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PE®EPAT

Hummomaa poborta wmarictpa: 77 ctopiHok, 14 pucyskiB, 14 tabmuip,
64 niTepaTypHHX JKEpena.

JlumomHa poOoTa Marictpa CHOpsMOBaHE Ha pPO3B’A3aHHS  HAYyKOBO-
NPUKJIAJHOTO 3aBJAHHS — IMIJBUIICHHS E€KOJIOTTYHOCTI POOOTH CYAEH MOPCHKOTO
drorty.

Bucynyra Ta miarTBep/keHa HayKoBa TiMoTe3a Ipo Te, IO MIIBUIICHHS
€KOJIOTTYHOI €()EeKTHMBHOCTI MOPCBKUX CYJEH JOCATAE€ThCA ILIAXOM IIEPEIyCKy
BUITYCKHHX Ta3iB IBUTYHIB BHYTPIIIHHOTO 3TOPSTHHS.

BcranoBieHo, mo KepyBaHHS BHUITYCKHUMH Ta3aMU HUIAXOM IX TEPEMyCKy
MOXJIMBO BUKOPHUCTOBYBATH K JOJATKOBUM CHOCOOIB 3a0€3MEUECHHS €KOJIOTTYHOCTI
MOPCBKOTO Cy/AHA. 3 TEXHIYHO MOXKJIUBOTO Jiana3oHy (SKUW JIeakuMu QpipmMamu-
BUpOOHUKaMU Au3eiiB 3a0e3neuyeThess B Mexkax 0 ... 10 % Bijg 3araibHOro 00’eMy
ra3iB) HalOUIbII ONTUMAJIBHUMH (3 TOYKM 30py OJMXKUOTO JI0 MaKCUMaJIbHOTO
3HM>KEHHSI €MICli OKCU/IIB a30TY 3 OAHOYACHUM MIHIMAJIbHUM 301IbIIEHHSIM BUTPATH
najvBa Ta MIATPUMAHHAM TEIJIOBOI HAINpPYXKEHOCTI) € PpEeXUMH, Ha SKUX
3abe3neuyeThes 4 ... 6 Y%-uil mepenyck rasiB, IpHU IIbOMY JOCSTA€THCA 3HUKCHHS

emicii NOyx 3 Bummyckanmu razamu Ha 3,33 ... 15,42 %.

CYJIHOBUI CEPEJIHBOOBEPTOBHWI JU3EJIb, EKOJIOTTYHICTH JIU3EJIS,
ITEPEITYCK I'A3IB, EMICIA OKCHUIIB A30TY



ABSTRACT

The master's thesis: 77 pages, 14 figures, 14 tables, 64 references.

The master's thesis is aimed at solving scientific and applied tasks — improving
the environmental friendliness of marine.

A scientific hypothesis has been put forward and confirmed that the increase of
ecological efficiency of sea vessels is achieved by passing the exhaust gases of
internal combustion engines. It is established that the control of exhaust gases by
bypassing them can be used as an additional way to ensure the environmental
friendliness of the ship.

From the technically possible range (which is provided by some diesel
manufacturers within 0 ... 10 % of the total volume of gases) the most optimal (in
terms of closer to the maximum reduction of nitrogen oxides emissions with a
simultaneous minimum increase in fuel consumption and maintenance of thermal
stress) are modes in which 4 ... 6 % gas bypass is provided, while the reduction of

NOX emissions with exhaust gases by 3.33 ... 15.42 % is achieved.

MARINE MEDIUM SPEED DIESEL, DIESEL ENVIRONMENTAL
FRIENDLINESS, GAS BYPASS, EMISSION OF NITROGEN OXIDES
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BCTVII

Po3BUTOK CyqHOBHX AM3€JIB IOB’S3aHO HE JIMIIE 31 30UIBIICHHAM iXHIM
IATIHAPOBOT TOTYKHOCTI, aji€é TaKOXK 31 30UIBIIEHHSAM KUTBKOCTI BUITYCKHHUX Ta3iB
(BI), mo notparmisioTs B JOBKULIS B pe3ysibTari pododyoro nukiy. B manuii yac
cepell KOHTPOJIbOBAaHUX MapaMeTpiB AU3EIIB CYJIEH MOPCHKOTO Ta BHYTPIIIHHOTO
BOJHOTO TPAHCTIOPTY BaXJIMBE 3HAYCHHS MPUIUISETHCS TAKOMY EKOJIOTTYHOMY
MOKa3HUKY, $K KOHIeHTpamiss okcuaiB asory B BI. Ile 3HaueHHs
PETIIaMEHTYIOThCS MDKHAPOJHUMH BHMOTaMH, HOTO MIATPUMKA Y 3aJaHOMY
Jlana3oHl € OOOB'SI3KOBUM IiJ] 4Yac €KCIUTyaTalli CYJHOBUX EHEPreTHYHHX
YCTaHOBOK, SIK B akBatopisix CBITOBOr0 OKeaHy, TAaKOX y TEPUTOPIaIbHUX BOJAX
Mopchkux kpaiH. Oxcuan a3otry NOyx € OJHMMH 3 HaWOUIbIlI TOKCHUYHUX
koMrioHeHTiB BI'. 3a HopmanbHUX aTMOC(hepHUX YMOB a30T € iHEpTHUM razoM. [1i
gac BHCOKOTO THCKY Ta OCOOJIMBO BHCOKOI TEMIIEpaTypH a30T aKTUBHO BXOIHUTH Y
peakiito 3 kucHeMm. Y BI' aBuryniB nonan 90 % yciel kinbkocti NOyx CTaHOBUTH
okcup azoty NO, skuil y CUCTEM1 BUITYCKY Ta B aTMOCdepi JIETKO OKHCIIIOETHCS B
niokcua NO,, a naii nepeTBoproeThes Ha a30THY kuciioty HNOj;. 3rogom a3otHa
KHCIJIOTa KOHJEHCYETHCS B MOBITPI, MOBEPTAETHCS HA MOBEPXHIO CBITOBOTO OKEAHY
ab0 OCTpIBHY Ta MATEPUKOBY YAaCTUHY 3€MJII y BUTJIAMI KHUCIOTHUX JONIIB Ta
HETaTHMBHO BIUTMBA€ Ha JOBKIUIA Ta JIOAWHY. Y 3B'S3Ky 3 UM IIiJla HU3Ka
MDKHapOJIHHMX oprasizaiiii (3okpeMa International Maritime Organization — IMO)
3aMpOBaKYIOTh CYBOpI BHMOTH, BHUKOHAHHS SKHX JO3BOJISIE 3a0€3ICUUTH
€KOJIOTIYHI MapaMeTpu poOOTH CYAHOBHX JBUTYHIB BHYTPILIHBOTO 3TOPSIHHS
(JIB3) momo emicii okcuais azoty NOx [1].

BaxuuBicTh po3B’si3aHHS  3aBlaHb IIOJ0 3a0€3MEUCHHS EKOJOTTUHMX
MOKa3HUKIB CYJE€H MOPCHKOTO Ta BHYTPINIHROTO BOJHOTO TPAHCIOPTY Mij Hac
excruryaTaiii /IB3 Buznauaetscst Bumoramu lonatka VI MARPOL, sikum (y Tomy

qucii) OOMEXYIOThCA piBeHb eMicii okcuaiB azotry y BI. Omgnum i3 cmoco6iB
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nigrpuMmands  emicli NOyx B Mexax, M0 BIANOBIIaIOTh IIUM BHUMOTaM, €
BUKOPHUCTAaHHA cucTteM kepyBaHHS BI, sike (y OUIBIIOCTI BUMAJAKIB) BUKOHYETHCS
NUIBIXOM iX PelUpKYJIsAiii, abo mepenycky. byap sike MOMNIIeHHsT €KOJOTIYHOCTI
poOOTH CyJIeH PIYKOBOTO Ta MOPCHKOTO TPAHCIOPTY MOB’S3aHE 3 OJHOYACHUM
NOTIPIIEHHSIM EHEepPreTHYHuX (Ha caM mnepea  epeKTUBHOI MOTYXHOCTI) Ta
E€KOHOMIYHMX (mUTOMOi a00 TOAWMHHOI BUTpaTH mNanuBa) Moka3HukiB JIB3.
BusnaganHs onTUMaibHUX PEXKUMIB poOOTH cucTeM KepyBaHHs B (3 Touky 30py
3a0€3MeUYEeHHS] MaKCHUMAaJbHOTO 3HIDKEHHSI KOHIIGHTpallli OKCHIIB a30Ty Ta
cTabimizarmii JOCATHYTOIO 3HA4YeHHsS Ha pIiBHI, BIAMOBIAHOMY BHMOraMm, IO
BHUCYBAaIOTbCS ~ MDKHApPOJHMMHU  KBadi(iKallliHUMU  TOBapHCTBaMHU)  IMpHU
OJIHOYACHOMY MIHIMQJIbHOMY 3HIDKEHHI EHEPreTHYHHX Ta MIHIMAJIbHOMY
MIJBUIIICHHI €KOHOMIUYHMX MMOKa3HUKIB J[B3 cyleH MOpPCHKOTrO Ta BHYTPIITHBOTO
BOJHOTO TPAHCITOPTY € AKTYAJIbHUM 3aBIaAHHSIM.

HampsiMku BIOCKOHAJIEHHS 3 Cy4acCHUX JM3ENIB B JaHUM 4ac BU3HAYAIOTHCS
3HAYHOIO MIPOI0 EKOJIOTIYHHUMH CTaHAapTaMH, CYTTEBO BIAPI3HSIOTHCS B
3aJIEKHOCT1 BiJl 00'€KTIB, Ha SIKI BCTAHOBIIOIOTHCSA nu3eni. ToMmy mpu po3poOiri
po60YOro Mmpolecy €HEpreTUYHOI YCTAaHOBKH IMOTPIOHO BpaxOBYBaTH HE TUIBKU
HEOOX1IHICTh OTPUMAHHS BUCOKHX TE€XHIKO-€KOHOMIYHUX MOKA3HUKIB JU3EIIB, a U
BUMOTH, SIKi BUCYBAIOTHCS JIO MAJTUBHOI anapaTypy Ta IHIIUX €JIEMEHTIB JU3ETs 110
3a0€3MEUCHHI0 3HIKEHHA TOKCMYHOCTI BI' Ta 3a0e3neueHHs €KOJOTT4HOCTI
poOOTH CyZIeH MOPCHKOTO (hJIOTY.

BriponoBk OCTaHHBOTO ACCATHIITTS MPOBITHUMU KOMITAHISIMH, 1110 OYIyIOTh
JIBUTYHU, BeJlacsl IHTEHCUBHA JIOCIITHUIIbKA 1 TPOCKTHE-KOHCTPYKTOPChKAa podoTa
3 MEepeBEJCHHS CYIHOBHMX JM3EIIB Ha JIeNIeBl Ba)KKl MajauBa 1 3HWKCHHIO eMicii
okcuiB a3oTy 3 BI' y 3B's13Ky 13 3pOCcTal0OuuMu BUMOTaMH JI0 3aXUCTY JTOBKIJLIA.

Came UM IIATAHHAM IIPUCBAYCHA JUITJTIOMHA p060Ta.
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1. AHAJII3 JIITEPATYPHUX JUKEPEJI 3 ITPOBJIEMU 3ABE3ITEYEHHA
EKOJIOTTHHOCTI POBOTHU CYAEH MOPCBKOI'O ®JIOTY

Mopcekuii Ta BHYTPILIHIA BOJAHHI TPaHCIOPT € CKJIAJ0BOI YaCTHHOIO
€KOHOMIKH BCiX PO3BHMHEHHX KpaiH, [0 MaroTh BUXiA 10 akBaTopii CBITOBOTO
okeany. 3rimHo 3 «Mopcbkum 3BiToM Opranizamii OO’ennanux Hamiii 3a
2023 pix» ("United Nations 2021 Maritime Report"), o6¢csar MOPCHKHX MEPEBE3CHDb
y 2023 poui nocsar 114 mupa. TOHH, TpU  LBOMY IICIS CBITOBOi KpH3HU
2008...2010 pp. miaTBEepIKEHO CTAaOLIbHE 3POCTaHHS CBITOBOi MOPCHKOI TOPTiBIIi
(puc. 1.1) [1]. Amnamoriuni TeHmeHmii Oymu 3adikcoBani y 2024 p. [2] #
ouikyroTbes y 2025 p. [3].

AKTUBHHMI PO3BUTOK CYJHOILJIABCTBA CIPHUSE 3POCTAHHIO CyTHOOYAYyBaHHS i
NBUTYHOOynyBaHHs. [Ipy 1IbOMY TOJOBHUM I'€HEpAaTOPOM EHEprii, 1o 3abe3neuye
pyX 1 (DYHKIIOHYBaHHS CyJ€H MOPCBKOIO Ta BHYTPIIIHHOTO BOAHOTOTPAHCIIOPTY
(He3aJeXXHO BiJI iX MpPU3HAYCHHS, JIEIBEUTY 1 palioHy IUIaBaHHs), a TaKOX

KUTTETISUIBHICTD €KINaXxKy Ta BIAMOYMHOK Mmacaxxupis € JIB3.

1.1. OCHOBHI €KOJIOT14H1 MOKa3HUKH CYJIEH MOPCHKOTO Ta BHYTPIIIHHOTO

BOJIHOT'O TPAHCHOPTY

ExcrutyaTaiiiss cyieH MOpPCBKOTO Ta BHYTPIIIHBOTO BOJHOTO TPaHCIOPTY
NOB’si3aHa  AK 13 3a0€3Me4YeHHS M I1X EHEePreTMYHUX IOKa3HMKIB, TakK 1 3
MIITPUMAHHSAM HEOOX1THOTO PIiBHA iX €KOJIOTTYHOCTI (EKOJIOTIYHUX TapameTpiB).
TemoBl ABUTYHI CyZl€H MOPCBKOTO Ta BHYTPIIIHBOI'O BOJHOTO TPAHCIOPTY HE
TIIBKM TEHEPYIOTh KOPHUCHY €HEpPriio (sKa MepelaeThCs Ha TpPeOHUIl TBHHT,

3a0e3nevyyoun pyX cyAHa, ab0 BUKOPUCTOBYETHCS I E€JIEKTPUUYHOTO MPUBOAY
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JIOTIOMIXKHUX MEXaHi3MIB 1 MPUCTPOIB), alie 1 € JHKEpeslaMu PI3HOTO 3a0pyaHEHHS
MOPCHKOTO 1 MOBITpSIHOTO cepenoBuia [4]. o OCHOBHHX MPOAYKTIB, SIKi 3TyOHO
BIUIMBAIOTh HA €KOJIOTII0 B PE3yJlbTaTl BUKOPUCTAHHSA OyAb-SKUX TEIMIOBUX
JBUTYHIB, BIJHOCSATHCS HA(PTOBI 3alMIIKK (3a0pyJHEHE MNaJIMBO 1 MAacCTHUIIO,
JTUCTIIEPCHUN CTaH SKUX HE JO03BOJSE€ TMaJMBHIA amapaTypl 3AIHMCHUTH iX
BIIOPCKYBaHHA B KaMmepy 3TOpsSHHS au3eis abo Tomky kotria) 1 BI, ki
Oe3nocepelHbO BUKUIAIOTHCS B atMocdepy [5]. HadToBi 3amumku (Bigxoau
cenapartlii 1 guIpTparlii majguBa 1 MacTuiIa, a TAKOXX HEMOMAUIbHI €MYJbCii BOIH 1
najguBa) 30UparOThCA B CHEMIAIbHUX HAKOMUYYBAIBHUX €MHOCTAX 1 3T0J0M
3aI0ThCsl HAa Oeperoml CTaHIi peuukiIiHry abo yrwm3auii [6]. BI', Ha xainb,
BUKHUJAIOTBCA Oe3mocepelHb0 B arMocdepy, JMIle B IMOOJUHOKHX BHUIAIKAX
M1JJJaI0YKCh 10JIaTKOBOMY OUYHIIEHHIO [7].

3a cBoero npupoaoro BI' nuzeniB € myxe CKIagHOIO CYMIIIIIIO NapiB, rasis,
Kpareiab PiAMH 1 YaCTUHOK 1 MICTATh Onu3bko 270 pedoBUH, YacTHUHA 3 SIKUX €
TOKCHYHUMHU. [lim dYac BUKOPUCTAaHHS BYIJICBOJAHEBUX TaIMB Ha(PTOBOTO
MOXO/PKeHHST 1 aTMocdepHoro TMOBITps SK okucioBada Bl cymnHoBux
enepretuyHux ycraHoBok (CEY) ckmamatorees Ha 99..99,9 % 3 HeTokcmuHMX
KOMIIOHEHTIB — MPOJIYKTIB HEMOBHOTO 3ropsiHHs (Aiokcun Byrero CO, 1 BoasHA
napa H,0), a Takoxx moBiTps 31 3HW>KEHUM BMIicTOM KHCHIO O; 1 a30oTy Nj; pemty
0,1...1,0 % o0cary cknaagarOTh TOMIIIKH, SAKI € IIKIIIABAMHU JUIsl AOBKIUIS Ta
mroaunu [8].

[Ti yac OKHCIEHHSI KHCHEM TOBITPSI TOPIOYMX eJIeMEHTIB najiuBa (Byriemto C,
BomHio H Ta cipku S), a Takoxk azory N Ta MOAanmbIIOro 3ropsHHS MaTUBO-
MOBITPSHO1 CYMIIIIl 3/11MCHIOETHCS YTBOPEHHSI HACTYITHUX TOKCUYHHUX KOMITOHEHTIB:
Byriekuciioro razy CO, okcujiiB ByrieBoHIO, ByriieBoaHIB CoHp (B ToMy uwmcmi
MOIIUKIIYHUX 1 apoMaTudHuX), caxi C, okcuaiB a30Ty NOx, okcuaiB cipku SOy, a

TAKOX CITOJIYK BaKKHMX METAJIB, 1110 3HAXOAAThCA B manusi (puc. 1.1).
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[TanuBo [ToBiTpst
CHS SN N O
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Heroxcuuni Toxcuuni
CO, HHO N, O, CO C,H, C SO, NO,

Puc. 1.1 MexaHi3M yTBOpPEHHSI TOKCUYHUX CKJIaoBuX BI' mig yac oKMCIeHHS Ta

3rOpsAHHA IMaJInBa

VYci TOKCMYHI KOMITIOHEHTH, SIK1 YTBOPIOIOTHCS B CYJHOBUX AM3EISAX, MOKHA
pO3NOIIINTA HA JBI rpynu. Jlo mepiioi rpynu Hajgexarb MPOAYKTH HEMOBHOIO
3rOpsSIHHS NaNKBa (PEYOBUHHU, IO MICTATh BYTJElb) — 1€ MOHOOKcu Byriemto CO,
ByrieBoaHi CpHp, ampnerimm R-CH-O, caxa (tBepauit Byriens) C. TokcuuHi
KOMIIOHEHTH JPYroi TpYyNu YTBOPIOIOTHCS B PE3yibTaTi TMOBHOTO OKHUCICHHS
XIMIYHHMX €JIEMEHTIB, 1[0 BXOAATH /10 CKJIay MajauBa 1 MOBITPS — 1I€ OKCUIU a30Ty
NOx i cipku SOx [9-13].

Oxcuan a30Ty NOx € OJHUMH 3 HAWOLIbIIT TOKCHYHUX KoMIToHeHTiB BI™ [14].
3a HOpMaJIbHUX aTMOC(EPHUX YMOB a30T SIBJsiE COOOI0 IHEPTHUM ra3. 3a yMOBaMHU
BHUCOKOTO THCKY 1 OCOOJMBO BHCOKHMX TEMIEpaTyp a30T aKTUBHO BCTYIA€ B
peakKIlito 3 KUCHEM, IEPETBOPIOIOYUCH HAa OKCHIM a30Ty [15, 16].

YTBOpeHHSI WIKIAIUMBUX AOMIMIOK y BI' cygHOBUX AM3€diB MOPCBKOrO Ta
BHYTPIIIHHOIO BOJHOTO TPAHCHOPTY Mae€ JesKl 0coOauBOCTI. ManoobepToBi
muzent (MOJI) mnpauporoTh 3 CyMmMapHUM KOE(ILIEHTOM HAJUIMILIKY [OBITPS
oy =o-@, (e o — KoedIeHT HAUIUIIKY TOBITPS, (P, — KOSDIIIEHT MPOTYBKH)
OlbllIe TPHOX. BlbIe MOJOBUHM MOBITPSI CIIOKUBAETHCS B MPOLIEC] 3TOPSIHHS, a
1HIIa YacTUHA WJie Ha npoayBKy mumHapiB. Tomy BI' MO/l micTaTh nigBUieHUI
BiicoToK (10 13...16 %) aktuBHOTO O,. A30T N, sikuit B armocdepi 3aiimae 80 % 1
CKJIaJla€ TIPU BHCOKHX 0. OCHOBHY 4acTuHy BI', BcTymae B peakuito 3 KMCHEM IIiJ
gac po0odYoro Tmporecy, YTBOPIOIOYM TOKCHYHI OKCHUIU a30Ty, SKi €

HanmkignusBimuMu ckiagosuMu Bl': e NO, NO,, N,O. KupkicTs KOXXHOTO 3
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OKHUCJTIB BU3HAYAETHCSA JIOKATBHUMH YMOBAMH: BEIMYMHOIO TEMIIEpaTypu 1
KOHIICHTpaIli€ro KucHio [17].

VY cepenuboobeproBux auzensx (COJl) ue BinOyBaeTbcsi MEHII IHTEHCUBHO
yepe3 MIBUAKUN Mepedir mporecy 3ropsHHs (32 paxyHOK MiJABHUINEHOT YacTOTH
oOepTaHHS Bajla) Ta MEHIIMX (32 PaxXyHOK OIIBIIOTO 4Yacy MpOJyBaHHS Ta
BUMYCKY) KOE(DIIIEHTy NPOAYBKH @, Ta CyMapHOTO KoOeQilli€eHTY HaJJIUIIKY

noBitTps o. Ckiaa BI' s MOJI ta CO/] Hamano y tabmumi 1.1 [20].

Ta6mur 1.1. [kiamuBi BKIFOYEHHS Y BUITYCKHUX T'a3aXx CyJHOBUX JBUTYHIB

HaiiMeHyBAHHA BKIIOHCHE KibKiCTh BKIIOYCHB, KI/T NAJINBa
MO/, COJ
Okcunm a3oty 84...86 59...61
Oxcunu cipku 18...21 12...14
Okwucen ByTJIeIto 9...10 8...9
ByrneBoani 2,5...3,0 2,7...3,5
Byrnekucnora 3150...3200 3250...3300

Hocmimxenns: Perictpy Jhnoiay mokazamu, mo y BIT MOJ Bmict NOy
HaOararo Ouibiie, Hixk y COJl. Tak, Bukuau NOyx npu HaBaHTAKEHHI JBUTYHIB
80% Big MakcUMalbHO TpuUBajoi mOTyxHOocTi y MOJ ckiagaioTh
1300...1800 ppm 3a Bmictom O, 15 %, B exonomiuniii momudikamii COJ] He
oineme 1000 ppm 3a Tomy 3k BMICTI O,, B ekojoriuniii moaudikarii COJl BoHu
cxianarTh 500...700 ppm. Tomy mMoxkHa BBaxatu, o COJl 3HaxoaaThest ONvKye
10 HOpMmaTtuBHUX BuMmor, Hix MOJI [21]. Tlpore 3a IHIIUMH MIKiIJTABAMH
cxianosumu BI''y CO/J[ 1 MOJI mano BiaminHOCcTeH (quB. Tabnuio. 1.1).

Ha panuit yac iCHyIOTH CyBOpi HOPMH 332 OKPEMHUMH KOMIIOHEHTaMH, IO
Mmictatees y BI' JIB3 Taki, sik: okcun Byrierio CO, ByraeBogni C,Hp, okxcuau
cipku SOy 1 okcuan azoty NOx [22, 23]. IMO BBejeHi He TiJIbKA HOPMH Ha BMICT
y BumyckHux razax SOx 1 NOy, ane ¥ BU3HAuUEHI CHeIliaibHI MOPChKI aKBaTOpIi
(3oun koHTposto SOx 1 NOy), A€ BUMOTM JI0 IUX MMapaMmeTpiB Ie OUIbII

periamenToBani [24].
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1.2. Bumorn MiKHapOAHUX Ta HAIlIOHAJIBLHUX OpraHi3allii 1mo/10
3a0e3MeyeHHs! piBHA HIKIUIMBHUX JOMIIIOK Y BUITYCKHHX Ta3ax CyJeH

MOPCBHKOTO Ta BHYTPIIIHBOTO BOAHOTO TPAHCIIOPTY

[Tposeneni Komiciero i3 3axucty Mopcbkoro cepenosuiiia MEPC (The Marine
Environment Protection Committee), mo BxomuTh y MiXHApOAHY MOPCHKY
opranizarito (The International Maritime Organization — IMO), BunpoOyBaHHs
PI3HUX THIIIB CYJEH MOKa3ajiu, 110 B CEPEIHbOMY BEIMYMHHU BUKHUIIB CYJIHOBHX
Iu3elniB y Kr Ha 1 ToHHY manuBa ckiaanaioTh: NOx — 59 kr/t; CO — 8 xr/T; CH —
2,7 xr/T; CO, — 3250 kr/T 1 SO, — 2,4 xr/T. Yactka 3a0py/HEHHS MOBITPSHOTO
Cepe/ioBUIIIa TPAHCIOPTHUMU cyaHamu ckiagae 5..10% 1 mocTynoBo
30uUTbIIy€eThCd. PiUHMI BUKHJ CyIHOBOTO Ju3eis MOTYyXHIcTIO Outa 20 tuc. kBT
piBauit: 32 NOx — 1500 tonn; SOx — 600 Torn; CO — 100 ToHH 1 3a TBEpAUMH
gactkamu — 50 ToHH [25, 26].

Exonoriydi xapakTepUCTUKU JU3EIbHUX JBUTYHIB BU3HAYAIOTHCA T'OJOBHUM
YUHOM BMICTOM Yy TPOAYKTaxX 3TOpsiHHS OKCuAIB a30Ty NOy, sIKI 3a 1HJIEKCOM
TOKCUYHOCT1 3HAYHO MEPEBEPIIYIOTh 1HII MKIAIMBI KomnoHeHTu BI'. 3rigHo 3
Honatkom VI Mixkaapoanoi Konseniiii 1mo0 3ano0irants 3a0pyaHEHHIO 13 CyJIeH
(MARPOL) «O6mexennst Ha Bukuau NOx», 3 ciung 2016 poky Bci HOBI CcyaHa
NMOBUHHI OyAyTh BianoBimatu cranpaptam piBHs Tier-IIl, sxi mepembauaroTh
3HMKeHHsT BUKUAIB Ha 80 % (puc. 1.2) mopiBHAHO 31 cTaHmapTaMu piBHA I, mis
CKCIUTyaTallil B 30HaX, MO3HAYEHUX K 30HU KOHTpouro BUKUAIB NOx [27, 28].

VY 3B’s3Ky 3 MM IIJIa HU3Ka MDKHApOJHUX opraxizaiii (3okpema IMO)
BBOJIUTh CYBOP1 BUMOTH, BUKOHAHHS SIKMX JO3BOJISE€ 3a0€3MEUUTH EKOJIOTIYH1

napameTpu poOOTH CYyJTHOBUX au3emiB [29].
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Puc. 1.2. Bumoru IMO no xinpkocTi NOy y BUITYCKHHX Ta3ax CyJTHOBUX JU3EIIB

VYkpaina € noBHomnpaBHuM wieHoM IMO 1 patudikyBana Bci ii OCHOBHI
KOHBEHIII. Y 3B’S3Ky 3 IIUM EKCIUTyaTallis CYyJIeH PIYKOBOrO Ta MOPCHKOIO
TPaHCHOPTY 3[1MCHIOETHCS BIAMOBIIHO O Pe30JIoLii, po3podnenunx KomiteTom 13
3aXUCTY MOPCBHKOro cepenoBuina MiKHApOAHOI MOpchKoi opraxizaiii (Marine
Environment Committee for the Protection of the of the International Maritime
Organization — MEPC IMO): «3amo0iranHs 3a0pyJAHEHHIO TOBITPSl 3 CYACH i
KOHTpOJb sikocTi manmuBay ('Prevention of Air Pollution from Ships and Quality
Control of Fuel™) i «Ilepermauyruii Jomarox VI go Kousenmii MAPIIOJI» Ta
3rilHo 13 3akoHOM VYkpaiHu «IIpo OXOpOHY HaBKOJUIIHBOTO MPUPOIHOTO
cepenosuinay [30].

OCHOBHUM JOKYMEHTOM, SIKMI perIaMeHTye IIKIIJIUBI BUKUIN B aTMocepy
BiJl MOPCHKUX TPaHCHOPTHUX cyJeH, € Jlomatox VI no MixkHapoaHOi KOHBEHIIIT 110
3anobirandio 3a0pyaHeHHio 3 cyaeH (MAPIIOJI). [luM HOKyMEHTOM BHKHIA
okcufiB cipku SOy 3ampoONOHOBAHO YHOPMYBATH BIATIOBIHO JO BMICTY CIPKH B
HaJIKBi, a BUKUIU OKCUIIB a30Ty NOy — BUXOASUN 3 THIIY CyAHOBOrO au3ens [31].
Honaroxk VI MAPIIOJI (IlpaBuna 3amoOiraHHs 3a0pyJHEHHIO MOBITPSIHOTO
CepeOBUIIA 3 CYJICH) BCTAHOBJIIOE PIBHEBUH M1IX1]] 10 CKOPOUEHHS IIMX BUKU/IIB:

epiBeHb Tier | sBisie cobor0 Mexy BMicTy OkcuaiB a3oTy NOyx B BUKHIAX
Ju3eliB cyAeH, nooynoBanux micis 1 ciuns 2000 poky, ane g0 2011 poky;

epiBenb Tier |l — crarmapt 3a BMicToM NOy 1 ABUTYHIB, BCTAHOBJICHUX Ha

cynHax, nooynoanux 1 ciuns 2011 poky, abo micis 1€l qaTu;
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epiBeHb Tier Il — cranmapt 3a BmicToM NOx y BHKHAAaX JIBUTYHIB,
BCTAaHOBJICHUX Ha CyJiHaX, moOyaoBanux 1 ciung 2016 poky abo micis 1i€i AaTu.

Ha nanwit yac Ha Ccyd4acHHX PIYKOBHX Ta MOPCHKHUX TPAHCIIOPTHHUX CYyIHAX
BUKOPHUCTOBYIOThCS am3eni, BigmosimHi piBHsM Tier I 1 Tier II. Tlpu upomy
BUukuau NOyx nBuryHiB piBHa Tier II B 3amexHOCTI Biji HOMIHAJIBHOI YacTOTI
oOepTaHHs KOJIIHYACTOIrO BaJsia Au3essi N B 00/XB, TOBUHHI CKJIAJaTH:

* 14,4 v/(xkBt-rox) — mpu n<130 06/xB;

« 44n %% r/(kBt-Tox) — mpu 130<n<2000 06/xB;

* 7,7 t/(xBTt-Tom) — ipu N>2000 06/xB.

JBurynu piBHa Tier IIl moBuHHI 3a0e3nedyBaTh HACTYNHI BHUMOTH ILOJAO
BMicTY NOyx y BUITyCKHHX Ta3ax:

* 3,4 r/(xBT-Ton) — mpu N<130 06/xB;

* 9n°? r/(kBr-rox) — mpu 130<n<2000 06/xB;

* 2,0 r/(xkBT-Trox) — mpu n>2000 06/xB.

Cnix 3a3Ha4nTH, 110 BUKOHAHHS BUMoOr piBHSA Tier || MoxnuBe 3a paxyHOK
3MIHM KOHCTpPYKIii aBuryHa. Bognouac pnocsruenHss Hopm piBHa Tier Il
HEMOXXJIUBE 0€3 BUKOPUCTAHHS CIELIAIbHUX TEXHOJOTINA: KaTaTiTUYHOTO
BiHOBICHHS [32]; perpkyisiis Bunyckaux rasie (Exhaust Gas Recirculation —
EGR) [33]; mepenyck Bumyckuux rasiB (Exhaust Gas Wastegate — EWG) [34];

nepexiJi Ha 3pIpKeHU Tpupoaaumii ras [35].

1.3. AHaJ1i3 OCHOBHUX IIIAX1B MOJIIIIIEHHS €KOJIOTIYHUX MTOKA3HUKIB

poOOTH AU3ENIB CYI€H MOPCHKOIO Ta BHYTPIIIHBOT'O BOJHOTO TPAHCTIOPTY

[Tin yac BUKOpPHCTAHHS BYIJIEBOJHEBUX MalvB HA()TOBOTO MOXOKEHHS, K1
CHATIOIOTh y UWJIIHAPI JW3eNs 3 HaUIMIIKOM KHCHIO, mpubnm3no 80...95 %
3arajibHOi Macu TOKCUYHMX JoMimok BI' mpunagae Ha 11°9Th OCHOBHUX TOKCUYHUX

koMmnoHeHTiB: CO, NOx, SOy, ajibIeTi/1iB 1 HE3TOP1JIUX BYTJIEBO/IHIB.
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Jlo uucna METOMIB, CHOPSIMOBAaHMX Ha HEUTpami3alilo  IMIKIIJIUBHX
KoMnoHeHTiB y BI' cynHOBuX nu3eniB, HajeKaTh Taki OpraHizamiiHi 3aX0/Iu:

e00OMEXKEeHHS KUIbKOCTI MaHeBpiB I'J[ mpu Biaxomax 1 migxojax CyJIeH
PIYKOBOTO Ta MOPCHKOTO TPAHCHIOPTY A0 MOPTIB;

®3BE¢JICHHS 710 MIHIMyMY pOOOTH JOTIOMIKHUX JBUTYHIB Ha CTOSTHKAX;

®ICPEBEICHHS CYICH Ha MAJIOCIPUYHCTE MATNBO;

®BUKOPHUCTAHHS aJlbTCPHATUBHUX BHUJIB IMajuBa (70/1aBaHHS BOJHIO B KaMepy
3TOPSIHHS TPU 3IMCHEHHI pOOOYOro IMKIY; BUKOPUCTAHHS CIIUPTY, METAHOIY,
CTHCHEHOT'O TIPUPOHOTO ra3y, 3pipKeHoro HagToBoro rasy) [36].

KOHCTpYKTHBHI Ta TEXHOJOTIYHI 3aXOAW HIOAO0 TMOJIMIICHHS EKOJOTIYHUX
MOKA3HUKIB CYJHOBUX JU3EIIIB MOJISITAIOTh Y HACTYITHUX 3aXO0JaX:

3 MeTor0 3HIKEHHS NOy — 3HIKCHHS 3aralbHUX 1 JIOKAIBHUX TEMIIEpaTyp y
Kamepl 3ropsiHHS, 3HIKEHHS JIOKAJIBHOTO 1 MICIEBOTO BMICTY KHUCHIO, 3HUKEHHS
BMICTY a30Ty B HaJIMBI, ITIABUIIICHHS IBUIKOCTI 3TOPSHHS;

e3 MeToro 3HWKeHHS CO — onTumizariisi 3aKOHY BUJIUICHHS TEIJIOTH T Yac
3TOPSIHHS, BHUKOPWUCTAaHHS AaHTHUAWNMHHUX TIPUCAIOK, BHUKIIOUECHHS MICIIEBHX
nepe3barayeHux 30H;

®3 METOI0 3HIDKCHHS albpJeriliB — TypOymizaiis 3apsay, pyHHYBaHHS 30H
raciausg [37].

[Ti1 TOHATTAM «IOMIMIICHHS €KOJOTTYHUX MOKA3HUKIB POOOTH AU3EIISD» X04a
PO3IIIAIA€THCSA 3HUKEHHS BChOIO TPAAMILIMHOTrO HabOpy MIKIJIMBUX PEUYOBUH, IO
YTBOPIOIOTHCS IT1JT Yac CHATIOBAaHHS PIIKHUX MajduB — OKCUIB a30Ty NOx, OKCH/IIB
Byrierio CO, okcumaiB cipku SOy, TBepaUX 4acTok, ByriaeBoguux C,Hp,, ocobnmBa
yBara mpuaiIseTses okcumaM azory NOx, sfKi MalOTh OJAHOCIPSMOBaHY IO 3
okcugmamu cipku SOx 1 ctaHoBiIATh 10 80...90 % TOKCHMYHOCTI BiJ 3arajabHOl
K1IpKkocT1 BT,

He#itpamizamis mkigmBux kommoHeHTiB y BIT JIB3 mominseTscss Ha 1Bi

IpyNH METO/IIB:
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1-ma rpynma — MeTOAM BHYTPINIHBKOI HeWTpasizaiii (IepBICHI METOIH), SIKi
XapaKTEepU3YIOThCS: 3a0€3MeUeHHsIM MaJOTOKCUYHUX POOOUYHNX MPOILIECIB, MOAAUECIO
BOJM B IIWIIHJIP, peuupKysieto BI', perynoBanHsIM nojayi najiusa;

2-ra rpymna — METOAM 30BHINIHBOT HeUTpasizallli (BTOpUHHI METO/H), a caMe
BUKOPUCTAHHS: (DIIBTPIB, PIAMHHNX Ta KaTATITHYHUX HelTpaizaTtopis [24].

[Tin vac mnpoektyBanHs CEY HalOUIbII MEPCHEKTUBHUMHU BBaXKAIOTHCA
METOZM, B OCHOBI SIKMX JIGKUTh HEWTpami3alis OKCHIIB a30Ty B pPIAMHHUX,
TEPMIYHUX 1 KaTAJIITHIHUX HEeUTpamizaropax. JlocaiKeHHIM pi3HUX acCHEeKTiB €l
npobyieMH 3aiiMajnacs BeJMKa KUIBKICTh OpraHizaimii, sK BITYH3HSHUX, TaK 1
3aKOPJIOHHUX, BKJIIOYAIOUM HAYKOBO-IOCHIAHI IHCTUTYTH Ta Jabopatopii
nu3ene0y1iBHUX BipM.

Crizl 3a3HAYUTH, 1110 B 1€ Yac HE ICHY€ KOMIUIEKCHOI OLIIHKU (200 KPUTEPIIO)
e(heKTUBHOCTI METO/IIB (3aCO01B) MOJIMIIEHHS €KOJIOTTYHUX MOKA3HUKIB CYJHOBUX
nu3eniB. HasBHI METOAMKH JI03BOJISIIOTH 3pPOOMTH TIABKM BIJHOCHI OIIHKH
e(EeKTUBHOCTI 3aC001B 3HM>KEHHS BUKH/IIB, TOMY MOAAJIBIINM 3aBIaHHSAM HAYKOBO-
JIOCIIITHUX OpraHi3alliil 1 HarJsaJOBUX OPraHiB € CTBOPEHHS CHUCTEMU KOMIUIEKCHOT
OILIIHKK MPOMOHOBAHMX METOJIB 1 3ac00IB MOJIMIICHHS EKOJOTIYHOCTI pOOOTH

CYJIEH MOPCHKOTO Ta BHYTPIIIHBOT'O BOAHOTO TPAHCIIOPTY.

1.4. AHami3 OCHOBHUX CMIOCOO1B 3HIKEHHS €MICIT OKCHJIIB a30Ty Y BUITYCKHHUX

razax JIM3eNiB CyJIeH MOPCHKOTO Ta BHYTPIITHEOTO BOJAHOTO TPAHCIIOPTY

OCHOBHMM TEXHOJIOTIYHUM 3aBJaHHSIM METOAIB, W0 COpsIMOBaHI Ha
3MEHILIEHHS eMiCii OKCUIB a30Ty y BI', € 3MeHIIeHHSI MaKCUMAaJIbHO1 TeEMIIEpaTypu
B IIMJTIHJIP1 TU3EIIS i 9ac 3ropsHHS TajanuBa.

Haii611p110ro po3noBCIOKEHHS cepel] IEPBUHHUX METO/IIB 3HUKEHHS eMicli

NOyx oTpumanu HacTymHi:



21

1) 3BOJI0’KEHHS TIOBITPS HAJITYBY;

2) 3acTocyBaHHs BojgonamuBHUX emyibCiit (BITE);

3) BUKOpPUCTAHHA MPSMOTO BIIOPCKYBAHHS BOJY B LUJIHAP TU3EIIS;

4) MojiepHi3allisl KOHCTPYKIIil aJIMBHOI araparypu;

5) xepyBanns BI' uepes ix penupkymsimiro (cuctemu EGR), abo mepemyck
(cucremu EWG) [38].

[lepuuii BapiaHT nepeadayae 10AaTKOBE BIOPCKYBAHHS B 00’ €M MOBITPS, 1110
HAJXOMUTh B UWIIHAP AW3eNs, MpicHOT BoAW. BrnopckyBaHHS MPOBOAMUTHCS
creniagbHO0  (OPCYHKOI, BCTAHOBIIEHOIO a00 3a OXOJIOJ)KyBaueM MOBITPS
HaJTyBY, a00 O6€3MocepeHb0 B PECUBEPI MPOyBOYHOTO MOBITPsi. HaaxoKkeHHs B
IUTIHAP 3BOJIOKEHOTO MOBITPS BUMAarae J0JaTKOBUX BUTPAT TEIJIOBOi €HEprii Ha
HOoro BUMApOBYBaHHS, IO CIPUSE 3HIKEHHIO TEMIIEpaTypy B LWJIIHAPI JU3ETs B
nporieci 3ropsiHHs nanusa [39].

Hpyruit BapianT 3a0€3MedyeThCs CTBOPEHHSM BHCOKO-OJIHOPIAHOI CyMII
BOJIM 1 MajiMBa 1 MOJIau€l0 YTBOPEHOI eMyJibCil 10 muwtiHApa ausend. [lpu ubomy
TaKOX BIJOYBA€ThCS 3HUKEHHS TEMIEpPaTypu B MPOIECI 3TOPSHHS IajinBa, a
[EHTpaJIbHA YacTHHA MaJMBHOrO (hakeyia JOJATKOBO 30arauyyerbcsi KUCHEM, IO
YTBOPIOETHCS i Yac BUTIapOBYBaHHs Boau. OMHAK, 3 OTJSAY Ha T€, 0 KUTbKICTh
najgnBa, SIKe MOJAEThCA B IUJIHAP, MOBUHHA 3aJHUIIATHCS TOCTIMHOO, JT0JaTKOBA
nmogada Boau (ONTHMalbHA KIIBKICTh SIKOI 3HAXOAMTHCS B Mexkax 15..20 %)
MPU3BOJUTH JI0 30UIBIICHHS TpUBAJIOCTI BiopckyBanHsa nopiiii BIIE mopiBusiHO 3
BIIOPCKYBAaHHSAM  «4HCTOro» mnanuBa. lle 3ymoBitO€ 30UIbIIEHHS  KyTa
BUIIEPEDKEHHST TMO/aul MajiiBa, 10 MOXXE CHOpUYMHUTU BropckyBaHHsi BIIE B
MOBITPSHE CEpeIOBUINle, TEMIlepaTypa SKOro Ie He 3abe3neuyye HaJiliHe
caMO3alMaHHs.

Tperiii BapianT nependayae npsiMe BIIOPCKYBaHHS BOJAW B LIMJIIHAP AMU3ENS 1
3MIIUCHIOETHCS 200 3aradbHUM (KOJHM MaJMBO 1 BOJA TOJAIOTHCS Yepe3 3arajibHy
dbopcyHKy), a0 pO3aiIILHUM BIOPCKYBaHHSM (KOJIM BOJIA 1 MAJIMBO BIOPCKYETHCS

B IIIUTIHJIP Yepe3 iHauBiayanbHl Gpopcynkn). OqHak, NaHu BapiaHT TAaKOXK CIIPHUSIE
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HECTIiKOMY 3ropsiHHIO TanuBa. KyT BUNEpeKCHHS IMO/ayi TalvuBa 3HUXKYE
TEMIIepaTypy B KiHIII CTUCHEHHS. 3HAXO/KCHHSI B IWJIIHIPI JW3ENS ITiIBHIICHOT
MOpITii PO3MOPOIICHOT BOAM MOXE MPHU3BECTH 10 3HIKCHHS TeMIlepaTypu B
HUAJTIHAPI  JU3eNsl 0 KPUTHYHOTO PIBHS 1 HEMOXJIMBOCTI  IOJAJIBIIOTO
caMO3aliMaHHs NaJIiBa.

UerBepTrii BapiaHT 3a0e3mnedeHHs HeoOxigHoro piBHA eMicii  NOy
MEPBUHHUMH METOJIaMU TIOB’SI3aHUN 13 BJIOCKOHAJICHHSM KOHCTPYKIII MaJTUBHOT
anapatypu (3miHOIO0 ¢dopMHu posniIoBadya (HOPCYHKH, 3OUIBIICHHSIM THCKY
BIIOPCKYBaHHS TajvBa 1 T.J.) 1 IOB’S3aHUM 3 MOJICPHI3AIIE€I0 BCi€l MaIUBHOI
CHUCTEMU BUCOKOTO THCKY.

[I’stuit  Bapiant — BuxopuctanHs cucteM EGR ta EWG akrtuBHO
PO3POOISIETHCS B TAHWN Yac 1 Ma€ MO3UTHBHUMN JTOCBIJ 3aCTOCYBAaHHS Ha MOPCHKHX
CyTHaXx.

Cepen BTOpUHHHUX METO1IB 3HMKEHHs eMicii NOy HalO1IbII0r0 MOMMUPEHHS

HaOymo BHOOp4Ye (CENeKTHBHE) KaTaliTU4He BigHOBICHHs — Selective catalytic

reduction (SCR).

1.5. BucHoBku 3a po3ainiom 1

Sk pe3yabTaT AOCHIHKEHbB, OB’ SI3aHUX 3 OTJISIIOM Ta aHAJI30M JITEpaTypHUX
JUKEpeJl, y SKWAX BHBYAEThCS Ta BHUCBITIIOETHCS 3aBIaHHS 3a0e3MeUeHHS
€KOJIOT1YHOCTI MOPCHKUX CYJIeH, BU3HAYMMO HACTYITHE.

1. 'enepaTopoM  MEXaHIYHOI  €HEprii  sKa BUKOPUCTOBYETbCA IS
3a0€3MEUCHHS] PYXy MOPCBKHX CyJeH, a0o0 eJICKTPOIOCTa4aHHS CYJAHOBHX
CTIO’KHUBAYIB € JIU3ei, 31HCHEHHS 3aMKHEHOTO pOO0YOTro IUKITY SKUX HEMOKIIUBE
0e3 BUJaJICHHS Y JOBKIUISI BUITYCKHUX Ta3iB, JO CKJIAQy SIKMX BXOJUThH YHCJICHHI

MIKIJIUBI pedoBuHU. [lepmie wmiciie (3 TOYKM 30py HETAaTUBHOTO BIUIUBY Ha
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JOBKUUIS) cepesl MIKIIMBUX Ta30BUX BUKHUIIB 3 PIUYKOBHX Ta MOPCHKUX CYJICH
IPAaKTHYHO Ha BCIX PEeXMMax poOOTH TU3ETIB, HE3aNe)XHO BiA iX THITy, Kiacy,
PO3MIpiB 1 KOHCTPYKTUBHUX OCOOJIMBOCTEH, 3aiiMalOTh OKCHUIU a30Ty.

2. Cepen MeXaHI3MIB YTBOPEHHS OKCH/IIB a30Ty HaWOUIbII MHPOOJIEMHUM
3aJIMIIA€THCS BUCOKOTEMIIEPATYPHUI, HIBEIIOBaHHS Horo BBy Ha emicito NOx
OB’ 3aHO 3 HEOOXIAHICTIO 3HUKEHHSI TEMIIEPATYpPHUX IMIKIB, [0 YTBOPIOIOTHCS
M1 Yac 3ropsiHHS PIIKOTO MalliBa.

3. 3niiicHeHHsT 1H(GOPMAIIHHOTO TMOIIYKY 3a HampsIMOM  JIOCIIJIKEHHS,
3aCTOCOBYIOYHM (h1710COPCHKUN MiaX1A CXOMHKEHHS BiJl 3arajlbHOro0 JI0 OKPEMOTO
yepe3 YacTKOBE JIO3BOJIMJIO BCTAHOBUTH, IO PI3HOMAHITHICTH CHCTEM, SKi
COPUSIOTH 3HW)KCHHIO €MICii OKCHJIB a30Ty, HE€ JO03BOJISIE CKJIacTH Ta
BUKOPHCTOBYBAaTH €JIWHWM 3aralbHAM aJTOPUTM BH3HAYCHHS ONTHMAIBHHUX
peXUMIB 1X ekciuryaramii. ToMy KOXHA 3 IIMX CHCTEM IIOBUHHA BHBUYATHCS
CUCTEMHO, 3 pPO3pOOKOI0 peKOMEHAAIllid, sKi BpaxOBYIOTh 1ii  BjacHI
XapaKTEPUCTUKU Ta OCOOIHUBOCTI.

4. Jlo omxuiei 31 HaWOUIbII eGEeKTUBHHX TEXHOJOTIM, IO 3a0e3MedyyroTh
€KOJIOTIYHICTh POOOTH MOPCHKUX CYJIEH, HAJICKHUTh KEPyBaHHS BHUITYCKHUMU
razaMu, sike 3J1MCHIOETbCS NUIIXOM iX peuupKyssnii ado mepenycky. Peamizaris
IIOTO METOJy BIPOBAKYETHCS HAa OKPEMUX MOPCHKUX CyAHaX, ajie BIJCYTHICTh
CHUCTEMHOTO MiAXOAY 10 BU3HAYCHHS HOTO ONTHUMAIBHUX PEKHUMIB €KCILTyaTarlii Ta
HEJIOCKOHAIICTh KPUTEPIiB OIIHKKA HOTO €(EeKTUBHOCTI TOTpedye MPOBEACHHS
JIOCITIJIKEHB, 10 CIPSIMOBAaHI Ha pO3pOOKY aJTOPUTMIB Ta CIIOCOOIB M1BUIIECHHS
EKOJIOTIYHOI €(EKTUBHOCTI MOPCHKHUX CYACH IUISXOM KEPYBaHHS BUITYCKHUMHU

ra3aMi TEIJIOBUX JBUTYHIB, IKUM € iX PEHUPKYIIAIIS Ta IEPEMYCK.
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2. METOAOJIOT'TAA HAYKOBOI'O JOCIITDKEHHA ITPOLIECIB
3ABE3ITEYEHHA EKOJIOITYHOCTI POBOTHU CYJJEH MOPCBKOI'O
QJIOTY

2.1. Bubip TeMu HayKOBOTO JTOCIIHKCHHS

HaykoBi nocnigkeHHs, 110 BUKOHYIOThCS B HarlioHanmpHOMY YHIBEpCHUTETI
«Onecprka MOpPChbKa akazeMis», sk GyHIaMEHT, SIKUi 3a0e3nedye iX JOLUIBHICTS,
IUTICHICTh, CTIHKICTh Ta 1€papXiuyHy MiANOPSAKOBAHICTh, BHUKOPHUCTOBYIOTh
METOJIOJIOTII0 Ta TEXHOJOTII0 HAYKOBHUX JOCTIIKEHb, IO BIOCKOHAJICHA BIJOMUM
yKpaiHCbKkUM BueHUM — Tmpodecopom B.A. ['omikoBuM, SKHI MOIIMPUB 17€I0
PO3pPOOKHU CTPYKTYPHOI CXEMHU MariCTepChbKOro JOCTIKEHHS, sSIKa

®0a3y€eThCS HA 3alUTI MPAKTUKH, CIPSIMOBAHOMY Ha PO3B’SI3aHHS HAYKOBO-
MPUKIIAAHOI MPoOJIeMH, 10 TIOB’s13aHa 3 BIIOCKOHAJICHHSIM €KCILTyaTallii pil4ykoBOTO
Ta MOPCHKOTO TPAHCIIOPTY;

®BH3HAYAE METY Ta 3aBJIaHHSI TIOCIIPKSHHS,

e hopMyJIIO€ TOJOBHE 3aBJIaHHS MariCTepChKOTO JTOCITIIKCHHS Ta JIOMOMIXKHI
3aBJIaHHS, SIK1 JJOTIOMAaraloTh HOTO PO3B’I3aHHIO;

®BUBJISIE HAYKOBE 3HAYEHHS Ta NPAKTUYHY LIHHICT 3aKIHYEHOrO
JOCHIKSHHS 3 TOJATBIIHM (DOPMYITIOBaHHSM HayKOBOro nojoxeHHs [40].

[Ipu 1bOMy TOJIOBHUM METOJOJOTIYHUM MPUHIIUIIOM MPOBEICHHS HAyKOBOTO
JIOCITIKEHHST € CTpaTeris, 110 CIpsiMOBaHa Ha 3armo0iraHHs OJHOOIYHOCTI Mmij Yac
BHUBUYCHHSI BJIACTUBOCTEH 00’€KkTa Ta mepenbdadae 00OOB’S3KOBE BpaxyBaHHS BCIX
fioro cyrreBux 3B s3KiB [41].

OmHuM 13 METOMIB, IO CHPHSIOTH PO3B’SA3aHHSA MPUKIATHUX HAYKOBO-
JOCIITHUIIBKUX 3aBJaHb, € METOJ| €KCIEePTHUX OIIHOK. OCHOBHE TMpPU3HAYEHHS
METOJ[IB EKCHEPTHUX OI[IHOK — II€ BHU3HAYCHHS I1HAMBIIyaJIbHUX TOYOK 30Dy
eKcrepTiB 1 GopMyBaHHS Ha iXHIM OCHOBI €IMHOTO pillIeHHs. MeTOu eKCIEePTHUX

OIIIHOK — II€ OpraHi3aIliiiHi, JOT14HI 1 MaTeMaTUKO-CTaTUCTUYHI MPOLETYypH, K1
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CIIpsIMOBaHI Ha OTpUMAaHHs Bij ¢axiBuiB iHGoOpMalii, il aHali3 Ta y3araJbHEHHS
JUTS TIATOTOBKY 1 IPUNAHATTS €()EKTUBHUX PIIICHb.

Huspkuii cTyminb MOXIHBOI dopmaiizaiii aAesskux 00’€KTIB JOCTIIKEHHS,
HEJIOCTaTHI 3HAHHSA 3aKOHIB iX PO3BUTKY 1 TOIIO BHU3HAYAIOTh METOJIOJIOTIYHI
OCHOBH BUKOPHCTaHHS  €KCIEPTHUX OIIIHOK 3 METOK  3a0e3TleUeHHS
OOTPYHTOBAHOCTI TIPUUHATTS PIllIeHh 3 ympaBiiHHA HuUMH. [Iporiec ekcnepTusu
BKJIFOYAE MPEJ IBJICHHS €KCIepTaM MPOTHO3HUX TIMOTE3, iX MEePCOHAIBHY OIIHKY
KOKHMM 3 €KCIEPTiB 1 BU3HAUCHHS MIpPU IPaBIONOMIOHOCTI TiMOTE3W Ha OCHOBI
y3arajbHEHHS OIlIHOK.

Knacudikaiiiss MeTomiB €KCIEePTHUX OI[IHOK MPOBOJAUTHCS Ha OCHOBI JBOX
KiacudiKalifHUX O3HAK: METOJAW ONMUTYBAaHHS EKCIIEPTIB 1 METOJW OIIHIOBAHHS

pe3ynbrartiB (puc. 2.1).

Knacudikauis METo/iB €KCIIEPTHUX OLIHOK

Y Y

Mertonu onuTyBaHHs MeTtoau ekcrepTHOro OLIHIOBAHHS
: . ) besnocepennbor
I'pynosi Kom6iHoBaHi PankyBaHHs a0 S RO
MOPIBHSHHS
A\ 4 A\ 4
[Tapuoro

[HuBiyasIbHI

TOPIBHSHHS

Puc. 2.1. Knacudikariis METO1B €KCIIEPTHUX OIIHOK

3 orjsAy Ha HaBeIEHI MIIXOAU 10 PO3B’sI3aHHS HAYKOBUX Ta HayKOBO-
NPUKIAAHUX 3aBAaHb, BUOIP HAMPSMKY HayKOBOI'O JOCIHIJKEHHSI OyB 3aCHOBAaHUM
Ha TPOBEJCHIN EKCIEePTHIM OIIHIII MOXKJIMBUX BapiaHTIB BHUKOHAHHS 3aBIaHHS
3a0€3MEeUYCHHS] €KOJOTIYHOCTI POOOTH CYIEH MOPCHKOTO TPAHCHOPTY IUIIXOM
MIHIMi3alli eMicii OKCHAIB a30Ty Yy BUIIYCKHHMX Ta3ax JBHUTYHIB BHYTPIUIHBOTO
3TOPSIHHS 32 HACTYITHUMU KPUTEPISIMU:

1) akTyaJabHICTB;
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2) HayKOBa HOBHM3HA,;

3) ekoHOMiUHA €()EKTHBHICTB;

4) MOXJIMBICTh BUKOPUCTAHHS B YMOBaX MOPCBHKOIO CY/IHA;

5) BIAMOBIIHICTE OCHOBHHMM HaIpsiMKaM HayKOBOI CIELIAJIbHOCTI 1 HAYKOBO1
IKOJIH.

Horo pesynbraTi HaBeneHi B Tabmuii 2.1, I IbOMY BHIIAAKY IO3HTHBHOI

OITIHKY BiJIMTOBIZIa€ TIO3HAYKA «+», BUMAJAKy HETATUBHOI ITO3HAYKA «—.

Taomurg 2.1
[TopiBHSIHHS MOXJIMBUX BapiaHTIB PO3B’sI3aHHS 3aBIAaHHS TOCTIIKEHHS
Kpurepii
<
A | £ E o
1) o0 H | = @)
o — < >\ S [as]
= 851558
=|EE|gsz
Bapiant po3B’si3aHHs s | 22 2|5¢gc=E
%) = = O Qo
[ m < a © 1) Q
O | Q| | B =22 =8 m
= E o) Q m < E v
) A < | s 5
S| 8|3 52z ge
S| 2| Z|RE|E2F gl ¢
Sl 2| gl 2>8F8 8 g 2
s | = | o| S elmz o H 5
1. YiockoHaJIEHHS CUCTEMH Oay4l aIMBa — — + + — 2
2. BpoBamkeHHs abTePHATUBHUX BUJIIB
+ | + | - — + 3
piakux ad0 ra30noAIOHUX MaTNB
3. Y nockoHasieHHs Tiepediry pobodoro
+ | — | + + — 3
UKITY
4. BukopucTaHHS JOAaTKOBOT'O OYHIIIEHHS
+ | + | - + + 4
BUIYCKHUX Ta3iB
5. Bukopucranss nepenycky BUITYCKHUX
+ | + | + + + 5
ra3iB
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Sk 00’€KT AOCHIKEHHS BHM3HAUEHO IMPOIEC MiABUIIEHHS €KOJOT14HOI
0e3MneKu CyJIeH MOPCHKOTO Ta BHYTPIIIHEOTO BOJJHOTO TPAHCIIOPTY.
Sx mpenMer AOCTIIKCHHS MPUHHATO IMPOISC IMEPENyCKy BHUITYCKHUX Ta3iB

CYJIHOBHUX JIU3EJIiB.

2.2. O0rpyHTYBaHHS METH 1 3aBIaHb JTOCIIIKCHHS

HayxoBi gocnipkeHHs, pe3yibTaTH SKUX HaBElICHI B MariCTepchbKoi poOoTi,
0a3yl0ThCsl HA 3aMUTI MPAKTUKH, SIKUM € PO3B’sI3aHHS 3aBJaHHS MIHIMI3AIlli eMicil
OKCHJIIB a30TY 3 BUIIYCKHUMU ra3zaMu JU3€JiB CyJI€H MOPCHKOTO Ta BHYTPIITHHOTO
BOJTHOTO TPAHCIOPTY 3 OJHOYACHUM 3a0€3MEUYeHHSM 1X e(QEeKTUBHUX Ta
€KOHOMIYHMX MOKAa3HUKIB Ta 3al00IraHHsIM TEIUIOBOI HANpyKEHOCTI Mi 4Yac iX
eKCIUTyaTallii, a TakoX HEOOXIJHICTh 3a0e3MEeUeHHs EKOJIOTTYHOI e()EeKTUBHOCTI
MOPCBHKOTO CyJTHA.

MeToro JOCTIKEHHSI TIIBUINEHHS €KOJOTiYHOT €(EeKTHUBHOCTI CYJeH
MOPCHKOTO Ta BHYTPIITHBOTO BOAHOTO TPAHCIIOPTY.

OCHOBHOIO HAyKOBOIO TiMOTE30l0 JOCHIDKEHHS € Te3a Mpo Te, IO
MIJBUIIEHHS €KOJOTIYHOI €(EeKTUBHOCTI CyIE€H MOPCHKOTO Ta BHYTPIIIHBOTO
BOJHOTO TPAHCHOPTY MOCATAETHCS MUISIXOM TEPEIyCKy BUITYCKHUX Ta3iB JIBUTYHIB
BHYTPIIIHHOTO 3TOPSTHHS.

['onoBHe 3aBmaHHS HAYKOBOTO JOCHIDKEHHS TONArae y po3poOii Ta
BU3HAYECHH] PEXUMIB €KCIUTyaTallli CUCTEM NMEPEeNnyCcKy BUITYCKHUX Ta3iB JIBUTYHIB
BHYTPIIIHHOTO 3TOPSIHHS, 1[0 TAPAHTYIOTh 3a0€3MeUEHHS €KOJIOTTUHUX MOKA3HUKIB

MOPCBHKHUX CYJI€H BIAMOBIHO 10 BUMOT MI>KHAPOHUX CTAHIAPTIB.
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2.3. CucTeMHMM TiAX11 10 PO3POOKH TEXHOJOTTYHOI KAPTH HAYKOBOTO

JIOCITIKEHHS

CydacHuil eram pO3BUTKY Teopii Ta NPAKTUKA HAYKOBHUX JIOCIHIKCHb
XapaKTepU3Y€EThCs IMMIJABUIIEHUM pPIBHEM cHcTeMHOCTI. HaykoBii, iHXeHepH,
¢daxiBii Ta MPEACTaBHUKH PI3SHOMAHITHUX TMpoQeciii omepyroTh MOHITTIM
CHUCTEMHH / KOMIUIEKCHUIM MiAXid, 110 BUKOPUCTOBYETHCS IMiJi Yac PO3B’S3aHHS
HAyKOBUX TMPOOJIEM Ta BUPIIICHHS HAYKOBUX NMUTaHb. KOPHUCHICTH Ta BaXJIHUBICTb
CHUCTEMHOTO/KOMIUIEKCHOTO MiAXOAy BHUHIIIA 3a paMKHU CHEI[labHUX HAyKOBUX
ICTUH Ta HaOyJla paHry 3BUYaliHUX Ta 3arajbHONpUMHATHX. Taka cuTyauis crana
BIJIOOpaK€HHAM OO0’ €KTHMBHUX IIPOLIECIB PO3BUTKY YSBJIEHb PO MaTeplaJbHUN
CBIT, chopMyBajacs Iij] BILTMBOM 00’ €KTMBHUX YNHHHMKIB [42].

Cucremy, 110 BIANOBIa€E TeM1  MariCTepChbKOro  JOCHIKEHHS  —
«3abe3neyeHHsl €KOJIOrYHUX MOKA3HHUKIB CyHOBHX JM3ENIB IUISXOM MEPEMyCKYy
BUIYCKHUX Ta3iB», MOXJIMBO BigoOpazutu y Burisai puc. 2.2. Ilpu mpomy
KOMIIOHEHTH 111€1 CHCTEMHU «MOPCHKE CYITHO» 1 «JIBUTYH BHYTPIIITHBOTO 3TOPSHHS
MaTh JABOCTOPOHHI 3B’SI3KM. TEeXHIYHMA CTaH MOPCBKOTO CyJHA, PEXUMHU Ta
palioHH HWOTO €KCIUTyaTailii CTBOPIOIOTH 30BHINIHI O0ypeHHsS Ha poOOTY JIBHUTYHA
BHYTPIIIHBOTO 3TOpSIHHS. MeXaHiuHa €Heprig, W10 TEHEPYEThCA JABUTYHOM

BHYTPIIIHHOTO 3TOPSHHS, 3a0e3meuye pyX 1 PyHKIIIOHYBaHHS MOPCHKOTO CY/HA.

~ Mopceke
- CYZIHO
Y Y
JIBUTYH BHYTPILIHBOTO Exonoriyni
3rOpsIHHSA MOKa3HUKU
A
- Bunyckwi
g rasu

Puc. 2.2. TlpuniunoBa cxeMa cUCTEMHU 3a0€3MEUCHHS €KOJIOTTYHOCTI pOOOTH CYJIeH

MOPCHKOTO Ta BHYTPIITHHOTO BOJHOTO TPAHCIIOPTY
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OmHuM 13 BUXIIHUX TapaMeTpiB (K JJig ABUTYHA BHYTPIIIHBOTO 3TOPSHHS,
TaK 1 JUIsI MOPCBKOTO Cy/IHA) € EKOJIOTIYHI TOKAa3HWUKH (IMiJ SIKHMH MOXKe
po3MISiIaTUCS IIUPOKUN  CIEKTp BEJIMYMH, aje B IUISIX 1 3aBJaHHSX
MaricTepCchbKOTO JIOCTIKEHHS — €MICisi OKCHIIB a30Ty). BIIMB Ha eKOJOTrivHI
MOKa3HUKA 3 OOKY JBHUTYHa BHYTPIIIHBOTO 3TOPSHHS BUSBISETHCA MUISIXOM
KEepyBaHHS BUITYCKHUMU T'a3aMHu.

3 ypaxyBaHHSIM 3arajJibHOi METOO0JIOTIi HAYKOBHX JOCIIKEHb 1 CHCTEMHOTO
nigxony 1o mpoOieMu Oe3mevyHoi eKciulyaTallli MOPCBHKOTO CyJHa, MpOIleC
KEpyBaHHS BUIIYCKHUMU ra3aMHd MOXHA YSIBUTHU K CKJIaAHY 0araTOKOMIIOHEHTHY
cuctemy. Llg  cucrema  xapakTepu3yeTbCcsl ~ JUHAMIYHO  MIHJIMBHMH
KOHTPOJIbOBAHUMU 1 pEryJbOBaHUMH TapameTrpamMu 1 (B 3aJ€XKHOCTI BIJ
KOHCTPYKI[IHHOTO BHKOHAHHS) MOXE CKJIaJaTHUCAd 3 JIOJATKOBUX ITiJICUCTEM.
JocnimkeHHss TporieciB, 0 BiAOYBalOThCS B IUX MiJCUCTEMaxX, 1 BHOIp
ONTUMAJIbHUX PEXHUMIB KEpPyBaHHS IIUMHU IIJCUCTEMaMU MPU3BOJIUTH [0
pO3B’sI3aHHS  3aBJAaHHS W00 3a0e3Me4YeHHs EKOJIOTIYHOCTI — eKCILTyaTalli
MOPCBHKOTO CyJHa 3 OJHOYACHUM 3a0€3MEUCHHSAM MOro eHepreTUuyHoi Ta
E€KOHOMIYHO1 €()EeKTUBHOCTI

3 ypaxyBaHHSIM MPHUHLMUIIB, MOCIIIOBHOCTI 1 3aKOHIB CHCTEMHOTO aHami3y
3aMKHYTHI LUK MariCTepChbKOTO JOCHIJDKEHHS MOXKe OYyTH MpeCTaBICHUN Yy

BUTJISIII TEXHOJIOTIYHOI KapTH, HaBEJIEHO1 Ha puc. 2.3.
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2.4. BUCHOBKH 3a PO3/1JI0M 2

1. Ik pe3ynbrar BUOOPY TEMH JOCIHIKEHHS, 3aCTOCOBYIOYHM METOJ
eKCIIEPTHOTO OI[IHIOBaHHS 3a (DakTOopamu: aKkTyaldbHICTh, HAyKOBa HOBHU3HA,
€KOHOMIYHAa e(EeKTUBHICTb, MOKJIMBICTb BHUKOPUCTaHHS B yMOBaX MOPCHKOTO
CyJlIHa, BIJIMOBIAHICT OCHOBHUM HaIpsiIMKaM HAyKOBOi CHEIIaIbHOCTI 1 HayKOBOi
Ko, chopMynboBaHa TemMa poOoTH — «IliIBUIIEHHS E€KOJOTIYHOCTI pOOOTH
CYJHOBUX JIM3€]IB IUJISXOM MEPENyCcKy BHUIIYCKHUX Ta3iB», LI0 CIPsSMOBaHa Ha
3a0€3MeUeHHsI €KOJIOTTYHOCTI pOOOTH CyI€H MOPCHKOTO Ta BHYTPIIIHBOI'O BOJIHOTO
TPAHCIIOPTY.

OO6’e€KTOM JTOCHIIPKEHHS OOpaHO MpOIIEC MiABUIICHHS €KOJIOTTYHOI Oe3meKu
CyZI€H MOPCBHKOTO Ta BHYTPIIIHEOTO BOJHOTO TPAHCTIOPTY.

[TpenMeToM AOCTIIKEHHS € MPOLEC MEPEMyCKy BUIIYCKHHMX Ta3iB CYJAHOBUX
JIN3EIIIB.

2. MeTor0 JOCTIKEHHST € MiJBUIICHHS EKOJOTI4HOT e()eKTHBHOCTI CyAeH
MOPCBHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY MIJISXOM  3HUKEHHS
KOHLIEHTpalli OKCHUJIB a30Ty B BHUIYCKHMUX Ta3ax JIBUTYHIB BHYTPIUIHBOTO
3TOPSIHHSL.

3. 'onoBHe 3aBIaHHA MariCTepChbKOTO AOCTIHKEHHS MOJsrae y po3poOll Ta
BU3HAUEHHS PEXHUMIB €KCILTyaTalllii CHCTeM KEpyBaHHS BUITYCKHHMH Ta3aMH, IO
rapaHTyOTh 3a0€3MeUeHHS €KOJIOTIYHUX MOKAa3HUKIB MOPCHKHUX CYJICH BiJIOBITHO
JI0 BUMOT MID)KHApPOJIHUX CTaHAAPTIB.

4.3a JONMOMOTOK CHUCTEMHOrO TMIIXO0Iy po3po0JieHa TEXHOJOTIYHA KapTa

HAyKOBa JOCIIKEHHS, 1110 BU3HAYA€ HOTO OCHOBHI €TaIy Ta Pe3yJIbTaTH.
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3. MOAEJITOBAHHA HECTALIIOHAPHUX TTPOLIECIB,
1O BIABYBAIOTHCA B HAJIHAPI AU3EJIA 111 HAC 3TOPAHHA
PIAKOI'O ITAJINBA

EdexTrBHI Ta €KOJIOT14HI MOKAa3HUKHA pOOOYOro MUKy MOPIITHEBOTO JABUTYHA
OoOyMOBJIEHI  Tepmr 3a BCE  XapakTepoM  CKIAJHUX  HECTAI[lOHAPHUX
TAPOJMHAMIYHUX, Ta30JMHAMIYHHMX, TEIUIO(PI3MYHUX 1 XIMIYHMX IPOIIECIB, IO
B1IOyBalOTbCSI B IWIHAPI 3a KOPOTKI MPOMDKKH d4acy. Maremaruune
MOJICJIFOBAaHHSI TypOYJEHTHUX MPOILECIB IEPEHECEHHS 1 TOPIHHS B Cy4YacHId Teopii
MOPIITHEBUX JBUTYHIB 3aCHOBAHE HA 3aCTOCYBAHHI CHCTEMHU 3 TPUBHUMIPHUX
piBHAHb KiibkocTi pyxy (Has’e-Ctokca), eneprii (®@yp’e-Kipxroda), audysii
(dika) 1 36epexenns macu [43]. B pe3ynbrari 4ucenbHOTO PO3B’S3aHHS TaKOl
CUCTEMHU PIBHSHb BU3HAYAIOTh JIOKAJbHI 3HAYEHHS HECTAIllOHAPHUX MapameTpiB
poboyoro Tiia B 00’€Mi, a TAaKOX JIOKaJbHI TEIUJIOBI HAaBaHTaXEHHS (TEPMIuHI

FpaHI/ILIHi YMOBI/I) Ha TGHHOCHpHﬁM&IO‘-IHX IMOBCPXHAX KaMCPH 3rOpAHH:.

3.1. MopentoBaHHs MPOIECY YTBOPEHHS OKCHUJIIB @30Ty 111 Yac 3rOPSHHS

ImajanBa

BianoBiiHO 10 pe3yibTaTiB JITEPAaTypHOIO OISy, BAKOHAHOTO B po3auii 1,
y npoaykrax 3ropsHus JIB3 kinbkicte NO cranoButh nonajg 90 % Big cymapHOi
KUTBKOCTI BChOT'O KOMILIEKCY OKCHIIB a30Ty NOy, y 3B SI3KY 3 ITUM Y pO3paxyHKax
32 BHU3HAYEHHSAM C€KOJIOTIYHMX [apaMeTpiB MOPIIHEBUX JBUTYHIB B SIKOCTI
MEePEBAXKAIOUOTO TPUNMAETHCS MeXaHi3M yTBOpeHHs. [Ipu 1pomy posmmpeHuit

MmexaHi3Mm ytBopeHHs NO 3enbaoBuda Moske OyTH NPEACTABICHUM SIK



N, + O «clie s NO+N,

N+0, «faefe s NO+O,

N+ OH «*rkr s NO+H

ne Ki — KoHCcTaHTa MBHIKOCTI I-# peakiiii;
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(3.1)
(3.2)
(3.3)

ViR — inaekcu, mo BKa3yrTh Ha IPSMY 1 3BOPOTHY peakilii BianoBiaHo [44].

VY nanuit yac posmupeHuii MmexanizMm yrBopeHHss NO 3enb0BHYa € OCHOBHUM

MiJl Yac OMHCY HaBeJeHUX mpoleciB. OgHOYaCHO 3 UM, IPH JOCTIIKEHHIX

po3rasaaeTbes psaa iHmUX cxeM yTrBopeHHs NO, siki 3aCHOBaHI Ha JETalbHOMY

ONMKC1 KIHETUYHUX MEXaHI3MIiB, MPHU IIbOMY KIJIbKICTh TPOMDKHUX PEaKIii J0cATae

JEKUIBKOX JEeCATKIB 1 coTeHb. Oria LHUX CXEeM, IO 3aCTOCOBYIOThCA IpHU

MOJIeJIIOBaHH1 mpoueciB yTBopeHHs NOx y MHOpUIHEBUX ABUTYHAX, MOXe OyTu

BUKOHAHUH Ha ITiICTaBl JaHUX 1 HaBeaeHu# y Burisai tadmui 3.1 [45].

Ta6mus 3.1
Cxemu yrBopeHHs NO B MOPIIHEBUX JIBUTYHAX BHYTPIITHBOTO 3rOPSIHHS

= Cxema Ne 1. 3 Cxema Ne 2. = Cxema Ne 3.

E Ha ocnosi E Ha ocHOBI XiMiuHOL a Ha ocHoBi xiMiuHOT
é .Te.l'IJ'{OMaCOS)6MiHy é TCpMOI.["I/IHaMiKI/I 1 E:i ”ljepMO)II/IH?lM‘iKI/I 1

ol 1 XIMIYHOT KIHETUKH o peaxiiii po3maay o KIHETHKH XIMIYHHX
~ peaxiii JoropaHHs = MOJIEKYJIIPHOIO a30Ty = peaxuiit

1 | OH+H,<H+H,0 1 | N +ONO+N 1 | O+N,&oN+NO

2 | OH+OH«0+H,0 2 | O,+*Ne&NO+O 2 | No+Oy>N+NO;

3 | OH+H&H,0 3 | OH+NoNO+H 3 | Np+O¢>2NO

4 | H+Ox<>HO, 4 | No+O,<>NO+NO 4 | 2NO->N,+0,

5 | OH+OH«-H,0, 5 | NO+M&N+O+M 5 | NO+O©N+0,

6 | CO+OH-CO,+H 6 | N,O+M<N,2+O+M | 6 | O+N+M<NO+M

7 | N+NO©N,+O 7 | NO+NO-N,0+0 7 | NO,#+M«<0+NO+M
8 | N+O,NO+O 8 | NO+O+M«<>NO,+M | 8 | NO,+M«>0O,+N+M
9 | N+tOH&NO+H 9 | NO,+#0«<NO+0; 9 | NO+0O,¢<>NO,+O
10 | N,+0O,<>2NO
11 | H+CO«<HCO
12 | OH+HCO«CO+H,0
13 | H+HCO«»H,+CO




35

VY Hiil IK TPUKJIA]] TTOKAa3aH1 TPU TaKi CXEMH MPUOIM3HO 3 OJITHAKOBUM YHUCIIOM
npoMiKHUX peakuid. Yepe3 M mo3HaueHa HeWTpanbHa MOJEKyJa, sika He Oepe
y4qacTi B JaHIM peakilii 1 chnpuiiMae eHepriro 30yJHHKa aKTUBHUX YaCTHHOK.
Cxemu, mokazani B Ta0miuill 3.1, cBiluaTh Mpo Te, IO peakilii KiIacuyHoro abdo
PO3IIMPEHOT0 MeXaHi3MIB 3elbJ0BUYA (BUAUICHI XKUPHUM MIPUPTOM) HaSBHI Y
BCIX BHUITAJKaX.

CTpyMeHeBO-KiHETHYHA MOJIeb TopiHHsS (cxema Ne 1) po3B’s3ye moB’s3aHi
3aBJaHHS TEIJIOMAacoOOMIHY 1 XIMIYHOI KIHETHKH peakilli JOTrOpsiHHS B 30HI
MPOJYKTIB 3TOPSIHHS MOPIIHEBOrO JBUTyHA 3 O€3MOCEpeHIM YIPUCKYBAHHSIM
nanauBa. Takuil MiaxXia, OpyU IKOMY pO3paxoBYIOThCA MOJIA TEMIEPATYpH 1 AUPy3ii,
JT03BOJISIE BU3HAUUTH JIOKAJIbHI 30HM B KaMepl 3TOPSHHS, /1€ CyMIll 1HTEHCHUBHO
pearye 1 ie BOHa BUXOJHUTh CJIA0KOPEAryouoro.

JIBi 1Hmi cxemu ytBopeHHs NO, HaBeaeHi B TaOmuui 3.1, po3pobiieHo Ta
3anporionoBano  B. Kmaitnmmigrom  (W. Kleinchmidt) 1 A.L Jlymmoro.
He3Baxatounm Ha OJIHAKOBY KUIBKICTh PEaKIliii BOHM 3HAYHO BIJIPI3HAIOTHCSA OJIHA
BiJl onHO1. Cxema Ne 2 MICTUTh peakilii po3IIUPEHOro MexXaHi3My 3elbJoBhYa, a
cxema Ne 3 — KJIaCHYHOTO MeXaH13My 3eibJoBHYa (BUILICH] KUPHUM HIpUTOM).
KoHcTaHTH MBUIKOCTEW peakillii BU3HAYAIOTHCA 3T1IHO 13 3aKOHOM AppeHiyca.
Perra peaxitiii (2-4 1 7-9) rpatoth ApyropsiaiHy poib [46].

BigzHauumo, 1m0 BC1 PO3TJSIHYTI CXEMHM YTBOPEHHS OKCHJIB a30Ty €
MOJEIbHUMH, TOOTO BIAOOpaXKaOTh peajbHUN KIHETUYHUN TMPOIEC TUIBKU
npubausHo. [li MomenpHI cXeMu 3a3BHYail BUKOPUCTOBYIOTBHCS UJISI PO3PAXYHKY
yrBopeHHss NO B MNOpIIHEBUX JIBUTyHaX. bulbll AOKIAJHUNA OMHUC XIMIYHOI
KiHeTHKH yTBOpeHHs NO 11 yac ropiHHS CyMIill TPAAUIIIHHUX TAJIUB 3 MOBITPSM
Ha Cy4aCHOMY pIBHI HalllMX 3HaHb HEMOXJIUBUN. CKIAAHICTh MOJSATAE B TOMY, 1110
Ha(TOBI COPTH MaiMBa € croidykamu Byrieito i Bogaio C,H,, y Monekynax skux
MICTUTBCS KIJTbKa aTOMIB BYTJICII0. A JUisl BYTJEBOAHIB 3 JIEKiJIbKOMa aTOMaMu

BYIJICHIO B MOJIEKYJII YHCIO MOKJIMBUX MNPOMDKHHUX peakUid 1 MPOMIKHUX
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NPOAYKTIB 3rOPSHHS HACTIIBKUA BEJHMKE, M0 MOBHUN KIHETUYHHUI OIMUC TPOIECY
CTa€ HEMOKJIMBUM.

Jlnst po3mpeHoro mMexasizmy 3enblioBuYa 3 Tpbhox peakiiit (3.1)-(3.3) Ha
OCHOBI 3aKOHY JiIOYMX Mac BHUIUIMBAE, IO MIBUIKICTh YTBOPCHHS OKCHAY a30Ty

MO>KHA 3HAWUTH K

%O] = ky [N, JO]- ke [NOIN]+ k,y [0,]N]- (3.4

- sz [NO][O]+ ksv [N][OH]_ k3R [NO][H]-

3MiHa mpaBoi yacTUHM PiBHSIHHA (3.4), TOOTO 3MiHA 4YHCIA TPOMIKHUX
peakxiliii, Moke BIUTMBATH TUIbKH HA 4ac 0OpaxyHKY, IO JJisi PIBHSHB TaKOTO THITY
B pa3i 3aCTOCYBaHHS CY4aCHHX KOMII IOTEpPIB HE MPUHIIMIIOBO. TyT BUHUKAE 1HIIA
npoOiema: 31 30UIBIIEHHAM YKCIIa MPOMIKXHUX PEakliid 3pOCTae YUCIO0 KOHCTAHT
IIBUKOCTEN MPSAMUX 1 3BOPOTHUX PEAKINiH, siKi 3a3BUuail 3anatotbes. [Ipu Bubopi
[IUX KOHCTAHT MPOOJIEMOIO € iX HEOJHO3HAUHICTh: iX 3HAaUCHHS 3aJIeKaTh BiJl YMOB,
MOKJIAJCHNX B OCHOBY 1X BH3HAUCHHSA. EKCIEpUMEHTANBbHY TIEPEBIPKY
JIOCTOBIPHOCTI OOpaHHUX MaKpOKIHETMYHHMX KOHCTAHT CIIiJ[ MPOBOJUTH IUISTXOM

0e3nocepenHporo BuMiproBanHs NO B IpoIyKTax 3ropsiHHS ABUryHa [47, 48].

3.2. MonentoBaHHS IEPEHOCY TETUIOBOT €HEPTii B IMIIIHIPI U3

VY1BOopenHs okcuaiB a3oty NOx y UWIHApPI Au3ens BiIOYyBa€TbCs B
pe3ynbTaTi  BHCOKOTEMIIEpAaTYpHUX peaklliii Mpolecy 3TOpsiHHS  NaJuBa.
Kputnunoro BBaxkaerbes Temmeparypa 1800 K (1530° C), mocsrHeHHsS SKOi
MPU3BOJUTH 10 BUHUKHEHHS JaHIIoroBoi peakinii yrBopeHHs NOy.

MakcumanbHa TemmepaTypa poOo4yoro UMKy (Temieparypa B KIHI

«BUAMMOTO» 3TOpsiHHS) T, Moke OyTHM BH3HA4Y€HA B Pe3yJbTaTl PO3B’s3aHHS
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TepMOI[I/IHaMi‘IHOFO piBH}IHHH 3ropsAaHHA MCTOJAO0M HOCJIiI[OBHI/IX HAONMXKEHb 3

BUpa3iB 171 T, 1 cepeAHbOi MUTOMOI 1300apHOT TETIOEMHOCTI IPOAYKTIB 3TOPSHHS

Cpz:
T = (mT _1)§ZQH +(Cpc + Rc (7\‘_1))[;
) ’ m.c,,
Cp, = 0,9727 + —0’1274 + (0,97 — —0’1298j 107 -T,.
a (08

3HaueHHsI, 10 BXOJSATh J0 CUCTEMHU:

Mt — KoediIlI€HT 301TIBIICHHS] MACH 3apsiy;

€,=0,9...0,95 — koedimieHT BUKOPUCTAHHS TEIlJIa B T. Z JllarpaMu;

Qu — HMKYa TEIUIOTBOPHA 3/1aTHICTH nanuBa, KJx/(kr-K);

Cov Rey T — cepenna mmroma 1300apHa TemnoeMHicTs, KJDx/(kr-K),
yHiBepcaibHa razoBa noctiiHa, kJ[x/(kr-K), temneparypa, K, cymimi moBiTps 1
3aJIMIIKOBUX Ta31B B KiHIII MTPOLIECY CTUCHEHHS (y TOYIIl C IHIUKATOPHOT JllarpaMu);

A — CTYMiHb MIIBUIIEHHS TUCKY 1] 4ac 3ropsiHHS;

oL — KOe(PIIIEHT HAITTUIIKY MOBITPA,

MPUIMAIOTHCS 00 PO3PAXOBYETHCA BUXOASMYM 3 HACTYITHOTO:

1

m =1+————
! (1+Yr)aGO ,

(me Go=14,28 kr MOBITPS/KT MaqKBa — TEOPETHUHE

KUIBKICTh TIOBITPS AJIs1 3TOPSIHHS | KT najauBa);
Q,=38000...44000 x/[x/(xr-K) — B 3a71€>)KHOCTI BiJl XapaKTEPUCTHK TAJINBA;

¢, =09582+0,8834-10" - T, Jlc/(kr-K);

A=—% (1e TMCKHU B LMJIIHAPI B KiHIi 3ropsiHHA P;, MIIa, i B KiHIli CTUCHEHHS
c

P, MlIla, BU3HAYAIOTHCS MUISIXOM 1HAUIIFOBAHHS TU3EIs).
Temmeparypa B KiHIII mporecy CTHCHeHHs T, (y Todli ¢ iHAMKATOPHOI

JlarpaMu ) BU3HAYAETHCSI KOMIUIEKCOM BUPA3iB:
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T =Tem™
T +HAT +y, T,
1+7,

Va
g=—2

VC

1
n =1+ ) n—1 ,
2,339+3,078-10°T, (" " +1)

B SIKMI BXOJIATh 3HAYCHHS:

T, — TemmepaTypa CyMilin MOBITPS 1 3aJIMIIKOBUX Ta3iB HAa MOYATKY MPOIECY
CTUCHEHHS (y TOYIIl & 1HIUKATOPHOI aiarpamu), K;

Ts — temmeparypa B mnpoayBHOMy pecuBepl, K (BignoBigHo no IlpaBui
TEXHIYHOI  eKCIulyaTalii CyZHOBMX JBHUIYHIB  BHYTPIIIHbOIO  3TOPSHHS
niaTpumMyeTbes B Mexax 14=310...313 K);

ATs — crymiHp miairpiBy mnoBiTps 00 cTiHku uiaiHapa (ATs=5..15K B
3aJIEKHOCTI B1J KOHCTPYKUIMHUX OCOOIMBOCTEN U3€Is);

T, — temmneparypa 3amumkoBux raziB, K (T,=600...750 K 3anexxHo Bin
oprasizaiii MpoueciB MPOTYBKH 1 BUITYCKY, a TAKOXK BIJl KOHCTPYKIIIT AU3ENs);

vr — KoedimieHT 3amumkoBux rasiB (y,=0,01...0,08 3anexxHO Bij opraizarii
MPOLIECIB MPOAYBKH 1 BUITYCKY, @ TAKOXK Bl KOHCTPYKIUII IN3€IA);

Vv

8=\Ta — crymiab ctucHeHHS (€=10...17 B 3ameXHOCTI BiA KOHCTPYKIIii

C
HWTIHAPUYHOT BTYJKU Au3ens, V,, Vo — 00°eM MUIIHAPY HA TTOYATKY 1 HAIIPUKIHII
CTUCHEHHS, M3);
N; — MOKa3HUK MOJITPONU CTUCHEHHS B IUIIHAP1 (PO3PaXOBYETHCS METOJAOM

OCITIOBHUX HaOImKenb, N;=1,34...1,39) [49].
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3.3. BucHoBk# 3a po3zaiiom 3

SIx BUCHOBKH JOCIIHDKCHB, 110 HABEACHI y po3ALT 3, BU3BHAYNMO HACTYITHE.

1. ITig wac 3ropsiHHS MadyuBa B IMUTHAPI JU3€Is BiIOYBalOTHCS HECTAI[lIOHAPHI
MPOIIECH TIEPEHOCY TEIUIOTH, CHeprii 1 Macw, SKd TPU3BOMATH 10 PIZHHUX
IIBUJIKICHUX 1 MACOBHUX XapaKTEPUCTUK YTBOPEHHS OKCHIIB a30Ty. Y 3B'A3KY 3 ITUM
MaTeMaTUYHE MOJICTIOBAHHS MPOIIECY YTBOPESHHS OKCHIIIB a30Ty B JU3EIIAX CYICH
MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY Nepeadadyae BUKOPUCTaAHHS
PIBHSIHb 30€peXEeHHsS KUIBKOCTI PyXy, 30€peKEeHHsI MOTOKY €HEprii, 30epexeHHs
Macu Ta qudy3ii. OTHOYACHO 3 1IUM, BUSHAYEHHS €MICIi OKCU/IIB a30Ty MOXKe OyTH
3IMCHEHO NUIIXOM 0e31ocepeIHLOTO BUMIPIOBAHHS 1X KOHIIGHTpAIlli B BUITYCKHUX
rasax IUITXOM BUKOPHCTAHHS Cy4aCHUX BUCOKOTOUYHHUX Ta30aHAJI3aTOPIB.

2. BiACyTHICTh CHUCTEMHOTO IIJIXOJy JO IMUTaHb BU3HAYCHHS OINTUMAJIbHHUX
PEXHUMIB €KCIUTyaTallli CUCTeM KepyBaHHS BUITYCKHHMH T'a3aMH CYJTHOBUX JIM3EIB

CIIOHYKAa€ BUKOHYBATH JI0JJATKOBI1 JTOCJI1IKEHHSI.
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4. JOCJIIXKEHHA ITPOLUECIB IMEPEITYCKY BUITYCKHUX I'A3IB K
3ACOBY 3ABE3ITEYEHHSA EKOJIOI'TYHOCTI CYJEH MOPCBKOI'O
OJIOTY

4.1. AHami3 cxeM NepenycKy BUITYCKHUX ra3iB IU3€JiB MOPCHKOTO Ta

BHYTPIITHBOTO BOJHOTO TPAHCIIOPTY

[Iepebir pobouoro npoiiecy, sikui 37iicHIOeThea y JIB3 cyzeH MopchbKoro Ta
BHYTPIIIIHHOTO BOJIHOTO TPAHCHOPTY, 3HAXOJUTHCA y TICHOMY B3a€EMO3B’S3KY 3
nepediroM mporecy MmoBiTporocTadaHHs Ta razoBumyckny [49, 50].

Jlnst y3romkeHHs nepebiry poOodoro mpoiiecy B Kamepi 3rOopsiHHS ABUTYHA 1
KUIBKOCTI TOBITPS, II0 MOAAETHCS KOMIIPECOPOM, 3aCTOCOBYIOTH TaKl CHOCOOHU
aBTOMATUYHOTO PETYJTIOBAHHS:

e IEPEITYCK YACTHHU BiANpPaIlbOBaHUX I'a3iB MUHAIOUYHU TypOiHy [51];

¢ TOBOPOT COIUIOBOTO JIONATOYHOTO arapara B KoMmrpecopi abo TypOiHi [52];

e 3MiHA IIPOXITHOTO NIEPETHHY HA BXOJi B TypOiny [53].

Haii6ip1oro 3acTocyBaHHsl B MPaKTHUIll OTpUMajia CUCTEMa aBTOMATHYHOTO
peryJtoBaHHS 3 MEPEMyCKOM ra3y MUHarouu TypOiHu. BoHa 103BoJIsi€ 3a0e3meunTu
JIBUTYH HEOOXIJHOIO KUIBKICTIO MOBITPS Ha BCIX pPEXHMax poOOTH 1 OOMEKUTH
MaKCHMAJIbHY 4aCTOTy 0OepTaHHs Baja TypOOKOMIIpecopa.

Bukopucranns mepemycky rasiB mMuHatoud rasoBy TypoiHy I'TH mosxnuse
JUIS OJHO- Ta JBOCTYNEHEBUX CUCTeM HaanyBy (puc.4.1l.). B omHOcTymeHeBiit
cucteMi HaanayBy (puc.4.1l,a) mig Yac mepemycky OCHOBHUM MOTIK Ta3iB, ILIO
MOTpAIIsi€e y BUIYCKHUN KOJEKTOp 4 MiCis IWIHAPIB S5, CIPSIMOBYETHCS B
HaIpsIMKY CHPSAMYBAJILHOIO amapara ra3oBoi TypOinu I'TH 2, a yactuHa motoky
(fKa B KOHCTPYKIISIX Pi3HUX BHPOOHUKIB 3HaxoauThcsi B Mexkax 0...15 %)
NEPECIPIMOBYEThCSI O€3MOCEPEHbO 10 Ta30BUIIYCKHOI TpyOM 3a TOTOMOTOIO
Kianana nepenycky (kinanana EWG) 1. Oxonomkyau 3 3a0e3nedye miaTpuMaHHs

HEOOX1THOT TeMIepaTypH MOBITPS HAJAYBY Y pecuBepi 6.
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J{ns 1BOCTynEeHeBUX cUCTEM HaanyBy (puc. 4.1, 6) mepenyck 4acCTUHHU MOTOKY
rasiB, sSIKAW 13 HUIIHAPIB Au3ens pyxaerbes y 0ik ['TH Bucokoro 2 ta HU3BKOTO 7
TUCKY, MOX€ 3JIICHIOBATUCA a00 J0 CIPSIMYBaJbHOTO amapary ra3oBoi TypOiHU
I'TH Bucokoro tucky 2 (3a qormomMororo KianaHa mnepernycky 1), abo 3a I'TH 2 ( 3a
JOMOMOTor0  KimarmaHa 9). 3a  JOmMOMOror OXOJOpKyBada 8 3HUIKYETHCS
TeMreparypa noBitps micist kommpecopa ['TH Husbkoro tucky 7. IHmm enemeHTH
YCTaHOBKH 3a0€31MeuyroTh (DYHKIII1, aHAJOT19H1 OJHOCTYIICHEBIH CUCTEMI HAIYBY.
[lin yac mepemycky MOTOKY Ta3iB 3I1HCHIOETbCS MOTO JPOCENIOBAHHS 10 THUCKY
MeHmoro 3a Tuck rasziB 3a I'TH. Lle momepemkye sBuIlne 3akujay rasiB Ta
rajbMyBaHHS MOTOKY ra3iB, KMl BUXOAMUTH 3 ra3oBoi TypOiHH. He3Baxkarouu Ha
BEJIUKUM IIMKJI TIPOBEJIEHUX EKCIEPUMEHTANIBHUX JOCTIPKEHh Ha JBUTYHAx 13
JIBOCTYIIEHEBOIO CUCTEMOIO TOayi MOBITPS, MOKHU ICHYE Oarato He3pO3yMIJIOCTeH 3

(13UKOI0 TEPMOTa30JMHAMIYHOTO TIOTOKY.

o

Yo T i

I
a)

Puc. 4.1. TexHos0r14H1 cXeMa MepenycKy ra3iB MUHar4M razopy Typoiny I'TH:

1, 9 — xnanan EWG; 2, 7 —T'TH; 3, 8 — 0xon0/15KyBay MOBITPs HAAYBY;
4 — BUITYCKHHM KOJIEKTOp, 5 — UIWIIIHAPHU Au3elist; 6 — pecuBep MOBITPS HAATyBY;

a — OJTHOCTYTICHEBUM HAAAyB; 6 — TBOCTYIICHEBUHN HAJTyB
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4.2. EkcnepuMeHTalIbHI TOCIIIKEHHS BIUTUBY NIEPENyCKY BUITYCKHUX ra3iB
Ha TTOKa3HUKU POOOTH TU3EIIB CYJEeH MOPCHKOTO Ta BHYTPIITHLOTO BOJTHOTO

TpaHCIIOPTY

Exonoriyni mnoka3Huku cynHoBux JIB3 perimameHTyeThcs BUMOraMu
MDKHApOIHUX KOHBEHIIIN, a X MATPUMKA B 3aJaHOMY Jiana3oHi € 000B’I3KOBUM
nig uvac excruryatauii CEY, sk B akBaropisix CBITOBOrO OKeaHy, TaKk 1 B
TEPUTOPIATLHUX BOJAX MOPCHKUX KpaiH (y ToMy 4YHucH YKpaiHu). 3HUKEHHSA
koHueHTpauii NOy y BI' nocaraerscs:

* NUISIXOM BIUTUBY Ha poOOYMiA MpoIIeC, IO BIIOYBAETHCS B IIIHIPI TA3EIS
[54];

* 3MIHOIO KOHCTPYKIIii 1 TapaMeTpiB poOOTH MAJIMBHOI amapaTypud BHCOKOTO
TUCKY [55];

* BBEJCHHSIM pEAareHTIB y BUIYCKHI Ta3u MiJ 4ac iX MPOXOJKEHHS Yepe3
crieniajibHi peakTopu [56];

* 32 JIOTIOMOTOI0 BUKOPUCTaHHs cucTemMu kepyBaHHs BI', sika 3a6e3neuye abo
permpkysmito Bumyckaux rasiB (Exhaust Gas Recirculation — EGR) [57], a6o

nepenyck Bunyckaux rasis (Exhaust Gas Wastegate — EWG) [58].

4.2.1. Pe3ynbTaTu IOCTIHKEHb, BAKOHAHUX HA CYTHOBOMY

cepenHboo0epToBoMy au3eni 6120 Wartsila

MeTtor mocmikeHHsT OyJ0 BHU3HAYCHHSI ONTUMAIBHOTO 00’€My TEPEIycKy
BI' cynnoBoro COJl 6L20 Wartsila. IIpu upomy 3 oaHoro OOKy MOBHHHI OyTH
3a0e3neyeHl Halkpaill i PO3rJSHYTOTO PEXUMYy pOOOTH Ou3elis €KOJIOTIvHI

nokazHuku (koHreHTpamis NOyx y BI), a 3 iHmoro — midiManbHe 301IbIIEHHS
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(mOpiBHAHO 3 peXMMOM pOOOTH 0€3 MepenmycKy) MUTOMOI ePEeKTHBHOI BUTpPATH
najiBa TPU OJAHOYACHOMY TIATPUMAHHI 3aqaHOTO  Jlalla3oHy  TEIJIOBOi
HAIMPYKEHOCTI IWIHAPIB au3ens [59].

OcHoBHi xapaktepuctuku auzeis 6L.20 Wartsila:

KUTBKICTh ITUIIHAPIB — 6;

niameTp nmiiHapa — 0,2 M;

xig mopmrast — 0,26 m;

MaKCUMaJIbHUHM TUCK 3ropsHHA — 16,3 Mla;

gactoTa ooepranus — 1000 06/xB;

HOMIHAJIbHA NOTYX HICTh Nyon=1200 kBT;

nutoma eekTrBHa BUuTpaTa nanmmsa — 0,193 xr/(kBt-rox).

JocnimKkeHHsT TPOBOAMIIMCS HA TPhOX OAHOTHUIHUX au3ensix 61.20 Wartsila 3
CJICKTPOHHOIO CHUCTEMOIO KepyBaHHs (azaMu Ioja4i T[ajuBa, TMOBITPS 1
razopo3noiny. Jluzeni BXOAWIH 0 CKIaAy CYyJTHOBOI €IEKTPOCTAHIIII SK THA3ENb-
reHepaTopy, Malld OJHAKOBUH MOTOpPECYypC pPOOOTH 1 EKCIUTyaTyBajucsi Ha
PIBHOBEITMKMX HABAaHTAKCHHSIX. SIK cHCTeMa KepyBaHHS BUITYCKHUMH Ta3aMH Ha
JaHUX IHU3eNsX BcTaHoBieHa cuctemMa EWQG. Bukopucranns wiei cuctemu ¢ipma
Wartsila pexomenaye Hacammepen s OOMEXKEHHS THUCKY HaJUTyBHEro MOBITPS 1
3ano0iraHHs MOMIAKHUX SIBUII MMiJ] YaC BUCOKUX HABAHTAXKEHB 1 SIK JIOAATKOBY
byHKIi0 — 118 3HWKeHHS BUKUIIB NOyx. 3riHO 3 MPOSKTHOI JOKYMEHTAIIEI0
cucrema EWG 3ab6e3neuye nepenyck rasi y mianaszoni 0...10 % Bix ix 3araapHOTO
obcary. IlpuanmmoBa cxema cucreMu EWG cyanoBoro musens 6L.20 Wartsila

MoKa3aHa Ha puc. 4.2.
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Puc. 4.2. IlpuHIMIIOBa cXeMa CyTHOBOTO CEPEAHBOOOEPTOBOTO JU3EIIS
6L.20 Wartsila 3 cuctemoro kepyBaHHs BUITycKHUMU Tazamu EWG:
1 — KOHTpOJIEp TOJIOKEHHS TIEPEITYCKHOTO KJIamaHa; 2 — MHEBMAaTHIHUIN TPHUBI
MEepPEenyCKHOro KilanaHa; 3 — nepenyckHui Kianad (kianaH wastegate);
4, 5 — BUIMYCKHI MaricTpaji OCHOBHOIO 1 IEPEMYyCKHOTO MOTOKY Ta3iB;
6 — ox0JI0KyBay MOBITPSI HANTYBY; 7 — IPOAYBHUI pEeCUBED;
8 — nmuminapu auzens; K1, K2 — Touku KOHTpOII0 BUTPAT rasis;

T, K — razosa typ0iHa 1 noBitpsinuit komrpecop ['TH

[ToBiTpsi, 110 HATHITAETHCS KOMIIPECOPOM, OXOJIOKYETHCS B OXOJIOKYBayl
HAJTyBHEr0 MOBITPS 6 1 HAAXOAUTH y IWIIHAPHU § uepe3 npoayBHUM pecusep 7. Y
nuzeni (tpanuuiitno st COJ dipmu Wartsila) peanisyerbest iMmyiibCHa CUCTEMa
ra3oTypOiHHOTO HaaayBy, Tipu skid BI' 3 mumiHapiB 8§ okpeMHMH ra3oxojaaMu
HaaxoasTh Ha jgonatku ['TH. 3anexHo BiJ MOJOXKEHHS MEPEMyCKHOTO KiamnaHa 3
(mepeMileHHsT SIKOTO 31HCHIOETHCS 32 IOTIOMOTOI0 MMHEBMATUYHOTO MPUBOIY 2 1
perymoeThcsi KouTposiepoM 1) BI' HagxoasTe ab0 B 0OCHOBHY marictpaib 4, abo B
nepenyckHy 5. Butpara BI' y marictpansx 4 1 5 Busznauanacs B Toukax K1 1 K2 3a
nonomororo  Butpatomipa MTI100S dipmu  «Siemens AG» (Himeuyunna).
Butparomipu cepii MT100 BigHOCATBCS a0 OaraToToykoBHX (i3 KUIBKICTIO
BUMIPIOBAJILHUX 30H[IIB B 2 10 8) MacoBUX BUTPATOMIPIB MOBITPS 1 ra3iB, sKi

MPAIo0Th 3a TMPUHIIMIIOM TEIUIOBOTO po3CifoBaHHA. Y BuUTparomipax MT100
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TEXHOJIOTIYHO pO3B’si3aHa OJHA 3 TOJOBHHUX MpOOJeM BHMIPHUKIB Ta30BUX
MOTOKIB, 70 SIKO1 BITHOCHTHCS HASBHICTh KBAaJIPATHYHOI 3JICKHOCTI MiK BUTPATOIO
1 mepernagaoM TUCKY (IIe He JI03BOJIsi€ BU3HAUATH BUTPATY B Jiama3oHi MeHie 30 %
Bl MaKCHMaJIbHOI dYepe3 BHUCOKY IIOXHMOKY BUMIiproBaHHs). UYyTiauBicTh
BuTpatomipiB MT100 cranoButs 0,07..0,2 M’/c, poboua Temmeparypa — 10
454° C, mo 3abe3meuye iX QYHKIIOHATBHICT, y BChOMY Jiama3oHi
eKCIUTyaTallliHUX HaBaHTaXXeHb Au3ensa. Burtparomipy MTI100 BiamoBiiarTh
Bumoram Cucremu Oe3nepepBHOro MOHITOpHHTY BukuaiB (Continuous Emission
Monitoring System — CEMS) AreHTcTBa 3 0XOPOHU HABKOJIMIIHBEOTO CEPEIOBHINA
(Environmental Protection Agency — EPA). Ilix yac ekciepumenty B Tourti K1 3a
nonoMororo razoananizaropa Testo350XL Busnavanacs konueHtparis NOx y BI'.
[Tutoma edekTHBHA BHTpaTa MajwBa D BH3HAYanach 3a JOIMOMOTOIO CYJIHOBOI
cuctemu aiarnoctuku Doctor.

Cryninp nepenycky rasiB po3paxoByBajiacs 3a BUPa3oM:

GH

z

8EWG =

-100%, (4.1)

ne G, — KUIbKICTh BUITYCKHUX Ta3iB, SIKI MPOUIILIN Yepe3 MepenyCKHUN KIlaraH,
Kr/c (BUMIproBajacs B Toulli 9 3a nornomororw Butparomipa MT100S);

Gy — cymMapHa KIUTBKICTh BUITYCKHUX Ta3iB, 10 HAAXOASITh y Ta30BUITYCKHY
Mmarictpasiib Big ['TH mpu MHOBHICTIO 3aKpUTOMY MEPENyCKHOMY KJlalaHi, Kr/c
(BuMiproBasiacs B Touiri 1 3a gmormomororo Butparomipa MT100S).

[ToxuOka y BHUMIpIOBaHHI BHUTpAaTH Ta3lB BU3HAYAETHCA BUTPATOMIPOM
MT100S, ne nepesunryBana +0,5 %, nmoxubka y Bumipi emicii NOy y BUITYCKHHX
razax razoanamizatopoMm Testo350XL cranoBuna +3,5 %, nmoxubka y BU3HAUYEHHI
nUTOMOI e()eKTUBHOI BUTPATH MajIkBa He nepesuinyBana +2,5 % [60].

Juzenb, Ha SKOMY BHUKOHYBAJIUCS EKCIIEPUMEHTAJIbHI JOCIIIKEHHS,
3a0e31euyBaB MOTYKHICTIO MOCTIMHI TPy croxkuBaviB. [Ipu 1ipomy (3a5exHo Bif

JOCIIKYBAaHUX PEKHMIB) HOro mOTYXHICTh craHoBuia 660 kBt, 805 kBT,
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890 kBt, 1010 kBT, mo BianmoBigaio 0,55Nion; 0,67Newors 0, 74Neuors 0,83Nenon-
[ToxuOKa B 3MiH1 OTY>KHOCTI He nepeBulyBaia 1,5 %.

Jlnst BU3HA4YEHHS CTYMEHS BIIKPUTTS TEPEIMyCKHOTO Kiamana (wastegate)
crouatky B Toulli K1 Bu3Hauanacs 3aranbHa BUTpara rasziB Gy, 110 BUXOIATH 13
WTHJPIB IU3€Ns 1 MPOXOIATh Yepe3 MaricTpajb OCHOBHOTO MOTOKY Ta3iB 4 (i3
MOBHICTIO 3akpuTuM KianaHoMm 3). Ilicis mporo mnpu 3MIHEHOMY MOJIOXKEHHI
nepenyckHoro kiamana (wastegate) 3 y Toumi K2 Bu3Hauanack BuTpata rasiB Gy
gyepe3 MepenycKHy MaricTpaib 5 Ta 3a BupazoM (4.1) po3paxoByBaBCsl CTYIIIHb
MEePEMyCKy ra3iB Ogwg. [101ambIni BUMIpIOBaHHS BUKOHYBAJIKCS 32 IBOMA CXEMaMH
(puc. 4.3), oTpuMaHi TaKUM YHHOM €KCIICPMMEHTAJIbHI 3HAYCHHS IOKa3aJind
Xopoiry 30DKHICTb, IO MIATBEP/KYBAJIO MPaBUIBHICTb OOpaHOi CcXeMu
BHUMIPIOBaHb T4 KOPEKTHICTh OTPUMAHHUX 3HAYEHb.

Sk kputepit TemioBoi HampyxeHocTi [IB3 mpuitmanocs cepeaHe 3HaUYCHHS
temriepatypu Bl 3a nuninapamu ausens — t., BAMIpIOBaHHS KOi 3a0e31euyBanocs
CYJHOBOIO CHUCTEMOIO0 JiarHocTuku Doctor. 3HaueHHss Temmepatypu BI
PEKOMEHIyEThCSl AN3eIeOyIIBHUMU (ipMaMU Ta HAYKOBUMH JOCIITHUKAMH SIK
KpUTEpli OLIHKK Mepediry poOdoyoro mporecy 1 CTaHy MalMBHOI amaparypu

BHCOKOTO THCKY [61].

P 5[?\\'02358% Nc:0555Ncuom =
B 0555N01|m||O’67Ncmm|0374NC)|0\||0’83N0|10.\1 6EW(;IB58(%)ISEWG:6a00/0| 6E\)\-"(i:8’ 1 0/0| 6EW(329,6%

P 6EWG:650(%) Nc=0’67Ncnom A
0,55 N 0100 [ 0.6 7Ny ] 0. 74N 110 [ 0,83 N | [Swi=3.8%[Sec=6,0%[ O =8.1 % Oe=9.6%|
- 6EW(}:85 1 % Nc=0774Ncqu |
' 0.55N210[ 0.6 7N 100 0. 74N, ] 0,83 N0 | [Bewc=3,8%] 856 =6,0%| 8y =8,1%| 81 =9,6%| |
- 5E\\’G:956(y0 Nc20783Ncqu -
]0.55N00] 0.6 TN, 0.74N 1,0, 0,83 N0 | [8ewc=3,8%[8ew=6,0%]8p=8,1%][8ewc=9,6%|

o KOHI_[CHTpaLIiH NOX Y BUITYCKHHUX ra3sax, P

> <

IMMTOMA G(I)CKTI/IBHa BUTpara 1aJiuBa bc

Puc. 4.3. TlocmimoBHICT, BUKOHAHHS €KCIIEPUMEHTAIBLHUX JOCIIIKCHb

Pesynbratu y3aranpHeni B Ta0nuisix 4.1-4.3 1 npencrasieni Ha puc. 4.4.



Tabmums 4.1. 3mina emicii NOy, 1/(kBt-rox) cymnoBoro musens 6L.20 Wartsila

3aJIe’KHO B1J] HABAHTAKEHHS 1 CTYNEHS MEPEyCKy BUITYCKHUX ra3iB

HaBaHnTtaxeHHs, CrymiHb nepenycky BUITyCKHUX Ta3iB, Ogwe, %0
% 0 3,8 6,0 8,1 9,6
55 7,58 7,48 7,43 7,33 7,28
67 7,81 7,62 7,52 7,43 7,32
74 8,21 7,82 7,71 7,52 7,34
83 8,48 8,19 7,78 7,64 7,38

Tabmuis 4.2. 3miHa muToMoi e()eKTHBHOI BUTPATH NaIKBa, De, I/(KBT-TON),

cyaHoBoro au3ens 6L.20 Wartsila 3anexHo Bijf HABaHTa)KEHHS 1 CTYTICHS

IICPCITYCKY BUITYCKHHX rasiB

HaBaHnTaxeHHs, CtyniHb nepenycKy BUITYCKHUX Ta3iB, Ogweg, %0
% 0 3,8 6,0 8,1 9,6
55 198,6 200,7 201,6 203,5 206,8
67 196,9 198,9 199,6 201,3 202,6
74 195,5 196,3 196,8 197,3 198,1
83 191,6 192,5 193,6 195,1 195,7

Tabmuus 4.4. 3mina TemmnepaTypu BUITyCKHUX Ta3iB t;, °C, cymnoBoro ausens 6L.20

Wartsila 3aiexHo Biji HABaHTaKEHHSI 1 CTYIICHSI IEPEIYCKY BUITYCKHUX Ta3iB

HasanTaxenns, CryniHb nepenycKy BUMYCKHUX Ta3iB, Ogwg, Y0
% 0 3,8 6,0 8,1 9,6
55 285 294 298 312 318
67 279 285 294 304 308
74 278 283 291 293 297
83 273 281 288 290 293
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PesynbraTi nocnipkeHb, BUKOHAHUX Ha au3eni 6L.20 Wartsila 103BOJIsIIOTH
3poOUTH HACTYITHI BUCHOBKH.

Cucrema EWG pekoMeHIyeTbCS 1 BUKOPUCTOBYETHCA IEAKUMHU (hipMaMu
(mampukian Wartsila) nis 3HMKEHHSI TUCKY HAJITyBHETO IMOBITPS Ha MiABUILIEHUX
HaBaHTa)XEHHAX cyaHoBux auzeniB. Cucrema EWG 3abesneuye mepemyck Bl y
mianasoHi 0...10 % Big ix 3aragbHOro 00’eMy 0€3MOCEPEIHBO Y BUIIYCKHY TPyOy
6e3 BukopuctanHs ixupoi eneprii B ['TH. Ilpu mpomy cucremy EWG MoxiuBo
BUKOPUCTOBYBATH JUIsl 3a0€3MEUEHHs] EKOJIOTIYHMX mapaMerpiB pobotu JIB3
(3okpema st 3HmkeHHs eMicii NOx 3 BI') B ycboMy Niama3oHi eKcIuTyaTaiiifHux
pPEXKUMIB POOOTH JU3EIIS.

s cyaaoBoro nuszens 6L.20 Wartsila, mo npariroe B giana3oHi HaBaHTaXKEHb
Nepas=(0,55...0,83)Neyon min vac Bukopuctanus cucteMmu EWG 31 crynenem
MEepenycKy BHUIIYCKHMX Ta3iB  Ogwg=3,8...9,6 % Oynu oTpuMaHi HACTYIIHI
pE3yNIbTATH:

1) migBuineHHs cTyneHs nepenycky BIT B miamazoni 0...9,6 % cnpuse
3HIDKEHHIO eMicli okculiB a30Ty 3 8,72 r/(kBt-rox) no 6,53 r/(kBT-rox) 1 3anexxuthb
Bl HaBaHTAXKCHHS HA JHW3€lb, MPH IbOMY BIJIHOCHE 3HIKEHHS BUKHIIB NOx
3HaxoauThcs B Mexkax 1,15...13,85%:;

2) HaWOLIBIIMI piBeHb 3HWKEHHs KoHueHTpalii NOx y BI' Biamosimae
MaKCUMaJIbHOMY CTYIEHIO TIEPEmyCcKy Ta3iB 1 PpPEeXUMYy MaKCUMaJIbHOTO
HaBaHTa)KCHHS Ha Ju3elib (y mpoBeaeHuX ekcriepuMeHTax 9,6% 1 0,83 Neyon);

3) Bukopuctanus cucreMd EWG 3MiHIOE CTEXiOMETpUYHE CITIBBITHOIICHHS
NaJIUBO-TIOBITPSA, IO CHPUsi€ 30TIBIIEHHIO TUTOMOI €(DEKTUBHOI BUTPATH NAJIHMBA;

4) 11 peKUMIB POOOTH AM3EINs, OJIM3bKUX JO HOMIHAJIBHOTO (Y MPOBEICHUX
nocmimkeHHsax  74..83 % HOMIHATBHOT TOTYXHOCTI  JAM3eNsl), TMig  dac
BUKopuctanHa cucteMu EWG 301nb11eHHs TUTOMOI €)EeKTUBHOI BUTPATH TMaIuBa
ckianae 0,8...1,9 r/(kBr-rom) a6o y BigHocHuX 3HadyeHHsAX 0,26...1,05 %; npu
IIbOMY, 3 OTJIAy Ha MakcuMajbHe 3HWKeHHs eMicii NOx Ha JaHuX pekuMax

eKCIUTyaTarlii, caMe TOJIMIIEHHS EKOJOTIYHUX TOKa3HHUKIB POOOTH JU3EIs €
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nepeBakarouuM  (HAKTOPOM  JJIi  JIAHOTO  Jllala30Hy HaBaHTAKEHb, TOMY
BUKopucTaHHa cucreMu EWG y mpoMy BHUIIAIKy AOUUIBHE 1 MOXe OyTH
PEKOMEHJIOBAHO SIK CHoci0 3a0e3medyeHHs] EKOJOTIYHHUX BHMOT JI0 CYJHOBHX
JIN3EIB;

5) na naBanTaxkeHHsX (0,55...0,67)Neyo, 30UTBIICHHS BUTPATH MAJIMBA ITiJT Yac
BUKopucTtanHa cucteMu EWG moxe nocsratu 1,83...2,52 %; BpaxoByrouu, 110 B
naHiil Bapiamii HaBaHTakeHb BUKOpUCTaHHA EWG 3a0e3nedye 3HMKEHHS eMicil
NOyx na 1,15..5,5 %, 3acTocyBaHHS CHCTEMH TIEpPENyCKy Ta3iB A IbOTO

JIlara3oHy He € JIOIIIbHHUM.

4.2.2. Pe3ymbTaTi JOCIITKEHb, BAKOHAHUX Ha CYTHOBOMY

cepeaHroo00epToBOMY auzeni 6L.26 Wartsila

3 MeToI0 30UIbIIEHHS MAacHUBY EKCIIEPUMEHTAJIbHUX JaHUX, a TaKOX JUJIs
OIATBEP/UKEHHS.  pe3yibTaTiB  IONEPEAHIX  JOCHIIKE€Hb, HACTYNHUW  eran
BUNPOOYBaHb BUKOHYBaBcs Ha cyaHoBomy COJl 6L.26 dipmu Wartsila (axuii 3a
KOHCTPYKTUBHUMH XapaKTEPUCTUKAMHU Ta OCHOBHHMH MOKa3HUKAMH POOOYOTO
MUKy ineHTuyHuil nuszemo 6L.20 ¢ipmu Wartsila, Ha sikomy Oynu BHUKOHaHI
NONepeIHl EKCIEPUMEHTH).

OcHoBH1 xapakTepuctuku auzens 6L.26 pipmu Wartsila:

KUTBKICTh ITUIIHAPIB — 6;

niametp mumsapy — 0,26 m;

xi7 mopirHio — 0,32 Mm;

MaKCUMaJIbHUH TUCK 3ropsHHA — 16,1 MlIa;

yactoTa ooepranns — 1000 06/xB;

HOMIHAJIbHA TOTYXKHICTh Neyo,=2040 xBT;

nuToma epekTuBHa BuTpara nanusa — 0,189 kr/(kBt-rox).
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TexHooris JOCHIKeHb BiANOBIaIa BUIPOOYBAHHSM, 110 BUKOHYBAJIUCS Ha

muzeni 6L.20. Pe3ynbTaTi ekcriepuMeHTy HaBeeH1 B TaOmuisix 4.4-4.6.

Tabmuus 4.4. Buznauenns emicii NOx, 1/(kBT-To1), CyZHOBOTO TH3EIS

6L26 Wartsila

HaBaHnTaxeHHs, Crymnenb nepenycky BUITyCKHUX Ta3iB, Ogwe, %0
% 0 2 4 6 8 10
55 7,41 7,36 7,31 7,22 7,18 7,13
65 7,62 7,52 7,38 7,29 7,21 7,18
75 7,93 7,77 7,53 7,45 7,32 7,23
85 8,46 8,10 8,01 7,68 7,57 7,31

Tabnuna 4.5. BusHauenHs muToMoi e(heKTUBHOT BUTPATH TauBa, De, r/(kBT-rOI),

cyaHoBoro ausens 61.26 Wartsila

HapanTaxeHHs, CrtyniHb nepenycKy BUITYCKHUX Ta3iB, Ogweg, Y0
% 0 2 4 6 8 10
55 196,6 203,0 204,0 204,7 204,8 205,3
65 195,3 200,5 202,7 203,2 203,3 203,4
75 193,7 196,8 197,3 197,5 197,6 197,7
85 189,2 190,6 190,9 191,2 191,3 191,4

Tabnuia 4.6. Busnauenns TemnepaTtypa BUIIYCKHHX Ta3iB, i, °C, nuzens

6L.26 Wartsila

HaBanTaxeHHs, CrtyniHb nepenycKy BUITyCKHUX Ta3iB, Ogweg, Y0
% 0 2 4 6 8 10
55 283 285 291 298 308 315
65 276 277 280 285 298 301
75 276 278 279 283 288 297
85 273 275 277 281 287 292

3umxkenns emicii NOx mijg yac BukopuctanHs cucremu EWG mnokazane Ha

puc. 4.5. EdextuBHicth Bukopuctanus cucreMu EWG 1711 KOKHOTO 3 pexuMIB

poboTH au3ens omiHoBanacs ioriero mijx KpuBor NOx=f(Sgwe).
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Puc. 4.5. 3mina emicii NOy 3aeHo BiJ CTYIIEHS IEPEIyCKy BUIIYCKHHX T'a3iB

Oewe MPH PI3HUX HaBaHTAKECHHSX CyaHOBOro au3ens 6L.26 Wartsila:

a—55%; 6—65%;6—75%;2—85%
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3 ormsiny Ha 3HadeHHs NOy, 1o HaBeaeHl B Ta0mui 4.4, Oynu oTpuMaHi
HACTYIIHI 3HAYCHHS IHTerpasia, SKuil Bu3Hauae mionly mia kpuBor NOx=f(Sgwe):
Sosm, =138; Sgea. =180; Sp7x,. =3,00; Sjgx, =5,39.

Po3MmipHicTh mboro iHterpana (todto miomti mig kpuBoto NOx=f(8ggr)) —

r 0
B -%EWG |, ane s moJiermieHHS TMO3HAYEHHS 3aUINAEMO  JIUIIE
kBT - rox

YUCeIbHI 3HAYEHHS.

30inprenHs  tortonti  mix  KpuBor NOx=f(dgwg) mim dYac migBUIICHHS
HaBaHTaXXEHHS Ha au3enb (y aiama3zoHi 55...85 % HOMIHAIBHOI TOTY>KHOCTI)
CBITYUTH MPO OUIBIIY €KOJIOT1YHY €(EeKTHBHICTh CHUCTEMHU MEPEemycKy rasiB Ha
JTaHUX peKkuMax podoTu [62].

3MiHa THUTOMOI Ce(PEKTHUBHOI BUTpATH ManuBa D, MpU pi3HOMY CTYIEHI
PELUPKYJISALIT Opwg 1 PI3HUX HAaBAHTAXKEHHSX MPECTABIICHA Y BUTJIAI Ta0aulll 4.8,
y SKii BiOOpa)X€HO MpOLEHTHE 30UIbIeHHsS ADe TIOpIBHSIHO 3 poOOTOIO IU3EIIs

0e3 Bukopucrtanus cucteMu EWG.

Tabmuus 4.7. 301IbIICHHS] TUTOMOT BUTpATH MasuBa Abg,%, il 4aC BUKOPUCTAHHS

CUCTEMHU TIEPEMyCKYy BUITYCKHUX ra3iB

HaBanTaxxeHHs, CryniHb nepenycKy BUYCKHUX rasiB, Ogweg, %0
% 2 4 6 8 10
55 3,25 3,78 4,12 4,17 4,43
65 2,66 3,78 4,05 4,08 4,15
75 1,62 1,88 1,95 1,98 2,07
85 0,75 0,88 1,07 1,12 1,17

Homorpawma, 1o BijjoOpaxkae aiama3zoH 301IbIIEHHS TUTOMOI BUTpaTH MaJIMBa
Abe 3amexHO Bil HaBaHTKEHHS AM3CIA Ui PI3HOTO CTYICHS MEPenycKy

BUITYCKHHX Ta3iB Ogwg, OKa3aHa Ha puc. 4.6.
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Ab,,
%

0,55Neyy, 0:55Neyon, 0:75Neon,  0585Neyony
Puc. 4.6. /liania3oH 301JIbIIICHHS TUTOMOI BUTpATH majuBa Ab, pu pi3HUX

HaBaHTaXeHHIX qu3ensa 6L26 Wartsila:

1 — Sewe=2 %; 2 — dewc=10 %

Buxopucranns cuctemu EWG npus3BoauTh 10 MIABUIIEHHS TeMIlepaTypu
BUITYCKHUX Ta3iB au3ens {,, 1o, Ha Hamly AyMKY, TOB’si3aHE 3 IiIBUIICHHSIM
nUTOMOi €(PEeKTUBHOI BUTpATH MaJUBa 1 3MIMICHHSAM MIPOLIECY MOro 3ropsiHHS Ha
JiHiII0 po3mupenHs. Homorpamu, mo BioOpakaroTh 3MIHY CEpEIHbOTO 3HAYEHHS
t. 3almeXHO BIJl CTYIEHS BIIIKPUTTS MEPEMYCKHOTO KJanaHa Opwg MiJ 4ac PI3HHUX
HaBaHTaXEHb JTU3EJIsl HaBe/IeH1 Ha puc. 4.7.

Sk rpaHWuYHI 3HAYEHHS TEMIIEPATypU BUITYCKHHX Ta3iB JIJISi PO3TISHYTOTO
muzens ¢ipma Wartsila pexomMeHaye HACTYIHI 3HA4Y€HHS: 13 HaBaHTaKEHHAM
100 % — 305 °C; 13 maBaHnTaxkeHHsM 85 % — 295 °C; 13 HaBanTaxkeHHsM 75 % —
295 °C; 13 maBanTaxkeHHsM 65 %— 300 °C; 13 maBanTaxkenusMm 50 % — 300 °C.

HaBeneni pesynpTaTu CBig4aTh NpPO OOMEKEHHS BUKOPUCTAHHS CHUCTEMHU
EWG Ha peskux pexxumax poOOTH y 3B’S3KY 3 MIJBHUILIEHHSIM TEMIEPaTypHOro
HAIPYXKEHOCTI (TIEPEBUIICHHSAM TEMIIEpaTypy BHIYCKHUX Ta3iB BCTAaHOBIICHUX

MEX).



r»

310

('™ =300°C
300 S

290 Tl

280 H

270

8 10 Bppe%

r

°C

290

280

sl

8 10 Opyp%

e

300

™ =300°C

290

280

270

L]

4 6 8 10 dyu%
t 0)
oC '™ = 295°C
290
280

270

=l |

2)

10

N 0,
b[f”'(i’ 70

Puc. 4.7. 3miHa cepeTHbOTO 3HAYEHHS TEMIIEpaTypH BUITYCKHHX Ta3iB 1. 3a1€KHO

B1JI CTyNE€HS BIIKPUTTS MEPEMYCKHOTO KJlanaHa Ogwg IPU PI3HUX

HaBaHTaXeHHAX ausenst 61.26 Wartsila:

a—55%; 6—65%;6—75%;2—85%

Pazom 3 pgochimkeHHSM 3 BHUBYCHHS BIUIMBY CHUCTEMH IIEPENyCKy Ha

€KOJIOTTUHICTh POOOTH MOPCHKOTO CyAHA A0 KOMILJIEKCY MPOBEACHUX JTOCIIIKEHb

BXOIANJIO YUCCIIBHC MOACJIIOBAHHA 3a BU3HAYCHHIM MaKCHUMaJIbHO1 TCMIICpATypu

poGodoro mukny T,. Pe3ynapTaTu, mo BigoOpaxkaroTh 3MiHY BETUYUHHU [, Mia Yac

pi3HOrO HaBaHTaxeHHs nau3ens (y aiama3oHi 0,55...0,85Neguoy) 1 pI3HOTO CTyIEHS

nepenycky BI' (y aiana3oni dgwe=0...10 %), HaBeaeHi B Tabnuii 4.8.
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Ta6nuis 4.8. 3MiHa MaKCUMaJIbLHO1 TeMITepaTypu UKy 1,, K, cyaqHoBoro auzens

6L26 Wartsila

HaBanTaxeHHs, CryniHb nepenycky BUIyCKHUX ra3iB, Ogweg, %0
% 0 2 4 6 8 10
55 1946 1938 1906 1886 1874 1862
65 1903 1888 1873 1856 1830 1808
75 1866 1846 1822 1792 1771 1752
85 1834 1822 1801 1768 1734 1717

Komminsis pesynpTariB, HaBeAeHUX Yy Taomuisx 4.6 1 4.8, mokazaHa Ha
puc. 4.8, Ha sTKOMY BiZOOpaXKeHO BILIMB MaKCHUMAJIbHOI TEMIEPATypH IUKITY 1, Ha
emicito NOyx mijg yac pi3HOro cTyneHs nepenycky BI' 1 pi3HOro HaBaHTa)X€HHs Ha
nu3enb. OTpuMaHi TakuM 4uHOM rpadiuni 3anexHocTi NOx=f(T,) cBimyath mpo
B3a€EMO3B 130K JIaHUX NapaMeTpiB 1 MIATBEPIKYIOTh MOXIIMBICTh KepyBaHHS

€KOJIOTTYHICTIO MOPCHKOTO CYJIHA 32 paxyHOK BUKOpucTaHHs cuctemu EWG.

NO,,
T
kBT-roxa

8,0

155

|
|
|
| | |

7!0 1 | 1l 1 1
1700 1750 1800 1850 1900 7,K
Puc. 4.8. BriuB MmakcuManbHOI TeMmepaTypu UKy T, Ha emicito NOx

(y miama3oHi epenycKy BUIYCKHUX Ta3iB Ogwc=0...10 %)

NIPY Pi3HHUX peKUMax poOOTH cyaHOBoro au3erns 6L26 Wartsila:

1-55%;2-65%;3—-75%;4-85%

Exonoriyna epexkTuBHICTh CHCTEMHU TMEPEIYCKY MOXKe OyTH OIliHEeHA TIOIICIO
BULJIeHOTO cekTopa (1, 2, 3, 4), i 301IbIIEHHS CBIIYUTh PO OUIbIIE 3HUKCHHS
koHneHTparii NOy y BUIIYCKHUX Tra3ax 1 301TbIICHHS! €KOJIOTIYHOCTI MOPCHKOTO

CyJlHA.
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4.3. BucHoBku 3a po3nisiom 4

SIx BUCHOBKH JOCIIDKCHB, 110 HABEACH] y po3Aim 4, BU3HAYNMO HACTYITHE.

1. OguuMm 31 cioco0iB 3a0€3MEUCHHS €KOJIOTIYHOCTI CYAE€H MOPCHKOTo (DIIOTY
€ kepyBaHHs BI' mumsixom ix mepemycky, NMpu SKOMY YacTHHA Ta30BOTO MOTOKY
nepecnpsiMoByeTbes 3 oOMuHanHsIM ['TH Ge3nocepennbo y ra3oBUMYCKHY TpyOy.
[lepenyck ra3iB BiJOYBa€ThCS 3a JOMOMOIOIO JOJATKOBOI Ira30BOi Marictpaii, Ha
K1 BCTAHOBIIIOEThCS KiamaH repenycky (kmanan EWG, ongHoliMeHHUE 3
CHCTEMOIO MIEPEIyCKy BUIYCKHHX Ta3iB — cuctemoro EWG).

2. EpextuBHicTh BHKOpucTaHHS cuctemu EWG 1151 KOXKHOTO 3 PEKHMIB
pobOTH Ju3enst 3 TOYKU 30py 3a0€3IMEUEHHSI €KOJIOTIYHOCTI pOOOTH MOPCHKOIO
CyIHa BH3HA4aeThes Turomiero mif 3anekHicTb NOx=f(8gwe), A€ Spwe — CTYIiHB
MEepernycKy rasiB. 3 TEXHIYHO MOMJIMBOTO Jiama3oHy (KWW ACSKUMHU (pipMaMu-
BUpOOHMKaMU Au3eniB 3a0e3neuyeTbess B Mexkax 0...10 % Bix 3aranbHOro 00’emy
ra3iB) HalOUIbII ONTUMAJIBHUMHU (3 TOUKH 30py OJMXKUOTrO J0 MaKCHMaJIbHOIO
3HIDKEHHSI €MICli OKCHJIB a30Ty 3 OJHOYACHUM MIHIMAJIbHUM 301IbIICHHSIM
BUTPATH TajuBa Ta MIATPUMAHHSM TEIUIOBOI HAMPY>KEHOCTI) € PEKUMH, HA SIKUX
3a0e3neuyeThes 4...6 Y%-uiil mepernyck rasis.

3. Ilix gac xepyBanus BI' nuisixom ix mepenycky CTBOPIOIOTHCS YMOBH, IIIO
CIPUSIIOTH TOTIPIICHHIO MOCTaYaHHs MOBITPS 10 muiiHApiB auzens. Lle, y cBoro
4yepry, MTPU3BOJIUTH JO 3MEHIICHHS TEMIIEpaTypu HANPUKIHII 3TOpPSHHA Ta
IPOIMOPILIAHOrO 3HMKEHHS KOHUEHTpAIll OKCHUIIB a30Ty y BHITYCKHHX Tra3ax.
CrocoBHo cymuoBux COJ] 6L20 Ta 6L26 Wartsila BimgcoTkoBe 3HMKEHHS
MaKCUMaJbHOI TeMIepaTypu 3TOpsHHS Mia 4Yac BHKOpucCTaHHS cuctemu EWG
(BiIHOCHO POOOTH Ju3ens 0€3 BUKOPUCTAHHS CUCTEMH MEPENyCKy Ta3iB) CKJIajae
4,3...6,3 %, mpu 1uboMy nocsaraetbes 3HMKeHHS emicii NOy 3 BUITYCKHUMHM Ta3aMu
10 3,33...15,42 %. CymicHe HalOUTbIIIE 3HIKEHHS TEMIIEpaTypy BUITYCKHUX Ta3iB
ta emicii NOyx BignmoBimae pexumam 75...85 %-oro nHaBanTaxeHHs. Came I

peKUMH € HAWOUTBI TPUBAJUMHU TOPIBHSHO 3 IHIIMMH EKCIUTyaTalliiHUMU



58

pexxumamu cynaoBux COJI mig gac iX BUKOPUCTAHHS K TOMOMDKHHX JBUTYHIB Ha
pPIYKOBOMY Ta MOPCHKOMY TPAHCIIOPTI.

4. OgHOYacHO 3 TMOKPAIICHHSM EKOJOTIYHOCTI POOOTH CYIEH MOPCHKOTO
dbaory kepyBanHs BI' 3a momomororo cuctemu EWG npuzBoauTh 10 30UIBITICHHS
MUTOMOI BUTPATU MaJMBa Ta MIJBUIICHHS TEIJIOBOI HampykeHocTi auzens. [lepie
Ta JpYyre 3yMOBIIIOETHCA TMOTIPIICHHSIM TMPOILECY 3rOPSHHS MalliBa y BUMAJKY
BukopuctanHsg cucreMu EWG (3a paxyHOK 3HMIKEHHS IIBHUJIKOCTI 3TOPSIHHS) Ta
3MIIIEHHSIM TIPOIIECY 3TOPSHHA B 01K po3MIMpeHHs. 30UTbIICHHS TUTOMOI BUTpAaTU
najguBa IMiJ dYac BHUKOpucTaHHs cucteMu EWG 3HaxomuThCsi B MekKax Bill
3,25...443 nmo 0,75...1,17 %, ne Oinpmii 3HA4YCHHS BiANoOBimalOTh 55 %-omy
HABAHTAXKECHHIO, MEHIIl — 55 %-0My HaBaHTa)KEHHIO Ha au3enb. [liBUILIEHHS
TEIJIOBOI HANPYKEHOCT1 IWIIHAPIB JIU3ENS CIOCTEPITraeThCsl Ha €KCILTyaTalliitHuX
pexumax (0,55...0,65)Neyoy mia wac 8...10 %-ro mepemycky. 3a HHMX YyMOB
temrneparypa BI' nepeBuiiyye MakcuMaabHO JOMYCTHMI 3Ha4Y€HHA. TakuM 4HMHOM,
BukopucTtanHs cucreMu EWG sik criocoOy 3a0e3neueHHs: eKOJOrTYHOCTI MOPCHKOTO
CyJHa OOMEXYEThCSI JBOMA YNHHUKAMU: TIiJ] Yac MajuX HaBaHTaKeHb (y Jiara3oHi
55...65 %) — 30UIbIICHHSAM BHUTpPATH MalWBa; IiJ Yac BEJIMKOro mepemycky (y
miarma3oHi 8...10 %) — 301IbIICHHSIM TEIJIOBOT HAIIPYKCHOCTI IIWJIIHJIPIB JU3EIIS.

5. Ilixg wac BuOOpPY HAMOLIBII ONTUMAILHOTO PEXUMY poboTu cuctemu EWG,
TOOTO KIUIBKOCTI ra3iB, sika cOpsAMOBYeTbcst B 00xia I'TH, HeoOXigHO BUKOHYBATU
KOMIUIEKCHE OLIIHIOBAHHSI €KOJOTIYHMX Ta EKOHOMIYHUX TIIOKa3HHUKIB pPOOOTH
nuzens. He3Bakaroun Ha 30UIBIIEHHS MUTOMOI BUTpAaTH MajuBa 1 IMiJBUILCHHS
temrniepatypu BI', Buxkopucranus cucremu EWG Moxke OyTH peKOMEHIOBaHO B
ocobmBHUX padioHax CBITOBOTO OKeaHy, KOJHM IMEpPEeBaKalOUMM TOKAa3HUKOM TIpH
eKCIUTyaTallii MOPCHKUX CYJIH CTalOTh iXH1 €KOJIOTIYH1 MapaMeTpH.

6. HaBeneni pe3ynbTaTH MiATBEPIKYIOTh JOIUIbHICTE BUKOPUCTAHHS CUCTEMU
EWG myst 3amxenns emicii NOy. OgHak HalOUTBIN paiiioHATBHAM 11 BUKOPUCTAHHS
MOXKE€ OYTH SIK JOJATKOBHM CIOCIO B KOMIUIEKCI 3 CHUCTEMOIO PEIUPKYJISIIi

BunyckHux ra3is EGR, myis yoro HeoOXiH1 JOJATKOBI JOCHIIKEHHS.



59

5. EHEPTETUYHA E®EKTUBHICTH CYJJHOBOI EHEPI'ETUYHOI
YCTAHOBKH

3 1ciunsa 2013 poky BiamoBigHO g0 TosokeHb  Pezomrorii IMO
MEPC.203(62)(9) Bctymmiu B cuiny HoBi mnpaswia Konsenmii MAPIIOJI,
CIIpsIMOBaHI Ha IIiJIBUIICHHS eHeproedeKTUBHOCTI cyaeH. Ha Bci HOBi cyjHa,
nooynoBani micas 1 ciuns 2013 poky MOMIUMPIOETHCS BHMOTa IMOJ0 PO3PAXYHKY
«EkcrutyaTaniiiHoi KoeQilieHTa €Heproe(eKTUBHOCTI CyAHa», a I CYIEH, IO
nepeOyBalOTh B €KCIUTyaTailii, 3 Ii€l JaTH BBOJUTHCS BUMOTA MO HASIBHOCTI Ha
oopry «[lnany ympamniaas eneproedektuBricTio cyana (ITYEC)/ Ship Energy
Efficiency Management Plan (SEEMP)».

Bumorn 10 eHeproeeKTUBHOCTI HOBUX CYJeH (B YacCTHHI BiJAIOBIIHOCTI
HUMHU KOHCTPYKTHBHOTO KoediuieHTy eneproedextuBHocti — KKEE) Bukianeni y
BianoBiaHi MeToaumi IMO. KoedimieHT BpaxoBy€e HE TIIBKH MOTY>KHICTh CHIIOBOT
CYJIHOBOi YCTaHOBKH, a 1 3arajibHi a1 Cy/IHA.

Po3spaxynok KKEE mnpoBoauThCs 3a 3araiabHOI0 METOIMKOK), HABEIECHOIO
IMO B kepiBaunTBi MEPC 62/24/Add.1. Tlotim cygHO TIepeBIpsSETHCS MOPCHKOIO
aJMIHICTpalli€el0 JepkaBu abo0 1i YNOBHOBAXKXEHUM OpraHoMm — Perictpom
cynHorutaBctBa. Ilicnms ycmimHOT TepeBIpKU CYIHY BUIAETHCS MIiKHAPOIHHIM
ceptudikaT 3 eHeproedexkTuBHOCTI [63].

VY 3zaraneHomy Burisgl dopmyny pospaxyHky KKEE mokna mnpencraButu
TaKUM YHUHOM:

KKEE — Kinokicms euxioie CO,

BUKOHAHA MPAHCNOPMHA poOOMA

Kinbkicte BukuaiB CO, BU3HAYAETHCA 3a BUTPAYCHOTO 3a PEIC MaIHUBY

NEBHOTO COPTY. Y CBOIO uepry, Butpara nanuBa CEY 0a3yeTbcs Ha MOTYKHOCTI
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JIBUTYHIB MPOITYJIbCUBHOTO KOMILJIEKCY Ha TIEBHOMY €KCILTyaTallliHOMY PEKUMI Ta
THIITUX CIIO’KMBAaYlB MaJIMBa Ha CY/IHI.

Bupobnena  TpaHcmopTHa  poboTa  CyAHOM  BHU3HAYa€ThCsl  HOTO
KOHCTPYKTUBHUMHU OCOOJHMBOCTAMHU, 00'€EMOM BaHTaKHUX BIJICIKIB 1 HIBHUAKICTIO
CyZHA, 3aMIpSHUI MPU MaKCUMaJIbHOMY 3aBaHTa)KEHHI 10 JITHIO BAHTAXHY MapKy
1 75% notyxuocti I'l.

MakcumanbHa BennunHa Kgppay) 3a0a€ThCA  CTATEUHOI  €MIIPUYHOIO

dhopMyII010 3aJI€KHO BiJl TUITY Cy/IHA 1 HOTO JeABEUTY:
— . —Ci
KKE(MAX) =8 DW(i)(j)’

¢ @j, Cj — eMIipu4Hi KoedirienTy i-ro Tumy cyana i = 1...7

961,8 (0,477 s | =1 — Oankepa,
1120 0,456 U1 | = 2 — ra3oBo3a,
1218 0,488 i | = 3 — TaHKepa,

ai=< 174,2 Ci=< 0,201 i | = 4 — KOHTEHHEPOBO3a,
1075 0,216 Ut | =5 — yHiBepcaabHOTO,
227 0,244 s | = 6 — pedprxepaTopHOro,
\1219 \0,488 Jutst | = 7 — KOMOIHOBAaHOTO CY/IHa,

Dw(;)) — J-# IenBeT i-ro Tumy cyaHa.
Po3paxyHkoBe 3HaueHHs Koe(illieHTa €HEepreTU4HOi €()EKTUBHOCTI CyJHa

KKEE Bu3HauaeThcs 3a HACTYIMHOIO (HOPMYIIOHO:

M nME
KKE(pos) = {(H fJJ(Z PME(i) 'CFME(i) 'SFCME(i)J"'(PAE 'CFAE 'SFCAE)"'
i=1

j=1

M nPTI neff
+ |:[H fj J(Z PPTI(i) _Z feff(i) ) PAEeff (i)j'CFAE 'SFCAE:|_

j=1 i=1 i=1

neff
(Z feff(i) ’ Peff (i) 'CFME 'SFCMEJ}
i=1
f, -Capacity -V, - f,
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VY 3zaranpHomy Bunaaky, KKEE (po3paxyHkoBuil) mpsMo mpomnopuidiHun
BUTpATI AJIMBA yciMa CyJTHOBUMHM CIIOKMBAYaMHM 3 ypaxyBaHHSAM YTHIII3alli TEIia
Ta IHOIMX EHeproz0epiraloumx KOHCTPYKIIHHUX 3aX0odiB 1  0OEepHEHO
MPOTIOPIIIHUYN pOOOTI CyaHA 3 IEPEBE3CHHS BAHTAXIB.

®opmyna s BuzHadeHHss KKEE micTuth HacTymnHI CKi1ag0Bi:

d) BUTpaTH MOB'S3aHi 3 TOJIOBHHMH JIBUTYHamu (moTyxHictk ['Jl, BHTpara

nanuBa i Bukuan CO,)

M nME
H fj (Z PME(i) 'CFME(i) 'SFCME(i)]’
j=1 i=1
E :
ne 2Py — cymapua noryxaicts '], kBT;
Cevegy — muTomuil (Macosuii) BMicT CO, Ipu MOBHOMY 3TOpsIHHI BYTJIELIO B

. TOHH YyTJEPO,
nainusl, BuTpaueHomy ['/1, yIIepoly.
TOHH INaJINBa

SFCyje— nuToMa eexTrBHa BUTparta nanusa Ha I'Jl, kr/(kBT-1);

b) BuTpartH, 110 MOB'A3aHi 3 aU3eIb-reHepaTopaMu (notykHicTh JI°, BUTpara

nanuBa i Bukuan CO,)

PAE 'CFAE 'SFCAE ]

P — notyxHicth [II' Ha X010BOMY pekuMi cynHa, KBT;
Crae — muToMuii (MacoBuii) BMict CO, mpu MOBHOMY 3TOpsiHHI BYTJICIIO B

TOHH YTJIEpOJY .
)
TOHH TaJIMBa

nanusi, ButpaueHux /I,

SFC,. — nutoma edextuBHa BuTparta nanusa Ha JII', kr/(kBt-r);

C) eHepro3oepirardi TEXHOJIOTIT I JOMOMIKHHX YCTaHOBOK

nPTI neff

M
H fj ZPPTI (i) _Z feff @i " PAEeff (i) 'CFAE 'SFCAE )
j=1 i=1 i=1

d) eHepro30epirarodi TEXHOJIOTIT 1JIs TOJIOBHUX YCTAaHOBOK
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neff

Z feﬁ 0B Peff(i) ’CFME 'SFCME,
i=1
e) poboTa Cy/iHa 3 IepEeBE3CHHS BAaHTAXKIB

fi-Capacity -V, - f ,

fi — KoedilieHT BaHTaXXOMICTKOCTI IS CyaeH (KpiM JIbOJOBOrO KJjacy)
NpUIMAETHCS PIBHUM 1

Capacity — nenBedT cyiHa, TOHH;

fy — Oe3po3MipHH KOCQIIIEHT, KOTPHH BKa3dye Ha 3HWKCHHS IIBHIKOCTI
Cy/lHa TPpY XBUJIIOBaHHI 1 XWTaBUIll (BU3HAYAETHCS HA XOJIOBUX BUIIPOOYBAHHSX
a00 pO3paxyHKOBHUM IUIIXOM, 200 MPUIMAETHCS PIBHUM 1 1O YTOUHEHHS);

Vief — €KCILTyaTaIliiiHA IBUIKICTD CY/HA, By3Jn [64].

3HadueHHs nuToMoro (macooro) Bwmicty CO, mnpu TOBHOMY 3rOpsIHHI
BYIJICI[IO B MaJIMBI HaBeACeH1 y Tabmumi 5.1.

Hani, HeoOxiani 11t po3paxynky KKEE naBeneni B Tabmuii 5.2.

Tabmuus 5.1. XapakTepuCTUKU MauB, 1[0 BUKOPUCTOBYIOTHCA HA CyIHAX

Bwmict
Ne Tun nanusa [TpumiTka Ce ,M
BYTJIELLIO, /i TOHH MaJIMBa
1 Diesel/Gas Qil ISO 8217 0,8744 3,2206
2 Light Fuel Oil (LFQ) ISO 8217 0,8594 3,151
3 Heavy Fuel Oil (HFO) ISO 8217 0,8493 3,114
4 Liquefied Petroleum Gas | Propane 0,8182...
3,00...3,003
(LPG) Butane 0,8264
5 Liquefied Natural Gas
— 0,7500 2,750

(LNG)




Tabmuns 5.2. Buxigni nani ans pospaxynky KKEE

63

Tum cyana KoHnreitnepoBo3
3arajpHa JOBXKHUHA, M 181,0

JloB)KrHA MK EpHCHAUKYIIpaMU, M 173,2

[Iupuna, m 32,1

Ocanka, M 7,65

JlenBeiT, TOHH 12545
["os0OBHUI IBUTYH 8S46MC-C «MAN-B&W)»
Makcumanbaa TpuBana mnoTyxkHicth (MCR), | 9600,

kBT 1 nuTtoma edexkTuBHa BUTpaTa mnaluBa, | 174

r/(kBT-T)

[ToryxHicTh, KBT i BuTpaTa mamusa, r/(kBr-r) | 7200

I'J1 npu 0,75 (MCR) 172

Kinekicts I'J] 1
BuxopuctoByBane nanuso 1SO 8217-2010 RMKS380
[luTtoma TerIOTBOpHA 3AaTHICTH mayimBa, | 40868

kJ>K/KT

JlomoMI>KHI JBUTYHH

3x6L20 Wartsila,

MakcumanbHa TpuBana notyxHicts (MCR), 3x1200 kBT,
kBT 1 BuTpara nmanusa (r/kBT-T) 182
Kinekicts I 3
BukopucTtoByBaHe maauBo RMK 380
[TuToMa TerIOTBOpHA 37aTHICTH MAJIHBA, 41868
kJ>K/KT

Buxinna notyxuicts I, kBT 418
[lIBuakicTs cyaHa mpu JiTHIM ocami 1 75% | 19,6

noTyxHocTi '] Ha rmbokiit Boi, By3u
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3Ha4eHHA MaKCUMAIbHOTO Kyg4x)

KKE(MAX) =174,2 .1254570:201 — 2614 &

TOHH - MUIIO

Pospaxynkoge 3nauendss KKEE Bu3znaunmo 3a hopmyiioro

(HZLElPME(i) "Crvea) 'SFCME(i))+ Pae - Crae - SFC ¢

K = ,
KEpo) f. - Capacity - f ,V,;
1-7200-3114-172+418-3114-178 rCo,
Kkiposy = =16,63 ——M=——.
1-12545-1-19,6 TOHH - MIJTFO

3 HaBEJEHOro pO3pPAaxXyHKy BUIHO MO 3HaYeHHA Kyp, ., TpH 3amaHux

napaMeTpax 1cTOTHO HIKYe Ky vy -
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BUCHOBKU

JumiomHa po0OoTa MaricTpa CHOpsSMOBaHE Ha pO3B’sA3aHHS HAyKOBO-
MPUKIIATHOTO 3aBJIaHHS — 3a0€3MEUYEeHHsI eKOJIOTTYHOCTI POOOTH CYJE€H MOPCHKOTO
Ta BHYTPIIIHHOI'O BOAHOTO TPAHCIIOPTY.

JIB3 sk HaWOUIbII PO3MOBCIOKCHUN TETJIOBUN JABUTYH, IO BCTAHOBIIOETHCS
Ha CyJHaX MOPCHKOTO Ta BHYTPIIIHBLOTO BOJHOTO TPAHCHOPTY Ta 3abe3rnedye oro
pyX, (YHKIIIOBaHHS CYJHOBOTIO OOJagHaHHS Ta MeXaHI3MiB, KOM(OPTHI yMOBI
npaiil eKinaxy Ta BIANOYMHKY MAacakUpiB, HE JIMILE F€HEPYE MEXaHIUHy €HEPrilo,
aJle TaKOXK BUKHUJAE Y JOBKULIS BETUKI 00’€Mi BUITYCKHUX Ta3iB, O CKJIaay SKHX
BXOJIATh LIKIJJIMBl PEUOBUHU, HACAMIIEPE OKCHII a30Ty. MaKCUMaJIbHO MOKJIMBUN
BMICT OKCHJIB a30Ty Yy BHUITYCKHUX Tra3axX CYyJI€H MOPCBKOTO Ta BHYTPIIIHBOTO
BOJIHOTO TPAHCIOPTY MOBMHEH BIAMOBIJATH TEBHMM BUMOTram, MEpIIl 3a BCE —
Honatky VI Konseniii MAPIIOJI. OnHiM 13 cioco01B MABUIIEHHS €KOJOTIYHOCTI
CYJ€H MOPCBHKOTO Ta BHYTPIIIHHOI'O BOJHOTO TPAHCIOPTY € 3HUKEHHS MIKOBUX
TEeMIIepaTyp B HUIIHAPI CYTHOBUX TU3EIIB.

["'0710BHUM HayKOBUM PE3yJbTATOM TUIIIIOMHOT pOOOTH MaricTpa € BU3HAYCHHS
TEXHOJIOT1H, M0 3a0e3Meuy0Th 3HUKEHHS eMiCil OKCHIIB a30Ty Ta TapaHTYIOTh
cTabumizamito Ta MIATPUMAHHS EKOJIOTTYHUX TMOKA3HUKIB MOPCBKUX CYACH
BIJIMOBITHO 10 BUMOT MIKHAPOJHUX CTaHJAPTIB.

OcCHOBHI HAyKOBI Ta MPAKTUYHI pe3yJIbTaTH AUCEPTALIMHOTO TOCIIIIKEHHS.

1. 'enepaTopoM  MEXaHIYHOI  €HEprii  sika  BUKOPUCTOBYETbCA IS
3a0€3MEUYCHHS] PYXy MOPCBKHX CYJeH, a00 eJEKTPONMOCTa4YaHHs CyJIHOBUX
CIIO’KMBAYIB € AU3e1, 3A1MCHEHHS! 3aMKHEHOTO0 POO0YOTO UKITY SKUX HEMOXKIJIMBE
0e3 BUJaJICHHS Y JOBKIUISI BUITYCKHUX Ta3iB, JO CKJIAAy SIKMX BXOJUTh YUCJICHHI
MIKIJIMBl pedoBuHU. [lepmie wmiciie (3 TOYKM 30py HETAaTUBHOTO BIUTUBY Ha

JOBKIUISI) cepell MIKIJIMBUX Ta30BUX BUKHUIIB 3 PIYKOBUX Ta MOPCHKUX CYJICH
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MPaKTUYHO Ha BCIX PEXUMax POOOTH JW3ENIB, HE3aJeKHO Bl iX TUMy, Kiacy,
PO3MIpiB 1 KOHCTPYKTUBHUX OCOOJIMBOCTEH, 3aiiMaIOTh OKCHUJIU a30TYy.

2. ITix gac 3ropsHHS PIAKOrO IMajJuBa B HUJIHIAPI JU3ETIB CYyJAC€H MOPCHKOTO
Ta BHYTPIIIHHOT'O BOJHOTO TPAHCIIOPTY YTBOPIOIOTHCA TEIUIOBI, MATUBHI Ta MIBUIKI
OKCHUM a30Ty. 3MEHIICHHS KUTHKOCTI MaJUBHUX OKCHIIIB a30Ty MOMJIMBO IIISIXOM
BUKOPHUCTAHHS MaJuBa, 0 B CBOEMY CKJIaJl HE MICTITh a30T. [Ipukiamom Takoro
nanuBa € 3pIPKEHI NPHUPOJHI Ta3d. 3MEHIICHHA MIBUAKUX OKCHAIB a30Ty
JOCSITAETHCS IUIAXOM CIElladbHOT 00pOOKH BUIYCKHUX T'a3iB B Fa30BUITYCKHOMY
TpakTi Ju3eNsl. 3MEHILIECHHS TEIJIOBUX OKCHIIB a30Ty (Kl XapaKTepU3yIOThCsS
HaWOUIBIIO KIUIBKICTIO B 3arajibHOMy 0O0Cs31 OKCHIIB a30Ty) JOCSTAEThCs
[UIIXOM 3HI)KCHHS IMIKOBUX TEMIEpaTyp B MIIHIPI TU3€Ns MiJ 4ac 3rOpSHHS
najnBa.

3. Cepen MexaHi3MIB yTBOPEHHS OKCHIIB a30Ty HAHOULIBII TIPOOIEMHUM
3aJIMIIAETHCST BUCOKOTEMIIEpATyYpHUH, HiBeIIOBaHHS oro BrumBy Ha emicito NOy
MOB’SI3aHO 3 HEOOXIJHICTIO 3HMKEHHSI TEMIEpaTypHUX MiKIB, IO YTBOPIOIOTHCS
I1JT 9ac 3rOPSIHHS P1IKOTO TMaIHnBa.

4. Jlo oxuiei 31 HalOUIbII e(GEeKTUBHHX TEXHOJOTIM, 10 3a0e3MmedyyroTh
€KOJIOTIYHICTh pPOOOTH MOPCHKHX CYAEH, HAJeXKUTh KEPYBAHHS MMIKOBUMU
3HAUEHHSAMH TEMIIepaTypu B WIIHP1 au3essi. CaMe 3 MepeBUIIEHHIM KPUTHUYHUX
3Ha4YE€Hb TEMIIEpaTypH rasziB B IUJIHJPI AU3EIs BiIOYBAETHCS JIAHIIOTOBA PEAKIIis
YTBOPEHHSI OKCHIIB a30TY, 10 MPU3BOIUTH J0 301JIbIIIEHHS iX eMicCli 3 BUITyCKHUMU
razamMu. CTBOpEHHS yMOB, sIKi 3a0e3MeuyroTh 3HIKCHHS IMKOBHX 3Ha4YeHb
TEMIIepaTypy B UIWJIHAPIB AU3ENS M1 Yac 3rOPsIHHS NaluBa, CIPUSE IEPEPUBAHHIO
JIAHITIOTOBOI peakilii yTBOPEHHS OKCHAIB a30Ty Ta Mepexoay ii 0 3BHUYalHOT
peaxirii 3 KIHIIEBOI KUIBKICTIO a30TUCTUX 3’€/IHaHb. Lle mpu3BOAUTE IO CYyTTEBOTO
3MEHILIEHHS eMICli OKCH[IIB a30Ty 3 BUIIYCKHMMH Tra3amH, Ta MOKpallye a TaKii
croci®é eKOJOTIYHI TOKa3HUKH POOOTH CYJI€H MOPCHKOTO Ta BHYTPIIITHHOTO

BOJHOTO TPAHCIIOPTY.
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5. OnHI€EIO 3 TEXHOJIOTIH, 0 COPUSAIOTh 3MEHIIIEHHIO MIKOBUX TEMIIEpaTyp €
mojada a3ory B UWIiHApH au3eis. [lpu mpoMy 3mIMCHIOETBCS OXOJIOKEHHS
aTMocepy UWIIHApA, 10 MPU3BOJIUTH JI0 TMEPEPUBAHHIO JAHIJIOTOBOI peaxiii
YTBOPEHHS OKCHJIB a30Ty Ta 1i IepeclnpsMyBaHHIO B OIK peakiii 3 KIHIICBOIO
KUTBKICTIO KOMIIOHEHTIB, III0 MICTATH OKCHII a30Ty. Lle cnpusie 3HMKeHHIO eMicii
OKCH/IIB a30Ty Ha 55...60 %.

6. 3MeHIIIEHHIO eMiCii OKCHJIIB a30Ty 3 BUIIYCKHMMH ra3aMH TaKOX CIpPHUSE
Oe3nocepeHe PO3MOPOIICHHS TMPICHOI BoaM B pobouomy muiiHapi. [lpu npomy
pIBEHBb eMicii OKCHJIIB a30Ty 3HIKYyeThes Ha 20...25 %.

7. OHUM 3 MEPCIIEKTUBHUX CIIOCO01B 3HUKEHHS €MICli OKCUIB a30Ty € 3MIHa
CKJIaJy TOBITPS B AU3EIBHUX JBUTYHAX, SIKE IOCATAETHCS MIABUIIICHHSM BOJIOTOCTI
noBITps. TeXHOJOryHe e MOXKe OyTH AOCATHYTE 3a paxyHOK cucteMu Humid Air
Motor, sika 103BOJISI€ TIABULIUTH BOJIOTICTH HOBITPS 10 99 %. BumpoOyBaHHs
CUCTEMH IOKa3ajo, 10 Ha EKCIUTyaTal[lfHOMy peXHMi BMICT OKCHJIB a30Ty y
BUITYCKHHMX razax CyJHOBUX au3eniB 3HWXKYyeTbesa Ha 70...80 %. Lle mosicHIoeThCs
TUM, IO MIJBHUINCHUN BMICT BOASHUX TapiB B HAIYBOYHOMY TOBITPI CIpHUSE
3HIDKCHHIO TIKIB TeMIEpaTypu B HWIIHAPI U3eNd Ta MONEpekKye YTBOPEHHS
OKCHJIIB a30TYy.

8. HaBenmeni pesynbTaTd MalOTh CYTTEBO TMpaKTUYHE 3HAYCHHA Ta
3a0€3Me4yI0Th M1JBUILLEHHS €KOJIOTTYHOL €(EeKTUBHOCTI CYyIHOBOTO

IIPOITYJIbCHUBHOI'O KOMIIJICKCY.
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