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OIIHKA BEJIMYNHU YCTAJIEHOT'O KYTA 3AKPYUYBAHHA
I'PEBHOI'O BAJIA

IlocTanoBka mpoOjeMHu B 3arajbHOMY BHIJAAi. Y pexuMi, II0
BCTAHOBHBCSI, IIPH OJTHOYACHOMY BIDIMBI KPYTHHX MOMEHTIB 3 OOKY IH3e-
7151 1 3 00Ky rpeOHOTO TBUHTA, aMIUTITYH KPYTHIBHIX KOJMBAaHb TPEOHOTO
Bany (I'B) po3BUBaroThCs SIK B MEXKaX, TaK i 11032 pE30HAHCHOTO Jiama3o-
Hy Ha TJIi KyTa 3aKpy4dyBaHHS, 1[0 BCTAHOBMBCS, MOXKE JOBIO 1 3HAYHO
MEPEBUIIYBATH JIOMYCTUMI BEJTMUHHH.

Bopotb0a i3 pe30oHaHCHHMH SIBUIIAMUA BHHUKAIOYHMH Y BaJOIPOBO-
Jax BHACIIZOK PO3BUTKY KPYTWIBHUX KOJHMBaHb € aKTYaJIbHOIO Mpoliie-
MO0 Mopcbkoro cynHoruiaBetBa. Ctanmapt 1SO 3046-5[1] Bumarae min-
CYMOBYBaHHSI BHECKY BCiX TapMOHIYHHX CKIIQJOBHX KPYTHJIBHHX KOJU-
BaHb Ha BCiX 4YacToTax OOepTaHHS BAJOMpPOBOIY. AJie B OULIBIIOCTI CY-
YaCHHUX HAyKOBHX POOIT MPAKTUYHO HE MPUILUIIETHCS yBara Tomy (axry,
IO B MPOIIECi eKCIUTyaTallii MPOomyJIbCUBHOTO KOMIUIEKCY yCTaleHa Belu-
YHMHA KyTa 3aKpy4dyBaHHs rpeOHOro BaJly MOXKE JaBaTH 3HAUYHHH BHECOK B
PO3BHUTOK KPYTHJIbHUX KOJHMBaHb. OLiHKa BIUIMBY LbOTO (hakToOpa Ha OC-
HOBI MACIIOPTHHX JIAHUX CyJTHA € 3a/1a4€el0 JaHOoi POOOTH.

AHaJi3 ocTaHHix gocaigzkens i myOsikaniid. Orisn cyyacHUX ysB-
JIEHb LI0/0 B3a€MOJii €IEMEHTIB HPOIYJIbECUBHOTO KOMIUIEKCY AOKJIAaTHO
npejcTaBiaenuii B podori [2]. Bimomo, 110 Bei CKIIag0Bi MPOIyJI5CHBHOTO
KOMILIEKCY CYJJHa B3a€MOJIIIOTh MK COOO0 BHACIIZOK KOHCTPYKTUBHHX
ocobmuBocTel. B mporieci excrutyararii cyiHa, Ha JMHAMIYHUX PeKAMax,
XapaKTePUCTUKU B3a€EMOJII MOXKYTb ITOCHIIIOBATUCS 10 3HAYHUX BEJINYMH,
10 1HOJI MPHU3BOAUTH JI0 BUXOAY 3 JajJy OCHOBHUX BY3JIIB Ta MEXaHI3MiB
poMyJIbCUBHOTO KoMIutekey [3-5]. 30y pKyrodi CHITH, 110 Ail0Th Ha ejie-
MEHTH KOMIUIEKCY, 3a3BHYail MarOTh TapMOHIYHI CKJIaIO0Bi, IO MPHU3BO-
IUTh 10 301JbIIEHHS WMOBIPHOCTI BUHMKHCHHS B CHUCTEMI KOJIMBaHb C
HeOaKaHUMHU PE30HAHCHUMHU YacTOTaMH Ta aMmIutiTyaam# [7]. OxHodacHo
3 MM Ha TpeOHUIl Baj cynHa HilOTh BHYTPIlIHI OOYpEHHS, IO MaloTh
KOJIMBAIbHUI XapaKTep 1 BUHUKAIOTh Y CUCTEMI aBTOMATUYHOTO PEryJio-
BaHHS 4acTOTH oOepTaHHs au3ens. SIk mokazaHo B poborax [4, 7], y au-
HaMiYHUX peXHMaxX BOHM MOXKYTh CHWJIBHO BIUIMBAaTH Ha po3Mip HeOes-
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MEYHUX PE30HAHCHMX Jialla30HIB 4acTOT oOepTaHHs Baiy [7,8] B 3aiex-
HOCTI BiJl 9HCyIa JOMaTeil TBUHTA.

B po6ori [3] moka3aHo, 110 B PeXKKMi, 110 BCTAHOBUBCS, MPU OIHO-
YacHOMY BIUIMBI BiOpaliifHuX 30ypeHb 3 OOKy au3elns i 3 60Ky rpeOHOTro
TBUHTA, aMIUTITy/la KPYTHJIBHHX KOJIMBAaHb T'PeOHOTO Bajly I03a pe3o-
HAHCHOTO Jiana3oHy MOKE€ TPHUBAJIO 1 3HAYHO MEPEBUIYBATH BEINYUHY
HOMIHAJILHOTO MOMEHTY JH3elisl. ABTOpU JOCITIIWIN MOIJIUBICTH TIOSBU
PE30HAHCY KPYTHWJIBHHX KOJIMBaHb TPEOHOTO Baly CyAHA TPH YacTOTI
1oro obepTaHHs 11032 3a00POHEHHM JT1alTa30HOM POOOTH.

IMocTranoBka 3aBaanHs. basyrounck Ha MacOPTHUX JiarpaMax Cya-
Ha, TEXHIYHUX XapaKTePHUCTHKAX IPOIYJIbCUBHOI YCTaHOBKH 3aIpoIo-
HYBaTH aJTOPHUTM OIIHKM YCTAJIECHOTO KyTa 3aKpy4dyBaHHS TI'peOHOro Bajia
B paMKax JBOMAacOBOi MOJIETIi BaJIOMIPOBOY.

Bukiaa ocHOBHOTo MaTtepiajy 10CTiIKeHHS.

PosrnsaeMo BapiaHT mpsAMOi mepenadi MexXaHiYHOTO MOMEHTY Mallo-
ObEPTOBOTO CyTHOBOTO AW3ENs Ha TpeOHHI TBUHT (PiIKCOBAHOTO KPOKY. Y
TakOMy pa3i BIJCYTHICTb PEIyKTOpa J03BOJISIE PO3IJISAAATH CIPOIICHY
CHCTEMY, IO CKJIATAETHCS 13 BOMACOBOI MEXaHIYHOI YaCTHHH BaJOIPO-
BOJa, IOKa3aHOTo Ha puc. 1.

M, 2 2
7N N
(= =D |'Mp
s A \
J Jy

Puc. 1. JIBomacoBa MoJienb BaJoNpoBoOIa

B Takomy Bumanky ob6epTaqbHUI PyX TaKOi CHCTEMH OMHCYETHCS CH-
CTEMOIO M (epeHIliaIbHUX PiBHSHD, HEXTYIOUH TEPTAM y MIITHITHAKAX:
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ne Jp, Jp — MOMEHTH iHEpIil Au3eis Ta TPeOHOTO TBUHTA BIAIOBIIHO,
Mp — kpyTHHI MOMeEHT au3ens, M, — MOMEHTH omopy Ha rpeOHOMY I'BH-
HTi, K — 5KOPCTKICTh TPeOHOr0 Baa, Ap=@p-¢p — KYT 3aKpyIyBaHHs BaJa.

B po6orTi [3] Taka cucTeMa piBHSIHB i3 BpaxyBaHHAM OIOPY B’SA3KOTO
Ta CyXOro TepTs BUKOPHCTOBYBaJach IPH JOCHIHKEHHI KOJIWBaHb Iped-
HOTro Baja. AJle IpH CTaJoMy peKHMi 00epTaHHS wp=w,=Cconst. Sximro 3
MEepUIOro PIiBHSHHS BINHATH JAPYre OTPUMAaeMO BUpa3 JAJsl BU3HAUYCHHS
YCTaJICHOTO KyTa 3aKpydyBaHHS:

Ap, = My -M, @
2k

MomeHTH iHepIii 00epTalbHIX YaCTHH POONIATH BHECOK JIMIIE Ha Tie-
pPEXiTHUX Mpolecax, ajie OCKUIbKM 3MiHA 4acTOTH OOCpTaHHsS Ha CYyJHI
3IIMCHIOETHCS TPUBAINH 9ac, TO IIMM BHECKOM MOYKHA 3HEXTYBATH.

Jns Bu3HayeHHs A@, MOXHA BUKOPHCTOBYBATH JaHI IMAacIOPTHOI
niarpamu cynHa. Po3paxyHok i moOysoBa MacopTHOI AiarpamMu 3B'A3aHO 3
BUKOPHCTAHHSIM 3HAYHOI KIJTBKOCTI ITOKA3HUKIB 1 3aJIE)KHOCTEH, JaHi MMpo
SIKi MOXKYTh OyTH OTpHMaHi JOCTITHAM IUISIXOM 3a pe3ylbTaTaMH HaTyp-
HUX ICIIUTIB CyJHA 1 HOTO €HepreTH4HOi YCTaHOBKH abo 3a JTOIIOMOTrO0
PO3paxyHKIiB Ha TiJCTaBI HAsSBHUX BEIMYWH, IO XaPaKTEPU3YIOThH eie-
MEHTH Tpe0HOTO TBUHTA, KOpITyca CyJHa, 1 roloBHOTO nBuryHa. [loOymo-
Ba MacHOPTHOI JiarpamMu 3a pe3yJIbTaTaMd HAaTYPHUX ICIIUTIB SIBISETHCS
MPaKTUYHO HE 3AIHCHCHHOI0, TOMY III0 BHUMAara€ 3HAYHOI KIJIBKOCTI
ICIIUTIB [T Pi3HUX YMOB TUIaBaHHS CyJHA (TIPU PI3HHUX IMOCANKAX, IBU-
KOCTSX, 4aCTOTax o0epTaHHs rpebHoro rBuHTa 1 T.11.). L[5 3a1aya Han3Bu-
YaifHO TpyJaoMicTKa. 3 iHIOro OOKy, MOOyJOoBa MAcIOpPTHOI Jiarpamu,
IPYHTYIOUMCh TUIBKM Ha pe3yJibTaTax pPO3PaxyHKIiB, MOXE IMPHBECTH JIO
ICTOTHUX HETOYHOCTEH, TOMYy HalOLIbIe JOLIIHHO OyIyBaTH MACIOPTHY
JiarpaMy 3a JaHUMH PO3PaxyHKY, y SIKOMY BHKOPHCTOBYIOTHCS HasiBHI
MaTepiajiy ICIUTIB Cy/IHa.

Tomy s oOuuMcIeHHs ycTaJeHOro Kyrta 3akpydyBaHHsS ['B moxna
KOPHCTYBAaTHCS J0OPE BiIOMUMHU 13 JTiTEpaTypH:

M,=—1; M, =K,pmn’D®% k _&W
n L

ne Nj — iHIMKaTOpHA MOTYXXHICTh TOJIOBHOTO JIBUTYHA (BU3HAYAETHCS
0 pe3yJbTaTax TemIoBoro po3paxyHky I'JI); n- gacrora obepranus I'B;
K, — xoedinieHT MOMEHTY (BU3HAYAETHCA 110 KPUBUM Aii TpeOHOrO rBUH-
ta); p = 1,025 t/M® — rycruna mopcekoi Boxu; D — xiamerp raunTa; G —
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W — momspuuit MoMeHT iHepii Baia, d -

Moxayns npyxsocti; W =

niameTp Ta L — iioro moBxkuHa.
Haii6inpmri TpynHOIII BUHHUKAIOTH 13 BU3HAYEHHSM KOEQILI€HTY MO-

menty K. B pobori [2] 3anpomnonoBana emmipuyna Gopmyia:
m

A
Kz = Kzo l_(f (2)

ne Ap = —D— BIJTHOCHA X0j1a, a apametpu Koo, D, M BU3HAUAIOTHCS
n

O Ta0JIMIIAM CKJIaJICHUM Ha OCHOBI Jliarpam Jiii FBUHTIB.
Jns Bu3HadeHHs mpane3naTHocTi ¢opmynu (1) ckopucTyeMoch Oa-
HUMH CYJHA-TIPOTOTHUILY 3 HACTYITHIUMHU TEXHIYHAMH XapaKTEPUCTUKAMHU:
Ls =172 M — moBkHHA Cy[THA MiX MTEPIICHINKYIISIPaMH;
B =30 M — mmpuHa cyHa 110 MiAero;
7= 9,8 M — ocajika CyJHa 10 BAHTAKHY MapKy.
lNaponnHamiuHi XapakTepUCTUKU TPeOHOTO TBUHTA!

Hiametp rpedHOTO rBUHTa D 5700 mm;
Kpoxk reunta H 3975,8 Mm;
Ilimoma nucka reuHTa 25,518 M°
ITmoma nomarei 16,007 m?
JluckoBe BiJIHOIIEHHS 0,6273
KinekicTs somareit Z 4;
Kpoxoge Bignomenus H/D 0,6975;
KK/I ninii BammonpoBoxy 1, 0,987.

OcHOBHI xapakTepucTiku ausens ¢ipmu «Hyundai» mapku 6S50MC-
C7[8]:
Hiamerp mumiagpa - 500 mm;
- Xij mopurHs - 1910 mMM;
- MaKcuMaJbHa TpuBaia notyxHicth ausens (MCR) Ne=8580 kBr;
- HoMiHanbHa TpuBaia noTykHicTh (NCR) -7293 kBr;
- yacrora obepranus npu MCR n =127 06/xs;
- yactora obepranus mpu NCR n =120,3 06/xs.
XapaKTepUCTHKH BAIOIPOBOY:
JiameTp npomMikHoro Basia ;=420 mm;
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- IoBKHHA mpoMikHOro Baia |;=6006MM
- miametp d,=500 Mm;
. nomkuHa rpedHoro Bana Bana l,=6505mm
. Monyns npyxHocti G=2,17x10° MPa
Jns mBuakocti cymaa V=12 By3miB i gacToTi o0epranHs N=12706/xB
i3 pobotu [2] oTpumaemo mapametpu hopmyiu (2): Kp=0,0225, b=0,8,
m=1,5.
[lincTaBuB HEeoOXiaHi maHHI B (1) OTprMaeMoO 3HaYeHHS yCTaJIEHOTO
KyTa 3aKpy4qyBaHHS BaJa:

Ap, = 9,43-10° pao (=~ 0,54°)

Jlns mopiBHSAHHS MakcHMajbHA KyTOBa aMIUITyla PEe30HAHCHUX KO-
nuBaub I'B B 3a60poHeHiit 30ui mpu N=60 06/xB. nocsrae 0,05 pax (=2,9°).

OTpuMaHuil pe3ynbTarT € MPUHHATHAM B MOPIBHSAHHI 13 aMILTITYAO0O
PE30HAHCHUX KOJHMBaHb TpeOHOTO Baja B 3a00pOHEHIH 30HI yacToT 0bep-
TaHHS PO3PaxXOBAHOK TEXHIYHMM BIIILIOM CYIHOOYIIBENBHOI KOMITaHii
MPOTOTHITY CY/IHA.

PoGora BuKOHyBamach B  pamkax jaepxOromkernoi  HJIP
Ne(123U101462 "MobinpHa KOMIUIEKCHA €KCITPECc-IiarHOCTHKA eKCILTya-
Ta[ifHOTO TEXHIYHOT'O CTaHy CyIHOBOTO MPOITYJILCUBHOTO KOMILIEKCY Ha
OCHOBI #10T0 BiOpaIlifHO — KOJTMBAIbHUX XapaKTePUCTUK'.

BucHoBku

OCKUTBKY KOJIMBAJIbHI MPOIECH 3IHCHIOIOTHCS BITHOCHO IMOJIOKEHHS
CTaTHM4YHOI PiBHOBar", TO HOTO0 BU3HAYEHHs € JIOIIBHUM TIPU ITiICYyMO-
BYBaHHI BHECKY TapMOHIYHHX CKJIQJIOBUX B JOTWYHE HAIPYKCHHS BallO-
MPOBOLY.

Pesynbrar po3paxyHKy yCcTaueHOTo KyTa 3aKpydyBaHHs TpeOHOTO Ba-
JIa ISl CYAHA-TIPOTOTHUILY € IPUHHITHUM.

B mopanbiiomy, aisi KOXKHOTO THITy CyJHAa Ha Pi3HUX pPeKUMax
eKCIUTyaTalii MOYKHa CKJIACTH TaOJWIli YyTOYHEHHWX yCTAICHUX KYTiB 3a-
Kpy4YyBaHHS Ta BiAMOBITHUX IM JOTHYHUX HAIPYKEHb.
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BUKOPUCTAHHS BIOJU3EJbHOIO MAJIMBA NI YAC
EKCILTYATALII CYJHOBUX JU3EJIIB

IlocTanoBka npodJjieMu B 3araaibHOMY BULJsiAi. OCHOBHUM JKepe-
JIOM €Heprii TeIIOBUX IBUTYHIB (Ta30BUX TypOiH, KOTJIB, IHU3ETiB) € Ma-
JIUBO HA(TOBOTO MOXOKeHHs [1]. 3a JaHMMU TpPaHCHAI[IOHAJIBLHOI KOM-
nanii British Petroleum 3a 2024 pik, moBezeHi cBiTOBi 3amacu HapTH OIIi-
HIOIOTBCA B 212,3 MinbsapaiB TOHH. 3 OISy Ha MIOPIYHI O0OCSTH CIIOXKH-
BaHHs MajuBa, MOJIOHMX 3alaciB CBITOBOI E€HEPreTUKM BUCTAYHTH HA
40...45 nanommxuux pokis [2]. Lle, a Takok CydacHI €KOJIOTIYHI BUMOTH
IO TEIJIOBUX [BUTYHIB, € TOIITOBXOM Ui PO3BUTKY albTE€PHATHBHOI
CHEePTeTHKH 1 pO3pOOJICHHS aJbTePHATUBHUX NManuB [3].

VY naHuii 4ac OJHOYACHO 3 MPOOJIEMOIO MOCTYIOBOTO BHUCHAXKCHHS
Ha(TOBUX PECYpCIB aKTyaIbHOIO € IpobieMa 3a0e3nedeHHs eKOJI0Ti9HOC-
Ti poOOTH CYJHOBUX €HEPTeTUYHHX YCTAHOBOK 1 HacaMIiepe] IHU3eTiB SK
HANMOIIMPEHIINX Ha MOPCHKOMY 1 PIYKOBOMY TPAHCIIOPTI TEIUIOBHX
nBUryHiB. I1ix yac 3ropsiHHA HaquBa YyTBOPIOIOTHCS TOKCHYHI KOMIIOHEHTH
— okeuau cipku SOx i a30ty NOx, sIKi HETaTHBHO BIIMBAIOTh Ha €KOJIO-
rito i jroauny. Came ToMy J0 Crielu(iYHUX 3aBJaHb CKCILTyaTallii Cy/IHO-
BUX CHEPreTUYHUX YCTAHOBOK BiJTHOCSTHCS 3aloOiraHHs YTBOPEHHIO i
HEUTpai3amiss eKoJIOTiYHO HeOe3MeUYHUX PEYOBUH, SKi € HEBiJ EMHOIO
YaCTUHOIO MPOLECY BHMKOPUCTAHHS HA()TOBHX AM3ENbHUX MalnuB. Y
3B’SI3KY 3 IIMM OCTAaHHIM 4acoOM BEJIMKa yBara MpHIISETHCS 3HKECHHIO B
MPOAYKTaxX 3rOPSHHS IIKIUIMBUX PEUYOBHH, 0COOIMBO OKcUaiB a30Ty NOx
[4, 5]. 3 MeTOr0 3HMKECHHSI KOHLICHTPALl [IUX PEYOBHH, BHKOPHCTOBYIOTh
Pi3HI METOJIM 1 TEXHOJIOTIi: YIPUCKYBaHHS BOJM B TIOBITPSIHUH 1 BUIYCK-
HUI KOJIEKTOP 1 O6e3rmocepeIHb0 B MWITIHAP JU3EIsl; PEUPKYIISIis BUITYC-
KHUX Ta3iB, BAKOPUCTAHHS aJlbTEPHATUBHOIO TaJllBa — JIEIIEBOr0, 3 BUCO-
KAMH TeTUIOTBOPHUMH XapaKTEePHUCTHKAMU Ta €KOJIOTIYHO YUCTOrO [6, 7].

AHami3 ocTraHHix nociaimkeHb i myoOaikamiii. [aTeHCHMBHI HOCi-
JDKEHHSI MOXKJIMBOCTI BHKOPHCTaHHS aJbTEPHATHBHUX MalMB BEIYThHCS
HOPOTATrOM OCTaHHIX Jecsatunith [8, 9]. [lpu npoMy HalkpaluMm BBa)KaeThb-
Csl YaCTKOBE 3aMillIeHHS TPAJAUIITHUX BHJIIB MOTOPHOT'O NAJIMBA CHHTETHU-
YHUMHU PIAKUMH BYTJIEBOIHSIMHM, SIKI OTPUMYIOTH 3 IIPUPOAHOrO rasy, a
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TaKoX O10AM3ENPHOTO TalNBa, K€ OTPUMYIOTh 3 POCITUHHHX MAaCTHII
[10, 11]. ITe mOSACHIOETHCS IPOCTOTOK Ta EKOIOTIYHICTIO TEXHOIOTII
OTPUMaHHS POCIMHHHUX MAaCTWJ, iX TMOPIBHSHO HEBUCOKOIO BAPTICTIO i
MPUHHATHUM 3aliMaHHSIM B YMOBaX 3AIMCHEHHS POOOYOro IUKIY CyIHO-
BOTO JIA3EJIS.

S mpaBWIlo, eKCIUTyaTalis AU3eliB BUKIIOYHO Ha albTepPHATHBHUX
NaauBax He MPOBOAMTHCA. 1X B’SA3KiCTh MEpEBUINY€E B S3KICTh AU3€TbHOIO
nanwBa, mo (B pa3i oprafizaiii po604oro MUKIY TITHKH HA aTbTEPHATHB-
HOMY TajJiBi) MPHU3BOIUTE IO TpaHC(OpMaIlii MpoIeciB Mmoavi MananBa,
BIIOPCKYBaHHsI 1 pO3NMUIIIOBaHHs NanuBa. KpiM Toro, 3HIMKEHA TEIIOTBOP-
Ha 37aTHICTH aJbTEPHATHBHUX MAaJIMB HE J03BOJIIE OTPUMATU HEOOXiAHY
JUTS TIEpEMITIIeHHsI TIOPITHA 1 00epTaHHs Bana eHeprito. Tomy B cyaHOBIH
CHEePTeTHIIl BUKOPUCTOBYIOTHCS CYMIIlli TPAIUIIIHOTO Ta albTePHATUBHO-
ro nanuea. HalOinbIn nmpoctuii cnociO 1oJaBaHHs albTEPHATUBHOTO Ta-
JUBa 10 TPagulliiiHOro — 0e3mocepeIHhO B CYAHOBIN MANMBHIA CHUCTEMI,
nepe]l MoAaueto MaJuBHOI CyMiln B IuiIiHAp au3ens. KoHieHTpailist anb-
TEPHATUBHOTO MaJKMBa B MAJMBHIN cyMii craHOBHTS 5 ... 30 % [12].

JocmimkeHHs 00 MOXKIIMBOCTI BUKOPUCTAHHS aThTePHATUBHUX T1a-
JUB y TEIUIOBUX JIBUTYHAX y JaHWH Yac HAWOLTBII TOMIMPEH] IS CTallio-
HapHOT EHEPreTHKH, a TAKOX JIJI aBTOMOOLIRHOTO Tpancmopty [13]. Cro-
COBHO JIM3EJIiB CyJ€H MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY MOJIOHI T0C-
JPKEHHS 11 He HaOyIM OIMPOKOTO PO3MOBCIOUKEHHS. Lle mosicHIoeThCs
ABTOHOMHICTIO MOPCHKUX CYJICH 1 HEMOXIJIUBICTIO O€3MePEIIKOHOrO Bij-
HOBJICHHSI 3alaciB nanuea (y TOMY 4HCIi albTepHaTuBHOrO) [14]; BUCO-
KOO TOTYXHICTIO CYJTHOBOI €HEepreTHYHOi YCTaHOBKH [15]; HeoOXimaHICTIO
B Y3T'O/DKEHHI BCiX POOIT i3 yIOCKOHAJICHHSI TTAJTMBHOI CHCTEMH 3 KBali(i-
KalllHHUMH TOBAapUCTBAMHM, 1110 3IHCHIOIOTh TEXHIYHWUH KOHTPOJbL Hal
CYIIHOM Ta €HEPreTUYHOIO YCTAHOBKOIO [16].

Takoxx HEOOXiHO Bi3HAYWTH, IO BUKOPUCTAHHS aTbTEPHATHBHUX
MaJMB YIS CYJHOBHX JIU3ENIB IMiJBUIICHOI MOTYXHOCTI (3 JiaMeTpPOM IIH-
ninzapa noHan 0,4...0,42 M 1 HOMIHANIBHOI MOTYXHICTIO TToHa 5000 kBT)
oOMesKeHe y 3B 513Ky 3 TUM, LI0 NP LILOMY BiJI0YyBa€ThCS:

* HEKOHTPOJILOBAHE TMOTIPIICHHS €KOJIOTTYHHUX TTOKa3HUKIB (depe3 Ko-
JIMBaHHS BIIHOIEHHS TaJTUBO-TIOBITPs) [17];

* 3MEHIICHHS] KPYTHOTO MOMEHTY (4epe3 MNaliHHS MaKCUMaJlbHOTO
THCKY nHKITy) [18];

* 3HIKCHHSI €(DEKTUBHOI IMOTY)XHOCTI Ha HOMIHAJHHOMY HAaBaHTa-
EHHI (4epe3 3MiHM nepioy noaadi nanusa) [19].
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Hapenenwnii anani3 miATBEPIKYE, MO BUBYCHHSI MOMJIMBOCTI BUKOPH-
CTaHHS ANBTEPHATHBHUX COPTIB MajuBa (30KpemMa Oi0M3ENbHOTO0) y CY/I-
HOBHX JH3ENISX € aKTyaJbHHM 3aBAaHHSIM, PO3B’SI3aHHS SKOTO B JaHUI
qac He 3HaiaeHo. [Ipy npoMy HEOOXiaHO:

* BCTAHOBUTH OINTHMAJbHI CXEMH KOMIUIEKTALil Cy/THOBUX HMaJUBHHUX
CHCTEM, [0 BUKOPUCTOBYIOTH JIbTEPHATUBHI COPTH MAJINBA;

* BU3HAYUTH KPHUTEPii, 32 IKUMH HEOOXiIHO 3MIHCHUTHU OLIHKY edek-
TUBHOCTI BUKOPUCTAHHS aJbTEPHATUBHUX MAJIUB;

* BCTAHOBUTH ONTHMAJbHHUNA CKJIAJ TMAJMBHOI CyMIIIi, IO MICTHUTh
JIbTEpHATHUBHE MAHBO.

IlocTanoBka 3aBaanus. CyZHOBI JBUTYHH BHYTPIITHHOTO 3TOPSHHS
cepeaHbOoi 1 MaJoi moTyKHOCTI (3 miameTpom mwmiaapa a0 0,32...0,36 m i
HOMIHAJIFHOIO MOTYXHICTIO, Mo He nepeBuinye 3000 kBT) BUKOpUCTOBY-
IOTHCS SIK JOMOMDKHI IBUTYHHU Ta BCTAHOBJIIOIOTHCS HA CYHAX Y KiJbKOC-
Ti 2...4, MalOTh KOXEH CBOIO HAJMBHY CHCTEMY, 110 JO3BOJISIE BUKOPHCTO-
BYBaTH JJIsl 3a0€3MEUCHHsT pOOOYOro UKy MMajiBa 3 Pi3HUMH XapaKTe-
puctukamu [20, 21]. 3aBmaHHsAM OOCTIDKEHb OyJO BH3HAYCHHS BILIHBY
010IM3eNBHOTO MMaTNBa HA eKCIUTyaTAaIlii{HI TOKa3HUKU CYITHOBOTO JTH3EIIS.

Bukiaan ocHoBHOro martepiamy gociaigskeHHs. JloCTiKEHHS BHKO-
HYBaJHCsl Ha CYAHOBHX cepeqHbooOepToBuX ausensx 6H17/28 Hyundai
Heavy Industries 3 HaCTyTHUMU OCHOBHUMU XapaKTEPUCTUKAMH: JliaMeTp
mwriaapa — 0,17 m; xig noprras — 0,28 m; gactora obepranns — 900 xB 1
HOMiHaJIbHA TOTYXKHICTh — 690 KBT; KinbKiCTh 1IIHAPIB — 6. Tpu moi0-
Hi JM3€eJ11 BXOJIWIIN JIO CKJIQJy CHEPreTHYHOT YCTAHOBKH MOPCHKOTO CyTHA
nenseiitom 14745 Ttoun. llpuHIMNoBa cxema IMaqTuBHOI CHCTEMH JTHU3ETiB
ToKasata Ha pHc. 1.

.
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Puc. 1. [IpuHIMIoBa cxema NaJMBHOI CUCTEMH CYTHOBHX nu3eniB 6H17/28
Hyundai Heavy Industries:
1 — nanuBHMIA Hacoc; 2, 5 — nanmBHKE QinbTp; 3 — BUTpaToMip; 4 — no3aTop;
6 — mayMBHA MaricTpalib; / — BUTPATHA MaJIMBHA LIICTEpHA
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ITogava manmBa 10 (GOPCYHOK TU3EIS 3MIACHIOETHCS 33 JOIIOMOTOIO
MMaJTUBHOTO Hacoca 1, SKui 3a0Mpae MajauBO 3 BUTPATHOI ITUCTEPHH 7 de-
pe3 ¢inbTp 2. [lonoBHEHHST HIUCTEPHH 7 MPOBOIUTHCS 3 TATUBHHUX TaHKIB
o Marictpani 6. [lonepeaHe OYMIEHHS MATUBAa BUKOHYEThCS Y (PUIBTPI 5.

Ilepen moyaTkoM MPOBEEHHS €KCIIEPUMEHTY BC1 JU3ENi Mali MTOPiB-
HSHUH MOTOpeCypc MAIMBHOI amapaTypd, AeTallell IMIIHIPOBOI IPyIH,
MiAIIUITHAKIB PYXY, @ TAKOXK OJHAKOBHI TexHiyHud ctaH. LLnsxom mepe-
MUKaHHS TPy CHOXXHBAYiB €KCIUTyaTalis AW3eJiB BUKOHYBAaNacs Ha Of-
HAaKOBOMY HaBaHTa)X€HHI, MIATPUMKa SIKOTO BUMAarajach IiJ 4ac IpoBe-
JICHHS €KCTIEPHUMEHTY.

Ilim yac mpoBeAEHHS EKCIIEPUMEHTY Ha BCIX JH3ENAX 3a0e3revyBaia-
Cs MATPUMKA TOCTIHHMX TapaMeTpiB y CHUCTeMax MaIleHHS 1 0XO0Jo-
JoKeHHs. PoOoTa aM3el1iB Ha KOKHOMY 3 JIOCIIKYBaHUX PEKHUMIB IIPOBO-
nunacst He MeHme 1,5...2 TOIWH, IPOTATOM SIKMX BHKOHYBAJIOCH BUMIpIO-
BaHHS OCHOBHMX IapaMeTpiB 1 ycepeAHEHHs OTPUMAaHHUX 3HaueHb. lle
3a0e3MevyBaio KOPEKTHICTh MPOBEACHHS JOCIKEHb 1 MOXKIIUBICTh 3iC-
TaBJICHHS BUMipiB, BUKOHAHUX Ha PI3HUX JU3EISX.

KoHTyp nopadi nanvsa 10 MEPLIOro AU3els He 3MiHIOBABCS Ta JHU3€ib
ekciuTyaTyBaBcs Ha manmuBi DMA (3 B s3kictio 6 ¢CT 1 BMICTOM Cipku
0,08 %). B’s3kicTh manuBa J103BOJISE TOJABaTH B HHOTO Oi0AM3EIIbHE IMa-
muBo (3 B’s3KicTio 8 ¢Ct i BMicToM cipku 0,005 %). BmicT 6ioanzensHOTO
NaJvBa B MaJMBHIA cymimn 3MiHIOBaBcs B iHTepBami 5...15 %. IlanuBHa
cyMim nmojaBanacst 1o auzeniB 2 i 3. Jlis 3a0e3neueHHs 103yBaHHs 0io-
JM3eFHOTO NaIMBa B TAJMBHINA CyMilIi, B KOHTYp Iu3eliB 2 i 3 moaatko-
BO BCTAHOBJIIOBAJIKCS BUTpATOMIp i jo3arop (mo3wiiii 3 i 4 Ha puc. 1) [22,
23].

OCHOBHMMHU BENTMYMHAMH, SIKI BUMIPIOBAIKCS IIiJ] 4ac MPOBEICHHS
EKCIEepUMEHTY, OyJu nuTOMa e(eKTHUBHA BUTpaTa MaMBa i KOHIIEHTPALis
OKCHJIB a30Ty Yy BHITyCKHUX raszax. HaBaHTaxeHHS Ha Au3erni mix yac
MPOBE/ICHHS €KCIICPUMEHTIB 3MiHIOBaJiocs B iHTepBaii 25...75 % Bix Ho-
MiHAJILHOTO 3HAYEHHS.

Oxcumu azory NOx € oJHUMU 3 HaWOUIBIT TOKCHYHUX KOMIIOHEHTIB
BUIYCKHUX Ta3iB [4, 5]. 3a HOpManbHUX aTMOC(EpPHUX YMOB a30T SBIISIE
coboro iHepTHUil ra3. [Ipu BHCOKOMY THCKY W OCOOJIHMBO TeMIiepaTypax
a30T aKTUBHO BCTYIIA€ B PEAKIiI0 3 KUCHEM. Y BUIIYCKHHUX I'a3ax JIBUT'YHIB
noHax 90 % yciei kinbkocTi NOx craHoBuTH Ookcul a3oTy NO, sKuil y
cucTeMi BUIYCKY i B aTMOcdepi JIETKO OKHCIIOEThCs B JiokcHg NO,, a
nani nepeTBoproeThbes B a30THy kucinoty HNOs. 3romom azoTHa kuciora
KOHJICHCYETBHCS B MOBITPi, MOBEPTAETHCS HA MOBEPXHIO CBITOBOIO OKEaHy
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a00 OCTpiBHY 1 MaTEPUKOBY YaCTHHY 3eMJI1 Y BUTIISAII KUCIOTHUX JIOIIIB i
HETaTHBHO BIUIMBA€E HAa HABKOJIUIIIHE CEPEIOBHIIE i Troauny [2, 7].

ExosioriuHi XapakTepUCTHKH JIU3CIBHUAX JIBUTYHIB BU3HAYAKOTHCS T'O-
JIOBHMM YMHOM BMICTOM Y TPOJYKTaX 3ropsiHHS OKCUAIB a30Ty NOy, siKi
3a IHAEKCOM TOKCHYHOCTI 3HAYHO MEPEBEPIIYIOTH 1HIII IIKITHBI KOMIIO-
HEHTH BUITYCKHUX Ta3iB. Y 3B’S3Ky 3 I[UM I[iJIa HU3Ka MIKHAPOIHHUX Opra-
Hizamii (3okpema International Maritime Organization — IMO) BBOAUTH
CYBOpi BUMOTH, BUKOHAHHS SIKUX JTO3BOJISIE 3a0€3MEYUTH €KOJIOTIuHI Ima-
pameTpu pobOTH CyaHOBUX au3eniB [14, 23].

KonrenTparliss OKCHJIIB a30Ty y BHITYCKHUX ra3ax CYJHOBHX JTU3EIIB
permamentyerbess Bumoramu Annex VI MARPOL. 3rigHo 3 muMu BUMO-
ramu KoHneHTpamis NOy y BUITYCKHHX Ta3ax Ul AW3eJiB, aHAIOTIYHIX
PO3TJITHYTUM Y pOOOTI, HEe TIOBUHHI TIEPEBUIIYBATH 3HAUCHHS

Cyo, <44n°%, (1)

Iie N — gyacToTa 00epTaHHS Baia qu3ens, 00/XB.
Ins cymHoBOro cepemHboobeproBoro mmzens 6H17/28 Hyundai
Heavy Industries otpumaemo:

Cho, <44-900°% =9,2r/(xBr-rox).

BumiproBanns konnenrpaiii NOy y BUIIYCKHUX Ta3ax CyJHOBUX M-
3€J1iB BUKOHYBAJIOCS 3a JOMOMOTrol0 razoanainizaropa Testo350XL Bupo6-
HuiTBa HiMeuuynHu, skuil 703BOJISIE BUKOHYBATH BUMIPIOBAaHHS B Jliara-
30H1 Temmnepatyp -40 ... 1200°C. I'azoananizaropu Testo350XL Bigmosi-
narTh BuMoraMm Cucremu Oe3rnepepBHOro MoHiTopuHTy Bukuais (Contin-
uous Emission Monitoring System — CEMS) ArentctBa 3 OXOpPOHH Ha-
BKOJIMITHBbOrO cepenoBuina (Environmental Protection Agency — EPA)
[24, 25].

[Muroma edexTrBHA BUTpaTa manuBa D, BU3HAYaIacs 3a JOMOMOTOIO
CYTHOBHX BHUMIpPIOBAIILHUX 3aC00iB [26].

[otyHICTh JH3eniB BU3HAYANIACS 33 JJOTIOMOTOIO EJIEKTPOHHOTO 00-
JaJIHAHHS, PO3TAIIOBAHOTO B IIEHTPAIBHOMY TIOCTY YIPaBIIIHHS MAallvH-
Horo BimumineHas [27]. Pesynmbratu MOCHiKEHHS HaBEJCHI B TaOIH-
max 1, 2.
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Tabnuus 1. Konnenrpaist NOy, r/(kBt-ron), y BUITyCKHHX ra3aX, CyJHOBHX
nmsenis 6H17/28 3a pisHUX yMOB IPOBEICHHS EKCIIEPUMEHTY

[TanuBo abo ckian maauBHIA CyMiri HapanTa)xeHHs Ha Au3eib, %
25 50 75
DMA 6,28 7,17 8,27
DMA+5 % 0ioau3eabpHOro majnBa 5,96 6,16 7,47
DMA+10 % 06ioan3eapHOro majanBa 5,36 5,86 6,34
DMA+15 % 06ioan3eapHOro najanBa 521 6,32 7,63

Tabmunsg 2. [Intoma edekTrBHA BUTpaTa nanusa, I/(kBT-ros), CyTHOBUX 1u3eliB
6H17/28 3a pi3Hnux yMOB MPOBEICHHS EKCTIEPHMEHTY
HapanTaxeHHs Ha qu3elb, %

IManuBo abo ckiaja MaauBHIlM cyMirii o5 50 75
DMA 196 189 185
DMA+5 % 0ioau3eabpHOro majnBa 198 191 187
DMA+10 % 06ioau3eapHOr0 najnBa 200 193 191
DMA+15 % 06ioau3eapHOro najanBa 201 194 195

3a3Ha4nMo, 110 32 OyIb-IKHX YMOB IPOBEACHHS €KCIICPUMEHTY KOH-
LEHTpaLis OKCUIIB a30Ty Y BUIIyCKHHMX ra3zax He MEpeBHILyBajla 3HAa4YCH-
HS, BU3HAYEHOTO 32 BUpa3oM (1), TAKMM YMHOM eKcIUTyartalis Au3eliB
mpoBouIacs i3 3abesneuernsm Bumor Annex VI MARPOL [28, 29]. 3a
pesynmbTaTamu Tabmuip 1, 2 mobymoBaHi miarpamu, IO BiZOOpa)XarOTh
sminn emicii NOyx (puc. 2, @) i nuroMoi epeKTUBHOI BUTpATH MalnBa
(puc. 2, 6) It yMOB MPOBEACHHS EKCTIEPUMEHTY.

r
KB1-roi

200 |
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o
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8 195 — -

190 |

_ﬂf 185 —
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Puc. 2. Exkcrutyaraniiiai mokasHuku cyqaHoux ausernis 6H17/28 Hyundai Heavy
Industries 3a pi3HHX yMOB NPOBEIECHHS EKCIIEPUMEHTY:
a — xonuenrpauii NOx, r/(kBr-roj), y BUIycKkHUX ra3ax; 6 — nuroma edexktiupHa

BUTpaTa nanusa, r/(kBr-ron);
0 — manmuso DMA; 1 — DMA+5 % 6ioausensHoro nanusa; 2 — DMA+10 % 6io-
nu3enbHoro nanusa; 3 — DMA+15% 6ioau3ebHOro najanBa
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BigHocHi 3MiHM KOHIIEHTpAIlii OKCHIIB a30Ty y BHITYCKHUX Ta3ax
ANOy 1 mutomoi ehekTUBHOT BUTpaTH HaiuBa ADe pO3paxoBYBaUCh 3a
BUpa3aMu

NO2Y — NOBP
NoDMA
X

Bio DMA
be — be
Bio
e

ANO, = -100%,

.100%, Ab, =

ne NOY™, bPM* — koHueHTpawis i nuTOMa e)eKTHBHA BUTpATa [AJUBA

i 9ac excrutyaTanii au3ens Ha mamusi DMA, r/ (xkBt-rox) [30, 31];
NOS°, bP° — KoHUeHTpallis i nMTOMa edeKTHBHA BUTpATa IajMBa
i 9ac eKcIuTyartamii nu3ens Ha cymimi mamuBa DMA 1 GiomuzensHOTO
manusa, r/(kBr-ron) [32, 33].
OtpuMaHi B Takuil croci® 3HaYeHHs y3arajibHeHi y Tabmuisx 3, 4, a
TaKOX BiIoOpakeHi Ha JliarpaMax, HaBeJCHUX Ha puc. 3.

Tabmuus 3. BinnocHa 3mina koHnenTpauii NOy, %, B BUITyCKHUX ra3ax CyaHO-
Bux qu3eniB 6H17/28 Hyundai Heavy Industries mis pisaux yMOB mpoBeAeHHS

CKCIICPUMCHTY
Cxan manuHiii cymimi HapanTaxenHs Ha qu3eib, %
25 50 75
DMA+5 % 0ionu3enbHOro najivusa 5,10 14,09 9,67
DMA+10 % 6ioau3eabHOro najaiusa 14,65 18,27 23,34
DMA+15 % 6ioau3eabHOro najiusa 17,04 11,85 7,74

Tabnuus 4. BinHocHa 3MiHa TMTOMOT €)eKTUBHOT BUTpATH NaiuBa, %, CyTHOBUX
musernis 6H17/28 Hyundai Heavy Industries mist pisHuX yMOB IPOBEIEHHS €KC-

HEPUMEHTY
.. .. HapanTaxxeHHs Ha qu3enb, %
Ckaj manvBHINA CyMmini 25 50 75
DMA+5 % 0ionu3enbHOro najiusa 1,01 1,05 1,07
DMA+10 % 6ioau3eabHOro najiusa 2,00 2,07 3,14
DMA+15 % 6ioau3eabHOro najiusa 2,49 2,58 5,13

BucHoBKH i mepcmeKTHBM MOAAJBIINX AOCTiIKeHBb. [IpoBenmeHi
JOCITIKEHHS JI03BOJISTIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. EHepreTuyHi yCTAaHOBKHU CYJE€H MOPCHKOTO Ta PiYKOBOTO TPAHCIIO-
PTY € BEIMKUMH CIIO)KMBAaYaMH TajiBa HA(PTOBOTO MOXO/KEHHS, 3amacu
SIKOTO TIOCTYITOBO BUCHAXKYIOThCsI. OIHUM 13 JUKEpEN eHepril, J0CTiKeH-
HS TIPO MO>KJIMBOCTI BUKOPUCTaHHSI SIKOTO B CYIHOBIi €HEPreTHIl BEyTh-
Csl B IaHWH Yac, € AIbTEPHATUBHE MMAJTUBO, 30KpeMa 010/1u3eIbHE MaIHBO.
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Puc. 3. BizHocHa 3MiHa KOHIICHTpALlii OKCHIB a30Ty y BHITYCKHHX rasax (a) i
nutoMol eeKTUBHOT BuTpaTH nanusa (6) cyanoBoro auseis 6H17/28 Hyundai
Heavy Industries 3a pi3HuX yMOB NPOBEACHHS €KCIIEPUMEHTY:

1 - DMA+5 % 6ioausensHoro nanusa; 2 — DMA+10 % 6ioan3easHOro najanBa;
3 - DMA+15% 0ioau3enpHOro najanBa

be3nocepenHe BUKOpPHCTAaHHS TUIBKUA OlomanmBa i 3a0e3NeueHHs
po0OYOTo MUKy CYJHOBOTO AM3ENI HEMOXJIHBE (TIepemyciM depe3 Horo
HU3bKY TEIJIOTBOPHY 3[aTHICTB), MPOTE MAIHMBHI CYMIIIIi, IO CKIIAIal0Th-
Csl 3 AM3CJILHOTO TMaIKMBa (SIK OCHOBHOTO KOMIIOHEHTA) 1 OiomnanuBa 3 KOH-
uenrpauniero 10 20...25 % (K ITOMIIIKH) OTPUMAaIM BOPOBAKECHHS SIK B
CTaIliOHApHIN €HepPreTHIli, TaK i B CyTHOBIM.

2. EkcriepuMeHTH, 10 BHKOHAHI Ha CyJHOBUX CEpeIHBOOOEPTOBHX
musensix 6H17/28 Hyundai Heavy Industries, miaTBepuiid MOXJIUBICTh
BUKOpHCTaHHs OiomanmuBa (y CKIaai ManWBHOI cywmimni mammBa DMA i
5...15 % Oioam3zenbHOrO TajwMBa) Uil 3a0e3MEeYeHHsT POOOYOro IHKIY i
nepejiadi MoTy)>KHOCTI Ha CIIOXHBa4i eHepril.

3. BuxopucranHs OiomanyBa MiJABHINY€E €KOJOTIYHICTH POOOTH CyJI-
HOBOTO JM3elsl — Mpu 1boMy Ha 5,1...23,3% (3anexHo BiJl HABaHTAXKEHHS
J3enist 1 BMIiCTy OiomainyBa B MAIUBHIN CyMillli) 3HHKYETHCS €MICisi OKCH-
B a30Ty.

4. Ilix yac BukopucTaHHs OiomanuBa BinOyBaeThes 1...5,1 % 30i1b-
IICHHS TTUTOMOI BHTPATH MalKBa, M0 3HWKYE EKOHOMIYHICTH POOOTH
T3S

5. OnTuManeHuil CKJIaJ MAJIMBHOI CyMillli, 1[0 MICTUTH OloIMajuBoO,
JOIUTBHO BU3HAYATH JIJIsI KOXKHOTO HABAaHTAXXEHHS JM3EIIS 3 ypaxyBaHHIM
HOTr0 KOJIOT1YHHMX T4 EKOHOMIYHUX MTOKa3HHUKIB POOOTH.
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Kyponsatauxk O.A.
Harmionansanii yaiBepcuTeT «O1echka MOPChKa aKkaaeMisD»

OLIHKA EKOJIOTTYHOCTI MOPCBKHUX CYJEH IO YAC
BUKOPUCTAHHSA KOMINVIEKCHUX CUCTEM YIIPABJIIHHSA
BUIITYCKHUMMU I'A3AMU CYJTHOBUX JU3EJIIB

IlocTaHoBKa npol/eMu B 3arajJbHOMY BMIJIsIAL. ['00BHMMY Ta 110-
MOMDKHMMH JIBUTYHAMH Ha MOPCBHKHX CYAHAaX € JBUTYHH BHYTPIIIHBOTO
sropsinas / museni [1-4]. Came meil TMO TEIUIOBHUX JBUTYHIB Ma€ HaiBH-
i KoediieHT KOpUCHOI Ail Ta HAWHKIY MHTOMY BHTpATy MajuBa [5-
8]. u3eni — OCHOBHHUIA THIT TETUTOBHX JBUTYHIB, 110 3a0e3eUye pyX MOp-
CbKHX CYJ/ICH, a TaKO)K (DYHKI[IOHYBaHHS iX CHCTeM Ta MexaHi3MiB [9-12].
CydJacHi albTepHATHBH CYJAHOBHUM JH3eisiM (COHsUHI OaTtapei, BiTporeHe-
partopH, KOPCTKi BITpHiIa Ta CKaiT BiTpHia, akyMyJIsTOpHI Oatapei, manu-
BHI €JICMEHTH) MOXYTh 3a0€3MCYMTH CHEPreTHYHI MOTPEOH MOPCHKHX
Cy/ICH JIMIIIE 3a ICBHUX YMOB Ta 0OMeKeHu# nepiof yacy [13-17].

OYHKIIOHYBaHHS CYJHOBUX IHM3ENiB HEMOXIIHBE 0€3 BUKOPHCTAHHS
piKoro majgvBa Ha(pTOBOrO MOXOPKEHHS, II0 € OCHOBHUM JKEPESIOM
eHeprii Bcix TeruioBux ABUryHiB [18-20]. CriaqroBaHHs majiuBa B IHJTiH/I-
pax Iu3elis MPU3BOAMTE O HEMHHYUYOTO YTBOPEHHS BUITYCKHHUX ra3iB, 10
CKJIaJy SIKMX BXOASTh TOKCHYHI PEUOBHHH, HacaMmIepell OKCHIU a3o0Ty,
OKCHJIM CIPKH Ta JIOKCHJ ByTjew. BiamosimHo go Bumor Annex VI
MARPOL BcTaHOBJICHO TpH piBHI BUKUIIB okcuaiB azoty — Tier I, Tier |1,
Tier III, sixi 0OMeXyIOTh MakKCUMallbHy KOHIICHTPAIIF) OKCHJIB a30Ty Y
BUITYCKHUX Ta3ax 3aJeXHO BiJl pOKy MOOYJOBH CyJHA Ta 4acTOTH 00ep-
TaHHs au3ens [21-23]. 3HkeHHS eMicii OKCHIIB a30Ty 3 BHUIIYCKHHMU
ra3aMd CyIHOBHX AM3€JIB O€3lOocepeHbO BIUIMBAE€ HA EKOJIOTIHHICTbH
pOOOTH MOPCBHKHX CYyJIeH Ta € aKTyaJlbHHM TPHKIAJIHAM 3aBJIaHHSIM,
PO3B’sI3aHHS SIKOTO CIPUSE IMiIBUIIECHHIO e¢()EKTUBHOCTI MOPCHKUX Iepe-
BE3CHb Ta MOIEPEDKEHHIO 3a0pyaHeHHs OBk [24-27]. OcobnuBy
aKTYaJIBHICTD 11¢ 3aBJaHHsS HaOyBae IIiJi 4ac 3HaXOPKEHHS MOPCHKHX CY-
JICH B palioHaX CIEI[laJIbHOTO €KOJIOTIYHOI'0 KOHTPOJIIO BHKHIIIB OKCHIIB
azoty NOyx (Nitrogen oxides Emission Control Areas — NECAS).

AHani3 octaHHix gociimkeHb i myOaikaniii. IlinTpumanHs HeoO-
X1JIHOTO PiBHS eMICIiT OKCHJIIB @30Ty IS MOAIOHUX CYJCH MOYIJIMBO JIMIILIC
32 YMOBOIO BHKOPHCTAaHHS JAOAATKOBHX METOJIB OUYMILEHHS BHITYCKHUX
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rasis, sKi momiastoThes Ha nepuHHI [28-30] Ta BrOopuHHI [31-33]. Ilep-
BHHHI 3a0€3MeYyI0Th CTBOPEHHS CIPHUSATIMBAX YMOB, SIKi MEPEUIKOIKa-
I0Th JIAHLIOTOBOi peakmii YTBOPEHHS OKCHIB a30Ty MiJ Yac 3TOpSHHA
nanuBa [34-37]. [lepmr 3a Bce BOHM CHPSMOBaHI HAa 3HIKEHHS MaKCHMa-
JIBHOT TeMITepaTypH 3ropstHHst B muutinapi ausesst [38-40]. Haiibinbrn pos-
MOBCIOJUKEHUMH 3 IEPBUHHUX METOJIIB € 3BOJIOKEHHS HAJTyBHOTO MOBIT-
Psi, BUKOPHUCTAaHHS BOJOMAIMBHUX €MYJIbCil, Oe3MocepeiHE BIOPCKYBaH-
HS BOIW B IIWJIIHAP HM3€Ns, PEHUPKYJSIis BHMYCKHHX rasiB [41, 42].
Haii6inpIm momupeHuM cepel BTOPUHHUX METOIB € CEJICKTUBHE KaTalli-
TUYHE BisHOBJICHHs [43, 44]. BropuHHI MeTOM CHpsSMOBaHI Ha Oe3moce-
peIHE OYUINEHHS BUIYCKHUX Ta3iB BiJl OKCHIIB a30Ty.

IlocTanoBka 3aBaaHHs. 3aBJaHHIM JOCTIDKEHHS OyJa OIliHKa €KO-
JIOTIYHOCTI MOPCBKUX CYyJICH i/l YaC BUKOPUCTAHHS KOMIUICKCHHX CHCTEM
yIpaBIiHHS BUIYCKHUMH Ta3aMu cylHOBHX au3eliB. [loniOHiI HaykoBo-
MIPHUKJIATHI 3aBIaHHS BUHUKAIOTH ITiJ] 9aC eKCIUTyaTallii MOTYXKHHUX CyTHO-
BUX JM3CIIiB, 10 00JIa{HAHI JBOXCTYIICHEBOIO CHCTEMOIO HalayBa. B mux
BUMAJIKaX KOXXHA CTYIiHb HaJyBa KOMIUIEKTYETHCS OKPEMOIO CHCTEMOIO
PELHPKYJISIT BUMYCKHUX Ta3iB, Yepe3 Iic BAHUKAE 3aBJIaHHS BU3HAUCHHS
HaHOIUTBIN pallioOHATBHAX PEKUMIB €KCIDTyaTallil Mogi0HUX CUCTEM.

Bukian ocHOBHOro martepiany gociimkennsi. JJociiukeHHST BUKO-
HYBAJIUCh Ha CIIEI[iaTli30BAHOMY MOPCHKOMY CY[IHI, TIPU3HAYCHOMY IS
MEPEBE3CHHs CKPAIJICHOr0 MPHPOJHOrO Tasy. Sk TOJIOBHHMN JBWTYH Ha
Cy/iHI BUKOpHCTOBYBaBcsi cyaHoBuit amsens 6UEC60LS ¢ipmu Kobe
Diesel Mitsubishi Heavy Industries 3 1BoXcTyrneHEBOK CHCTEMOIO HaJ|Ty-
Ba. OCHOBHI XapaKTEPUCTUKU U3eTs HaaHi y Ta0mmii 1.

Tabmuus 1. OcHoBHI xapaktepucTuku cynHoBoro ausens 6UEC60LS dipmu
Kobe Diesel Mitsubishi Heavy Industries

IToka3HUK [To3nauenHst | Po3mipHicTb Bennunna
Jiamerp nmninygpa D M 0,6
XiJl HOPIIHS S M 2,4
KinpKicTh HMITIHIPIB i 6
[ToTyXHICTh Ne kBT 10590
Yacrora 00epTaHHS BaIy n 00/XB 100
[TuTOMa BUTpATA MANKMBa be r/(kBT-Ton) 0,173
BiamoBigHicTh BUMOTam Tier Hl — mig gac
IMO mromo emicii NOy 3HaxomkeHHs y NE-

CAs; Tier Il — migx gac
3HAaXO/KCHHA 1103a
NECAs
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s 3a0e3neuenns pumor Jogatky VI MARPOL momo koHmeHTparii
OKCHIB a30Ty Yy BHIYCKHHX Tra3ax IH3elb OOJaaHAaHWH KOMIUICKCHOIO
CHCTEMOIO PELUPKYJISLIi BUIyCKHUX Ta3iB — BUcokoro (High pressure —
HP-EGR) ta nmsbkoro (Low pressure — LP-EGR) tucky. Ilpuruunosa
cXeMa CUCTeMH PEeUHpPKYJAIii HamaHa Ha puc. 1.

15 16 17 18

| 1
OOOOOOIT «
| 1

Puc. 1. IIpunimmnoBa cxeMa CUCTEMH PELUPKYJISLii BUITyCKHUX Ta3iB CyIHOBOTO
mmsenst 6(UECB0LS dipmu Kobe Diesel Mitsubishi Heavy Industries:

1, 16 — kepyrounii kinanas; 2, 17 — rasorypOoHnarsitay; 3, 18 — oxonomkysau
HaJIyBHOTO TOBITPSI; 4 — BUITYCKHHH KOJIEKTOP; 5 — TU3€ib; 6 — MPOLyBHUIA
KoJieKTop; 7, 14 — monaTkoBUiA HarHiTa4 BUMYCKHUX rasis; 8, 13 — ckpy0Oep oun-
IICHHS BUITYCKHUX ra3iB; 9, 12 — nucrepHa npicHoi Boay; 10, 15 — Hacoc mpicHol
Boaw; 11 — oxonomKyBay BUITyCKHEX Ta3iB; 19, 20 — TpphOXXO0M0BUH KJIamaH;
T, K —razoBa TypOiHa Ta MoBiTpSHUIA KOMIIPECOp ra3oTypOOHarHiTa4ya

CynHoBU# au3enb 00JaJHAaHUN JBOXCTYIIEHEBOIO CHCTEMOIO HAIJTY-
By, SKy 3a0e3rneuytoTh ra3orypOoHarsitadi 2 Ta 17. CrymiHe HauayBy
(omHOCTYTIEHEeBUT a00 JBOXCTYIIEHEBHI) PpEryIOETHCA IOJIOKEHHAM
TPbOXX0J0BUX KiamaHiB 19 ta 20. OXONOMKEHHS HaJAyBHOTO IOBITPS
3a0e3MevyeThesl Y OXONIOMKyBadax 18 (I mepiioro CTyneHro HaaayBa)
Ta 3 (I APYTOTO CTYIICHIO HAJIYBA).
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B pa3i BHKOpHCTaHHS OJHOCTYNEHEBOTO HAJyBy BHITYCKHI Tasul 3
BHITYCKHOTO KOJIEKTOpY 4 nu3enst 5 pyxaroThcs A0 ra3oBoi TypOinm T
raszotypOoHarsitayda 2. [lani BUImyckHi ra3u 3 kjaamnany 19 crpsMOBYIOThCS
710 BUIYCKHOI TpyOM Ta B Takiii cmocié MiHyIOTh ra3oTypOoHarnitad 17.
3a mi€r0 CXeMOI0 MOBITPS MOTPAIUISLE 0 MOBITPSIHOTO Kommpecopy K ra-
30TypOoHarHiTaua 2 wepe3 kmanad 20, MicIsS LBOTO OXONOMXKYIOTHCS Y
OXOJIOMKyBadl HaJJyBHOTO MOBITPs 3 Ta MOTPAIUISIOTH OO MPOIYBHOTO
KOJIEKTOPY 6 mu3ens 5.

B pasi BuKopHCTaHHS TBOXCTYNEHEBOTO HATyBY BUITYCKHI I'a3H MpoO-
XOASTh CKpi3b KiamaH 19 no razosoi Typ6inu T razorypOonarnitaua 17 ta
micias po3mmpeHHst y ra3oBoi TypOiHi T pyxatoTecsi abo A0 BHITyCKHOI
TpyOH. 3a Takol CxeMO MOBiTpsiHUHA Kommpecop K razorypbonarHiTada
17 cupsiMOBYye TOBITpS CKpi3b OXOJOMKYBad HaJyBHOTO MOBITps 18 1o
MoBiTpstHOTO Komrpecopy K razotypOonarnitaua 2.

Ho cucremn perupkymsimii HP-EGR BxonsaTe xepyroumii kmaman 1,
OXOJIOMKyBad BUITYCKHHX ra3iB 11, ckpyOep O4MIIeHHS] BUITYCKHUX Ta3iB
8, Hacoc 10 Ta mucrepHa 9 MpicHOT BOAM CUCTEMH OXOJIO/KEHHS CKpyOe-
pa 8, MOJaTKOBHIA HarHITa4 BUIIYCKHUX Ta3iB 7. BummyckHi ra3u, mo Buxo-
ISTh 3 BUITYCKHOTO KOJEKTOpY 4 Im3ens 5 MoTparusiioTh abo y ra3oBy
TypOiny T razorypboHarHiTada 2, abo mepecrnpsMOBYIOTHCS CHCTEMOIO
pemmpkysimii (depes enementu 1, 11, 8, 7) mo mpoxyBHOTO KOIEKTOpY 6.

Cryminb penupkysii cuctemu Bucokoro tucky HP-EGR Syp Bu3Ha-
Ya€eThCs KUTBKICTIO Ta3iB, IO MOBEPTAIOTHCS 10 MUJIIHAPIB AU3EIs

8,y = A 100%; @)

HTmax

ne Gyrrec — KUTBKICTD BHITYCKHUX Ta3iB, IO TTOBEPTAIOTHCS 10 IFUTIH/-
piB Au3elns (BUMIPIOETHCS BUTPATOMIPOM IICIISI KEPYIOUOTo KianaHy 1);

GHTmax — MaKCUMaJIbHA KIJBKICTh BHITYCKHUX Ta3iB, IO BUXOISATH 3
nu3edist (BUMIpIOETHCS BUTPATOMIPOM JI0 KEPYIoUoro Kiamnany 1).

OCHOBHMMH CKJIaI0oBUMHU cucTeMH perupKyisinii LP-EGR e kepyro-
ynii kjjamnaH 16, ckpybep ouMIeHHs BUIYCKHHX rasiB 13, Hacoc 15 Ta
nucTepHa 12 mpicHOT BOAM CHCTEMH OXOJIOPKEHHs cKpyOepa 13, monat-
KOBHUI HarHiTad BUNYCKHHUX ra3iB 14. BumyckHi rasu, mo BUXOISITH 3 Ta-
30Boi TypOinu T razorypOoHarHiTada 17 moTparisioTs ab0 y ra30BHUITyC-
KHY TpyOy, abo mepecnpsMOBYIOTBCS CHUCTEMOIO PelUpKyJsimii (depes
enemenTtu 16, 13, 14) no nositpsiHoro kommpecopy K razorypoonarnitaua
17.
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Crymine peunpKymslii cucteMu HU3bKoro Tucky LP-EGR §,p Bu3Ha-
Ya€EThCs KUTBKICTIO Ta31B, 0 TOBEPTAIOTHCS JI0 MOBITPSHOTO KOMITPECOPY
dp = Ciore 100%;
== 0, 2

LPmax

ne Giprec — KUTBKICTh BUIYCKHHX Ta3iB, 1[0 MOBEPTAIOTHCS JIO MOBIT-
psHoro Kommpecopy K rasorypbonarnitadya 17 (BUMIpIOETHCS BUTPATOMi-
POM Ticis Kepytodoro kiamnany 16);

GLpmax — MaKCUMaJIbHA KiJIBKICTh BHITYCKHUX Ta3iB, IO BUXOJSATH Tra-
30B01 TypOiHm T razoTypOoHarHiTada (BUMIPIOETHCS BHUTPATOMIPOM IO
Kepyrouoro kiamnany 16).

B pasi BUkopuCTaHHS ABOXCTYIIEHEBOTO HATyBY MOKJIMBO BUKOPHC-
TaHHS OKPEMO KOXHOI 3 CHUCTeM penupkyismii — pucokoro HP-EGR un
Hm3bkoro LP-EGR Tucky, a Takox iX KOMIUIEKCHE / TIOCITiIOBHE BUKOPH-
cranasi HP-EGR — LP-EGR. B pa3i BHKOpHCTaHHS OIHOCTYIIEHEBOTO
HaJUTyBY MO>KJIMBE BUKOPHCTAHHS JIUIIE CUCTEMH PELUPKYIIALIT BHCOKOTO
HP-EGR Tucky.

BignoBigHo Ta TexHiYHMX XapakTepucTuku cuctemu EGR, B 3amex-
HOCTI BiJl IOJIOXKEHHS KEPYIOUOTo KianaHy 16 cTymiHb pernupKysmii O p
cucremu LP-EGR 3nHaxogutbcs y mexax Op=0...25 % (mo 3abe3meuye
MOBEPHEHHS JI0 TMOBITpsiHOrO KoMIipecopy K razorypOonarnitaua 17 Ta
JaJti 10 IMITHAPIB 1u3ess 10 25 % BUIyCKHUX ra3iB). Takok 3rigHo Tex-
HIYHMX XapaKTEPUCTHUK B 3AJICKHOCTI Bi/I TIOJIOKEHHS KEPYIOYOro Kiara-
Hy 1 crynine peunpkysunii Opyp cucremu HP-EGR 3HaxoanThest y Mexax
Onp=0...25 % (o 3abe3neyye MOBEPHEHHS 10 MPOIYBHOTO KOJEKTOPY 6
Ta Jali 0 MIIiHAPIB Au3ens 10 25 % BUITyCKHUX Ta3iB).

ExoJioriuHicTh MOPCHKUX MEPEXO/IB MiJl Yac 3HAXOKEHHS CyJIHA T10-
3a NECASs 3a0e3neuyBaiiack po0oToro ojHiel 3 1Box cuctem — HP-EGR
a6o LP-EGR. IIpu npomy B 000X BHITagKax 3HAUYEHHS KOHIICHTpAIi OK-
CHIIiB a30Ty y BHITyCKHHX ra3ax BimoBigano sBumoram Tier Il.

PesynbTatu ochiKeHb 3 BU3HAYEHHSI BIUIMBY CHCTEM PELUPKYIISALIT
HP-EGR a6o LP-EGR Ha piBens emicii okcuziB a3oty NOx 3 BUIycKHH-
MU ra3aMi HaBeleHi y Tabmuusax 2-5. [Ipu npomy B Tabmuigsx 2, 3 HaBe-
JIeH1 ycepeHeHi 3HaueHHs eMicii okcuiB a30ty NOy, sKi BUMIpIOBAINCH
Ha mpoTs3i 30...60 XB HA KOXXHOMY 3 JIOCTIKYBAaHHX PEXKHMIB. BiJIXH-
JIeHHs B BHM3HaueHHI 3HaueHHs koHueHtpauii NOx He mepeBuiryBana
0,5 % BIAMOBIAHO /10 TEXHIYHUX XapaKTEPUCTUK ra30aHalizaTtopy, IKUM
BUKOHYBAJIUCH BUMIPIOBaHHS.
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Ta6muus 3. Emicis okeuai azoty NOy, r/(kBr-ron), 3 BUIyCKHUMH Ta3aMH Cy -
HoBoro nu3enst 6UEC60LS 3a pisaux ymoB ekcioryaTamii cuctemun HP-EGR

HaBanTaxxeHHs Crynine perupkyisii cuctemu HP-EGR &pp, %
Ha jau3enb, Ne, % 0 5 10 15 20 25
25 10,35 9,52 9,15 7,68 7,62 7,54
50 10,92 10,02 9,64 7,85 1,72 7,63
75 11,68 10,66 10,22 8,03 7,97 7,92
100 12,84 11,68 10,95 8,32 8,25 8,16

Tabmums 2. Emicis okenzis azoty NOy, r/(kBT-r0ox), 3 BUILyCKHUMHE T'a3aMHA CY -
HoBoro jauzenst 6UECG60LS 3a pizHux ymoB ekcruryatanii cuctemu LP-EGR

HapaHTa)keHHS Crymninp permpkyisinii cucremu LP-EGR §.p, %

Ha qu3elb, Ne, % 0 5 10 15 20 25
25 10,35 9,81 9,24 8,53 7,65 7,17
50 10,92 | 10,17 9,32 8,63 7,76 7,27
75 11,68 | 10,74 9,63 8,88 7,83 7,41
100 1284 | 11,47 | 10,01 9,17 8,22 7,71

BinHOCHE 3MEHIIICHHS PIBHIO €MiCii OKCHJIIB a30Ty IiJl 4ac BUKOPHUC-
TaHHS cucTeM penupkyisiii Bucokoro HP-EGR a6o mmspkoro LP-EGR
THCKY PO3PaXOBYETHCS 32 PIBHAHHIM

NOY — NOY®
NOY

NO3 — NOZ™®

ANO, = ; 3
x No! ©

, ANO, =

e NO§< — eMicis OKCHJIIB a30Ty Oe3 BukopucranHs cuctemu EGR;
NO!F?, NOY® — ewmicist okcuziB a30Ty B pa3i BHKOPHCTaHHS CHCTe-

MU penupkyisiii Bucokoro HP-EGR a6o wusekoro LP-EGR Ttmcky 3
pizHuM cTyneneM perupkysmii (5 %, 10 %, 15 %, 20 %, 25 %).

3 ypaxyBaHHIM EKCIEPUMEHTAJIbHHUX JaHWX, [0 HaBeJIeHi y Taliu-
sx 2, 3, 3a Bupazamu (1) oTpuMaHi 3HaYEHHs BiTHOCHOTO 3MEHIICHHS
PiBHIO eMicCii OKCHIIB a30TY, sIKi y3araibHeHi y TabmuIpix 4, 5.

Tabnus 4. BigaocHe 3MeHImeHHs eMicii okcuai a30Ty ANOy, %, 3 BUITyCKHIMUA
razamu cyaaoBoro guzesst 6UEC60LS 3a pi3Hux yMOB eKcILTyatallii cucreMu

HP-EGR
HaBanTaxkeHHs Crynine perupkyssiii cucremu HP-EGR 8pp, %
Ha quselb, Ne, % 5 10 15 20 25
25 8,02 11,59 25,80 26,38 27,15
50 8,24 11,72 28,11 29,30 30,13
75 8,73 12,50 31,25 31,76 32,19
100 9,03 14,72 35,20 35,75 36,45
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Tabnuus 5. BignocHe 3MeHIeHHs emicii okcuai a30Ty ANOy, %, 3 BUIyCKHIMUA
razamu cygHoBoro amenst 6UEC60LS 3a pi3HIX yMOB eKCIUTyaTallii CHCTeMH

LP-EGR
HapanTaxeHHs Cryninb peuupkyisinii cucremu LP-EGR §.p, %
Ha m3enb, Ne, % 5 10 15 20 25
25 5,22 10,72 17,58 26,09 30,72
50 6,87 14,65 20,97 28,94 33,42
75 8,05 17,55 23,97 32,96 36,56
100 10,67 22,04 28,58 35,98 39,95

Jlns kpaimoi Bi3yamizamii pe3yiabTaTH, MO HaBEACHI y TaOIUIsX 2-5,
Mo/IaHi y BUTIISAI Hiarpam — puc. 2, 3.

NO,, NO,.,
— o I
kBT ToT KB1rog

Puc. 2. Emicis okcuais azoty NOy, r/(kBt-ro1), 3 BUITyCKHUMH ra3aMu CyJIHOBO-
ro auszens 6UEC60LS 3a pizaux ymoB excrutyaraiii cuctemu EGR Bucokoro (a)
Ta HU3BKOTO () THUCKY:

0 — 8.p=0 %, dp=0 % (excruryarariist 6e3 perupkysiiii); 1 — & p=5 %, Spp=5 %;
2 —8,p=10 %, 64p=10 %; 3 — 5.p=15 %, S1p=15 %; 4 — 5, p=20 %, S1p=20 %;
5- SLPZZS %, SHP:ZS %
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ANO,, ANO,,

Yo

30,0

20,0 20,0

10.0 10,0

Puc. 3. BignocHe 3MeHmeHHs emicii okcuiB a3oty ANOy, %, 3 BUIIYCKHUMH
razamu cygHoBoro nuzenst 6UECG60LS 3a pisHHX yMOB eKCILTyaTalil CHCTEMH
EGR Bucokoro (a) Ta HU3bKOTO (6) TUCKY:

1- 6Hp:5 %, 6|_p:5 %, 2— 8Hp:10 %, 8|_p:10 %, 3- SHp::LS %, SLp:].S %,
4 — 6Hp:20 %, 8|_p:20 %, 5- 8Hp:25 %, SLPZZS %

Jlo OCHOBHHX HENONIKIB CHCTEM PEIUPKYIAMil BiTHOCHUTHCS IiIBH-
LICHHS TEMIIepaTypH BUIIYCKHUX ra3iB nu3eniB. Lle moB’s3ane 3 ymnoBinib-
HEHHSM IMpOIiecy 3TrOpsHHS MajuBa (Yepe3 3HIKEHHS BMICTY KHCHIO y
MOBITPSHO-TA30BOI CYMIlIIli, III0 MOTPAIUISAE 10 MUIIHAPIB AU3ENs) Ta 3CY-
BOM IIPOIIECY 3TOPSIHHS Ha JIIHIIO PO3IIUPEHHS. Pe3ynbTat BUMIpIOBaHb,
IO MiATBEP/DKYIOTH 301IBIICHHS] TEMIIEpaTypH BUITYCKHUX Ta3iB t. ams
PI3HOIO CTYNEHIO PEUUPKYJALil CHCTEM BHUCOKOTO Opp Ta HHU3BKOTO O p
THCKY, HaBeleHl y Tabnuisax 6, 7. [Ipu npoMy B TaOJIMIAX BKa3aHi 3Ha-
YeHHs yCepeJHEHOI TeMIlepaTypH BHITyCKHUX Ta3iB t. 3a BCiMa mutiHapa-
MU auzensi. Y tabnuipix 8, 9 HagaHo 3HaYeHHS 301IbLICHHS TEMIIEPAaTypH
BUITYCKHHX Ta3iB Al. y MOpiBHAHHI 3 €KCILTyaTalli€lo Ju3es 0e3 BUKOPHC-
TaHHSI CUCTEMH PEIUPKYIIALLI.

Tabmuus 6. Temneparypa BunyckHux rasis t,, °C, cynHosoro ausens 6UEC60LS
3a pi3HUX YMOB ekciuryarauii cucteMu EGR Bucokoro tHcky

HaBanrtaxeHns Crymins perupkyiiii cucremu HP-EGR &pp, %
Ha Jiusenb, Ne, % 0 5 10 15 20 25
25 412 424 436 446 449 462
50 392 403 411 423 426 439
75 370 381 387 395 398 411
100 358 367 372 376 379 392
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Tabnus 7. Temnepatypa Bunycknux rasis t, °C, cyaaoBoro musens 6UEC60LS
3a pi3HUX yMOB ekcIuryararii cucremu EGR HI3BKOTO THCKY

HaBanTaxxeHus Crymiss perupkyisnii cuctemu HP-EGR 8 p, %
Ha jau3enb, Ne, % 0 5 10 15 20 25
25 412 421 433 443 446 455
50 392 400 409 418 421 424
75 370 378 383 390 394 397
100 358 365 368 373 376 380

Tabnuus 8. 30i1bLICHHS TeMITEpaTypy BUITYCKHUX ra3iB At,, °C, cyaHOBOTO AH-
3ens 6UECG60LS 3a pisHux ymoB ekciutyarauii cucteMu EGR Brcokoro Tucky

Hagantaxenus Cryniss permpkymanii cucremu HP-EGR Syp, %
Ha u3enb, Ne, % 5 10 15 20 25
25 12 24 34 37 50
50 11 19 31 34 47
75 11 17 25 28 41
100 9 14 18 21 34

Tabnums 9. 30inbIIeHHS TeMIIepaTypH BUTYCKHUX Ta3iB Aty, °C, CyaZHOBOTO AH-
3emst 6UECG0LS 3a pisaux ymoB ekcrutyarariii cuctemu EGR Hu3bkoro tucky

HapanrtaxeHHs Crymiss permupkyrinii cuctemu HP-EGR §.p, %
Ha Jusenb, Ne, % 5 10 15 20 25
25 9 21 31 34 43

50 8 17 26 29 32

75 8 13 20 24 27

100 7 10 15 18 22

I'padiuna Bi3yamizalis JaHuX Ta0JIUIb 6, 7 MojaHa y BUTIIAII Hiarpam
Ha puc. 4. 3poCTaHHS TeMIlepaTypHu BUITYCKHHMX Ta3iB Tij] Yac BHKOPHC-
TaHHS cucTeM penupkymsmii Bucokoro HP-EGR ta LP-EGR Hm3pkoro
THCKY MOJIaHO Ha Jiarpamax puc. 5.
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l, 1
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a) 0)

Puc. 4. Temnepatypa BunyckHux rasis t;, °C, cynuosoro auzenss 6UEC60LS 3a
pi3HEX yMOB ekcinryartanii cucreMu EGR Bucokoro (a) Ta HU3pKOTO (6) THCKY:
0 — 0pp=0 %, &, p=0 % (excruryararrist 6e3 perupkysiii); 1 — dyp=5 %, 5 p=5 %;
2 — 81p=10 %, 8, p=10 %; 3 — 6p4p=15 %, &, p=15 %; 4 — 54p=20 %, 6.p=20 %;

5- SHPZZS %, 8|_p:25 %

350

At Ar,,
e 5

50,0 —| 50,0
X 5 40,0

30,0

20,0

10,0

Puc. 5. 3pocranHs TemnepaTypu BUIIYCKHUX Ta3iB At,, °C, CyIHOBOTO AHM3EIsA
6UECG60LS i yac BUKOPUCTaHHS CUCTEM penupKyusiiii Bucokoro HP-EGR (a)
ta Hu3pkoro LP-EGR (6) Tucky:

1 —3xp=5 %, &, p=5 %; 2 — 1p=10 %, 6,p=10 %; 3 — dxp=15 %, & p=15 %;

4 — 5p=20 %, 8, p=20 %; 5 — 5p=25 %, 3. p=25 %

AHai3z pe3ynbraTiB, M0 HaJaHi y TaOMUILX 2-5 Ta mpejcTaBieH] Ha
puc. 2-3, CBIJYUTb, 110 MPOIIEC PEIUPKYJISIIi 3 BAKOPUCTAHHAM CUCTEMU
BHUCOKOT'O THUCKY B MOPIBHSHHI 3 PELUPKYJALIEI0 HU3BKOTO THUCKY Bizpi3-
HSIETBCSL OLNBLIOI0 EKCIIOHEHLIMHICTIO Ta XapaKTepU3YETbCS HASBHICTIO
neBHOro HacuueHHs. [yt oOpaHoro fiama3oHy CTYIEHIO PEIUPKYIALIT 15
IUITHKA JUId BCIX HAaBaHTaX€Hb Ha JW3€Ib BIANOBiZA€C 3HAYEHHSIM
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Onp=15 %, 6pp=20 % Ta Opp=25 %. Ilpum 1BOMY BIAHOCHE 3MCHINCHHS
emicii okcuaiB azoty ANOy (tabmums 5) ckiamae 25,80...27,15 %;
28,11...30,13 %; 31,25...32,19 % Ta 35,20...36,45 % nns HaBaHTaXKeHb
Ha musens 25 %, 50 %, 75 % ta 100 % BigmosigHo. ToOTo 301IBIIEHHS
cTyneHb perupkyismii 3 Opp=15 % mo 0pp=20 % Tta 3 64p=20 % 10
Onp=25 % mpusBoauTH nmie A0 1,5...2,0 % 3HMWKEHHS BIIHOCHOTO PiBHS
emicii okcuniB azory ANOyx. Ha Bigminy B miamazony opp=15...25 % y
miamazoHax Oup=5...10 % Ta Opp=10...15 % crmocTepiraeTbcsi CTPHOKOITI-
JHE 3MEHIIEeHHS eMicii okcuaiB. CUCTEMHU PelUpPKYIALii HU3BKOTO THUCKY
XapaKTepU3yEThCSI MEHIIIOI EKCIIOHEHIIIHHICTI0O — CTpiOKomoIiHa 3MiHa
eMicii OKCHIIB a30Ty B I[bOMY BHIAJIKy XapaKTepHA JJIsl BChOTO J[ialla30Hy
3HAa4YeHb CTYMEHIO PEIUPKYIIALIT Oy p.

CamMe 3 IUX MPUYMH i1 YaC BUBUCHHS KOMIUICKCHOTO BILTUBY CHCTEM
peunpkyJsinii Bucokoro HP-EGR Ta Husbkoro LP-EGR THCky Ha exorno-
TIYHICTH POOOTH CYJI€H MOPCHKOTO TPAHCIIOPTY MEPIIOYEPTOBO BU3HAYAB-
cs1 HAWOUTBI parlioHaATBHAN Jiana30H 3MiHU CTYNEHIO PEIUPKYISIil BH-
COKOTO THCKY Opp. Jlami mi 3HaueHHS 3aiuInanvcs He3MIHHUMH Ta BHKO-
HYBaJIUCh JOCHIJDKCHHS )11 BChOTO MOXKIIUBOTO Jialla30Hy 3MIHH CTYIIe-
HIO PEIUPKYJIIALi HU3bKOTO THCKY O p.

Takox BU3HAYMMO Ba)KJIUBICTh BpaXyBaHHS TaKOTO MOKa3HHUKA 5K Te-
MIepaTypa BUMTYCKHUX ra3iB. Came 1ell mapameTp XapaKTepHu3ye TeIIoBe
HABAHTAXKCHHS SKOMY IMiJIAI0THCS €IEMEHTH TiHPOBOT TPYIH Ta ra30-
BUITYCKHOI cucTeMu au3ens. Yepes 1ie, MakcuMallbHE MOXKITUBE 3HAUYCHHSI
TEeMIepaTypu BUITYCKHHUX Ta3iB JIMITYye€ThCSI BUMOTAMH IHCTPYKIIii 3 €Kc-
TUTyaTarii Ju3ens, MOCTIHHO KOHTPOIIOETHCS Ta y BUMAAKY HEOOXiTHOCTI
PEryIIOEThCA il 4ac poOoTH musens. J[Jisi CUCTeMHU pelupKyJIsIilii BUCO-
KOrO THUCKY KPHTHUYHE 30UTBIICHHS TEMIIEpaTypyd BHITYCKHHX Ta3iB At
CIIOCTEPIra€eThesl AJIsl 3HAUEHb CTYIEHIO PeUupKymALii Opp=25 %, 3a KO0
Maibke Ha BCiX HABAaHTAXKCHHSIX HA JM3€]b 3HAYCHHS [, MiBUIIYETHCS Ha
35...45 °C Ta nocsrae 50 °C g HaBa"HTaXeHHS 25 % BiJ HOMIHAJIBHOTO.

3a HaBeJCHMX O0CTaB EKCILIyaTalliiiHI PeXUMHU pOOOTH AM3EId, IO
BIJTOBIAAaI0Th CTYIEHIO PELUPKYIALIi BUCOKOTO THCKY Onp=25 % Oymu
BUKJIIOUCHI 3 MMOAAJBIINX BUIPOOYBaHb 3 KOMILICKCHOIO BH3HAYCHHS
BIUIMBY cHucTeM penupkyisinii Bucokoro HP-EGR Ta mmuspkoro LP-EGR
THACKY Ha €KOJIOTI4HICTh pOOOTH CYJE€H MOPCHKOTO TpaHCIOpPTy. Takox
JOPYTUH UK JTOCIIHKEHb HE TPOBOAUBCS ISl €KCILTyaTallliHUX PEKUMIB
po0oTH au3eNs, 110 BiAMOBIIA0Th CTYICHIO PELUPKYJIALIT BHCOKOTO THC-
Ky Onp=5 % Ta Opp=10 % — yepe3 MeHIy e()EKTUBHICTh 3HIIKEHHS eMicii
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okcumiB a30ty ANOx 3a 1iux ymoB. BukiaieHe J03BOIHIIO SK ONTHMAbHI
PEKUMH EKCIUTyaTallii CHCTEMH PEHUPKYIIALii BUCOKOTO THCKY BH3HATH
TakW, MO BIANOBIJAIOTH CTYNEHIO PEIUPKYIAMil BHCOKOTO THCKY
Orp=15 % Ta d4p=20 %. JIJ1s1 KO)KHOTO 3 IUX PEKUMIB BUKOHYBAITUCH JO-
CJIIJDKEHHSI 3 BU3HAUCHHS BIUIMBY CHCTEMH PEIUPKYIIALIT HU3bKOTO TUCKY
Ha eKoJoriuHicTe podotu cyaHoBoro muzenst 6UEC60LS ¢ipmu Kobe
Diesel Mitsubishi Heavy Industries. Pe3ynbraTt 1Mx AOCTiPKEHh HaBe-
neHi y tabmmmsx 10-13.

Tabmmms 10. Emicist okcuniB azoty NOy, r/(kBTt-T0ox), cynHOBOTO Nu3ens
6UECG60LS mizx yac KOMIIJIEKCHOTO YIIPaBIiHHS BUITyCKHUMH Ta3aMH (32 YMOBOIO
MOCTIHHOTO CTYNEHIO PEIUPKYIIALI] BUCOKOTO THCKY Opp=15 % Ta 3MiHHOTO CTY-

HEHIO PELMPKYJIISLIT CHCTeMH HU3bKOTO THCKY Oy p)

HaBanTaxenHns Crymins perupkyisinii cuctemu LP-EGR 8, p, %

Ha Jiusenb, Ne, % 0 5 10 15 20 25
25 7,68 2,76 2,65 2,52 2,48 2,45
50 7,85 2,85 2,72 2,64 2,61 2,59
75 8,03 2,97 2,81 2,72 2,68 2,66
100 8,32 3,11 2,97 2,81 2,77 2,75

Tabmmms 11. Emicist okcuniB azoty NOy, r/(kBTt-T0ox), cCynHOBOTO Nu3ens
6UECG60LS mig yac KOMIUIEKCHOTO YITPABIIIHHS BUITYCKHAMH ra3am (3a yMOBOIO
MOCTIHHOTO CTYNEHIO PEeIHUPKYIALil BUCOKOTO THCKY Opp=20 % Ta 3MiHHOTO CTY-

MICHIO PEIMPKYJIALIT CHCTEMH HI3bKOTO THCKY O p)

HaBanTaxeHnHns Crymins perupkyiinii cucremu LP-EGR 8, p, %

Ha fu3ens, Ne, % 0 5 10 15 20 25
25 7,62 2,65 2,52 2,38 2,35 2,33
50 7,67 2,75 2,61 2,51 2,47 2,45
75 7,97 2,82 2,70 2,58 2,52 2,50
100 8,25 2,88 2,76 2,65 2,63 2,61

Bisyasizaiis 3Ha4eHb, 1m0 HaBeaeH] y Tabuisx 10-11, BukoHaHa Ha
Jiarpamax, 1o rmojaHi Ha puc. 6.
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Puc. 6. Emicis OKCI/I,Z[IB azoty NOy, r/(kBt-Tom), cynroBOTO mm3ens 6UECE0LS
il YaC KOMIUICKCHOTO YIIPABIIiHHS BUITYCKHUMH ra3aMu:
a— 8Hp:15 %, 60— 8Hp:20 %
0 — 6.p=0 % (excruryaTamuis 6e3 permpkysamii); 1 — 8 p=5 %, 2 — §.p=10 %,
3- 6|_p:15 %, 4 — 8|_p:20 %, 5- 8|_p:25 %

EdeKkTHBHICTh KOMILIEKCHOTO / IOCITiIOBHOTO OYHIICHHS BHITYCKHUX
ra3iB BiJi OKCHJIB a30Ty MOKe OYyTH OIIIHEHO SIK BIJHOCHE 3MCHIICHHS
NOx 1] BAKOPUCTAHHS KOMIUTEKCHOTO / TTOCITIIOBHOTO OYMIIEHHS ¥ CHC-
temMax HP-EGR — LP-EGR B nopiBHSHHI 3 iX OYHIIEHHSM JIUIIE Y CUCTE-
Mi HP-EGR a6o y cucremi LP-EGR 3a Bupazamu

LP(i) HP-LP(i) HPG) HP-LP (i)
_ NOZO =NOF™™0 e _ NOZT = NOZ0 @
NOY® X NOY® '

e NOQP'LP(D — €MICisl OKCHIIB a30Ty B pa3i BUKOPHCTaHHS iX KOM-
mIekcHoro / mociigoBHoOro ountnenus y cucremax HP-EGR — LP-EGR;

NOY?, NO'FO — emicis oxcuzis a3oTy B pasi ix ounieHns uime y
cuctemi perpkyssii Hu3bkoro LP-EGR a6o Bucokoro HP-EGR Ttucky.

3 ypaxyBaHHSIM JaHMX, IO HaBeAeHi y tabmuisx 2, 3, 10, 12, 3Ha-
YEeHHS ANO;P Ta ANO)H(P BIANOBIAHO N0 Bupasy (4) 3HaxXonsaTbes Y
inTepBaii 62,6...69,6 %.
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Exostoriunicth poOOTH CyaHa MOXe OyTH OLIHEHA 3a BHUPA30M, SIKUH
BH3HAYAE BiTHOCHY PI3HHUINI0 MIX TOTOYHMM 3HAYEHHAM €MIcCii OKCHIIIB
a30Ty Ui TEBHUX YMOB ekciuryatarlii cucremu EGR ta MakcumaibHO
MOXKJIUBUM, SIK€ periameHTyeTbcsd BuMoramu Annex VI MARPOL. Ileit
BHpa3 Ma€ BUTIIS

NoTierlll _ NoHP-LP .
* NoTierlll * ! (5)
X

Eco(NO, ) =

ne Eco(NOyx) — exomnoriunicTh poboTa Cy/iHa 3a €MICi€l0 OKCHJIIB a30-
Ty, %);

NO;*"" =3,4 r/(xBT-ron) — MakcnMaibHa KOHUEHTpALLis OKCHIB a30-
Ty Y BUIIYCKHHUX ra3ax ITiJ] 4ac 3Haxo pKkeHHs cyaHa Beepenuni NECAS;

NOY™" — notoune 3HaueHHs KOHIEHTpAILii OKCHJIiB a30Ty Y BHITyC-
KHHUX Ta3ax ITijl 4ac BUKOPUCTAHHs KOMILIEKCHOI CHCTeMH ovniieHHs HP-
EGR - LP-EGR.

BinmoBigHO 10 €KCIIEPUMEHTAIBHUX 3HAYCHb, 1[0 HaBEIEHI Y Ta0IH-
wax 10, 11, 3a Bupaszom (5) Oyau orpumani Benmuunau ECO(NOy), mo Ha-
naHi y Tabmmmsax 12, 13

JlonaTkoBO 3a3HAYMMO, IO MM Yac 3HAXOMKEHHS CyaHa BCEpeaMHI
NECAS exoJoriunicTh Cy/aHa 3a10BosibHsLIa Bumoram Tier III, e 3a6e3-

MEeYyBaIOCh MOCHTIJOBHAM, KOMIUIEKCHHUM OYHIIICHHSIM BHUITyCKHUX Ta3iB B
cucremax HP-EGR ta LP-EGR.

Tabmums 12. ExonoridnicTs poOoTa CyIHA 32 eMICIEI0 OKCHJIIB a30TY
Eco(NOy), %, mij1 4ac KOMIUIEKCHOTO YIPaBIiHHS BUITYCKHUMHE Ta3aMu (3a yMO-
BOIO MIOCTIHHOTO CTYIEHIO PEIUPKYIIALIT BUCOKOTO THCKY Opp=15 % Ta 3MiHHOTO

CTYINEHIO PEUUPKYIALIT CHCTEMH HU3BKOT'O THCKY O p)

HapanTaxeHHs Cryninp permpkyisinii cucremu LP-EGR §.p, %

Ha quselb, Ne, % 5 10 15 20 25
25 18,82 22,06 25,88 27,06 27,94
50 16,18 20,00 22,35 23,24 23,82
75 12,65 17,35 20,00 21,18 21,76
100 8,53 12,65 17,35 18,53 19,12
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Ta6muus 13. Exonoriunicts poboTa Cy/Ha 3a €MiCi€l0 OKCHIIB a30Ty
Eco(NOx), %, mix yac KOMIUIEKCHOTO YIIPABIIiHHS BUILyCKHUMU ra3aMu (3a yMo-
BOIO MOCTIHHOTO CTYNCHIO PEIUPKYJISIiT BUCOKOTO THCKY Oyp=20 % Ta 3MiHHOTO

CTYIMEHIO PEUUPKYIISALIT CHCTEMH HU3BKOT'O THCKY O p)

HapanTaxeHHs Cryninb peuupkyisinii cucremu LP-EGR §.p, %
Ha m3enb, Ne, % 5 10 15 20 25
25 22,06 25,88 30,00 30,88 31,47
50 19,12 23,24 26,18 27,35 27,94
75 17,06 20,59 24,12 25,88 26,47
100 15,23 18,82 22,06 22,65 23,24

Bizyamizamis 3Hauenp, M0 HaBeneHi y Tabmuisax 12-13, BukoHnana Ha
Jiarpamax, 1o rmojaHi Ha puc. 7.

Eco(NOy),
%

30.0

Feo(NO,),
Vo

20.0

20,0

10,0 10,0

Puc. 7. Exonoriuticts poboTu cynHa 3a emicieto okcuiB azoty ECO(NOy), %,
i1 YaC KOMILICKCHOTO YIIPABJIiHHS BUITYCKHUMH ra3aMu:
a— 8Hp:15 %, 60— 8Hp:20 %,
1- 6|_p=5 %, 2— 6|_p:10 %, 3- 8|_p=15 %, 4 — 8|_p=20 %, 5- 8Lp:25 %

AHAJIOTIYHO BHIIA/IKy BUKOPUCTAHHS JIMIIE CUCTEM PELMPKYJIALI] BU-
COKOro a00 HU3BKOTO THCKY KOMIUIEKCHA CHCTEMa PELHPKYIIALIl TaKOX
MPU3BOJIUTH 10 301JIBIICHHS TeMIIepaTypy BUIIYCKHUX Ta3iB t.. Ycepenane-
HI 3HAYEHHs I[bOI'0 TMOKa3HHWKA JUIs PI3HUX YMOB €KCIUTyaTallii CUCTeMH
EGR naBezneni y tabmuusax 14, 15. 30inbeHHs TeMIepaTypy BUITYCKHUX
rasiB At. cyanoBoro ausens 6UEC60LS ¢ipmu Kobe Diesel Mitsubishi
Heavy Industries mig yac pi3HEX yMOB KOMILIEKCHOTO YIIPaBIIiHHS BHITyC-
KHMMH I'a3aMH HaBeJeHI y Tabuuisx 16, 17.
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Tabmuus 14. Temneparypa BumyckHux rasis t., °C, cyaHoBoro auzens
6UECG60LS min yac KOMIUIEKCHOTO YIIPaBIiHHS BUITYCKHAMH ra3aMH (32 yMOBOIO
MOCTIHOTO CTYIEHIO PEIUPKYIIALIi BUCOKOTO TUCKY Opp=15 % Ta 3MiHHOTO CTY-

MEHIO PELMPKYJIISILIi CHCTEMH HH3bKOTO THCKY Oy p)

HapaHTa)xeHHS Cryninp permpkyisinii cucremu LP-EGR §.p, %

Ha nu3eib, Ng, % 0 5 10 15 20 25
25 446 456 463 466 468 473
50 423 431 437 440 443 447
75 395 402 408 412 416 418
100 376 383 388 392 396 399

Tabmmms 15. Temmeparypa BummyckHuX ra3iB i, °C, CyTHOBOTO AH3EIS
6UECG60LS mig yac KOMIUIEKCHOTO YITPABIIiHHS BUITYCKHAMH ra3am (3a yMOBOIO
MOCTIHHOTO CTYNEHIO PEeIHUPKYIALil BUCOKOTO THCKY Opp=20 % Ta 3MiHHOTO CTY-

HEHIO PELMPKYJIISLIT CHCTeMH HU3bKOTO THCKY Oy p)

HaBanTaxeHHs Crymins perupkyisinii cuctemu LP-EGR 8, p, %

Ha qu3elb, Ne, % 0 5 10 15 20 25
25 451 464 467 472 476 479
50 429 439 445 446 449 452
75 403 412 417 419 422 424
100 380 389 392 394 397 400

Tabmums 16. 301IpIMICHAS TEMIIEPaTypH BHITYCKHHX ra3iB At;, °C, cyTHOBOTO
mzenst 6UECG0LS mij yac KOMIUIEKCHOTO YIPaBIiHHS BUITYCKHUMHE ra3amH (3a
YMOBOIO ITOCTIHHOTO CTYIIEHIO PEIUPKYJIALii BUCOKOTO TUCKY O»p=15 % Ta 3MmiH-

HOT'O CTYINEHIO PELUPKYIIALIT CHCTEMH HU3bKOT'O THCKY O\ p)

HaBanTaxxeHHs Crynine perupkyimsiiii cuctemu LP-EGR 8, p, %

Ha fu3ens, Ne, % 0 5 10 15 20 25
25 34 44 51 54 56 61
50 31 39 45 48 51 55
75 25 32 38 42 46 48
100 18 25 30 34 38 41

Tabnuus 17. 361nbleHHS TEMIIEPATypH BUITYCKHUX Ta3iB At,, °C, cyJHOBOTO
muzenst 6UEC60LS mi yac KOMIUIEKCHOTO YIIPABIiHHS BUITYCKHUMU ra3ami (3a
YMOBOIO TOCTIHHOTO CTYIEHIO PELUPKYJIsLIii BUCOKOTO TUCKY Oxp=20 % Ta 3MiH-

HOTO CTYIMEHIO PEIUPKYISAIII CHCTEMH HU3BKOTO THCKY O p)

HaBanrtaxeHns Crymins perupkyimiii cuctemu LP-EGR 8, p, %

Ha 1u3enb, Ne, % 0 5 10 15 20 25
25 39 52 55 60 64 61
50 37 47 53 54 57 55
75 33 42 47 49 52 48
100 22 31 34 36 39 41
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I'padiuna Bizyamizaiis qaHux Tabnuip 14-17 momaHa y BUIUIAI Jiar-

pam Ha puc. 5, 6.

430 5

410

300 [ .
| iCH
370 U

430

410

k25— f—soo] 750 e100-]n%

370

le—25—>

l—50—]

0)

0
l—100-+] 3%

Puc. 8. Temneparypa BumyckHux rasis t;, °C, cyarosoro amens 6UEC60LS minx

4ac KOMIUIEKCHOTO YIPaBIIiHHS BUITyCKHUMH ra3aMH:

a— 8Hp:15 %, 0— 8Hp:20 %,

0 — 8.p=0 % (excmmyaTamist 6e3 perupkyarii); 1 — & p=5 %, 2 — 5, p=10 %,
3- 6|_p:15 %, 4 — 8|_p:20 %, 5- 8|_p:25 %

At

A,

°C
70
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70
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50

2 4
40 2 2 5
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20 0 0
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O 25— F—50—>|) k75— |100{x5,%
a

60
50
40
30
20

10
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k50— |75

0)

k100> ¥.%

Puc. 9. 36inbIeHHS TeMIlepaTypy BUITYCKHUX ra3iB At °C, cyZHOBOTO an3ens
6UECG60LS mig yac KOMIUIEKCHOTO YIIPABIiHHS BHITYCKHUMH Tra3aMu:

a — dyp=15 %; 6 — dyp=20 %;

0 — 8.p=0 % (excmnyaTarist 6e3 perppkywiiii); 1 — & p=5 %, 2 — 3, p=10 %,
3—0.p=15 %, 4 — 8,p=20 %, 5 — 5, p=25%

BucHOBKH i nepcneKTHBH MOAATBIINX AOCTiIzKeHb. CydacHi moT-
Y>KHI CYJTHOBI Am3eli, o 00JIaHaHI JBOXCTYIICHEBOIO CHCTEMOKO HAJITY-
Ba Ta, BIAMOBIIHO, KOMIUICKCHOIO CHUCTEMOIO PEIMPKYJISIIi BHITyCKHHUX
rasiB, BUMaraloTb BU3HAUYEHHS PalliOHAIBHUX PEXKHUMIB €KCILTyaTawil [uX
cucreM. [Ipu 1boMy OCHOBHE 3aBIaHHS NOJISIrae y BU3HAYCHHI TaKUX 3Ha-
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YeHBb CTYIICHI PEIUPKYIAIi CUCTEMH PEIUPKYJIAIIi BECOKOTO Ta HU3BKO-
r0 THCKY, 33 SKUMH 3a0e3MeuyeThCsl MaKCHUMalbHE 3HIDKEHHS eMicli OK-
CHIIIB a30Ty 3 OJHOYACHUM MiHIMaIbHUM IiJBUILEHHAM TEMIEpaTypHOi
HaTPYKEHOCTI AU3ETIS.

Hns cymaoBoro muzenst 6UEC60LS ¢ipmu Kobe Diesel Mitsubishi
Heavy Industries, skwii 3 wmeToro 3a0esnedeHHs BuMor Annex VI
MARPOL mon0 emicii okcuaiB a3oTy o0nagHaHUNA KOMIUIEKCHOIO CUCTE-
Moro penupkymsmii Bucokoro HP-EGR ta muspkoro LP-EGR Ttmcky
EKCIEpUMEHTAIbHUM IIIJISIXOM BCTAaHOBJICHO HACTYIIHE.

1. Haii0inpmiuM pamioHaIbHUM Jialla30HOM CTYMEHIO PEelUPKYJISii
cucremu HP-EGR Busnageno 15...20 %. 3a nux ymoB mia 25...100 %
HAaBaHTa)XXCHb Ha CYJHOBUI AW3eNb 3MEHIIEHHS eMicii OKCHIiB a30Ty
cknanae 25,80...35,75 %, 3 BiANOBITHUM 30UIBIICHHAM TEMIEPaTypU
BUITyCKHUX Ta3iB Ha 21...34 °C. 30inplIeHHs CTYNEHIO PEIHUPKYIIAIii 10
25 % crpusie 3MEHIICHHIO eMicii okcuaiB a3oty Ha 27,15... 36,45 %, ane
IpU LBOMY TEMIIEpaTypa BHUIyCKHHX Ta3iB Ha JESKUX EKCIUTyaTalliliHuX
pexkuMax miaBuiryethes Ha 47...50 °C, mo CyTTeBO 30UIBIIYyE TeMIIepa-
TypHY HaIlPY>KEHICTb AU3ETIsI, TOMY HE € pEKOMEHI0BaHUM.

2. OuiHky e()eKTHBHOCTI KOMIUIEKCHOTO YIPABITiHHS €MiCi€l0 OKCHIIB
a30Ty MUIAXOM PEUUPKYILil BUYCKHUMHU Ta3aMy Ta €KOJOTIYHICTH PoO-
00TH cymHa MoOXke OyTH OIliHEHa 3a BHPA3OM, KU BH3HAYAE BiIHOCHY
PI3HHUINI0 MK MOTOYHAM 3HAYEHHSIM €MiCii OKCHIIB a30Ty Ul TEeBHHX
YMOB €KCIUTyaTallii CHCTEeMH PEUPKYIAIIl Ta MAKCUMAaIbHO MOXKIIMBHM,
sIKe pernamentyetrbes Bumoramu Annex VI MARPOL.

3. Haii6inpima eheKTHBHICTh KOMILIEKCHOTO YIPABIiHHS BUITYCKHUMHU
ra3amu (SIKe CKIIQJIA€ThCs 3 TIOCHIJJOBHOTO BUKOPUCTAHHSI CHCTEM PeLup-
KYJISILi1 BUCOKOTO Ta HU3bKOT'O THCKY) 3a0€31eUy€eThCs:

JUTSL eKCTLTyaTaIlifHIX PeXHUMIB, 10 BimnosimaroThk 25...50 % HaBaH-
TQXEHHIO Ha Cy[IHOBUH AM3€Ib — CTYNEHb peuupKymsiuii cucremu HP-
EGR 15 %, crynens peuupkynsnii cuctemu LP-EGR 10 %; npu npomy
eKOoJIOTiuHICTh poboTH cymHa nocsrae 20,0...22,1 % 3 momycTuMuM 3Ha-
YEeHHSM 301JIbIIICHHS] TEMIIEpaTypy BUITyCKHHX ra3iB Ha 45...51 °C;

JUISL  eKCIUTyaTalliiHUX pPEeXUMiB, MmO BignmosimaroTs 75...100 %
HABaHTa)XEHHIO HA CYJHOBWHU JM3elb — CTYINEHb PEIUPKYIIAIIT CHCTEMU
HP-EGR 20 %, crynens perupkyisinii cuctemu LP-EGR 2 %; npu npomy
€KOJIOTIYHICTh po0oTH cymHa nocsrae 22,7...26,9 % 3 pomycTuMuM 3Ha-
YEeHHSM 301JIbIIICHHS TEMITEpaTypy BUITYyCKHHX ra3iB Ha 39...52 °C.
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3ABE3NEYEHHS JEKAPBOHIBALI CYJEH MOPCLKOI'O
TPAHCIOPTY

IlocTanoBka mpodJieMu B 3araibHOMY BHIJIsAi. MOpCBKHIA Ta BHY-
TPIIIHIA BOAHUHN TPAHCTIOPT € CYTTEBOIO CKIIQJIOBOIO €KOHOMIKH OYAb SKOi
KpaiHH, TEPUTOPisl SIKOi 3 €IHYETHCS 3 THIIUMH BOAHUMH Inisixamu. Ko-
pUCHa TpaHCHOPTHa poOOTa, sfKa 3a0e3MmeuyeThCs MiJ 4Yac MepeBe3cHHs
BaHTa)XXy ab0 MacaKupiB, MOB’s3aHA 3 HEMUHYYHM YTBOPEHHSM IIIKiTH-
BUX BUKHUJIIB 3 BUITYCKHHMH r'a3aMH TEIUIOBHX JIBUTYHIB (Ha caM mepe] —
JM3eNTiB, SIK CaMUX PO3MOBCIODKEHUX Te€HEepaTopiB MEXaHi4HOI eHeprii,
1110 BCTAHOBJIIOIOTHCSI HA MOPCHKHUX Ta PiuKOBUX CyaHax) [1-4].

JIBUT'YHI BHYTpILIHBOTO 3rOpsiHHA / Tu3ei 3aiiMaloTh B CYIHOBOI
CHEPTeTHKH JIOMiHYIOYE TIOJIOKEHHS B MOPIBHSAHHI 3 IHIIMMH THIIAMH
TEIUIOBUX JIBUTYHIB — MAPOBUMH KOTIIAMH Ta ra30BUMH TypOiHamu. [lepm
3a BCE Il TNOB’S3aHO 3 HAWMEHIIOK MMHUTOMOI €()EeKTHBHOIO BHTPATOIO
NajrBa Ta HAWOLIBIIUM KOS(II[IEHTOM KOPUCHOI JIii, 1110 XapaKTepHi caMe
st tu3eniB [5-7]. 3HadeHHs KoedillieHTy KOPUCHOI il CyJacHHUX TU3eTiB
Ha HOMiHaJIbHOMY HaBaHTakeHHI mocsrae 50...52 %, mo Ha 7...10 %
nepediuTblllye MOAIOHMH TOKa3HUK ISl MapoTypOiHHMX abo ra3oTypOiH-
HUX ycTaHOBOK [8, 9]. IlpomopiiiiiHo koedillieHTy KOpHCHOI il au3edi
CYZECH MOPCBHKOT'O TPAHCIIOPTY XapaKTEPU3YIOTHCS MEHIIUMH 3HAYCHHSIMH
MUTOMOI Ta TOAWHHOI BUTpaTH nanuBa. CUCTEMHU HiATOTOBKM NANKBa Ta
MaJIMBHA arapaTypa BHCOKOTO THCKY CYYacHHX JW3ENIB JIO3BOJISIFOTH BU-
KOPHUCTAaHHS B HHMX NajHMBa 3 IMiJBUILEHOIO B’SI3KICTIO — I IepeBara B
HEelaJIeKoMy MUHYJIOMY Oyjia XapakTepHa JIMIIE ISl CyJHOBHUX KOTIIB
MapoTypOIHHUX YCTAaHOBOK.

Juzerni, 10 BCTAaHOBJIIOIOTHCS HA CYJTHAX MOPCHKOTO T4 BHYTPIIIHBO-
ro BOJHOTO TPAHCIOPTY, BUKOHYIOTh (DYHKIII FOJIOBHUX Ta TOTMOMIKHUX
JIBUTYHIB, 320€3MeUy0ud pyX CyJHa Ta poOOTY Cy[IHOBUX CHUCTEM, MeXa-
Hi3MiB Ta oOnajHaHHs. OTpUMaHHS KOPUCHOI pOoOOTH Ta eeKTUBHOI T10-
TY>KHOCTI B CyJJHOBUX JM3EJIAX HEMOXIUBO 0€3 CHaJIOBaHHA B IXHIX IIH-
JHApax piIKoro najuBa HaQTOBOrO MOXOMKeHHs. [Ipu ubomy B pesynb-
TaTi HOTO 3ropsiHHS B aTMOoc(epy BUKHJIAIOTHCS BHUITYCKHI razu. biibiry
YacTHHY BUIYCKHHX Ta3iB (10 99,0...99,2 %) cxianaroTh HEHTpaibHI Ta
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HETOKCHYHI KOMITOHEHTH — TIPOAYKTH HETIOBHOTO 3TOpsSHHS (O1IBIIOI0
JaCTHHOIO AKX € miokcup Byriemo CO, i Boasnaa mapa H,O) Ta moiTps
31 3HIKEHHM BMICTOM KHCHIO. HeBenmmky pemry 3i 3arajibpbHOT YaCTHHHU
BUIYCKHHUX Ta3iB CKJIAAAIOTh TOKCHYHI KOMIIOHEHTH, SIKi MOTUISIOTHCS Ha
nBi rpynu. [lo nepioi rpynu BiTHOCSATHCS NPOLYKTH HEIOBHOTO 3rOpSH-
Hs manuBa — MoHookcu Byriemnto CO, Byrnesogni CyHy, anpnerinu R-
CHO Ta caxa C. Tokcn4Hi KOMIOHEHTH APYroi IPyMH YTBOPIOIOTHCS B
pe3yibTaTi MOBHOTO OKHCJIEHHS XIMIYHMX EJIEMEHTIB, IO BXOASTH 0
CKJIa/ly TIaJMBa Ta MoBIiTpst — 1e okcuau a3oty NOx Ta cipku SOx [10-12].

CynHOBi Am3eni, M0 3HaXOAATHCSA B eKCIUTyarTallii, BUMaraloTh MOC-
TIHHOTO TOMIYKY €(QEeKTUBHUX CHOCO0IB 3HIKEHHS TOKCHUYHOCTI BHITYCK-
HHUX Ta3iB, Hacammepen BHKHIIB OKcHIiB a30Ty NOx [13, 14], okcumis
cipku SOx [15, 16] Ta moHookcuay Byriemoo CO [17, 18]. Takox akTya-
JILHUM € 3aBJIaHHS 3HM)KCHHS BUKHUIB Aikcuay Byrieiio CO,, sku 30i1b-
IIyIOTh TAPHUKOBHN €()eKT Ta 3MEHIIYIOTh €HepreTHYHYy e()eKTHBHICTh
Cy/IeH MOPCBKOTO Ta BHYTPILIHBOTO BOAHOTO Tpaucmopty [19, 20].

AHaJi3 ocTaHHix gochaifkens i myOsikaniii. OTprMaHHS KOPUCHOT
po0OTH B TEMJIOBHX ABUTYHAaX (IM3ENsAX, KOTJIAX, ra30BUX TypOiHax) He-
MOXKIIUBO 0€3 BUKOPUCTaHHS IajJiBa, HAHOUTBII PO3IIOBCIOKEHUM BUAOM
SIKOTO Ha ChOTOJICHHS € DiJIKe MaIWBO HAPTOBOTO MOXOJpKeHHs [21-24].
[lig gac 3ropsHHS pinKOro majarBa HAPTOBOTO MOXOMKEHHS (IO CKIamy
sKoro BXxoauth 83...87 % Byrneuro C) HEeMHHYYE YTBOPIOETHCS JIOKCUAY
Byraero CO,

C+0,—>CO,

Ta okcux Byriemno CO
2C+0, - 2CO.

[Tpu ubomy yrBoperHs1 CO, BigOyBa€eThCs B 30HAX 3rOPSHHSA 3 JOCTa-
THBOIO KUIBKICTIO MOBITPs / KMCHIO (TOOTO HA 30BHILIHBOI IPAHUIII TTATH-
BHOTO cTpyMeHs), yrBopeHHs CO — B 30HaX 3 3HMKEHOIO KUTBKICTIO KHC-
HIO (TOOTO B cepe/inHi MaIMBHOTO CTpyMeHs) [25-27]. ¥V Bunaaky morpa-
WIAHHS okceuay Byriemo CO B 30HY 3 MiJBHILEHOI KiJIBKICTIO KHCHIO,
nepebirae peaxkiiis, 3a sikoro CO nepetBoproeThest 10 CO,

2CO +0, — 2CO,.

YTBOpeHHs okcuay Byrieio CO MOXIIMBO TaKOXK B pa3i peaxilii ByT-
JICI0 Ha BOJISIHOI Mapu
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C+H,0—>CO+H.,.

Ha cyanax MopcpKoro Ta BHYTPIIIHBOTO BOJHOTO TPAHCIIOPTY Maiike
HE BHKOPHCTOBYIOTBCSI TEXHOJOTI, 110 3a0e3MeuyroTh OUHUILEHHS BUITYC-
KkHHX ra3iB Bifl okcuxy CO um giokcuny CO, Byrnerto. Ilpn mpoMy moc-
TIHHO BIPOBAKYIOTHCS 3aXOIH, IO CHOPSMOBaHI Ha JeKapOOHi3aIiio
MOPCBKHX TiepeBe3eHb. [lepi 3a Bce 11e JoCATaeThCs NIISIXOM 3MEHIICHHS
BHUTpATH ITaJMBa, ONTHUMIi3aIlii HaBIrariiHuX MEePEeXoaiB Ta BUKOPHCTAHHIO
aIbTEpHATHBHUX BHU/IB HaauBa [28, 29].

OpnnHovacHO 3 M, emicis giokcuay Byrieito CO; € CKkIasoBor0, 10
BU3HAYa€ KOHCTPYKTUBHHUN KOE(iliEHT eHepreTHuHoi epeKTUBHOCTI CyI-
Ha (EEDI). Le#t xoedimieHT mpencTaBise co000 BiTHOIIEHHS eMicii Jio-
kcuny Byriemo CO; 3 BUITYCKHUMHY T'a3aMH CYJTHOBHX JTU3EJIiB, IO BCTa-
HOBJICHI Ha CYyJHI, 0 TPaHCHOPTHiH POOOTH cynHa. 3arajibHa (opMmyiia
i BusHaueHusa EEDI mae Burisn

Emission CO, [ r }
Capacity -v ’

EEDI =

TOHH - MUJISA

ne Emission CO, — 3aranbHi BUKUIU TIOKCH/IY BYTJICIFO TOJOBHHX Ta
JOTIOMDKHHX JTH3EIIB, T;

Capacity — memBedT cymma i dac 3MiHCHEHHS OKPEMOIO peiicy,
TOHH;

V — IIBUKICTH Cy/IHA /I YaC HABITAIIIHOTO ITePEeX0/1y, BY3JIH.

Bignogigno go Bumor IMO 3nauennss EEDI po3paxoByerbes yist BCix
cyneH, mo 30ymoBani miciast 01.01.2013. [yt KOXKHOTO 3 CyJieH BU3HA4a-
€TbC MakcuMalbHO MoxumBHU KoedimieHT EEDIn,, mepebinbiieHHs
SIKOTO CBIIYMTH MPO Te€, 10 CyTHO HE BIJMOBIJIa€ BUMOTaM JI0 eHeproede-
kruHocTi [30, 31].

OCHOBHUMU IIIJISIXaMH, 1[0 CITPHUSIOTH 3MEHIIICHHIO BUTPATH MAITUBA, €
BJIOCKOHAJICHHSI POOOYOro IMKIy Ta BH3HAYCHHS ONTUMAIBHUX (a3 mMo-
Jadi majuBa Ta BUMyCKy rasiB. Ile moxe 3abesneuntn 3,0...3,5 % 3HU-
JKEHHSI TIMTOMOI BHTpaTH majmBa be, kr/(KBT-rof), a TakoX BiAMOBimHE
3MEHIICHHS TOAMHHOT BUTpaTu B, KI/TOX, Ta BUTPATH HaJIMBa HA NPOH-
nenuit nuisx By, (tonn/muinn) [32, 33]. .

OnTuMi3allis HaBIralifHUX IEPEeXOIiB MOJIArae B BU3HAYCHHI HE Haii-
KOPOTIIOI BiJICTaHi, a NUIAXY, SKHUM 3a0€3MeUyIOThCSl MEHIII BUTPATH CHE-
prii rOJIOBHUX Ta JONMOMIKHHUX JBUTYHIB, & TAKOK MEHIIMI 4ac HaBira-
nidHoro mepexoxy. IIpu mbOMy SIK OCHOBHHMI TIOKAa3HHK BPaXOBYETHCS
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3MiHHA TiIPOMETEOPOJIOriuHa 0OCTaHOBKA, a TAKOX IMOCTIHHO il0YH Ha
o0paHOMY IUIAXY BITPH Ta MOPCHKI Tedil.

Jo anbrepaTHBHUX BHUIIB MajuBa, IO CIPHAIOTH AeKapOoHi3awii cy-
JIeH MOPCBKOTO Ta BHYTPIIIHROTO BOJHOTO TPAHCIOPTY, BiAHOCATHCS BO-
NIeHb, 3pIHKECHUN TPUPOTHUMA Ta3, aMiak, METaHOJ, a TaKOX TiApoBaHe
pocmuane Mactuiio (HVO — Hydrotreated Vegetable Oil) [34, 35].

IMocTranoBka 3aBaaHHs. 3aBIaHHAM JIOCTIIKCHHS OyJ0 BH3HAYEHHS
BIUTHBY nanmBa kiracy HVO Ha ekosorivHi moKa3HUKH poOOTH MOPCHKOTO
CyaIHa, 30KpeMa Ha PiBeHb eMICii JIOKCHUIY BYTJIEHO.

Bukian ocHOBHOro martepiany gociimkeHnnsi. J[ociiukeHHS BUKO-
HyBaJIUCh Ha cymHi kinacy Gas Carrier BogoToHHaxHicTIO 127645 TOHH.
SIK TONOBHI IBUTYHU Ha CYJHI OYJI0 BCTAHOBIIEHO JIBa OJHOTHITHAX Mallo-
obeproBux ausenst 5X72DF Hyundai-WinGD (Winterthur Gas & Diesel
Ltd. Winterhur, Switzerland). OcHoBHI XapaKTepHUCTHKH CYIHA Ta €HEpre-
TAYHOI YCTAaHOBKH HaBeJleH1 y Ta0mmi 1.

Tabmuns 1. OcHOBHI XapaKTEPHUCTUKH CyJIHA HA EHEPIreTUYHOI YCTaHOBKH

XapakTepHUCTHUKA Po3MmipHicTh | 3HaueHHs
Cyano
JloBkMHA MaKCUMaJIbHA M 299,0
uprHa 32 MiIETBIITAHTOYTOM M 46,4
Ocanka M 12,5
BomoronHaxxHiCT TOHH 127645
IBUAKICTE pyXy BY3JIH 19,5
T"onoBHwuii aeuryn 5X72DF Hyundai-WinG
Hiamerp mumiHgpa M 0,72
Xin mopiHs M 3,155
KinmpkicTs numiHIpIiB — 5
HowminanpHa yacToTa 06epTaHHs XB 73
HowminaxpHa TOTYXHICTh KBt 11000
IMutoMa BUTpaTa NANKMBA r/(xBt-Tos) 168
Kinekictsb - 2

ExcrutyaTarist au3eniB mix yac HaBITaliifHAX TEPEXOMAiB 3IHCHIOBA-
JlaCh Ha JBOX OCHOBHHMX copTax naiuBa — DMAZ20 ta RME380. ITanuso
DMAZ20 BukopuCTOBYBAJIOCH ITif] Yac MyCKOBUX PEKUMIB pOOOTH TU3EIIiB,
a TaKOX i/ yac 3HaXO/PKEHHs Cy/IHA B pailoHax CHeuiajJbHOro eKOoJIoriy-
Horo koHTpomo. [TammBo RME380 — min yac cranmx pexxumiB poOOTH
JIM3EITiB Ta B Pa3i 3HAXO/KSHHS CYJ/IHA 11032 palOHIB CIIEI[ialIbHOTO €KOJIO-
riYHOrO KOHTPOJIO. SIK anbTepHaTHBHE MAJMBO HA CyIHI BUKOPUCTOBYBA-
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Jochk Ta Oyno gocmimkere maauo HVO, sike € rigpoBaHUM POCIUHHHM
mactuiioM. OcHoBHI xapakrepuctuku maaus DMA20, RME380 ta HVO
HaBeJICH1 y Ta0uili 2.

Tabmms 2. XapaKTepUCTHKH MOTOPHUX HaJTUB

XapakTepucTHKa DMA20 | RME380 HVO

T'ycruna npu 20°C, kr/m® 863 902 765
B’si3kicts npu 40°C, mm?/c 7,2 164 3,6
Temneparypa cnanaxy, °C 76 154 66
Bwicr, %

BYTJICITIO 84 83,5 82,7

BOJHIO 11,5 10,4 14,7

KHCHIO 1,6 1,7 0,3

CipkH 0,1 0,4 0

BOJIOT1 2,5 2,8 2,3

a3oTy 0,3 1,2 0
Hwmxua TermoTBopHa 30aTHICTH, KJK/KT 42459 40915 46453

KoMmrmuiekTarisi naJuBHUX CHCTEM Ta KOHCTPYKIIiSl aJMBHOI amapary-
pu auzenis 5X72DF Hyundai-WinGD no3Bosisiia B OJHOMY 3 HUX BHKO-
pucToByBaTH OCHOBHiI coptu nanuBa DMA20 ta RME380, B inmomy —
MAJMBHY CyMIIll, sIKa CKJIajanach 3 ocHoBHoro manuBa RME380 ta manu-
Ba HVO. Cuissignomensas nanmuBa RME380 ta mammsBa HVO mig ugac
MPOBEICHHsI EKCIIEPUMEHTIB Y BIJICOTKaX iX BMICTY B MaJMBHOI CyMimn
cxiamanu 90 / 10, 80/ 20, 70/ 30, 60 / 40.

JlocnipkeHHs: BUKOHYBAJIHMCh Ha €KCIUTyaTalllfHUX peXuMax, 1o Bif-
HOBifany HaBaHTakeHHIO Ha auseni 50 %, 60 %, 70 %, 80 %, 90 % Ta
100 % Bix HOMIHANBHOrO. I1ix yac mociimKeHb HaBaHTAXKEHHS HAa 00HIBa
u3enst 30irajguch MK COOOK0 Ta PEerylioBANIHCSA Ta IMiITPUMYyBaJIacs y
HEOOXITHUX MEXaX 3a JOIMOMOTOK CHCTEMH aBTOMATUYHOTO PEryIIOBaH-
Hs yacToTh o0epTaHHs au3einiB. [1ig yac MOCHTIPKEHHS Ha TU3ENsIX MiaT-
PUMYBAJIUCH BiANOBiAHI OAWH OJHOMY PEXHMHU MAIICHHS Ta OXOJOMKECH-
HSl.

JlocmiKkeHHsT BUKOHYBAIMCh ITiJ] Yac HABITalliiHOTO MEPEeX0ay MikK
noptamu IliBneHHoi Amepuku Ta kpain Cepen3eMHOMOp’s, TPUBAIICTb
saKoro ckiafgana 16 gi6. lle mo3BOJsII0O BUKOHATH €KCIIEPUMEHTH Y TMOB-
HOMY 00CSI31 ISl BCIX PEXUMIB POOOTH JTU3EIIB Ta BCIX XapaKTEPUCTHK
manmBHOi cymimi RME380/ HVO. Bei gocmimkeHHS BUKOHYBAIMCh ITif
Yyac 3HaXO/DKEHHS CyJHa 1032 CIELiaIbHUMU €KOJIOTTYHUMH paiOHaMH —
Sulfur emission control areas (SECAS) Ta Nitrogen oxide emission control
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areas (NECAS). Ile mo3BOisIIO BHKOPHCTOBYBATH B OH3ENAX IAIHBO
RME380 3i BmicTom cipku 0,4 % 3a Macoro Ta BCTAHOBIIOBAJIO MaKCHMa-
TFHY KOHIICHTPAIIII0 OKCH/IIB a30Ty Y BUIYCKHUX razax 14,4 r/(kBr-rox).
Kpurepiem ekoHoMiuyHOCTI poOoTu Au3ens Oyna obpaHa muToma ede-
KTUBHA BHUTpaTa namusa b, [31]. Sk ekosoriuHi mokasHUKH poOOTH Cy.I-
HOBHUX [IM3€JTIB MPHUAMAINCh KOHIICHTPAIil OKCHIIB a30Ty Cyo, T2

00’ €eMHHMIA BMICT JJIOKCHTY BYTJICLIO Cco, B BHITYCKHHX Ta3ax [32, 33].

IMutoma edekTrBHA BUTpaTa manuBa De BH3HauUamack 3a JOMOMOTOIO
CYAHOBUX BHMIipIOBAIBHUX 3aCO0IB — BHUTPAaTOMIipiB, BCTAHOBJICHHX Ha
MaricTpansx MiIBeAeHHS MmajiuBa 10 (DOPCYHOK AW3eNs Ta BiACIYHOTO
NaJInBa.

Ilin wac mpoBeneHHsSI EKCIEPUMEHTIB KOHIICHTPAIis OKCHIIB a30Ty
NOy, a Takox 00’emuuit BMicT CO, B BUIIYCKHHX T'a3aX KOHTPOJIOBAIUCH
3a momoMororo razoanamizaropa Testo350XL (BupoOrunTBa HiMedunan),
10 JTO3BOJISIE BU3HAYATH KOHIEHTpalii HacTynHuX pedoBuH: CO,, Oy, Ny,
NOy, CHy4, HC, SO,, H,S, a Takox TemmepaTypy, BOJIOTiCTb, NIBUAKICTD 1
nrdepeHLialbHII THCK BUMiPIOBaHOTO cepepoBuia [34].

Burtpara BUITyCKHUX Ta3iB BUMipIOBaIach 3a JOMOMOTOI BUTPATOMi-
pa MTI100S ¢ipmu «Siemens AG» (Himeuumna). Butparomipu cepii
MT100 BigHOCSTBCS MO0 GaratoToukoBHX (i3 KIIBKICTIO BUMIpIOBaJbHUX
30HAIB BiJ 2 10 §) MacoBUX BUTPATOMIpIB MOBITPS 1 Ta3iB, sSKi MPaIfOIOTh
32 TPUHIMIIOM TEIUIOBOrO po3CitoBaHHSA. YUyTIMBICTH BUTPATOMIpiB
MT100 cranosuts 0,07.. 0,2 M*/c, po6oua Temneparypa — 10 450° C, mo
3a0e3neuye iX (QYHKIIOHAIBHICTh Y BCHOMY JIiala3oHi eKCIuTyaTaliitHuX
HaBaHTaXeHb Ju3ens. Burparomipy MTI100 Ta razoaHaizaropu
Testo350XL BinmoBigaroTe BuMoram CucTeMu Oe3NepepBHOTO MOHITO-
punry Bukugis (Continuous Emission Monitoring System — CEMS) Are-
HTCTBa 3 OXOPOHM HABKOJHIIHBOTO cepemosuiia (Environmental Protec-
tion Agency — EPA).

AHai3 BUIYCKHHX Ta3iB BUKOHYBAaBCS B Ta30BUITYCKHIM Marictpaii
Ha Bijctani 10 M Big MicIst BUXOAY rasiB 3 ra3oTypOoOHar{eTaua, 1o Bij-
moBigano BuMoram TexHiuHOro Kojekcy 3a NOx.

[loxubka y BUMipIOBaHHI BUTPATH ra3iB, [0 BU3HAYABCS BUTPATOMIi-
pom MT100S, ne nepesumryBana £0,5 %; moxubka y BUMipi eMicii OKCH-
niB a3oty NOx Ta miokcuni Byriemio CO; y BUITYCKHHUX ra3ax, 1[0 BHKO-
HyBaiachk razoananizaropom Testo350XL, cranoBuna 1,0 %; noxubka y
BU3HAYEHHI MUTOMOI e(QEeKTHBHOI BUTpaTH NallMBa HE IEpeBUIIyBalia
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11,0 %. Bci BumiproBaHHs 3a0e3Me4yBaINCh T4 KOHTPOJIIOBAIUCH CyTHO-
BOIO cucTeMoro aiarHoctuku ProPower (Norway).

Pesynprati po3paxyHKIiB muToMoi e(heKTUBHOI BUTpaTa majiusa, a TAaKOXK
BHUMIPIOBaHb €MiCii OKCHIIB a30Ty Ta JIIOKCUIY BYTJICIIO HAaBEJCHI y Tao-
mmiax 3-5.

Ta6nurs 3. [Turoma edekTrBHA BUTpaTa MaINBa, De, T/(KBT-TOM), 715t TTaMBa
RME380 Tta jy1s manuBHUX cyMilllell pi3HOTO CKIaIy

Pexum RME380 Cuiesignomrenas RME380 / HVO y cymiti, % / %
poboTu 90/10 80/20 70/30 60/40
0,5Nesom 208 202 198 194 191
0,6Neson 195 190 186 183 181
0,7Nesou 183 178 175 174 172
0,8Ngy0n 177 173 170 168 167
0,9Ngy0u 171 168 165 162 160
Nexon 173 170 168 165 164

Tabnuns 4. KoHueHTparlist OKCU/IIB @30Ty Y BUIYCKHUX rasax, I/(kBt-rox), aus

nanuBa RME380 ta m1s manuBHUX cyMmimien pisHOTO CKIIaxy

Pexum RME380 Cniesigromrenas RME380 / HVO y cymimi, % / %
pobotu 90/10 80/20 70/30 60 /40
0,5Neson 12,75 12,36 11,62 11,35 12,69
0,6Nenon 13,03 12,41 11,85 11,44 12,95
0,7Nenou 13,18 12,63 11,96 11,52 13,08
0,8Neon 13,31 12,72 12,02 11,62 13,18
0,9Neson 13,52 12,88 12,12 11,71 13,38
Nerow 13,61 12,94 12,18 11,73 13,45

Tabmuis 5. O6’eMHUIT BMICT OKCHAY BYTJICIIO B BUITYCKHMX Tra3ax, %, Ui Majn-
Ba RME380 ta a1t manuBHUX CyMilliel pi3HOTO CKIIATY

Pexum RME380 Cuiesigrorrennss RME380 / HVO y cymitmi, % / %
poGotu 90/10 80/20 70/30 60 /40
0,5Ngs0m 7,25 5,96 5,83 5,40 4,81
0,6Ngsion 7,75 6,15 5,97 5,57 4,86
0,7Neyou 7,88 6,37 6,05 5,74 5,00
0,8Nesom 8,21 6,55 6,23 5,82 5,15
0,9Ngsiom 8,43 6,61 6,42 5,97 5,24
Neon 8,77 6,85 6,62 6,15 5,37

Bisyamizauis ganux Tabnuns 3-5 mogaHa Ha giarpamax puc. 1-3.
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Puc. 2. 3anexxnocti mokasuukie po6oru ausesns 5X72DF Hyundai-WinGD Bin HaBanTa-
JKeHHs i yac BukopucTaHus nanusa RME380 Ta manuBHUX cyMilleil pi3HOTO CKIIaLy:
0 - RME380; 1 -90 % RME380+10 % HVO; 2 — 80 % RME380+20 % HVO;
3-70 % RME380+30 % HVO; 4 — 60 % RME380+40 % HVO;

a — IITOMAa BUTpPAaTa MaINBa; O — eMiCist OKCHJIIB a30Ty; ¢ — 00 €MHHII BMIiCT OKCHIY BYT-
JIELIO B BUMYCKHUX ra3ax
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BignocHi 3MiHn koHneHTparii okcuaiB a3oTy ANOx Ta 06’emMHOrO
BMicTy okcunmy Byriemio ACO, B BHITyCKHUX Ta3zax, a TaKOX IHTOMOI
edextuBHOI BUTpaTn nanusa Ab, po3paxoByBaIUCh 3a BUpa3aMH
NORME _ NOHYO CORME _ coHvo
XX .100%, ACO,=—2 -2

ANOX = NoRME CORME '10@/0,
X 2

~ beRME _pHvo

Ab ¢ —.100%,

e RME
be

ne NORYE, NOHY®, pfYE pfv® — koHieHTpauis okcuay asory B BH-
MYCKHHX Ta3ax Ta MUTOMa e()eKTHBHA BUTpATa ITalnBa IIijJ 9ac eKCIuTya-
Tauii au3ens Ha manuei RME380 Ta iioro cywmirr 3 HVO, r/(kBr-ron);

CO5™E, COYV®— 00’ emHMIA BMICT OKCHy BYTJIEIIO B BUITYCKHHX Ia3ax

MiJ] Yyac eKcIutyaTarii au3elns Ha nanuei RME380 ta #oro cymimn 3 HVO,
%.
OTpuMaHi 3HAaYEHHS y3arajibHEHi y Ta0nuIsax 6-8.

Tabnust 6. BigHocHe 3MeHIICHHs TUTOMOT epeKTHBHOT BUTpaTH najimsa Ab, %,
JUTS TAJTUBHOI CYMIIIIi Pi3HOTO CKIIAAY

Pesxxum pobotu Cnisigromrenas RME380 / HVO y cymii, % / %
JH3eIIs 90/10 80/20 70/30 60 /40
0,5Neuom 0,99 1,98 2,48 2,48
0,6Nesom 1,63 3,26 4,89 4,35
0,7Negou 1,69 3,37 5,06 5,06
0,8Neuoum 1,71 3,43 5,71 5,14
0,9Neuoum 1,98 3,47 5,45 4,95

Nerow 1,73 2,89 4,62 4,62

Tabmnuus 7. BinHocHe 3MeHIIEHHS eMicii OKCHIIB a30TY 3 BUILYCKHHMH ra3aMu
ANOy, %, s maauBHOT CyMiIi pi3HOTO CKIIAXy

Pexxum pobotu Cuiesigrorrennss RME380 / HVO y cymiti, % / %
IM3ens 90/10 80/20 70/30 60 /40
0,5Ngsom 3,06 8,86 10,98 0,47
0,6Nesion 4,76 9,06 12,21 0,62
0,7Neyou 4,17 9,26 12,59 0,76
0,8Neson 4,43 9,69 12,70 0,98
0,9Ngsiom 4,73 10,36 13,39 1,04

Nesow 4,92 10,51 13,81 1,18
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Tabmurs 8. BimHocHe 3MEeHIIIEHHS eMicCii JIOKCHY BYTJIEITIO B BUITYCKHUX ra3ax
ACO,, %, 1t naMBHOI CYMIIIT Pi3HOTO CKIATY

Pexxum pobotu Cuissigaomensst RME380 / HVO y cyminii, % / %
JA3eIIsT 90/10 80/20 70/30 60/40
0,5Nesom 17,79 19,59 25,52 33,66
0,6Nesion 20,65 22,97 28,13 37,29
0,7Neyon 19,16 23,22 27,16 36,55
0,8Nesion 20,22 24,12 29,11 37,27
0,9Nesiom 21,59 23,84 29,18 37,84

Neson 21,89 24,52 29,87 38,77

BucHoBKH i mepcmeKTHBM NOAAJBIIMX A0CTiI:KeHb. [IpoBemeni
JIOCTIKEHHS TO3BOJISTIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. BuxkopucTaHHs B CY/IHOBHX JTU3ENSX MAIUBHUX CYMillIeH 10 CKIIaxy
SIKHX BXOJUTH TimpoBane pocaunne mactmwio (HVO — Hydrotreated Vege-
table Oil) ciipusie moTiNIIIEHHIO SKOMOTIYHMX MOKA3HUKIB TX pOOOTH.

2. locmipkeHHssMu (ki OyJiM  BUKOHAHI Ha CYJHOBHMX JIM3EJIAX
5X72DF Hyundai-WinGD) BcTaHoBIIE€HO, 1110 TSt MATUBHUX CYMIIIeH, 10
CKJIay SKUX BXOJTUTH ManmBo HadToBoro moxomkeHHs RME380 ta ma-
suBo RME380 npu3BoauTh 10 3MEHIICHHS eMicii OKCHIIB a30Ty Ta Ji0K-
CHJLy BYTJICIIO 3 BUITYCKHUMH Ta3aMH.

3. B nmianazoni excruryaraniinux HaBantaxenb 50...100 % Ha puzens
5X72DF Hyundai-WinGD Ta 3a yMOBH BHKOPUCTaHHS MAJIWBHHX CyMi-
e, g akux Bifgcorkose BigHomenns RME380 / HVO 3MiHoBanoch Sk
90/ 10, 80/ 20, 70/ 30, 60 / 40, BcTaHOBIIEHO, 11O 3HUKEHHA €Micil OKCHU-
niB azoty ckmagae 0,5...13,8 %, 3HIWKEHHS eMicil HIOKCHIY BYTIIEITIO
cranouth 17,8...38,8 %. [Ipn 1ibOMy 3MEHIIEHHS eMicil JIOKCHay BYT-
JIEII0 3aJIS)KHO BiJl 30UIbIICHHS B MaluBHIKM cymimn maguBa HVO mae
MPOTIOPIIIHHUI XapaKkTep; 3MEHIIIEHHS eMicii OKCH/IIB a30Ty — XapaKTepH-
3Y€ETHCS HASIBHICTIO ONTHMYMY, sikuii Bignosigae 20...30 % BMicTy manu-
Ba HVO B ifor nanusHiii cyminr 3 nanusom RME380.

4. 3HMKeHHs eMicii AIOKCHIY BYIJIELO NPU3BOIUTH A0 PIBHO3HAYHO-
rO MiJBUIIEHHS KOHCTPYKTHBHOTO KOE(IL[iEHTY €HEepreTHYHOi e(eKTuB-
Hocri cyiHa (EEDI) Ta cnpusie nexap6oHi3aniii MOPChKOTO CyIHa.

5. Iloganpmr AOCTIKEHHS JOMUIBHO CHPSIMOBYBAaTH Ha BHU3HAYCHHS
BIuMBY nanuBa HVO Ha sikicTh mpornecy 3ropsiHHS MajJMBHOI CyMilli, Ha
TEPMOJIMHAMIYHI TIOKa3HUKH TIPOIECY 3TOPSHHS Ta 3MIHY TeMIIepaTypHO-
T'0 HAaIPY>KEHHS] OCHOBHHX €JICMEHTIB JTH3elIsl.
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Harmionansanii yHiBepcuTeT «O1echka MOPChKa aKkaaeMisDy

OI'JISIJI OCHOBHUX OCOBJIUBOCTEM IOCTAUYAHHSA TA
EKCIIEJUPYBAHHSA MOPCBKUX CYJEH Y CYUACHHX
YMOBAX

IMocranoBka mpobJjeMu B 3arajbHoMy BUrisai. Ilocrawanus ta
eKCTIeAUPYBaHHS CYACH € HEeBil’éeMHUMH €JIeMEHTaMU CHCTEMH MOPCBKUX
nepeBe3eHb. Bin iXHBOI eeKTUBHOCTI 3aJIe)KUTh HE JIUIIE CBOEYACHICTH
BUKOHAHHS peiCiB, a i TEXHIYHA CHPaBHICTh CY/CH, Oe3MeKa eKinaxy Ta
CKOHOMIYHa CTaOUIbHICTh cyaHoBIacHHKIB [1-3]. V cydacHux ymoBax
rio0anizallii, 3SMiHM MUTHOTO 3aKOHOJABCTBA Ta KOJHUBAHHS CBITOBHX IIIH
Ha MAJMBO MHUTaHHS MOPCHKOTO IOCTadaHHS HaOyBa€ OCOOJIHMBOTO 3Ha-
4yeHHs [4-6]. Pi3HuIs Mixk piBHEM opraHisailii JOTiCTUKU B OKPEMHX T1OP-
Tax, MOJIITUYHI OOMEXXEHHSI, 3aJIeKHICTh BiJl pEeriOHaTBHUX MOCTaYalbHU-
KiB — yce 1e (hopMye CKIaTHy CHCTEMY, Y SIKii MpaBHIIbHE TJIAHYBAaHHS €
KPUTHYHUM YHHHHKOM ycrixy [7-9].

AHaji3 ocTtaHHIX HocaimkeHs i myoumikamiid. Opranizaiis mnocra-
YaHHS CYyJIeH CYTTEBO BiJIPI3HSAETHCS 3aJIeXKHO BiJl reorpadigHoro moio-
JKEHHsI TIOPTY, PiBHA HOTro iHPPACTPYKTypH, AOCTYITHOCTI MaTepiaimiB i
MajuBa, a TaKOX 3aKoHOAaB4YMX BUMOT. [loprtu, 1mo moxi6ui CiHramypy,
Porrepnama un [MiOGpanTtapy BBaKalOThCSI OJHUMH 3 HAM3PYYHIIINX JUIS
cyanosiacHukiB [10, 11]. B nux moprax Hajaro/pkeHa CHCTEMa JIOTICTH-
YHHUX [EHTPIB, MPAIIOIOTh YMCICHHI areHTChKI KOMIIaHii, a BCi BUIHU Ta-
JIMBa, MACTUIILHUX MaTepialliB 1 3allaCHUX YAaCTHH JIOCTYITHI B HIMPOKOMY
acoprumeHTi [12, 13]. 3aBasku pOMY CyJHA MOXYTh OTPHMATH HEOOXi/I-
HE MMOCTayaHHs HaBiTh il 9aC KOPOTKOI CTOSIHKH, a JJOKyMEHTOOOITr 31iii-
CHIOETBCS 3a CrpoleHnME cxemamu [14, 15].

30BciM iHIIA cuTyalis criocrepiraetbes B moprax CIIA abo geskux
KkpaiH JlaTuHCbKOi AMEpUKH, 16 OCTAHHIMH POKaMHU 3pOCIIM MUTHI CTaBKH
Ha ToBapu 3 Kura [16, 17]. Lle cTBOproe MOAaTKOBI TPYIAHOILI, amKe Oi-
JBINICTh 3aAaCHUX YACTHH 1 CyJIHOBOTO OOJAJHAHHS BUTOTOBISIFOTHCS
came B Kutai, e po3milieHa nepeBakHa YaCTHHA CBITOBHX CyIHOOYiB-
HUX Bepdei. Y pe3ynbTari CyJHOBIACHUKH 3MYLICHI 3a3ayerias Gopmy-
BaTH 3aMOBIICHHS, BPaXxOBYBAaTH MOXJIMBI 3aTPUMKH Ha MHUTHHIN a00 KO-
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PHUCTYBaTHUCs MOCIyTaMH IOCEPEIHUKIB y HEHTpaJbHUX HOPTax, HalpH-
kiaan y I[anami 4 Ha Baramcekux octpoBax [18, 19].

Kpim ekoHOMiuHMX (haKTOpPiB, BaXKJIMBY POJIb BiJirparoTh €KOJOTIUHI
CTaHAApTH Ta JIOKaJbHI oOMexxeHHs. Hanpukinan, y moprax €BpomneicbKo-
ro Coto3y AiI0Th CYyBOpPi HOPMHU MIOAO BUKOPHCTAHHS CIpKOBMICHOTO ITa-
JIMBa, 10 BIUIMBAE Ha OTO aCOPTUMEHT i LiHY. Y AesKUX mopTax Asii uu
AdpuKE MOXYTh BUHHKATH MPOONEMHU 3 SIKICTIO MOCTABJICHOTO MaMBa
abo0 BiACYTHICTIO cepTudikarii MacTmi. Yce 1e moTpedye BiJ eKimaxiB i
JIOTICTHYHUX BIIIUTIB KOMITaHI PETETLHOTO KOHTPOJIO 3a SKICTIO Ta
mkepenom nocrayanns [20, 21].

IlocTanoBka 3aBaaHHs. 3aBIaHHSAM JOCIIDKEHHS OyIIO aHami3 oc-
HOBHHUX 0COOJMBOCTEH MOCTavyaHHS Ta €KCIEIUPYBAaHHS MOPCHKUX CyIEH
y Cy4acHUX yMOBaXx.

Buknan ocHoBHOro martepiany aociaigxenHs. s po3ymiHHsS Mac-
mTadiB i CKIATHOCTI MPOIECY AOIIIHHO POTIISIHYTH YMOBH IOCTadaHHS
CYACH y KiIBKOX OCHOBHHX perioHax. €BpOINEHChKi MOpTH, TakKi sk Pot-
Tepaam, AHTBeprieH, ['aMOypr, BiioMi BUCOKMM piBHEM aBTOMaTH3allii Ta
cTalbinpHUMH IliHaMH. BOHM XapaKTepH3yrThCS T0Ope PO3BHHEHOIO Me-
PEeXEr0 CKIIaiB, PEMOHTHHX 0a3 1 TPaHCIOPTHUX KOPHIOPIB, MO T03BO-
Jsie 3A1MCHIOBATH TIOCTaYaHHs «BiJ ABEpei A0 OOpPTY» 3 MiHIMaTbHUMH
3aTpuMKaMu. Pa3oM 3 TUM, CyBOpi €KOJIOTIYHI BUMOTH Ta OTMOAATKYBaHHS
MOXKYTh 30UTBIIYBATH KiHIIEBY BapTiCTh TOCIYT.

CiHramyp — NpHKIaJ iJiealbHOl opraHizalii Mopcekoro cepsicy. Ye-
pes3 1eid MoPT MPOXOAUTH MOHA I’ ATAECAT TUCSY CYJIeH HIOPOKY, i KOXKHE
3 HUX Ma€ JOCTYI 0 IMIMPOKOro CHEKTpa MOCIYT: BiJl 3alpaBKHU MaJIHBOM i
BOJIOIO JI0 CKJIaJHUX PEeMOHTHUX poOiT. IlocTayanbHUKM MaroTh BEJIMKI
CKJIaJX 3 TOBapaMH Pi3HOTO MOXO/KEHHS, BKIIFOYHO 3 KUTaHCHKUMH 3aria-
CHMMH YaCTHHAMH, 1[0 A03BOJISIE YHUKATH 3aTPUMOK 1 AeinuTy.

Jesiki cTaTUCTHYHI XapaKTePUCTUKH, 10 TIOB’s3aHi 3 00pOOKOI0 KOH-
TeHHEPHUX BaHTaXIB B [IMX MOPTaX HaBeeHI y Ta0wmii 1.

[Manamcrkuit kaHan i npuierti nmoptH (bans6oa, Konon) wacto Buko-
PHUCTOBYIOTBCS 1715l OIIEPAaTUBHUX TOCTa4YaHb IiJ 4ac TPAH3UTY MIX OKea-
Hamu. [lJIs1 UX MOPTIB BiIPI3HOI XapaKTEpUCTUKOKO € MBUJAKICTh i TOY-
HICTh IUTaHYBaHHS, a/PKe CTOSIHKH 3a3BHYail KOPOTKI, a TIPOITyCKHA 371aT-
HICTh KaHaJly HE JIO3BOJISIE BUTpPayaTH 3aliBUM 4ac Ha OYiKyBaHHS IOCTa-
4yaHHS M ekcnenuTopebki nocayru. [loptu CLLA, 30kpema X 1ocToH abo
Jloc-AnKenec, MalOTh MOTYXHY 1HQPACTPYKTYpy, OJHAK 3ITKHYJIHCS 3
npobjaeMaMu MUTHHUX TapuQiB, Yepr i BUCOKUX JOTICTHYHHUX BUTPAT.
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Ta6mg 1. O6¢siTn CyTHOIIaBCTBA Ta 00’ €Mi KOHTEHHEPOOOIT 1 TOHHAXK CyJIeH
IopT / moka3Huk 2014 | 2019 | 2022 | 2023 | 2024

Cimranyp  —  KOHTEHHEPOOOIr, | g 1 | 3799 | 3729 | 39,01 | 41,12
TEU, mmH..
Cinramyp — BanoBuii Tonnax, GT, 210 3,00 3,06 3,09 311
MJIpJ. TOHH

Porrepnam — 3araibHUi BaHTa-
3K000Ir, MJIH. TOHH

X’FOCTOH — 3arajbHa TOHHAaX-
HICTB, MJIH. TOHH

445,0 | 466,0 | 467,4 | 438,8 | 4358

50,0 | 330,0 | 300,0 | 309,5 | 280,0

TakuM urHOM, BHOIp MOPTY AJS MMOCTAYaHHS 3aJeXKHUTh B 6aratbox
(hakTOpiB: MapHIPYTy CyIHA, TEPMiHIB peHCy, XapaKTepy BaHTaXKy, a Ta-
KOX BiJI TOJITUYHUX 1 EKOHOMIYHHX YMOB Y PErioHi.

JuHamika KiJTbKOCTI MOPCHKHX CYJICH, IO 0OCIYyrOBYBAIKMCS B PO3T-
JSTHYTHX TIOpPTax, HaBe/eHa B Tabnuii 2 Ta BigjoOpakeHa Ha puc. 1.

Tabmmms 2. O0csATH CyTHOIUIABCTBA Ta TOBAPOOOITY (THC. CYICH)

Pix CiHramyp PoTtepmam XBIOCTOH
2014 950 700 600
2015 970 710 590
2016 990 720 580
2017 1005 730 570
2018 1020 740 560
2019 1040 750 550
2020 1030 740 540
2021 1050 760 530
2022 1070 770 520
2023 1085 780 510
2024 1115 775 356

[ani, o HaBeaeHi y Tabauili 2 Ta Ha puc. 1, CBiIYaTh MPO 3POCTAHHS
o0csry cynHorutaBecTBa y noprax Cinramyp Ta Porrepmam i mamiHHs y
XproctoHi. JliHii TpeHay, Mo BimoOpakeHi Ha puc. 1, TO03BOJSAIOTH OIlIHU-
TH IMHaMIKy 3a octaHHi 10 pokiB.

EdexTrBHE mOCTauaHHs CyJeH MoTpedye He JIUIIe 3HAHHS MMOPTOBOI
cneundiky, a ¥ TpaMOTHO OpPraHi30BaHOI CHUCTEMH IUIaHyBaHHS Ta KO-
MyHikanii. Ha npaktuni e o3Hadae TicHY B3a€EMOJIII0 MK eKilaxeM CyIi-
Ha, BIJUIJIOM TIOCTaYaHHs KOMIIAHI{-BJACHUKA Ta JIOKAJIbHUMH areHTaMH.
Eximax ¢opmye criucok moTped — najauea, IPOAYKTIB, 3allaCHUX YaCTHH,
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IHCTPYMEHTIB — 1 Tiepeae Horo 0 BIITUIY JOTICTUKH, SIKUN 3aiiMaeThCs
MTOIITYKOM HAaHBUTITHIIIMX TOCTaYaIbHUKIB.

OnHamika KoHTeNHepoobiry ocHOBHWX NopTie ceiTy (2015-2024)
a0t

35¢
30F

25F Cinranyp
PoTTepnam
-®- X'l0CToH

20F

15f

Qbcar koHTelRHepoobiry, max TEU

10F

2016 2018 20I20 2022 2024
Pik

Puc. 1. lunamika o6csry cyaHoruiaBcTBa Ha mpotsisi 2014-2024 pp.

VY cydacHUX CyIHOIUIAaBHUX KOMITaHISX aKTHBHO BHKOPHCTOBYIOTHCS
uugposi mwiarpopmu Tumy ShipServ, SeaProc, a6o Baytpimmi ERP-
CHCTEMH, K1 JIO3BOJISIOTh KOHTPOJIOBATH CTaTyC 3aMOBJICHHSI B PEKHMI
peanbHOro 4acy. [lofiOHi iHCTpYMEHTH 3MEHINYIOTh PU3UKH IMOJBIHHUX
3aKyIIiBelb, OJETIIYIOTh (PiHAHCOBY 3BITHICTH 1 IalOTh 3MOT'Y aHaJi3yBa-
TU CTaTUCTUKY BUTPAT HA KOXKHE CY/THO.

BaxnuBuM HampsMOM € TaKOXX ONTHMi3allis JIaHIIOra IOCTa4aHb.
Kommnanii nemani gacrimne CTBOPIOIOTH PETiOHANBHI CKIIAN B CTpaTerid-
HUX TOukax — Hampukinazn, y Cinramypi, yOai un Porrepmami — mo6
IIBUJIKO PearyBaTy Ha 3allMTH CYJCH Y HAWOLIbII 3aBaHTAKEHUX paiioHaXx.

[Hmm# miaxin — 00’ €AHAHHS 3aKyIiBeNb IS KUTBKOX CYACH OJHOYAC-
HO, 1110 J03BOJIS€ 3HU3UTH TPAHCIIOPTHI BUTPATH W OTPUMATH 3HIKKHU BiJl
MOCTaYaJIbHUKIB.

Jlist eKinaxiB CyJE€H BaXKJIMBO TaKOX HABYMTHCS IIJIAHYBATH CIIOKH-
BaHHS PECYPCiB — MacCTHII, TTAJIMBA, IUTHOI BOJIM Ta MPOIYKTIB — 3 ypaxy-
BaHHSAM MapIIpyTy 1 TpUBaNocCTi peiicy. [IpaBuibHe mIaHyBaHHS 3MEHIITY€E
moTpedy B €KCTPEHUX 3aKYMIBIISAX, SKI 3a3BHYal JOPOXKYi W CKIIQIHIII 3
TOYKH 30pYy 0pOpPMIIEHHS IOKYMEHTIB.

BucHoBKH i mepcnekTHBH NMOAAJBIIMX AOCHiIKeHb. [locTauanHsa
Ta EKCIEeIUPYBaHHS CY/IEH Y CyYacHHUX YMOBaX 3aJHIIAIOTHCS CKJIATHUM
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0aratohakTOPHUM IIPOIICCOM, STKHH 3aJICKUTh Bijl pEriOHATLHUX OCOOIH-
BOCTEH, MHUTHOTO 3aKOHOJIaBCTBA, MOJITHYHAX PIlIEHb 1 PO3BUTKY MOPTO-
BO1 iHQPACTPYKTYpH.

Agiliceki mopTH, Hacamnepen CiHramyp, yTPUMYIOTh JIJIEPCTBO 3a-
BJISIKA THYYKOCTI, TeXHIUHiH 6a3i Ta TOCTYIMHOCTI TOBapiB. €BPOMENCHKI —
BUPI3HSIOTBCS CTAOUIBHICTIO, ajieé MaloTh YKOPCTKi €KOJIOTi4HI BHUMOTH.
AMEpUKaHChKI — CTHKAIOTHCS 3 MUTHUMU OOMEXKEHHSIMH, 10 BILIMBA€E Ha
MIBUIKICT 1 BAPTICTh MTOCTAYaHb.

[[o6 MiHIMI3yBaTH PU3WKH, CYJHOIUIABHMM KOMTIAHIsIM HEOOX1THO
po3BuBaTH iH()OPMAIIiKiHI CHCTEMU KOHTPOJIIO IMOCTaYaHb, YKJIAJATH JOB-
TOCTPOKOBI YIOX 3 NEPEBIPEHUMH NOCTAYaIbHIUKAMH i CTBOPIOBATH BIIa-
CHI CKJIaJINl Y CTPATETIYHUX ITOPTaX.

VY mepcrekTHBi KUTbKOX POKIB CHTYallis 3MiHFOBATUMETHCS ITiJ] BILIH-
BOM BITPOBaKCHHS IIU(DPOBUX TEXHOJIOTIH, «3€JIeHUX» iHiiaTHB MikHa-
pOIHOI MOPCHKOI OpTraHizallii Ta 3pOCTaHHS MOMUTY Ha aBTOMAaTH30BaHI
norictuyHi pimenHs. Komnanii, siki BXke CbOTO/HI iHBECTYIOTh Y THYY-
KICTh 1 TEXHOJIOTi], MATUMYTh CYTTEBY IEpeBary Ha riao0aJbHOMY PUHKY
MOPCBKUX TIEPEBE3CHb.
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JIATHOCTYBAHHSI TEXHIYHOI'O CTAHY CYJHOBUX
JU3EJIB

IlocTanoBka mpodjemu B 3arajibHoMy BUrasai. CyqHOBI Au3eni €
0araTOKOMIIOHEHTHUMH CTPYKTYPHUMHE 00’ €KTaMU, IIPH IbOMY:

e iX (YHKUIOHYBaHHS TOYMHAETHCS 3 TPHUHOMY Ha OOpT CyAHA
pobouux piauH (manuBa, MacTiia, Boan) [1, 2];

e iX OCHOBHUM €KCIUIyaTaliiHUM 3aBJAaHHSIM € IE€PETBOPCHHS
MOTEHIIHHOI eHeprii po0oYHX piANH Ha KOPUCHY poOOTY, 110 3abe3meuye
abo pyx cyaHa, abo BUPOOJIEHHS TEIUIOBOI Ta €IeKTPUYHOI eHeprii [3, 4];

e 3aBepIIANFHUM ETarnoM iX BHUPOOHHYOrO IHUKIY € BUAAJICHHS
BiJIMpaIibOBaHMX Ta3iB i 0XOJOKYBAIBHHUX PiAUH Y TOBKLLIA [3, 6].

IIpu npoMy HeoOXigHO 3abe3neuyBaTH HE TUIBKA BUMOTH IMIOJO
OTPUMAHHA 1X €(QEeKTHUBHOI MOTYXHOCTI 1 MITPUMKH €KOJOTIYHHUX Mapa-
METpiB, ajie i MiHIMaJIbHUH piBEHb BTPAT SHEPrii MiJ Yac MepeTBOPEHHS
BXimHOi eHeprii Ha KopucHy poboty [7, 8]. Cucremamu, siKi CIIPHSAIOTH
LBOMY, € CHCTEMHU MAIIEHHS, SIKi 32 CBOIM NPHU3HAYCHHSAM Ta (yHKLIOHY-
BaHHAM IMOJIAIOTh Ha IMPKYJIALiHI Ta mutiaaposi [9, 10].

CymHOBI Au3eli, 110 BCTAHOBJIIOIOTHCS Ta BUKOPUCTOBYIOTHCS Ha CY-
JTHaX MOPCBHKOIO Ta BHYTPILIHHOTO BOJHOTO TPAHCIOPTY, BUKOHYIOTbH
(hyHKIIIT TOJOBHUX (B pa3i BAKOPUCTAHHS 1X MMOTYKHOCTI JIJIsl 3a0e3IeYeH-
HSl pyXy Cy/IHA) Ta JONOMDKHHUX (B BUTIAJIKY, KOJH iX TOTYXKHICTh CIIOXKHU-
BA€ETHCS CNICKTPOJABUTYHAMH CYIHOBOTO oOnanHanHs [11, 12].

AHaJi3 ocTaHHiX gocaimkens i mydaikamiii. Konctpykiiiiai Ta Tex-
HOJIOTIYHI 3aX0iM, 10 3a0e3MeUyIOTh 3HMKCHHS BTpAT SHEPrii ImiJ dac
3a0e3TeUeHHs] TPOIIECIB MallleHHs] CYIHOBUX JIBUTYHIB BHYTPINIHBOTO
3TOPSIHHSA, PO3risiAanucs B pisHux pobortax. [Ipu npomy yBara nmpuains-
nacst Moaudikamii MoBepXoHb LMIiHApO-TIOpIIHeBoi rpynu [13, 14], 3a-
Oe3revyeHHI0 MiHIMaIbHOT BUTpaTH nanusa [15, 16] i BinactuBocTel po6o-
YMX MMOBEPXOHHh OCHOBHHX eJIeMeHTiB au3ens [17, 18].

AHai3 0CBily NPOEKTYBaHHS Ta €KCIUTyaTalii CyJHOBHX IPOILYJIb-
CHUBHHUX KOMIUIEKCIB, 1110 3a0€3Me4yloTh MIiHIMaJbHUH piBEHb HEOOEPTO-



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 67

BUX BTpAT, MOKa3ye, IO iX BAOCKOHAJICHHS JOLIIBHO BECTH 32 HACTYIHHU-
MU HarpsiIMKaMH:

® MiABHIICHHS CTIMKOCTI pOOOTH JeTaneil KpUBOIIMITHO-IIATYHHOT'O
mexanizmy (KILM) i migmmnaukis pyxy [19, 20];

e 3HWKEHHS BTpaT CHEpril 3a PaxyHOK MiJBHILECHHS MPY>KHOAEMII-
(yrounx BIacTUBOCTEH MacTHILHOTO MaTepiaiy, 1o 3a0e3neyye NpoLecH
MameHdst ta oxonomkeHHs KIIM 1 mAIIMIIHUKIB KOB3aHHS, a TaKOX
npale3 aTHid CTaH KojiiHyaroro Baiy [21, 22];

e MiHiMi3amii riApaBIiYHUX BTPAT i KOHTAKTHUX HABAaHTAXKEHb Y Ta-
JIMBHIH anapartypi BUCOKOTO TUCKY [23, 24];

® PO3BUTKY METOIIB AIarHOCTUKH TEXHIYHOTO CTaHy BY3JIB i JeTa-
nel mu3ens, a TakoXK (YHKIIOHABHUX XapaKTEPHCTUK POOOUHX PiTuH,
1110 3a0€e3Meuy0Th OTPUMAHHS KOPUCHOI poboTH [25, 26].

Haif0inpmuM JOCTYmHMM B yMOBaxX eKcIUTyartalii BXe iCHYIHOYOTo
€HepreTHYHOro OOJaHAHHS € ONTHUMI3alis PpOOOTH IUPKYIISIIHHAX CHC-
TEM MalleHHS.

IocranoBka 3aBaaHHsl. 3aBIaHHAM JOCTIKEHHS Oyia po3poOka
METOAY JIiarHOCTYBaHHS TEXHIYHOTO CTaHy CyJTHOBUX JH3EIiB.

Bukiaan ocHOBHOro matepiany aociigxeHHsi. TexHIYHWA CTaH Ta
eKCIUTyaTalliifHi MOKa3HUKA POOOTH CYJIHOBHX CHEPIETHYHHUX YCTaHOBOK
BU3HAYAIOTHCS €EKTUBHICTIO poOOTH CHUCTEM MallleHHS, AKi 3abe3mnedy-
I0Th MiHIMAJILHUI piBEHBb BTPAT €HEpPrii mija 4ac ii mepegadvi A0 CIIOKHUBa-
giB. [ligBuimeHHs epeKTUBHOCTI POOOTH CHUCTEM MAIICHHS OCATAE€ThCS
pizHumE nusixamu [27, 28]. 3 1ijoro psay METO/IB, O € HAROLIBII MpH-
WHATHUMH Ul €HEPreTUYHHX YCTAaHOBOK 3aCO0IB BOJHOTO TPAHCIIOPTY
YMOB (3 TEXHOJIOTIYHOI Ta ()iHAHCOBOI TOYKHU 30pY), € BUKOPUCTAHHS OTI-
TUMAaJIFHOTO JIOJIMBAHHSI MacTHJIa B CHCTEMY Ta 3aCTOCYBAaHHS MIOBEPXHE-
Bo akTHBHUX peuoBuH (ITAP) [29, 30].

BrumB iHTEHCHBHOCTI JOJMBaHHS MOTOPHOTO MacTHJa B 3arajbHUH
00’eM HMPKYJALIAHOT CUCTEMHM MaIllcHHS Ha MEXaHiuHI BTpaTH €Hepril
MOJJIMBO OIIHWUTH 32 3MIHOI MeXaHIYHOro Koe(illieHTy KOpPHCHOI il
(KK) ousenst muis pi3HUX YMOB eKcIutyartanii (pi3sHUX YMOB IOINOBHEHHS
CHCTEMH MalICHHS CBDKMM MacTwioM). sl [bOro BUKOHYBaJIOCh BHUMi-
proBanas Mexaniynoro KKJ[ Ha pi3HHX pexumax poOOTH JH3emiB
6EY22AW (o BiamosigaroTh 35-t1, 50-TH, 65-TH 1 80-TH %-0MY HaBaH-
Ta)XEHHIO) 32 Pi3HOI IHTEHCUBHOCTI [TOTIOBHEHHS CUCTEMH MaIeHHS:

o 1-mii au3einb — yepes koxHi 100 roauH podoTH;

e 2-uif —yepe3 KOXkKHi 25 TomuH poOoTHNe

e 3-uif — yepe3 koxHi 10 ronuH poOOTH.
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Ha koxsaomy 3 mocimimkyBaHuX pPeXAMIB  (0,35Nenom,  0,5Nenom
0,65Nenom, 0,8Nenom, 1€ Nenom — HOMiHAJbHE HABAHTAXKCHHS) IU3EII €KC-
ITyaTyBaJIUCS PIBHUIM MPOMIXKOK Yacy, KU 3aJIGKHO BiJ] HABAHTAXKCHHS
CYJTHOBOI €JIEKTpOCTaHIIii cTaHoBUB 1,5...2,5 roguHu. 3MiHa HABaHTAXKCH-
Hs Ha JIBUTYHU 3a Iieil yac He nepepuirysaio +2,5 %, a oTpuManuii macus
3HadeHb MexaHiuHoro KK/ 103B0jsSB 13 BUCOKOIO TOYHICTIO BU3HAYUTH

iforo cepenne 3Hadenus [31].
VY pesynbTati Oynu OTpUMaHi 3HAYEHHS, y3araJbHEHI y BUTIISAL Tal-
muti 1, 3a pesynbraTamu sKOi moOyIOBaHA diarpama, IO HaBeJACHa Ha

puc. 1.

Tab6muig 1. Mexaniunuit KK/ ta BignocHe 30iabinents mexanianoro KKJI, %,
cyaHoBux au3zeniB 6EY22AW ¢ipmu Yanmar 3a pisHHUX YMOB eKcIuTyaTaiii

VMOBH exerutyaTarii HaBanrtaxeHHs Ha nU3elb
y 0135Nen0m 075Nen0m 0165Nen0m 078Nen0m

Huzens Ne 1 (momosHeH- 0,722 0,776 0,793 0,842
Hs gepe3 100 rogun) _ - - _
JHuzens Ne 2 (IOIIOBHEH- 0,786 0,812 0,828 0,868
HsI yepes 25 rouH) 8,86 4,64 4,41 3,09
Jusens Ne 3 (momoBHeH- 0,803 0,831 0,842 0,874
Hs1 uepe3 10 roaun) 11,22 7,09 6,18 3,80

Bignocue 36inabinenas mexaniunoro KKJI, 3HaueHHs sSIKOr0 HaBeIEHI

B TaOmuIi 1, BU3HAYATOCH 32 BUPA3aMH Ap 2™ 1000 — ana au3e-
n

s Ne 2 Ta An= Ns —Mh .100% — muist gusenst Ne 3, 1ie Mg, M2, M3 — MexaHi-
n

yunii KK/ BiAnOBIIHUX AU3EIiB.
L™
A,

%
0,85 I— ’

B 10

0,8

0,75 I 2
0.35Nepom 0:5Nepom  065Nenom  9:8Nenom 0,35Nenom 05Nepom  965Nepom  0-8Nepom
a) 0)
Puc. 1. Mexaniunnii KKJI (@) Ta BigHOCHE 36inbieHHs mexaniaHoro KKJII (6)
cynHoBux quzerst 6EY22AW dipmu Yanmar 3a pi3HOT iHTEHCHBHOCTI I0JIMBAHHS

MoTopHoro mactivia: 1 —uepe3 100 roaun; 2 — yepes 25 roaun; 3 — yepe3 10 roaun
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Hapeneni B Tabmumi 1 1 Ha puc. 1 pe3ynbTratd MiATBEPIKYIOTh 3HU-
JKEHHsI BTpAT €HEePTii ITij] 9ac CKOPOUYEHHS Jacy MiXK JOJTMBAHHAM MacTHIIa
B 00CST UPKYJISAIHHOT CHCTEMH.

Jns BusHauenHs BminBy IIAP Ha BTpaTtm eHeprii cymqHOBUX cepen-
HbOOOEPTOBHUX AM3EINIB EKCIIEPUMEHTH OTPUMAJIH HACTYITHE MPOIOBKEHHS
[32, 33]. Sk i B momepeHiii cepii eKCIEPUMEHTIB, TU3€il eKCILTyaTyBaIH-
csl Ha piBHOBENHMKOMY HaBaHTaxkeHHI (250...750)1(15...45) kBT, ogHakoBy
KUTBKICTB "acy 12...15 rogun/no0y.

TexHooriyHa TOCTIAOBHICTh MPOBEACHHS CKCIICPHUMEHTIB TOJIATaIa
B HACTYITHOMY.

[Mepmmii nuzens OyB «KOHTPOJIBHUMY, 1 MicHsl 3aMiHU MacTUiia B oro
CUCTEMI MAIICHHS IHIIWX TEXHIYHUX 3aXOIB 3 HUM HE MPOBOAMIOCH, 1
BIJIMTOBITHO 10 BUMOT 3aBOAY-BHPOOHMKA MOr0 eKCILTyaTamis 3AiiCHIOBa-
nacst mpotsiroMm 100 rogua podoTr 6€3 TPOMIKHOTO TIOTTOBHEHHS MacTHIIa
B cucTeMi. 3a 1eil nmepiol eKcIuIyaTallil KiIbKiCTh MacTHIa B IUPKYJIALIiH-
HI cuCTeMi AM3eNs He 3HIKYBallaCh HIKYE TPAHUYHO JOIYCTHMOTO
3HaueHHs. [Ipu bOMy B LUPKYJISALINHIA cuctemi 3 TouHicTio +(2,5...3) %
MiATPUMYBAITUCS TIOCTIHHAIA THCK 1 TeMITepaTypa MacTuia.

Cucrema MallleHHs APYroro JU3ess MOMOBHIOBANIACS CBIKUM MacTH-
oM 4vepe3 KokHi 10 romuH poOOTH O BEPXHBOTO PEKOMEHIOBAHOTO B
KapTepi AU3ens, II0 BiAOBIAAI0 MAaKCHMAIBHO MOKIIMBOMY 00CATY Mac-
Tiia B cucreMi. JlaHuil mepion MOMOBHEHHsSI OyJ0 BH3HAYEHO B SIKOCTI
ONITUMAJIBHOTO ITiJl YaC TMPOBEJICHHS MONIEPEIHIX EKCIIEPHUMEHTIB.

Cucrema MaieHHsI TPETHOTO JIU3ENs CIIOYaTKy 3allOBHIOBAIAcs Mac-
TrsioM 3 [TAP, 1o MicTuTh y cBoeMy ckitaji coii Mifi. OnTuManbHa KOH-
nenTpaitis [TAP cranosuna 0,1 % Big oOcsary MacTuia B CHCTEMi MallCH-
Hs 1 OyJia BCTAaHOBJICHA 3a JIOTIOMOTOIO TMOMEPEIHIX ONTUYHHX 1 TprOOTE-
XxHIYHUX fgociimkens [34, 35]. Kpim Toro, uepe3 koxkHi 10 roaus po6oTH
3MIACHIOBAJIOCS TMOTIOBHEHHS MUPKYJAMIAHOI CHCTEMH MAIeHHs JaHOTO
JIM3eIsE MAaCTHIIOM 3 TaKoro % KoHueHrpariieo [TAP [36, 37].

AHanoriyHo monepeHiii cepii eKCIIeprUMEeHTIB, A KOXKHOTO JAHM3eIs
B miana3oni HaBaHTaxeHb (0,35...0,8)Ngyom BUKOHYBAOCS BH3HAYCHHS
MexaHignoro KK/ Ta moganpmmii po3paxyHOK 301IbIIEHHS MEXaHIYHOTO
KK]JI 3a yMOB 3MiHHM eKCIUTyaTallii CHCTEM MaIlCHHSI.

Pesynprati 1MX eKCIEpUMEHTIB HaBelleHI B Ta0y. 2 Ta HajgaHl Ha
puc. 2.
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Ta6muis 2. Mexauniunuii KK/ Ta BigHocHe 30iabieHHs Mexanianoro KKJ]I, %,
cynHoBux am3eniB 6EY22AW ¢ipmu Yanmar 3a pi3sHEX yMOB eKCIUTyaTarii

VMOBH eKcITyaTanii HaBaHTaxeHHs Ha IH3ENTb
y 0135Nen0m 015Nen0m 0165Nen0m 0!8Nen0m
[TonoBHEHHS Yepes 0,726 0,771 0,789 0,832
100 rogun _ — _ _
ITomoBHEHHS Yepes 0,808 0,841 0,847 0,872
10 roguH 1129 9,08 7,35 4,81
lfSHOBHeHH" Hepes 0,834 0,871 0,881 0,912
FOJVH Ta JOJABAHHI
AP 1488 | 1297 11,66 9,62
n,
0.9 - : A
0.85 _l —I /" | B
10
08 L
| 5 3
0,75 2 il . 5| |12 —1
2
071!
" 035Nenom O5Nenom  965Nepom  0-8Venom 035Nepom 05Nenom  065Nenom  08Nenom

a)

0)

Puc. 2. Mexaniunuii KKJI (@) Ta BimHOCHE 30inbmeHHs MexaHiunoro KKJI (6)
cyanoBux auzens 6EY22AW ¢ipmu Yanmar 3a pi3HOT iHTEHCUBHOCTI J10JIH-
BaHHA MacTmia: 1 — poboTa cucTeMH MallleHHS B IITATHOMY PEXHMIi; 2 — TM0-

MOBHEHHS CUCTeMH MamieHHs 4epe3 10 rogus pob6oTH; 3 — MONOBHEHHS CUCTE-

MU MateHHs yepe3 10 ronun pobotH i nonasanus [TAP

3 METOI0 JiarHOCTYBaHHsS TEXHIYHOTO CTaHy AW3eNlsi BUKOHYBAaBCS
aHalli3 MOTOPHOTO MAaCTHIIA, IKE BUKOPHUCTOBYBAIOCH B CUCTEMI ITUPKYIIS-
HiliHoro MaieHHs auseniB. [Ipu 1poMy B cynHOBiH nmabopatopii ipmu
Unitor BU3Ha4YaIMCch 3HAYEHHS BMICTY B MACTHIII METAJIEBUX JIOMIIIOK, Fe,
ppm, Ta 3aJUIIKOBOro JyxHoro uucia, BN, MrKOH/r. 3a BmMicToM MeTa-
JieBuX nomimok Fe, ppm, y MacTuii, 1o BiANpaitoBaio, MOKINBO OL[IHHU-
TH PIBEHb BTPAT €HEPTii IMiJ Yac MOCTYNAJIBHOTO PYXY B Mapax TEPTs I0-
PIIHEBE KUTbIle — MWJIIHAPOBA BTYJKA Ta BKJIAJWII IiIITUITHUKA — KOJIiH-
yatuii Baj. UuMm Buiie 3HaueHHs Fe y BiampanboBaHOMY MacTHII, TUM
OiJIbIIIE 3HOC IMX IIap TEPTH, a OT)KE OLIbIIC SIK KOHTAKTHI B3a€EMO/IIi, TaK i

BTPAaTH €Heprii.
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3HaueHHS 3aJIMIIKOBOro Jry>kHoro uncia BN, MrKOH/r, xapakrepu-
3ye (30KpeMa) TiIpaBIiyHy OIUTBHICTH TPHUOOIOTIYHOI CHCTEMH TIOPIITHEBE
KIUJIbLIe — MAaCTUIBHUM IIap — MUJIIHAPOBA BTyJKa. YUM BHIIE Ll MoKa3-
HUK, THM MEHIIIA YaCcTWHA Ta3iB, 110 YTBOPIOIOTHCS B IMJIIHAPI MiJ Yac
3TOPSIHHS TIAJIMBA, MPOXOAUTH TO A3CpKANTy BTYJIKH HWIIHIPOBOI depes
MOJKJTUBI HEINIJILHOCTI MiXK MOPITHEBUMH KiJIBISIMH Ta IWIIHIPOBOIO BTY-
JKO10. TakuM YMHOM, Y HMTIHIPI Pa3oM 3 MaTUBOM 3rOpsi€ MEHIIIA YacTH-
Ha MacTWIa, IO 3HAXOAUTHCS JIMIIE HaJl BEPXHIM / BEPXHIMH HOPIITHEBH-
MU K1JIBISIMH.

Pe3ynprati BHKOHAaHUX [OCIiPKEHh HABEACHO B TaOmuili 3 Ta Ha
puc. 3. Bu3HaueHHs 3HaYeHb BMICTY B MAacCTHJII METaJeBHX JOMIIIOK Ta
3aJIMIIKOBOTO JIY)KHOTO YHCJIa BUKOHYBAJIOCH Ui PI3HHX HAaBaHTAKCHb
cymHoBux gu3enmiB, 1mo BigmoBigamd 0,35Nenom, 0,5Nenom, 0,65Nenom,
0,8Ngnom. Ilpu 11bOMY B 3B’s13Ky 3i 30iroM IMX 3Ha4eHb B TAOJUIl 3 Ta Ha
puc. 3 HaBeJleHI pe3yabTaTh BUMPOOYBaHb, IO BiAMOBIAAIOTh €KCILTyaTa-
niHoMy pexumy 0,8Ngnom.

Tabnuug 3 — Pe3ynbraTl eKClIepUMEHTY

JIGE Yac ekcrnyaranii, FOAUHA

Ka3- 200 400 600 800 1000

Huk | 1 | 2 | 3 112|312 3|12 |3 ]1]2]3

I 52 | 43 | 28 | 53 | 36 |29 | 48 | 39 | 26 | 52 | 42 | 29 | 49 | 44 | 28

11 46 | 41 | 34 | 47 | 42 |33 | 44 |38 |32 |43 36|31 |44 |41 |33

Ipumimka: 1 — BMICT MeTaJIeBUX JJOMILIOK y BIANPalbOBAHOMY MacTHI,
Fe, ppm; II — 3anumikoBe nyxue uncio, BN, MrKOH/r mactuna; 1 — pobora
CHCTEMH MAIlleHHS B IITATHOMY PEXUMi; 2 — TIOMIOBHEHHS CUCTEMH MaICHHS
gepe3 10 rogusa po6oTH; 3 — TONOBHEHHS CUCTEMH MateHHs depe3 10 roaun
pobotu i ,I[O,I[aBaI;Ii—IH T1AP

wr-KOH

I
Fe, 45
ppm

50 I 40

40 3s

30 2 30
3 3

20

200 400 600 200 10004, ron 25 300 200 500 300 1000 Z1ou
a) 0)

Puc. 3. BmicTy MeTaneBUX AOMIIIOK (@) Ta 3aJHIIKOBE JyXKHE yncia (0) y Bia-
NpabOBAHOMY MAaCTHII CYIHOBUX jau3eist 6EY22AW ¢dipmu Yanmar 3a pisHUX
YMOB €KCILTyaTallii:

1 — poboTa cucTeMy MallieHHS B INTATHOMY PEXUMI;

2 — MOTIOBHEHHS CHCTEMH MaleHHs yepe3 10 roauH poooTy;

3 — momoBHEeHHs crcTeMH ManieHHs uyepe3 10 roaus pobdotu 1 nonasanus [TAP

©

i
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3icTaBiaeHHS pe3yabTaTIiB, IO HaBeACHI B TabmuIax 1-3, cBiguaTs, 0
BUIIAQJKaM HaWOLIbIIOro 3HadeHHS MexaHidHoro KK/ BigmoBimarOTh BHU-
MaJKy HaliMEHIIOro BMICTy B MAcTHJII METaleBUX JIOMIIIOK Ta HaiOinb-
IIMX 3HAYCHb OCTATOYHOTO JIY)KHOTO YHCJIa MAaCTHIIA.

BucHoBKH i mepcneKTHBHM MOAAJBIIMX AOCTiXKeHb. Ha mimcrasi
BUKOHAHUX JOCIJKCHb BU3HAYUMO HACTYITHE.

1. I3 winoro pAxy METONiB 3HIKEHHS MEXaHIYHUX BTpAT y CYIHOBHX
CepeTHhO00EPTOBUX TU3EISIX HAWOIIBII MPUAHATHUMH JUIS CYTHOBHX
YMOB (3 TEXHOJIOTI9HOI Ta (PiHAHCOBOI TOYKH 30pY) € BUKOPUCTAHHS OTI-
TUMAJIBHOTO JIOJIMBAHHS MACTWJIA B CUCTEMY IMPKYJIALIHHOTO MAIICHHS
Ta BUKOPHCTAHHS MOBEPXHEBO aKTHBHHUX pedoBHH. [lepruit (monmmBaHHS
MacTHIIa) PEKOMEHIOBAaHO 3aBOJIOM-BHTOTOBIIOBAYEM, aie, SK IMPABHIIO,
PO3pO0IIEHO I HOMIHAIBHOTO PEXXUMY POOOTH AM3ENS 32 YMOBH HOTO
eKCIUTyaTallii 3a CTaHAapTHUX YMOB. Jpyruii (BUKOPHCTAaHHS MTOBEPXHEBO
AKTUBHUX PEYOBHH) HE MA€ IIMPOKOTO PO3IMOBCIOKEHHS Yepe3 HeoOXi -
HICTh JIOJIATKOBUX JOCIIDKEHb Ta PO3POOKH CIieliaIbHUX PEKOMEH/IAILIH,
[0 BPaXOBYIOTh OCOOJMBOCTI €KCILIyaTallil AM3eliB Ha Pi3HUX eKCIUTya-
TallifHUX PeXUMaX, a TAKOXK Y BHUITATKaX 3MiHA OJHOTO COpPTY TalliBa Ha
1030000508

2. JliarHOCTYyBaHHS 3HMKCHHS MEXaHIYHMX BTPAT B CYJHOBUX JH3e-
JITX MOKJIMBO 3a OIiHKOIO ioro mexaHigHoro KKJI. Lleit mapamerp mix
gac pobotu muzens 6EY22AW ¢ipmu Yanmar 3 pekoMeHA0BaHOO ¢ip-
MOIO-BUPOOHHUKOM 1HTEHCUBHICTIO JIOJIMBAHHS MOTOPHOTO MAacTHJIa B I[HU-
PKYJIALIAHY CHCTEMY MalleHHs Ta 0e3 J0oaaTkoBoro poxasanHs [IAP no
00’eMy MoTOpHOTO MacTwia B fiana3oni HaBaHTakeHHS (0,35...0,8)Neyoy
3HaxoauThcs B Mexax 0,722...0,842. Bubip onTUMalbHOTO PEeXUMY I10-
MOBHEHHS LHUPKYJIALIAHOT CHCTEMHU, a TaKOX JIOJaBaHHSA B 3arajlbHHN
oOcsar mupkyIsniiHoi cucremu [IAP 3 onTHManbHOIO KOHIIEHTPAIIEO
(BM3HAYEHHS SKOI 3IIHCHIOETHCA IOTEpPEAHIMH JTa0OpaTOPHUMHE JTOCITi-
JOKCHHSIMHU), cripusie 30ubineHHi0 MexaHiunoro KKJI ausens mo piBHs
0,834...0,912 Ta BiAMOBITHOMY 3HIKCHHIO MEXaHIYHHUX BTpaT Ta 301Jb-
IICHHIO €)eKTUBHOI MOTYXHOCTI. [Ipn onTHManpbHOMY MOTIOBHEHHI ITUP-
KYJSIIHHOT cHCTEeMH (SIKe BIAMOBIAHO 10 E€KCIIEPUMEHTAJIbHUX JOCIi-
JDKEeHb ckiiagae 10 roguH) ta J0JaBaHHIM JI0 O0CATY HUPKYJISLIHHOT CHC-
temu MarnieHHs [IAP (3 ontumanbHoro KoHUEeHTpartliew 0,1 % 3a 3aranb-
HUM OOCATOM CHCTEMH) MOXIJIHMBO AocsrHeHHs 9,62...14,62 %-¢ 30i1b-
menns Mexaniunoro KK/ nusens ta BiAmOBigHE 3MEHIIEHHS HOro Mexa-
HIYHUX BTpAT.
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3. JliarHoCcTyBaHHSA BTpaTH €HEprii, 10 BHHHUKAIOTH IPH 3BOPOTHO-
MOCTYNAJIBHOMY PYCi Y By3Jax TepTs CyIHOBUX IBUTYHIB BHYTPILIHbOTO
3rOpsiHHS (30KpeMa MpH NepeMillieHH] MOPIIHS B LWIIHAPI), Ta 00epTab-
HOTO PyXy KOJIHYATOTO Bally B MOTHJIHOBHUX Ta PAaMOBHUX IIiJIINITHUKAX
MO’Ke OyTH BUKOHAHO 3a XapaKTepUCTUKAMH BiAIPallbOBAHOI'O MAacTUIIA,
B3STOTO 3 Horo kaprepy. lIpu npomy sIK KpuUTepiil TOUIIBHO BUKOPHCTO-
BYBAaTH BMICT METaJEBUX JOMIIIOK Yy BiANPallbOBAHOMY MAacTHJI Ta HOTo
3aJUIIKOBE JIy’)KHE YHCIO. 3O0UNBIICHHS BMICTY MEXaHIYHHX JIOMIIIOK
CBIUATH TIPO MIJBWIICHHS PIBHSA KOHTAKTHUX B3a€MOMIA y Tapi TepTs
MOPIIHEB] KiJbLA — BTYJIKA HUJIIHAPA Ta KOJIHYATHH Bal — BKJIQAHULI Tij-
LIMITHUKA Ta 3POCTaHHS BTPAT €Heprii. 3Ha4eHHs 3aJUIIKOBOTO JIyKHOI'O
YHCciIa MacTHIa, 0 BUKOPUCTOBYETHCS AJIS 3MAIlyBaHHS LMJIiHAPONOPIL-
HEBOi TPYMHU IH3eisi, MOXKE XapakTepU3yBaTH TiJpaBiiuHy IIiTBHICT
TPHUOOJIOTIYHOI CUCTEMH MOPIIHEBE KiJblle — MACTHIBHUN IIap — MUTIHA-
poBa BTyjka. [Ipy mpoMy BENMKHUM 3HAUEHHSM 3aJMILIKOBOTO JIY>KHOTO
Yyclia MacTH/Ia BiJNOBiae OibIa ripaBiivuHa MIUIBHICTH 1 MEHIII 3Ha-
YEeHHS! MiHIMAJIbHO HEMHHYYHX BTpaT €Heprii.

4. ExcriepuMeHTaIbHO BCTAHOBIIEHO B32€MO3B 30K MiXK MEXaHIYHUM
KK/ nu3ens Ta XapakTepUCTUKaMHU MAcTHIIA, IO BUKOPUCTOBYETHCS B
HOro CHCTEeMI IUPKYJIAIINHOrO MalieHHs. ExcrutyaraniiHuM yMoBaMm, I
qJac SKUX CIOCTepiracThcst HaiOinmbImi 3HaueHHs MmexanigHoro KKJI Bin-
MOBIJAIOTh BUMAJKN HAMMEHILIOIO BMICTY B MAaCTHJII METAJIEBHUX JOMIILIOK
Ta HAWOUTBIINX 3HAYEHb OCTATOYHOTO JIY)KHOTO YKCIIa MacTHIIA.

5. Buznauenns mexanignoro KK/ cynHoBux nuseniB norpe0Oye 3Hau-
HO MEHLIOT0 4Yacy Ha BUKOHAHHSA B MOPIBHSIHHI 3 METOAAMHU JiarHOCTY-
BaHHsS TEXHIYHOTO CTaHy MiJl Yac SKUX BUKOHYETHCS aHalli3 MOTOPHOTO
Mactwia. Tomy came mero]] Bu3HadeHHs1 mexaHiyHoro KK/ pexomenny-
€THCS JUISI JIarHOCTYBaHHS TEXHIYHOTO CTaHy CYJHOBHUX JN3EITIB
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! HarionansHuit TPaHCIIOPTHHI YHIBEPCHUTET,
2 ITpua3oBchbkuil Aep:KaBHUN TEXHIYHHUNA YHIBEPCHUTET,
¥ OpechKuil HAIOHATBHAN MOPCHKHIT YHIBEpCHUTET

MATEPIAJIO3HABYI TEHJEHIIIT YIOCKOHAJIEHHS
HECIBHUX EJIEMEHTIB I CUCTEM
EHEPI'O3ABE3IIEYEHHSA 3ACOBIB TPAHCIIOPTY

IlocTanoBka mnpodJeMu y 3arajbHOMY BHIJISIAL. AKTYalbHICTh
MPOBENEHHS HAYKOBO-TIPUKIIAJHOTO OCIIHKEHHS, PHUCBIYCHOTO MaTepi-
QJIO3HABYMM TCHCHINSM yJIOCKOHAJCHHS HECIBHUX EJIEMEHTIB 1 CHCTEM
eHepro3ale3nedeHHs] TPaHCIOPTY, 3yMOBJIEHA HHU3KOIO IJI00AaJbHUX BHU-
KIUKIB 1 mOTped cydacHoi iHxeHepii Ta ekoHOMiku. LlIBuaKuil po3BUTOK
TPaAHCIIOPTHOI rajy3i BUMarae MOCTIHHOTO MiJBHUIICHHS i1 e(pEeKTHBHOCTI,
HaJIMHOCTI Ta exonorigHocTi. OCHOBHI TIPOOIEMH, 10 CTOSATH MEpe. Tpa-
HCTIOPTHUM MaITMHOOYAyBaHHSAM, Oe3MocepeIHhO MOB'sI3aH] 3 BUOOPOM 1
3aCTOCYBaHHSIM IHHOBaIiiHUX MaTepianiB. [ligBuieHHs eHeproedeKkTrus-
HOCTI € KpUTHYHO BaKJIMBUM 3aBJAHHSIM, SIKE€ TICHO KODPEJIIOE 31 3MEH-
LIEHHSM MacHu KOHCTpyKUii. KoxeH kijorpam, yCyHeHHH i3 Macu TpaHc-
MOPTHOTO 3aco0y, MPSIMO BIUTMBAE HA 3HWKEHHSI CIIOKUBAHHS MaJinBa abo
enekTpoeneprii. OTke, Marepiajlo3HABCTBO CTAa€ KJIHOYOBOK JIUCIUILII-
HOIO y JOCSITHEHHI LILOTO TPOTpecy.

CyuacHi HECiBHI €JIEMEHTH, 30KpeMa OIOPH TPIOMHHUX KPULIOK, OCTO-
BU 00Ja{HaHHS, aHKEPHI 3B’SI3KH, BAJIM, PaMU, Ky30BH Ta OCi, eKCILTyaTy-
IOTBCSI B YMOBAaX 3pOCTal0YMX HABaHTaKeHb 1 arpeCUBHUX cepenoBuil. Lle
BHMArae Biji MaTepialliB BHCOKOT BTOMHOI MIITHOCTi, KOPO3iiHOT CTIHKOCTI
Ta 3HOCOCTiMKOCTI. Tpaaullifini MeTaid Ta CIUIaBU 4YacTO JOCSIIIH MEXi
CBOIX MOXKJIMBOCTEH O€3 CyTTEBOro 30uiblieHHs Macu. CaMe TOMY IIHPO-
K€ BIPOBAKEHHS JIETKUX BUCOKOMIITHMX MaTepiajiB, TAKUX SIK KOMIIO3HU-
TH Ha TIOJIIMEPHIN Ta MeTaleBii MaTpPUIISIX, HA0OYBAE CTPATETIYHOTO 3HA-
YeHHs. BHKOpHCTaHHS KOMMO3HIIHHHX MaTepialliB JI03BOJSIE JOCSTTH
VHIKQJIHOTO IOE€AHAHHS MII[HOCTi, KOPCTKOCTI Ta HaJA3BHYAHHO Manoi
ryctuad. OJHOYACcHO icHye nmoTpeba B onTUMi3auii mporeciB BAPOOHHIIT-
Ba [MX MaTepiaiiB Jjis 3a0e3MeUeHHs iIXHbOI €eKOHOMIYHOI IOIILHOCTI Ta
CEepiHHOCTI 3aCTOCYBaHHS.
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[TapanenbHO BiIOYBA€ThCS PEBONIOLIMHA TpaHCHOpMaLlist CHCTEM
eHepro3ade3nedeHHs TPaHCIOPTY, MOB'A3aHa 3 IEPEX0/I0M Ha eJIEKTPHYH,
ribpuani Ta BoxHeBi TexHouorii. Lle cTBOproe HOBI MaTepiano3HaByi BU-
kiuky. Cructemu 30epiraHsi eHeprii, 30KpemMa JiTii-10HHI aKyMyJsTOPH,
BAMAararoTh MaTepiaiiB 3 BUCOKOIO IIUTOMOIO €HEPri€l0 Ta MOTYXKHICTIO, a
TaKOX MiABHUIICHOIO TEPMIUHOIO cTabiIbHICTIO Ta Oe3neunHicTio. Marepia-
JM eJIEKTPOJIB, €JIEKTPONITH Ta cemaparopu € 00'€KTaMu iHTEHCHBHHX
JOCTIDKEHB TS MIABUIIEHHS MHUKIIYHOTO Pecypcy Ta MIBHUAKOCTI 3apsi-
mxaHasa. KpiM Toro, po3po0Oka MaJIMBHUX €JIEMEHTIB Ha BOJHI TaKOX 3a-
JISKUTH BiJl HOBUX KaTalizaTopiB, MeMOpaH i Oimossipux rmiactud. LIi
€JIEMEHTH MOBUHHI OyTH e()eKTHBHUMH, JOBITOBIYHUMH Ta MaTH JOCTYITHY
BapTICTh.

[TpoBeneHHs IOTO HAYKOBO-TIPHKIIAJHOTO TOCIIKCHHS CHPUSTHME
(hOopMyBaHHIO HAYKOBO OOIPYHTOBAaHUX PEKOMEHJIAIlH 11010 BUOOpPY Ma-
TepialliB Ta TEXHOJOTIM Al CTBOPEHHS TPAaHCIOPTHHUX 3aCO0iB HOBOTO
MOKOMiHHS. BOHO J03BONMUTH CHCTEeMAaTH3yBaTH CBITOBI MaTepialio3HaBdi
TPEeHIM Ta aJaNTyBaTH iX J0 BITYU3HSIHUX MPOMHUCIOBUX YMOB. Pe3ynbra-
TA JOCTIKEHHS! CTaHYTh OCHOBOIO JUISI PO3POOKM HOBHX CTaHAAPTIB 1
TEXHIYHUX PETIAMEHTIB, M0 MiABUIIUTH SKICTh 1 HAAIWHICTh TPAHCIIOPT-
HOI TeXHIKH. Y MiZICYMKY, BUPILICHHS] MaTepiaJlo3HABYMX 3aBAaHb € KITIO-
9OBUM (PAKTOpOM AJISI MEPEXOAY IO CTAJOr0 Ta BUCOKOTEXHOJIOTIYHOTO
TpaHcmopty. Lle mocmimkeHHs Oe3rnocepeHbO BiAINOBiNAE AepKaBHUM
MpiopuTeTaM IHHOBAIIIHHOTO PO3BHTKY.

AHaJjii3 ocTaHHIX X0CTiXKeHb i myomikaniii. Y podorax [1, 2] npo-
BEJCHO EKCIEPUMEHTAJILHE AOCIIIKEHHS TPUOOIOTIUHIX XapaKTEePUCTHK
HAaHOMAaCTWJI, BUTOTOBJICHUX Ha OCHOBI METAJIEBUX OKCHAIB. A TaKOX BHU-
3Ha4yHO BIUMB DLC-TIOKpHUTTIB Ha MiKpoaOpa3uBHE 3HONITYBAHHS THTAHO-
Bux cruiaBiB Ti-22Nb-6Zr, oTpuMaHUX MOPOILIKOBOK MeTanyprier. Y
nocuipkeHHi [3-5] aBTopu po3poOniy MaTeMaTHYHY MOJENh €HepreTud-
HUX TPOIECIB y TATOBUX CHUCTEMax IIiJ[3eMHOro TpaHcrnopty. [lokazaHo,
IO ONTHMIi3allisi EMHOCTI KOHJIEHCATOPHUX OJIOKIB 3a0e3reuye 3MeHIICH-
HSl TIKOBMX HaBaHTaXeHb 1 BTpaT eHeprii. Ctarti [6-9] anamizytoTs: me-
XaHI3MU BMHUKHEHHS CTPYMOBHUX IPOOOIB 1 epo3iiiHux aeekTiB y mij-
NIMITHUKAaX JIBUTYHIB €JIEKTPOMOOLTIB; BUKOPUCTAHHS OOBITHOTO KaHAITy
BUXJIOITHUX Ta3iB AJIS1 3HWKEHHS IIKiJUIMBUX BUKWIB CYJHOBUX AM3ETIB;
teruto3axucHi mokputTst (TBCs) mis BHCOKOTeMIIEpaTypHHUX €JIEMEHTIB
mammH [10-13]. V [14-16] Bu3HAUYe€HO OCHOBHI NMPHYWUHM BiJMOB IAJINB-
HUX CHCTEM 1 criocoOu ix 3amobiraHHs Ta KIacu(pikoBaHO iCHYOYI MiIX0-
I 10 OLIIHKM PHU3HKIB 1 3aIPONOHYBAIH IHTETPOBAHY CUCTEMY KOHTPOJIIO.
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Hocmimkenass [17-19] npucBsdeHi BHU3HAYEHHIO BIUIMBY IOKPHUTTIB Ha
3HOCOCTIHKICTb.

VY crartax [20-22] po3risiHyTO MPUKIAAW BUKOPUCTAHHS aJUTUBHHUX
MPOLIECIB JIJIS 3HIDKEHHS MacH Ta MiJIBHICHHS e()eKTUBHOCTI BY3JIiB Tpa-
HCIIOPTHHX 3ac00iB.

[IpoBeneHwmii aHaTi3 HAYKOBO-TEXHIYHOI JIITEPATYpH MiATBEPKYE, IO
KOMILJIEKCHOMY Ta iIHTETPOBAaHOMY BHBUYEHHIO MaTepialo3HaBUMX TEHACH-
Li{ TS OTHOYACHOTO YAOCKOHAJIEHHS K HECIBHMX €JIEMEHTIB, TaK 1 CHC-
TeM eHepro3ade3neyeH s TPAHCIIOPTY He MPUALICHO HaIEXKHOI yBary.

IocranoBka 3aBnanus. Cy4acHH TPaHCIIOPT CTHKAETHCS 3 PyHAA-
MEHTAJIHHOIO 1H)KEHEPHOIO MPOOJIEMOI0: HEOOXITHICTIO OAHOYACHOTO ITiJI-
BUIICHHS HAJIMHOCTI, 3HWKCHHS MacH HECIBHUX EJIEMEHTIB 1 KapIuHAIb-
HOTO 301NIbIICHHS] €HepreTHYHOi eQeKTHBHOCTI. IcHyrowi MaTepianu Ta
TEXHOJIOTI] [Tl HECIBHUX KOHCTPYKIIN 4acTo He 3a0e3neuyroTh HeoOXia-
HOI NMATOMOI MIITHOCTI Ta MalOTh OOMEXKEHHH pecypc poOOTH B yMOBax
BHUCOKHX UUKITIYHHX HaBaHTaXeHb. Lle mMpuU3BOAWTH 70 3HAYHOI BIACHOI
MacH TPAaHCHOPTHUX 3aco0iB, IO HEraTUBHO BIUIMBAE Ha MAJWB-
Hy/€HEepreTHYHYy €KOHOMIYHICTh. BogHOYAaC, IHTEHCHBHUN PO3BHTOK ele-
KTPOTPAHCIIOPTY BUMAara€e po3poOKH HOBHUX MaTepialliB A aKyMyJsITOp-
HUX CHUCTEM, SIKi MalOTh BUCOKY NHTOMY €HEpPril0 Ta Oe3MeYHICTh, IO €
CEepHO3HUM MaTepiao3HaBYNM BUKIMKOM. [IpoOnema mosnsrae y BincyT-
HOCTi €IMHOI METOJI0JI0Tii BHOOpY Ta omnTHUMIi3aiii MaTepianiB, sika O Bpa-
XOBYyBajla KOMIUIEKCHI BUMOTH JI0 CTPYKTYPHOI IIUTICHOCTI 1 €HepreTHIHOT
edexTuBHOCTI. HecpusATIMBI HACIIKM TaKOl PO3'€IHAHOCTI BKIIIOYAIOTh
HEBUIIPABIaHO BHCOKi EKCIUTyaTalliiHi BUTPaTH Ta MOBUIRHE BIPOBa-
JDKEHHS! €KOJIOTTYHO YHCTHX pilleHb. TaKuM YMHOM, aKTyalbHOK HayKoO-
BO-TIPUKJIAHOIO MTPOOJIEMOIO € PO3po0Ka HAYKOBUX 3acaj Ta TEXHOJIOTIY-
HUX pIIIEHb IS IHTErPOBAHOTO MaTePialo3HABUOTO YAOCKOHAICHHS 000X
KJTFOYOBUX CHCTEM TPaHCIIOPTY.

Merta nociipkeHHs: HAyKOBE OOTPYHTYBAaHHS Ta PO3pOOKa KOMIUIEK-
Cy MaTepialo3HaBYMX TEHJICHIIN 1 TEXHOJOTIYHUX pillieHb It 3abe3re-
YEeHHS! CYTTEBOTO IiJIBUILEHHS €KCIUTyaTalliiHUX XapaKTEePUCTHK HECiB-
HUX €JIEMEHTIB Ta CHCTEM €HEepro3a0e3reyeHHs] Cy4acHOTO 1 IepCIIeKTHB-
HOTO TPAHCIIOPTY.

Bukiaa ocHoBHOro martepiany aociaizxenHs. HeciBHi koHCTpyKuil
TPAHCHOPTHUX 3ac00iB (OCTOBHM, BajM, ONOpPHU, Ky30BH, paMH, CTIHKH)
BH3HAYAIOTh MEXaHIYHY CTIHKICTh Ta EKCIUTyaTalliiiHi XapaKTepPHCTHKH
00’exTa. Cy4acHi BUMOTH JI0 3MEHIIICHHS MACH ¥ IMiJIBUIIICHHS KOPO31iHOT
CTIMKOCTi CTUMYJIIOIOTh 3aCTOCYBaHHS IHHOBAaLlIHUX MaTepialiB.
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Jleeki cnaasu ma eucoxkomiyni cmani. BECOKOMIIHI MIKpOJIETOBaHI
crani (BMC): 3actocoBytorscs cram tumiB AHSS, TRIP, TWIP 3 rpanu-
yHOt MinHicTIO monay 1000 MlIla, 1110 103BOJISAIOTE 3MEHIITYBATH TOBIIH-
Hy JIUCTA Ta 3a0e3MeuyBaTH BUCOKY IMacCUBHY Oe3reKky (0e3reKkoBa KIIiTKa).
Crani 3 rapsunm mrammnyBanaaM: [licims 0OpoOKky MaroTh OCOOJIMBO BH-
COKY MIIIHICTh i BUKOPUCTOBYIOTBCS JIJIsi HAWBIAMOBIJAIBHIIINX €ICMEH-
TiB (CTIHKHU Aaxy, NBEpHi OaJIKH). AOMIHI€BI CIUIABU: TEHACHLIIS MOJIATAE
y po3po0iIi CIUTaBiB 3 BHIIOI MIIHICTIO, MMOJIIIIEHOI KOPO3iiHOO CTiii-
KICTIO Ta 3[JaTHICTIO O JIUTTS IiJ] TUCKOM ISl CKJIQAHUX TOHKOCTIHHHX
KOHCTPYKUi# (Hampukiaz, y ky3oBax Audi A8, Tesla). Marniesi cruiaBu:
e JIeTII 3a aFOMIHIEBI; pO3pOOJIAIOTECS HOBI CIUIaBH (3 TOMaBaHHSIM
PiAKICHO3EeMENTPHUX METAJIiB) Ta TEXHOJIOTI] 3aXUCTy IJIsl 3aCTOCYBaHHS B
KPUTHYHUX By3/ax (KoJieca, KapTepH).

Komnosuyivini ma 2iopuoni mamepianu. TlomiMepHi KOMIO3MIIiHI
matepianu (IIKM): Byrnemnactuk (CFRP) € "3om0Tum crammaprom” s
JISTKUX 1 MIITHUX KOHCTPYKI[iH, a KJIFOUOBOIO TCHJICHIIEI0 € 3HWKCHHS
BapTOCTI BUPOOHUIITBA Ta IIiJBHMIICHHS IIBUAKOCTI BUTOTOBJICHHS JCTa-
neit (depe3 TexHOINOTii aBToMarn3zoBaHoro ykmamaHas, RTM). [Nibpunsi
METAJIOKOMIIO3UTHI CTPYKTypH: llo€mHYIOTH JIOKadbhHI JKOPCTKI 30HU 3
€HEeproNoriMHAIOUYUMH  [IapaMu  (HampuKiIaj, ''MeTan-KoMIo3ut"), 1o
J03BOJIsIE KOMOIHYBaTH IMepeBard pi3HUX MarepianiB. MeTaneBi miHU Ta
caH/BiU-TIaHeNi: BUKOpHUCTaHHS alOMiHIEBUX a00 TUTAHOBUX ITiH SIK Ha-
MMOBHIOBaYa CTBOPIOE JIY)KE JIETKI Ta dKOPCTKI €JIEMEHTH 3 BIJIMIHHUM I10T-
JUHAHHSIM €HEprii, 3aCTOCOBYIOUMCH B a€POKOCMIYHIN Tajy3i Ta BHCOKO-
TEXHOJOTIYHOMY TPAHCHIOPTI.

Aoumuseni mexuonozii. 3D-npykx (AauTvBHE BUPOOHUIITBO): JTO3BOJISIE
CTBOPIOBATH TE€OMETpii, HEMOXKIIHMBI JJIsl TPAIUIIHHUX METOJIB (HANpU-
KJIaJl, TIOPOXKHUCTI CTPYKTYPH 3 TpaT4acTUMH 3aroBHIOBadamu). Lle mae
3MOTY CTBOPIOBATH HECIBHI €JIEMEHTH 31 3MIHHOIO HITEHICTIO MaTepiaiy
Ta CIPSIMOBAHOIO TEKCTYPOKO BOJIOKOH. 3aCTOCOBYETBCS ISl IPYKY JIier-
KHUX KpOHIITEHHIB Ta 1HJUBIlyaTi30BaHUX JICTAICH.

OpHi€l0 3 KIIOYOBHX MpoOJIeM eKCIUTyaTamil TpaHCIIOPTHUX CHUCTEM €
BTOMHE PyHHYBaHHS Ta 3HOC MOBepXOHb. CydacHi MaTepialio3HaBUi IMiJi-
X0 mependavaroTh MoaUGIKaIliio MOBEPXHEBOrO 11apy. Hanocmpykmy-
PYBAHHA NOBEPXHEB020 wiapy: BUKOPUCTAHHS JIA3€PHOI, YIbTPa3BYKOBOL
abo mna3mMoBoi 0OpoOku. HaHOMOKPHUTTS: BIPOBAaKEHHSI TOHKHUX ILTiBOK
ta mokpurTiB (Hampukian, DLC — diamond-like carbon) Ha HeciBHi Ta
(dyHKITIOHAIBHI eneMeHTH. 30Kpema, HaHO-DLC TOKpUTTS iCTOTHO Mij-
BUIIIYE 3HOCOCTIMKICTh THTAHOBUX CIUIaBiB. TepmoOap'epHi MOKPUTTS
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(TBCs): BUKOPHCTOBYIOTHCS TSI 3aXHCTY €IIEMEHTIB BUCOKOTEMITEPATyp-
HUX JIBUTYHIB, TOKpAIIyIOYM IXHIO TEIUIOBY €(EeKTHUBHICTh Ta pecypc.
Tpubonoriyni AOCHIIKEHHSI TAKOX MOKa3yIOTh MOTEHIial HaHOTyOpuKa-
HTIB, Jic BBEJCHHS HAaHOYACTUHOK 3HAYHO 3HWXKYE KOe(iLlieHT TepTs Ta
3HOC TIOBEPXOHb Y MMapax TepTsl.

PeBonrorrisi B eHepro3abe3rneueHHI TPaHCIOPTY BHMAara€ po3poOKH
(YHKLIOHATBHAX MaTepiaiB 3 BUCOKOIO ITUTOMOIO €HEPTIi€I0 Ta MOTYKHi-
cTi0. Enexmpoximiuni Haxonuuygaui. Jlitii-ionHi (Li-ion) akymynsropwu:
KJIFOY0BA TEHJIEHITIST — pO3p00Ka HOBHX MaTepialiB I €ICKTPOMIIB, IeK-
TPOJNITIB Ta CemnapaTopiB 3 BHUCOKOI E€MHICTIO, MUTOMOIO €HEprielo (10
300 Br-rop/kr) Ta migBUIICHOK TEPMIYHOK CTAa0UIBHICTIO Ta Oe3IeyHic-
T10. TBepnoTuibHi akymynatopu (Solid-State Batteries): nalfimacmtaOHira
TEHJCHINIS. 3aMiHa PiKOTO ENEKTPOJITYy Ha TBepAWd (KepamiuHui abo
MOJIIMEePHMIA) 3HAYHO MiABHUIIY€E Oe3IeKy, TePMIUHY CTaOIIbHICTD 1 MMOTEH-
miaja IiIebHOCTI eHeprii. Haxonuuysaui nomyoicnocmi. CynepKOHJIEHCa-
TOpHY Ta TIOpWIHI HaKOMUYyBadi: BumaraioTe mMarepialiB 3 BHCOKOIO ITH-
TOMOIO TIOTY)KHICTIO. 3aCTOCYBaHHS HAHOIIOPHCTUX BYTJICIIEBUX MaTepia-
JIiB Ta ONTHMi3allisl KOHCTPYKIII Ta TEXHOJOTIH HAMOTYBaHHS ITiJIBHIIY€E
iXHIO €EeKTUBHICTD IUIsl peKyIepanii eHeprii (Hampukiaa, y MeTpOIoi-
TEHi).

Boouesi ma mepmocmitixi mamepianu. BolHEBI NaTUBHI €IEMEHTH:
VY 1oCKOHAJIEHHSI 3AJIC)KHUTH BiJl HOBUX KaTali3aTopiB, MeMOpaH (IIPOTOHO-
0OMiHHUX) Ta OIMOJSAPHUX IIACTHH, SIKi MAarOTh OyTH JOBIOBIYHHUMH Ta
JOCTYITHAMU 3a BapTicTio. TepMocTiliki MaTepianu: s aBialliiHUX JBU-
T'YHIB Ta TypOiH po3poOJISAIOTHECS MOHOKPUCTANIYHI HIKEJIEBl CyNepCIUIaBH
Ta kepamiuni kommo3uTHi Marepianu (CMC). lle no3Bossie migBUIIATH
pobouy temneparypy ta KK/I nBuryHa, 3MeHIIIyr0ur BUTPaTy TMaJIHBa.

Exonoeiuni ma pecypcoszbepicaioui acnexmu. QOHUM i3 IPIOPUTETIB €
eKoJIoTiuHa Oe3MeYHICTh 1 BTOpHHHA IepepoOKa MaTepialli, O BiAMOBi-
Jla€ KOHIeMIii 3aMKHeHoro nukiy marepianiB (Circular Economy). Po3-
POOJISIIOTHCS OiOMONIMEPHI KOMITO3UTH 3 BOJOKHAMM POCIIMHHOTO IMOXO-
JDKEHHSI. AKTYyallbHEMH € JOCIIDKEHHS MaTepialliB 13 BTOPHHHOI CHPOBU-
HHU Ta PO3pO0Ka TEXHOJIOTIH PelMKIIiHrYy. 3pocTae yBara A0 pereHepauii-
HUX TEXHOJIOTi BiTHOBJEHHS CIUIaBIB Ta MOBTOPHOTO BHUKOPUCTAaHHS
BYTJICHIEBUX BOJIOKOH.

BucHoBKY i mepcneKTUBU NOJAJBUINX AOCHiIKeHb. CydyacHUH po-
3BUTOK TPAHCIOPTY BHU3HAUYAETHCS EBOJIOLIEI0 MAaTepiajloO3HABCTBA SIK
0a30BOi HAYKOBOI OCHOBH 1HHOBAIlil. BuCOKOMIIIHI CTaji, aJlfOMiHI€EBI Ta
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KOMITO3WTHI MaTepiaay 3a0e3MeuyioTh ONTHMI3AIii0 MacorabapuTHHX
rapaMeTpiB HECIBHUX €JIEMEHTIB.

Moaudikamis TOBEpXOHb HAHOMOKPUTTIMH Ta JIA3€PHUMHU TEXHOJO-
TisIMH 3HAYHO MiJIBUIIYE 3HOCOCTIHKICTh 1 JIOBIOBIYHICTH KOHCTPYKIIIM,
II0 € KPUTUYHHUM TSI KITFOYOBHUX HECIBHUX BY3IIB.

Hosi marepianu ans cuctem eHeprozabesnedenss (Li-ion, TBepmoTi-
JIbHI, CYNEPKOHIEHCATOPH) CIIPHAIOTH PO3BUTKY TiOPHIHOTO Ta €IEKTPH-
YHOTO TPAHCIIOPTY, BUMAraloq KOMIUICKCHOTO IiIXOY IO IIPOEKTYBAHHS
KOHCTPYKITiH.

[TpoBeneHe mocmimkeHHs OOIPYHTOBYE MOLIIBHICTD MEPEXOAY Bif
TpaAuLiHHUX METaliB 10 O0araropyHKIIOHATEHAX KOMIIO3UTHUX MaTtepia-
7B Ta crpusie (GOPMyBaHHIO HAYKOBO OOTPYHTOBAHUX PEKOMEHIAIIH II0-
70 BUOOpPY MartepiaiiB Ta TEXHOJIOTIH I CTBOPEHHS TPAHCIIOPTHHX 3a-
c00iB HOBOT'O TMOKOJIiHHSI.

Ilepesik BUKOPHCTAHUX JKepe
1. Jason, Y.J.J.; How, H.G.; Teoh, Y.H.; Chuah, H.G. A Study on the

Tribological Performance of Nanolubricants. Processes 2020, 8, 1372.
https://doi.org/10.3390/pr8111372.

2. Gobbi, S.J.; Ferreira, J.L.d.A.; Aratjo, J.A.; André, P.; Henriques,
V.A.R.; Airoldi, V.J.T.; Moreira da Silva, C.R. The Effect of DLC
Surface Coatings on Microabrasive Wear of Ti-22Nb-6Zr Obtained by
Powder Metallurgy. Coatings 2024. 14. 1396.
https://doi.org/10.3390/coatings14111396.

3. Fomin O., Sulym A., Kulbovsky I., Khozia P., Ishchenko V.
Determining rational parameters of the capacitive energy storage system
for the underground railway rolling stock. Eastern-European journal of
enterprise technologies 2018. 2/1(92). 63-71. DOI: 10.15587/1729-
4061.2018.126080.

4.He, F., Xie, G.; Luo, J. Electrical bearing failures in electric
vehicles. Friction 2020. 8, 4-28. https://doi.org/10.1007/s40544-019-
0356-5.

5. Sagin S.V., Kuropyatnyk O.A. Using exhaust gas bypass for
achieving the environmental performance of marine diesel engines.
Austrian Journal of Technical and Natural Sciences. 2021. 7-8. 36-43.
https://doi.org/10.29013/AJT-21-7.8-36-43.

6. Bogdan, M.; Peter, I. A Comprehensive Understanding of Thermal
Barrier Coatings (TBCs): Applications, Materials, Coating Design and



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 84

Failure Mechanisms. Metals 2024, 14, 575.
https://doi.org/10.3390/met14050575.

7.Sagin A.S., Zablotskyi Yu.V. Reliability maintenance of fuel
equipment on marine and inland navigation vessels. Austrian Journal of
Technical and Natural Sciences. 2021. 7-8. 14-17.
https://doi.org/10.29013/AJT-21-7.8-14-17.

8. Sagin S.V., Sagin S.S., Madey V. Analysis of methods of managing
the environmental safety of the navigation passage of ships of maritime
transport. Technology Audit and Production Reserves 2023. 4(3(72)). 33—
42. https://doi.org/10.15587/2706-5448.2023.286039.

9. Volosova, M.A.; Lyakhovetsky, M.A.; Mitrofanov, A.P.; Melnik,
Y.A.; Okunkova, A.A.; Fedorov, S.V. Influence of Cr-Al-Si-N and DLC-
Si Thin Coatings on Wear Resistance of Titanium Alloy Samples with
Different  Surface  Conditions.  Coatings 2023. 13.  1581.
https://doi.org/10.3390/coatings13091581.

10. Sulim A.O., Fomin O.V., Khozya P.O., Mastepan A.. Theoretical
and practical determination of parameters of on-board capacitive energy
storage of the underground rolling stock. Scientific Bulletin of National
Mining University 2018.5(1). 79-87. DOI: 10.29202/nvngu/2018-5/8.

11. Metel, A.; Sotova, C.; Fyodorov, S.; Zhylinski, V.; Chayeuski, V.;
Milovich, F.; Seleznev, A.; Bublikov, Y.; Makarevich, K.; Vereschaka, A.
Improving the Wear and Corrosion Resistance of Titanium Alloy Parts via
the Deposition of DLC Coatings. 2024, 10, 106.
https://doi.org/10.3390/c10040106.

12. Fomin, O.; Lovska, A.; Kucera, P.; Pisték, V. Substantiation of
Improvements for the Bearing Structure of an Open Car to Provide a
Higher Security during Rail/Sea Transportation. J. Mar. Sci. Eng. 2021, 9,
873. https://doi.org/10.3390/jmse9080873.

13. Melnyk O., Bulgakov M., Fomin O., Onyshchenko S.,
Onishchenko 0., Pulyaev I.. Sustainable development of renewable
energy in shipping: Technological and environmental prospects. Scientific
Journal of Silesian University of Technology. Series Transport 2025. 127.
165-188. https://doi.org/10.20858/sjsutst.2025.127.10.

14. Sagin, S.; Sagin, A.; Zablotskyi, Y.; Fomin, O.; Pistek, V.;
Ku“cera, P. Method for Maintaining Technical Condition of Marine Die-
sel Engine Bearings. Lubricants 2025, 13, 146.
https://doi.org/10.3390/lubricants13040146.

15. Ku“cera, O.; Pist’ek, V.; Fomin, O.; Ku'cera, P.; Sagin, S. Meas-
uring Device for More Precise Mistuning Identification of Integrated



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 85

Bladed Discs. Symmetry 2025, 17, 717.
https://doi.org/10.3390/sym17050717.

16. Hamisa, A.H.; Azmi, W.H.; Ismail, M.F.; Rahim, R.A.; Ali, H.M.
Tribology Performance of Polyol-Ester Based TiO,, SiO,, and Their
Hybrid Nanolubricants. Lubricants 2023. 11. 18.
https://doi.org/10.3390/lubricants11010018.

17. Sagin, S.; Madey, V.; Sagin, A.; Stoliaryk, T.; Fomin, O.; Kucera,
P. Ensuring Reliable and Safe Operation of Trunk Diesel Engines of Ma-
rine Transport Vessels. J. Mar. Sci. Eng. 2022, 10, 1373.
https://doi.org/10.3390/jmse10101373.

18. Sarzynski, B.; Sniezek, L.; Grzelak, K. Metal Additive
Manufacturing (MAM) Applications in Production of Vehicle Parts and
Components — A Review. Metals  2024. 14. 195.
https://doi.org/10.3390/met14020195.

19. Sagin, S.V.; Karianskyi, S.; Sagin, S.S.; Volkov, O.; Zablotskyi,
Y.; Fomin, O.; Pistek, V.; Kucera, P. Ensuring the safety of maritime
transportation of drilling fluids by platform supply-class vessel. Appl.
Ocean Res. 2023, 140, 103745.
https://doi.org/10.1016/j.apor.2023.103745.

20. Jia, D., Li, F., Zhang, Y. 3D-printing process design of lattice
compressor impeller based on residual stress and deformation. Sci. Rep.
2020. 10, 600. https://doi.org/10.1038/s41598-019-57131-1.

21. Zablotsky, Y.V.; Sagin, S.V. Maintaining Boundary and Hydro-
dynamic Lubrication Modes in Operating High-pressure Fuel Injection
Pumps of Marine Diesel Engines. Indian J. Sci. Technol. 2016, 9, 208—
216. https://doi.org/10.17485/ijst/2016/v9i20/94490.

22. Gerlici, J.; Lovska, A.; Fomin, O.; Dizo, J.; Blatnicky, M.
Strength Analysis of an Open Car Body with Honeycomb Elements dur-
ing Ro-Ro Transportation.  Appl. Sci. 2023, 13, 11022.
https://doi.org/10.3390/app131911022.



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 86

DOI:10.31653/smf51.2025.86-93 Orpumana B pegakuii 6.10.2025
IpuiiasTa no apyky 15.10.2025

®omin O.B.}, JIamsin A.O.%, Typnak C.M.2,
Jlomarrox C.IL.Y, Yepxarmmn O.IT.*

! HarionansHuit TPaHCIIOPTHHUI YHIBEPCHUTET,
? HauionansHuii aBiawiiiauii yHiBepcuTer,
® HajoHanpHuit YHIBEpCUTET «3aropi3bKa MO TEXHIKa,
* CximHoykpaiHCchKuii HaliOHATBHMI yHIBepcuTeT iM. B.Jlans

CUHEPTETUYHUWM MIIXII IO BAKOPUCTAHHSI
KOMIT'IOTEPHOI TPA®IKHA B AHAJII3I TPAHCIIOPTHUX
CHUCTEM I TEXHOJIOT'T!

IMocTanoBka npo6/ieMu y 3arajbHOMY BUIJIsAi. AKTYaJlbHICTB J10-
CJII/PKEHHSI 3yMOBJICHA II100aIbHOI0 TCHICHIIIEIO A0 YCKIAJAHEHHS Ta ITiJI-
BUIICHHS TUHAMIYHOCTI CY4acCHHX TPAHCIIOPTHHUX CHUCTEM 1 TEXHOJOTIMH.
3pocTardi 00cary epeBe3eHb, ypOaHizallis Ta HEOOXiqHICTh ONTUMI3aIT
JIOTICTUYHUX TPOIIECiB BUMAralOTh HOBHX, OUTBII eEeKTUBHUX IHCTpyMe-
HTIB JUTsI aHaJi3y Ta yrpaeniHHsA. CydacHi TPaHCIIOPTHI CUCTEMH € CKIIa-
HUMU, HENiHIHHUMU Ta 0araTo(QpakTOPHUMH O0'€KTaMH JOCIIKCHHS, JIe
TpaJUIiiHI METOJIW YacTO BHUSBJSIOTHCSA HejocTaTHiMH. HeoOximHicTh
TiIBUIICHHST O€3MeKH Ta €KOJOTIYHOCTI TPAHCIOPTY TaKOX BHOCHTH CBil
BaroMHil BHECOK Y MOTPe0y iHHOBAIIMHUX PIllICHb.

30kpemMa, yKpaiHChKa TPAaHCIIOPTHA CHCTEMa MOTpedye MojepHizarii
Ta iHTerpaumii y €BpoOmnenchKy Mepexy, II0 BHMara€ TrinOOKOro aHalizy
HasBHUX TEXHOJIOTIH Ta MOMIYKYy NUIAXiB iX omrtumizamii. Komr’totepHa
rpadika, SK MOTY)XHHH 3aci® Bi3yamizallii Ta MOJETIOBAaHHS, BiIKpHBa€E
MPUHIMIIOBO HOBI MOYJIMBOCTI JJISl PO3YMIHHS CKJIaJHUX B3a€MO3B'SI3KIB
y TPaHCHOPTHHUX MOTOKaX. CHHEPreTHYHUI MiIXiJ, IO IPYHTYEThCS Ha
MmoegHaHHI e(DeKTiB Pi3HUX €NEMEHTIB, JO3BOJSE PO3TILAATH TPAHCIIOPT-
HY CHCTEMY SIK CAMOOPTaHi3ylouy Ta JUHAMIYHY CTPYKTYpY. 3aCTOCYBaH-
Hs IIOTO MIAXOMY Y MOEIHAHHI 3 KOMITIOTEPHOIO rpadikor0 ae 3MOry He
JIMIIE Bi3yasli3yBaTH JaHi, a i MOJENIOBAaTH MOBEAiHKY CUCTEMH B YMOBax
HEBHU3HAYCHOCTI Ta Xaocy.

IcHyrOUi MeTOM aHaJi3y 4acTo IrHOPYIOTh HEJiHIWHI eQeKTH Ta KO-
JIEKTUBHY MOBEIIHKY YYaCHHUKIB PyXy, 10 IPU3BOIUTH 10 HETOYHHX MPO-
THO3iB Ta Hee(peKTUBHUX YIpPaBIiHCHKHUX pimeHb. KoM toTepHa rpadika,
IHTETpOBaHA B CHHEPreTUYHY MapajJiurMy, JIO3BOJISIE IHTEPAKTUBHO JIOCTi-
JDKYBAaTH CLEHApii, BUABIATH KPUTHYHI TOUYKH Ta MOTEHLiHI mpoOiieMu
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1IIe Ha eTamni MoJeJitoBaHHs. Lle 3HauHO 3HMXKY€E BUTPATU Ha BIPOBADKEH-
HSI HOBHX TE€XHOJIOTiH Ta MiHIMI3y€e PH3HUKH.

AKTyalbHICTh OCHITIOETHCS TAKOXK CTPIMKHUM PO3BUTKOM TEXHOJOTIH
Big Data Ta wtyunoro intenexry (ILI) y TpancnopThiii ramysi. O6podka
BEJIMYE3HUX MAaCHBIB JaHUX MPO PYX, JOTICTHKY, CTaH iHQPACTPYKTypH
BUMarae iHTyiTHBHO 3p03yMiIHX Ta iHQOpMATHBHUX 3ac00iB Bi3yami3arii.
Komm’otepHa rpadika BUCTyMae KIIFOYOBUM iHTepHEHCOM MK CKIIAIHH-
mu anroput™mamu 111 Ta ocobamm, mo npuiiMaroTh pimeHHs. CHHEPreTH-
YHHUHA TiAX1] ToToMarae CTpyKTypyBaTH Iieil iHpopManiiHuil xaoc, BUIi-
JISIIOYM KITIOYOBI MATEPHU Ta iHAWKATOPH CaMOOpTraHi3aiii.

TakuM 94HMHOM, TOCTPO CTOITH MOTpeda y po3poOIli METOI0IIOTI Ta iH-
CTpyYMEHTapito, o 00’€IHy€e TEOPETHYHI 3acali CHHEPTeTUKH 3 TIPAKTH-
YHUMHU MOXITUBOCTSIMH KOMI'FOTEPHOT Tpadiky sl KOMIUIEKCHOTO aHalli-
3y Ta MPOTHO3YBaHHs PO3BUTKY TPAaHCIIOPTHHUX cucTeM. Lle mocmimkeHHs
€ BOKJIMBUM KPOKOM JI0 CTBOPEHHSI IHTEJIEKTyaJIbHUX TPAHCIOPTHUX CHUC-
teM (ITC), 3maTHHX 1O camoalanTalii Ta ONTHMANBHOTO (YHKIIOHYBaH-
Hs1. Pe3ynpTaTi MaTUMyTh 3HAYHWH BIUIMB Ha IiJABHUILNEHHS e()EeKTUBHOCTI
YIOpaBJIiHHS TPAHCIOPTHUMHM ITOTOKaMM, 3MEHIICHHS 3aTOPIB Ta 3HHKCH-
HSl HETaTUBHOT'O BIUIMBY Ha HaBKOJMILIHE cepepoBuine. [IpakTuyuna peaii-
3allisi CHHEPTETUYHOTO Irpad)iYHOr0 MOJIENIOBAHHS BIIKPHE HUISX 710 iHHO-
BalliHUX pillleHb y cepi IIaHyBaHHS MICHKOTO TPAHCIIOPTY Ta MiKpETi-
oHanbHO{ Jorictukyu. HaykoBa HOBU3HA moJjsirae y ¢opMyJIIOBaHHI MPHH-
IUIIB TaKOTO CHHEPTreTHYHOTO ToeaHaHHs. Lle mocmimkeHHs € cBoedac-
HUM 1 HEOOXiTHUM sl 3a0€3MEeUeHHSI CTaJoro PO3BUTKY TPAHCIOPTHOI
rany3i. Buxopucranns 3D-monentoBaHHS Ta BipTyaJIbHOI peaibHOCTI
(VR) Ha OCHOBI CHHEPreTMYHUX NPUHLHMIIIB 3a0€3MeUnTh HOBUN PiBEHb
3aHYpEeHHs B aHali3. AKTYalbHICTh TaKOX MiATBEPKYETHCS CBITOBOIO
MPAKTUKOK BIIPOBaPKEHHS NU(POBHUX IBIHHUKIB TpaHCIOPTHOI iH(pa-
CTPYKTYpPH.

AHani3 ocTaHHIX gocaimkens i mydaikaunin. ['pyna myOmikamiid [1-
6] mpucBsYeHA 3aCTOCYBAHHIO IHU(POBHX TEXHOJOTIH, BipTyallbHOI pea-
JBHOCTI Ta MYJIBTHAT€HTHUX CHCTEM JUIsS YIPaBIiHHA TPaHCIOPTHHUMU
MMOTOKaMu Ta HaB4aHHs oreparopiB. Ge et al. (2024) migkpecioe poiib
nUQpoBHX IBIHHKUKIB y onTiMizaiii Tpagiky ta interpamii [oT 1 Al. Dilek
et al. (2023) i Pense et al. (2022) 1eMOHCTPYIOTh IPUKJIAAN BUKOPUCTAHHS
KOMIT'I0TepHOT0 30py Ta VR ams ynpaBmiHHS TpadikoM i MOJEIIOBaHHS
aBapiiiHux curyaniid. Ospina-Bohorquez et al. (2021) Bin3Hauae cunepre-
THYHUH epekT Mk VR Ta MylbTHareHTHUMH CHCTEMaMU IJIsl CUMYJISALIN
1 npuitaaTTs pimwens. Vallet et al. (2021) i Kurdiuk et al. (2025) mokazy-
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IOTh MPAKTUYHY KOPHUCTHh IHTEPAKTHUBHUX IHCTPYMEHTIB 1 T1IOPUAHUX CHC-
TEeM Tepesavi TaHuX y TPOMaJChKOMY Ta aBTOHOMHOMY TPaHCIOpTi. 3a-
rajbHa HOBU3HA IOJISITA€ Y MOETHAHHI TpadiyHuX HUPPOBUX TEXHOJIOTIN
JUIS TABUIICHHS eEeKTHBHOCTI, Oe3MeKn Ta HaIiMHOCTI TPaHCHIOPTHHX
CHCTEM.

PoGortu [7-9] 30cepemxkeHi Ha 3aCTOCYBaHHI CHHEPI€THYHOTO TiIXOTY
NpU eHepro30epekeH I Ta 3aCTOCYBaHHI BiJHOBIIOBaHUX JDKEpEN Y TpaH-
cnopti. Fomin et al. (2018) ta Sulim et al. (2018) mocnimKyfOTh KOHACH-
CaTOpHI HAKOMHMYYyBadi €Heprii U MiA3eMHOTO TPAHCIIOPTY, ONTUMI3ZYIO-
YH MapaMeTpy CUCTEMU JJISl 3HMKCHHS CIIOKMBaHHS Ta MiJBUIICHHS Ha-
niftHocTi. Melnyk et al. (2025) posmuproe TeMy Ha CyTHOIIJIABCTBO, aHA-
J3YI0YH 1HTETpaIlilo BiTHOBIIOBAHUX [DKEPEN €Heprii, TaKuX SK COHSIYHI
Ta BITPOBI CUCTEMH, AJISl 3SMEHIIICHHS €KOJIOTIYHOTO BILUIHBY.

Hocmimkenns [10-12] mpucesiueHi cuHeprii B eKOJOTiYHIN Oe3meri
MOpPCBKOTO Ta BHYTPIOIHBOTO BOJHOTO TpaHCmopry. Sagin S.V.,
Kuropyatnyk O.A. (2021) mpomoHye METOIH 3MEHINEHHS MIKiITHBHX
BUKHJIIB TU3EIBHHUX JIBUTYHIB Yepe3 00XiJ| BUXJIOMHUX rasiB. Sagin A.S.,
Zablotskyi Yu.V. (2021) akieHTyiOTh yBary Ha HaIiiiHOMY OOCIYTrOBY-
BaHHI TAJIWBHOTO OONAAHAHHS /s 3amoOiraHHa aBapii. Sagin S.V.,
Sagin S.S., Madey V. (2023) po3risgaroTh KOMIUICKCHI METOIH YIpaB-
JIHHS €KOJIOTIYHOI0 OE3MEeKO0 CyTHOIIABCTBA, BKIIOYHO 3 TEXHOIOTIU-
HHMHU Ta OpraHi3amiiHIMH 3aX0/IaMH.

Crarri wi€ei rpynu [13, 14] npucesiueni ontumizaiiii 00poOku rpadid-
HUX Ta reopajapHux JIaHUX Ui e()EKTUBHOTO aHAIi3y Ta NMPUHHATTS pi-
menb. Gertsiy (2024) po3po0i1sie METOAN KOMIIAKTHOTO TPEICTAaBICHHS Ta
MOPIBHAHHS 300pa)kKeHb, 110 3MEHIIye OOYHCITIOBAIbHI BUTPATH y TPAHC-
MOPTHUX 3acTocyBaHHsX. Zhang et al. (2025) npomoHye cHHEPreTHYHUA
OaraToMonmenpHMIA minxix s iHTepnperanii GPR-ganmx, migpumryroun
TOYHICTh BUSABJICHHS MiA3EMHUX 00’ €KTIB.

AHaii3 nitepaTypH 3acBiYMB, IO NMUATAHHSM BH3HAYCHHS CHHEpIe-
TUYHOTO TIAXOAY 10 BUKOPUCTAHHS KOMII'IOTEpHOI Tpadiku B aHami3i
TPAaHCHOPTHUX CHCTEM 1 TEXHOJIOTIH HE NPHUAIEHO AOCTaTHBOI YBarw.
Xoua OKpeMi JOCHIDKEHHS TOPKAIOTHCS 3aCTOCYBAaHHS KOMIT FOTEPHOT
rpadiku IS Bi3yastizailii TpaHCIIOPTHUX MTOTOKIB, & CHHEPIeTHKAa aKTHBHO
BUKOPHUCTOBYETBCS ISl MOZACTIOBAHHSA CKJIQJHUX CHCTEM, IXHE CHCTEeMa-
TUYHE Ta IHTETPOBAaHE NOEIHAHHS 3aIMLIAETHCS ManoxociimkeHuM. Lle
CTBOPIOE ICTOTHUH MPOOINT Y HAYKOBHUX 3HAHHSX 1 OOIPYHTOBYE HEOOXiI-
HICTh MIPOBEIEHHS JAHOTO HAYKOBO-TIPHKJIAAHOTO JOCHIPKEHHS.
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IlocranoBka 3aBaanHsl. [lonpu 3Ha4yHI mocsaTHEHHS Vv cdepi Mome-
JIOBaHHS Ta Bi3yalizamii TPaHCIIOPTHHUX CHUCTEM, ICHY€ 3HAYHUI PO3pUB
MiX CKIIQJHICTIO peallbHUX TPAHCIOPTHHX TPOLECIB Ta afeKBAaTHICTIO
ICHYIOUMX aHaJITHYHUX 1HCTpyMeHTiB. Cyd4acHi TpaHCHOPTHI CHUCTEMH
JIEMOHCTPYIOTh BUPaX€HI O3HAKW HEJIHIHOCTI Ta camoopraHizaiii, sKi
HalKpalle ONUCYIOThCSA B paMKax CHHepreTuuHoro migxony. Ilpore, Tpa-
IULIAHI METOAM BHKOPHUCTaHHS KoMm'toTepHoi Tpadiku 3ae6inbmioro
OpIEHTOBaHI Ha JNiHIHHY Bi3yali3alilo TaHUX a00 TeOMEeTpUIHE MOIEIFO-
BaHHS, ITHOPYIOYH BiOOpaKeHHS [TUX CHCTEMHHX, KOJIEKTUBHUX e(EeKTiB.
Ile mpu3BOAUTH 10 TOTO, IO KJIFOUOBI CHHEPTeTUYHI ()EHOMEHHU — TaKi sIK
(hazoBi mepexoam (HAMpHUKIal, BHHUKHEHHA 3aTOpy) ab0 KOJIEKTHUBHE
MOBO/IKEHHS BOJIiB — 3aJMILAIOTHCS HEBUIUMHMMHU a00 HEZOOLIHEHHMH
npu aHanmizi. BuHukae nmpobiemMa BiICYyTHOCTI IUTICHOTO CUHEPTETHYHOTO
MiAXO0y JO BUKOPHUCTaHHS KOMIT'IOTEpHOI Tpadiku, skuii 01 J03BOIUB HE
MPOCTO Bi3yali3yBaTH JaHi, a i IHTEPAKTUBHO OCTIKYyBaTH JUHAMIKY Ta
CBOJIIOIII0 TPAHCHIOPTHUX CHCTEM SIK CKJIAAHUX CAMOOPTaHi3yrouuXx 00'€K-
TiB. HeBUpillIEeHNM 3aJIMIIAETHCS TTMTAHHA PO3POOKH aieKBaTHOTO Tpadi-
YHOTO 1HCTPYMEHTAapilo, 34aTHOTO OJHOYACHO BilOOpa)kaTH JIOKANBHI Ta
rI100anbHi (CHHEPTeTHYHI ) XapaKTEPUCTUKHA CUCTEMHU.

Buknan ocHoBHOro martepiany aociaigxeHHs. MeTO HayKOBO-
MPUKJIATHOTO JOCTIKEHHS € PO3pOO0Ka TEOPETHKO-METOAOJIOTIYHUX 3a-
caJ| Ta MPAKTUYHUX PEKOMEHMAIlH I10JJ0 3aCTOCYBAaHHSI CHHEPTETHYHOTO
MiAXO0/y /10 BUKOPHUCTAHHS KOMIT FOTEpHOI rpadiku B aHai3i TPaHCIOPT-
HUX CHCTEM i TexHojorii. Ile m103BOMNTh MIABUINUTH €(EKTUBHICTH MO-
JETIOBaHHS Ta MPOTHO3YBaHHS ()YHKIIOHYBaHHS CKJIQJHUX TPAHCIIOPT-
HHUX CTPYKTYp. KiHIIEBOIO METOIO € CTBOPEHHSI OCHOBH JJISi HOBOTO ITOKO-
JHHA IHTENEKTYaJIIbHUX 1HCTPYMEHTIB MIATPUMKH TPHHHATTS PillieHb Y
TPaHCIIOPTHIN Tay3i.

O0’€eKTOM JIOCIIKEHHS € CKJIJIHI TPaHCIIOPTHI CHCTEMH 1 TEXHOJIOTI1
y IXHil JUHaMIIl, B3a€EMOJII Ta €BOJIIOLIT, SKI PO3rIIAAAI0THCS 3 TO3MIIIN
CHUHEPTeTHYHOTO Tijxoay. [IpenmmeTom mochipKeHHsl € Tpolec CHHepre-
TUYHOTO TO€THAHHS 1HCTPYMEHTIB KOMIT'IoTepHOI rpadiku A Bisyaliza-
11ii, MOJIEJIIOBAHHS Ta aHAJI3y HEJIIHIHHUX, CAMOOPIaHi3yIOUMX BJIACTUBO-
CTel IIMX TPAHCIIOPTHUX CHCTEM.

CuHeprist — ue eeKT, KOJIM CyMapHHH pe3yibTaT HePeBHILYE IPOCTY
CyMYy OKpPEMHX KOMIIOHEHTiB. Y NaHOMY BHIIQJIKy, L€ B3a€MOJIS MiXK:
KOMIT'IOTepHOIO Tpadikoro (Bizyamizallis, MOJIEIIOBAaHHS, PEHJICPUHT);
TPaHCHOPTHUMH MOJEJISIMH (MaTeMaTHKa, CTaTUCTHKA, TEOpisl MOTOKIB);
EKCIEPTHUMH 3HAHHSAMH Ta NMPUHHATTAM pillleHb JKepenaMu JaHuX (Aat-
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gukn, GPS, xamepu, comianbHi Mepexi). Pesymbprar — He mipocTo "rpadik
MOTOKY", a TOTYXXHUH IHCTPYMEHT, SKHHA TO3BOJISIE OAYUTH, PO3YyMITH 1
nepeadadaTH MOBEAIHKY CKIAIHUX TPAHCIIOPTHUX CHCTEM.

Kiro4oBi acnekTH CHHEPreTUYHOTO MiAXOY.

1. Bizyaumizamis Ta aHami3 JaHUX y peallbHOMY 4aci. TpaHCIOpTHI cu-
CTEMH TeHEepYIOTh BeIM4e3Hi MacuBH JaHuxX. Komm'totepHa rpadika nepe-
TBOPIOE IIi YKCiIa Ha 3po3yMini o0pa3u. CTBOPIOIOTHCS IHTEPAKTHBHI Kap-
TH TPAHCTIOPTHUX IIOTOKIB, TEIIOBI KapTH 3aTOpiB, diarpaMH 3aBaHTa-
KEHHSI TPOMAJICBKOTO TpaHcHopTy. CuHepreTnyHni e(heKT: aHaIITHK He
neperisigae Tabnumi 3 yuciaamu, a OyKBaJlbHO Oa4uTh MpOOJIEMHI 30HU
(HampwWKITam, YepBOHI TUISHKH HA KapTi), OIIHIOE MacmTad sSBUIIA Ta He-
raifHo opmyntoe rirmore3u a1 iX BupimeHHs. Lle moeqHanHS BizyalbHO-
r0 CHPUNHATTS JIIOJUHU Ta OOYHMCIIOBAIBHOI MOTYXHOCTI KOMIT'tOTEpA.
[Mpuknan: cucteMa MOHITOPHHTY MicTa BiJoOpakae B peajbHOMY dHaci
MicIlsl HeOe3MeK, MBUIKICTh MOTOKY Ha MaricTpalisix Ta MiCIIe3HaXO[KEH-
HSl TPOMAJICEKOTO TpaHcnopty. Jucnerdep 6aunts He mpocTo Habip Mo-
Tiif, a €MUHY JUHAMIYHy KapTHUHY, IO JO3BOJISE OMEPATUBHO IEepeHarpa-
BIIATH PECYpPCH.

2. Ivitamitine moxmemtoBanHs (Simulation) ta "cepiosni irpu". Lle
HaNMOTYXHIMK TposiB cuHeprii. CTBOPIOETHCS BIpTYallbHUH HUGPOBUIA
IBIHHUK TpaHCTIOPTHOI cucTeMu. Po3poliisseTscs AeranbHa iMiTamiiiHa
MOJIETIb, JIe KOXKEeH TPAHCMOPTHHIA 3aci® a00 MIIIOXi]l € areHTOM 3 TIEBHOIO
norikoro noseinku. Komm'torepHa rpadika Bizyanisye 110 Mojaenb y 2D
abo 3D. Cunepretnunuii edekT: iHXECHEPH MOXYTh MPOBOJIUTH '"MIO,
sKIo..." aHanmi3 6e3 pusuky s peanbHoi cuctemu. (Lo, sikimo oOme-
KeHHsI B poOoTi Tepminamy? Illo, KO HECTIPUATIWBI MOTOJHI YMOBHU?
Mo, sxmro Moy IyBaTH HOBHI MicT ab0 po3B's3ky?). Bisyasiszarist 103B0-
Jsi€ He TUTBKM OTPUMATH YHUCIIOBI Pe3yJibTaTH (HANPHUKIIAJA, CEPEIHIO 3a-
TPUMKY), ajie i To0aYnTH eMEepDKEHTHI SBUIAa — HECTOiBaHi 3aTOpH,
XBUJII TIOTOKY, 1[0 BUHMKAIOTh BHACIIIOK CKJIAAHUX B3aemomii. Lle moes-
HaHHS Teopii CUCTeM, MAaTEMaTHYHOTO MOJICIIOBAHHS Ta rpadivyHOTO Bi-
NOOpasKeHHS.

3. InrenexryanbHi TpancnoptHi cuctemu (ITC) Ta qonoBHEHA peab-
HicTh (AR). CuHepris BUXOIUTH Ha PiBEHb B3a€MOJIIT MiXK BIPTYaIbHUM Ta
¢iznyHnM cBiTOM. JlaHi 3 AaTUYMKIB, pEryasiTopiB pyxy oOpoOISIOTHCS B
peabHOMY Yaci, a pe3yJIbTaTH Y BUTTISAL TpadiuHUX eJIEMEHTIB MPOEKTY-
I0ThCS Ha HaBiramiidHi ekpanu abo vepe3 AR-ouku. CunepreTnyHHi
edexrt. [na xamitana: AR-gucmel Ha cyqHI MOXe MiJICBI4yBaTu ONTHU-
MaJIbHUI MapLIpyT, MoNepekaTy npo nepemkoau. s noricra: cucrema
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B PSKHMIi PEATHHOrO Yacy Bi3yali3ye MiCIIE3HAXOHKCHHS BCHOT'O TMApKy
Ta aBTOMaTHYHO ONTHUMI3y€ MapIIPYTH, BPAXOBYIOUH IOTOYHY CUTYAIIIO.
Tyt moeanyetscs inTepHet peueit (IoT), mTyyHuid iHTENEKT IS TPOTHO-
3yBaHHs, T4 KOMI'IOTepHA Trpadika Ajs HAOYHOTO IMpeAcTaBiIeHHs iH(Oop-
Marii.

4. IlpoextyBanHns Ta ouinka BapianTiB (Digital Twins). Lle po3Butox
IMITAI[ITHOrO MOJICITIOBAaHHS — CTBOPCHHS NTOBHOMACIITA0HOTO, IMMOCTIHO
00HOBTIOBaHOTO ITH(pPOBOro ABIHHUKA. CTBOPIOETHCS HE MPOCTO MOJIENb,
a BipTyaJpHUI KIIOH BCi€i TPAaHCIOPTHOI iHPPACTPYKTYPH, SIKHA CHHXPO-
Hi3yeThCsl 3 peasibHUMH JaHuUMU. CHHepreTHuHUil edext. YpbaHicry,
IHKEHEPH Ta apXiTeKTOPH MOXKYTh CITUTBHO B OJTHOMY BipTYaJbHOMY IIPO-
CTOp1 TIPOEKTYBaTH HOBY PO3B'SI3KYy, OIIIHIOBATH ii BIUIMB Ha €KOJIOTiIO,
colliaJIbHy aKTUBHICTh Ta TPaHCIIOPTHI MOTOKHU. Bci creiikxonaepu 6auaTh
OHY U Ty caMmy KapTHHY, IO 3HAYHO MiJIBHIIYE SKICTh KOMYHiKamii Ta
MIPUHHATHX PIlICHb.

TexHoorii, 1110 3a0€3MeUy0Th CHHEPTIIO:

1) reoingopmariiiini cucremu (I'IC) — ocHOBa A5l MPOCTOPOBOI Bizya-
Jm3arii;

2) indpopmariiiine monentoBanus Oynisens (BIM) — mis tounux 3D-
MoJienelt iHQpacTpyKTypH;

3) imitaniiine MozaemoBanus (AnyLogic, SUMO, Vissim) — "M030k"
CHCTEMU;

4) irposi pyuii (Unity, Unreal Engine) — muist ctBopeHHs poTopealtic-
TUYHUX Ta IHTEPAaKTUBHUX Bizyalrizaliii;

5) Bisyamizamis manux (Tableau, Power BI, D3.js) — misi cTBOpeHHS
3pO3yMITUX JaIOOp/IiB;

6) marmmune HaBuadHs Ta LI ams aHamizy mabgoOHIB Ta MPOTHO3Y-
BaHHSI.

BucHOBKH i mepcneKTHBH NOAAJIBIINX J0CTiAKeHb. BcTaHOBIIEHO,
[0 TPAHCHIOPTHI CUCTEMH € CKJIaJJHUMH, HENIHIHHUMY 00’ €KTaMU, aHaIi3
SKUX HaHOUIbII MOBHOILIHHO MOXX€ OyTH 3AIMCHEHHH 3 BHKOPHCTAHHSM
CHUHEPreTMYHOro minxoxy. JloBemeHo, IO ICHYIOUMH 1HCTpyMEHTapii
KOMIT FOTepHOI rpadikv HEAOCTATHBO MPUCTOCOBAHUMN JIJIsl BiIOOpaskeHHs
KITFOYOBUX CHHEPI'CTUYHUX BIIACTHBOCTEW CHCTEM, TAKHX SIK CAMOOPraHi-
3amis Ta 6idypkarmii.

Po3pobieHo KoHIENTyanbHI 3acaii CHHEPTETUYHOTO IiIXOAY JI0 BU-
KOPUCTaHHS KOMII'IOTEpHOI rpadiku, mo 3abe3nedye CUCTEMHY Bi3yalli-
3aI(if0 HEJIHIHHOT JUHAMIKH.
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CdopMynboBaHO NPUHITUIN TTOOYA0BH TpadidHuX iHTEpQEiCiB, opi-
€HTOBaHMX Ha BiZOOpaXEHHS IMOPSIKY Ta XaoCcy B TPAHCHOPTHHUX IOTO-
Kax. 3amponoHOBaHO BUKOPUCTAHHS "CHHEPreTUYHUX rpadidHuX iHAnKa-
TOpiB" JJIsl ONIEPATHBHOTO OLIHIOBAHHSI CTIMKOCTI TPAHCIIOPTHOI CHCTEMH.

Armpo0arrist mokaszaina, M0 3aCTOCYBaHHS CHHEPTeTUIHOTO TpadigHOTO
aHaji3y MiABWIIYE TOYHICTh MPOTHO3YBaHHS KPUTHYHHX CHUTYyalil Ha
20...30 % mnopiBHsHO 3 TpaauuiiiHuMu Metogamu. OOIPYHTOBAaHO Tpak-
TAYHI pPEeKOMEHZAMii 00 BIPOBA/KEHHS HOBOTO IIIXOAY B MPOIECH
YIpaBIiHHS TOPOKHIM PYXOM Ta TUIAHYBaHHS 1HPPACTPYKTYPH.
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AHAJII3 TOKA3HUKIB CHCTEMM JIATHOCTYBAHHS
MOTOPHOI'O MACTWJIA CYTHOBHX JIOBIOXOJOBHX
JIN3EJIIB

IMocTtaHoBka npodjeMu B 3arajJbHOMY BHIJIsII. J|BUTYHI BHYTpillI-
Hboro 3ropsiaust (JIB3) / auseni, Mo BCTAHOBIIOIOTHCS HA CYJHAX MOPCH-
KOTO Ta BHYTPIIIHEOTO BOJHOTO TPAHCIIOPTY Ta BUKOHYIOTHh (DYHKIIIi TO-
JIOBHUX Ta JIOTIOMDKHHUX JBHUTYHIB, BKe MoHaa 50-TH POKiB 3aiiMaroTh
JOMiHYIOYE TOJIOKEHHS B MOPIBHSAHHI 3 IHINMMU THIAaMH Ha TEIUIOBHX
JBHUTYHIB (TTApOBMMH KOTJIAMH, TAPOBUMH Ta Ta30BUMH TypOiHamu) [1, 2].
OCHOBHOIO TEHJICHIIIEI0 B PO3BUTKY CYAHOBUX JIM3EJIB € MiABHIICHHS X
HWTIHIPOBOI Ta arperaTHol MOTY)KHOCTI, a TAKOXK TEXHIKO-€KOHOMIUHUX
MMOKa3HUKIB, IO 0araTto B YOMY 3aJIEKUTh BiJ SKOCTI MOTOPHHUX MAaCTHII,
sIKi 320€31Meuyr0Th POoIlecH X MallleHHs Ta oXoJopkeHHs [3, 4]. Ilix gac
BUKOHAHHS IIMX (YHKIIH MacThia MOCTYIOBO, a B JIESKHX BHIAJIKaxX
CTpUOKOTOAIOHO, BTPAvYarOTh €KCILTyaTallifHI MOKa3HUKW — TIepII 32 BCe
B’SI3KIiCTh Ta 3arajibHe JIy>kHe uucio. Lle moripurye 3mainyBajibHy 37aT-
HICTh MacTWJIa Ta 3r0JIOM TPU3BOJUTH JIO 3pOCTaHHS KOHTAKTHUX HArpy-
JKEHb Ta MEXaHIYHUX BTpar eHeprii [5, 6].

CucteMn MalieHHS! BiTHOCSTHCSA 10 OJHHMX 3 HaWBaXKIIMBHX CHUCTEM,
0 3a0e3MevyIoTh eKCIUTyaTalliifHy HaliiHICTh CYJHOBUX IH3ENiB. 3aje-
JKHO BiJi KOHCTPYKIIIMHUX OCOOJMBOCTEH JU3EIIB IX CUCTEMH MAaIICHHS
MOKYTh BIAPI3HATHCS OAHA Bix 0/1HOI, 3a0e3meuyBaTu noaady MacTHia J10
PI3HHX KOHTaKTHUX BY3JiB Ta 3 €IHaHb Ta MaTH pi3He (YHKIIOHAIbHE
npu3HaveHHs. J[BoTakTHI KpeWkomdHi CyJHOBI MalooOepTOBi AM3edi
(MO/I) BUKOPUCTOBYIOTH [IBI CHCTEMH MAalleHHS — JIyOpHUKaTOpHY (3a
JOTIOMOTOI0 SIKOT MacTHJIO MOJIAETHCS HA CTIHKM LIMIIHAPOBOI BTYJIKH) Ta
MUPKYISIIHHY (MACTHIIO B SIKI CIIPSIMOBYETHCS JIO ITiAIMIUITHUAKIB KOJIiH-
yaroro Bany) [7, 8]. YoTUpUTAKTHI TPOHKOBI CEPEeIHHOOOEPTOBI IH3eli
(COM) Ta Bucokoobeptosi nuzeni (BOl) KOMIIIEKTYIOThCS JIMILIE LUPKY-
JSIIHHOI0 CUCTEMOIO MAaIleHHS, B SIKIH MAacTHJIO MOTpAIUIsE€ 10 BCiX KOH-
TAKTHUX BY3JIB JIU3ENs, OCHOBHUMH 3 SIKHX JUII 000X THIIB JU3ENIB €



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 95

Tapu TEePTs MOPITHEBE KIJBIIE — BTYJIKA ITMIIHAPA Ta BKJIQIWII ITiAIINATI-
HHUKa — KojIiHdaruii Bai [9, 10].

[Ipouec marieHHS CyJHOBUX IW3ENiB € OJHUM 13 OCHOBHHX, SIKi 3a-
0e3neuyroTh oro GyHKIIOHYBaHHS, a TAKOXK HaAilHy Ta Oe3neyHy pooo-
1y. llopymmenss npouecy mamieHHs (KPUTUYIHE 3HIDKEHHS THCKY ab0 KpH-
TUYHE TiJIBUIICHHS TEMIIEPaTypHd MacTHJa) MOXE MPHU3BECTH N0 3011b-
LICHHS TeMIIEPaTypHUX Ta MEXaHIYHUX HaIpyr, a TaKoX BHHUKHEHHIO
aBapiifHoi cuTyamii (TI0JIOMKH TOPIITHEBUX KiNleIh, 3aKIIMHIOBAHHS TOPIII-
HS B HWJTIHIPi, TPOKPYYyBaHHS BKJIAIUIIIIB MiAMUITHAKIB). [Ipu ipoMy 11e
XapaKTEepPHO AJis OYJb SKUX CYAHOBUX JU3EIIB, TOJIOBHUX a00 JOMOMIX-
HUX, KperrkondHux abo TpoHKOBUX. KpUTHYHE BiIXWJICHHS IMOKa3HUKIB
po0OTH CHCTEM MHUIIIHAPOBOTO a00 IMUPKYISIIHHOTO MAaIleHHS TOJOBHUX
KPEHIIKOMHUX JU3eliB (HAMpHUKIad, HaaMipHE 3HWKEHHS TUCKY MacTHIa,
HOTo BIJICYTHICTh, HAIMIPHE MiJBHIICHHS TEMIIEPATypy) MPHU3BOIUTH 0O
iX aBapiiiHOT 3yIMHKH CHCTEMOIO0 aBTOMAaTHYHOTO PETYyIIOBaHHS. AHAIO-
riuHa aBapiiiHa 3ynuHKa 3 OOKY CHCTEMH aBTOMAaTHYHOTO PETyJIOBAHHS
3IIHCHIOETBHCS B Pa3i KpUTHYHHUX MOKAa3HUKIB B pOOOTI CUCTEMH IIUPKYJIsi-
niHoro MameHHs1 cyaHoBux COJl, siki BUKOHYIOTH (D)YHKIIIIO TOJOBHHX
neuryHiB (I'/]) Ta mepenatoTs MOTYXHICT TpeOHOTO TBUHTY. 3ymuHKa ['/]
Ta MPU3YNHUHEHHS Nepeadl MexaHiuyHoi eHeprii 1o rpeOHOro TBUHTA YHE-
MOJKITUBITIOE PYX CY/IHA Ta CYTTEBO 3MEHIITY€ HOTO MaHEBPOBI SIKOCTI.

AHaji3 octaHHix gocaimkeHns i myOsikaniii. Skicte mporecy ma-
IICHHS CYJTHOBHX JIU3€JIIB OLIHIOETHCS 3a PI3HUMHU TOKa3HMKaMH, HacaM-
nepen:

" 33 aHaJi30M MOTOPHOTrO MAcTHJIA, IO B3ATO 3 IiAMOPUIHEBOTO MPOCTOPY
(mmume gnst geotaktHUX MOJI) abo 3 xaprepy nusens (Ajs YOTHPUTAKTHHX
COI ra BOM) [11, 12];

" 33 MOKa3HWKaMH POOOYOTO IMUKITY (32 BETMYUHOI THCKY HANPHKIHII TpO-
1[eCy CTUCHEHHS Ta 33 3HAYECHHSIM TEMIIEpATypH BUITyCKHUX razis) [13, 14];

" 32 MEXaHIYHMMH BTpaTaMH, 110 BUHUKAIOTH IiJ] Yac MEePETBOPEHHS TEILIO-
TBOPHOI 3/IaTHOCTI MajuBa B KOPHCHY POOOTY KPYrOBOTO IMKJIY AW3ENS Ta
eeKTHBHY TOTYXKHICTh CIIOKHBaviB eHeprii [15, 16].

B nanmii yac npoBigHUMH B 00JacTi PO3POOKH MOTOPHHUX MACTHI €
mimui psin MikHapogaux HadroBux xommanid (Mobil oil, Shell, ESSO,
Castrol, BP, Agip, Nippon, Texaco Ta iH.). Mi>k HUIMH BeJeTbCSl TOCTpa
KOHKYpeHTHa 00poTh0a 3a puHKH 30yTy HadTOompoayKTiB. ToMy mociiiHi
HEHTPH KOMIAaHil MOCTIHO BUINYKYIOTh IUISIXY MOJIIMIIEHHS SIKOCTI Mac-
THJI 32 PaXyHOK BIOCKOHaJIEHHA iX ckiany. OcolnuBa yBara NpUIiIsSETh-
Csl MUTaHHSIM €KOHOMII MacTHJI B IpoIleci IX BUKOPUCTAaHHS Ha CyJHaX, a
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TaKOXX IEPCIIEKTHBAM pereHepariii ix eKCIuTyaTalifHuX BJIACTHBOCTEH.
HapiitHa i noBroBivuHa eKcIuTyartamis CyIHOBHX IH3ENIB 0arato B 4OMy
3aJIeKUTh BiJ SIKOCTI 3aCTOCOBYBaHOTO MOTOPHOTO MacTHia. 3a OCTaHHi
10...15 pokiB B 3B'SI3Ky 3 Pi3KO MOCHJIMJIKMCS YMOBaMH eKcIuTyaTamii (Bu-
COKi poOoui TemrieparypH, 30iTbIIEHHS HAAAYyBY, HOTIPIIEHHS SKOCTI
NaJnuBa) MpoOJIeMH, TOB'A3aHi 3 BUOOPOM 1 BUKOPHCTAaHHAM MacTWI MPH
BUCOKHX I[IHaX Ha CBITOBOMY PHHKY, Iie Ounbin ycknamanumucs [17, 18].
TenaeHUisMU PO3BUTKY CYTHOBOIO [u3eieOyAyBaHHsS BIUIMBAIOTH Ha
3MiHY TE€XHIKO-€KCIUTyaTaIliifHIX BIMOT JO CYJHOBHX MOTOPHHX MAaCTHI,
a Takok MeroniB BunpoOyBaHHs mactui [19, 20]. Takox akTyaabHUM
3aJIMIIAETHCS PO3B’SI3aHHA 3aBJAHHS 3 3a0€3NEUCHHS MPOLECY MAIlEeHHS
MWTHIPOBOI TPy CYTHOBUX AM3EIIB, OCOOIUBO JOBTOXOOBUX, B SKHX
("depe3 0COOIMBOCTI KOHCTPYKIIIi) MAaCTHIIO TIOBUHHO TIOKPUBATH TLTIBKOIO
HabaraToOUIBIITy TUIONLY HUIIHIPOBOT BTYKH [21, 22].

IlocTanoBka 3aBaaHHs. 3aBIaHHSAM JOCIIDKEHHS OyIIO aHami3 oc-
HOBHHUX JiarHOCTHYHHMX TOKa3HUKIB MOTOPHOTO MacTHJa CYJAHOBHX IOB-
TOXOJIOBUX JIU3EIIB .

Bukian ocHoOBHOro Matepiaiy gociaigxenns. [Ipodiemu, mos's3ani
3 HEOOXiAHICTIO PO3POOKH HOBUX LWITIHIPOBHX MACTWJI, BHHUKIHU IIIe Ha
noyatrky 60-X poKiB MHUHYJIOTO CTOJITTS Ta OyJM TOB'S3aHi 3 MOSBOIO Ha
Mopchkux cyaHax MO/ 3 HagnyBOM i TiepeBeleHHIM iX poOOTH Ha eKo-
HOMIYHO BUTIiJHI MaJMBa MMiIBANIEHOI B'S3KOCTi. BiAMOBiAOH0 HA IIOCHU-
JICHHS YMOB poOOTH MacTHJI 1 MOTPeOU B HAJAHHI M BiJIMOBIIHUX BJIACTH-
BOcTel HaQTOBUMH KOMIIaHISIMU OYJIO CTBOPEHHS IEKIJIBKOX CIEIiabHUX
MWTHIPOBAX MAaCTHI 3 BHXiZHMM JIy>)kHUM uucioMm 40..50 mrKOH/T,
30aTHUX TIE€BHOIO MIpOI0 3HU3UTH HECHPUSATIUBI HacHiaku (OpCyBaHHS
HaanyBoM MO/I i BUKOpUCTaHHS B HUX TallMB HU3BKOI SIKOCTI, 110 BILIU-
BalOTh Ha 3HIKEHHs pecypcy mwmiaaponopiraeBoi rpymu (LIIID). IToxa-
JBII TEHAEHIT B ekcruryaTallii cynnoBux MO/] Oynu nos's3ani 3 mmpo-
KHM 3aCTOCYBaHHSIM B HHX IIe OiJIbIII BaKKUX ITaJMB 3 BUCOKUM BMIiCTOM
CIPKM Ta IHIIMX HeOaKaHMX KOMIOHEHTIB. JIy)KHI HWIIHIPOBI MacTHIIa
MEPUIOTo MOKOJIIHHSA BXKE NMEPEeCcTalIy BiANOBIAATH 3pOCIUM BUMOTaM JI0 iX
BJIACTUBOCTEM, B MIEPITy Yepry JIO MPOTH3HOCHUX, MHIOUYHX 1 HEUTpai3y-
tounx. Y 1ei nepioj] NpoBifHUMH 3apyOiKHUMH HAQTOBHUMHU KOMITaH1SIMH
(Mobil oil, Shell, ESSO, Texaco, Castrol i iH.) Oynu po3po0iieHi i BUITY-
LIeHI Ha PHUHOK IWIIHAPOBI MacTHia 3 piBHEM JYXKHUX YHCENT
60...70 MrKOH/T, 1o mepeBepiyBaiy 3a CBOIMU €KCIUTyaTal[iiHIMU BJia-
CTHBOCTSIMH MAacTHJIa MEpLIOr0 MOKONiHHS. BucokomykHI LumiHApPOBi
MacTWjIa APYroro MOKOJiHHA TPUBAIMH Yac yCIHILIHO 3aCTOCOBYBAJIUCS B
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(dhopcoBarnx cymroBux MO/l B yMOBaX eKCILIyaTallii Ha MajJnBax B'S3Kic-
110 120...320 ¢Ct 1ipum 50 °C 3 BMicTOM cipku 10 3...365 %. Excrimyararis
CYAHOBHMX AM3EJiB Ha MOAIOHMX COpTax MaJMBa i MacTWiIa MPOBOAMIIACS
70 TIOYaTKy HUHIMIHBOTO CTOJITTS, KOJM MOPCHKHH Ta PIUKOBHHA TpaHC-
MOPT CTaB TIOTIOBHIOBATHUCS CyIHAMU 3 JOBrOXOJOBHUMI MOZEITSIMHU JIBOTA-
KTHUX JIW3€NiB, BHCOKO()OPCOBAHNMI YOTHPUTAKTHUMH TU3EISIMH, a KpiM
TOT0, TOCHJIMIIKCS] BAMOTH JI0 €KOJIOTIYHHUX MapaMeTpiB poOOTH CYAHOBHX
eHepreTnyHux yctaHoBok (CEY) B minomy i JIB3 30kpema. B manmit gac
CBITOBE CYZHOILUTABCTBO, CY/THOBE AHM3eNeOyayBaHHs, a TAKOXK TCHCHIII] B
3MiHi CIIOCO0IB epepOOKU HA(TH 1 AKOCTI MAJUB, IO MOCTABISIOTHCS JJIs
CyIeH MOpPCBHKOTO Ta PIYKOBOTO TPAHCIOPTY, BCTYNIIN B HOBUH erTam
PO3BUTKY, 3aBJaHHS SKOTO IOJISTAIOTh Y 3HAYHOMY ITiIBUIIICHHI €KOHOMi-
YHOCTiI €HEPreTMYHHUX YCTAHOBOK 1 3a0e3MeveHHI MOYKIMBOCTI BHKOPHC-
TaHHS B HUX HaJBAKKHX MAJMB, OTPHUMAHKX 13 3aJy4CeHHSIM BTOPHHHHUX
MPOAYKTiB mepepoOku HadTu. HacmigkoMm Takoro po3BUTKY CTall0 CTBO-
PEHHS JOBFOXOJIOBMX 1 MOHAJ JOBroxomoBux mojened MO/, mus sikux
XapaKTepHEe BiJHOMICHHS XOIy MOpIIHs S 10 aiamerpy umiinapa D — S/D
10 4,0..4,5, a B camux ocTtanHiXx Mojenaax g0 5,0. Josroxomosi MO/
BIZIPI3HSIOTHCS BiJl JBUTYHIB 3 TPAAUIWHUMH criBBigHOmeHHsMUA S/D,
3HIKEHOI YaCTOTOK 00epTaHHs HAa HOMIHAJBHIN MOTYKHOCTI, 10 3a0e3-
mevyye OUThII BUCOKHMU iHIWMKAaTOpHWHU KoedimieHT kopucHOi mii (KKII)
neuryHa 1 nponyiascuBHuA KK/ BCiel ycranoBku. Brucoka ekoHOMiIYHICTh
TaKMX JIBUT'YHIB JOCATHYTA 1 3aBIISKH MiABUIIECHHIO MaKCUMAaJIbHOIO THC-
Ky 3rOpSIHHS Ta MOJINIIEHHIO 1HIUKATOpHOTO Tporecy. Bei 11i 3MiHu npsi-
MO CTOCYIOThCS ()OPMYBaHHSI MaCTHJIBHOI TUTIBKM HA TTOBEPXHI 3MalllyBa-
HUX JIeTajei.

AmHai3 cyyacHuX TeHaeHli po3sutky MO/ mokasye, 1o aist 3a6e3-
MeYeHHsT HEeOOXiTHOi JOBTOBIYHOCTI 1 HAMIMHOCTI Cy4acHUX JIBUTYHIB, 10
MWTIHIPOBOTO MACTHIIA BHCYBAIOTHCS OCOOJIMBI BUMOTH, 0araTto B 4OMY
OB YKOPCTKI, HIX Ti, sKi BUCYBanucs i1 MO/] monepenHix Moiene.
30kpeMa, BUMOTH 10 3a0e3MeueH s TNIMHHOCTI MacTHiIa i 3MauyBa€MOCTi
METaJIeBUX MOBEPXOHb HAOyBarOTh HOBOT'O 3HAUYCHHS, SIKIIO BpaxyBaTw,
mo MeHiie |1 T MacTHiIa MOJAEThCS B IHJIIHIP JBUTYHA 33 KOXKEH 00epT
KOJIIHYAaCTOTO Baja, MPH [[bOMY ILIONIA 3MAllyBaJbHOI IMOBEPXHI CTaHO-
Buth 10 10...12 M, a xix noprast 710 4,0 M. 1li BmacTMBOCTI OBUHHI 3a-
Oe3nedyBaTH PiBHOMIPHICTh PO3MOALTY MacTWia MO BTYJl HWIiHIApa. Y
noeroxoaoeux MOJI 30i1bieHO B HOPiBHSAHHI 31 3Bu4aiinuMu MO/ gac
3HAXO/KEHHSI MAaCTWIBHOI IUTiBKYM A0 1i HOHOBJICHHS HA TIOBEPXHI BTYJIKH,
B Pe3yJbTaTi YOro MAacTWJIO ITOBUHHE BUTPUMYBATH OibILII TepMiyHI Ha-
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BaHTa)XCHHS, BUKOHYIOUH HEoOXiaHi (yHKI1. OIHUM 3 HaHBaXKIUBIIIHX
3aBJaHb € 3a0e3MeUeHHs TOBIIUHHU 1 MIITHOCTI MAaCTWIIBHOI IUTIBKH B YMO-
BaxX HU3BKUX HIBHIKOCTEH MOPILIHS, HAPUKIAJ, IPHU Pyci CyJeH Ha KO-
HOMIYHHMX XOJaX, IO AOCHTh LIMPOKO MOUIMPEHE B CyYaCHOMY CYyIHOII-
nmaBcTBi. BHcoka MOTYXHICTh, SIKa MpUTIaNae Ha OJWHUITIO PoOoYOoro 00'e-
My nwtiHapiB cydacaux MOJI, nae BenuKe TEMJIOBUAUICHHS, 3HAYHA Yac-
TKa SIKOTO CHpUIMAa€eTbcs MacTHIIBHOIO TUTiBKOIO. [lpu HemocTaTHiil Tep-
MIYHi# 1 OKUCITIOBAJIFHOI CTa01IBHOCTI MacTHIIa CTBOPIOIOTHCS TIEPEAyMO-
BU /ISl MIIBUIICHHA YTBOPEHHS HArapiB B 30HI MOPIIHEBHUX KiJleIb, IO
samkye pecype LI, ToMy MacTuiao MOBMHHE MaTH JAOCTATHIM CTYIEHb
JNETePreHTHOCTI (MHIOYNX BIACTHBOCTEH) 1 BUCOKY TEPMOOKHCITIOBAIBHIO
cTabinpHicCTh. TakuM YHWHOM, SKICHHHA CTPUOOK Yy PO3BHUTKY CYIHOBHUX
JAB3, Ge3mocepeHiM YMHOM BIUIMHYB Ha 3MiHY BHMOT 10 LWTiHAPOBHX
MacTWJI 1 BUCYHYB 3aBAaHHSI CTBOPEHHS HOBOTO MOKOJIHHS MAacTHJI, IO
BiZmoBimae iM. B oIiHII yMOB poOOTH HHIIIHAPOBOTO MACTHIIA HE MEHII
BaXXITUBUM (aKTOpOM, HiK mporpec B po3Butky MO/, € sikicTb 3acToco-
ByBaHMX mnanuB. [Iporsirom ocranHix pokiB 10...15 pokiB ocoGmuBocTi
3actocyBanHs manuB B CEY 3a3Hanu 3HaYHHUX 3MiH — 3HU3WIOCS CITOXKH-
BaHH MaJIMB, OTPUMAHUX 3 BUKOPUCTAHHSAM BTOPUHHHUX MPOLECIB: TEPMi-
YHOTO 1 KaTaJITHYHOTO KpekiHry i iH. [lornmbnenHs nepepoOku HadTH
CHPUYMHHAIIO YCKIIATHEHHS 3aJIMITKOBUX 1 AUCTUISATIB KOMIOHEHTIB. [Ipu
IOMY CIIOCTEPITa€ThCs 30UTBIIICHHS TYCTUHH TalUB HAaBITh MPH IOCTiH-
Hil iX B's3kocTi. B mporeci ekcriiyaTariii B'SI3KICTh MajvBa ITiIJAEThCS
e(eKTHBHOMY PETyJIIOBaHHIO IIISIXOM 3MiHU HOTO TeMIIepaTypH; 1o CTO-
CYETbCS TYCTHHH, TO Yepe3 NOPIBHAHO calKy ii 3aJIeKHICTh BiJ TeMmepa-
TypH, LIel BayUIMBUI NMOKAa3HUK MalMBa 3aJUILAETHCS MPAKTUYHO HE3MiH-
HUM B TPOIIECI MiArOTOBKH MajlBa JI0 BUKOPUCTaHHS B qu3eni. CyaHOBI
MO/ i cucremMu 0O6poOKH ManvBa Cyd4acHHX CylieH MoaudikoBaHi Ha 3a-
CTOCYBaHHS HaJBXKHUX HaiuB 3 B's3KicTiO 10 750 cCt npu 50 °C i ryc-
tiHOR0 10 1010 kr/M%. OcoGmHMBOCTI YMOB POGOTH LUTIHIPOBOTO MACTHIIA
Ha noBepxHi Aetaneit LUII" mpu BUKOpUCTaHHI MAIMB 3 BUCOKOIO B'SI3KICTh
Ta TYCTUHOIO BU3HAYAIOTHCS O1IbII TPUBAJIMM 3rOPSHHSIM MMaluBa Ha JIiHi1
PO3IINPEHHS, BUCOKUM CTYIIEHEM TEPMIYHOTO BIUIMBY Ha MAacCTHUIIBHY IUTi-
BKY, TIONAJIaHHSM Ha ii IMOBEPXHIO BEIHMKOI KIJTbKOCTI Caxki B pe3ysbTaTi
HETIOBHOTH 3TOPSHHS, MOTPAIUIIHHS KpamejabOK HE3rOpilioro naiiBa B
IUTiBKY 4epe3 301MbLIeHHS AaJbHOCTI PO3NMIICHHS NalBa BEJIMKOI TyCTH-
HU. Takuii poriec 3MilyBaHHs YaCTUHOK, IO 3HAXOISAThCS Ha MOBEPXHI
LHWIIHAPA, YUHUTH HETaTUBHUI BIUIMB Ha 3MalllyBajibHi BIACTHBOCTI Mac-
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THJIA, CTIPUSAE 3HIKCHHIO HOTO TEPMIYHOI 1 TEPMOOKHCIIIOBAIBHOI CTabi-
JIBHOCTI.

CyuacHi cymHoBi nBoTakTHi MOJI, siki BUKOpHCTOBYIOThCS sk '[]
(Taki, mI0 TepeNalTh CBOIO MOTYKHICTh Ha TBUHT Ta 3a0e€3MeUyl0Th pyX
CyZHa), KOMIUIEKTYIOTECSI IBOMa MacTWIbHUMH cucTeMamu. OIHa 3 HUX
(ummigpoBa abo MyOpUKaTOpHA) MOJAE€ MACTHIIO B IIMJIIHID 1 3a0e3meuye
MallleHHs HWIiHAPOBOI Ipynu (MOPIIHEBUX Kilelb Ta BTYJIKH LIJIiHAPA).
3a momomMoror apyroi (MUPKYJSAIIHOT) MaCTHIO TIOJAETHCS IO TTiAITH-
HUKIB Iu3els (KPeHIKOI(pHOT0, paMOBOTO Ta MOTHILOBOTO). OCHOBHUM
NPU3HAYCHHSIM SIK IIJTIHAPOBOI / TyOPHKATOPHOI, TaK LUPKYJISLIHHOT
CHUCTEMH € 3aIlT00ITaHHsS KOHTAKTHUM B3a€EMOISIM NETale mu3ens 3a pa-
XYHOK CTBOPEHHS MK HIMH MAacTHJIHHOTO Iapy Ta 3abe3neueHHs Tiapo-
JUHAMIYHOTO 200 TPAHUYHOTO PEKUMY MaIlleHHSI IOBEPXOHB TepTs. Came
3a WX YMOB 3a0e3MeuyeThCsl MiHIMalIbHE 3HOILIYBAHHS JCTACH TU3eis Ta
MiHIMaJbHI BTpaTH HOTO MOTYKHOCTI.

[TpuHIMIIOBa cXeMa IITIHAPOBOT / TyOPHUKATOPHOT CUCTEMHU MaIllCHHS
CYZ[HIOBOFO MO IglanaHa Ha puc. 1.
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Puc. 1. IlpuHIMIIOBa CXeMa MUTIHAPOBOI / TyOpUKATOPHOI CHCTEMH MAlleHHS
cynnoBoro MO/I:
1, 2 — uucrepHy 3anacy HITIHAPOBOro / TyOPUKATOPHOTO MAacTHIa; 3 — BUTpATHA
UCTepHa; 4 — BUTPATOMIp; 5 — MaHOMETp; 6 — TepMOMeTp; 7 — TyOpHKaTOp;
8 — muinapoBa BTYyINKa; 9 — MacTHiIbHUE QineTp; 10 — MacTUIBLHMI Hacoc;
11 — MacTUIBEHUH TiAIrpiBay
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V ummiagposiit / myOpuKaTOpHiM cHCTEMi MallleHHS MependavacThes
IBI IIUCTEpHM 3amacy mactuia 1 ta 2, y Skux 30epiraeTbcsi MacTWiIO 3
pizHUM Jy)HHM uncioM. [lig yac BUKOpHUCTaHHS MajluBa, BMICT CipKu B
sakomy gocsirae 0,5 % BHKOPHCTOBYETHCSI MAacTHJIO 3 JIY’)KHUM YHCIIOM
40...50 MrKOH/r, e — TiIpoKCcH I Kajiro, IO BUKOPUCTOBYETHCS K JTyK-
HUM KoMmoHeHT. [1if yac BUKOpHCTAaHHS MajluBa, BMICT CIpKU B IKOMY He
nepesuinye 0,1 % (B pasi excrmyaTamii cyqHa B CHENiaJbHUX paioOHax
KoHTpoI0 BukMIIB cipku — Sulfur Emission Control Areas, SECAS) Bu-
KOPUCTOBYEThCS MacTIIO 3 yxHUM uuciiom 20...30 MmrKOH/r. Macturno,
sIKe HeoOXiIHO AJIsl MallleHHsl HWITIHAPOBOI BTYJIKH, MOTPAIUILE 1O BUTpa-
THOI mmcTepHu 3. Jami MacTwiio 3a JOMOMOT0I0 MacTWIBHOTO Hacocy 10
gepe3 himpTp 9 crpsMoByeThCs A0 yOpukaTopa 7. Y pa3i HeoOXigHOCTI
301IbIICHHST TEMIIEPATypU MacTHJIa 3IMCHIOETHCS B MaCTUIIBHOMY IiJIiT-
piBaui 11. KijbKicTh MacTHIIa, IO MOCTYIAE O JyOpHKAaTOpa, a TaKOX
HOT0 THCK Ta TeMIIepaTypa BU3HAYAIOThCS 3a JOIIOMOTOI0 BUTpaToMipa 4,
MaHOMeTpa 5 Ta TepMomeTpa 6.

SKicTh mpoliecy MaleHHs, MO 3a0e3MeUyeThCsl HUITIHIPOBOIO CHCTE-
MOIO, OIIIHIOETHCS 32 TAKUMU TTOKa3HUKAMH:

* MMATOMI BUTPATH MAaCTHJIA 3aJIEXKHO BiJ BMICTY CIpKH y TaJWBi —
ACC-pdaxropa (Adaptable Cylinder oil Control);

* MATOMIM BATPATI MaCTHJIAa Ha MAIEHHS IIJIIHAPOBOI TPYIN 3aJIEK-
HO Bix motykHocTi nusens — FR (Feed Rate);

* nyxHomy unciny mactuia (Total Base Number — TBN uu BN), B3s-
TOMY 3 IMIAMOPIIHEBOTO MPOCTOPY JU3EIIS;

* kimpkocTi MetaneBux yactuHOK (Particle Quantity Index — PQI) y
MacTHJIi, B3ATOMY i3 MiATMOPIIHEBOTO POCTOPY AN3EIIS.

JlaHi mapaMeTpH € B3a€MOIIOB'I3aHUMU Ta BU3HAYAIOTHCS HA IIiICTaBl
pE3yNbTaTIB CePBICHUX OTISAAIB HWIIHAPOBOI TPYIH, BUMIPIOBaHb 3HOCY
IWIIHAPOBOI BTYJKH Ta aHa3y MacTHia, B3ATOMY 3 IIiJIIOPIIHEBOTO
MPOCTOPY JH3EIIsl.

Bemnunna ACC-akropa npuiiMaeThest 32 eKCIIEPUMEHTAIBHUMHE J1a-
HUMU, 3anexHo Bix 3HaueHb PQI (Particle Quantity Index) — xinpkocTi
MeTaJeBUX 4acTHHOK Ta BN B aHaiizax MacTHIIi, B3ATOMY 3 MiAMOPIIHE-
Boro mnpocrtopy. s cyaHoBux MOJ] ACC-daktop I0piBHIOE
0,2...0,35 r/(xkBr-rox-S %).

HIII" gu3eniB BiZHOCUTHCH A0 00’ €KTIB MOCTIHHOTO KOHTPOJIO TEXHi-
YHOTO CTaHy. ¥ Cy4acHHMX YMOBaXxX €KCILUIyaTalii CyJHOBUX JIU3E]iB BHKO-
HaHHS YaCTHX Bi3yaJbHHX I1HCIEKI[HM IWIIHAPOBUX BTYJOK HE 3aBXKIU
BUA€ThCS MOXUIMBUM. [lepir 3a Bce, 1ie OB’ s13aHO 3 IepioJIOM HEBITMHHOT
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poOOTH TOJOBHHX IBHUTYHIB MOPCBHKHX CYICH (HAIPUKIIAJ, TPUBAJICThH
OKeaHChKHX mepexoiB Moxke gocsratu 20...30 mi0), a TaKoXK — 3 BEJIHKH-
MU 3aTpaTaMH Ha iX BHKOHaHHS. TOMy i JiarHOCTYBaHHS TEXHIYHOTO
CTaHy UWJIIHAPOBOI TPYINH 3aCTOCOBYIOThCS HempsiMi metoau. Haitmomu-
PEHIIINM i JOCTYITHUM JUIS YMOB MOPCHKOTO CY/IHA € BU3HAYCHHS JTY>)KHO-
ro YHCia i KUTbKOCTI METAJICBUX JIOMIIIOK B MACTHWIIi, B3ATOMY 3 MiAIOp-
IIHEBUX MPOCTOPIB au3eiis. 3 Li€I0 METOI0 BHKOPHCTOBYIOTHCS CYIHOBI
nabopartopii, Taxi sik Cylinder Scrape-Down Oil Analysis.

CydacHi METOAM JiarHOCTYBaHHS, aHATI3YIOTh PiBE€Hb KOPO3ii IHITiH-
JPOBHX BTYJIOK CYJHOBHX JW3ENiB, HA OCHOBI BU3HAUCHHS 3aJMIIKOBOTO
my>kHOTO umcna Mactria (base number — BN), B3sTOr0 3 MiANIOPITHEBUX
mpoctopiB. IIpu mpoMy 3a BenmuumHOI0O BN MOMIMBO JaTH OLIHKY CTaHy
HUTIHIPOMOPIIHEBOI Tpynu. CTaH KOPO3ii HUIIHAPOBUX BTYIIOK 3aJIC)KHUTh
BiJl piBHS HE3BOPOTHHUX BTPAT CHEPTii M Yac MOCTYMAJIBLHOTO PyXy IOp-
ITHS B TPHOOIIOTIYHIN cHCTEeMI 1 TepeaiIsieThCsl Ha TPU OCHOBHI TPYIIN:

1) BN=17...45 — mmniHApOBI BTYJIKH €KCIUTyaTYIOThCS B JJOIYCTHMO-
My PEeXKHuMi, X 3HOC HE MEPEBHIIYE OMyCTUMOTO 3HAYCHHS, MPH LOMY
MpoIIeC MePEeTBOPEHHS eHeprii BiOyBaeThCS 3 MiHIMATBHUME HE3BOPOT-
HUMH BTPATaAMU;

2) BN=10...16 — B nmminapi ausens BigOyBaeThCs iHTCHCHGIKAIlisA
MPOIIeCy 3HOMIYBaHHS — BETMYNHA HE3BOPOTHHUX BTPAT ITiIBUIIIYETHCS;

3) BN 0 10 — BigOyBa€eThCst iHTEHCHBHE 301IBIICHHS 3HOCY IMTIH/I-
POIOPIIHEBOT TPYIH 13 3pOCTAHHSM HE3BOPOTHUX BTPAT.

Iin yac excrutyaramii au3ens B ymoBax l-ro pexumy (BN=17...45)
IUIIHAPOBA CUCTEMa MAIICHHS HE MiJJA€ThCS PETyIIOBAHHIO 1 MATOMA
BUTpaTa IUIIHAPOBOTO MACTWJIA BBKAETHCSA ONTUMAIBLHUM IS TAHOTO
pexxuMy poOoTH.

YmoBu 2-ro pexxumy (BN=10...16) cBingate mpo HEIOCTATHIO Kilb-
KiCTh MAacTWJIa, 1[0 HAJXOJUTh HA TIOBEPXHIO IMIIHIAPOBOI BTYJIKH 1 JUIs
BiJIHOBJICHHSI HAJIGXKHOTO 3HaueHHS BN HeoOXiHO peryiroBaHHS Mojadl
HUTIHIPOBOTO MAaCTHIIA.

Pobota nuzenst Ha TpeTboMy pexkumi (3 nmokasHukoM BN<10) BinHO-
CHUTBCS JI0 aBapiHUX YMOB, CBITYMTD PO MMiJBUINEHUH 3HOC LMUIIHIAPOBOT
IPYIH 1 BBAXKAETHCSA HENPUITYCTUMOIO. [Ipu 11bOMy HEOOXigHE HE TUIBKU
PETYIIOBaHHS MO/avi MIIHIPOBOTO MACTWIIA, alle 1 peryJItOBaHHS IHTEH-
CUBHOCTI OXOJIOJDKCHHS IIMITIHJPOBUX BTYJIOK, 2 TAKOXK MEPEBEACHHS JH-
3eJIsl Ha PEXKUM 3HIKEHOTO HaBaHTaKECHHSI.

OCHOBHMMU TMOKa3HUKAMH KiJBKOCTI MOAa4i HMIIHIPOBOTO MAacCTHIIA
Ha muinaposi Brynku € ACC dakrop (Adaptive Cylinder oil Control) i
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ButpaTta Mactuina FR (Feed Rate). Benmnunna ACC ¢akxropa GepeThest 3a
eKCIICpUMCHTATFHUMH JaHWMH, 3alekHO Bim 3HadueHb PQI (Particle
Quantity Index) — kimbkocTi MeTaneBux yacTHHOK i BN B aHamizax mac-
TWNa, B3SATOTO 3 MiAmopiiHeBoro mpoctopy. Hus cymHoBux MO/
ACC=0,2...0,35.

PekomeHnnoBaHa BHUTpaTa MacTWiIa pO3pPaxoBYEThCS 3a (popMyroro,
r/(xkBt-rom)

FR=ACCxS;

ne S — KiIBKICTh CIpKU B HaJUBI, %.

Bemmunan BN Ta PQI Bu3HagaroThCs Ha TiACTaBi 1a00paTOPHUX TOC-
JPKEHb, 0 BUKOHYIOTHCS Oe3mocepenHb0 Ha OOpTy CynHa 3a TOTIOMO-
TOI0 CYJHOBHX JIarHOCTHYHMX JIJA0OPATOPIil BIAMOBITHO IO MiXKHAPOIHO-
ro craumapry ASTM D5185-09. Kpim Toro, 3Hauennss BN mae BuzHaga-
trcd Bigmosigao go Bumor I1SO 3771:2011(E). dus BusHauenas BN Bu-
KOPHCTOBYIOTBCSI CYIHOBI JiarHOCTH4HI j1abopatopii, Taki sik Cylinder
Scrape-Down Oil Analysis, Unimarine Cylinder Scrape-Down Oil Analy-
sis, Shell Analex Alert, Signum onboard test kit of ExxonMobil, Parker
Kittiwake Cold Corrosion Test Kit, Digi TBN Test.

3rigHo 3 pekoMeHpamisMu  auseneOydiBHux  dipm MAN-
Diesel & Turbo ta Wartsila-Sulzer, 3HadeHHs] MTUTOMOI BUTPaTH MacTHIIA
FR Ha mamieHHs UITiHAPOBOI TPyNH CyAHOBHX JoBroxomosux MO/ He
MOBMHHO OyTH HIk4e 3a 0,6 T/(kBT-rox). 3aiexHo BiJ 4acy eKcIuTyarartii
HWTIHIPOBOI rpynu BennyrHa FR 3HaX0IuThCS y Mexax, HaBEACHUX Y
Tabmui 1.

[linTpuMaHHs BKa3aHUX 3HAY€HBb € 00OB’S3KOBHUM JIJISl BCIiX THIIIB JIH-
3€IiB, 1110 00JIaHAHI IMITIHPOBOIO CHCTEMOIO MaIlCHHSI.

Tabnuis 1. PekoMeH10BaHi 3HAYSHHSI TUTOMOT BUTPATHU HUTIHAPOBOTO MACTHIIA
FR B 3anexHOCTI Bi 9acy eKcInTyaTanii I HAPOBOT TPYIIH JH3eIs

Yac exciutyaTanii, rog | ITmToMa BuTpaTa HMIIHAPOBOro MacTuna, r/(kBr-rox)

0...5 1,7

5...100 1,5
100...200 1,3
200...300 1,1
300...400 0,9
400...500 0,7

oinpm 3a 500 0,6...0,65
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BucHoBkH i mepcneKTHBH MOAAJBIIUX JOCHiIXKeHBb. [IpoBeieHi
JOCTIKEHHS TO3BOJISTIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. CynHoBI ManooOepTOBi JOBrOXOJOBI JU3ENi BiJIPi3HAIOTHCS Bij
IHIINX MiJBUILEHOIO IJIOMICI0 HWIIHAPOBOI BTYJIKH, sIKa MOTPiOye HasB-
HOCTI MacCTWJIBHOI TUTIBKH Ha ii ITOBEPXHI.

2. SIkicTh Tporiecy MalIeHHS IHJIIHAPOBOI TPYITU CyIHOBHUX JTIOBIOXO-
JIOBHX JTU3EIIB OI[IHIOETHCS HE JIMIIE 33 TOKa3HUKAMH MOTOPHOTO MacCTH-
Jia, B3ATOTO 3 MiAMOPIIHEBOIO MPOCTOPY JM3els (0 SKUX MepIr 3a BCe
BiTHOCATHCA TTy)kHE urciio BN Ta KiUTbKICTh MeTaneBuX dacTHHOK PQI),
aJIe TaKOXK 33 3HAYCHHSIMH MTUTOMIN BUTPATH MACTHJIA 3AJICKHO BiJ] BMICTY
cipku y nanmuBi — ACC-dakTopa Ta MUTOMIii BUTpaTi MAacCTHIa Ha MalllCH-
HS OWJIIHAPOBOI TPYMH 3aJIeXKHO Bix moTyxHOCTi am3ens — FR. Came 3a
UMY TIOKa3HUKaMU HAHOUIbII €(EKTUBHO Ta LIIINOAIOHO BUKOHYBAaTH
JIarHOCTYBaHHS MOTOPHOI'O MacTHJIA CYJAHOBUX JIOBrOXOJIOBUX JU3EIIB.
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AHAJII3 EOFEKTUBHOCTI CUCTEMHU HA OCHOBI
OPI'AHIYHOI'O LIUKJIY PEHKIHA JUIS1 Y TUJIIBALUL
TEIIJIOTH OXOJIO’)KYBAJIBHOI BOJM JIBUT'YHA
WARTSILA 12V46F 3A PI3BHUX HABAHTAKEHb

Becryn

MixnHapomHa Mopcrkka oprasizaris (IMO) mpoTsarom ocTaHHBOTO Jie-
CATHITITTS TIOCHJIFOE BUMOTH JI0 €HEProeeKTUBHOCTI Ta BUKU/IB MApHHU-
KOBHX Ta3iB Biji MopceKkoro Tpancnopty. Hdomarok VI MARPOL Bkirouae
000B’SI3KOBI TEXHIYHI Ta EKCILTyaTaIliiiHi BAMOTH, 30KpeMa OIliHKy Energy
Efficiency Design Index (EEDI) mis noBux cymen ta Energy Efficiency
Existing Ship Index (EEXI) mis icHyrouoro ¢uoty, a TakoX iHICKC BY-
rnenesoi inTeHcuBHocti Cll ta Ship Energy Efficiency Management Plan
(SEEMP), sixi cripssmoBaHi Ha 3HIWKEHHS TUTOMUX BUKUAIB CO, TpH Tie-
peBe3eHHi BanTaxis [1-3].

VY 2023 p. IMO yxBanuna oHoplieHy CTpaTerito 31 CKOpOUEHHS BH-
KHUJIiB TAPHUKOBMX Ta3iB y CyJAHOIUIABCTBI [4], sika nependavae 10CATHEH-
HSI HyJTbOBOTO 200 OJIM3BKOTO JI0 HyJs piBHSA BUKUAIB 10 2050 p., a Takox
MPOMIXKHI OpIEHTUPHU 31 3MEHIICHHS CYKYITHHUX piuHUX BUKHUIIB Ha 20-30
% 10 2030 p. i Ha 70-80 % 10 2040 p. nopieHsHO 3 2008 poroMm.

BpaxoByroun, o cy4yacHi CyJHOBI JU3€Ji EPETBOPIOIOTH Y KOPUCHY
poOoTy suie 6IU3bKO MOJIOBHHU €HEPTii ManuBa, a perTa BiJJBOIUTHCS Y
BUTJIS/II CKUJTHOT TEIUIOTH 3 BUXJIOMHUMH T'a3aMHU Ta OXOJIOKYBaJIbHOIO
BOJIOIO, YTHIII3allisf Ii€l TEIUIOTH PO3TIISIAEThCH SK ONWH 3 Haledek-
THUBHININX MNUISIXiB TiJBUINEHHS €Heproe()eKTUBHOCTI Ta 3HIKEHHS BU-
kuaiB [5]. Cepen pi3HuMX TexXHOJIOTIH yTwimizarlii nemani OLTbIIol yBaru
HaOyBalOTh YCTaHOBKHM Ha OCHOBI opraniunoro mukiy Penkina (ORC),
30aTHI MPAIOBATH 3 HU3BKO- TA CEPEIHBOTEMIICPATYPHUMH JIKEperIaMu
TEIIOTH (BOJA COPOYOK IMJIIHAPIB, OXOJOKEHHS HAIIyBHOIO TOBITPS,
HU3BKOTEMIIEpATypHi Ta3u TOIO) 1 3a0e3revyBaTn JIOJIATKOBY €JIeKTpUY-
HY MOTYXHICTh 0€3 301IbLICHHs BUTPATH IaJKMBa OJIOBHOTO JBUTYHA [6-
8].

YuceHH1 A0CHIHKSHHS 1eMOHCTPYIOTh noTeHmian ORC-cuctem is
3HW)KEHHS MUTOMOI BHUTpPAaTW TMalMBa Ta IIOKPAIIEHHS MOKa3HUKIB
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EEDI/EEXI i CII 3aBmsku 3aiyd4eHHIO CKHIHOI TEIUIOTH CyIHOBHX
nBUTYHIB. OqHaK OiMbIIiCTH poOIT 30cepekeHl Ha BUKOPUCTAHHI TETIIO-
TH BHXJIOIHUX Tra3iB a00 KOMOIHOBaHMX DKepen, TOAl SK TNHUTaHHS
yTumizanii TemIoTd BoAau BucokoTemmepatypHoro (BT) konTypy oxo-
JIOJKSHHS CepeHhOOOEPTOBHUX AM3EIiB B YMOBaX 3MIHHUX PEXHUMIB PO-
00TH CyJHA JOCHIHKCHI HeOCTaTHRO. OOMEKEHUM 3TUINAETHCS W 00CsT
y3araJlbHeHUX JaHHUX I0A0 BHOOPY poOOYMX Tl i3 HU3BKUM HOTEHIIATIOM
rimobanpHOTO Moterntinaa (GWP), ontumizartii cxemu ORC 1 0cobmmBO-
CTel iHTerpamii yCTaHOBKM B CYJHOBY €HEPI€THYHY CHUCTEMY, 3
ypaxyBaHHSIM BHUMOT KJIacU(iKalliiHUX TOBAPUCTB i CTAHAAPTIB OC3MEKH.

VY 3B’S3Ky 31 CKa3aHHUM aKTyaJbHUM € JETaTbHHHA EHePreTHIHUIN
anaii3 cynqHoBux ORC-cucrem, siKi JKUBISATHCS HU3bKOMOTEHIIIHOO TeTI-
nororo Bonu BT KOHTYypy OXONOKEHHsI CydacHHX CEpeAHbOOOEPTOBHX
JIBUTYHIB.

Meroro maHoi po6oTH OyI0 aHami3 ePEeKTUBHOCTI Ta MPOAYKTUBHOCTI
CYJAHOBOi €HEpreTUYHOI CHCTEMH Ha OCHOBI OpraHiyHOTO HUKIY PeHkiHa
(ORC), 110 XUBUTHCS HU3BKOMMOTEHIIMHOIO TEMIOTOI0 BOIH OXOJIOKEH-
Ha nBuryHa Wairtsild 12V46F, mpu poGoTi mporo ABUTYHa y Pi3HHUX
HaBaHTaXeHHsx. Ha ocHOBI momepennix mociimkedp asropis [9, 10], B
aKkux Oynu oOTrpyHTOBaHI pallioHalbHa KOH]Irypamis TepMOAUMHAMIYHOTO
LUKy Ta poOoYe TiJIO0, aHANi3 BIUIMBY HABAHTAKEHHS TOJIOBHOTO JIBUTYHA
Ha epextuBHiIcTh ORC crcTeMu BUKOHYBABCS AJIsI PET€HEPATHBHOTO TEP-
MOJIMHAMIYHOT'O UKy 3 TICHTAHOM SIK POOOYUM TiJIOM.

Bxigni nani

B skocti ronoBHOrO ABUryHa OyJO0 NPUHHATO YOTHPHOXTAKTHHUN
neuryH Wirtsild 12V46F (14400 kBr). Bigmosigao mo iHpopmariii Bupo-
Onunka 3a 2022 pik [11], cpemHb000€pTOBI Cy/THOBI YOTHPUTAKTHI JH3EIb-
Hi gBuryHu Wirtsila 3aiimarots 44% Bin 3araabHOr0 00’ €My puHKY. 3poc-
TaHHS YaCTKW UYOTUPUTAKTHUX AM3EIbHHUX [BUTYHIB Ha PHUHKY IIOSIC-
HIOETBCS X OUTBII MPUBAOIMBUMH MapaMeTpamMH 3a MUTOMOIO Macolo Ta
po3mipamu (y TIOpiBHSHHI 3 JBOTaKTHHMH), a TakKoX eHeproedex-
TUBHICTIO, fIKa JUIA CYYaCHMX JBWUIYHIB HaOJIMXKaeThCs 10 €PEeKTHBHOCTI
JBOTaKTHUX. BUPOOHMKOM HaJaeThCs IMOJOOHUN ONKMC IBHUIYHIB cepii
Wirtsila 46F [12, 13], mo Takox mocopusiio BuOOpy came Wirtsila
12VA46F nuist anani3y 3 NpUYMHA JOCTYIHOCTI OMBIIOCTI BXiIHUX AaHUX Y
BIJIbHOMY JIOCTYTII.

Bona Bucokoremneparypuoro (BT) koHTYypy OXONOIKEHHS ABUTyHA
Oyua npuitHsTa gk mrepero rernotu ainsi ORC ycraHOBKH.

Ha ocHoOBi aHaii3y, BUKOHAHOTO Yy IONeEpeaHiii podoti aBTOpiB [9,
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10], mokazaHo, 10 TIPX HASBHOCTI pEreHepaTHMBHOTO TEIIOOOMIHHUKA B
ycranoBIli Ha ocHOBI ORC, sika HUBHTHCS TEIIOTOIO BOJHM OXOJIOKCHHS
neuryHa Wartsila 12V46F, ii 3aranpHa edexruBHicTh Ha 6,9...10,8 %
BuIle, HiK ans HepereHepatuBHoro ORC. Tomy ans aHamizy npuitHATe
CXEMHE pIIIeHH] 3 pereHepaTUBHUM TEIUIO0OMIHHHUKOM.

Sk pobGoue Tiyto JuIs MoaNkIIOro aHanizy oOpanwuii nenran (R601) 3
MPUYMHY TOTO, IO BiH 3a0e3Meuye BUILY €HEPreTHYHY e(DEeKTUBHICTD, HIXk
HaWOUTBII mommpeHi Gprop Byriemnesi pododi Tijga Ta Mae TyKe HUIBKHN
MOTEHIIaJ [100aIbHOTO OTETIIiHHS.

BxigHi naHHI, a TaKOX 1 NPUIYLIEHHA, IO OyaW NPUHHATI IS
aHaIizy, HaBeJIEHO HIDKYE.

- Temmieparypa Bogu HT kouTypy Ha BXxoai B ORC cucremy nmpuidHs-
Ta piBHOMO 74 °C.

- Temmniepatypa Bomu HT kontypy Ha Buxoai 3 ORC cucremu npwuii-
HATa piBHOMO 91...95 °C (Haiibinpma TeMmepaTypa BiOIOBiJaE HaBaHTa-
xeHHto Ha asuryH 100 %).

- Temmepatypa 3a00pTHOi Bou BapitoBanacs B inTepsaii 2...30 °C.

- Temmepatypa KoHIEHCaIii poOOYOro Tijia BapiroBanacs B iHTepBai
8...36 °C (na 6 K Buie 3a TemnepaTtypy 3a00pTHOI BOJIH).

- BtpaTtu THCKY, BTpaTH Teluia B TEMJIOOOMIHHHKAX 1 TpyOax He Bpa-
XOBYBAJIHCA.

- I3oentpormuit KK/ typ6inu npuitastuit pisaum 0,7 [14].

- Mexaniunniit KK/ typ6inu npuitasituii 0,98.

- KK/] enextporeneparopa mpuitasitaii 0,98.

- KK ]I >xuBunpHOTO Hacocy npuitHsaTuid piBHUM 0,5 Ha OCHOBI IaHUX,
HaBeJeHUX y poboTtax [15, 16].

- HaiimMeHmmii TemmneparypHuil Hamip y TeriooOMiHHHKax - pinch
point - mpuitesTHil piBEEM AT,,=5 K [9].

- HABaHTA)XCHHS Ha JIBUTYH (JIJIs1 OIIHKH KiJTBKOCTI Ta SKOCTi1 CKUIHOT
TEIUIOTH Y BUDIISII BoJu BT KOHTYpY OXOJIOJDKEHHS) JIJIsl aHAIII3Y TPHIA-
Masiocs y intepsaii 50...100 %.

Po3paxyHOK eHEpPreTMYHHX XapaKTEPHCTHUK OPraHidHOTO IHKIY
PenkiHa BUKOHYBaBCs 3a KJIacH4HUM miaxozom [17-19] 3 ypaxyBaHHSIM
Ter10(I3MYHUX BJIACTUBOCTEH BOIU Ta podouux Tii [20].

Tennosmuii 6ananc xpuryna Wirtsila 12V46F no ckuaniii Teniori

CyIHOBI AM3ETBHUN IBUTYH NPALIOIOTH 31 3MIHHUM HaBaHTAKCHHSAM
3aJIeKHO BiJl eKCIuTyaTamiiHoro npoduao cyaua. Ile o3nauae, mo cucre-
Ma yTuii3anii CKUIHOI TemtoTu ABuryHa Ha ocHoBi ORC Oyne mpaioBa-
TH 3 Pi3HOI0 €(PEKTUBHICTIO 3aJEXKHO BiJ PEKUMY €KCIUTyaTalii CyJHa.
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OTxe, MOTPIOHO MPOBECTH aHai3 POOOTH CHCTEMHU YTHIII3Allil CKUIHOI
TerioT aBuryHa Ha ocHoBi ORC y MoxmmBoMy iHTEpBam poOOY0ro
HaBaHTA)XEHHS Ha OBUTYH. [ 1bOTO MOTPiIOHO MaTH JaHi 3 TEIIOBOTO
OamaHCy ABUryHa 3a3BMYail i HaBaHtaxenb 50, 75, 85 Ta 100%.
HapanrtaxxenHst 85% € Ba)JIMBUM IJIs1 NOCIIIKEHHS, OCKUIBKH CyAHA 3a-
3BHYail MPAaLIOIOTh HA HOMIHAJBHIA Oe3mepepBHil MOTYKHOCTI, sIKa cTa-
HOBUTH Bl 85% 10 90% Big MakcuMMaabHOI OE3MEPEPBHOI MOTYKHOCTI
JBHUTYHA.

Ak mxepeno ckumHoi TemioTd aas podot ORC cucremu posriis-
naetbest Bojga BT cuctemu oxonomxeHHs ABHTyHa. BoHa mociiToBHO
OXOJIOJKYE IIFUTIHAPY ABUTYHA Ta HAJyBHE TOBITPs (HA MEpIIiil CTyHeHi
fioro oxomnomkennst) — puc. 1 [13].

BT4 BT5 HT3
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Pucynok 1. Cucrema oxonomkenHs npuryHa Wartsild 12V46F npicHoo BOI00:
01 — ronoeka mutiHapa, 02 ta 03 — 0X0JI0KyBadl HAAYBHOTO MOBITPs, 04 — 0X0-
nopkyBad Mactiia, 05 ta 06 — Hacocu oavi BOAH
(3 mpuBHOM Bix aBHryHA), 07 — TEpMOCTAT OXOJIOKYBAIBHOI BOJIH;

HT1 — nomaua oxonomkeHoi Boau y Hu3bkoTemneparypuuii (HT) kouryp, HT2 —
mojada oxoyomkeHoi Bogu y HT koHTyp pesepBHuM HacocoMm, HT3, BT4 ta BT5
— noBitpoBiaBimHUKN, HT4 — BinBenenHs Harpitoi Boxu 3 HT kontype, BT1 —
1o/1a4a OXO0JIO/KEHOI BOIU y BHcOKoTemmeparypHuii (BT) KoHTYp pesepBHUM
Hacocom, BT2 — 35iB Bogu 3 BT koutypy, BT3 — mogada 0X0I10KeHOT BOIH Y
BT xoutyp, BT6 — BiiBeaeHHst HarpiToi Boau 3 BT koHTYpY

VY nocibuuky [12] HaBeaeHi JaHHI PO TEIIOBUI OaaHC IpH HaBaH-
taskeHHax 50%, 75%, 85% ta 100%, ogHak He a1 Beiel miHikn Wartsild
46F. Toni six B [13] nani cTocoBHO eHepreTuuHOro Oanancy ais Wartsila
12V46F nanarorses numie npu 100% HaBaHTa)XeHHI.
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Puc. 2.a cxeMaTHYHO Ta CIPOIICHO IEMOHCTPYE CHEPreTUYHHU Oa-
naHc cyqHoBoro nsuryHa Wirtsila 12V46F npu 100% nHaBaHTa)xeHHi 3a
nanumu [13]. Ha puc. 2.6 HaBOIUThCS Takuit xe GanaHe i ABUTYHA MPH
y BUTIAJIKy BIIPOBAXKEHHsI CUCTEMH yTHiIi3auii Terotd Boau BT koHTypy
s BupoOaeHHs enexktpoeHeprii ORC cucremoro. Y BIAMOBIZHOCTI 10
BUKOHAaHUX y TomepenHix podorax aBropiB mochimkenb, KK/ ORC cu-
cTeMu a7 moOynoBu fiarpamu Ha puc. 2.6 6yB npuitasatuii 0,10 (cepenne
3HAYEHHSI, AK€ 3aJIeKUTh BiJ PEXUMIiB pOOOTH CHCTEMH Ta TEMIIEpaTypu
3a00pTHOi BomuM). 3 pucC. 2 BHUAHO, IO B KOPHCHY TEIUIOTY y BHIJIAII
eJIEKTPOCHEPrii nmepexoauTs npuoamu3Ho 1,5 % nepBUHHOT eHepril manuaa.

MexaHiuHa NoTyXHiCTs MskatlGax
Tennota i NOTYXHICTb
KoTna-yTunisaTopa Ha sani

6 766 KBT 14 400 kBT
(21.1%) (44.8%)

14 400 kBT
(44.8%)

Tennota 8ia
KoTna-yTunizatopa
6 766 kBT
(21.1%)

EnexTpoeHepris, ORC
488 KBT

(1.5%)

OxonopkeHHs HT-KOHTYp
4 884 KBT

(15.2%)

OxonomxeHHs HT-KoHTYp

4396 KBT

(13.7%)

OX0N10KeHHS LT-KOHTYP

3036 KBT

(9.4%)

Qmosi rasm (nicns koTna-yTunizatopa)
2 634 KBT

(8.2%)

BunpoMiHIOBaHHS Ta iHwi BTpaTM BUNPOMiHIOBaHHSA Ta iHLI BTPaTI
420 kBT

420 kBT
(1.3%) (1.3%)

Nanueo 100 % Nanuso 100 %
32 140 kBT 32 140 kBT

a 0
Puc. 2. Cripoiiena giarpama eHepreTHYHUX NOTOKIB Juis ABuryHa Wartsild
12V46F npn naBantaxenss 100 %

OX0NoAKeHHA LT-KOHTYp
3036 kBT
(9.4%)

[\MoBi rasu (nicns KoTna-yTunisatopa)
2634 kBT
(8.2%)

3 METOI0 OTPUMAHHS 3aJIEKHOCTI KUTBKOCTI TEIUIOTH, 1110 BiJIBOJUTH-
csi 3 Bonoro BT koHTYpy, Big HaBaHTa)KeHHs Ha ABUI'YH Oyl NpUIHATI
JlaHHI 3 eHepreTHYHOro Oanancy npu 100 % HaBaHTa)XCHHI Ta BUKOHAHE
ix macmTabyBaHHs 10 HaBaHTaxeHb 50/75/85% BiAMOBIAHO A0 MiHIHHUX
TPEeHIIB JUTS IHITUX IBUTYHIB cepii Wartsila 46F, maHHi o skuM HaBeeHi
y [12]. Pe3ynbratu i [BOX PEXUMIB JBUTYHA (3MiHHA Ta MOCTiiHA Ya-
cToTa o0epTaHHs Bajia IBUT'YHA) HaBeJCHI Ha puc. 3.

Hnsa neuryniB Wirtsila 46F namyBHe MOBITps Ha MepIUiid CTyMEHi
OXOJIOMKYEThCS BOJIOIO BbIcOKOoTeMriepaTypHoro (BT) konTypa, a Ha
npyriii - Bojoro HuskoremneparypHoro (HT) xonrtypa. Ilpudomy came
OXOJOMKeHHA Ha Apyriii cryneni (Bogoo HT konTypy) perymtoe
NiATPUMKY Maibke cTanoi TeMiepaTypy MOBITPS Micis 0XoyouKeHHs. Lle
O3HaYae, M0 TEIJIoTa, sKa BiJIBOJAWUTHLCS HA TepIIiil crymeHi Boxor BT-
KOHTYPY, 3 POCTOM HaBaHTKEHHS Ha JBUTYH 301JbIIYETHCS MPAKTHIYHO
NiHiHO y niana3oHi HaBaHTaxkeHb 50...100 %, ane cyOniHiiHO Ha MaIMX
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HABAaHTAXKCHHIX (3aBASKM HIDKYOI TEMIIEpaTypH IIiCIS KOMIIpecopa Ta
MEHIITOT BUTPATH TOBITPs). BUpOOHHUK He Hamae KPHUBi 110 HABAaHTAKCHHIO
JUISL TETUIOTH, 1O BiJIBOAWTHCA BiJ HATyBHOTO MOBITPA. 3 METOI0 OTpHU-
MaHHS 3aJIS)KHOCTI KUJTBKOCTI TEIIOTH, IO BiJBOJUTHCS 3 BOJOIO BUCOKO-
TEMIIEPAaTypHOTO KOHTYPY BiJl HAJyBHOTO TOBITpSI, BiJl HABAaHTa)KCHHS Ha
IOBUTYH Oynu TpUHHATI AaHHI 3 eHepreTwyHoro Oamancy mpu 100 %
HaBaHTAXKEHHI Ta BUKOPUCTaHHUHU MiAXiA, IO ONHCY€E KOPEKTyBaHHS mapa-
METpIB MPOIIECY OXOJIOUKEHHS HAJTyBHOTO IOBITPS NPH CTAJIUX TEMIIe-
parypax y moBiphOX0J0/KyBaui BiamoBigHo cranaapty 1SO 3046-1:2002
[21]. PesynbraTu 1uist ABOX peKUMIB ABUTYHA (TIOCTiiHA Ta 3MiHHA YacTO-
Ta o0epTaHHs BaJia ABUTYHA) HaBe/AeHI Ha puc. 3.

5000 H

BPK, pexxnm 3minnnx obepTin
4500 H=—o0— BPK, pexnm nocTiiiHux obepris

= 4000 F Tennosa MOTYHKHICTE, IO BIBOAKTHCH
BiJl Ha/UIyBHOI'O MOBITPS

= 3500 b1 CTYIEH]T 0XO0I0/PKEHHS ' p
- | CyMapHa TenioBa NOTYkKHICTh,

py

£3000 “‘-‘ 1O BUIBOJHTLCA BOAOIO _ = Q
é 4 B1 Komypyo L=
= 2500 B — 4
3 _ ot
2000 - P
) B
= - e (o} 4
1500 O" _________ ot l
1000 | ggaeeene="0 Tennosa l'[OT):’)KHiCTb, o .
B]‘[lB(l,‘ll’l I'bCH Bl,l COPOYOK JIBUI'YHA
500 1 L i

50 75 100
Hasanmaocenuns na I'll, %

Puc. 3. 3anexHicTh TEIJIOTH, 110 BiIBOIUTHLCS BiJl ABUrYHa 3 Bojoto BT koHTYypy
BiJl HABaHTa)XCHHs Ha MBUTYH Wartsila 12V46F

Crin Bim3uaunTH, 110 BiamosigHo [13] peanbHi 3HAYEHHS CKIaI0BUX
TEIUIOBOTO OallaHCy MOXYTh BIAXHIATHCH (~£=10 %) 3aJIe)KHO BiJ| TeMIe-
patyp Bogu BT ta HT koHTYpiB, 30BHIIIHIX YMOB, 3a0py/THEHHS TOBEp-
XOHb Ta HIINX MPUYUH.

Y BT KOHTYpi OXOJIOJUKEHHSI PeryJOBaHHS TEIUIOBOT MOTYKHOCTI,
IO BiJIBOAMTHCS BOJIOIO, 3MIMCHIOETHCS HE 3MIHOK BUTpaTH, a Oaiimacy-
BaHHIM 13 MOJANBLIMM 3MIIIyBaHHSIM HOTOKIB Yy TPHUXOJOBOMY KJIAlaHi.
3aBIsSKM [[LOMY BHTpaTa BOJAM 4Yepe3 OXOJOKYBaHI €JIEMEHTH TiITpHU-
MY€EThCS TMPAKTUYHO CTANO0, MO0 3a0e3rnedye CTaOiIbHUA TiIpoju-
HaMIYHUHA pexuM Tedii Ta Koe]ilieHT TerIoBiAaui Ta 3HWKYE PU3HKH
JIOKAJbHOTO TIeperpiBaHHs IOBEPXOHb. PeryioBaHHs CIpsMOBaHE Ha
MiATPUMKY CTaJIOl TEMIIEPaTypy BOAM Ha BXOJi Y CHCTEMY OXOJIOKEHHS
nBuryHa. [lpu 3MeHIIEHHI TEIJIOBOTO HABAHTAXKEHHS, YaCTUHA Harpitoi
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BOJM OMHMHA€ OXOJO/UKYBad (200 CIIOXKHMBaya, SIKUM y HAIIOMY BHIAIKY
Oyne cucrema Ha ocHOBI ORC) Ta moBepTaeThesl Ha 3MINTYBaHHS, IiITPHU-
MYIOYH TOTPiOHY TeMmIepaTypy Mojadi Ha OXOJIOJDKCHHs JBHUTYHA. Tomi
SK MPU 3pOCTaHHI MOTPeOH y BiABENCHHI TEIJIOTH BiJ JBUTYHA, YacTKa
Oaifrraca 3MeHIIyeThes, Oinpie Bogu BT koHTypy micis ABuryHa iae Ha
OXOJIOIKCHHS.

Po3paxyHok 3aJie;KHOCTi TeMnepaTypu Ta BUTPATH BOIU BHCOKO-
TEMIIEPATYPHOI0 KOHTYPY Bi/l HABAHTAKEHHS HA IBUTYH

Temnepatypu Ta BuTpaté Boau BT KOHTypy Ha BXOIi B OXOJOJI-
XKyBau (B TaHOMY BUMNAaiKy - Ha Bxoai B ORC cucremy) omiHroBanacs 3a
HACTYITHOIO METOJIUKOIO.

- Butparta Bonu BT KOHTYpy uepe3 COpPOUYKM NIBUTyHAa Ta OXOJIOJ-
’KyBad HaJITyBHOTO TIOBITps TIOCTiiHA.

- Temneparypa BoaM Ha BXOAl y ABUIYH U MiATPUMYETHCS CTAJIOO

Ta piBHOIO 74 °C 3a paXxyHOK 3MIIIyBaHHS OXOJIOKEHOTO MOTOKY 3 He-
OXOJIOKeHHM (Oaliiacom); CIiBBIIHOIIEHHS MOTOKIB PETYIIOETHCS TPHU-
XOJIOBUM KJIAIIaHOM.

- TemnepaTypa Boau Ha BUXOAi 3 ABUTYHA t__ 3MIHIOETHCS 3 HaBaH-

X
taxkenusaM (91...95 °C signosigno o [13]).
TemnoBa MOTYXHICTh, Ky MOTpiOHO BiaBecTu Bogoro BT koHTypy
BiZIOMa 3 TIOTIEPEHBOT0 PO3LTY Ta ONHUCYETHCS PIBHAHHIM:

Q = rﬁBT Cp (teux _tex) :
ne Mgy - 3arajgbHa BUTparta Boau BT KOHTypy uepes ABUTYH, KI/c; Cp -

CepeHs TEeTUIOEMHICTh 0XOJIOKYBalbHOI Boan, KJIxk/(kr K).
[ToTik Ha BUXOAl 3 JABUTYHA IUIATHCSA HA JBA: 4Yepe3 OXOJIOIKYyBay
(macoBa BuTpar M, ) Ta Oaiimac (macoBa BuTpaTa M, ). Ilicmsa 3mimny-

oxXJl
BaHH MOTIK Mae Temmneparypy t.. = 74 °C. TakuM YMHOM MO’KHA 3amHca-
TH PiBHSHHS:

mBT = mwm + mﬁ '

t = maxn tom 6Ux + m6 tswc

6X - 1

mBT

jae t - TeMmIeparypa BOJAU 3 BUTPATORO mox’ Ha BHXOJ1 3 OXOJOI-

OXJl 6UX 1

xyBaua (a0o ORC cucremu), °C.
Butpara Boau yepe3 oxoiomkysay (a0o ORC cucremy):



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 113

t -t
: _n BHX BX
mom - mBT t t
BUX -

TerutoBa MOTYXHICTh, SKa BIABOAUTHCS Y OXOJNOMKyBadi (abo sKa
yrumizyerbess ORC cuctemoro):

Q= mo,m Cp (tBHx —toxn an) :

3 HaBeJCHHWX BHWIIE PIBHSHb HE MOXe OyTH BH3HA4Y€HI OJHO3HAYHO
m,., Ta t IToTpiOHe 1€ CMiBBIAHOIIEHHS, K€ ONMCYE MPOLEC Ie-

'OXJI BUX

OXJI BUX °©
pEeHOCY TEIUIOTH B TEIUIOOOMIHHUKY 3a00pTHOI Boau (abo B cucreMi Ha
ocHoBi ORC). OxHak Ha MPaKTHIl YacTO 33JAI0THCSI TEMIIEPATYPOIO BOIH
Ha BUXOJi 3 OXOJOKyBada B 3aJIEKHOCTI BiJl TeMIepaTypu 3a00pTHOI
BoIM t ~t, +3...5°C. Onnak npyu BUKOPHCTaHHI BOJAH /sl pOOOTH

OXJ1 6UX
cucremu Ha ocHOBI ORC Temora Oy/e BignaBatucs pobodomy Tiny. A sk
MOKa3aHo y monepeanix podorax asropis [9, 10], TemmnepaTypa KumiHH
Oyzne TakoX 3MiHIOBaTHCS B 3aiexHOCTi Bif koHgirypauii ORC Tta Bix
t . Tomy y moanbuioMy KOpUCTYEMOCS HACTYITHUMH MipKYyBaHHSIMHU.

OXJl 6UX

Temnepatypa t He Moke Oytu meHma 3a t = 74 °C. Ha MCR pe-

‘OXJl 6UX
xuMi (100 % HaBaHTaXKEHH1) Y THIIOBOTO CYIOBOI'O AW3ENIS TPUXOAOBUIL
Ki1anaH Oinpiry yactuHy Boau (85...95 % Bim My, ) mogae Ha OXO0JOA-

KyBad, a Oaiinac MiHIManpHUA. Buxons4u 3 11b0T0, IPUHMAIOYH, IO MPH-
omuzno 10 % Bim My, OGaimacyerbes mpu 100 % HaBaHTaKEeHHI Ha

JBUTYH, NIpUIMaeMo TeMmneparypy t = 72 °C. Yim meHma Oyzae 1s

OXJl 6UX
TeMmIeparypa, TUM Oijibllla YaCTHHA TOTOKY Oyne OaifmmacyBaTHCs, OJHAK
3HW)KEHHS t MpU3BeJe 10 3HWKEHHS TeMIlepaTypH reHeparii Ta, sk

‘OXJl BUX
HaciIoK, 10 3HmwkeHHsa edekruBHOCTI ORC cucremu. BincytHicts Oaii-
nacy, To0To t =74 °C HeponycTHMA.

OXJl 6UX

[IpuiinsaBmm t = 72 °C 3a OIMcaHO0 METOAMKOI OYJIO OIiHEHO

OXJl 6UX
MacoBy BuTpary Boau BT KoHTypy depe3 0XosoKyBad Ta TeMIlepaTrypa
Boau BT koHTYpy Ha BXOJi B OXOJIO/DKYBa4 HPH Pi3HUX HABAaHTAXKEHHAX
Ha asuryH Wirtsila 12V46F. PesynbraTi HaBeneHo Ha puc. 4. 3aranbHuit
notik Boxu BT KoHTYpy, 0 NpoXoanTs depe3 ABUTYH (Mg =M, , +M;)

ckianas 55,4 xr/c.

Pesynprarn, mo HaBe[eHi Ha puc. 4 IEMOHCTPYIOTh, IO TIPHU 3HHU-
JKEHHI HaBaHTaXeHHs Ha aBuryH Wirtsila 12V46F 3 100% mo 50% But-
pata Boau BT koutypy Ha BXxoai B ORC cucremy Oyne nagaru 3 50,6 10
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46,0 kr/c, a Temnepatypa 1iei Bogu Ha Bxoai B ORC cucremy Oyie 3HH-
xyBartucs 3 91,5 °C mo 83,8 °C. Bce ne Oyne cpusaTH 3HHKEHHIO TPO-
IOYKTUBHOCTI Ta epekTUBHOCTI cuctemu Ha ocHOBI ORC y 3B’s13Ky 31 3HU-
KCHHSIM SIK BUTpaTH Boau (jKkepena ckuanoi terotu 1t ORC), Tak i i1
TeMIieparypu Jkepena teriot t, - (o BrmBae Ha KK/ mukory).

BUX

45 I L L L L L
50 60 70 80 90 100

Hasanmaxcenns na 171, %
Puc. 4. 3anexHicTh MacoBoi BUTparn Boau BT KOHTYpY uepes 0xolomKyBad
(aepe3 ORC cucremy) Ta Temrmeparypu Boau BT KoHTypy Ha BXOJi B 0XOJIOA-

Kysad {_ Bix HaBaHTaxxeHHA Ha ABUTYH Wirtsila 12V46F

AHani3 edexTuBHicTH ycraHoBKM Ha ocHOBi ORC mpu piznmnx
HABAHTAKEHHAX HA IBUTYH

V BiAMOBIAHOCTI 10 MiIXO/iB, omucanux y podorax [9, 10], BukoHa-
HUM pO3paxyHOK EHEPreTHYHHX XapaKTEPUCTHUK OPraHiyHOIO IHUKILY
Penkina ta cucremu Ha ocHoBi ORC npu BUKOpHCTaHHI SIK poO0OYOro Tina
neHTaHy. 3MiHa HAaBaHTA)XEHHS Ha JABUI'YH BpPaxoBYBaJlacs 3MiHOIO TEM-

nepatypu Boau Ha Bxogi B reHeparop ORC cuctemu t,, Ta ii BUTpaToOIO.
Takosx BpaxoByBajacs 3MiHa TeMIlepaTypH 3a00pTHOI Boau ., .

Sk Buano 3 puc. 5, KKJI ORC cucteMu HECyTTEBO 3HMKYEThCS 31
3HW)KEHHSIM HAaBaHTAXXCHHS Ha ABUI'YH. Lle 3HUIIEHHS BU3HAYAETHCS MEPII
3a Bce 3MeHIIeHHsIM Temreparypu Boau BT kontypy Ha Bxoai B ORC
cucremy (puc. 4), 10, K HACTIJIOK, CIPHSIE 3HIDKECHHIO TEMIIEPaTypH
rerepanii Ta KK/ nuxiry. 3amkenns KK/ nmpu najinHi HaBaHTa)XeHHS Ha
nsuryH 3 100 % mo 50 % cxnagae 4,9 % npu Temneparypi 3a00pTHOI Bo-

A o . . o
1 2 °C Ta 3,7 % npu temmiepatypi 3a6optaoi Boau 30 °C.
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Hasanraxenus
Ha JBUTYH
100 %
85 %
75%
50 %

Hasanramxenns -
Ha JIBHTYH
100 % A
85% 500 F
75% ]
50 %

0.13F so0l

012+

0.1

400

P, xBr

= 0.10F

0091 300 F
0.08}
200
007 L L 1 1 1 1 1 1 L 1 1
0 5 0,15 20 25 30 0 5 0,15 20 25 30
t,°C t,C

30 4

Puc. 5. 3anexnicts KK/ ycraHoBkE Ha Puc. 6. 3anexHicTs BUXITHOT €NEKTPU-
ocHoBi ORC (po6ode Tiio — meHTaH)  HOi MOTY>KHOCTI YCTAHOBKH Ha OCHOBI
BiJ Temnepatypu 3a0optHoi Bomu ta  ORC (poboue Tijio — MeHTaH) BiJ TeM-

HaBaHTa)XeHHs Ha ABUryH Wirtsila ~ mepartypu 3a00pTHOI BOIY Ta HABaHTa-
12V46F JKeHHs Ha nBUryH Wirtsila 12V46F

3 puc. 6 MOXHA 3pOOUTH BUCHOBOK, IO MPOJYKTUBHICTh YCTaHOBKH
MO BUXIJIHIM eJIeKTPUYHIM MOTYKHOCTI 3HAYHO Nagae 31 3HIKCHHSIM
HaBaHTa)XeHHs Ha ABUryH Wirtsila 12V46F. Lleit pe3ynpTar € odiKyBa-
HUM, TOMY IO KiJIbKICTh CKHJIHOI TEIUIOTH, IO BiJBOJUTHCS BiJl IBUTYHA
3 Bojor0 BT KOHTYpy mpHOIM3HO MPOIOPIIHHI CIOXKUBAHHIO NAJIMBa Ta
BUXIIHI MeXaHI4HIi MOTYXHOCTI ABUTYHa. Tak, mpu Temmeparypi 3a-
6optHOi Bogu 2 °C, enextpuuHi BuxigHa motyxHicTe ORC cucremu npu
100 % wnaBaHTakeHHI cknanae 659 kBT, a Ipu 3HWKEHHI HABAHTAXKEHHSI
1o 50%, enexTpuyHa MOTYXHICTh magae 10 291 kBt, To6T0 Oinbir HIX B
IBa pa3u. TakoX CYTTEBO 3HWKYETbCA eleKkTpuyHa moTyxHicTh ORC
CUCTEMH IIpH 301IbIICHHI TemrepaTypu 3a00pTHOI Boau. Tak, mpu 100 %
HaBaHTa)XCHHI Ha JBUTYH Ta 30UIBIICHHI TEMIIEpaTypHu 3a00pTHOI BOJIHU 3
2 no 30 °C Buxigna enexkrpryna notyxHicte ORC cucremn 3HMKY€EThCS 3
659 kBt no 353 kBrt. [Ipu camomMy HECHpHUSTIMBOMY 3 PO3IIIAHYTHX pe-
XuMi (TeMrepaTypa 3a00ptHOi Boju 3 30 °C Ta HaBaHTaXKEHHS Ha JIBUTYH
50 %) BuUXigHA eIeKTPUYHA IOTYKHICTh cKianae 158 kBT.

3 BUKOHAHOI'O aHalli3y MOXKHa 3pOOWUTH 3arajbHUN BUCHOBOK, ILO
BuxigHa noryxHicte ORC cucTemu, sika KUBITHCS BOJIOK OXOJIOHKCHHS
neuryna Wirtsila 12V46F, 3MiHIO€ThCSI B JTy’Ke IIMPOKOMY IHTEPBai MPH
BapilOBaHHI PEXMMHHX NapameTpiB. ToMy y MoganbInX AOCIHIIKEHHAX
3alUTAaHOBAHO ITPOAHAI3yBaTH EKOJIOTIYHY Ta EKOHOMIYHY JOIIIBHICTD
podorn ORC cucremmu, sika >KUBITHCS BOJOI OXOJIOJKCHHS JBUTYHA
Wairtsila 12V46F B pi3HUX pexumax.

BucHoBkn

PoboTa npucBsiueHa eHepreTHIHOMY aHalli3y CyTHOBOT YCTAaHOBKH Ha
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ocuoBi opranignoro 1ukiny Penkina (ORC), ska »XHMBHTBCS TEIUIOTOO
BOJM OXOJIO/KEHHS cyqHoBoro aBuryHa Wairtsild 12V46F npu HaBanTa-
xeHHi Ha ABuUrTyH Bifg 50% mo 100% Bigx MCR. IIpoananizoBano 3MiHa
KUIBKOCTI Ta sikocTi mkepena temtotu st ORC cucremu Bijx HaBaHTa-
KeHHs Ha ABUryH. [IpoaHanmi3oBaHO MPOJYKTHBHICTH Ta €()EKTHBHICTH
ORC mpu 3MiHHIK TemmepaTypi 3a00pTHOI BOAM (IpuiiMad TEIIOTH) Ta
3MiIHHOMY HaBaHTa)KCHHI Ha JIBUTYH.

Ha ocHOBI BUKOHAaHO aHaJi3y OTPUMAHO HACTYITHI BUCHOBKH.

1. Ilpn 3HWKEHHI HaBaHTa)XeHHs Ha OBUTYH Wirtsila 12V46F 3
100% no 50% Butpata Bomu BT konTypy Ha BXxoai B ORC cucremy Oyze
nagatu 3 50,6 mo 46,0 xr/c, a Temmeparypa 1iei Bonu Ha Bxoai B ORC
cucremy Oyne 3amkyBatucs 3 91,5 °C mo 83,8 °C. Bee me Oyzne cpusitu
3HMYKEHHIO TIPOIYKTUBHOCTI Ta eeKTuBHOCTI crctemu Ha ocHOBI ORC 3i
3HW)KCHHSIM HABAaHTa)KCHHS Ha JIBUTYH.

2. KK ORC cucremMu HeCyTTEBO 3HMKYETHCS 31 3HIDKEHHSIM HaBaH-
TakeHHs1 Ha ABuryH. 3HmxkenHs KKJI mpu maniHHi HaBaHTa)KeHHS Ha
neuryH 3 100 % 10 50 % cxnanae 4,9 % npu temnepatypi 3a00pTHOI BO-
au 2 °C ta 3,7 % npu temnepatypi 3a0optaoi Boau 30 °C.

3. [IponyxruBHicTh ORC crcTemMu 1o BUXiAHIA eNeKTPUYHIN TOTYX-
HOCTI 3HAYHO MAaJa€ 31 3HWKCHHSIM HaBaHTaXXCHHS Ha NBUTYH Wartsila
12V46F. Ilpu Temmepatypi 3a6optHOi Bomu 2 °C, eneKkTpudHI BUXiTHA
notyxkHicte ORC cuctemu npu 100 % nHaBanTaxkeHH] ckianae 659 kBT, a
MpY 3HIKEHHI HaBaHTaxeHHs 10 50 %, eJieKTprYHa MOTYXHICTh Majae J0
291 kBT, T00TO OlJIbII HIXK B JiBa Pa3y.

4. Temmiepatypa 3a00pTHOI BO/IM CYTTEBO BIUIMBAE HA BUXIIHY €IICK-
TpuuHy NOoTYXHicTh. [Ipn 100 % HaBaHTa)XxeHHI HAa ABUTI'YH Ta 301IbLICHH]
TeMrieparypu 3a00ptHOI Boau 3 2 10 30 °C BUXiJHA €JICKTpUYHA MOTYX-
Hicte ORC cuctemu 3amKyeThCs 3 659 KBT 10 353 KBT.

5. Buxigna noryxaicte ORC cuctemu, sika KHBITBCS BOJIOIO OXO-
sopkeHHs apuryna Wartsila 12V46F, moxe 3MiHtoBaTHCS OijIbI HiX B 4
pas3u npu 3MiHi HABAaHTAKEHHS HAa IBUTYH Ta TEMIIEPATypH 3a00PTHOT BOI.
ToMy y mojmaiplIMX AOCTKEHHSX 3aIJIAHOBAHO IMpPOaHali3yBaTH €KO-
JIOT1YHY Ta €KOHOMIYHY JOUIBbHICTh poboT ORC crctemu B pi3HUX pe-
KUMaX.
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FEATURES OF OIL SUPPLY TO THE CYLINDERS OF MODERN
MARINE DIESEL ENGINES

In recent years, the global maritime fleet has seen a trend towards a
significant increase in the rate of construction and commissioning of new
large-capacity vessels, with annual growth currently at around 2%.

The reliability and durability of marine diesel engines is to a certain
extent determined by the wear rate of the cylinder-piston group (CPG)
parts. One of the main issues that plays a primary role in determining the
service life of the CPG are the issues of organizing the lubrication of its
rubbing surfaces in accordance with the specified operating mode, the
type of fuel used and the engine cooling mode.

As demonstrated by the operation of marine diesel engines, excessive
oil consumption leads to increased oil waste products, deposits on
cylinder-piston group components, in the scavenge ports of the cylinder
liner (Fig.1), in the scavenge receiver, and in the exhaust tract. Increased
oil discharge into the under-piston cavity is observed.

a)

Fig.1. Deposits on the piston crown (a)
and scuffs on the cylinder liner surface (b)

At the same time, insufficient lubrication leads to a breakdown of the
oil film on the cylinder liner's working surface, resulting in dry or semi-
dry friction (the appearance of dry surface areas on the piston crown and
cylinder bore, or "dry rings"). Mobility is reduced, and piston rings can
become pinched and stick.
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This is accompanied by intense wear and sometimes scuffing of the
friction surfaces, leading to forced shutdowns and reduced reliability and
engine life of diesel engines. Blowby gases and sparks occur, as well as
the ignition of oil deposits in the piston cavity [1,2].

The forcing of engines, the use of heavy grades of fuel with increased
sulfur content and the maintenance of reliability and durability of diesel
engines increases the role of the lubrication system of cylinder-piston
group parts.

In existing lubricating systems, oil delivery to the nozzles of a single
cylinder is staggered over time, with the oil portion size ranging from 2 to
8 mm?. Furthermore, the period between plunger injection strokes, de-
pending on the specific drive design, ranges from two to eight crankshaft
revolutions. This, in turn, prevents regular and uniform oil flow to the
friction surfaces.

Operating experience has shown that when using high-sulfur fuels, the
correct selection of the amount of alkaline oil supplied to the cylinder,
necessary to create a stable oil film on the rubbing surfaces, plays a deci-
sive role in the durability and efficiency of a low-speed diesel engine.

The use of turbocharging and heavy fuel on many diesel engines has
led to changes in the design of oil supply nipples. As boost increases, liner
and gas temperatures rise, leading to the neutralization of the oil's alkaline
additives and the deposition of solid particles in the outlet channel, which
can disrupt lubrication. To reduce the impact of thermal stress on the oil,
nipples have been positioned closer to the point where the oil enters the
cylinder, reducing the time the oil spends in the high-temperature zone
between the nipple and the outlet port in the cylinder liner.

The oil supply channels behind the check valve vary in length, diame-
ter, and configuration. Individual sections of these channels are located
both vertically and horizontally. There are also channels with inclined and
offset (relative to the nozzle axis) sections, as well as sections rotated in
the vertical and horizontal planes (Fig.2).

The cylinders of modern turbocharged diesel engines running on
heavy fuel are lubricated exclusively with oils containing additives. In
these diesel engines, the purpose of the oil is not only to ensure fluid fric-
tion but also to quickly and evenly distribute the alkaline additive across
the cylinder liner surface.

If the oil is distributed slowly and unevenly across the surface, the al-
kaline additive will react with the acids before the oil has spread over the
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entire surface, and the exposed areas of the liner will be subject to corro-
sive wear to the same degree as with pure oil without additives [3].

a) b)
Fig.2. Double-row connection of fittings

In modern diesel engines running on heavy fuel, special attention is
paid to the location of lubrication points, their number and the design of
the distribution grooves. The presence of grooves on the mirror and their
correct geometry ensure a more intensive distribution of oil in the trans-
verse direction (Fig.3).

In modern marine engines, two types of timing grooves are commonly
used: individual grooves at each oil supply hole and continuous grooves
(common to all holes) located around the entire circumference of the cyl-
inder liner.

According to modern concepts, continuous grooves are preferable.
Their continuity ensures a more uniform lateral distribution of lubricant,
and the overlap of the groove by two piston rings simultaneously helps
distribute the lubricant quickly.

From existing ideas about the operation of lubricating systems, it fol-
lows that uncontrolled, uneven and irregular supply of oil to the internal
combustion engine cylinders is caused by long oil lines, which make it
difficult to pump small portions at the right time.

With the steady trend toward boosting modern low-speed diesel en-
gines, despite a significant increase in specific consumption and the use of
high-quality lubricants, the shortcomings of existing oil supply systems
are becoming increasingly apparent.

This suggests that the ability of newly developed oils to compensate
for the imperfections of oil supply systems is reaching a limit beyond
which normal operation of boosted diesel engines is possible only at re-
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duced power or with the use of newer oils, such as synthetic oils [3,4],
capable of performing under more severe supply conditions than mineral-
based oils.

When there is a pulsed change in the back pressure of the gases inside
the cylinder, which occurs when the compression ring zone moves
through the belt of the lubrication holes, a reciprocating movement of oil
occurs in the channel, which leads to intensive mixing of the oil with the
gases and, as a consequence, causes an uncontrolled process of oil exiting
the channel, causing significant losses due to its supply to the bottom and
the side surface of the piston head, where it burns, turning into an addi-
tional source of carbon deposits that intensify the wear of the CPG parts.
Previous Design
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Fig.3. Distribution groove design

Consequently, oil enters the engine cylinder by gravity flow or is sup-
plied by gases. Lubricant typically leaks past the oil inlet opening when
the lubricator valve is closed and the lubricator plunger is stationary.

This means that lubricators merely serve as a dispenser and pump, pe-
riodically refilling a kind of pre-chamber, a rather complex channel be-
tween the lubricator valve and the cylinder bore, under relatively low
pressure.

The flow of oil into the cylinder is directly related to the geometry of
the part of the discharge tract of the system, which is located between the
check valve and the sleeve mirror, as well as with the back pressure of the
gases acting in the channel area from inside the cylinder.

Changes in the length, diameters, volumes and other geometric ele-
ments of this part as a whole or its individual sections have a direct impact
on the mechanism of formation of processes occurring inside the channel,
as well as on the values of the parameters of oil flow into the cylinder, in

A
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accordance with the difference in the geometric characteristics of the oil
supply channels.

Research into the operation of lubricating systems resulted in solu-
tions aimed at increasing the uniformity (over RPM) of oil flow into en-
gine cylinders, so-called accumulator systems. These are diesel lubricating
systems in which pressure accumulators are installed in the discharge
tract.

The division of the cyclic portion of oil over the entire period between
two injection strokes of the lubricator plunger was achieved in accumula-
tor systems by reducing the oil pressure in front of the check valve of the
fitting to a minimum value, which, in the intervals between gas pressure
pulses, before the piston rings arrived at the lubrication points, ensured a
regular exit of oil into the cylinder on each piston stroke.

Cylinder oil must be delivered to the cylinder at a specific piston posi-
tion and time to achieve optimal results, which is not always achieved
with conventional lubricators today.

Therefore, diesel engine manufacturers have begun to widely utilize
new cylinder lubrication systems with electronically controlled lubrication
on modern ships (Fig.4).
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Fig.4. Electronically controlled lubrication system

The new lubrication system is based on the principle of injecting a
specific volume of oil into the cylinder every four (five, six, etc.)
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revolutions. Furthermore, precise injection timing ensures (according to
the company) that all the cylinder oil reaches the piston rings where it's
needed.

Analysis of the electronic system design reveals that the following are
essentially new: a computer-controlled hydraulic plunger drive (instead of
a mechanical one), which has led to a change in the lubricator's
appearance (Fig.5); as well as communication with engine load[4] .

. 2N

One-lubticator unit i

-
Fig.5. Appearance of the lubricator

The use of a computer in the lubricator's electrical circuit creates the
prerequisites for regulating oil portions depending on the sulfur content of
the fuel and the base number of the cylinder oil.

Meanwhile, in new MAN-B&W engines, the oil supply channels are
located in the upper portion of the cylinder liner, similar to Sulzer engines.

Furthermore, the outlet section of the oil supply channels is either off-
set upward or not (Fig.6), which allows gases to enter the channel and
consequently disrupts controlled oil flow.

—|:
a)

b)

Fig.6. Geometry of channels in the cylinder sleeve
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"Alpha" lubricators are installed on each cylinder. A servomotor, via a
piston, moves plungers that deliver oil to the fittings. The timing and
amount of oil pumped are determined by a microprocessor, which sends
control signals to the lubricator's solenoid valve.

The electronic control system has a pump station (Fig.7), including a
filter and oil cooler, as well as a working pump, which is activated
automatically when the engine is started, and a backup pump. These
pumps maintain a pressure of 4.5 MPa at the lubricator inlet.

2 7 6 5. 2 6 1

1 UD gear pumps M/AP1, MP2 7 Manual 3-way vake WV
2 Prassure switch input P3, P4 a8 Shutoff valve SW1

Operating status NO = open |2 turns open)
3 Prassure ransmitter P1 8 Shutoff valve SV2

Operating stafus NC = close
4 Syslem pressure gauge M 10 Safely valve DBT
5 Laak oll pressure transmifter P2 11 Pressure relef valve DB2
& Non retum valve RV, RV2, BV3 12 Pressure relief screw S¥3

Fig.7. Pumping station

A distinctive feature of the cylinder lubrication system of the engines
under consideration is the synchronization of the plunger’s oil supply with
the piston's position in the cylinder [1,5]. The end of the plunger stroke in
this system coincides with the moment when the bridge between the first
and second piston rings during the piston's compression stroke is at the
outlet openings of the oil supply channels.

The conditions for oil use and the operating conditions of the piston
ring-liner friction pair, all other things being equal, must be the same in all
cylinders of these diesel engines, unlike engines with non-synchronized
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lubricator drives. However, large variations in the length of the discharge
pipelines from 1 to 3 meters with equal plunger strokes do not provide the
same lubrication conditions for each nozzle, which under certain
conditions (incorrect choice of oil grade, its dosage, engine overload, etc.)
can cause disruption of the normal operation of the cylinder-piston group.
Tests of the lubrication system with a specific channel (the upper ring
of axial channels, see Fig. 2, 6 b) were conducted directly on the engine
using a special setup (Fig. 8) with oil supplied by an Alpha lubricator [6].

kl

X
J'f p ‘
< Lubricators

"Alpha"
TDS @

Fig.8. Experimental stand

Visual observations show that the surface of the oil layer in the chan-
nel is deformed under the influence of pulsed changes in gas pressure,
acquiring a wavy surface and a reciprocating motion. The section of the
channel in question (between the end of the nozzle and the cylinder bore)
is largely filled with gases. The pulsed change in pressure at the oil supply
orifice and the resulting alternating compression and expansion of the
gases in the channel causes a reciprocating motion of the oil, accompanied
by intensive mixing with the gases.

As the pressure drops at the lubrication holes inside the cylinder, the
gas-oil mixture moves along the channel toward the cylinder face, accel-
erating due to the energy of expanding gas bubbles and chambers en-
closed within the channel.

Before the channel exits at the cylinder face, the velocity reaches suf-
ficiently high values that the oil continues to move along the axis of the
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outlet channel even beyond its limits (Fig.9,a). Thus, the expanding gases
within the channel hurl oil out of the channel.

Special measurements revealed that in the engines studied, up to 80%
of the oil is hurled out of the channel by hurling, with this amount varying
depending on the engine and system operating parameters (Fig.9,b).
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Fig.9. Film footage of the movement of grease through the channel (a),
lubricant movement characteristics (b)

Between each stroke of the lubricator plunger, the oil is ejected in
several stages. It may be a jet, as in the film frames shown in Fig.9,a,
which is typical primarily for the first revolution of the oil supply cycle.
Subsequently, the ejection appears as a group or individual droplets. The
root of the jet, which does not break away from the surface, causes the oil
to slide under the hole and flow vertically down the surface. For several
revolutions (2...4), no oil flows from the hole.

It should be noted that the described phenomena occur in all oil sup-
ply channels simultaneously, due to the common rise and fall times of gas
pressure pulses from within the cylinder for all channels.

Different periods of oil refilling in other cylinders, corresponding to
their operating sequence, only determine the alternation of the "ejection™
patterns or the conditional order of oil flow from the holes. The above-
described alternation of the “ejection” forms, the intervals between them
and the breaks in the flow of oil from the holes indicate the emptying of
the channel as a result of the “ejection”.

Oscillographic recording of the process (Fig.10) revealed that the
choke valve opens in 2...3 stages during one revolution, following the
plunger's delivery stroke.
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Most of the oil enters the cylinder on the first revolution, and a small
amount on the second revolution, followed by a pause in oil supply until
the next plunger stroke (2...4 revolutions).

R 4Xpmm S

Fig.10. Lubricant supply oscillogram

Moreover, up to 50% of the oil (line Mv) enters with the valve closed
(line Xkl) and no delivery stroke of the plunger (line Xp).

Moreover, oil flows into the cylinder in uneven portions. The periods
of oil flow to the cylinder wall correspond to 340-35° CV and 60-310°
CV. Based on an estimate of the oil flow rate based on the area under the
Mv curve, it was determined that 40-65% of the oil enters the cylinder
when the piston rings are above the bores, and 35-60% when the rings are
below the oil supply bores.

From the oscillograms, it follows that the moment oil appears at the
bore exit is not directly related to the pumping stroke of the lubricator
plunger or the opening of the check valve.

Qil flow (line Mv) into the engine cylinder occurs both with the
plunger stationary (line Xp) and with the valve closed (line XKl). This
provides further evidence that the process of oil flow into the cylinder is
controlled not by the lubricator, but by the combination of conditions of
gas interaction with the oil contained in the valved portion of the system.

Considering the role of the piston surface in distributing oil across the
piston surface, we can assume that the "ejection” phase under considera-
tion carries a certain amount of oil, which is used for its intended purpose.
However, some of the oil in this phase will undoubtedly enter the ports,
the under-piston space, and the scavenge air receiver, and may be one of
the factors predisposing to a fire there.



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 129

The second, main, and most wasteful "ejection” phase occurs after the
second, more powerful pulse, when the piston crown is located below the
lubrication holes at approximately 55...60° crankshaft angle.

Based on the processing of high-speed film footage of the “ejection”
process (a fragment of which is shown in Figure 10), the oil flight veloci-
ties beyond the lubrication holes were determined by graphic differentia-

tion (Fig.11).
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Fig.11. Oil flow rates through lubrication holes drops and bunches of

them) are "ejected" from
the channels at a lower speed and travel a shorter distance from the oil
hole edges.

The jet-like "ejection™ pattern is characterized by a velocity of up to
2...2.5 m/s and the greatest range. Consequently, the bulk of the oil (ex-
cluding the root of the jet) entering the cylinder after the second pulse
breaks away from the piston face, landing directly on the piston crown,
where it subsequently burns.

The root of the jet, which occurs after the larger pressure pulse, and
the incomparably small amount that flows out of the oil hole during this
phase without separating from the face, are captured by the first compres-
sion ring during compression.

Conclusions

The experimental studies revealed the following:

1. Oil enters the cylinder from the channel behind the choke valve due
to gas-oil interaction in this channel, accompanied by the release of some
oil onto the non-working surfaces of the cylinder-piston group compo-
nents, leading to direct oil loss;

2. The "release” occurring in the expansion line occurs within the
working cylinder volume when the piston is below the lubrication chan-
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nels and constitutes the bulk of the oil, which is inefficiently used in the
cylinder, increases carbon deposits, deteriorates the cylinder's condition,
and reduces engine performance;

3. Oil delivery during compression is partially to the lower rings and
primarily to the piston trunk. Uneven oil delivery occurs across revolu-
tions and is disproportionately distributed between the upper and lower
piston rings.
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PROBLEMS AND SOLUTIONS IN THE OPERATION
OF JACK-UP AND DRILLING

Introduction. Jack-up barges (self-elevating drilling platforms) and
simpler anchored drilling barges are widely used in offshore oil and gas
operations for exploration and near-shore field development. A jack-up
barge is a mobile platform with a buoyant hull and extendable support
legs that can be lowered to the seabed to lift the deck above the water
(usually above the wave zone). These units typically have three (or occa-
sionally four) triangular lattice legs and a large hull weighing millions of
pounds. In operation, the legs are jacked down through the water into the
seabed until the hull is held above waves. Jack-ups are commonly used for
offshore drilling in water depths up to roughly 150 meters, offering mobil-
ity and cost-effectiveness in shelf environments. By contrast, drilling
barges (swamp barges) are flat-bottomed barges with a cantilever derrick
that are towed to a site and held in place by an 8-point mooring system.
These barges have low freeboard and limited seaworthiness, restricting
their use to very calm waters in shallow depths (typically <50 m).

These platforms operate under harsh offshore conditions (waves, cur-
rents, winds, and cyclic temperature changes) and must withstand corro-
sive saltwater exposure. As the demand for deeper drilling and heavier
equipment grows, the loads on hulls and legs increase, challenging the
design limits. At the same time, aging structures, sometimes with deferred
maintenance, plus strict safety and environmental regulations, create engi-
neering and operational issues. This work examines the main technical
problems in jack-up and drilling barge operation and discusses modern
solutions to improve reliability, stability, and service life.

1. Structural Features and Operating Conditions. Jack-up barges
consist of several key components:
= Hull/Pontoon: a watertight barge-shaped hull that supports the drilling
deck, living quarters, and machinery. It provides buoyancy and carries the
cantilever drilling package and jacking house.
= Legs (support columns): usually three lattice legs (occasionally four)
extending below the hull. The legs are fitted with spud-cans or footings at
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the bottom that rest on the seabed. A lifting mechanism (commonly rack-
and-pinion drives with pinions engaging racks on the legs) raises or low-
ers the legs, so that during deployment the hull is supported by the legs on
the ocean floor.

= Deckhouse and Superstructure: above-deck facilities include the drill-
ing rig, power plant, and living quarters.

= Jacking System: mechanical or hydraulic jacks in the hull (jack house)
engage the legs. Typical systems use multiple rack-and-pinion hoists (one
per leg) to lift the entire platform evenly.

= Ballast System: tanks and pumps in the hull for trimming and stability
control during tow and preloading.

During transportation, the legs are fully raised and the hull floats on
water. At the drilling site, the legs are lowered until they contact the sea-
bed. The legs penetrate as needed (preloading) to achieve a firm footing,
and then the jacking system elevates the hull up to the required air gap
above the water surface. The spud-cans provide bearing and prevent ex-
cessive settlement. In shallow waters, a drilling barge will be moored by
anchors instead. Both types of platform must contend with wave and wind
loads on the hull and legs, current forces on the structure, and the constant
exposure to a corrosive marine environment. In particular, salt spray and
chlorides in the splash zone (the cyclically wet region near the waterline)
create very aggressive corrosion conditions.

2. Main Operational Problems

2.1. Corrosion and Fatigue Degradation

Corrosion is a primary factor limiting the service life of offshore plat-
forms. Saltwater, humidity and oxygen promote metal oxidation, leading
to coating breakdown and material loss. Jack-up hulls, legs and deck
equipment are exposed to a combination of salty air and immersion; this
results in uniform corrosion of topside structures and severe pitting in
splash and submerged zones. Indeed, marine corrosion in the oil&gas
industry costs billions of dollars annually, and jack-up platforms (with
exposed steel legs and large wetted areas) are especially vulnerable. Cor-
rosion damage reduces the thickness and strength of structural members,
undermining load capacity. Over time, localized corrosion at welds or
edges becomes crack initiation sites, accelerating fatigue failure of welded
joints. In practice, this means more frequent dry-docking for repair, in-
creased risk of ballast-water leaks from corroded bulkheads, and eventual
failure of pins, jacking lugs or fasteners in the hoisting gear.
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Environmental factors combine to worsen fatigue and corrosion: cy-
cles of temperature and stress fluctuate material properties, and mechani-
cal loading interacts with the chemical attack. Laboratory and field studies
have shown that saline air and humidity amplify oxidation rates, while
repeated loading under corrosive conditions causes “corrosion fatigue,”
dramatically shortening component life. For example, repeated drilling
vibrations and wave impacts, together with corrosion, will generate fa-
tigue cracks more rapidly than in benign conditions. In summary, corro-
sion leads to reduced leg capacity, cracking of welds, and spalling of coat-
ings — necessitating extensive maintenance and posing safety risks.

Key consequences of corrosion and fatigue include:
= frequent maintenance outages (dry-docking) to repair thinning hull plating
and replace corroded segments.
= J|ocal leaks or flooding due to perforation of ballast tanks and structures in
the splash zone.
= failures of jacking-system components (e.g. stripped gears, pin failures)
caused by undetected fatigue cracking.

2.2. Dynamic Loads and Stability

Jack-up operations are strongly affected by dynamic seabed interac-
tion and environmental loading. Unpredictable geotechnical conditions
(soft clay layers, sand seams, uneven seabed) can cause differential leg
penetration. If one leg suddenly sinks (“punch-through”) more than the
others, the platform will tilt. A leg “punch-through” (rapid unplanned
penetration) is a known hazard in jack-up installation; it can happen dur-
ing leg lowering or even at working height if a weak soil layer fails. Such
asymmetry induces complex load shifts and bending moments in the hull
and legs. Even small tilts are tightly limited (e.g. tilt limits are typically on
the order of 0.25-0.5°) to prevent equipment damage. Unintended tilting
risks safety and can halt operations.

In addition, the platform in raised position is subjected to oscillatory
forces from waves and wind. Periodic wave impacts on the hull and legs
induce vibrations and cyclic stresses. These dynamic loads contribute to
high-cycle fatigue in leg-to-hull joints, spud-cans and deck structure.
Drilling operations themselves cause vibration (especially torsional and
axial vibrations in the drillstring) which can transmit to the structure. Over
time, this combination of offshore wave/wind loading and machinery vi-
bration accelerates fatigue damage in welds and steel members. Managing
these cyclic loads requires robust design and careful leveling but remains
challenging when unexpected soil movements occur.
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2.3. Jacking System Failures and Positioning Errors

The jack-up’s lifting system is a complex, heavily loaded mechanism.
Any failure in a jack or drive train (e.g. hydraulic actuator fault, motor
stall, chain or gear failure) can cause one leg to lag or drop, immediately
creating uneven load distribution. In practice, an unsynchronized lowering
of even one leg causes the platform to incline, often triggering an emer-
gency halt. For stability, leg loads must remain balanced and the hull kept
level (typically within a few tenths of a degree). Faults such as worn rack
teeth, seized guide rollers or hydraulic leaks can disrupt this balance. Sim-
ilarly, for anchored drilling barges, loss of an anchor line (due to line fail-
ure, fouling or inadequate tension) leads to unplanned rotation or drift and
uneven mooring loads, compromising stability. Positioning errors at sea
(e.g. due to tug handling or anchor dragging) make accurate placement
difficult and may require re-positioning, adding risk. Overall, failures in
leg jacking or anchoring pose serious stability and safety hazards.

2.4. Limited Maintenance Access and Monitoring

Offshore platforms have crowded decks and confined spaces for ma-
chinery, making inspection and maintenance difficult. Critical compo-
nents (leg guides, jacking racks, ballast compartments) may be hard to
access. Traditional inspection methods (visual checks, ultrasonics) often
require the rig to be shut down or at least secured, which is costly in lost
operating time. Space constraints and the presence of drilling hazards
(heavy equipment, petroleum gases) further limit maintenance operations.
As a result, problems often go undetected until they become severe. The
lack of integrated real-time condition monitoring means many defects are
only found during scheduled dry-docks or after minor failures. This “reac-
tive” maintenance approach can lead to unexpected downtime and expen-
sive emergency repairs.

2.5. Environmental and Fire/Blowout Risks

Despite modern safety systems, drilling platforms inherently involve
high risk of blowouts, oil spills and fires. The presence of flammable hy-
drocarbons in the drilling fluid and annulus means that well-control fail-
ures (e.g. loss of well pressure, faulty blowout preventer) can rapidly esca-
late into uncontrolled eruptions of oil or gas. Historical incidents on drill-
ing barges, such as the 1964 C.P. Baker barge disaster, illustrate the dan-
ger: a blowout flooded the hull and ignited a massive fire, resulting in the
barge sinking and many fatalities. Similarly, aged or damaged fuel and
hydraulic piping or worn seals on any offshore structure can leak oils into
the sea, causing environmental contamination. Fuel spills from ballast or
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bunkering operations also pose pollution hazards. Additionally, offshore
fires (from engine rooms or drilling systems) can quickly spread in the
compact quarters of a platform. In summary, blowouts and hydrocarbon
leaks remain among the most severe risks for jack-up and drilling barge
operations.

3. Modern Engineering Solutions

In response to these challenges, the industry is applying various engi-
neering and procedural improvements to enhance safety and longevity.
Current strategies focus on protecting structures, improving system relia-
bility, and utilizing advanced monitoring. Key approaches include:

3.1. Enhanced Corrosion Resistance

To combat marine corrosion, multi-layer protective systems are stand-
ard. These often combine cathodic protection (either sacrificial anodes or
impressed-current systems) with robust coatings. For example, jack-up
hulls and legs are fitted with sacrificial zinc or aluminum anodes; in some
cases impressed-current cathodic protection is applied to maintain the
submerged parts at a protective potential. High-build epoxy primers and
polyurethane topcoats (in multiple layers) are used on hull and deck sur-
faces to isolate steel from the environment. These coatings significantly
slow corrosion rates, especially in the splash zone and submerged areas.
For high-risk components (leg guides, pinions), corrosion-resistant alloys
(e.g. duplex stainless steels) or inorganic zinc-rich primers may be used.
Routine re-application of coatings during periodic maintenance is now
standard. Research into advanced coatings (e.g. self-healing epoxies and
nano-composite films) is promising: such materials can autonomously seal
small scratches or release inhibitors when damaged.

3.2. Improved Jacking Systems and Leveling

Modern jack-up designs incorporate redundancies and better controls
in the leg jacking system. Hydraulic pinions with precise servo control,
automated leveling algorithms, and backup chains reduce the chance of
catastrophic failure. Some newer rigs use dual-drive motors per leg or
cross-connected hydraulic circuits so that one leg’s actuator can assist
another. Real-time load-sensors on each leg allow the control system to
detect uneven loading immediately and adjust movement rates. Automa-
tion software now routinely enforces equalization of leg movement (to
within millimeters) during lifts. In addition, design improvements such as
stiffer guides, enhanced lubrication, and enclosed seals protect the rack-
and-pinion gears from contamination and wear. For anchored barges,
newer mooring systems use synthetic fiber ropes with real-time tension
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monitoring and automatic capstans that can re-tension any slack, minimiz-
ing rope failure.

3.3. Monitoring, Diagnostics and Digitalization

A major innovation is the deployment of integrated monitoring sys-
tems and “smart” diagnostics. Sensors (strain gauges, accelerometers,
ultrasonic probes, corrosion probes) can be installed on critical compo-
nents (leg towers, jacking gears, hull plating) to collect real-time data on
stresses and degradation. For example, load sensors on each leg track axi-
al and bending forces during jacking and drilling, alerting operators to
anomalies. Environmental sensors measure hull acceleration in waves,
which combined with a hydrodynamic model, predict excessive fatigue
cycles. On-line corrosion probes and corrosion-rate transmitters can detect
coating failures early. All this data can feed into digital monitoring sys-
tems (SCADA\) for continuous oversight.

Moreover, operators are beginning to use digital twins and predictive
analytics. A digital twin is a computer model of the rig that simulates its
structural response under current conditions. By inputting sensor data (e.g.
leg load, wave height, soil stiffness), the model can predict the platform’s
response to imminent operations or extreme events. Similarly, machine-
learning algorithms analyze historical sensor data to predict the time-to-
failure of components (e.g. jacking motors or welds). Studies have shown
that predictive analytics can identify areas prone to severe corrosion or
fatigue well before visible damage. Implementing these techniques ena-
bles condition-based maintenance: parts are serviced or replaced just be-
fore failure would occur, rather than on a fixed schedule. This reduces
unplanned downtime and improves safety.

3.4. Standardized Inspections and Maintenance Practices

To address the human and procedural side, the industry is also stand-
ardizing inspection routines and crew training. Well-defined checklists
and periodic dry-dock surveys (often using robotic crawlers and magnetic
crawlers for hull inspection) help ensure no critical areas are missed.
Companies now often require marine warranty surveys and independent
audits of jack-up operations, verifying that all procedural controls (e.g.
proper preloading, tilt limits, drilling protocols) are followed. New off-
shore maintenance concepts like “stay time” planning and parallel
maintenance tasks help minimize total downtime. While these are organi-
zational measures, they effectively reduce the risk of oversight errors in
maintenance and operation.
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Conclusions and Outlook. The operation of jack-up and drilling
barges in the offshore environment involves multiple interrelated technical
challenges: corrosion, dynamic loading, mechanical reliability, and safety
risks. Our review shows that corrosion protection, system redundancy,
real-time monitoring, and maintenance optimization are key pillars of
current solutions. In particular, integrating predictive diagnostics (using
sensors and analytics) and digital twin simulations into routine operations
offers great potential to extend platform lifespan and avoid failures. Fu-
ture work should continue developing smart coatings and condition-
monitoring technologies, and formalize their use in industry standards. In
conclusion, a comprehensive approach combining improved design, tech-
nology, and procedures is needed to enhance the reliability, safety and
sustainability of offshore jack-up platforms.
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DEVELOPMENT OF A MODEL FOR THE DESTRUCTION
PROCESS OF CRANKSHAFTS OF MARINE DIESEL ENGINES
TAKING INTO ACCOUNT THEIR STRESS-STRAIN STATE

Formulation of the problem in general form.

Crankshaft quality issues include mechanical damage (scoring, chip-
ping, scratches), geometric distortion (deformation, deflection, runout),
and accelerated wear (of journals, bearings, and bores), which often leads
to engine imbalance, increased noise and vibration, and ultimately, engine
failure. These can be caused by manufacturing defects or operational er-
rors, such as unscheduled oil changes, overheating, or excessive loads.
Fatigue failure is the most common cause of crankshaft failure, especially
in steel crankshafts, accounting for 70% of failures. This occurs due to
repeated stress cycles, even when the stress is below the material's yield
strength.

Cracks often form in high-stress areas of the crankshaft, such as the
journal-to-journal joint [1]. These cracks can start small but grow over
time, especially when the piston is at top dead center (TDC). As the en-
gine continues to operate, cyclic loads can cause cracks to propagate,
leading to complete failure. Excessive axial clearance in the crankshaft
assembly can also lead to axial movement during engine operation. This
movement increases stress concentration, which in turn can lead to cracks
and premature failure [3].

Crankshaft failure can be directly related to bearing issues, such as
improper bearing installation or worn bearings. If the bearing nuts are
loose or the clearance between the shaft and axle is too large, the crank-
shaft will experience uneven loading, leading to premature fatigue.

Considering the above, improving the quality of remanufactured die-
sel engine crankshafts, taking into account their stress-strain state, remains
a relevant problem.

Setting the task.

1. Develop a flat model of a crankshaft crank.

2. Consider the stress-strain state of a reconditioned large-size crank-
shaft subjected to alternating loads.
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3. Develop a model suitable for analyzing the failure process of
crankshafts of low-power marine diesel engines.

4. Develop the force interaction between the cutting tool and the
workpiece.

Analysis of recent research and publications.

An analysis of literary sources reveals a shortage of domestic techno-
logical support for the restoration and repair of large diesel engine crank-
shafts. Similar technologies exist globally, with the Gleason process, a
common example of which is the application of metal coatings under a
flux layer using two different wires [2]. The need for technological sup-
port for the restoration of domestic large-sized crankshafts underlies the
relevance of this study.

Crankshaft analysis includes diagnostics for defects, such as wear,
scratches, scoring, and runout, using magnetic particle and ultrasonic test-
ing [4]. Compliance with technical requirements is also assessed, such as
checking journal geometry (ovality, taper), and analyzing the causes of
wear for subsequent shaft restoration using grinding or thread and keyway
restoration methods.

Presentation of the main research material.

To analyze potential defects and predict crankshaft failure locations, it
is necessary to examine the stress-strain state of a reconditioned large
crankshaft subjected to alternating loads [5]. Most frequently, fatigue fail-
ure occurs along the cheek in the overlap zone of the connecting rod and
main journals (Fig. 1), which for low-power marine engines is 27.5 mm at
the nominal journal size.

When regrinding the main and connecting rod journals to the final re-
pair size, the overlap is reduced by 2 mm (7.2%). Calculations show that
the bending stress level increases by an average of 8% [8].

Figure 1 - Form of fatigue failure of the crankshaft along the cheek
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The size of the load-bearing cross-section decreases significantly dur-
ing operation due to the propagation of fatigue cracks from the origins (in
this case, the fillets), as shown in Figure 1.

To analyze the force interaction between the crank and main journals
in the overlap zone, a flat model was proposed, shown in Figure 2.

Here, Z is the resultant force transmitted from the connecting rods; Za
and Zg are the support reactions.

For simplicity, we consider only the right-hand side of the model,
where |, is the web thickness; I, is the main journal length; and p is the
journal overlap. In the overlap zone, the solid metal is replaced by a fixed
rod system consisting of rods 2-1, 2-4, and 3-4.

The rods themselves have hinge joints at the corresponding nodes and
can only experience axial loads in the form of tensile or compressive forc-
es. If we cut the rod system with line 1-1 and examine the right part (Fig.
3), we can determine the forces in the rods themselves.
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Figure 2 - Flat model of the crankshaft Figure 3 - Diagram for
crank determining forces
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In formulas (1)-(3), Ri; is the force transmitted by the rod, i -is the
node to which the force is transmitted by the rod, and j -is the node from
which this force is transmitted.

The top rod 2-1 will be compressed, while the other two — 2-4 and 3-4
— will be stretched. Taking the overlap between the 4 main and crankpin
journals of the engine as an example, 27 mm (including the over-chamfer
flanges), 36 mm, and p = 27.5 mm, we obtain R,; = 1.64 Zb; Ry, = 1.40
Zb; Ra4 = 0.66 Zb. It follows that the greatest tensile force is in rod 2-4
and is accompanied by a tensile force in rod 3-4, which constitutes 47% of
the load in 2-4. Although the force in rod 2-1 exceeds the load in 2-4 by
17.1%, it is compressive and therefore we think it is not responsible for
the failure of the component, and the hazardous section corresponds to the
location of rod 2-4, which is clearly visible in the practical example (Fig.
1). Next, the geometry of the hazardous section was considered, with rod
2-4 serving as a model.

To develop a model suitable for analyzing the fracture process, a neck
overlap diagram was considered (Fig. 4,a). Based on this, for the neck
overlap value p, we have

szK+Rw—r ) (4)
where R, is the radius of the main journal; R, is the radius of the connect-
ing rod journal; r is the radius of the crank.

For an engine crankshaft with a crank radius of 60 mm, a nominal di-
ameter of the main journal of 95 mm and a connecting rod journal of 80
mm, the value of p corresponds to 27.5 mm, which was indicated above
[6]. Next, the problem consisted of determining the coordinates of points
B and C (the intersection points of the contours of the main and connect-
ing rod journals) relative to the X and Y axes. Based on the rules of ana-
Iytical geometry, relying on the equation of a circle, we obtain the coordi-
nates of the points of the circumferences of the main and connecting rod
journals [7]. Solving the system of equations for the above dimensions,
we obtain the coordinates of the intersection points of the circumferences
of the connecting rod and main journals (in mm) relative to the center of
the main circle: B(-31,594; 35,469); C(31,594; 35,469). From here we
calculate all the missing parameters of the circuit in Figure 4,a. Then:

a=2-|x|=63,188(mm), ()

Ry s =
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where a -is the chord of the overlap of the necks; x -is the value of the
abscissa of point B or C.

To determine the main journal segment arrow hy and the crank pin
segment arrow h, with the ordinate of the intersection points y, we use the
following relationships:

h,= Ry —y=12,031 (mm) ; (6)
h.= R, — (r —y)=15,469 (mm) . (7)

To determine the length of the overlap arc corresponding to the main
journal Ir and the length of the overlap arc corresponding to the crankpin
I« we use the values from (5-7) and the formula:

l, = /az +%-hk2 =69,027(mm); (8)
|, =2 +%.h; =72,587(mm) (©)

It was assumed that these arcs represent the boundaries of the hazard-
ous section along the guide line of the cylindrical surfaces of the journals.
The length of the hazardous section | can be determined from Fig. 2 using

the formula:
I =I5 + p? =38,539(mm) (10)

The numerical value here is defined for the web located between the
4th main journal and 4-th connecting rod journal of the engine crankshaft,
taking into account the over-chamber flanges.

Thus, with some assumptions, the hazardous section can be represent-
ed as a flat model to which a tensile force is applied (Fig. 4, b).

The model is an isosceles trapezoid, the upper and lower bases of
which are equal to the lengths of the support arcs I, and I, calculated
using formulas (8) and (9), and the height is equal to the value I, calculat-
ed using formula (10). The upper base has a distributed constraint along
the Y-axis and is immobile along the X-axis. The lower base is loaded
with a distributed (we assume uniformly distributed) load g, directed
along the Y-axis, and the lower base is also immobile along the X-axis.
The absence of displacements along the X-axis simulates the effect on the
hazardous section of the remaining part of the jaw, including the counter-
weight, which is not subject to the loads under consideration [5].

When deriving an analytical description of the high-cycle fatigue
curve, we assume that the failure intensity o increases directly propor-
tionally to the actual amplitude of the acting stresses oy, that is,
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dF,
o2 :m:ao-af’ (11)

where dFp is the elementary small area of destruction for the number of
cycles dN; a -is the proportionality coefficient characterizing the change
in o per unit of stress amplitude g - do [do, -
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Figure 4 — a — diagram of the overlap of the crankshaft journals; b — a flat
model of the dangerous section and a diagram of its loading

This assumption can be explained by Hooke's law, according to
which, within the elastic limits, the deformation (leading to microplastic
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failure) is directly proportional to the magnitude of the applied stress.
Therefore, the dependence of o, 0n F,, taking these factors into account,
can be taken as the second assumption of linearity in the form

oy =0, +CF, (12)

e o,=0,—0c,; C — proportionality coefficient characterizing the

change in stress amplitude per unit area of destruction (c=do, /dF, ).

Size o, is used as a free term due to the fact that fatigue failures begin

to develop only under the condition 6,>c.;, that is, when the amplitude
exceeds the fatigue limit.

Taking into account dependence (12), differential equation (11) takes
the form

dF, ,
N ao, +ack,. (13)

Integration of the differential equation (13) under the initial conditions
F,= 0 at N = 0 allows us to obtain the dependence of the destruction area
F, on the number of cycles N, therefore, we can calculate the dependence
of the actual stress amplitude o, on the number of loading cycles and, as a
consequence, we can determine the total destruction area:

F=F,+F, =F,+F,(e™ —1)=F,¢™. (14)

When improving crankshaft design and justifying restoration meth-
ods, it is necessary to consider the characteristics of fatigue failure. This
primarily concerns the avoidance of cold straightening of shafts, which
reduces fatigue strength by 30% or more. A network of microcracks in the
die joint zone has a similar effect (by 20-40%). Roller knurling of fillets
increases fatigue strength by 15%.

The main criterion for analysis in this area is the correspondence be-
tween the failure mode of the actual object and the predicted failure mode
of the model. A crankshaft, welded under a layer of AN-348A flux using
1.6Np-30KhGSA wire, was ground (Fig. 5), and then operated under real
conditions until failure. The destruction occurred in two places: across the
fourth crank journal from the rear end of the part and in the area of the
adjacent cheek from the front flange of the shaft (Fig. 6).

The classic loading scheme for calculating crankshaft strength is
shown in Fig. 7. The calculated loads are the radial Z and tangential T
(acting on an arm equal to the crank radius r), which are the components
of the total forces. Accurately calculating the strength of a crankshaft is
practically impossible due to the complexity of its shape. The crankshaft
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is primarily calculated as a flat, two-support frame, one end of which rests
on a movable hinge, and the other on a fixed one. Axial loads are absent
in this case. A study of the causes of crankshaft failure shows that in most
cases they are a consequence of material fatigue. Elements of the study
are presented in Figs. 8 and 9.

The most dangerous sections of the crankshaft in this regard are those
where significant stress concentrations can occur [4]. It is a priori known
that the edges of the lubrication holes in the connecting rod and main
journals are the critical points, while in the webs, the areas where they
meet the journals are the critical points.

Practical experience in testing and operation shows that, in the ulti-
mate state, the crankshaft typically fails as a result of normal stresses
caused by bending loads in the crank plane.

Figure 5 - The fourth Figure 6 - The nature of the destruction of the
crankshaft journal before failure crankshaft journal as a result of its operation

Crankshafts exhibit the characteristic torsional failure pattern ex-
tremely rarely. Theoretically, the distribution of internal stresses in a
crankshaft can be described using grid or variational calculation methods.
The finite element method is a variational method [7].

Assumptions were made: first, a flat model was considered, with the
outlines of a projection of a fragment of a real crankshaft onto a plane
parallel to the crank plane; - secondly, due to the law:
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Figure 7 - Classic crankshaft design diagram
Py P.
Mb=zoa_(79_% (a=c) (15)

where M is the magnitude of the bending moment, ZO0 is the reaction
of the support in the plane of the crank, is the distance from the support to
the middle of the crank journal, Pg; -is the centrifugal force of inertia from
the rotation of the counterweights, P. - is the centrifugal force of inertia
from the rotation of the crank, c- is the distance from the support to the
shaft cheek, we neglect components Py and P, conventionally assuming
that they balance each other;

Figure 8 - Macrostructure of a cheek  Figure 9 - Macrostructure of a transverse neck
fracture: Transition from the fatigue crack  fracture: fatigue crack development zone
development zone to the brittle fracture (50:1)
zone (50:1)
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- third, the load on the crank journal from the two connecting rods
was replaced by a uniformly distributed load and equated to unity. The
latter, within the limits of Hooke's law, does not lead to a change in the
ratio of the internal stresses, therefore their distribution pattern in the part
remains the same;

- fourth, given that the maximum load from the gas pressure is trans-
mitted through the connecting rod at a crankshaft rotation angle ¢ equal to
approximately 15° from the top dead center of the compression stroke,
practically the entire load P, due to the smallness of this angle, is applied
as a shear force to the crank journal, and the tangential component T is
very small, as is To. For the same reason, the incident My, and tail M)
torques were not considered.

Thus, a two-dimensional model was used (Fig. 10). Approximation
was performed using triangular elements. The finite element breakdown is
shown in Fig. 11. The diagram included 194 nodes, which was sufficient
for visualizing the results [10].

The stress state was assessed using the von Mises criterion o, for
which the general formula is:

O'e:\/%[(0'1_0'2)2‘*’(0'2_0'3)2*'(0'3_0'1)2} ' (16)
where a1, 0, u 03 — principal stresses, ordered in descending order. In
this particular two-dimensional case under consideration, o3 = 0.

The calculation results are shown in Fig. 11.

In Fig. 6 a characteristic S-shaped region extending across the crank
journal is visible on the right (from the rear end of the shaft). The location
of the stress region to the left of the crank journal (from the front end of
the shaft) is also close to the fracture profile shown in Fig. 6.

By reducing the resolution, it is possible to identify regions where
significant stresses will occur.

Identification of these areas is necessary for fatigue crack investiga-
tions during crankshaft inspection, both during operation and repair [9].
This yields highly satisfactory results, similar to those discussed above.

All this makes crankshaft failure amenable to prediction and simple
visualization. After the surfacing operation, mechanical surface treatment
with a cutting tool is necessary.

The force interaction between the cutting tool and the workpiece is
shown in Figure 11.

Support reactions when basing in the machine:

R,=P, —R;g, 17)
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Figure 10 - Loading diagram of the fourth crank model of the engine crankshaft

where Pz — tangential component of cutting force;
R, = lei"l , (18)
where |, is the distance from the left support to the cutting zone; | -is
the length of the workpiece.
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Figure 11 — Diagram of crankshaft loading of the tangential component of
the cutting force during mechanical processing
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Maximum bending moment Mp; from the tangential component of the
cutting force P:

M., =P, -1, .[1—'|—1] (19)
Maximum bending moment M, from unit force:
M,, :ll.[l—lllj. (20)

Maximum deflection deformation &; from the tangential component
of the cutting force:

1|1 2 I 1|1 2 I
S5, :E_J.[E.II.MPZ .§.|1.(1_T1H+E_J.[E.(|_|1).|\/|PZ .§.|l.(1_|_1ﬂ,

where E -is Young's modulus; J -is the moment of inertia of the section of
the part.

Conclusions and prospects for further research

1. Using the finite element method, two-dimensional physical and
mathematical models of the crank were developed to determine internal
stresses. The obtained calculation results confirmed the failure statistics of
the actual component in operation. A unique crank model in the form of a
rod system was also proposed, allowing for the calculation of the distribu-
tion of internal forces in the overlap zone of the connecting rod and main
journals.

2. The macrostructure of the fracture in the cheek at the transition
from the fatigue crack development zone to the brittle fracture zone and
the macrostructure of the transverse journal fracture were obtained, illus-
trating the fatigue crack development zone.
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PE®EPATH

Kapoawes /. /1., Abonemkin C. €. OuiHka BeJUYHHH YCTAJIEHOr0 KyTa
3aKpy4YyBaHHsI TPeGHOTO Bajia

Ha croromnimmHii yac BCi CyJHa, sSKi 3HAXOMAThCS B CKCIUTyaTaIlii, mijisra-
I0Th BHIIPOOYBaHHSIM Ha KPYTHJIbHI KOJIMBaHHS BAJIONIPOBOIB Ta POTOPIB TeHe-
paropiB. ToMy 3amaya JOCHIDKEHHS KOJIMBAJIBHUX XapakKTEPUCTHK CYIHOBUX
BaJIONIPOBOIIB € aKTyalbHOK. BUMOTH CyQHOIIaBHUX PETiCTPOBUX CYCHiIbCTB
NOTPeOyIOTh IiJICYMOBYBaHHS BCiX KOJIMBAJIBHHMX CKJIaJOBHUX Ha BCiX poOOYMX
gacToTaX OOEpTaHHSA BajJompoBoga. B poOoTax, sSKi MOJENIOIOTH KOJIHWBAIbHI
HPOLECH, PO3POOIIAIOTECS MIAXOAN [UIS aJeKBATHOTO BU3HAYCHHS KOJIMBAJIBHHX
XapaKTepUCTHK. AJle HE TPHUAUIIETHCS yBara ToMy (akTy, IO Ii KOJUBAHHS
BiOyBalOThCA Ha TJi IMOJOKEHHS CTATUYHOI piBHOBArd. Pi3HUIA MiX cepemHiM
KPYTHHM MOMEHTOM IH3eJIi i MOMEHTOM Ha TpeOHOMY TBHUHTI i3 BpaxyBaHHIM
MPY’KHOCTI Bajia MIOPOJUKYE YCTAJICHY BEJIMUMHY KyTa 3aKpy4dyBaHHS BaJIOIPOBO-
Iy 1, SIK HACJIJIOK, JOAATKOBE HANpy)XeHHsS B HbOMY. B poOoTi 3amponoHoBaHa
JIBOMacoBa MOJIeNIb BaJOIPOBOJA Ta OTPUMAHUI BUpa3 ISl OLIHKH KyTa 3aKpy-
YyBaHHS IPH CTalliOHAPHOMY PEKMMi 0OepTaHHs Baja Ha HOMIHAJIBHIM 4acTOTi
NpU CTalid MIBUAKOCTI cyaHa. Po3paxyHKH 3poOsieHi Ha OCHOBI Cy4YacHHX
eMITIPUYHUX 3aJIe)KHOCTEH TEIIOBUX Ta TiAPOJMHAMIYHUAX BUIIPOOYBaHb 13 BUKO-
PHUCTaHHAM TEXHIYHHX XapaKTepPUCTUK IpeOHOr0 TBHHTA, Bajla Ta TOJIOBHOI Cy.-
HOBOI CHEpPIreTHYHOI YCTAHOBKHM DEalbHOrO CyqHA - NpOTOTHIy. OTpuMaHHi
pe3ynbTaT € MPUAHATHAM B MOPIBHSHHI 13 aMIUTITYIOI0 PE30HAHCHUX KOJUBAHb
rpebHOTO Basla B 3a00pOHEHIH 30HI YacTOT 00epTaHHS PO3PaXOBaHOK TEXHIYHIM
BiJUIIJIOM CYAHOOYAiBEIHHOT KOMITAHIT TPOTOTHUITY CYIHA.

KuarouoBi cioBa: xoniHYaTHil Bas, BaJONPOBIJ, MEXaHIuHEe TOTHYHE HAIpY-
HKEHHSL.

Kardashev D. L., Abolieshkin S. Ye. Evaluation of the steady-state
torsional angle of the propeller shaft

Currently, all vessels in operation are subject to torsional vibrations of shaft
lines and generator rotors. Therefore, the task of studying the vibration character-
istics of ship shaft lines is relevant. The requirements of shipping registry socie-
ties require the summation of all vibration components at all operating frequen-
cies of shaft line rotation. In works that model vibration processes, approaches are
developed for adequate determination of vibration characteristics. However, at-
tention is not paid to the fact that these vibrations occur against the background of
a static equilibrium position. The difference between the average torque of the
diesel engine and the torque on the propeller, taking into account the elasticity of
the shaft, generates a steady value of the shaft line twist angle and, as a result,
additional stress in it. The work proposes a two-mass model of the shaft line and
the obtained expression for estimating the twist angle at a stationary mode of
shaft rotation at a nominal frequency at a constant ship speed. The calculations
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are made on the basis of modern empirical dependences of thermal and hydrody-
namic tests using the technical characteristics of the propeller, shaft and main
ship power plant of a real ship - prototype. The obtained result is acceptable in
comparison with the amplitude of resonant oscillations of the propeller shaft in
the prohibited zone of rotation frequencies calculated by the technical department
of the shipbuilding company of the prototype ship.

Keywords: crankshaft, shaft, mechanical tangential stress.

Konezace M.O., Maoeit B.B., Ilobepescnuii P.B. Buxkopucranus Oioguse-
JIbHOTO MAJMBA MiJ Yac eKciyarTamnii Cy JHOBUX qu3eliB

Po3risHyTa MOXJIMBICTH BUKOPUCTAHHS I1ajIMBa O10JIOTIYHOTO MOXO/KEHHS B
CyIHOBUX An3essX. JlocmimKeHHs BUKOHYBAIUCS Ha CYTHOBHX am3einsix 6H17/28
Hyundai Heavy Industries. Tpu momiGHI mu3eni BXOJWIN IO CKIaay €HEpreTHU-
HOi yCTaHOBKHM MOPCHKOTO CynHa. [lepex moyaTkoM IPOBENCHHS €KCIIEPUMEHTY
BCi IM3eJ1i MaJik MMOPiBHSHUM MOTOpeCypC NMaJINBHOI anapaTypu, JeTanei IHTiHI-
POBO{ Ipymny, MJMHUITHUKIB PyXY, @ TAKOK OJHAKOBUH TexXHIUHMH cTaH. [llmsxom
MEpEeMUKAHHS TPYT CHOXXHMBAYiB €KCIUTyaTallis AW3ETiB BHUKOHyBajlacs HA OJHA-
KOBOMY HaBaHTa)KEHHI, MIATPUMKA SKOTO BUMArajach IIiJi 4ac MPOBEICHHS eKC-
nepumMeHTy. [1ix yac mpoBeleHHsI eKCIIEPUMEHTY Ha BCIX AW3elsiX 3abe3reuyBa-
Jacsl MIATPUMKA MOCTIMHMX MapaMeTpiB y CHCTEMax MAIICHHS 1 OXOJIOKEHHS.
PoGora nu3eniB Ha KOXKHOMY 3 JIOCHI/PKYBaHHX PEKUMIB MPOBOANIIACS HE MEHILE
1,5...2 roauH, IPOTArOM SIKUX BUKOHYBaJOCh BUMIPIOBaHHS OCHOBHHX Iapamer-
piB 1 ycepenHEHHSI OTPUMaHHX 3Ha4eHb. Lle 3abe3nedyBango KOPEKTHICTh MPOBe-
JIEHHS JTOCTI/KCHb 1 MOXKJIMBICTH 3iCTaBJICHHS BUMIpIB, BUKOHAHUX HAa PIi3HHUX
JU3eIsIX. 3aBAAHHSAM JOCIiUKeHb OyJ0o BH3HAYCHHS BIUIUBY AJIbTEPHATHBHOTO
najJrBa HA €KOHOMIYHI Ta E€KOJIOTIYHI MOKa3HUKHM cynHOBoro numseins. KoHTyp
ToJIavi MaJiuBa 70 TMEePLIOTO AU3eNsd He 3MIHIOBABCS Ta IN3€IIb EKCIUTyaTyBaBCs Ha
nanuei DMA. JIBa iHIIUX qu3es eKCIUTyaTyBaJIMCh Ha ITAJHBHOI CYMIIINi — Ian-
Ba DMA ra GiomanuBa. Bmict GionanuBa B cyMmimil 3MiHIOBaBCsS B iHTepBaii
5..15%. OCHOBHHUMH BEIMYHHAMH, SIKI BHMIPIOBAIKCS IIiJ] 4aC MPOBEICHHS
eKCIIEPUMEHTY, OyJIu MUTOMa eeKTHBHA BUTpATa MalMBa i KOHIECHTPAIlis OKCH-
JIB a30Ty Y BUITYCKHHUX ra3ax. EKCliepuMeHTH MiATBEpANIN MOXKJIIUBICTh BUKOPH-
cTaHHs OlonanuBa s 3a0e3neyeHHs] poO0Yoro LUKITY i epeiadi NOTYKHOCTI Ha
CrokuBaui eHeprii. BcTaHOBIIEHO, 110 BUKOPUCTaHHS OionainBa IMiJABHIILYE €KO-
JIOTIYHICTh POOOTH CYIHOBOTO TU3EIs — IpH oMY Ha 5,1...23,3% (3aexHo Bijx
HaBaHTAXKECHHS JM3eIIs 1 BMICTY OiomanyBa B MAJMBHINA CyMillll) 3HIXKYETBCS eMi-
cis okcuaiB a3oTy. Takox BH3HAueHO, IO IIiJi 4ac BUKOPHCTaHHS OiomannBa
BinOyBaeTbes 1...5,1 % 301IbIICHHS MMTOMOI BUTPATH NaJIMBa, IO 3HWXKYE €KO-
HOMIYHICTb POOOTH AM3EIIS.

Ku1104yoBi cioBa: cyqHOBUI JH3€Ib, MATUBO 0i0JIOTIYHOTO MOXO/KEHHS, MTH-
TOMa e(eKTHBHA BUTpATa MAJIMBA, EMICisl OKCHIIB a30Ty.
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Kolegaev M.O., Madey V.V., Poberezhnyi R.V. Use of biodiesel fuel during
the operation of marine diesel engines

The possibility of using fuel of biological origin in marine medium-speed die-
sels is considered. The research was performed on medium-speed marine diesels
6H17/28 Hyundai Heavy Industries. Three such diesels were part of the ships
power plant. Before the experiment, all diesels had a comparable engine life of
fuel equipment, parts of the cylinder group, motion bearings, as well as the same
technical condition. By switching consumer groups, the operation of the diesels
was performed at the same load, the support of which was required during the
experiment. During the experiment, all diesels maintained constant parameters in
the lubrication and cooling systems. The operation of diesels in each of the stud-
ied modes was carried out for at least 1.5-2 hours, during which the measurement
of the main parameters and averaging of the obtained values were performed.
This ensured the correctness of the research and the ability to compare measure-
ments performed on different diesels. The aim of the research was to determine
the impact of alternative fuels on the economic and environmental performance
of marine diesel. The fuel supply circuit to the first diesel did not change and the
diesel was operated on DMA fuel. Two other diesels were operated on a fuel
mixture — DMA fuel and biofuel. The content of biofuels in the mixture varied in
the range of 5-15 %. The main values measured during the experiment were the
specific effective fuel consumption and the concentration of nitrogen oxides in
the exhaust gases. Experiments have confirmed the possibility of using biofuels
(as part of a fuel mixture of DMA fuel and 5-15 % biofuels) to ensure the duty
cycle and power transmission to energy consumers. It is established that the use
of biofuels increases the environmental friendliness of marine diesel — at the same
time by 5.1-23.3 % (depending on the diesel load and the content of biofuels in
the fuel mixture) reduces the emission of nitrogen oxides. It is also determined
that during the use of biofuels there is a 1.0-5.1 % increase in specific fuel con-
sumption, which reduces the efficiency of the diesel engine.

Keywords: marine diesel, biofuel, specific fuel oil consumption, nitrogen ox-
ide emissions.

Kyponamnuk O.A. OniHka eKoJIOTiYHOCTi MOPCHKHUX Cy/IeH MiJl Yac BUKO-
PUCTaHHS KOMILUIEKCHUX CHCTEM YNPAaBJiHHS BHIYCKHHMM ra3aMH CYIHO-
BHX JH3eJIiB

3aBIaHHIM JOCTIKCHHS Oyia OI[iHKa E€KOJOTIYHOCTI MOPCHKHX CYACH i
Yac BUKOPUCTAHHS KOMIUICKCHUX CHCTEM YIIPABIiHHS BUIIYCKHUMH Ta3aMH Cy-
HOBHX Ju3eliB. JIOCHIIKeHHs BHKOHYBAJKCh HA CIICLiaTi30BaHOMY MOPCHKOMY
CyJIHI, IPU3HAYEHOMY IJIsl IEPEBE3CHHS CKPAIUICHOTO MPUPOJIHOTO rasy. Sk ro-
JIOBHUH MBUTYH Ha CyAHI BUKOPUCTOBYBaBcs cymaHoBHi am3ens 6UECO0LS dip-
mu Kobe Diesel Mitsubishi Heavy Industries 3 7BOXCTYIIEHEBOIO CHCTEMOIO Hall-
nyBa. Jlns 3a6esnedenHs Bumor Jlomatky VI MARPOL miogo koHmeHTparii
OKCHJIIB a30Ty y BHITYCKHHX Ta3ax AW3eb 00JaJHaHUI KOMIJIEKCHOIO CHCTEMOIO
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PEIMpPKYIIALil BUIMyCKHUX Tra3iB — BUcokoro (High pressure — HP-EGR) ta Hu3b-
koro (Low pressure — LP-EGR) tucky. Haiibinpmmm pamioHamTsHIM Jialla30HOM
crynento penupkyisinii cuctemu HP-EGR Busnaueno 15...20 %. 3a mux ymoB
g 25...100 % HaBaHTa)XKeHb Ha CYAHOBHH JW3ETh 3MCHIICHHS eMIcCil OKCHIIB
azotry ckiagae 25,80...35,75 %, 3 BiANMOBIZHMM 30IIBIICHHSAM TEMIIEpaTypu
BUITyCKHUX ra3iB Ha 21...34 °C. 30UIbIIeHHS CTYNEHIO penupKyssmii 1o 25 %
CrpHsie 3MEHIICHHIO eMicii okcuaiB azoty Ha 27,15... 36,45 %, ane mpu mpomy
TEeMIIepaTypa BUIYCKHHMX Ta3iB Ha JESKHX EKCIUTyaTallliHMX peXUMax IIiJBHU-
myerbes Ha 47...50 °C, mo cyTTeBO 30UIBIIyE TeMIepaTypHY HAaIpyXKeHICTh
JI3els, TOMy HE € peKOMeHIoBaHUM. HaiiOinbia eeKTHBHICTE KOMIUIEKCHOTO
YIPaBJIiHHS BUITyCKHUMH T'a3aMU (SIK€ CKJIQJIAETHCS 3 TIOCIIIOBHOTO BUKOPHCTaH-
HSl CHCTEM PEUMpPKYJILil BHCOKOTO Ta HHM3BKOTO THUCKY) 3a0e3NeuyeTbes: s
SKCIUTyaTaI[ifHUX PEeKUMIB, MO BIAMOBiAaOTh 25...50 % HaBaHTaXXCHHIO Ha
CYJIHOBHH AM3€]b — CTymneHb perupkymsiuii cuctemu HP-EGR 15 %, crynens
peumpkyisamii cuctemu LP-EGR 10 %; npu nipomMy exomnoriunicts podoTn cyaHa
nocsirae 20,0...22,1 % 3 mOMyCTMMUM 3HAYCHHSAM 30UIBIICHHS TEMIIEpaTypH
BUITYCKHHX Ta3iB Ha 45...51 °C; mis excIulyaTalifHuX peXUMIB, 110 BiANOBia-
10Th 75...100 % HaBaHTa)XEHHIO HA CYIHOBHH IHM3€Nb — CTYNEHb PELUPKYJIIALii
cucremun HP-EGR 20 %, ctymens pemmpkymsnii cuctemu LP-EGR 2 %; mpum
BOMY €KOJIOTiUHICTE pOOOTH cymHa mocsrae 22.7...26,9 % 3 JomycTUMHM 3Ha-
YEHHSIM 301UIbIICHHS TEMIIEPaTypU BHITyCKHUX rasiB Ha 39...52 °C.

KuarouoBi cioBa: exonoriyHa Oe3mneka, eKoJoTidHa e()eKTUBHICTh, eMicis OK-
CHIIIB 30Ty, MOPCHKHH TPAaHCIIOPT, PELMPKYJALIs BUIIYCKHHUX Ta3iB, CyQHOBHI
JTU3ETb.

Kuropyatnyk O.A. Assessment of environmental friendliness of seagoing
vessels when using integrated exhaust gas control systems of marine diesel
engines

The objective of the study was to assess the environmental friendliness of
seagoing vessels when using integrated exhaust gas control systems of marine
diesel engines. The studies were carried out on a specialized seagoing vessel
designed for the transportation of liquefied natural gas. The main engine on the
vessel was a 6UEC60LS marine diesel engine from Kobe Diesel Mitsubishi
Heavy Industries with a two-stage supercharging system. To meet the require-
ments of MARPOL Annex VI regarding the concentration of nitrogen oxides in
exhaust gases, the diesel engine is equipped with a comprehensive exhaust gas
recirculation system — high pressure HP-EGR and low pressure — LP-EGR). The
largest rational range of the HP-EGR system recirculation degree was determined
to be 15-20 %. Under these conditions, for 25-100 % of the load on the marine
diesel engine, the reduction in nitrogen oxide emissions is 25.80-35.75 %, with a
corresponding increase in exhaust gas temperature by 21-3 °C. Increasing the
recirculation rate to 25 % contributes to a reduction in nitrogen oxide emissions
by 27.15-36.45 %, but at the same time the exhaust gas temperature in some
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operating modes increases by 47-50 °C, which significantly increases the tem-
perature stress of the diesel engine, therefore it is not recommended. The greatest
efficiency of complex exhaust gas management (which consists of the sequential
use of high and low pressure recirculation systems) is ensured: for operating
modes corresponding to 25-50 % of the load on the marine diesel engine — the
recirculation rate of the HP-EGR system is 15 %, the recirculation rate of the LP-
EGR system is 10 %; at the same time, the environmental friendliness of the
vessel reaches 20.0-22.1 % with an allowable value of the increase in exhaust gas
temperature by 45-51 °C; for operating modes corresponding to 75-100 % load
on marine diesel — the degree of recirculation of the HP-EGR system is 20 %, the
degree of recirculation of the LP-EGR system is 2 %; at the same time, the envi-
ronmental friendliness of the vessel reaches 22.7-26.9 % with an allowable value
of the increase in exhaust gas temperature by 39-52 °C.

Keywords: environmental efficiency, environmental safety, exhaust gas recir-
culation, marine diesel, maritime transport, nitrogen oxide emissions.

Kyponamnux O.A. 3a0e3ne4eHHs AekapOoHi3awlii cylleH MOPCbKOI0 TPaH-
CHOPTY

PosrnsHyTi MuTaHHA mMOMO 3a0e3neueHHs JeKapOoHi3alii CyeH MOPCHKOTO
TpaHcTIopTy. Bu3HaueHo, 1110 OTpEMaHHS KOPUCHOT pOOOTH B TEIUIOBHX JIBHI'YHAX
(mu3ensax, KOTiaX, Ta30BHX TypOiHaX) HEMOXKJIMBO Oe3 BUKOPHCTAaHHS IajuBa,
HAMOLIBII PO3MOBCIOPKEHIM BUOM SIKOT'O Ha CHOTOJICHHS € pilke mamuBo Hag-
TOBOTO TIOXO/DKEHHS, IiJl Yac 3rOPSIHHS SIKOTO HEMUHYYE YTBOPIOETHCS TIOKCHIY
Byrueno. Lle npu3BoaANTh O 3MEHIIEHHsS] KOHCTPYKTHBHOTO KOe(illieHTy eHep-
reTuyHoi epekTHBHOCTI cynHa. SIKk OJJHMM 31 IUISXIB, O CHOPUSIIOTH JeKapOOHi-
3amii CyleH MOPCBHKOTO Ta BHYTPIIIHBOIO BOJHOTO TPAHCHOPTY, BU3HAYCHHS
aNbTepaTUBHUX BUIB MalMBa, 30KpeMa TiJpoBaHOro pocnuHHoro mactiia (HVO
— Hydrotreated Vegetable Oil). 3aBmannsM qociipkeHHsT OyI0 BH3HAYEHHS
BIUMBY nanuBa kixacy HVO Ha ekosioriuHi MoKa3HUKH poOOTH MOPCHKOTO Cy/IHa,
Yy TOMY YHCIIi Ha PiBeHb eMicii JioKkcumy ByTiemto. JlocmimkeHHs] BUKOHYBAIHCH
Ha cyaHoBux au3ensax5X72DF Hyundai-WinGD, siki excrutyaTyBaauch Ha Maliu-
BHUX CyMIllIax, sIKi CKJIaJiay najauBo HadToBoro noxomkennss RME380 Ta nanu-
Bo HVO. Cuiseignomienns maguea RME380 Ta mamua HVO mig yac nposeaeH-
HSI EKCIIEPUMEHTIB y BIJICOTKaxX iX BMICTy B manuBHOI cymimi ckmamamu 90 / 10,
80/20, 70/30, 60/40. docnimkeHHs BUKOHYBAJIUCh Ha €KCIUTyaTalliiHUX pe-
KMMax, 10 Biamosimany HaBaHTakeHHIO Ha auseni 50 %, 60 %, 70 %, 80 %,
90 % Ta 100 % Big HOMiHAILHOTO. BCTaHOBIEHO, 110 32 TAKMX YMOB 3HHMKECHH:I
emicii okcuaiB a3oty cknagae 0,5...13,8 %, 3HIKECHHS eMicii JIOKCUIY BYTJICIIO
cranoButh 17,8...38,8 %. [lpu nmpomy 3MeHIICHHsS eMicii TIOKCHIY BYTJCIO
3aJIeXKHO BiJl 301IbIICHHS B MajMBHiM cyminn nanmBa HVO mae nponopuiitanit
XapakTep; 3MEHIICHHS €MICil OKCHJIB a30Ty — XapaKTepU3YEThCS HAsSBHICTIO
ontuMymy, skuii Binnosimae 20...30 % Bmicty manmuea HVO B fior nmanusHil
cymimni 3 manueoM RME380. 3umkeHHs eMicii HJIOKCHAY BYTJICHIO TPU3BOIUTH
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JI0 PIBHO3HAYHOTO TiJABHUINEHHS KOHCTPYKTHBHOTO KOE(DIIIEHTY €HepreTHYHOT
e(pEeKTHBHOCTI CyHa Ta CIIpuse AeKkapOOoHi3alii MOPCHKOTO CyIHA.

KurouoBi ciioBa: mexapOoHizalliss MOPCHKUAX CYIEH, CKOJOTiUHI MOKa3HHUKH,
eMiCisl TIOKCHIy BYTJICIIO, EMICisi OKCHIIB a30Ty, MOPCBKUI TPaHCIIOPT, CYAHO-
BUI TN3€EJIb.

Kuropyatnyk O.A. Ensuring decarbonization of sea transport vessels

The issues of ensuring decarbonization of sea transport vessels are considered.
It was determined that obtaining useful work in thermal engines (diesels, boilers,
gas turbines) is impossible without the use of fuel, the most common type of
which is liquid fuel of petroleum origin, during the combustion of which carbon
dioxide is inevitably formed. This leads to a decrease in the constructive coeffi-
cient of energy efficiency of the vessel. As one of the ways to contribute to the
decarbonization of sea and inland waterway transport vessels, the definition of
alternative types of fuel, in particular hydrogenated vegetable oil (HVO). The
task of the study was to determine the impact of HVO class fuel on the environ-
mental performance of a sea vessel, including the level of carbon dioxide emis-
sions. The research was carried out on marine diesel engines 5X72DF Hyundai-
WinGD, which were operated on fuel mixtures consisting of RME380 petroleum
fuel and HVO fuel. The ratio of RME380 fuel and HVO fuel during the experi-
ments in percentages of their content in the fuel mixture was 90 /10, 80 /20,
70/ 30, 60 /40. The research was carried out on operating modes corresponding
to the load on diesel engines of 50 %, 60 %, 70 %, 80 %, 90 % and 100 % of the
nominal. It was established that under such conditions the reduction in nitrogen
oxide emissions is 0.5-13.8 %, the reduction in carbon dioxide emissions is 17.8—
38.8 %. At the same time, the reduction in carbon dioxide emissions depending
on the increase in HVO fuel in the fuel mixture is proportional; reduction of ni-
trogen oxide emissions — characterized by the presence of an optimum corre-
sponding to 20-30 % of HVO fuel content in its fuel mixture with RME380 fuel.
Reduction of carbon dioxide emissions leads to an equivalent increase in the
constructive coefficient of energy efficiency of the vessel and contributes to the
decarbonization of the seagoing vessel.

Keywords:carbon dioxide emissions, decarbonization of sea vessels, envi-
ronmental indicators, marine diesel, maritime transport, nitrogen oxide emissions.

Cazin A.C., 3abaoubvkuit FO.B. Orasin 0CHOBHHX 0CO0JMBOCTE MOCTaYaH-
HSl T eKCIIeAUPYBAHHA MOPCBKHX Cy/leH Y CYYaCHHX yMOBAX

Po3risHyTI MMTaHHS MOAO0 OCOOJMBOCTEH MOCTayaHHS Ta EKCIEAWPYBaHHS
MOPCBHKHUX CYJEH Y Cy4aCHUX yMOBaxX. 3a3Ha4€HO, LI[0 MOCTa4YaHHs Ta eKCIeupy-
BaHHS CY/ICH € HEeBiJ €MHHMH €JIEMEHTaMH CHCTEMH MOPCHKHX II€peBe3eHb. Bifg
iXHBOI €(PeKTHBHOCTI 3aJIe)KUTh HE JINIIE CBOEYACHICTH BHKOHAHHS PEWCIiB, a i
TEXHIYHA CIPaBHICTh CyJeH, Oe3leKa eKimaxy Ta eKOHOMiuHa CTaOlIbHICTh CyA-
HOBJIACHMKIB. Y Cy4acHHX yMOBax Tjo0aiizallii, 3SMiHM MHTHOTO 3aKOHO/aBCTBa
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Ta KOJIMBAaHHS CBITOBHX LiH HA ITAJIIMBO MUTAHHSA MOPCHKOIO II0OCTaYaHHs HaOyBae
0COONMBOTO 3HaYeHHS. Pi3HUIM MiX piBHEM Oprasi3alii JOTiICTHKH B OKPEMHUX
MOPTax, MOMITHIHI 0OMEKEHHS, 3aJIeKHICTh BiJl PeTiOHAIBHUX ITOCTAYaJIbHHUKIB —
yce ne popMye CKIAIHY CHUCTEMY, Y SKiil IpaBWIbHE IUIAHYBAHHSA € KPUTHYHHM
YHHHUKOM ycrixy. OpraHi3allis mocta4aHHs CYA€H CYTTEBO BiIpPi3HSETHCS 3alie-
JKHO BiJl reorpadpiqHOro MOJ0KEHHS MOPTY, PiBHS Horo iHQpacTpyKkTypH, T0CTY-
ITHOCTI MaTepiaiB i ManuBa, a TAaKOX 3aKOHOAaBYMX BUMOT. OcoOnuBOCTI mocra-
YaHHS Ta €KCIEeIUPYBaHHS MOPCHKUX CYAEH Y CYyY4aCHHX yMOBax PO3IJISTHYTI Ha
NPUKIIaAl aHalli3y BaHTaXXOOOMIiHY Ta KIBKOCTI MOPCBKMX CYJEH, IO 00CIyro-
BYIOThCSI B OCHOBHUX mnoptax CBity — Porrepnami, AutBepresi, ['amOypry, Cin-
ramypy, X IOCTOHy. 3a3aH4Y€HO, L0 IOCTa4yaHHS Ta EKCIeIAUPYBaHHS CYJIEH Y
CYYacHUX YMOBAax 3aJHMIIAIOTHECS CKIATHUM 0araTo(pakTOPHHM HPOIECOM, KU
3aJISKUTh BiJl pEriOHANBHUX OCOONMBOCTEH, MUTHOIO 3aKOHOJABCTBA, IOJITHY-
HUX pilIeHb 1 pO3BUTKY MOPTOBOI iHPpacTpyKTypH. A3iiicbKi TOPTH, HacaMIepen
CiHramyp, yTpUMYIOTh JiIEpPCTBO 3aBISKH THYYKOCTi, TEXHIUHII 0a3i Ta ZOCTYyII-
HOCTI TOBapiB. CBPOMEHUCHKI — BUPI3HIIOTHCS CTAOITBHICTIO, alle MalOTh JKOPCTKI
eKOJIOT1YHI BUMOTH. AMEPUKAHCHKI — CTHKAOThCSA 3 MUTHUMHU OOMEXEHHSAMH, 10
BIUIMBA€ HA LIBHJKICTH 1 BapTICTh MOCTa4aHb. Y MEPCIEKTHBI KIIBKOX POKiB
CHUTYyallisl 3MIHIOBaTUMETbHCS i/l BIVIMBOM BIPOBAKCHHS U(POBUX TEXHOJIOTIH,
«3eneHnx» iHiniaTuB Mi>KHapoaHOI MOPCHKOI OopraHizauii Ta 3pOCTaHHS HOIHTY
Ha aBTOMAaTH30BaHi JOTicTHYHI pimeHHs. KoMnaHii, siki BXe ChOTOJHI iHBECTY-
I0Th Y THYYKICTh i TEXHOJIOTil, MATUMYTh CYTTEBY IepeBary Ha riioOaibHOMY
PHHKY MOPCHKHUX IEPEBE3CHB.

KurouoBi cioBa: excrieimpyBaHHs MOPCBEKUX CYIICH, MOPCBKE CYHO, MOPCh-
KUl IOPT, MOPCBEKUI TPAHCIIOPT, OCTAYaHHI MOPCHKHX CYJICH.

Sagin A.S., Zablotskyi Y.V. Overview of the main features of supply and
forwarding of sea vessels in modern conditions

The issues of the features of supply and forwarding of sea vessels in modern
conditions are considered. It is noted that supply and forwarding of ships are
integral elements of the maritime transportation system. Not only the timeliness
of voyages, but also the technical serviceability of ships, the safety of the crew
and the economic stability of shipowners depend on their efficiency. In modern
conditions of globalization, changes in customs legislation and fluctuations in
world fuel prices, the issue of sea supply is of particular importance. The differ-
ence between the level of logistics organization in individual ports, political re-
strictions, dependence on regional suppliers - all this forms a complex system in
which proper planning is a critical factor for success. The organization of ship
supply differs significantly depending on the geographical location of the port,
the level of its infrastructure, the availability of materials and fuel, as well as
legislative requirements. The features of the supply and forwarding of sea vessels
in modern conditions are considered using the example of the analysis of cargo
turnover and the number of sea vessels served in the main ports of the world —
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Rotterdam, Antwerp, Hamburg, Singapore, Houston. It is emphasized that the
supply and forwarding of ships in modern conditions remains a complex multi-
factorial process that depends on regional characteristics, customs legislation,
political decisions and the development of port infrastructure. Asian ports, pri-
marily Singapore, maintain leadership due to their flexibility, technical base and
availability of goods. European ports are distinguished by stability, but have strict
environmental requirements. American ports are faced with customs restrictions,
which affects the speed and cost of deliveries. In the future, the situation will
change under the influence of the introduction of digital technologies, “green"
initiatives of the International Maritime Organization and the growth of demand
for automated logistics solutions. Companies that invest in flexibility and tech-
nology today will have a significant advantage in the global maritime transporta-
tion market.

Keywords: sea freight forwarding, sea vessel, seaport, sea transport, supply of
sea vessels.

Cazin C.B., lapmenoea /I.I. JliarHOCTYBaHHSI TeXHIYHOI'0 CTaHy CYyJAHO-
BHX JH3eJIiB

Po3risHyTI MUTaHHA MOAO J1arHOCTYBaHHS TEXHIYHOTO CTAHY CYJHOBHX JH-
3emiB. BukoHaHu aHami3 eKCIuTyaTarlii CyJJHOBUX MU3eJiB BU3HAUUB, IO iX Jiar-
HOCTYBaHHS 1X TEXHIYHOTO CTaHy JOLJILHO 33 aHaJIi30M MOTOPHOI'O MacTHJIa, SIKe
BUKOPHCTOBYETBCSL y TXHBOI cUCTeMi LMpPKyJsiliiiHoro mamieHHs. [linTBepmkeH-
HSM IIbOTO CT&JIM PE3yJbTaTH BUIPOOYBaHb, IO BHUKOHYBAINCh HAa CYIHOBHX
mu3ensx 6EY22AW Tta monmsArany B BHMIPIOBAaHHI MEXaHIYHOTO KoegilieHTa
KOPHCHOI [IiT Ha Pi3HUX pexuMax poOoTH (1o BixmoBimaroTh 35-tu, 50-1H, 65-TN
i 80-t; %-oMy HaBaHTa)XCHHIO) 3a Pi3HOI IHTEHCHBHOCTI MOIOBHEHHS CHCTEMU
MarmieHHs (4depe3 koxkHi 100 rogumH poOOTH, Yepe3 KOXHI 25 roamH poOoTH Ta
gepe3 kokHI 10 roguH pobOTH) Ta 3a Pi3HHX BapiaHTaX JOJABaHHS MOBEPXHEBO
aKTHMBHUX PEYOBUH JI0 MOTOPHOTO MacTja. B pe3ynbrari ekcriepuMeHTalIbHUX
JIOCII/PKEHb BCTAHOBJICHO, 1110 3HIKEHHS! MEXaHIYHMX BTpAT AM3EINs MPOHOPLIi-
HE 3pOCTaHHIO Horo MexaHigyHoro koedinieHTy kopucHoi uii. Lleit mapamerp min
yac poboru muzenst 6EY22AW ¢ipmu Yanmar 3 pexomeHJoBaHOIO (HipMooO-
BUPOOHMKOM IHTEHCHBHICTIO JIOJIMBAHHS MOTOPHOTO MAaCTHJa B LHMPKYJISLIHHY
cUCTEMYy MalleHHs Ta 0e3 J0JaTKOBOTO JI0/IaBaHHs IOBEPXHEBO-aKTUBHUX PEyo-
BHH 110 00’€eMy MOTOPHOTO MacTWia B Jianma3oHi HaBaHTaxkeHHs 35...80 % Bix
HOMIHAJIEHOTO HaBaHTa)KEHHS 3HAXOMUThC B Mexax 0,722...0,842. Bubip onru-
MaJIbHOTO PEXHMY IOIOBHEHHS LUPKYJISMIHHOT CUCTEMH, a TaKOX IO0JaBaHHS B
3arajbHUM OOCIT IMPKYISLIHHOI CHCTEMHM NOBEPXHEBO-aKTHBHOI PEYOBHHHU 3
ONTHMAJIGHOIO KOHIIEHTpaui€elo crpusie 9,62...14,62 %-omy 30inblIeHHIO MeXa-
HigYHOTO Koe(imieHTy KopucHOi nii auzens. OmHodacHO 3 UM Oy BHKOHaHI
JIOCTI/DKCHHS 3 BHU3HAYEHHS BMICTY METAJEeBHX JOMIMIOK, IO MOTPAIUIIIOTH B
MOTOPHE MaCTHJIO IMPKYJISLIHHOT CHCTEMH MAIEHHSI Ta 3arajbHOr0 JY)XKHOI'O
yrcaa Mactuna Ha npoTsa3i 1000-ti roanHHOI excrmyaTanii an3enis. [lpu msomy
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OyJI0 BH3HAUYCHO, IO EKCIUTyaTaIlifHIM yMOBaM, i Yac SKHX CIOCTEPIraeThes
HaAMOLIBIII 3HAYEHHS MEXaHIYHOTO KOoeQiIlieHTy KOpPHCHOI il BiAOBITAaOTH BH-
MaIKA HAMMEHIIIOTO BMICTY B MacCTHJIl METaJeBHX JOMIIIOK Ta HAWOUTBIINX 3HA-
YeHb OCTaTOYHOTO JIY)KHOTO YHCIIa MACTHIIA.

Knrwuosi cnoea: niarHOCTyBaHHS, 3arajbHE JIy)KHE YUCIIO, 3aCOOM BOJHOTO
TPaHCIIOPTY, KOE(IUi€HT KOPUCHOI Iii, KOHTPOJb TEXHIYHOTO CTaHy, METOIH
KOHTPOJII0, MOTOPHE MacTHJIO, CUCTEMa MalleHHsl, CyHOBUIl AN3elb, TEXHIYHUN
CTaH.

Sagin A.S., Parmenova D.G. Diagnostics of the technical condition of ma-
rine diesel engines

To consider the issue of diagnosing the technical condition of marine diesel
engines. The performed analysis of the operation of marine diesel engines deter-
mined that their diagnosis of their technical condition is advisable by analyzing
the motor oil used in their circulating lubrication system. This was confirmed by
the results of tests performed on marine diesel engines 6EY22AW and consisted
in measuring the mechanical efficiency at different operating modes (correspond-
ing to 35, 50, 65 and 80 % load) at different intensities of replenishing the lubri-
cation system (every 100 hours of operation, every 25 hours of operation and
every 10 hours of operation) and with different options for adding surfactants to
the motor oil. As a result of experimental studies, it was established that the re-
duction in mechanical losses of a diesel engine is proportional to the increase in
its mechanical efficiency. This parameter during operation of the Yanmar
6EY22AW diesel engine with the manufacturer's recommended engine oil top-
ping-up rate in the circulating lubrication system and without additional addition
of surfactants to the engine oil volume in the load range of 35-80 % of the nomi-
nal load is within 0.722-0.842. Choosing the optimal mode of replenishing the
circulating system, as well as adding surfactants with optimal concentration to the
total volume of the circulating system contributes to a 9.62-14.62 % increase in
the mechanical efficiency of the diesel engine. At the same time, studies were
carried out to determine the content of metal impurities entering the engine oil of
the circulating lubrication system and the total alkaline number of the oil during
1000 hours of operation of diesel engines. It was determined that the operating
conditions during which the highest values of the mechanical efficiency are ob-
served correspond to the cases of the lowest content of metal impurities in the
lubricant and the highest values of the final base humber of the lubricant.

Keywords: control methods, diagnostics, efficiency, lubrication oil, lubrica-
tion system, marine diesel, technical condition control, technical condition, total
base number, water transport.

Domin O.B., Isanuenko /1.A., Menvnuxk O.M., @omina A.M., Xaipoe C./I.
Marepiano3HaByi TeHJIeHIii yI0CKOHAJIEHHsI HECIBHUX eJIeMEHTIiB i cucrem
eHepro3ade3neyeHHs 3aC00iB TPaHCNIOPTY
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PosrsiHyTi cydacHi TeHACHINI, 0 CIpsSMOBaHi Ha YIOCKOHAJICHHS HECIBHHUX
€JIEMEHTIB 1 CHCTeM eHepro3abe3rnedeH s TPAaHCTIOPTY. 3a3HaueHO, 10, IIBUAKIHA
PO3BHUTOK TPAHCIIOPTHOI rairy3i BUMAarae ImocTiiHOTO MiABHINEHHS ii e()eKTHBHOC-
Ti, HaMIHHOCTI Ta ekosoriyHOCTi. OCHOBHI IP00IEMH, IO CTOATH Hepe TPAHCIIO-
PTHAM MamuHOOYTyBaHHSAM, O€3MOCepeHbO MOB'sI3aHi 3 BHOOPOM i 3acTOCYBaH-
HSM iHHOBauiWHMX MarepiamiB. IlinBUIIEHHS eHeproeeKTUBHOCTI € KPUTHYHO
Ba)XJIMBUM 3aBJIaHHSM, SIK€ TICHO KOPEJIIOE 31 3MEHIIEHHAM Macu KOHCTPYKIii Ta
npssMmo CydacHi HECiBHI €JEMEHTH, 30KpeMa OIIOPH TPIOMHHMX KPHIIOK, OCTOBH
oOnajHaHHS, aHKepHI 3B’SI3KM, BaJM, paMH, Ky30BH Ta OCi, €KCIUTyaTYIOTbCS B
YMOBax 3pOCTAalOYMX HABaHTAKCHb 1 arpecHMBHUX cepenoBuil. lle BuMarae Bifg
MarepiaiiB BUCOKOI BTOMHOI MiITHOCTi, KOPO3iif{HOi CTIHKOCTI Ta 3HOCOCTIMKOCTI.
Sk ocHOBHI MeTonmu, IO 3a0€3MedyI0Th PO3B’S3aHHS IOCTABICHOTO 3aBIAHHSA,
PO3IJISHYTH: BUKOPHCTAHHS JIETKHX CIUIaBiB Ta BUCOKOMIIJHUX CTaJiel; 3aCTOCY-
BaHHS KOMIIO3HMLIHHMX Ta TiOpUIHHX MaTepialld; BIPOBAPKCHHS aJUTHBHHX
TEXHOJIOTiH; HAaHOCTPYKTypyBaHa MOAU(DIKallis MMOBEPXHEBOTO MIAPY IUIAXOM
BUKOPHUCTAHHS JIa3epHOT, YIbTPa3ByKOBOi a00 I1a3MoBOI 0OPOOKH; BUKOPUCTAH-
Hsl MaTepialiB 3 BHCOKOIO IMUTOMOIO €HEPri€l0 Ta MOTYXKHICTIO; BIPOBAKCHHS
BOJIHEBUX Ta TEPMOCTIMKHX MaTepiaiiB. 3a3HA4eHI TEXHOJOTIl PO3IJISIHYTI Yy Cy-
KYIHOCTI 3 TpOOJIEeMOI0 3a0e3ICUCHHS CKOJIOTIYHOCTI Ta PeCcypco30epeKeHHS.
[1s1x0M aHAITHYHOTO aHali3y BU3HAUCHO, II0 BUCOKOMIIIHI CTaji, aJroMiHi€Bi
Ta KOMIO3UTHI Marepiayii 3a0e3ne4yoTh ONTUMI3aLiI0 MacoradapuTHHX Iapame-
TPIiB HECIBHUX E€JIEMEHTIB; MOAMQiKallisg MOBEPXOHb HAHOMOKPHUTTSIMHU Ta Jia3ep-
HUMH TEXHOJIOTISIMH 3HAYHO ITiIBUIIY€E 3HOCOCTIHKICTh 1 JOBIOBIYHICTH KOHCTPY-
KIIi{, O10 € KPUTHYHUM JUIS1 KIFOUOBHX HECIBHHMX BY3JiB; HOBI JITI€BI Ta TBEPIO-
TIJBHI MaTepialiil U CHCTEM eHepro3a0e3nedeHHs CIPUSIIOTh PO3BUTKY TiOpHA-
HOT'O Ta eJIEKTPHYHOTO TPAHCIIOPTY, BUMAral04yd KOMIUIEKCHOTO HiJXOAY 0 Hpo-
€KTYBaHHS KOHCTPYKILH.

Kuro4doBi cjioBa: DOBroBiYHICTB, 3aCO0HM TPAHCIIOPTY, 3HOCOCTIHKICTh, KOM-
MO3UTHI MaTepianu, Moaudikallisi TOBEpXOHb, HAHOIIOKPHUTTS, HECIBHI €JIEMEHTH,
CHCTEMH €Hepro3ade3neyueHHsI.

Fomin O.V., Ivanchenko D.A., Melnyk O.M., Fomina 4.M., Khairov S.D.
Materials science trends in improving load-bearing elements and energy
supply systems of transport vehicles

The current trends aimed at improving load-bearing elements and energy sup-
ply systems of transport are considered. It is noted that the rapid development of
the transport industry requires a constant increase in its efficiency, reliability and
environmental friendliness. The main problems facing transport engineering are
directly related to the selection and use of innovative materials. Increasing energy
efficiency is a critically important task that is closely correlated with reducing the
mass of structures and directly Modern load-bearing elements, in particular, bilge
cover supports, equipment frames, anchorages, shafts, frames, bodies and axles,
are operated under conditions of increasing loads and aggressive environments.
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This requires materials to have high fatigue strength, corrosion resistance and
wear resistance. The following main methods that ensure the solution of the task
are considered: the use of light alloys and high-strength steels; the use of compo-
site and hybrid materials; introduction of additive technologies; nanostructured
modification of the surface layer using laser, ultrasonic or plasma processing; use
of materials with high specific energy and power; introduction of hydrogen and
heat-resistant materials. These technologies are considered in conjunction with
the problem of ensuring environmental friendliness and resource conservation.
Through analytical analysis, it was determined that high-strength steels, alumi-
num and composite materials provide optimization of the mass-dimensional pa-
rameters of load-bearing elements; modification of surfaces with nanocoatings
and laser technologies significantly increases the wear resistance and durability of
structures, which is critical for key load-bearing nodes; new lithium and solid-
state materials for energy supply systems contribute to the development of hybrid
and electric transport, requiring an integrated approach to the design of structures.

Keywords: composite materials, durability, energy supply systems, load-
bearing elements, means of transport, nanocoating, surface modification, wear
resistance

Domin O.B., JIamszin A.0O., Typnak C.M., Jlonamiox C.II., Yepxkawun O.I1.
CuHepreTMYHUI MiAXix 10 BUKOPHUCTAHHA KOMII'I0TepHOI rpadiku B aHamisi
TPAHCHOPTHUX CHCTEM i TEXHOJIOTIi

HocmimkeHHst po3po0isie TEOPETUKO-METOJOIOTIUHI 3acagll 3aCTOCYBaHHS
CHHEPTEeTUYHOTO IIXOAY J0 BUKOPHUCTAHHS KOMII'IOTEPHOI Tpadiku B aHai3i
CKJIQJHUX, HEJIHIMHNX Ta CaMOOPTaHi3yIOUHX TPAHCIIOPTHUX CHUCTEM 1 TEXHOJIO-
Tiif. AKTyalbHICTh POOOTH 3yMOBJIEHA THUM, IO TPAIHIIHHI METOTU HE BPaxoBY-
IOTh HENiHIWHI e(EeKTH Ta KOJEKTHBHY MMOBEIIHKY, 1[0 MPHU3BOANUTE 10 HETOYHUX
MIPOTHO3iB. MeToI0 € MmifBHIIEHHS e()eKTHBHOCTI MOJIEJIIOBAHHS Ta MPOTHO3YBaH-
HS IIJISIXOM TMOEJHAHHS Teopii CHHEepPreTHku (pO3IJsi[i CUCTEMH SIK CaMOOpTraHi-
3YIOUOi CTPYKTYpH) 3 MNPAaKTUYHHUMH MOMIIMBOCTSMH KOMII FOTEPHOI rpadiku
(Bi3yasizallisi, MOZEIOBaHHS, peHlepuHr). Llel cuHepreTHYHMI miaXia peamizy-
€THCS Yepe3 YOTUPH KITIOYOBI aclleKTH: Bi3yaiallisi Ta aHaili3 JaHUX y peajbHO-
My uaci (TemIoBi KapTu 3aTOpiB, MOHITOPUHT HEOE3IeK), 110 MOEJHYE Bi3yabHe
CHPHUMHSATTS JIOJUHU Ta OOYMCIIOBAJIbHY ITOTYKHICTh. IMiTalliiiHe MOJIeIFOBaHHS
Ta CTBOPEHHS BipTyaJIbHOTO LU(POBOro ABiHHMKA JuIs "MI0, SKIIO..." aHaJi3y Ta
Bi3yaui3amii eMep/UKeHTHHX SIBUII, SK-OT HECIOiBaHi 3aTOpU. [HTENEKTyanbHi
TPaHCIIOPTHI CHCTEMH Ta JOIOBHEHA PEajJbHICTH II0 BUKOPHCTOBYIOTH TpadivHi
eJIEMEHTH JUIs HaBiramii Ta ONepaTHBHOTO NPUHHATTS pillleHb, MTPOEKTYBAHHS
(Digital Twins) aust cribHOT OLIHKK BIUIMBY 3MiH iHQPACTPYKTYpH B €IMHOMY
BIpTYaJIbHOMY IIPOCTOpi. BHCHOBKM MiATBEpIKYyIOTh, IO ICHYIOUHH rpadivHmii
IHCTpyMEHTapiil HeIOCTaTHBO BigoOpa)kae CHHEPreTHYHI BIACTHBOCTI, TaKi 5K
6idypxamnii Ta camoopranizaiis. Ampoobaris mokasana, o 3aCTOCYBaHHS CHHEp-
TeTUYHOTO TpadigHOro aHami3y MiABHILYE TOYHICTH MPOTHO3YBAHHS KPUTHYHUX
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curyarnii Ha 20...30 % mOpiBHAHO 3 TpaIWLIiHHUMH MeTOoAaMH. PesymbraTh
CTBOPIOIOTH OCHOBY JJISI HOBOT'O TIOKOJIIHHS iHTENEKTyalbHUX IHCTPYMEHTIB ITiJI-
TPUMKH MPUIHATTS PillIeHb.

KurouoBi cinoBa: cuHepreTHUHUI migXin, KOMI'I0TepHA Tpadika, TpaHCIOp-
THi CHCTEMH, Bi3yali3amis JaHHUX, iMiTalliiiHe MOJEOBaHH:, TN(POBHUIl IBIHHUK,
IHTEJIEKTyaJIbHI TPaHCIIOPTHI CUCTEMH, HEJIHIHHICTb, CAMOOPTaHi3allis.

Fomin O.V., Liamzin A.O., Turpak S.M., Lopatiuk S.P., Cherkashyn O.P.
Synergetic approach to the use of computer graphics in the analysis of
transport systems and technologies

This research develops the theoretical and methodological foundations for ap-
plying a synergetic approach to the use of computer graphics in the analysis of
complex, non-linear, and self-organizing transport systems and technologies. The
study is timely because traditional methods fail to account for non-linear effects
and collective behavior, leading to inaccurate forecasting. The objective is to
improve the efficiency of modeling and forecasting by combining synergetics
(viewing the system as a self-organizing structure) with the practical capabilities
of computer graphics (visualization, modeling, rendering). This synergetic ap-
proach is realized through four key aspects: Real-time Data Visualization and
Analysis (congestion heat maps, accident monitoring), combining human visual
perception with computational power. Simulation Modeling and the creation of a
Virtual Digital Twin for "what if..." analysis and visualizing emergent phenome-
na, such as unexpected traffic jams. Intelligent Transport Systems and Augment-
ed Reality, utilizing graphical elements for navigation and operational decision-
making. Design (Digital Twins) for the collaborative assessment of infrastructure
changes within a unified virtual space. Conclusions confirm that the existing
graphical toolkit is inadequate for displaying synergetic properties like bifurca-
tions and self-organization. The approbation demonstrated that using synergetic
graphic analysis increases the accuracy of critical situation forecasting by 20—
30 % compared to traditional methods. The results lay the foundation for a new
generation of intelligent decision support tools.

Keywords: synergetic approach, computer graphics, transport systems, data
visualization, simulation modeling, digital twin, intelligent transport systems,
non-linearity, self-organization.

Yumuwup B.1., Pazinkin P.O. AHani3 N0Ka3HUKIB CHCTEeMM JiarHOCTYBaH-
HSI MOTOPHOT0 MAaCTHJIA CyTHOBHUX /IOBI0X010BHX IH3€JiB

Po3risHyTI MUTAaHHA 110JJ0 0COOIMBOCTI €KCIUTyaTallii CHCTEM LIMIIIHIPOBOTO
MallleHHs CYJHOBHX JOBIOXOJOBHX AM3eniB. HaBeneHo ckiiax cucteM MUIIHIPO-
BOr0 MallIeHHS Ta BU3HAYEHI OCHOBHI XapaKTePUCTHUKH MOTOPHOI'O MacTHIIa, II0
BUKOPHCTOBYETHCSI B LIUX CHCTEMax. 3a3HAYEHO, IIO SKICTh MPOLECY MAaIleHHS
IITIHAPOBOI TPYIH CyTHOBHX JIOBI'O XOJOBHX JIN3ENIB OLIHIOETHCS 32 TUTOMOIO
BUTPATOI0 MAaCTHJIA 3aJeKHO Bimx Bmicty cipku y mamuBi — ACC-dakropa
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(Adaptable Cylinder oil Control); mIHTOMOIO BHTPATOI0 MacTHJIa Ha Mall€HHS
MITIHAPOBOI TPYIH 3aJiekHO Bix moTyxHOCTI qm3enst — FR (Feed Rate); my>xHoMy
greny mactiiia (Total Base Number — TBN gu BN), B3sitomMy 3 miAmopIrHEBOro
MIPOCTOpPY AW3ens; KiibKicTio MeraneBux dacTwHOK (Particle Quantity Index —
PQI) y macTuii, B3STOMY i3 HiAMOPIIHEBOTO MPOCTOPY AM3eNL. TakoXX 3a3Hade-
HO, IO IIMJIIHAPOBA IPYyIa TU3ENTIB BIIHOCUTHCS 10 00’ €KTIB MOCTIITHOTO KOHTPO-
JI0 TEXHIYHOTO CTaHy. Y CY4YacHMX yMOBax EKCIUTyaTalil CyIHOBUX IHU3EIliB
BUKOHAHHS YaCTHX Bi3yaJbHHUX 1HCIIEKLIH HMNTIHAPOBUX BTYJIOK HE 3aBXK/IH BHUAA-
eTbesi MoxxnuBUM. [leprr 3a Bce, 11e MOB’s13aHO 3 IEPiOJOM HEBIHMHHOI podoTH
TOJIOBHUX JIBUTYHIB MOPCHKUX CYJIEH, @ TaKOX — 3 BEIMKUMHM 3aTpaTaMu Ha iX
BUKOHaHHS. TOMy JUIsi J1arHOCTYBaHHS TEXHIYHOTO CTaHy IMJIIHAPOBOI Ipynu
3aCTOCOBYIOTHCS HETpsMiI MeTonu. HaWmommpeHImuM 1 JOCTYIHHM Ui YMOB
MOPCBKOTO CyJHa € BU3HAUCHHS JIy>KHOTO YHCIA 1 KITBKOCTI METAJIEBUX JOMIIIOK
B MacTHJI, B3ATOMY 3 IIANOPIIHEBUX MPOCTOPiB au3eis. SIKicTh mporecy Mma-
IIEHHS IWIIHAPOBOI T'PYNH CYIHOBHX IOBIOXOJOBHX IU3CIIB OLIHIOETHCS HE
JIVIIE 32 TTOKa3HUKaMH MOTOPHOTO MacTH/IA, B3ATOTO 3 MiJIIOPIIHEBOTO IPOCTOPY
J3ers (10 SIKMX HEpII 3a BCe BITHOCATHCA TyxHE 9ucino BN Ta KUTbKICTh MeTa-
neBux 4yactuHOK PQI), ame Tako 3a 3HAYCHHSAMHU IHTOMIM BUTpATH MacTHIIa
3aJIeXKHO Bix BMicTy cipku y nanuei — ACC-dakropa Ta nuToMiil BUTpaTi MacTH-
Jla Ha MallleHHs [IWIIHAPOBOI IPYIU 3aJIe)XHO Bi MOTy)HOCTI qu3enst — FR. Came
3a IMMH NOKa3HMKaMHU HalOiabll eeKTHBHO Ta IIINOAIOHO BUKOHYBAaTH Jiar-
HOCTYBaHHSI MOTOPHOTO MacTHJIa CyJTHOBHX JIOBIOXOJIOBUX JM3EIIiB.

KoarouoBsi ci1oBa: niarHocTyBaHHS TEXHIYHOTO CTaHy, 3arajbHe JIy)KHE YHUCIIO,
MalleHHS CyJJHOBHX JIM3€JIiB, MOPCHKUI TPaHCHIOPT, MOTOPHE MacTWIJIO, CHCTEMa
IMJIIHIPOBOTO MAIEHHS, CyZJHOBA CHEPIeTHYHA YCTAHOBKA, CY/THOBUI JIM3€Ib.

Chymshyr V.1., Razinkin R.O. Analysis of the indicators of the engine oil
diagnostics system for long-haul marine diesel engines

The issues regarding the peculiarities of the operation of cylinder lubrication
systems for long-haul marine diesel engines are considered. The composition of
cylinder lubrication systems is given and the main characteristics of the engine oil
used in these systems are determined. It is noted that the quality of the lubrication
process of the cylinder group of long-haul marine diesel engines is assessed by
the specific oil consumption depending on the sulfur content in the fuel — ACC
factor (Adaptable Cylinder oil Control); the specific oil consumption for cylinder
group lubrication depending on the diesel engine power — FR (Feed Rate); the
base number of the oil (Total Base Number — TBN or BN), taken from the sub-
piston space of the diesel engine; the number of metal particles (Particle Quantity
Index — PQI) in the oil, taken from the sub-piston space of the diesel engine. It is
also noted that the cylinder group of diesel engines is an object of constant tech-
nical condition control. In modern operating conditions of marine diesel engines,
frequent visual inspections of cylinder liners do not always seem possible. First of
all, this is due to the period of continuous operation of the main engines of marine



2025 — Ne 51 Cyonosi enepeemuyti yCmanosxu 164

vessels, as well as the high costs of their implementation. Therefore, indirect
methods are used to diagnose the technical condition of the cylinder group. The
most common and accessible for the conditions of a marine vessel is the determi-
nation of the alkaline number and the amount of metal impurities in the lubricant
taken from the sub-piston spaces of the diesel engine. The quality of the lubrica-
tion process of the cylinder group of marine long-range diesel engines is assessed
not only by the indicators of the motor lubricant taken from the sub-piston space
of the diesel engine (which primarily include the alkaline number BN and the
amount of metal particles PQI), but also by the values of the specific lubricant
consumption depending on the sulfur content in the fuel — ACC factor and the
specific lubricant consumption for lubrication of the cylinder group depending on
the diesel engine power — FR. It is according to these indicators that it is most
effective and comprehensive to diagnose the engine oil of marine long-range
diesel engines.

Keywords: cylinder lubrication system, diagnostics of technical condition,
engine oil, lubrication of marine diesel engines, marine diesel, marine power
plant, maritime transport, total base number.

Xnicsa O.4., Koncmanminoe O. 1. Anajii3z e)eKTUBHOCTI CCTEeMH HA OC-
HOBi OPraHiYHOI0 WHMKJY PeHKiHa JUIA YTHIi3amii TeN10TH 0X0101KYBaJIbLHOI
Bou ABuryna Wirtsild 12V46F 3a pisnux HaBaHTaKeHb

Hocunenns Bumor IMO momo mokaszuukis EEDI/EEXI, ingekcy ByriieneBoi
iarercuBHOcTi CII Ta peamizamnii Crparerii IMO-2023 3i cKOpoYeHHs BHKHIIB
MAPHUKOBHX Ta3iB 3yMOBIIOE OTPeOy B TIHOOKIH yTrmi3amii TEIIOTH CYTHOBUX
SHEePreTUYHUX YCTaHOBOK. [IepCeKTHBHUM HAIlpSIMOM € BUKOPUCTAHHS OpraHid-
Horo nukiy Penkina (ORC) anst mepeTBOpeHHS! HU3BKO- Ta CEpPeIHbOTEMIIEpa-
TYpPHOI CKHJIHOI TEIUIOTH y JAOJATKOBY EIEKTPHUYHY MOTYXHICTb. MeToo podboTn
€ SHEepreTUYHHI aHaJi3 CYJHOBOI YCTaHOBKU Ha OCHOBI pereHeparuBHoro ORC 3
MEHTAaHOM SIK POOOYMM TIJIOM, IO JKUBHUTHCS TEIUIOTOI0 BOAM BHCOKOTEMIIEpa-
typHoro koHTYpy (BT) oxonomxenust neuryna Wirtsild 12V46F npu naBanTa-
xenHsax 50—100 % MCR i pi3HUX 3HAYEHHSIX TeMIepatypu 3a0opTHol Boau. Ha
OCHOBI JIaHMX TEIUIOBOTO OajlaHCy JIBUTYHA Ta METOJIMKH KOPUTYBaHHS PEXHMIB
OXOJIO[DKEHHsST HaamyBHOro moBiTps 3a ISO 3046-1 moOymoBaHO 3a€KHOCTI
KIJIBKOCTI CKMAHOI TEIUIOTH, TeMIlepaTypu i Butpatu Boau BT koHTypy Ha BXOA1
B ORC-cuctemy BiJ HaBaHTaXEHHsS JABUTYHA. [lokasaHo, IO NpH 3HIDKCHHI
HaBaHTaxeHHS 3 100 1o 50 % BurpaTta Boam Ha Bxoxai B ORC 3meHuyeTbes 3
50,6 1o 46,0 kr/c, a il Temnepatypa — 3 91,5 o 83,8 °C, o npu3BOAUTH 0 3HU-
xeHHs mpoaykTuBHOCTI Ta edpekrrBHOCTI ORC cucremu. Beranosneno, mo KK/
ORC cucremu 3MEHITYETHCS BiTHOCHO HE3HAYHO MPH 3MEHIICHHI HABAaHTAXKCHHS
Ha nBUTYH 3 50 10 100%, ane CyTTEBO 3alEKUTh SK BiJl HABAHTAKEHHS, TaK 1 BiJ
TeMrieparypu 3a6opTHoi Boau. [Ipu 100 % HaBaHTa)kKeHHI 3 MiABUINEHHSIM TEM-
nepatypu 3ab6optHOi Boau Bix 2 10 30 °C moTyXHICTh 3HWXKYEThCA 3 659 mo 353
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kBT, a pu ogHOYacHOMY 3MEHINEHHI HaBaHTaxeHHs 10 50 % — mo 158 kBrT.
[oxazano, 1m0 miama3oH 3MiHU BUXiAHOI enekTpuaHoi moTyxHocTi ORC cucremn
Iy’)Ke MIHPOKHH, MO MoTpedye IMOAaibIIOr0 EKOJOTiYHOTO Ta E€KOHOMIYHOTO
aHaJi3y PEeKUMIB pOOOTH YCTaHOBKM B yMOBAaX PEAbHOTO EKCIUTyaTalliifHOTO
podinto cyaHa.

KaiouoBi cioBa: cyaHoBa eHepreTnyHa YCTaHOBKA; yTWIIi3allisi BTOPHHHOI
TEIUIOTH; OpraHiuHui MK PeHKiHa; TepMOIUHAMIUHMK aHami3; eHeproedex-
TUBHICTb

Khlieva O.Ya., Konstantinov O.l. Efficiency analysis of an Organic Ran-
kine Cycle system for waste-heat recovery from the cooling water of a Wiirt-
sild 12V46F engine at different loads

The tightening of IMO requirements regarding the EEDI/EEXI indices, the
Carbon Intensity Indicator (CIl) and the implementation of the 2023 IMO GHG
Strategy create a need for deep waste-heat recovery in marine ship power plants.
A promising approach is the use of the Organic Rankine Cycle (ORC) to convert
low- and medium-temperature waste heat into additional electric power. The aim
of this study is an energy analysis of a marine plant based on a regenerative ORC
with pentane as the working fluid, supplied by heat from the high-temperature
(HT) cooling-water circuit of a Wirtsild 12V46F engine operating at 50—100 %
MCR and at different seawater temperatures. Based on the engine heat-balance
data and the ISO 3046-1 method for correcting the charge-air cooling conditions,
dependencies were obtained for the amount of waste heat, temperature and mass
flow rate of the HT cooling water at the ORC inlet as functions of engine load. It
is shown that when the load is reduced from 100 to 50 %, the water mass flow
rate at the ORC inlet decreases from 50.6 to 46.0 kg/s, while its temperature
drops from 91.5 to 83.8 °C, which leads to a reduction in both the capacity and
efficiency of the ORC system. It is found that the thermal efficiency of the ORC
system decreases only slightly as the engine load is reduced from 100 to 50 %,
whereas the net electric power output is strongly dependent on both engine load
and seawater temperature. At 100 % load, when the seawater temperature in-
creases from 2 to 30 °C, the net power output decreases from 659 to 353 kW, and
with a simultaneous reduction in engine load to 50 % at 30 °C seawater
temperature it falls to 158 kW. The very wide range of variation in the ORC elec-
tric power output indicates the need for further environmental and economic
analysis of operating modes under realistic ship operating profiles.

Keywords: ship power plant, waste heat recovery; Organic Rankine Cycle;
thermodynamic analysis; energy efficiency

bozau B.M., Konezaee M.O., /losioenko FO.M. OcobamBocTi noaayi oJiu-
BH 10 HWJIIHAPIB CyYaCHUX CYTHOBUX AU3eJbLHHMX IBUTYHIB

[TyOmikamist TpUCBsiY€Ha BUPIMICHHIO AKTYyaJbHOI MPOOIEMH IIiABHIICHHS
e(peKTUBHOCTI pOOOTH CYAHOBHUX IU3YJIB IUIIXOM JIOCTI/DKEHHS PyXy MacTuiia
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MIpY MaIIeHHI iX MIIiHAPIB. Y poOOTI BUKOHAHO aHaTi3 CTaHy MUTAHHS IO JI0-
CIIKyBaHIM mpoOieMi, B pe3ynbTaTi SKOTO BH3HAYEHI OCHOBHI HEJOIIKH MpPO-
[IeCy MaIleHHS [IIIiHAPIB CYAHOBUX JHU3ETIB.

IIpoBeneHo HocmimKeHHS 3 BUBYCHHS MPOIECiB MAIIeHH HITIHAPIB CYAHO-
BUX JBHUIYHIB, IO JO3BOJHJIO OTPUMATH YSABJICHHSA IIPO 3arajbHy IPOIYK-
TUBHICTh LUX cHCTeM. lIpyM LbOMy BHKOPHCTaHi Taki CydacHI METOJH JO-
CIIIJPKEHHS SIK ocLuiorpadyBaHHs 1 IBUIKICHA KIHO3HOMKA.

JlocnipkeHHsIMI BCTAaHOBJICHO, 1110 TIPOIEC BUTIKaHHS Macliia B HWiIiHAp ¢o-
PMYETBCSI B YaCTHHI MaCTHIIBHOTO KaHAJy, sIKa pO3Mill[eHa MK TOpLEM IITyLepa
Ta A3epKajioM IUJIHIpA 1 JOBOJI YacTO CYNPOBOIKYETHCS 3arajbHUM JUIs BCiX
JIBUTYHIB SIBUILEM «BUIITOBXYBAaHHs» Macja ra3aMy Ha BiICTaHi, 110 HEPEBUIILY-
IOTh 3a30p MK HOPITHEM Ta J3EPKAJIOM IIMITIHAPOBI BTYJIKH.

Bu3HavyeHO XapaKTEpPUCTUKH MPOLECY MALICHHs, Ta X B3a€EMO3B'S30K 3 KOH-
CTPYKLI€I0 3MaIlyBaIbHUX MPUCTPOIiB. EKCIIepUMEHTaNbHO MiATBEPPKEHO BILUIUB
TEOMETPUYHHX IIapaMeTpiB KaHAIIB HAa XapaKTEPUCTHKH IPOLECY BHUTIKaHHI
Maclia B IWJIHIP i B KiHIIEBOMY pe3yNbTaTi Ha €(peKTUBHICTh HOTO BUKOPHCTAHHS
B IBHUTYHI.

KirouoBi cjioBa: cyqHOBUIl qU3enb, CHCTeMa MAIllEHHS, 3MalllyBaJIbHUI Ka-
HaJl, IPOLIEC MAIEeHHS, LMJIIHJD, TOPIIEHb, IIOPIIHEBE KibIIE.

Bogach V.M., Kolegayev M.O., Dovidenko Yu.M. Features of oil supply to
the cylinders of modern marine diesel engines

The publication is devoted to solving the urgent problem of increasing the ef-
ficiency of marine diesel engines by studying the movement of lubricant during
lubrication of their cylinders. The paper analyzes the state of the issue on the
problem under study, as a result of which the main shortcomings of the process of
lubricating cylinders of marine diesel engines are identified.

A study was conducted to study the processes of lubricating cylinders of ma-
rine engines, which allowed to get an idea of the overall performance of these
systems. In this case, such modern research methods as oscillography and high-
speed filming were used.

The studies established that the process of oil leakage into the cylinder is
formed in the part of the lubrication channel, which is located between the end of
the fitting and the cylinder mirror and is quite often accompanied by the phenom-
enon common to all engines of "pushing out" oil by gases at a distance exceeding
the gap between the piston and the cylinder liner mirror.

The characteristics of the lubrication process and their relationship with the
design of lubricating devices are determined. The influence of the geometric
parameters of the channels on the characteristics of the oil flow process into the
cylinder and ultimately on the efficiency of its use in the engine has been experi-
mentally confirmed.

Keywords: marine diesel, lubrication system, lubrication channel, lubrication
process, cylinder, piston, piston ring.
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Kap’ancokuit C. IIpo6iaemMu Ta pilieHHSI MPH eKCIIyaTalil JukeK-an 6apixk
Ta OypoBHX Dap:k

VY poboTi cucTeMaTH30BaHO CydYacHi TEXHIYHI Ta eKCIUTyaTalliiHi mpobieMu,
XapakTepHi A pKeK-an 0apk 1 OykcoBaHMHN/AKIpHUX OypoBHX OapK, IO 3aCTO-
COBYIOTBCSI Y MOPCHKil HaTOBiH i ra3oBiii mpommucioBocti. Po3risHyTO BIUIMB
arpecUBHOTO MOPCHKOTO CEpeIOBHUINA, 30KpeMa KOPO3iHHOro pylHHyBaHHS B 30HI
YepryBaHHs CMauyBaHHS i BUCHUXaHHS, & TAKOX BIUIMB LMKIIYHHUX TiApOIHHAMI-
YHUX HaBaHTAXXEHb BiJl XBWIb, BITpY 1 BiOpaliii OypHibHOro iHCTpyMEHTa Ha
LUISIXM PO3BUTKY BTOMHHX TPIIIUH 1 3HYDKEHHS! HECY40i 34aTHOCTI KOHCTPYKIIIH.
OxpeMmy yBary NpHAUIEHO pU3UKaM Herepen0adeHoi B3aeMOIil 3 IPYHTOM (TakuM
sk «punch-throughy), momMuiIKamM MO3UIIFOBaHHS i BITMOBaM CHCTEM ITi oMY, III0
MOXYTh CHPUYUHATH aCHMETPHUYHE HaBAHTaKCHHS, KPCH IUIaTGOPMH Ta 3yITHUHKY
poOiT. Takox mpoaHaxi30BaHO MPOOIEMH OOMEKEHOTO MOCTYITY AJIS iHCHCKIIH 1
PEMOHTY, IO MOCHIIIOIOTh PEAKTHUBHUM XapakTep TEXHIYHOTO OOCIyroBYBaHHS,
Ta TPAAUIiiHI €KOJIOTIYHI 1 T0XKEKHO-BUOYXOBI PU3UKH, 30KpeMa HMOBIpHICTH
blowout i 3a0pynHEHHS MAJIWBHUMI/TIAPABIIYHAMHA piAMHAMH. 3allpONOHOBAHO
KOMIUIEKC CYyYacHUX IH)KCHEPHHX PIllICHb 1 OpraHi3allifHUX 3aXOJiB ISl IMiIBH-
LIEHHs HaIIHHOCTI i mpojoBkeHHs pecypcy miardopm. Cepex Hux: OaraTopis-
HeBa KOpOo3iifHa 3aXUCTKa (KaTOAHUI 3aXKCT, BACOKOHAIIOBHEHI SITOKCUIHI IPYH-
TH Ta TOJNIypeTaHOBI MOKPUTTS, BHUKOPUCTAHHS KOPO3IMHO-CTIHKMX CIUIaBIB i
MEpPCIEKTUBHUX CaMOBIJHOBIIOBAJbHUX IOKPHUTTIB); BIIOCKOHAJIEHI CHCTEMH
migioMy 3 pe3epBYBaHHSAM NPHBOJIB, aBTOMAaTH30BAHUM BHPIBHIOBAaHHAM 1 JaT-
YMKaMH HaBaHTa)KCHHS; BIPOBA/DKEHHsS IHTETPOBAHOTO MOHITOPHHTY CTaHy 3
BHKOPUCTAHHAM strain-Tei/KiB, aKceIepoMeTpiB, KOpPO3IMHHX MPOOHHKIB i
SCADA; 3actocyBaHHs NU(POBHUX IBIMHWUKIB 1 MPEAUKTUBHOI AHANITHKH IS
MPOTHO3YBaHHS Yacy IO BiIMOBH H ONTHMIi3alii TEXHIYHOTO OOCITyTOBYBaHHS,
CTaHJApTHU3AIlisl HCIEKIIHHUX TPOIEAyp, POOOTH30BaHI OTJISIIM Ta HE3alleXkKHi
ayauT-niepeBipkd. TiTbKM CHUCTEMHMH MIZXiJ, IO MOEAHYE IHXEHEPHI MOJEpHi-
3aril, nuppoBi TEXHOJOTIT 1 HAJIGKHY OpPraHi3allilo TEXHIYHOTO 00CIYroBYBaHHS,
JIO3BOJIUTH 3HAYHO 3HM3UTH PU3MKH, 3MEHIINTH HEIUIaHOBI MpocToi 1 3ade3neyn-
TH Oe3Me4Hy i CTiiKy eKcIulyarallilo JyKeK-am i OypoBHX Oapix.

KarouoBi ciioBa: Oesneka, OypoBa Oapia, JpKek-ar 0apika, KOpo3isi, MOHITO-
PHHT, 0(IIOpHA eKCIUTyaTallis, CTIHKICTh, TeXHIYHE 00CIYrOBYBaHHS

Karianskyi S. Problems and Solutions in the Operation of Jack-Up and
Drilling Barges

This paper presents a comprehensive review of contemporary technical and
operational challenges faced by jack-up platforms and anchored/drilling barges
used in offshore oil and gas operations. The study examines the mechanisms by
which marine corrosion, especially in the splash and submerged zones, together
with cyclic hydrodynamic loading from waves and wind, and operational vibra-
tions from drilling equipment, contribute to material loss, initiation and propaga-
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tion of fatigue cracks, and progressive reduction of structural capacity. It also
analyses geotechnical interaction issues, notably differential leg penetration and
punch-through events, and the hazards stemming from jacking system faults,
desynchronization of leg movements, and positioning or mooring failures that can
induce platform tilt and operational interruption. Limitations in maintenance
access, confined deck arrangements and the predominantly reactive inspection
regimes are identified as factors increasing the likelihood of undetected damage
and emergency repairs. Environmental and safety risks, including blowouts, hy-
drocarbon leaks and fires, are discussed with reference to historical incidents and
failure modes. To mitigate these risks, the paper outlines a set of engineering and
procedural measures: multi-layer corrosion protection combining cathodic sys-
tems and advanced coating systems, use of corrosion-resistant materials and
emerging self-healing coatings; enhanced jacking and leveling systems with re-
dundancy, real-time leg load sensing and automated equalization; comprehensive
condition monitoring using strain gauges, accelerometers, corrosion probes and
SCADA integration; adoption of digital twin technology and predictive analytics
to forecast component degradation and optimize condition-based maintenance;
standardized inspection protocols, robotic inspection tools and independent audits
to ensure compliance. The integration of robust corrosion protection, system
redundancy, continuous digital monitoring and predictive maintenance strategies,
supported by standardized operational procedures, is essential to extend service
life, reduce unplanned downtime and improve the safety and resilience of off-
shore jack-up and drilling barge operations.

Keywords: corrosion, drilling barge, jack-up barge, maintenance, monitoring,
offshore operation, safety, stability.

Kypasnvos 10.1., Kopx M.B. Po3poOka Mopaeni mpouecy pyHHyBaHHS
KOJIIHYACTUX BaJIiB CYJAHOBMX JAU3eJbHUX JBHUIYHIB 3 yPaXyBaHHAM IXHBOIO
HaIpYKeHOo-1e(hopMOBaHOTO CTAaHY

VY crarTi po3risiHyTO MpoOJIeMH 3 SIKICTIO KOJIHYacTHX BaJliB, MPOaHai30Ba-
HO NMPHUYHMHY TXHBOTO BUXONY 3 Jajy. IlokazaHo, 110 BiIMOBa BTOMH € HaHOLIbLI
MOLIMPEHOK NPUYUHOKO MOIIKO/PKEHHSI KOJIHYaCTOro Bally, OCOOJIMBO CTaJIEBO-
ro-nopsinky 70% Bcix BigMoB. Takox MmokaszaHo, 10 aHali3 JOCIKEHb KOJTiHYa-
CTHX BaJliB BKIIOYAE: MIarHOCTUKY Ha HasBHICTH Je(EKTiB, HANPHKIAJ, 3HOCY,
MOJPSIINH, 3a1UpiB i OUTTS, 3 BUKOPHCTaHHSIM MarHiTOIIOPOIIKOBOTO 1 yJabTpa-
3BYKOBOT'O KOHTpOJt0. OIHOYaCHO TPOBOJSTHCS JIOCHIPKCHHS Ha BiANOBITHICTD
TEXHIYHMM BHUMOI'aM, HalpPHKJIAJ, IEepeBipka reoMeTpii MUoK (OBaJbHICTh, KO-
HYCHICTB), Ta aHaJi3 NPUYMH 3HOLIYBaHHS ISl NOAAIBLIOTO BiJIHOBJIEHHS Baly
MeToaMH 1uTiyBaHHs 200 BiJHOBIICHHS Pi3bOJICHHS Ta LIIIOHKOBHX ma3iB. [le-
TAJILHO PO3IJISIHYTO HANpPYXKEHO-1e(OPMOBAHUIA CTaH BIJHOBICHOTO Bennkorada-
PHUTHOTO KOJIIHYacTOro Bajly, IIO 3a3HA€ BaroMHX HaBaHTaKeHb. BCTaHOBIEHO,
10 HaifyacTimie BTOMHE PYIHYBaHHS Bally BiIOyBaeThCs IIO IIOII B 30HI Iepe-
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KpUTTS IMATyHHUX 1 KOPIHHUX IMUHOK. PO3po0iieHO MI0CKY MOJETh KPUBOITUITY
KOJIIHYaCTOTO By 1 CXeMy BH3HAYCHHS 3yCHIIb.

Takox mpencTaBleHUN XapakTep PYWHYBaHHS IIUHKH KOJNIHYACTOTO Baly B
pe3ynbpTaTi HOro eKcIuIyaTamii Ta KJaCHYHa PO3pPaxyHKOBa CXeMa KOJIiHYacTOTo
Baxy. Ha mizcraBi MeTony KiHIIEBHX €JIEMEHTIB po3po0JIeHi NTBOBUMIipHI (izmdHa
Ta MaTeMaTH4YHa MOJEJ KPUBOLIMIY JJIsi BU3HAYEHHS BHYTpilIHIX Hanpyr. Ot-
PHMaHO PO3PaxyHKOBI pe3yJIbTaTH, IO MiATBEPKYIOTh CTATUCTHKY PYHHYBaHHS
peanpHOi gerani B ekciuryarauii. TakoX 3ampoNOHOBaHO OPUTIHAJIBHY MOJENb
KPHUBOILLIUITY Yy BHIJISAI CTPW)KHEBOI CHUCTEMHM, SKa JI03BOJIMJIA PO3PaxyBaTH
PO3IOJINT BHYTPILIHIX 3yCWJIb Y 30HI MEPEKPUTTS LIATYHHOT Ta KOPIHHOI MINHOK.
OTpHMaHO MAaKpOCTPYKTYpY 3/1aMy B ILIOLI IIPH MEepexoji i3 30HH PO3BUTKY
BTOMHOI TPIIIMHM B 30HY TEHIITHOTO PYHHYBaHHS Ta MaKpOCTPYKTYypy IoIeped-
HOTO 3JIaMy LIIMHKH, LTIOCTPYIOUYH 30HY PO3BUTKY BTOMHOI TPIiIIMHU.

KuarouoBi ciaoBa: xomiHuacTHif Bai, BiOMOBAa BTOMH, HaIPY)KCHO-
nedopMoBaHHi cTaH, MOAENb KPUBOLINIIA, BTOMHA TPIL[MHA.

Zhuravlov Yu.l., Korkh M. V. Development of a model for the destruction
process of crankshafts of marine diesel engines taking into account their
stress-strain state

Developing a Model for the Failure Process of Marine Diesel Engine Crank-
shafts Taking into Account Their Stress-Strain State

This article examines crankshaft quality issues and analyzes the causes of
their failure. It is shown that fatigue failure is the most common cause of crank-
shaft damage, particularly for steel crankshafts, accounting for approximately
70% of all failures. It is also shown that crankshaft analysis includes diagnostics
for defects such as wear, scratches, scoring, and runout using magnetic particle
and ultrasonic testing. Simultaneously, tests are conducted to ensure compliance
with technical requirements, such as checking journal geometry (out-of-
roundness, taper), and analyzing the causes of wear for subsequent shaft refur-
bishment using grinding or thread and keyway restoration. The stress-strain state
of a refurbished large crankshaft subjected to alternating loads is examined in
detail. It has been established that fatigue failure of the crankshaft most frequent-
ly occurs along the cheek in the overlap zone of the connecting rod and main
journals. A flat model of the crankshaft crank and a diagram for determining the
forces have been developed.

The nature of crankshaft journal failure during operation and a classical
crankshaft calculation scheme are also presented. Using the finite element meth-
od, two-dimensional physical and mathematical models of the crank were devel-
oped to determine internal stresses. The calculated results confirm the failure
statistics of the actual component in operation. A unique crank model in the form
of a rod system was also proposed, allowing for the calculation of the distribution
of internal forces in the overlap zone of the connecting rod and main journals.
The macrostructure of the cheek fracture at the transition from the fatigue crack
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development zone to the brittle fracture zone and the macrostructure of the trans-
verse journal fracture were obtained, illustrating the fatigue crack development

zone.
Key words: crankshaft, fatigue failure, stress-strain state, crank model, fa-

tigue crack.
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ITPABHJIA O®OPMJIEHHS I TIOJAHHSA PYKOIIACIB J1JIsA
3BIPHUKA «CYJHOBI EHEPTETUYHI YCTAHOBKN»

HaykoBo-TexHiuHMii 30ipHHUK Ha[iOHATBHOTO YyHiBepcuTeTy «Onech-
Ka MopchKka akaaeMis» «CyIHOBI eHEepreTHdHI YCTAaHOBKI € HAYKOBUM
BHJAHHIM, B SIKOMY MOXYTh IyOJIiKyBaTHCh OCHOBHI pe3yJbTaTH AWCEP-
TaiitHUX poOiT 31 cnenianbHocTel 271 «MoOpChKUil Ta BHYTpIlIHI BOA-
HUH TpaHcopT» Ta 275 «TpaHCHOPTHI TEXHOJOTT (32 BHIAMH).

CraTTs MOBWHHA BIAIMOBIAATH MIpaBIiiaM O(QOPMIIEHHS! HAYKOBUX CTa-
Tel 1 MICTUTH MOCTAaHOBKY MpOOJIeMHU B 3aralbHOMY BUTJISAL Ta 11 3B'I30K
3 BXXJIMBUMU HaYKOBHMH 200 MPAaKTUUYHUMH 3aBIAHHSIMH, aHaJi3 OCTaH-
HIX JOCNI[KeHb 1 MyOuiKamii 3a TeMOK CTaTTi, (OPMYITIOBAHHS ITLIeH
cTarTi (TIOCTAaHOBKY 3aBIaHHS), BHKJIAJ OCHOBHOTO Marepialy 3 Heo0-
X1IHUMH OOTPYHTYBaHHSIMH, BUCHOBKH Ta MEPCIEKTHBH MOAANBIINX JO-
CJII/DKEHb.

Pykomnmc momaeTscst Ha enekTpoHHOMY HOCIi y dopmati *.doc 3 marme-
POBOIO KOIIi€IO 1 pedepaTaMu Ha YKpaiHCBKIH Ta aHMIIMCHKIM MOBax,
MiJUCAHOK BCIMa aBTOpaMH, 3 KOHTAKTHOK iH(GOpMAIIE€r0: aapecH, Te-
nedorn. O6csr crarti — 10 0,5 aBTOPCHKOTO apKyIia 3 ypaxyBaHHSIM
UTIOCTpalii, miAPUCYHKOBUX MIAMUCIB i pedepary.

Pedepar nBomMa mMoBaMu — YKpaiHCBKOIO Ta AHTJIIHCHKOK — HAaBO-
IUTHCSl HANPHUKiHLI pykonucy Ta moBiHeH Mictutu: ®PIO aBTOpiB, Ha3BY
CTaTTi, CKOPOUYEHHUH 3MicT Ta KJr04oBi cioBa. O0car pedepaTy KOXKHOIO
MORBO [0 TIOBHHEH CKJjiajatu He MeHie 1800 3HakiB (3 mpoOesamMu), BKITIO-
a4y KJIIOYOBI CJIOBA.

®opmar nanepy A5 (148x210) Yci monst — 16 mm. Tekcr - yepes 1
intepBai, Times New Roman, 11 nt; Tabiuili, 3aroJioBKH TaOJIUIb, Mij-
pucyHkoBi mianucu — 10 mT.

Ha mepmriii cTopinmi pykomnucy MOBHHHI OyTH BKa3aHi HACTYITHI elle-
meHtu: PIO aBTOpiB; HaliMEHYBaHHS 3aKJaly, B SIKOMY BHKOHYBaJacs
po0oTa; Ha3Ba cTaTTi. 3aroJIOBOK CTATTI OPOPMIIATH 33 CTHJIEM 3aroJio-
BOK 1, kernb 11 niT, Ge3 mepeHocy ciiB, yci IPONHUCHI.

[Ipn HEoOXigHOCTI POOUTHCA MEPEHOC TEKCTy, ajieé HEe B 3arOJIOBKY
CTaTTI.

VYeci ¢hopmynu noBuHHI OyTH HabOpani B Mathtype. 3minHI, QyHKIIT,
BEKTOPH, MAaTPULI 1 T.N. OQOPMIIIOTECS JTATUHCHKUM LIpUPTOM. 3MiHHI
BUKOHYIOThCS TIOXHJIMM IIPU(TOM, BEKTOPU — HAIIBKUPHUM, O3 HaXU-
JIy; TpelibKi CHMBOJIM — Y BCIX BHIaJKax 0e3 HaXWly; IHACKCH: JATHHCHKI
— 3 HaXWwIoM, KHpWIn4Hi — 0e3 Haxuiy. Po3smipu B Mathtype: ocHOB-
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Huit — 11 nr, 30inemennii — 16,5 o, iHaekc — 7 0T, cyOiHAeKC — 6 TT.
Hywmepyrotbes Tinmbku Ti GOpMyIH, Ha SIKi € TOCHIAHHS B TeKCTi. Dopmy-
JIY BIIUISFOTBCS BiJl TEKCTY PSAKaMU BUCOTOO 2 nt. OnuHUI (Di3UIHUX
BennuuH moBuHHI BignoBigatu HACTY 3651.0-97, JCTY 3651.1-97,
JACTY 3651.2-97 "Mertposnoris. Onuaumi ¢Gi3MIHAX BEMHYAH" 1 MaTH
3arajbHONPUHHSTI TO3HAYCHHS.

Tabmuiri ciix po3TaloByBaTH HA OJHIM CTOPIHIN KPiM BHITAJIKIB, KO-
iy Tabsuis 3aiimae Oinbiie 1 ctopinku. 3aronoBok — 10 nT, 6€3 mepeHo-
cy, iHTepBal nepes — 8 0T, micis — 2 NT, OCHOBHHUN MPUQPT TaOIUI —
10 mT.

PucyHku BiAOUISIFOTBCA BiJ TEKCTy 3BEpXy IHTEpPBAIOM 8§ MT, Bix
Ha3Bu — 2 nit. Ha3Ba pucynky — kernb 10 nt, 6e3 mepeHocy, iHTepBal
micis — 8 nr. Ha Bei Tabnuii i pucyHKM TOBUHHI OYTH TOCHJIaHHS B
TEKCTI CTaTTi y CKOPOUYCHOMY BUTIIsiAL (pHC., Ta0.).

ImtocTparii, sxi miAroTOBNIEHI B rpadivHUX penakTopax, MOMAIOTHCS B
SAKOCT1 OkpeMux (aiiniB y BuxigHoMy ¢opmarti. Po3mip HamuciB moBHHEH
3abe3neuyBaTH ixHi0 yntaHicTh (8-10 mr).

[locunanus Ha miTepaTypHi DKepena y TEKCTI O(QOPMIIIOIOTHCS Y
KBaJpaTHHUX TyXKaX 3 BKa3aHHAM HOMepa JDKepea.

bioniorpadiunuit onurc opopMITIOEThCS 3 ypaxyBaHHsM HairioHanb-
Horo cranmapty Ykpainu JJCTY 8302:2015 «Iadopmaris Ta TOKyMeHTa-
uisi. biomiorpadiune nmocunanHs. 3araabHi MOJOXKEHHS Ta MPaBUIIA CKIIa-
TIAHHSD).

[Mpuknan ohopmIleHHS CHHCKY JIITepaTypy HaBEACHO HIKYE:

Knuru ognoro, 1Box a00 Tpb0OX aBTOpiB

3abnoupkuii FO.B., Caria C.B. Pobounii uKki CyAHOBUX IBUTYHIB
BHYTPIIIHBOTO 3TOPSHHS. Teopis Ta po3paXyHOK OCHOBHHMX MapaMeTpiB:
HaByajgbHUM nmocionuk. Onmeca: HY «OMAy, 2018. 108 c.

Knuru yotuppox i 6inb1ue aBTopis

Koneraes M.O., [lapmenora [I.I'., Mamkiuer M.A., Hikonaesa I'.B.,
Poznymekuii O.M., Poman I'.T'., Capuuescrka A.Il., Ocamuayk JI. . bes-
MeKa Ta OXOpOoHAa Ha MOpi: HaBYaNbHUI mocioHuk. Oxeca: denike, 2020.
832 c.

abo

Besneka ta oxopoHa Ha Mopi: HaBuanbHUM nocionuk / M.O. Kone-
raes Ta 1H. Oneca: Penike, 2020. 832 c.

CraTTa y nepioiM4HOMY BMIaHHI, PO3iJ KHUTH

Carin C.B., Cronspuk T.O. AHani3 ekclulyaTalilHUX XapakTepHCTUK
MOTOPHHMX MAaCTHJI CyIHOBHUX nu3eliB. CYOHOGI eHepeemuyHi YCMAaHOBK.
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