiz-maker, Pro-
Profsra iHmmux.

Cy4acHi OHJIaliH TEXHOJOTIi 103BOJISIIOTh HE TIIBKH PO3POOUTH JOCTaTHbOE(DEK-
TUBHY CUCTEMY BIPAB JUIsl OaHYBaHHS MPOQPECIHHOI0 TEPMIHOJIOTIEIOT @ CTBOPUTH-
JOCTaTHBOTHYYKY CHUCTEMY TECTIB JJIA 3MIMCHEHHS KOHTPOJIO, a TaKOXKIoIomara-
I0ThpEaII30BYBAaTUIHANBIIYaTbHUUITIAX1 10 HaBUaHHs. BUKIagad Moxe cKkepyBaTu
OKpPEMHX CTYACHTIB Ha TOBTOPHE BUKOHAHHS TECTIB 3 TEMH, SIKa HEe Oyia 3acBO€HaHA
HaJICKHOMY PIBHI, @ TAKOX PO3poOUTH audepeHIliioBaH] BIIPaBU B 3aJ€KHOCTI BiJl
PiBHS TpyIH a00 OKPEMHUX CITyXadiB.

BpaxoByroun HEOOXiAHICTh JOTPUMAHHS MPaBHJIa MEPEXOy BiJ MPOCTOTO [0
CKJIQJTHOTO, TICIIsl YCITIITHOTO BUBYEHHS JIEKCUUHUX OJUHUIH 3a JOMOMOTOIO0 Kap-
TOK, JIOIITBHO mepeiitu 1o BapaBTrue / False tunom ado Matching.

- BusHaueHHs BipHOCTI TOJIaHOTOTIYMAUCHHS .
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A British rifleman normally carries five loaded magazines in his pouches.

(True/False)
- IIo€gHATH YaCTHUHH YCTAJICHHUX CJIIOBOCIIONYYCHD
verb+ oun
1) tofire service
2) to pull a bipod
3) to load a weapon

4) to engagethe trigger
5) to enter a target
6) to fold bursts

[IparroBaTu 3 BeO-101aTKaMU 3py4HO Y OYyIb-IKOMY MicCIll 1 Oyab-sikuii yac. Bo-
HU TaKOXX J0JIal0Th JIOJATKOBY Bi3yalli3allll0 1 PO3BHUBAIOTh KpEaTUBHE MUCIICHHS,
110 € HEOOX1JHUMHU CKJIaJJIOBUMH KOMYHIKAaTUBHOT KOMITCTCHIITI].

3 orJsiay Ha BUIIE3a3HAUYECHE, HEMOXKIIMBOOOIMTH HaBUYaHHS HA OCHOBI KOHIIEHT-
Py — HaBYaHHS Ha OCHOBI 3MICTY, KOJIHM I'paMaTH4Ha,JIEKCUYHA Ta (DYyHKI[IOHAJIbHA
YaCTUHU MOBH, & TaKOXKBMIHHSI KOPHUCTYBATUCS € HE MEHII BaJTMBUMU.OCHOBHUN
MIPUHITUIT — MOTHBYBATH KypPCaHTIB JOHABYAHHS 3aBSKH BHKOPHCTAHHIO MaTepia-
JiB, 3MICTSAKHUX BIAMOBIJA€ iXHIM IHTEpECaM Ta JIONOMAarae iM J13HATUCS IIOCh HOBE.
VY 3B’S3Ky 3 IAM BaKJIMBO 3ayBaXKHUTH, IO JJIS IMIIBUINECHHS PiBHSA JIEKCHYHOI KOM-
MeTeHTHOCTI MailOyTHIX opinepiB 3CYKpaiHu BaXJIMBO CHIBIPALIOBATH 3 Kadeapa-
MH BICHKOBHUX Ta BIMCHKOBO-CICIIAJIbHUX HEIIHTBICTUYHHMX IWUCIUILIIH JJIs CTBO-
PEHHS CIUIBHUX MPOOJIeM, IHTETpOBaHOTO Kypcey. Lle monoMoxke KypcaHTam ycTaHo-
BUTH MDKIIPEAMETHI 3B A3KH Ta MOOAUYUTH peajbHE 3aCTOCYBaHHS CBOIX 3HaHb 3 1HO-
36MHOi MOBH B KOHTEKCTI MaOyTHBO1T TPO(eCciiHOT AISUTBHOCTI.

CIINCOK BUKOPUCTAHOI JIITEPATYPU

1.bypnauenko H. B. IlpoGiemna TexHosoris mij yac HaBYaHHS MOBU: Iepe-
Baru tarpyaHoul // Ilenarorika popMyBaHHSI TBOPUOi OCOOMCTOCTI y BMILIM 1 3ara-
JTBHOOCBITHIN mKoaax. No 67, T. 1. 2019. C. 139-141.

2.Betponal. IIpobGnema dhopMyBaHHS JIGKCHYHOT KOMIIETEHI[lT B TirOTOBII
MaiOyTHBhOTO BUMTENs 1HO3eMHOI MOBU. O0pii. 2013. No 1 (36). C. 56-58.

3.T'amonoBa B., Jlememko O. Onrumizaiis HaBYaHHS KypCaHTIB-
NPUKOPIOHHHUKIBIIpodeciiiHoi TepMminoorii // 30ipHuk HaykoBuX mpaik HarioHa-
apHOT akazaemii JlepkaBHOT MpuKOpAOHHOT cimykOu Ykpainu. Cepis: memaroridi
Hayku. No 21(2). 2021. C. 18-37.

4.T'notoBa B. KomyHikaTUBHUI MeTOJl BUKJIAJaHHS aHTJIHCHKOT MOBHU: TIepC-
nekTuBUpo3BUTKY // Studia methodologica. No 42. 2016. C. 93-97.

5.T'marenxko I'. MeToan4uHl OCHOBU KOHTEKCTHOI'O HAaBUAHHS 1HO3EMHHUX MOB
MalOyTHIX(PaxiBI[IB MIXKHApOJHOI €KOHOMIKHM // IMijxK cyyacHoro mexarora. No 2
(191). 2020. C.59-62.

285



6.'onuap B. B. BusnaueHHs CyTHOCTI FOTOBHOCTI OQiUepiB 10 311HCHEHHS
MOBHOIMIATOTOBKM y BiliCbKOBUX yacTWHaxX HarionaneHoi rBapaii Ykpainu // Bic-
Huk JIHY imeni Tapaca [lleBuenka. No 1(3), U 1. 2021. C. 91-104.

7. Kunpka C. A. IliaroToBKa KypcaHTIB BUILIUX BIMCHKOBUX HaBYaJIbHUX 3a-
KJIJ11B JOMpo(deciiiHO-KOMYHIKATUBHOI JISJILHOCTI 3a JJOIOMOTOI0 MEeToJa KOMYHi-
katuBHUX 3aBmaHb, // Advanced Education. No 1. 2014. C. 13-20.
https://ela.kpi.ua/bitstream/123456789/10471/1/4.pdf

8.I1amyk FO. M., Kamennes JI. C., Ilaciuauk C. M., Ceprieaxo T. M. Illoxo
mpoOJIeMHAaBYaHHS aHTJIIMCHKOI MOBH KYpPCaHTIB BHIIUX BIMCHKOBHX HAaBYAJIBHUX
3axmaniB // Haykosuii wacormuc HITY imeni M. I1. JIparomanoBa. Cepist 5. Ilemarori-
9H1 HayKu: peaiii Ta mepcnektusu. Bum. 78. 2020. C. 173-177

9.ITpuiimauenko O. ITigxim 70 BUBUEHHS aHTJIOMOBHOI JIEKCUKH KypCaHTaMU-
Henpo¢insHoro BH3 // Tlenarorika Bumoi ta cepeanoi mkonu. Bum. 41 2014. C.
102-106.

286


https://ela.kpi.ua/bitstream/123456789/10471/1/4.pdf

YAK 811.111:656.61

Matiiv R., Hrynchuk H.V.
National University "Odesa Maritime Academy"

Everything you need to know about engine cadet jobs

An Engine Cadet on a ship is an apprentice, or trainee, seafarer who is at the
very start of his or her career in the maritime industry. They are simultaneously
onboard to work and to learn so that they can progress through the various seafarer
ranks found in the engine room of a vessel.

An Engine Cadet, as the name suggests, is starting out in the engineering de-
partment. They may have their sights eventually set on becoming a Chief Engineer,
after they have risen through the ranks of Junior Engine Cadet, Senior Engine Cadet
and then Junior Engineer and Fourth, Third and Second Engineer. It depends which
position company have.Also working in the engineering department on many ships
will be entry level cargo ship jobs such as Motorman, Oiler and Wiper. As a cadet
on a vessel, you are there to soak up every drop of knowledge you can about your
chosen profession. You will be expected to ask questions, to complete your training,
to learn about all the different aspects of the engine room, and in particular, to learn
the duties and responsibilities of the seafarer rank directly above you - usually a
Third or Fourth Engineer (depending on the size of the vessel and the ranks
onboard.)

Tasks will usually be assigned to the Engine Cadet by the Second Engineer,
acting on behalf of the Chief Engineer, who is ultimately responsible for the engine
room and department.Again, depending on the vessel, as well as the owner/manager,
and the senior crew onboard, Cadets will normally only be working a day shift.

The main duties of the job will be the maintenance of the various equipment and
systems in the engine room, although you may be required to assist the engineer on
duty in engine room watches.

Let’s break down what those duties are and what maintenance you will be eX-
pected to do.

You should expect to be kept busy while you’re onboard and be prepared to
take orders and tackle any of the following duties:

-Assisting with any planned maintenance work.

-Helping to operate pump and fuel systems, distribution and electrical generating
equipment, air conditioning plants, refrigeration systems, and cranes and lifts.
-Stripping engines and inspecting their components.

-Tracing out (following) the paths of oil, water or steam as they travel through the
ship’s systems.

-Taking note of daily logs from the equipment in the engine room.

-Taking soundings (measuring how much fluid is in a tank.)

-Helping to keep watch in the engine room.

-Cleaning, painting and greasing equipment.

As a cadet is a maritime version of an apprenticeship, the life of a cadet is
split into two parts: The time spent working onboard a vessel gaining that all-
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Important hands-on experience and sea time. And the time spent studying all the dif-
ferent aspects of the job, which will take place in a classroom environment.

As an Engine Cadet typically you will be learning about the following sub-
jects whilst in maritime college:
-Marine electrical systems
-Engineering science
-Marine diesel propulsion
-Analytical methods for engineers
-Instrumentation and control principles
-Pneumatics and hydraulics
-Naval architecture
-Workshop skills
-Thermodynamics and management
-Engine room auxiliary machinery
-Engineering design

As a cadet is a maritime version of an apprenticeship, the life of a cadet is
split into two parts: The time spent working onboard a vessel gaining that all-
important hands-on experience and sea time. And the time spent studying all the dif-
ferent aspects of the job, which will take place in a classroom environment.
It might be a good idea at the start of your career in the maritime industry to keep
your options open. There are a wide range of employers who offer cadetships, not
just those in the merchant navy / marines.

So, work at sea will give you big opportunity in life, everything in your hand.

REFERENCES
1.Blogs of Engine cadets in Instagram social media.
2. https://www.martide.com/en/blog/seafarers/all-about-engine-cadet-jobs/
3.YouTubekanan Illogennnk Mopsikahttps://youtu.be/IZXLZfU8pJIw

288



YK 811.111:656.61

Hrynchuk H.V
National University "Odessa Maritime Academy"

E-learning

Modern methods of teaching foreign languages are connected with the ongo-
ing technological progress.Distance learning has become an integral part of our
lives. It has gained importance and gives access to non-traditional sources of infor-
mation, increases the efficiency of independent work, provides completely new op-
portunities for creative work and help reach students who may not have readily
available access to educational facilities. Moreover, it allows teachers to implement
completely new forms and methods of teaching

For example, online studying givesopportunity toimplement task-based and
communicative approaches using authentic materials. The task-based teaching ap-
proach is one of many modern teaching methods and focuses on setting a goal for
students, itcould be a report, a video, or a presentation you can use online.A task-
based activity is a procedure in which students have to use the target language in or-
der to achieve a specific outcome. The best activities reflect real-life situations, so
the students can see that the lesson is relevant to their own lives.The use ofthe Inter-
netin a communicativeapproach ishighly motivated: its goal is to get students inter-
ested in learning a foreign language by building and expanding their knowledge and
experience. Students should be prepared to use the language for real communication
outside the classroom.

But sometimes online lessons have less feedback in comparison with the tra-
ditional lessons and it makes it more difficult to draw students’ attention.Therefore,
teachers have a task to interest and keep the audience at a distance. Thus, conducting
an online class should be accompanied by the presence of attractive visual and addi-
tional audio. Different platforms and tools are used for this purpose. You can fill
classes with additional visual design using available software such as, for example,
Microsoft Office PowerPoint. Also, the lesson can be filled with accessible video
materials directly related to the subject of the lesson. When conducting practical
classes, you can use interactive online whiteboards (such a function is available, in
particular, in Google Classroom or Zoom), providing access to them for students to
solve problems. You can increase the interest of students in learning and mastering
the material, for example, by monitoring knowledge through competition.

The use of the highlighted methods and means of conducting the educational process
will make distance learning more interesting and acceptable. The direct interaction
of teachers and students during classes in an interactive form will contribute to the
improvement of the organization of the educational process itself.

REFERENCES

1.Anderson, T. (2008). Theory and Practice of Online Education (2nd ed)
ISBN 9781897425084

2.Anderson, T., &Dron, J. (2010). Three generations of distance education
pedagogy. The International Review of Research in Open and Distance Learning,
12(3), 80-97.

289



YIAK 811.111:656.61

Kulbii D., Hrynchuk H.V.
National University "Odesa Maritime Academy"

Protecting the seas: environmental issues for seafarers

The maritime industry plays a critical role in the global economy, transporting
goods and people across the world's oceans. Seafarers are at the heart of this indus-
try, operating the vessels that enable international trade and commerce. However,
this industry also has a significant impact on the environment, and seafarers must be
aware of the environmental challenges that they face. In recent years, there has been
growing awareness of the need to address environmental issues within the maritime
industry, and seafarers have a crucial role to play in this effort. This report will ex-
amine the environmental challenges faced by seafarers and explore strategies to mit-
igate their impact on the environment. Specifically, this report will focus on three
key environmental issues: marine pollution, climate change, and biodiversity con-
servation. By understanding these challenges and taking proactive steps to address
them, seafarers can contribute to a more sustainable and environmentally-
responsible maritime industry.

Marine pollution is a significant environmental issue for seafarers. Shipping
activities are responsible for a significant amount of pollution in the world's oceans,
and this pollution can take many forms, including oil spills, sewage discharge, and
the release of other hazardous substances. Marine pollution has a severe impact on
marine ecosystems, harming wildlife, and disrupting delicate marine habitats. To
mitigate marine pollution, seafarers must adhere to international regulations such as
the International Convention for the Prevention of Pollution from Ships (MARPOL).
MARPOL sets standards for the discharge of pollutants from ships, and it includes
regulations for the prevention of oil pollution, pollution from noxious liquid sub-
stances, sewage, and garbage. Seafarers can also take proactive measures to reduce
marine pollution, such as ensuring proper waste management and using environmen-
tally-friendly products whenever possible. By taking responsibility for their impact
on the environment, seafarers can help to protect marine ecosystems and contribute
to a more sustainable maritime industry. Pollution prevention is another important
environmental issue for seafarers. Shipping activities can generate a range of pollu-
tants, including oil, chemicals, and plastics, which can have a significant impact on
marine ecosystems and human health. Seafarers must take proactive measures to re-
duce their environmental footprint and prevent pollution in the marine environment.
To prevent pollution, seafarers can follow international regulations, such as the In-
ternational Convention for the Prevention of Pollution from Ships (MARPOL),
which sets standards for the discharge of pollutants from ships. Seafarers can also
take practical steps to reduce their impact on the environment, such as minimizing
waste and avoiding the discharge of harmful substances into the sea. Additionally,
seafarers can participate in pollution prevention programs, such as port reception fa-
cilities, which provide a safe and responsible way to dispose of ship-generated
waste.
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By preventing pollution, seafarers can help to protect the health of marine
ecosystems and ensure the sustainability of the maritime industry. Through their ac-
tions, seafarers can contribute to the global effort to reduce marine pollution and
build a more environmentally-responsible future.

Climate change is another critical environmental issue faced by seafarers. Shipping
activities contribute to climate change through greenhouse gas emissions and air
pollution. The International Maritime Organization (IMO) has established regula-
tions to reduce greenhouse gas emissions from shipping, such as the Energy Effi-
ciency Design Index (EEDI) and the Ship Energy Efficiency Management Plan
(SEEMP). These regulations aim to promote the use of energy-efficient practices
and clean fuels to reduce the carbon footprint of shipping activities.

Seafarers can take proactive measures to reduce their environmental impact, such as
using clean fuels and energy-efficient practices. For example, using low sulfur fuels,
investing in energy-efficient technologies, and reducing vessel speed can all help to
reduce greenhouse gas emissions. By adopting these practices, seafarers can con-
tribute to mitigating climate change and help to build a more sustainable maritime
industry.

Furthermore, seafarers can also play an important role in promoting sustaina-
ble practices and raising awareness of climate change. By advocating for sustainable
shipping practices and sharing their knowledge and experience with others in the in-
dustry, seafarers can contribute to a more environmentally-responsible maritime sec-
tor.

It is important to note that addressing climate change in the maritime industry
Is a global effort. Seafarers must work together with ship owners, regulators, and
other stakeholders to find solutions that balance economic growth with environmen-
tal responsibility. By collaborating on this issue, the maritime industry can make
significant progress towards mitigating the impact of shipping activities on the envi-
ronment and building a sustainable future.

In summary, seafarers must be aware of the impact of shipping activities on
climate change and take proactive measures to reduce their environmental footprint.
By working together with other stakeholders in the maritime industry, seafarers can
contribute to a more sustainable future and ensure the long-term viability of the in-
dustry.

Biodiversity conservation is a critical issue for seafarers as the oceans are
home to a vast array of marine life, including whales, dolphins, sharks, and sea tur-
tles, among others. However, human activities, such as shipping and fishing, can
have a severe impact on marine ecosystems, threatening the survival of many spe-
cies. Seafarers must be aware of the impact of their activities on marine biodiversity
and take proactive measures to mitigate these effects.

To conserve marine biodiversity, seafarers can follow international regula-
tions, such as the Convention on Biological Diversity and the Convention on Inter-
national Trade in Endangered Species of Wild Fauna and Flora (CITES), which aim
to protect endangered species and their habitats. Seafarers can also take proactive
measures to reduce their impact on marine ecosystems, such as minimizing noise
pollution and avoiding sensitive areas, such as coral reefs and seagrass beds. Addi-
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tionally, seafarers can engage in efforts to conserve marine biodiversity, such as par-
ticipating in marine conservation projects and supporting sustainable fishing practic-
es.

By conserving marine biodiversity, seafarers can help to protect the oceans'
delicate ecosystems and ensure the sustainability of the maritime industry. Through
their actions, seafarers can contribute to the global effort to protect marine biodiver-
sity and ensure the long-term viability of the world's oceans.Seafarers face a range
of environmental challenges in their work, including pollution, climate change, and
biodiversity loss. However, by taking proactive measures to reduce their environ-
mental footprint and promote sustainable practices, seafarers can contribute to a
more environmentally-responsible maritime industry.

To address these challenges, seafarers must work together with other stake-
holders in the maritime industry, such as ship owners, regulators, and environmental
groups, to find solutions that balance economic growth with environmental respon-
sibility. By collaborating on this issue, the maritime industry can make significant
progress towards mitigating the impact of shipping activities on the environment and
building a sustainable future.

In addition, seafarers play an important role in promoting environmental

awareness and advocacy. By sharing their knowledge and experience with others in
the industry, seafarers can help to build a more environmentally-responsible mari-
time sector and raise awareness of the importance of protecting the world's oceans.
In conclusion, seafarers must be aware of their impact on the environment and take
proactive measures to reduce their environmental footprint. Through their actions,
seafarers can help to build a more sustainable maritime industry and ensure the long-
term viability of the world's oceans.
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Alternative fuel use - regulatory status mapped

The use of alternative fuels has become increasingly important in the maritime
industry as the world seeks to reduce its dependence on fossil fuels and transition to
cleaner and more sustainable energy sources. However, the adoption of alternative
fuels in the maritime sector has been hindered by a lack of clear and consistent regu-
lations, which vary widely from country to country. This report aims to map the reg-
ulatory status of alternative fuel use in the maritime industry, highlighting the main
regulatory frameworks and initiatives that are currently in place.

Alternative fuels in the maritime sector can be broadly defined as any fuel that
Is not derived from fossil fuels, including biofuels, hydrogen, electricity, and natural
gas. These fuels are often seen as more environmentally friendly and sustainable
than traditional fossil fuels, and can help reduce greenhouse gas emissions and im-
prove air quality.

However, the use of alternative fuels in the maritime sector is subject to a

range of regulations, including safety standards, emissions limits, and fuel quality
requirements. These regulations can vary widely depending on the country or region,
and can have a significant impact on the viability and cost-effectiveness of alterna-
tive fuels in the maritime sector.
Safety and technical regulations are essential for ensuring that alternative fuels are
used safely and effectively in the maritime sector. These regulations include re-
quirements for the design, construction, and operation of vessels using alternative
fuels, as well as regulations for the transport and storage of alternative fuels.

Examples of safety and technical regulations for alternative fuels in the mari-
time sector include the International Maritime Organization's (IMO) International
Code of Safety for Ships using Gases or other Low-flashpoint Fuels (IGF Code),
which provides safety standards for ships using LNG or other low-flashpoint fuels.
The IMO has also introduced regulations for the use of biofuels in shipping, includ-
ing the IMQO's Guidelines for the Development of National Biofouling Management
Guidelines.

Emissions regulations are critical for reducing the environmental impact of
the maritime industry, particularly in terms of greenhouse gas emissions. The IMO
has set ambitious targets for reducing greenhouse gas emissions from the maritime
industry, including a target to reduce emissions by at least 50% by 2050 compared
to 2008 levels.

To achieve these targets, the IMO has introduced a range of emissions regula-
tions for the maritime industry, including regulations for the use of low-sulfur fuels
and the development of energy efficiency guidelines for new ships. The EU has also
introduced emissions regulations for ships operating in European waters, including
limits on sulfur content in marine fuels and a monitoring, reporting, and verification
(MRYV) system for monitoring greenhouse gas emissions.
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Fuel quality regulations are essential for ensuring that alternative fuels meet quality
and performance standards, and are compatible with existing maritime infrastructure
and engines. These regulations include requirements for the composition, stability,
and compatibility of alternative fuels.

Examples of fuel quality regulations for alternative fuels in the maritime sec-
tor include the 1ISO 8217 standard for marine fuels, which provides specifications for
the quality and performance of marine fuels, including biofuels and other alternative
fuels. The EU has also introduced fuel quality regulations for shipping, including the
Fuel Quality Directive, which sets standards for the quality of transport fuels, in-
cluding marine fuels.

The regulatory status of alternative fuel use in the maritime industry varies
widely around the world, with different countries and regions adopting different
regulatory frameworks and initiatives. Safety and technical regulations, emissions
regulations, and fuel quality regulations are all essential for promoting the adoption
of alternative fuels in the maritime sector. As the world seeks to transition to cleaner
and more sustainable energy sources, it will be important to establish clear and con-
sistent regulatory frameworks to promote the adoption of alternative fuels in the
maritime industry.
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3acrocyBanns «Blendedlearning» sik iHHOBaNiiiHO-MOAEPHICTCHKOI0 METOAY
IJIS1 BUBYEHHS aHTIJIIHCHKOI MOBH.

XXI cToniTTs BUMarae HoOBMX IiXO/IIB 10 HaBYaHHS 1HO3EMHUX MOB. Bripo-
BaJKCHHS Cy4YaCHUX 1HHOBAIIIMHUX OCBITHIX TEXHOJIOT1H y HaBYaIbHOMY MPOIIECi
3aKJIay BUIOT OCBITH CTBOPIOE HOB1 MOIIMBOCTI peaizailii AMAaKTUIHUX TTPUH-
IIUITIB 1HAMBIAyasi3alli Ta qrudepenitiaiii HaBYaHHs, TO3UTUBHO BIUIMBAE HA PO3BU-
TOK IMi3HABAJILHOI MSUTBHOCTI KYpPCaHTIB, iXHOT TBOPYOI aKTUBHOCTI Ta CBIJJOMOCTI.
Teopis 3actocyBanns blendedlearning y3akiagax BUINOI OCBITH OTpeOYe MOAATb-
IITUX CYTTEBUX JIOCIIKEHb, aJ[)Ke ChOTOJICHHS BUMArae 3MiH y HaBUYaJILHOMY IPOIIe-
Cl IIJIIXOM MiIAIITYBAaHHS 0 BUMOT XKHTTA cycmiibeTBa [1],[2].

OuikyeThCs, 1110 B MailOyTHROMY OCBITHI IJIaTHOPMH, CEPBICH 1 TOJAATKU
3ULTIOTBCS B €TMHE 1IiJIe, a JIOKU TaKe MO€eJHaHHs HasuBaeThes Blended learning.

[Ipote 1 KiBa KOMYHIKalll Irpa€ HAA3BUYANHO BAXKIUBY POJIb. ACOLIOKYIbTY-
pH1 1 MOBHI HABUYKH, K1 JIOJUHA OTPUMYE 3aBISKH CIUIKYBaHHIO, YK€ IIIHHI.
3BUYANHO, 32  JIONIOMOTOK)  €JIEKPOHOTO  HABYaHSA  JIOCATTH  I[bOT'O BaXKKO.

Tepmin "blended"” moxomuTs Bix AHTJIIHCHKO-

ro 1 03Hayvae "3mimranuii”, mo i MOSICHIOE 3HAYCHHS I[bOT0 TUITyHaBYaHHA [3].
MaeTtbcs Ha yBasi, 110 HOETHYIOTHCA JIB1 MOJEN1 MOJAaHHS Mmarepia-

JIy : CTYJIEHT CIIJIKY€ThCSI 3BUKJIaJa4eM OYHO a YACTHHY Mmarepia-

Jy BUBYA€ CaM, BUKOPUCTOBYIOYM 1H(OpMAIIIIIHI TEXHOJIOTII.

3 MeTor0 e(heKTUBHOTO BUBYCHHS 1HO3eMHOI MOBH, BUKJIaJlayaM HEOOX1THO aKTUBHO
BUKOPUCTOBYBATH Pi3HI METOJAMKUA HaBuaHHs.Ha chOrosiHi y CBIiTi iCHY€ BeJHKa Ki-
JBKICTh METOAMK, 110 BUKOPUCTOBYIOTHCSI TIPU BUBYEHHI 1HO3EMHUX MOB 1 iX eek-
THUBHICTD IMIATBEPKYETHCS HA TIPAKTHIII.

Posrisinemo «blendedlearning» abo «3miniane HaBYaHHS», siIKe 0a3yeThCs HA 1H-
Terpailii TeXHOJIOT1M HAaBYaHHS 1 € TIPOIIECOM, 3a SKOTO TPAIUIIIHI TEXHOJOTIi HaB-
YaHHS MOEIHYIOTHCS 3 IHHOBAIIWHUMHU TEXHOJIOTISIMUA €JIEKTPOHHOTO, TUCTAHIIIIHO-
ro 1 MoOUTbHOTO HaBYaHHs. BueHi po3risinaioth «blendedlearningy sik iHHOBaI1iTHO-
MOJICPHICTCHKUI METO]] HaBYAHHS, KU JOIIEHO BUKOPUCTATH JIJISl PO3BUTKY KO-
MYHIKaTUBHOI KOMIIETEHTHOCTI KypCAaHTIB MPU BUBYEHH1 aHIJIIHACHKOI MOBHU. Po3r-
JSJIA€THCS TIOHATTS «3MIIIAHE HAaBYAHHS» y TEXHOLECHTPUUHOMY (00’ €qHAHHS Pi3-
HUX pexuMiB Web-TeXHONOr1i); MNCUXOJOTTYHOMY (KOMOiHAIlisl Pi3HOMAaHITHUX
NCUXOJIOTIYHUX MiAXO/AIB); METOJUYHOMY (TOE€IHAHHS TPAAMUIIIAHOTO M €NEeKTPOH-
HOTO HaBYaHHS); TPAKTUKO-30PIEHTOBAHOMY (TTOETHAHHS TEOPETUYHUX Ta MPAKTHY-
HUX CKJIaJIOBUX HaBUYaJLHOTO mporiecy).llpoananizyBaBiim TBepKEHHSI HAYKOBIIIB
oo «blendedlearning» MOXJIHBO 3pOOUTH BUCHOBOK, IO TaKUH MPOIeC HABYAHHS
MOkHa e()eKTUBHO BUKOPHUCTOBYBATH 3 METOIO0 PO3BUTKY KOMYHIKATUBHOI KOMITETE-
Hiii. BomHoyac BUHHMKae 0arato mMUTaHb MO0 BUKOPHUCTAHHS TPAAUIIMHKUX 1 ampo-
OOBaHUX CBITOBUX METOJMK IIOJI0 BUBUEHHS MOB, 5IKI MOXKYTh OyTH BUKOPHUCTaHI 3
METOI0 yJIOCKOHaNeHHs ckianoBux «blendedlearningy». Hanpukian, po3riasiHemo oc-
HOBHI MPUHITUIIN JTii JTEKIJTBKOX METOAMK, [0 BUKOPHUCTOBYIOTHCS JIJISI PO3BUTKY KO-
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MYHIKaTUBHUX HAaBHUOK KypcaHTiB.Meroauka, 1mo mae Ha3By «task-basedlearningy
(HaBUaHHS Ha OCHOBI 3aBJIaHb) BUKOPUCTOBYETHCS JJIsI PO3BUTKY HABUUOK KOMYHI-
Karlii Ta BUBYEHHS CTAJIMX OJMHUIIL MOBH, Ta HE Ma€ CYBOPUX ITpaBUJI 11010 HACII-
JyBaHHSI B YCHOMY MOBJICHHI BCIX T'paMaTUYHUX MpaBu. Mae By3bKUU CIIEKTP BH-
KOPHUCTAaHHS JICKCHUKO-TpaMaTUYHUX OJMHHIL. Biapi3HSAEThCA psAOM TepeBar, Ta
Mae 1 Heomku. Metonuka «task-basedlearning» epexkTuBHO Tpalltoe y moeiHaHH1 3
metoaukor «PPPy» a6o «Present, Practice, Produce». Meton nepenbauae npe3eHra-
IO JICKCUKOTPAMaTHYHHUX OJMHUIlh, MMPAKTUKY 1X BUKOPUCTAHHS Ta 3aCTOCYBAHHS
npu 6e3mocepeIHbOMY KOHTAKTI 3 aHTIIHCHKOIO MOBOIO Y KUTTEBUX CHUTYAISX Pi3-
HOorOo Tuity. KoHTposbHOIO (ha30i0 UKy METOMIB MOXKe OyTh oOpaHa METOIMKa
«TTT»(Test, Teach, Test) [4].

[TepeBaramu Blended learning € rHy4KiCTh y4OOBOTO MPOIIECY, MOXIIUBICTh 3HANTH
MOTPIOHUH MiPyYHHUK OHJIAIH,BUKOHATH BIIPABH 1 MPOHTH TecT.MoKHa HAaBUNTHCS
PO3IOPSAIHKATUCS YACOM, CIIPABIATUCS 3 00CTAaBUHAMM 1 CTATH JUCUUTUTIHOBAHHM,
10 € 3aMOPYKOI0 YCHIIITHOTO HAaBYaHHS.

OT1xe, 00paHHAMETOIUK, 110 YTBOPSITH OCHOBY 1Jis «blendedlearningy 1 cipusitu-
MYTb PO3BUTKY KOMYHIKATHUBHOI KOMIIETEHIII1 KypCaHTIB, MOXE CTaTH HACTYITHHUM
KPOKOM Y TIO€JHAHH1 IHHOBAIIMHUX 1 TPAIUIIMHUX TE€XHOJIOT1 HaBYaHHSI aHTJIIMCh-
KOI MOBH.

CIIMCOK BUKOPUCTAHOI JIITEPATYPHU:
1. Tom 20 Ne 2 (2021): CyuacHi A0CTiKEHHS 3 iHO3eMHOT (istosiorii /
METO/INKA BUKJIAJJAHHA IHO3EMHIX MOB
2. IT EducationAcademy (ITEA) —mexayHapoAHBIHOOpa30BaTEIbHBIN ICHTP
IT chepsr.
3. JlepxaBuuit YHiBepcuteT Tenekomynikamii https://dut.edu.ua/ua/news.
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The use of educational roleplays in the English lessonsfor marine engineers.

The use of educational roleplays in English for Specific Purposes (ESP) les-
sons has been drawing the attention of numerous experts. One of the biggest ad-
vantages of educational roleplays is that they allow students to experience and ex-
plore a subject in a more interactive and immersive way. Rather than simply reading
or listening to information, students become active participants in their own learn-
ing. This not only helps them retain information better but also encourages critical
thinking, problem-solving, and creativity. Roleplaying involves students assuming
different roles, acting out scenarios, and making decisions based on the situation
presented. Another benefit of educational roleplays is that they can be tailored to the
needs and interests of individual students or groups.

Educational roleplays can also be used to help students develop social skills,
such as teamwork, communication, and empathy. By assuming different roles and
working together to achieve a common goal, students learn how to collaborate and
communicate effectively with others.

Tambor[1] describes roleplays as a unique and effective way to help learners
to develop their language skills by providing opportunities for meaningful commu-
nication and interaction. Through using roleplays in teaching business English,
Algahtani[2] found that roleplays improve learners' confidence, motivation, and en-
gagement in the learning process. Another study by Haciomeroglu and Yurt [3] ex-
amined the use of roleplay in ESP classroom with engineering students in Turkey
and discovered that roleplays can promote students' critical thinking, problem-
solving skills and enable them to apply theoretical knowledge in a practical context.
Furthermore, research has shown that roleplays can foster creativity and empathy
among learners, as they are required to take on different roles and perspectives [4].
Roleplays can also enhance learners' cultural awareness and intercultural communi-
cation skills, particularly in ESP courses that prepare students for work in a multi-
cultural environment [5].

While roleplays can be an effective teaching tool in ESP lessons, there are al-
so potential drawbacks to consider when developing roleplays scenarios.

Time Constraints: Developing and executing roleplays can be time-consuming,
particularly if they involve a large number of students or complex scenarios. This
can be a challenge for teachers who have limited class time and need to cover a lot
of material.

However, the use of a flipped classroom approach is one of the ways to save
time and streamline the learning process through. Rather than spending significant
class time on preparing for and conducting roleplays, students can be assigned to re-
view relevant materials and practice the necessary language skills outside of class,
leaving more time for actual roleplay activities in the classroom. Students would re-
view relevant material and practice the necessary language skills outside of class,
leaving more time for actual roleplay activities in the classroom.

297



By using the flipped classroom approach, teachers can also provide more in-
dividualized support and feedback to students during roleplay activities, as they can
focus more closely on each student's performance and progress. Furthermore, the
flipped classroom approach can enhance students' engagement and motivation, as
they have more control over their learning process and can explore course materials
at their own pace. [6]

Unequal Participation: In a roleplay, some students may be more comfortable
taking on the assigned roles and speaking up, while others may be less confident or
less interested. This can lead to unequal participation and potentially undermine the
effectiveness of the activity. This factor should be taken into account at the stage of
distributing the roles to engage timid students though not creating uncomfortable
environment for them.

Unrealistic Scenarios: Roleplays can be a useful tool for simulating real-world
situations, but they can also be limited by their artificial nature. Depending on the
scenario, students may not be fully engaged or may find it difficult to suspend disbe-
lief.

However, visual support — video and animation can help the situation to some
extent.

Inadequate Preparation: For roleplays to be effective, students need to be adequate-
ly prepared with the necessary language skills and knowledge of the relevant topic.
If students are not sufficiently prepared, the roleplay may not achieve its intended
learning outcomes.

On the other hand, there is some opportunity for cooperation and collabora-
tion when searching for and analyzing the information needed to take correct and
relevant decisions. In the course of roleplays which should close up the topic and
bring the knowledge closer to life, cadets don’t stop learning and build on their
awareness and developing cognitive and communicative skills required for their pro-
fessional career

Limited Assessment: While roleplays can provide valuable learning opportunities,
they may not always be easily assessable. It can be challenging for teachers to accu-
rately measure the effectiveness of roleplays in terms of student learning outcomes.
During a debriefing session after the roleplay, there students can reflect on their per-
formance and receive feedback from their peers too. This will help avoid the one-
sided view of the process.

Overall, while roleplays can be a valuable teaching tool, it is important for

teachers to carefully consider their use and weigh the potential benefits against the
potential drawbacks in terms of roleplays’ practicability within specific contexts.
In the Maritime English lessons, roleplays can be an effective way to simulate real-
life scenarios that can occur in a maritime environment. These can include emergen-
cy situations, communication with shore-based personnel, or interactions with
crewmembers from different cultures.

During a roleplay, students are assigned different roles and must interact with
one another to complete a task or solve a problem. For example, in the context of
marine engineering, a roleplay scenario on an engine room fire could involve assign-
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ing different roles to the students, such the Chief Engineer, the Second Engineer,
and the Electrical Officer. Each student would then be responsible for playing their
assigned role and communicating with others to coordinate a response to the emer-
gency situation.

The roleplays scenarios on some of the topic studied by marine engineering
cadets in the English lessons could be as follows:

Scenario 1. Engine Room Flooding Background:

You are working as a marine engineer on a cargo ship, and suddenly the en-
gine room starts flooding. The water level is increasing rapidly, and you need to act
fast to prevent a major disaster. You are working with two other engineers on this
task.

Roles:

Chief Engineer: In charge of leading the team and making key decisions.
Responsible for overseeing the entire operation.

Second Engineer: Responsible for monitoring the water level and assessing
the damage. Needs to communicate any findings to the Chief Engineer.

: Third Engineer: Responsible for taking action to stop the flooding. Needs to
work with the Second Engineer to identify the best course of action.

Details to be analyzed and considered:
how to quickly assess the extent of the damage and identify the source of the flood-
ing;
how to effectively communicate findings and recommendations to the Chief Engi-
neer;

how to prioritize actions and allocate resources to stop the flooding;

how to maintain communication and coordination between team members.

Scenario 2. Engine Failure During Navigation Background:

You are working as a marine engineer on a cargo ship, and suddenly the main
engine fails during navigation. You need to act fast to fix the engine and prevent any
damage to the ship. You are working with two other engineers on this task.

Roles:

Chief Engineer: In charge of leading the team and making key decisions.
Responsible for overseeing the entire operation.

Second Engineer: Responsible for identifying the cause of the engine failure
and suggesting possible solutions. Needs to communicate any findings to the Chief
Engineer.

Third Engineer: Responsible for implementing the chosen solution to fix the
engine. Needs to work with the Second Engineer to identify the best course of ac-
tion.

Details to be analyzed and considered:
how to quickly identify the cause of the engine failure and suggest possible solu-
tions;
how to effectively communicate findings and recommendations to the Chief Engi-
neer;

how to prioritize actions and allocate resources to fix the engine;
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how to maintain communication and coordination between team members.

Scenario 3.Fire in the Galley Background:

You’re working as a marine engineer pm a passenger ship, and suddenly a fire
breaks out in the galley. You need to act fast to contain the fire and prevent any
harm to the passengers and crew. You are working with two other crew members on
this task.

Roles:

Chief Engineer: In charge of leading the team and making key decisions. Responsi-
ble for overseeing the entire operation.

. Cook: Responsible for identifying the source of the fire and suggesting possible
solutions. Needs to communicate any findings to the Chief Engineer.

. Third Engineer: Responsible for implementing the chosen solution to contain the
fire. Needs to work with the Cook to identify the best course of action.

Details to be analyzed and considered:

how to quickly identify the source of the fire and suggest possible solutions;

how to effectively communicate findings and recommendations to the Chief Engi-
neer;

how to prioritize actions and allocate resources to contain the fire;

how to maintain communication and coordination between team members.

In conclusion, the use of roleplays in ESP English lessons, particularly for
marine engineers, has numerous benefits for learners, including improving their lan-
guage and soft skills that are essential for success in the maritime industry. Besides,
they give students an opportunity to practice their language skills in a realistic and
engaging way, developing their abilities for teamwork.

At our university, NU “OMA”, we’ve been making an extensive use of nu-
merous means to make the teaching process more engaging and interactive, and
therefore more efficient and responding to modern working environment demands.
We’ve been developing the set of roleplays, along with educational games, aimed at
real-like implementation of the knowledge and skills our cadets get and develop at
Maritime English lessons.
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The nine unusual vessels

A long time ago people managed to learn how to make ships. Since then a lot
has changed and now water transport plays one of the main roles in our lives. Scien-
tific research and technologies played a key value in the development of aviation,
which was seemingly meant to replace water transport, but this did not happen.
Ships are still actively used to carry cargo and passengers. Ships are more environ-
mentally friendly than other types of transport (based on the distances of transporta-
tion of a ton of cargo), and all possible advanced technologies are used in shipping.
This is how unique ships appear, and | want them to you.

Stella Deneb

Stella Deneb is the best livestock ship in the world.

In 2007, this livestock truck transported 20,060 cattle and 2,564 sheep and goats
from Australia to Indonesia and Malaysia in one trip. It took 28 railway trains to de-
liver them to the port. However, this did not become a record, since a hundred heads
more were transported on the same ship in 2002, on a voyage from Australia to the
countries of the Middle East.

Another interesting fact is that a 30-year-old woman, Laura Pinasco, works as a
captain on this cattle truck.

MPI Adventure

These ships were designed to withstand any sea calamity, even if it was very
strong. The engine power reaches 2,000 hp, making MPI Adventure quite rotary and
nimble. The main feature of the vessel is that it is capable of standing on six “legs”
towering above sea level. This feature of the ship endows it with the ability to with-
stand any natural disasters on the water.

Ramform Hyperion

In 2017, Mitsubishi shipbuilding company designed Ramform Hyperion. Due to
its wide stern, the vessel has a steady platform on which to accommodate any even
very sensitive equipment. Ramform Hyperion is engaged in towing numerous sen-
sors that are capable of covering an area of up to 12 sq.km.
The ship is able to move almost silently on water, which eliminates the appearance
of extraneous noises that would interfere in geolocation. When a vessel is engaged
in reconnaissance and research work, other ships are advised not to approach the
platform for less than 10 miles. If you are pumped on water, you can feel a steady
surface under your feet on Ramform Hyperion, which hardly swings.

Blue Marlin

The powerful Blue Marlin vessel has impressive giant dimensions and is used to
transport other vessels, oil platforms and other large facilities. The vessel has a large
lift that is capable of diving half into water to transport oil platforms, rigs or dam-
aged warships. The ship provides 38 cabins, which can comfortably accommodate
60 people. There is also a warm-up room on Blue Marlin, a sauna and a large supply
of boats.
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Knock Nevis

Oil is the main mineral that regulates the entire world industry. Carrying pre-
cious “black gold” is much more profitable and economical on water than in other
ways. Knock Nevis is the longest ship not only involved in oil transportation but
will be able to transport even the Eiffel Tower.

The tanker has a maximum carrying capacity of 565,000 tons (conventional
ships have a maximum carrying capacity of 280,000 tons). The total length of the
ship is really impressive and admirable (458 meters). This gives the ability to
transport oil anywhere in the world worth more than 125 million American dollars at
a time.

RV FLIP

This ship is still called the Flip due to its ability to submerge one part underwater
to explore the seabed. In fact, it's not exactly a vessel, because it's not capable of
walking on water on its own. The main purpose of FLIP is open ocean research.
Several dozen people can live on the ship at the same time. The vessel is equipped
with everything necessary for a comfortable life and research.

Vanguard

Built-in 2012, Vanguard is the world's largest cargo ship. This massive vessel is
70% larger than any analogs and, unlike them, has an absolutely flat deck. This
means that all 275 meters of length and 70 meters of width can be fully used for
loading.The deck below the surface of the water. This is useful when Vanguard has
to capture floating cargo such as the capsized Costa Concordia vessel.

Chikyu

With its ability to scan the seabed up to 7km deep, the Japanese research vessel
Chikyu is an important tool for scientists in understanding global geological chang-
es. The ship is monitoring seismogenic areas of the Earth's crust in order to provide
advance warning of future earthquakes.

Nexans Skagerrak

The ship “Nexans Skagerrak™ is considered to be one of the most advanced ves-
sels for laying deep-sea cables to date. Its coil can hold on the order of 7000 tons of
cable.

The distinguishing feature of “Nexans Skagerrak™ is the ability to lay large pow-
er cables. The coil diameter of this ship is as much as 29 meters. Also on board are
the latest systems that allow the cable to be laid in seas around the world with max-
Imum accuracy and even in conditions of increased complexity. This is provided by
the cable touch control system.
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Education digital trasformation

Leaders in higher education consistently mention the following four main goals.
They hope to improve the students’ learning environment, enhance their program’s
operational efficiency, increase computing power for cutting-edge research, and
stimulate innovation in education. Management turns to digital transformation (DX)
to flip these visions into reality.

Here’s how digital transformation can achieve these ends:

1. Improving the student’s learning environment
Technology enhances the learning environment with embellishments such as TEDX
classes, apps for more comprehensive learning and VR-AI tools that help them share
their thoughts and ideas and understand subjects better.

More generally, technology helps students acquire the critical thinking, and so-
cial and technical skills necessary for high-paying jobs in the 21st century. Technol-
ogy also gives teachers recourse to evidence-based tools (such as quizzes and mod-
ules), helping them measure their students’ performance and adjust content accord-
ingly, among other benefits.

There are three types of digital learning:

. Face-to-face courses, where one or more mentors interact with one or more
students in a virtual environment.

. Blended courses, also known as hybrid, where both synchronous and asyn-
chronous training are blended. A recent model is ‘flipped’ classes where
teachers integrate asynchronous learning with synchronous learning into video
chats, assigned readings, shared documents, uploaded media, online quizzes
and discussion boards for flexible viewing.

« Distance/ online courses that are detached from any traditional classroom ex-
perience.

Teaching in a virtual environment occurs very much as it does in the offline world.
Commonmodelsare:

« One-alone: Student educates himself through resources that include platforms
(e.g. TEDx), educational videos (e.gs, YouTubes), podcasts, simulation based
learning content (e.g., Google Earth), quizzes and tests

« One-to-one: Mentor and student interact through tools such as emails, chat or
web-based conferencing platforms (such as Zoom)

« One-to-many: Teacher instructs small to large groups through tools such as
emails, mailing lists, discussion forums, blogs (with comments), social networks
and web conferences (e.g., Zoom)
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« Many-to-many: Various instructors interact with various students through re-
sources that include group chats, discussion forums (e.g. Meetups), blogs. Wik-
ipedias, social networks, and web conferences.

« Online learning has never been more popular. With flexible self-paced learn-
Ing tools providing information at one’s fingertips, online learning has become
the go-to classroom and employee training method option.

. But can online learning be as effective and efficient as traditional, face-to-face
learning?

« What is online learning?

« Any type of learning that occurs on the internet could be considered online learn-
ing, also known as eLearning. Today, virtual learning is most often used to refer
to asynchronous learning material, which allows for learners to engage with in-
structional material at their own pace, from anywhere, available at any time.

« An online learning program encourages self-study and could refer to anything
from a digital employee training seminar such as a LinkedIn Learning course to a
full-fledged, virtual college degree program. For both classroom and corporate
learning settings, learning management systems are utilized to create and publish
courses, connect learners and learning materials, monitor progression, and more.

Benefits of online learning
eLearning presents clear advantages for learning and development professionals, for
end-user learners, and for organizations. Thoseinclude:

« It is more cost effective. Online learning doesn’t require in-person training,
meaning you save costs on travel and related expenses. You also create digital
learning experiences, meaning you no longer need to purchase physical learn-
ing materials like books, tests, videos, and so forth.

« It’s easier to scale. You no longer need to consider how many people you can
fit into a room.

« It’s available when and where learners need it. Online learning can be ac-
cessed anywhere an internet connection is available, anytime.

. It’s more consistent. Online learning relies less on individual instructors,
meaning course material is less dependent on the person teaching it. This al-
lows the learning experience to be less impacted by biases or opinions.

. It’s more interactive. With online learning, instructors can take a multimodal
learning approach with links, videos, text, assessments, and more.

What is Face-to-Face learning ?

Face-to-face learning refers to the traditional, classroom-based method of learn-
ing. This style of learning involves in-person sessions that is instructor-led. The pace
of learning is set by the instructor and students in this setting are passive learners.
Face-to-face learning is considered effective due to the benefits of live interaction
between the instructor and the group of learners and/or students.

305



Learners are held accountable for their own progress by attending specific clas-
ses or training meetings, interacting with their fellow students, and by interacting in
real-time with their instructor.

Benefits of face-to-face Learning
Face-to-face learning provides in-person benefits that online learning lack.
Thesebenefitsinclude:

« Social aspect. Learning with your peers, in the same room, fosters a sense of
learning that is physical, unlike online learning. The entire group is learning
together, at the same time, at the same place.

« Individual learning. In-person, face-to-face learning allows instructors to de-
velop 1-1 learning plans and relationships with learners that can’t be replicat-
ed online.

. Discussion and collaboration. Being a part of an in-person group provides
nuances that online forums can’t replicate.

What Is Blended Learning?

Blended learning is the concept of implementing both face-to-face learning and
online learning together into a hybrid approach, allowing learners to benefit from
both methods of learning.

This style of learning is also popular in corporate settings, where learning and
development leaders will use data to create an adaptive learning style that is person-
alized to the needs of different roles and departments.

What Are the Key Differences Between eLearning and Face-to-Face Learning?

Both types of learning can be beneficial, depending on the goal of the lesson
plan. Here are a few of the most crucial differences between online learning and
face-to-face learning.

1. The Learning Environment

In a traditional face-to-face learning scenario, classes are planned and structured
according to a fixed schedule. This system of learning is thus more disciplined.
Classroom learning also happens in a group setting and may spur more discussion,
interaction, and involvement.

Online learning is more spontaneous when compared to a planned, in-person
session. Learners may choose to take up a course or a learning module online when-
ever inspiration or curiosity strikes. Best of all, they can do it at their own pace —
whenever they choose. Since this kind of learning doesn’t involve a live instructor,
the learner is by themselves in this setting.

Is Online Learning or Face-to-Face Learning Better?

Both online and face-to-face learning methods have their own set of unique ad-
vantages and disadvantages.

While a lot of learners may still prefer the discipline and familiarity that face-to-face
learning brings, there is no denying the immense benefits of online learning. The
self-paced nature of eLearning content may be highly favorable to the modern
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learner — as well as organizations searching for new ways of managing employee
development and training in a post-COVID world.

This type of learning is more flexible than traditional learning and is generally
more practical for learners. However, a lot of learners still prefer the presence of a
live instructor to assimilate content better because of the unique advantages of in-
structor-led training. Both learning methods are highly effective in their own ways.
Choosing one type of training over another is purely dependent on an individual’s
learning style and preference — as well as the course material at hand.

Here we would like to recommend some useful digital tools, which are free and use-
ful for use in educational process.

Padlet, Trello, Miro, Genially, inShot, Slido, Jamboard, google presentation,
prezi, canva.

All these tools can make learning interactive and available from any point. Most of
these digital tools offer different templates making work with them quite easy and
convenient.
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History of maritime industry

Since ancient times, ships have been used to transport people and goods
across the seas and oceans.

Shipping is the oldest branch of transport, originating in the distant past. And now
maritime transport is a very important part of the world transport system, without
which the normal functioning of the world economy would be impossible

And in our space age, almost 5,000 years after the appearance of the first known
ships, in the presence of aviation and astronautics, ships, as before, remain the most
Important means of transport for passenger transportation and the maintenance of
trade. The ships carry the heaviest cargoes and create the most comfortable condi-
tions for long journeys.

Let's look at the periods of development of ships history

Since the beginning of time, people have used water to help them transport cargo
from one place to another. The first “ships” were single logs that small cargo was
attached to and floated down river for trade. Eventually, logs were tied together to
carry bigger cargos

About 5,000 years ago, the first major trade routes were formed between
modern-day India and Pakistan along the Arabian Sea. Due to bandits attacking car-
avans, land travel became dangerous and mariners began to travel on the sea. They
used an astrolabe to navigate the waters. An astrolabe is an instrument that predicted
the position of the sun, moon, planets and the stars.

In antiquity, seafaring was almost entirely occupied; moving from island to island
was undertaken only if the land was visible. The ancient Egyptians knew only river
navigation. Only the Phoenicians began the heyday of navigation

During the same the time, the Romans were developing fleets that could cross the
Mediterranean Sea in about a month. They carried low-value goods such as grain
and construction materials. It was much cheaper to transport these good by sea than
by land. Romans soon expanded their trade routes to travel over the Indian Ocean.
During the 7th — the 13th centuries, the Arab Empire began developing trade routes
through Asia, Africa, and Europe. The rivers in the Islamic regions were not easily
navigable so sea travel was necessary. These advanced vessels, called garibs, greatly
reduced the amount of time it took to transport goods.

At the beginning of the Middle Ages, the most courageous sailors were the
Normans; on their ships, the so-called drakkars, without a compass and with less as-
tronomical knowledge than that of the Mediterranean cultured peoples, they made
transitions across the ocean, discovered Iceland, Greenland and even North America
and, like sea robbers (Vikings), inspired horror everywhere. While the Normans in
the ocean used sails almost exclusively and knew how to maneuver against the wind,
movement by means of oars was kept in the Mediterranean; however, the galleys
were here and rigged.

308



The introduction of the compass and nautical charts only gradually contribut-
ed to the cessation of the usual navigation along the coast.

During the Age of Discovery in the 15th — the 19th centuries, advances in navigation
and shipbuilding allowed Europeans to voyage across the Atlantic. This opened up
trade routes to Virginia and Maryland for tobacco and Mexico and Peru for silver.
Now many goods could be traded between Asia, England, France, Denmark, Portu-
gal, and the Americas. Trade companies developed. The most successful was the
Dutch East India Company

Ships grew bigger and different in use. There were warships but there were also fish-
ing ships and ships for cargo - trading ships. Maritime trade was driven by the de-
velopment of shipping companies which went hand-in-hand with exploration. In
18th century, the French Navy developed a new type of military ship known as a
ship of the line which many European fighting fleets started using. They were 56m
long and had a crew of 800 men. In the 19th century clipper was invented which was
popular as cargo ship until the first steam ships. Late 19th century brings industrial
revolution and new mechanical methods of propulsion, and ships made from metal.
During the 19th and 20th centuries, the Suez Canal opened shipping between Europe
and Asia without going around Africa. The Panama Canal connected the Atlantic
and Pacific Oceans.

The advent of radio at the beginning of the 20th century gave rise to the safety
of navigation. The construction of the Panama Canal in 1913 followed the sea routes
between the Atlantic Oceans and the Pacific Ocean.

Nuclear icebreaker Arktika in the Kara Sea, 1980.

By the middle of the 20th century, sailing ships almost completely consumed ships
with an engine, while steamships were consumed by motor ships.

In the 1950s, problems arose with the use of atomic energy, but at present, among
non-military ships, only limited nuclear icebreakers are used.

During this same time period, cruise ships were developed to carry people across the
world. In the late 20th century, container shipping developed, leading to the ship-
ping industry we see today.

It’s fair to say that sea vessels have come a long way since papyrus skiffs, and at the
rate technology is advancing, it’ll be fascinating to see what comes next.
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National Identity in Teaching English as a Foreign Language

‘Over the past 15 years, there has been an explosion of interest in identity and
language learning’ [1] abroad and there have been plenty of publications on this
phenomenon. To start with, it is advisable to agree upon a definition first, so accord-
ing to Wikipedia ‘identity is the qualities, beliefs, personality traits, appearance,
and/or expressions that characterize a person or group’ [2]. In accordancewith Peter
Burke, ‘Identities tell us who we are and they announce to others who we are.’This
Is a rather simple and easy understandable explanation to agree with. Additionally,
‘an identity is a set of meanings defining who one is in a role’ (e.g., a father, a
daughter, a cadet, an engineer), ‘in a group or social category’ (e.g., a member of a
church or voluntary team, a Ukrainian, a male or female), or as ‘a unique individual
(e.g., a highly moral person, an assertive person, an outgoing person and so on)’ [3].

Besides, this term is more than just quite diverse, that is why ‘in social sciences
identity is defined as the way that individuals label themselves as members of a par-
ticular group; in psychology, it refers to an individuals’ self-esteem or self-image’.
Frankly speaking we can differentiatea lot of them. There 1s, for example, ‘social
identity, gender identity, cultural identity, religious identity, national identity and
many other identities’ [4].

In this paper we are to look at identity from the linguistic point of view so we
have to find out what the role of a language in the development of identity and cul-
tural identity in particular is.A ‘language is a fundamental aspect of any cultural
identity. It is the means by which we convey our innermost self from generation to
generation. It is through the language that we transmit and express our culture and
its values’. A ‘language — both a code and content — is a complicated dance be-
tween internal and external interpretations of our identity’ [4]. A language possess-
esthe power to define and shape the human experience. It is thanks to the language
that we can dwell uponour experiences.

So in Ukraine in Odesa region we usually run across two main national identity
groups: the first and still bigger one is a Russian speaking identity group and the
second with less number of representatives is a Ukrainian speaking identity group.
Back at the beginning of this century the tendency was as follows: one or two
Ukrainians in a group of students quite quickly lost their national identity because of
the surrounding sea of Russian speaking people. Even the support of a teacher who
spoke with them in Ukrainian did not help. Let us say in approximately a year they
joined a Russian speaking identity group because it was considered to be more
‘prestige, trendy and cutting edge’. Only 19 years later Ukrainian state realized the
importance of Ukrainian language to be the means of providing not only educational
services but the rest of services in the country as well. Unfortunately, not everybody
realizes the reason and effect connections even now when we have got the second
year of a full scale aggression of a Russian Federation which in fact started in 2014.
It happened so that during Soviet period Ukrainian language was downshifted in big
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cities and to be promoted it was important for everybody to speak Russian. Ukraini-
ans started to lose their national identity and it was the aim of the Soviet state to cre-
ate a new Soviet identity which would not remember who they were and where their
ancestors came from in order to easily manipulate such a population. Here is a cita-
tion: ‘When students are forced to shift to another language, and their native lan-
guage is forgotten, the incoming new language can function as a killer language. For
most immigrants in the United States, English is learned at the cost of the mother
tongue, rather than in addition to the mother tongue. As such, it becomes a killer
language. However, languages do not kill each other, but rather people with xeno-
phobic attitudes do.’ [4]. In our case Russians tell that they want to protect Russian
speaking identity group people in Ukraine from a bunch of the so-called Ukrainian
‘nazis’. But the majority of countries in the world are national and are the home for
their nations and for their home languages. So Ukraine too can and has to be such a
place for Ukrainians from all over the world because there are a lot of nations on the
globe, but not all of them managed to create their own national states to have their
rights and languages protected.

So we have to agree that ‘languages symbolize identities and are used to signal
identities by those who speak them. People are also categorized by other people ac-
cording to the language they speak’ [5]. That is why we have to preserve, cherish
and develop Ukrainian languagein all spheres of life in Ukraine and in the educa-
tional one as well. This process is not easy and will take years to implement but we
have to do our best while gradually increasing the proportion of a Ukrainian speak-
ing identity group over the Russian speaking one. Fortunately, we have the language
law on our side and educational programmes where it is clearly stated that the lan-
guages of teaching are Ukrainian and English. ‘It means developing the first lan-
guage and adding a second language in the best possible manner to ensure
the’effective‘learning of the second language’ [4] is the key to success.

Conclusion:

It is anticipated‘that the identities and investments of language learners, as well
as their teachers, will continue to generate exciting and innovative’ researches‘in the
future’ [1] that is why we will never stop in this on-going advance, because ‘the pro-
cess of learning the state language is part of the process of learning/acquiring one’s
state/national identity, a process in which the whole school curriculum plays an im-
portant role’ [5].Edwards in the year2009 stated that ‘identity is closely associated
with one’s nationality, national values and customs and nationally shared beliefs. In
this regard, national borders define what identity is and how it is to be constructed
and maintained’ [6].
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The Use of Virtual Reality and Interactive Information Technologies to
Enhance the Quality of Foreign Language Education for Maritime Engineering
Cadets

Studying any foreign language is an essential part of any education, especially
the one of maritime engineering cadets who need to communicate with people of
different nationalities from different cultures and backgroundsin their future profes-
sion. However, traditional methods of studying a language have got certain limita-
tions in meeting the modern ageeducational needs. Therefore, this paperis exploring
the use of virtual reality and interactive information technologies to enhance the
quality of foreign language education for maritime engineering cadets.

‘Virtual reality and interactive information technologies provide an immersive
and interactive learning environment that can enhance the quality of language educa-
tion for maritime engineering’ cadets [1]. These technologies can simulate real-
world scenarios, allowing cadets to practice their language skills in a safe and con-
trolled environment, for example, in a special multimedia class or in a so-called lan-
guage laboratory. In particular, maritime engineering cadets can practice communi-
cating with a foreign port authority representative in a simulated virtual reality envi-
ronment, preparing them for real-life situations. Furthermore, ‘these technologies
allow’cadets ‘to interact with language tutors or native speakers from all over the
world in real-time situations, improving their speaking and listening skills’[2].

The use of virtual reality and interactive information technologies in language
learning can also enhance cadets’ motivation and engagement dramatically. ‘The
immersive and interactive learning environment can provide a more exciting and en-
gaging learning experience for maritime engineering’ cadets, ‘making language
learning more enjoyable’[3] and selective which means that they choose optional
topics to be studied during self-study period. Moreover, ‘these technologies can be
customized to meet individual learning needs, creating a personalized learning expe-
rience’[4] which will definitely be of use in the future. This can be achieved through
the practicewith an adaptive learning software that adjusts to the cadet’s level and
learning style, providing a customized learning experience in a variety of close to
reality situations.

Despite the benefits, the use of virtual reality and interactive information tech-
nologies in language learning also presents some challenges and limitations enumer-
ated below. One of the significant challenges is the cost of this approach in educa-
tion implementation. ‘These technologies require significant investments in hard-
ware, software, and training, making them costly for some institutions’[5]. Further-
more, the maintenance and upgrade costs of these technologies can also be substan-
tial which will require additional money spending race and looking for or raising the
funds.

Another important challenge is the lack of standardized language learning mate-
rials and curriculum for virtual reality and interactive information technologies at the
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higher education institutions of Ukraine. ‘The absence of standardized materials and
curriculum can make it difficult for language teachers to integrate these technologies
into their language learning courses’[6] and working programmes of studyplans.
Additionally, there is still limited research on the long-term effectiveness of these
technologies in language learning, making it quite difficult to assess their impact on
cadets’ language proficiency in the nearest future.

Conclusion:

To sum up it necessary to say that the use of virtual reality and interactive in-
formation technologies has got the potential to enhance the quality of foreign lan-
guage education for maritime engineering cadets. These technologies can provide an
immersive and interactive learning environment that can simulate real-life situations,
Improve cadets’ motivation and engagement, and create a personalized learning ex-
perience which is next to completely impossible in a typical language class envi-
ronment. However, the implementation of these technologies presents some difficul-
ties and restrictions, including the cost of putting them into practice and the lack of
standardized language learning materials and curriculum in Ukrainian universities.
Institutions and language teachers need to carefully consider these factors while de-
ciding whether to incorporate these cutting edge technologies into their language
learning process or not.
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