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Adrantok B.B., [lanunenxo /I.B., Adrtantok A.B.
Harionansauii yaiBepcuTer «O1echka MOPChKa akaaeMisy

MOJAEJIIOBAHHS TA AHAJII3 I'IPOAUHAMIKHN
IMAPOT'A30BUX ITOTOKIB Y CKPYBEPI BEHTYPI

ANNOTATION

The article presents the results of numerical simulation of a Venturi
scrubber for purifying contaminated gases from SOy emitted into the atmos-
phere by marine engines.

To model aerodynamics, a solid-state model of a Venturi scrubber was
developed. Geometrical parameters and standard models are designed to
ensure that they are stowed in clean ship systems.

At the first stage, they reached the bottom of the gas stream into the
scrubber while feeding the obsolete gas in an amount of 32 m?/s. On the
basis of the obtained model of air flow graphs of velocity and pressure dis-
tribution along the axis of the Venturi scrubber were constructed.

To determine the rational volume of steam to be fed to the scrubber to
ensure a uniform distribution of it on the apparatus, studies of the distribu-
tion at different amounts of steam.The study was conducted for three modes
of operation of the scrubber, which differ in the amount of saturated steam
supplied to the apparatus (1, 5, 10 m’/s).

The simulation results allowed us to analyze the distribution of gas ve-
locities and pressures in the scrubber, the efficiency of spraying and mixing
of the gas stream and steam. Based on the analysis of hydrodynamics, the
rational mode of operation of the scrubber is determined (steam supply —
10 m’/s).

Further increase in the amount of steam can be considered impractical
due to the fact that the gas velocity of the apparatus is greatly increased,
which in turn leads to increased resistance of the apparatus and the leakage
of dust.

The result of the early analysis is the transition to early models of puri-
fication systems based on the Venturi scrubber.

The developed model can be used as a separate unit in large models of
cleaning systems, which include several types of scrubbers for various in-
dustries.

Keywords: shipboard systems for cleaning emissions of SOx, solid-
state scrubber models, numerical simulation of gas flows.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 6

IHocTanoBka npodJemH i il 3B'A30K i3 BA)KINBHMH HAYKOBHMH Ta
NPAKTUYHUMH 3aBAAHHSMH. [HTEHCHBHUN PO3BUTOK CYAHOIUIABCTBA Ha
BOJIHUX NIISIXaX MPU3BENIO 10 OYAIBHUIITBA SIKICHO HOBOTO (hJIOTY: 3 TIOTY-
KHUMH CHEPTeTHYHUMH YCTAaHOBKAaMH, BUCOKMMH BaHTa>KOIIAHOMHICTIO
Ta MBUAKICTIO. MacoBa eKCIuryaTallisi Takoro (UioTy CyINpPOBODKYEThCS
3pOCTaHHSIM HOrO BIJIMBY Ha HaBKOJMILIHE cepepoBHIle. Bumoru 1o KoH-
BeH1ii MARPOL (nomatok VI), 3 METor0 3aXUCTy HaBKOJIMIIHBOTO Cepe-
nosuina Bin BUKULIB cipku (SOx), BCTAHOBIIOIOTH 3arajibHe OOMEKEHHS
MaKCUMaJbHUX BUKHUIB BiJI CyTHOBUX JIBUTYHI, Ta PEKOMEHIYE 3aCTOCY-
BaTH CHCTEMY OUMIICHHS BUXJIOHUX I'a3iB JJIsl 3HIKCHHS 3arajbHOrO BU-
KUy OKCUIB cipku [1].

AHaJji3 nocaimkens i myoaikanii. [IpoGiiemam 3HIKEHHS TOKCUYHHUX
BUKH[IB BiJl CyIHOBUX eHepreTnyHux ycTanoBok (CEY) npucBsyeni ymc-
JIEHH1 HaYKOB1 poOOTH BITUM3HSHUX Ta 3aKOPAOHHUX (paxiBiiB [2-4].

AHaJi3 BIPOBAHKCHUX CYJHOBUX CHCTEM OYMIIEHHS BUKUIIB Big SOk
MOKa3ye, 0 CYJHOBI cHCTeMH OYUCTKH Bif SOy CKIIAJAI0ThCS 3 CKpyOepa
BenTypi ta ckpybepa-karuieBnosioBada. Takuii ckiiag MaloTh CUCTEMH Qi-
pmu «Anbda JlaBanby, komnanii «MAH nizens» «Wirtsild» Ta iH. dipmu
[5].

HesBaxaroun Ha Benukuit 00’ €M BUKOHAHUX POOIT BiICYTHsI BUYEPITHA
iHpopMais o epekTUBHOCTI poboTH TpyOH-KoarynsaTopa BeHTypi B ymo-
Bax IEPEMIHHOTO PEKUMY POOOTH IHU3ETBHOTO JBUTYHA, TOMY JIOCHi-
JDKEHHS B [bOMY HaNpsIMKY € aKTyaJTbHUMH.

Ines poboTu monsrae B 3a0e3nedeHHi miIBUIICHHs () eKTUBHOCTI OUH-
meHHs SOy 32 paXyHOK ONTHUMI30BaHOI MOJIavl MEPECUYUSHOT Mapu B CKPY-
O0ep Bentypi, 110 3a0e3nedye mokpaiieHHs npoiecy adcopOIii Ta yioB-
JIeHHs caxi [6].

MeTo10 po6OTH € MiABUILEHHS ePEKTUBHOCTI CyTHOBOT CHCTEMH OYH-
meHHs1 SOx Ha 6a3i ckpyOepa BeHTypi nuisixom ontumiszalii Tediil rasy B
Hili, 32 JOMOMOrol0 CTBOPEHOI TPUBHMIPHOI TBEPAO-TUIbHOI Moxemi i
KOMIT TOTEPHOT'0 MOJICTIOBAHHSI.

BuknagenHsi ocHOBHOT0 MaTepiajy Aocaimxkenns. [lepmmm eranom
JOCHIJKEHHS € CTBOPEHHSI TBEPJIOTLIBHOI TPUBUMIPHOI MOJIENi CKpyOepa
BenTypi 3 mogaueto nepecuyeHol napu B 30Hi ropyioBuHu (puc. 1). ['eome-
TPHUYHI TapaMeTpH i THIIOPO3MIPH BiAMOBIJAIOTH ICHYIOUUM KOHCTPYKIIISIM,
110 3aCTOCOBYETHCS B CYAHOBHUX CHCTEMax O4MIIeHHS. TpuBuMipHa reome-
TpHYHa MOJIEeNb Oyia cTBOpeHa B MaciuTali 1:1.
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Puc. 1. TeepnorinsHa Mozenb ckpybepa BeHTypi.

Jlns mpoBeeHHST YUCIOBMX PO3paxyHKIB TPHBHUMIpHA T€OMETpPUYHA
MoJieNb cKkpyoepa Benrtypi, Oyna imnoproBana B cepeny Flow Simulation
[7]. Y ubomy Moayti OyJia MmiroToBJIeHA TeoMeTpis 001acTi Teuil MOTOKY
(puc. 2) anst BUpilIeHHs! BHYTPIIIHBOI 3a4a4i.

Puc. 2. OGnacts po3paxyHKy.

Jnist peanizallii YMCIOBOrO METOY pillieHHS PO3pPaxyHKOBa reOMETpH-
YHa 00JacTh PIBHOMIPHO PO30HMBAsIacs Ha OKPeMi ocepeslku (€eIeMEHTH) B
Moy Mesh, B pe3ynbTaTi 4oro reHepyBajiach po3paxyHKoBa CiTka (puc.
3). KinbkicTb eneMeHTiB B ciTili craHoBmwiio 510000, 110 mos's3ano 3 ooMe-
KEHHSIMH BUKOPUCTOBYBaHOI st po3paxyHkiB EOM. B sikocTi KiHIEBUX
eJICMEHTIB BHKOPHCTOBYBaBCsi Ky0. Po3Mip ereMeHTa 3a1aBaBCsi PIBHUM
11,5 Mm.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 8

Puc. 3. Po3paxyHkoBa CiTKa.

VY KOMIT IOTEepHIl MOJIENi B SIKOCTI FPAHUYHUX YMOB IIPUAMAIHCS: MO-
YaTKoBa MIBUAKICTH Vv, (M/C) ra3y Ha BXoAi; TUCK Ha Buxomi P, Ila. [Ipu
OMY Ha CTiHKaX CKpyOepa yMOBU KOB3aHHSI 'a30BOI'0 TIOTOKY, PO3TJIsiia-
IOTBCSI SIK HEMPYKHi.

[IpoBenenHs MOJIENFHIX PO3PAaXyHKIB BKIIOYAJO B ceOe HACTYIHI oc-
HOBHI eTamnu:

- 3aBaHTa)KEHHSA TeOMETPUYHOI MOZIeNIi cKpyOepa;

- moOy10Ba CITKOBOI MOJIENi PO3paXxyHKOBOI 00J1aCTi;

- BU3HAYCHHS MaTepiaiiB ¢as;

- 3aBJIaHHSI IOYATKOBHX 1 IPAHUYHHUX YMOB;

- HacTpoliKa BHpilryBaya (BUOIp i HACTPOIKka MOJIEINI, 3aBaHTAKEHHS 1
kommisnis UDF- ¢ynkiit);

- HaCTpoHKa MapaMeTpiB pillICHHS;

- 3aIyCK PO3paxyHKY i OTpUMaHHS Pe3yJIbTaTiB 00UHCIIECHb;

- Bi3yaJstizallisi Ta aHaji3 pe3y/ibTaTiB YUCEITBHOTO PO3PAXyHKY.

UmncenbHi po3paxyHKH NPOBOMMINCS Ha 2-X SACPHOMY MpPOIEcopi
I[TEOM 3 8 I'6 onepatuBHOi nam'sati. Yac oTpuMaHHsI pe3ylabTary pillleHHS
cranoBmio Bix 0,5 1o 1 roguHwu.

Ha nepmomy erani qociimpkeHs Oyiy IpoBeieHi pO3paxyHKH pyXy Ta-
30BOr0 MOTOKY B CKpyOepi (puc. 4) mpu nojadi 3a0pyAHEHOTO MOBITPS B
06’emi 32 m*/c. KinbkicTh mapy nojgaethes B 06°emi 1 M>/c, THCK Ha BUXOI
3 arapary 3ajaBaBcsi piBHUM 1,5 aTm.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 9

Puc. 4. Mogens Teuiit moBiTpst B ckpyOepi Benrtypi.

3 mpencTaBieHol KapTHHU Nepediry ra3zy BUILIMBAE, 10 B TpyOi Ben-
Typi 3a0e3neuyeTbcs TPUCKOPEHHS Ta30BOT0 MOTOKY 3 17,4 M/c Ha BXomi
1o 58,8 M/c B koH(y30pi. OTpruMaHi JaHi 100pe y3roKYIOThCS 3 PE3YIib-
TaTaMH BIJIOMHX JOCTIKEHb [8, 9], 3riHO 3 SKMMHU NIBHJIKICTh T'a3y B TO-
PJIOBHHI NMPOMUCIOBUX TpyO BeHTypi 3 aHANOrYHMMH TUIOPO3MipaMu i
napaMeTpaMy Tra3oBOr0 MOTOKY 3HaXOAWThCcA B amiamazoHi 50 - 70 m/c.
OTtpuMaHi pe3yabTaTH MOJIEIOBAHHS PYXy OCHOBHOTO MOTOKY € BXiJTHUMH
JAHUMH JUTS MOZACTIOBaHHS PYXY 1 B3a€MO/Ii1 YaCTHHOK AMCIIEpCHOI (a3u B
ckpyOepi Bentypi.

Ha migcraBi orpumaHnoi Mojei Tedil moBiTps Oyiau moOya0BaHi rpa-
(biku po3moiTy MBUIKOCTI (prc. 5) 1 THCKY (puc. 6) To oci ckpyoepa Be-
HTypi. [ToOymoBa rpadikiB BUKOHaHa Ha OCi amapaTy Uil 4Oro B MOJENIb
OyB cIlelialibHO BCTAHOBJICHWH BIpTYaJIbHUI JTIHIHHUHA 00’ €KT.

45.000

40,000 4
35,000
30,000 4
25,000 4
20,000 4

Yelocity [m/fs]

15,000 4
10.000 4

5,000 T T T T
] Z.000 4.000 6.000 &.000 10.000

Length [m]
Puc. 5 — I'padik 3MiHM MIBUIKOCTI TOBITps 110 OCi ckpyOepa Ben-
Typi
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101&00.00

101600.00 4

101400.00 4

101Z00.00

101000.00 4

Pressure [Pa]

100500.00 4

100600.00 4

100400.00 T T T T
o 2,000 4.000 6,000 &.000 10,000

Length [rm]

Puc. 6 — I'paix 3MiHU THUCKY MOBITPsI 110 Oci cKkpyOepa Bentypi

Jyis BU3HAYCHHS KApTHHU Mepe0iry Tedii B 00’ eMi arapary Jjis aHali3y
Ta MOJZIETIOBaHHS PallioHATEHUX PEKUMIB poOOTH cKpyOepa nodynoBaHuit
po3pi3 (puc. 7) po3MoaiTy MIBHIKOCTEH.

45.003
40.003
35.002
30.002
25.002
20,001
16,001
10.001
5.000
0
Welacity [ris]

Puc. 7 — Bizyauizaiiist 3MiHH IIBHJIKOCT1 OBITPs B 00’ €Mi ckpybepa

Jlyiss BU3HAYEHHS palliOHaIBLHOrO 00’ €My Mapy 10 HEOOXIJHO MOaaTH
B CKpyOep /s 3a0e31eueHHs pIBHOMIPHOT'0 PO3MOALTY ii Mo anapaty Oyyiu
MPOBEIEH] JOCTIPKEHHSI PO3IMOJILTY MPH Pi3HUX KUTBKOCTSX mapu. Po3riis-
JIalTUCh TPU BapiaHTH pOOOTH amapary:

— Mepmuii BapiaHT — KibKIiCTh Mapy cTaHoBwia 1 M/c;

— Npyruil BapiaHT — KibKIiCTh Mapy CTaHOBMJIA 5 M/C;

— TperTiit BapiaHT — KiIbKicTh Napu cTaHoBuaa 10 M’/c;

Bizyaumizanist nmpomecy 3MimyBaHHs (prc. 7) B 3aJI©KHOCTI Bill KIJTbKO-
CTl MEPECHUYCHOI MapH, 10 MOJAETHCA B CKPyOep IMOKa3ye, 110 HaiOUIbII
palioHaTbHUM € TpeTiit BapiaHT (KinbkicTh mapu 10 M/c).
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1.0000
0.2889
0.7777
0.6666
05565
0.4443
0.3332
02221
0.1109

-0.0002
Mags Fraction of Air []

1.0000
0.8884
07778
0.6BET
0.5550
0.4445
0.3333
0.2222
01111
-1.4117e-018

0)

1.0005
0.8893
07782
0.6670
0.5558
0.4447
03335
02223
01112
-1.0708e-018
Mass Fraction of Air []

6)

Puc. 7 — Bizyaunizaiist po3nozisy po3nopoiieHoi napu B 00’eMi ckpydepa Be-
HTYpi:
a — JUIs TIEPIIOTo BapiaHTy; 6 — AJsL APYTOro BapiaHTy;
6 — JUIsl TPETHOT'O BapiaHTy

[Nomanbiie 30UTBIIEHHS KUTBKOCTI ITapy MOXHA BBaXKATH HENOILILHUM
y 3B’513Ky 3 THM, 1110 3HAYHO 3POCTAE IIBUJIKICTh ra3y B arapari 10 B CBOIO
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4epry NpU3BOJIUTH JIO 30UIBIICHHIO OMOPY amapary Ta MPOCKaKyBaHHIO
TBECPANX YaCTUHOK.
BucHoBkH

1. st mocimipkeHHs Tediil ra3y mpu po3nopoIIeHH] TepecuIeHol apH
B 30HI TOPJIOBMHU PO3p00JicHa TBEPAO-TUTbHA MOJIETh CKpyOepa BeHTypi.

2. YucnoBe MOJETIOBaHHS JIIHIM CTpyMy rasy MoOKa3aio HasBHICTh
30HH 3HKEHHS IIBUAKOCTI MIOTOKY Tasy.

3. Bizyanizauis poznoginy ¢hpakuii napu B 3a0pyIHEHOMY MOBITPi IS
pi3HNX 00’€MIB IepecHYeHO] Mapy JO3BOIIIO BUZHAUYNTH PalliOHAIBHY Ki-
JILKICTh TIapH, 1110 HE0OX1IHO MOoAaTH MI00 3a0e3MeUnTH PIBHOMIPHUH PO3-
MOJILT TIPH B 00’ eMi udy3opa.

4. PesynbraTé TPOBENCHOIO JOCTIKEHHS J03BOJIAIOTH MEPEHTH 0
JOCHIJDKEHHSI HACTYITHUX MOJIENIeH CUCTeM OYMINEHHS Ha 0a3i ckpyoOepa
Bentypi.

3akinyenHd

Po3pobiiena TBepao-TiIbHA MOACTL OyJie BUKOPUCTAHA, SK CIEMEHT
30ipKH, TIpU CTBOPEHHI MOJelli KOMOIHOBaHOTO CKpyOepa Uil OYHILECHHS
BHKH/JIIB CyTHOBHX JIBUTYHIB BiJl cIOiyK SOx.

Po3pobiiena monens ckpyodepa BeHTypi Moxe OyTH BUKOPUCTaHA TIPU
MPOBENIEHHI HAYKOBO-JOCITITHUX, JUCEPTAIlIHHUX pOOIT MaricTpaHTiB, ac-
MipaHTiB, HAYKOBUX MPAI[iBHHUKIB sl TOPIBHAJILHOI OI[IHKH €()eKTHBHOCTI
po3noporieHHs (pakxiiiii, TOCTKESHHS PO3MOALTY IBUAKOCTEH 1 TUCKIB.
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MOJAEJIOBAHHA I'APOAUHAMIKHU KOPITYCA CYJHA 3
YPAXYBAHHSAM BIOJIOTTYHOI'O 3ABPYITHEHHSA

ANNOTATION

The article presents a study of the effect of roughness and waviness (in-
cluding taking into account bioburden) on the hydrodynamic characteristics
of the vessel. To carry out the experiments, a model of the hull of the vessel
was developed, which includes the submerged underwater part of the vessel
and a special channel in which the flow is modeled.

Biological contamination (bio-fouling of the underwater hull) of sea-
ships and river-ships is a problem for all fleets.

To maintain the speed of a ship with biological contamination, the hull
requires an increase in diesel power by increasing the fuel supply. To main-
tain the speed of a ship with biological contamination, the requires an in-
crease in diesel power by increasing the fuel supply. It affects the economy
and environmental friendliness of maritime transport.

The model investigated the change in fluid velocity during flow around
a "clean surface" with a roughness of 75, 100, 125 microns. Numerical
modeling showed a slight effect of changes in coating roughness for a
“clean surface”.

Numerical modeling for a surface contaminated with biological contam-
inants (roughness of 750 micron) revealed a significant effect on the change
in fluid velocity along the hull.

The developed model can be used when conducting research for a com-
parative assessment of the energy efficiency of ships.

Key words: bio-fouling of ships, solid-state models of ships, numerical
simulation of fluid flows.

IHocTanoBka npodJiemH i il 3B'A30K i3 BA)KINBHMH HAYKOBHMH Ta
NPaKTUYHUMH 3aBIaHHAMU. bionoriune 3a0pyaHeHHs (oOpocTaHHs mif-
BOJIHOI YaCTHHH KOPIYCY) MOPCBKHX Ta PIYHUX CYIIEH € TMPOOJIEeMOIO BCiX
¢otiB. Bono Bezne o pyiiHyBaHHS IOBEPXHi KOPITYCiB, 301IbIIEHHS OMOPY
PYXY Cy/IHa, a OTXKe, JI0 MaJ[iHHS MIBUJIKOCTI pyxy. I miaTpuMKu mBuI-
KOCTI Cy/IHa 3 BKPUTHM Oi0JIOT'1YHUM 3a0pyTHEHHSIM KOPITyCOM MOTpPiOHE
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30LIBIIEHHS MTOTY>KHOCTI JTU3eJIs 33 JOMIOMOTOF 30UTBIICHHS ITUKIOBOT 110-
nadi nanuea. Lle mpu3BoIUTH 10 TEMIOBOI i MEXaHIYHOIO NIEPEBAHTAKCHHS
Jeraneil HUITiHIPOBO-TOpIIHEBOI rpymnu [1].

3a AoCHiTHUIBKUMY JaHWMU, BUTPATa MaJUBa 1 eMicisl MTapHUKOBHX Ia-
3iB [T KOPIYCY 3 OOPOCTaHHSIM B TIOPIiBHSIHHI 3 TIIaKMM KOPITyCOM 3pOC-
tae Ha 30-50%. [2].

BopoThba 3 00pocTaHHSAM MiBOJAHOT YACTHHH KOPIIYCIB CYJCH IMpel-
CTaBIIsIE CKIIAHY 3a/1a4y, HE BUPILIEHY OCTATOYHO i B IaHUI Yac.

Pesomromist Mepc 207 (62) [3] mimkpeciitoe, 110 TPaKTHKA YIPABIIHHS
01000pOCTaHHAM MOXE MOJIMIIUTH TiAPOJUHAMIYHI XapaKTEPUCTUKHU CY-
nHa 1 OyTH eeKTHBHUM 3acO00M MiJBUIICHHS €HEproeeKTUBHOCTI Ta
CKOPOYEHHS BUKH/IIB B MOBITPSIHE CEPEIOBHIIE 3 CYCH.

Amnaji3 gociimkens i myoikaniii. OCHOBHUM ClIOCOOOM 3aXHUCTY BiJl
OOpOCTaHHS CYJIEH € MPOTHOOPOCTArOUI MOKPUTTS. [HII METOIU 3aXUCTY
(YnbTpa3ByK, XJIOPYBaHHS Ta iH.) MalOTh CKOpIllle eKCTIEpUMEHTAIbHE 3a-
cTocyBaHHS [4].

His mpotrobpocTarounx (apd 3acHOBaHAa Ha BHIUICHHI B MOPCHKY
BOJly TOKCHYHUX (OTPYHHHX) peduoBHH. TOKCHYHI pEYOBHHH, L0 MIiCTATHCS
B IIPOTH 00pocTarounx (apbax, po3unHSIIOTHCS B MOPCHKil Boai. B pe3yinb-
TaTi UOro Ha MopapOOBaHOI MOBEPXHI YTBOPIOETHCS LIap BOAM, IO Mic-
TUTh OTPYHHI KOMIIOHEHTH, SIKi BILIAKYIOTh JTUYMHOK OpPraHi3MiB o0poc-
TaHHsI, 0 HAMAraloThCs IPUKPITUTHCS 10 KOPIYCY CylIHA, a SKIIO MPUK-
PITUICHHS CTAJIOCS, BUKITUKAIOTH 1X MIBUJIKY 3aru0elb.

Juis Toro mo6 npotu odpocraroua dapba HaAIMHO 3aXuIiania, 3 Hel mo-
CTIMHO Ma€ BUAUISTHCS B BOJY IEBHY KUIbKICTh OTPYHHUX CrONyK. BoHO
MOBUHHO OyTH HE HWXYe MIHIMaJILHOI JIO3M, siKa 3a0e3ledye 3aXuCT Bix
obpocranns. EdextuBHicTh mpoTH 00pocTarouoi ¢apbu moB's3aHa He
TUIBKY 31 3MICTOM B i CKJIaJli TOKCHYHUX PEYOBHMH, aJie 1 31 IBUJKICTIO TIe-
pexoy IMX pedoBUH 3 modapOboBaHOi OBEpXHI B MOPCHKY Boay. OmHak
3aHAJTO BHCOKA IBHUJIKICTh BUIUICHHS (BUIYTOBYBaHHS) TOKCHHIB B BOLLY
MOJK€ MPUBECTH JIO IIBUJIKOI BTPATU TOKCUYHOCTI BHACIIIOK 301 JHIHHS I10-
(apOoBaHOi OBEPXHI OTPYHHUMH PeHOBMHAMU. 31aTHICT (apO 3abe3me-
qyBaTH HEOOX1THY IIBUAKICTH PO3UYMHEHHS OTPYHHHUX KOMIIOHEHTIB 1 BUIi-
JIeHHS 1X B [Iap BOIH, IO MpHJIISTae 10 nodapOboBaHol MOBEPXHI, 3aJIEKUTh
BiJl Ty OCHOBH, 1i CTPYKTYpH, BIACTUBOCTEN OTPYHHHUX PEUOBHH.

Haiibinpmoro mommpenHs HaOynu (apOM MO «CaMOMOIIPYIOTHCSI.
MexaHi3M 3aXUCHOI Jii TAKUX MOKPUTTIB MOJISIra€ B HACTYITHOMY: BiiOyBa-
€Tbest TUQy3ist MOJIEKYJ BOAU B TIOKPHUTTS, TiAPOIMI3 3B'S3KIB TONTIMEPHOTO
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JIaHIOTa, a TIOTIM PO3YMHEHHSI 1 epo3is MaTepially Mij €0 MOTOKY BOJH.
[NapanenbHo Hiae po3unHeHHd 1 Au(y3id TOKCHHIB (0101UAIB, OTPYTH).

Jnst Toro mo6 miATpUMyBaBCsl HEOOXiAHWN PiBEHb TOKCHHIB Ha Tpa-
HUIII TOKPHUTTS — BOJIA, HEOOX1THO MOCTiHHE OHOBJICHHS ITOBEPXHI, 1110 1 Bi-
JNOYBAETHCSI TIPH PYCi CY/HA.

Kpim TOro, moBepxHsi mporuoOpOCTarOUOro MOKPUTTS 110 CaMO IOJIi-
PYEThCS TPU PYCi CyaHA CTa€ OUIBII TJIAJKOI0, 32 PaXyHOK YO0 3HIKY-
€THCS OITIp TEPTS PyXy cyAHa. [Ipr BUOOPI MOKPUTTS 10 CAMOIIOJIIPYETHCSI
HEOOXiIHO BPaxoOBYBaTH IIBUJAKICTb PyXy CYAHA, 4acTOTY i TPUBANICTh
CTOSIHOK. 3aJIeKHO BiJl IIBUAKOCTI Cy/HA 1 HEOOXIAHOTO TEPMIHY 3aXHCTY
PO3PaxoBYETHCS TOBLIMHA MOKPUTTA. TepMiH CITyOU CydacHUX TIOKPUTTIB
10 CaMo TOIPYIOTHCS CKIIAJA€ 5 POKIB.

[eprri MOKPUTTS IO CaMOMOMNIpYIOThess Oyau po3poOiieHi aHTIiiCh-
koro Qipmoto International Paints Ha mouatky 70-x pokiB. Hagani mpotu
o0pocTarodi MOKPUTTS IO caMO MOJIPYIOThCS Oylin po3poOiIeHi iHIIUMH
npoBigaumu ¢ipmamu: JOTUN, Sigma, Hempel i iH. B sikocTi TOKCHHIB B
(hapbax 1o camMo MOMIPYHOTHCS MEPUIOr0 MOKOIIHHSI BUKOPHCTOBYBAITUCS
OJIOBO OpTaHivHi 3'eqHaHHA [5].

[Ipotu obpocTarodi papOu 1110 CaMOMONIPYIOTHCS 3aBOIOBATH BEITUYE-
3HY MOMYJISIPHICTh Y CBITOBOMY CY/AHOIUIABCTBI 32 PaXyHOK 3HIKEHHS BU-
TpaT Ha nanuBo Ha 10-12%, ToMy 3HaYHa YacTUHA CyJieH Oyia nepedapOo-
BaHa noioHuMHu (papbamu. OHAK TpHUBaAJie 3aCTOCYBaHHsI (PapO 1o camo-
MOJIIPYIOTHCS Ha OJIOBOOPTaHIYHMX MOJIIMEPax BUSBHIIO X Heoiku. BoHu
YMHWINA HETaTUBHUH BIUIMB Ha CUCTEMH PO3MHOKEHHSI MOPCHKUX OpraHi3-
MiB [5].

Haiibinpm 6e3nedHrMu [T eKOJOTil € CHITIKOHOBI TIOKPHUTTS 3 BHCO-
KOO TIOBEPXHEBOIO €HEpTielo. 31aTHICTh 3aXKCTY Bill 0OpOCTaHHS MOSICHIO-
€TBCSL THM, II0 MOPCBHKI OpPraHi3M# MaloTh JI0 IIUX MOKPUTTIB JyKe HU3bKY
aaresiro. [Ipu cTosHII cyHa Ha IOBEPXHI MOKPUTTS MOXKYTh 3aKPIMUATHUCS
o0pocTaHHs, ajie BOHM 3MUBAIOThCS IpH pyci cyaHa. CHIIIKOHOBI TOKPUTTS
CTBOPIOIOTh BUKJIIOYHO TJIAJKy TIOBEPXHIO, 3HWKYIOTH OITip TepTs, 3a0e3-
MevyrTh eKoHOMIIo nasnBa 8-10% i MixK TOKOBHUH mepion 5 poKiB.

Haii6inpm edeKTHBHIMH BU3HAHI TPOTHOOPOCTAIOYi TOKPHUTTS (ipMH
International Marine Coatings (AkzoNobel) cepii Intersleek 700 i cepii
Intersleek 900 [6].

MeTto10 po60TH € MOZETIOBAHHS TiIPOAMHAMIKH KOpITyca CylIHa MpU
BHUKOPHUCTaHHI MOKPUTH MPOTHOOpacTaHHs Ta HAassBHOCTI OioJIOriYHOrO 3a-
OpyAHEHHS.
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BuxnagenHsi o0cHOBHOT0 MaTtepiaay aociaigxkenns. Ha puc. 1, 2, 3,
HaBeJleH1 JaHi (ipMHU MPO MOPIBHSHHS XapaKTEPUCTHK MIOPCTKOCTI CTaH-
JapTHUX CaMOMONIPYIOYHX MOKPUTTIB, mpoaykTy Intersleek 700 i mpony-
kty Intersleek 900 [7]. [Ipoaykr Intersleek 900 yTBOproe HaWOLIBIN «IL1a-
BHY» TIOBEPXHIO. 3HIKEHHSI BUCOTH TOPOKIB MPH IIbOMY HPU3BOIUTH /IO
3MEHILIEHHS OIopy PyXY ( 3 MPaKTHKH L€ MOXKe CTaHOBUTH Oiist 4% [7]).

OpHak HEOOXIHO BiJ3HAYUTH, IO OY/b-SIKE 3MEHIIICHHS IIOPCTKOCTI
BeJie 10 3pOCTaHHS BapTOCTi CyAHA SIK IPU HOoro OyIiBHUIITBI, TaK i B IMpo-
1eci excrutyatarii. 3 i€l npUYUHE HEOOX1THO BCTAHOBUTH MEXKY, 10 SKOT
JOLITBEHO 3TIIAIKyBaHHs TOBEPXHI OOIIMBKH KOPITYCY.

st jochiKeHHs BIUTUBY HIOPCTKOCTI Ta XBUIIACTOCTI (Y TOMY YHCIIi
3 ypaxyBaHHsIM 0iooOpacTaHHs) Ha TiIpOAWHAMIYHI XapaKTEPUCTUKH CY-
IHa Oyia po3pobieHa Mojiellb Kopiycy cyaHa (puc. 4). Mojenb BKIIFOYae
3aHypeHy MiJBOJHY YaCTHHY Cy[Ha 110 BUKOHAHA 3 ypaxyBaHHSM KOHC-
TPYKTUBHHX BUMOT [8] Ta CrieliaabHUi KaHaI B IKOMY MOJICITFOETHCS TEUisl.

B sKOCT1 MOKPUTTA KOpITyCYy NPUHHATHI CHITIKOH, IIOPCTKICTh TIOBEP-
XHI B Tociiiax 3ajaBajach piBHOw0 75, 100, 125 MKM, MIBUIKICTh PYXY CY-
JTHa TpUiiMaiach piBHOKO 15 BY3IiB.

TMopepxma Bom

SPC Antifouling

MloperricTe 125 v

Puc. 1 — IllopcTKicTh 1 XBUIIACTICTh CTAHAAPTHOTO IPOTHOOpOCTA-
1090T0 TIOKPUTTS Camo MoIipyeThes [7]
MMomepxna pom

i — i

' Intersieaks 700

Wloperecic s 100 nmena

Puc. 2 — IllopctkicTs 1 xBUIsicTicTh MOKpUTTA Intersleek 700 [7]
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TToe epxma gogu

__..-—’ Z
= et
MlopcrricTte 75 MM " oo

Puc. 3 — IllopctkicTs 1 xBUsicTicTh MOKpUTTA Intersleek 900 [7]

Puc. 4 — Monens 3aHypeHOi YaCTHHU KOPITYCY Cy/AHA

Mogaenb Tedii mpu 00TiKaHHI KOpITyca HaBeJeHa Ha puc. 5.

Jnis Bi3yamizarii mapaMeTpiB MBUAKOCTI Y BUIUIAAI Tpadika B Mozemi
OyB M0OyIOBaHMH CreliaIbHUI BIPTYaJIbHUI €J1eMEHT Yy BUTJISII JIOMaHO]
JiHI{, 0 MOBTOPIOE KOHTYP Cy[AHA Ta MPOXOJUTH MO CepelHHI KaHamy. 3
[BOTO eleMeHTa OyJIM 3HATH 3HAYEHHS IBHIKOCTI IPU PI3HUX 3HAUYEHHAX
IIOPCTKOCTI 1 moOymoBaHi rpadiku (puc. 6).

Puc. 5 — Monens Tedii mpu 00THHAHHI 3aHYPEHOI YaCTHHH KOPITYCY CyJIHA



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 19

Velocity
30.000
25.000
"= 20,000
=3
&
8 15.0004
[ai]
=
10,000 |
5.000 T T T T T T T T
0 2.000 4.000 6.000 8000 12.000 18.000
Length [m]

Puc. 6 — I'padik 3MiHM MBUAKOCTI MMOTOKY Y3JIOBXK KOPIIYCY CyJIHA
MPH MIOPCTKOCTI MOBEPXHi 75 MKM

Taxox rpadiku mBUAKOCTI Oy TOOYI0BaHI s 3HAYEHb MOPCTKOCTI
100 ta 125 MxM. AHai3 rpagikiB MoKa3as M0 3MiHH IBHIKOCTI MIPH Pi3HIH
mopctkocTi moBepxHi (75, 100, 125 mxm) npakTtuyHO He BinOyBaeThes. Le
MOSICHSIETHCS ST TUM IO CTaH MOBEPXHI KOPITyCY CyIHA BiMOBIA€ «UHCTiH
MTOBEPXHI».

[Ipu HakomuveHHi GioNOriyHOrO OOPOCTaHHS MOBEPXHI IIOPCTKIiCTh
KopItycy 3Ha4HO 3pocTae (3-10 pa3is) [8], 1110 BIIMBAE HA 3MIHY IIBUKOCTI
Ha (puc. 7).

Yelocity
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Puc. 7 — I'padik 3MiHH IIBUAKOCTI IOTOKY y3/I0BXK KOPITyCY CyJHA IPU
HIOPCTKOCTI MOBepXHi 750 MKM
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Bucnosku

1. JIyis AOCIiPKEHHS BILTMBY IMIOPCTKOCTI Ta XBHJISCTOCTI (Y TOMY
4Hcii 3 ypaxyBaHHAM 0i000pacTaHHs) Ha TiAPOJHMHAMIYHI XapaKTepuc-
THUKHU cyHa Oyna po3pobiieHa MoJieb KOpPITyCy CylHa, sIKa BKIIIOYaE 3aHY-
pEeHy MiZBOJHY YaCTHHY Cy/IHA Ta CHelialbHUI KaHal B SIKOMY MOJIEIO-
€THCS TEUiA.

2. Ha moneni pociimkeHo 3MiHy IIBUIKOCTI PiZIMHU TPH OOTiKaHHI
JUTSL 9HUCTOT TIOBEPXHi» 3 mopctkicTio 75, 100, 125 mxMm. Unciose mone-
JIIOBAHHS 1I0Ka3aJI0 HE3HAYHUH BILTUB 3MIHM IIOPCTKOCTI IOKPHUTTS JUIS
«IHUCTOI TIOBEPXHI».

3. Yucnoe MOICIIOBAaHHS I IOBEPXHI 3a0pyIHEHOT Oiosoriy-
HUMH 3a0pyJHIOBauaMy (IIOPCTKIiCTh 750 MKM) BUSIBHIIO CYTTEBUH BILIHMB
Ha 3MiHY IIBUAKOCTI PiJMHU BAOBX KOPIYCY Cy/IHA.

3akinueHHst

Po3pobena Mozenb Ta pe3ysbTaT MPOBEASHOr0 A0CTiKEHHS PO-
3MOAUTY MIBUAKOCTEH JTO3BOJISIOTH MEPEUTH JI0 MOJICTIOBAHHS PEXKUMIB
PYXY CyZiHA 3 pi3HUM piBHEM 0i0JIOTTYHOr0 3a0pyAHEHHS KOPITYCY CY/AHA.

Po3pobiiena Mojens 1 BipTyanbHUN eKCIIEPUMEHTAIBHUN CTEH] MO-
XKyTb OyTH BUKOPUCTaHI IPH MPOBEICHH] HAYKOBO-IOCIIIHUX, AUCEPTa-
HilfHUX pOOIT MaricTpaHTiB, aclipaHTiB, HAYKOBHX MPAliBHUKIB ISl TOpi-
BHSUTLHOI OIIHKH €HEPreTHYHOI e() eKTUBHOCTI CYJICH.
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JOCHIIKEHHA POBOTU CUCTEMMU "PULS" BE3
AKYMYJIIOBAHHS TUCKY MACJIA

The abstract

The publication is devoted the decision of an actual problem increase
efficiency operation of ship diesel engines by perfection processes greasing
of cylinders. The analysis a condition of a question on an investigated
problem is made and lacks systems greasing of diesel engines RTA are
defined.

Experimental researches on studying processes greasing of cylinders of
ship engines that has allowed to receive representation about an overall
performance these systems are spent. Modern methods researches, such as
oscillograms and high-speed filming are thus used.

By these researches it is defined, that greasing process is accompanied
by "pushing out" a part oil in the cylinder, gases extending in the channel
that causes a real loss of cylinder oils and occurrence an additional source
deposits.

Characteristics process greasing, and their interrelation with a design
of greasing devices are defined. Influence geometrical parametres of
channels system greasing on characteristics process the expiration of oil in
the cylinder and finally on efficiency its use in the engine is experimentally
confirmed.

Keywords: ship diesel engine, greasing system, greasing channel,
greasing process, cylinder, piston, a piston ring.

Beryn. ManoposmipHi kpellikondHi 1u3ei MaloTh XOPOIIIi TepcreK-
THBH 3aBJISKH ITiJBUIICHIH 3aTHOCTI MPAIFOBATH Ha HU3bKOCOPTHHUX BaX-
KHX 1 B’3KMX NaJIMBaX, HE3HAYHUM BHTpATaM Ha OOCIyrOBYBaHHS, 1 OiJIb-
MM MOTOpecypcaM. BiMoBa Biji BUKOPUCTaHHS IBUTYHIB OLTBIIMX PO3-
MIPHOCTEH HE BUIAJKOBA 1 BUKJIMKAHA THUM, IO HEOOXIiHI MOTYXHOCTI
BIA€ThHCS 3a0e3meyn Ty OpCyBaHHSM JABUTYHIB HEBETUKOT PO3MIPHOCTI.

Eneprernyna kpusa 3mycuiia OCHOBHI 1u3eneOyaiBHI GpipMu nepeiTH
JI0 CTBOPCHHS JIBUTYHIB 3 OUIBIINM BIJIHOIIIEHHSM XOJy IOPIIHS JI0 JiaMe-
Tpa IiHApa. 30UIbIIEHHS X0y TOPIIHS KOMIIEHCYBAJIO 3HMKECHHS Yac-
TOTH 00epTaHHs W J03BOJIMIIO 30€perT Ha MolepenHboMY PiBHI HUTIHA-
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POBY MOTYKHICTb. ¥ 3B'SI3Ky 3 HOBUMH ITOKa3HUKAMH BiTHOLIEHHS X0y 110~
PIIHS 10 JiaMeTpa MUIIHApa JBUTYHIB HOBHX THUIIOPO3MIpiB, 3HAYHO 30i-
JIBIIAJIACS JIOBXKUHA p0oO0YO0T OBEPXHI IMIIIHPOBOI BTYJIKH, 110 BUMArae
0co0IMBOI yBaru 10 NUTaHb ePEKTUBHOI pOOOTH CHCTEM MAaIlleHHs LIUX JIU-
3elliB.

JlocBinoM ekcrutyatanii BCTaHOBJICHO, IO IPH BUKOPUCTaHH1 BUCOKO-
Cip4aHOr0 MajJuBa BU3HAYAIBHY POJIb Y JOBTOBIYHOCTI  €KOHOMIYHOCTI
po0OTH CYAHOBOTO JABUTYHA BiJirpae MpaBUIbHUN BHOIp KITBKOCTI Moja-
HOT'O B IIWJIIHJIP JIY’)KHOT'O MacJa, sike Ma€ 3a0e3MeYnTr CTBOPEHHS JOCTaT-
HBOI MacISHOI TUTIIBKA HAa TEPTHOBUX MOBEPXHSAX MPH 3HMXKEHHI A0 MiHi-
MyMY KOPO3iHOT0 3HOCY Ta BHIAJICHHS 3 MOBEPXHI TEPTs MPOAYKTIB 3ro-
psiHHS (30711, Harapy, JOMIIIOK B MANWBi, YaCTOYOK 3HOIIIYBaHHS JeTajei)
IUISIXOM BiJIHOBJICHHSI MACJISIHOT TUTIBKH.

OnHak CTBOPEHHS i IMPOKE BUKOPUCTAHHS €PEKTUBHUX CHCTEM Ma-
HICHHS! OOMEKYETHCSI MOl iX BUBYEHICTIO M CyNEpEewIMBICTIO ICHYIOUNX
JaHUX PO eKCIUTyaTaliiiHy HaIiiHICTh, IO B 3HAYHIN Mipi YTpYIHSE PO3-
B'SI30K MUTaHb YIOCKOHAJICHHS JTyOPUKaTOPHUX CUCTEM.

Amnaji3 myosikaniii mo Temi gocaimkenns. [IposeneHi qoCTiKEHHS
i3 1iel mpobsemu [1,2,3], MoOKa3yrOTh, M0 € MOXJIHMBICTH IOJAJIBIIOTO
MOJIMIIEHHsT MPOoIecy Mojadi Maciia B IWJIIHIPU JBHUTYHIB 3a PaxyHOK
yIOCKOHAJICHHsI CHCTeM MallleHHsl. EkcrutyaraniitHuMu BUITpOOyBaHHSIMU
[4,5] miaTBEpKEHO, IO JIOCKOHATICTh MPOIIECIB 1 CUCTEM J030BAHOI 1MO-
nadi Macyia € epeKTUBHUM HATPSAMKOM ITiJBUILEHHS €KOHOMIYHHMX MOKa3-
HUKIB pOOOTH CyTHOBUX THU3EiB.

Meto10 AOCHiIKEHHs1 € BH3HAYCHHS 3aKOHOMIPHOCTEH pyxy Ma-
CTHJILHOI PITUHU B CUCTEMaxX 3Ma3yBaHHs IWJIIHAPIB CYJHOBUX JH3EIIB 3
SNIEKTPOHHUM KepyBaHHSM IT0JIa4ei0 Maca.

Pe3yabTaTn Aocaigxenb. 3 MOMEHTY BBEACHHS B €KCILTyaTallif0 JOB-
roxonosux ABUryHiB RTA Ha HUX 3acTOocOBYBaslacs CHCTEMa 3Ma3yBaHHS
HWIIHIPIB, 0araTo B 4OMY aHAJIOTIYHA ICHYIOYIM paHille Ha JBUTYHAX
RND. [TixBeneHHs macia 10 MTYIEPIB 3MIHCHIOBATIOCS 3a JOIIOMOIO0 JTy-
OpHKaTOpiB, 1110 MAIOTh MEXaHIYHUI MIPUBI.

OnHiero i3 TakMX CHUCTEM € OAHOPSJHA CHUCTEMa 3 JTyOpHKaTopamu
"Puls" (110 MaroTh TigpaBIidYHUN PHUBiA) 0€3 aKyMyJIIOBAaHHS THCKY Macia
B CHCTEMi, Ta 3 OTHUM II0SICOM PO3TalllyBaHHS IITYIEPiB HOBOI KOHCTPYK-
mii, puc. 1.

Oco0JIMBICTIO HOBUX IITYIIEPIB € Te, 10 OS3MOBOPOTHUH KJlaliaH MaK-
CUMaJIBHO HAOMMKEHUH 10 q3epkaiia 1wiiHpa (sk Ha asurynax RND), a
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Puc.1. OnHopsiaHE po3TalnryBaHHs MITYIEPiB (a) 1 iX HOBa KOHCTPYKIIis (0)

Ha BHUXOJI 13 ITyIlepa Macio MiHs€ HAMpPSIMOK 3aBJASKH JEKLTBKOM OTBO-
pam-apocensM BUKOHAHUM i1 KyTOM 0 OCli KaHaly mTynepa. s zabes-
MeYeHHs CTPYMUHHOI TI0Aa4i Macia 31 3MiHOIO0 HampsMKy HOTO pyXy BHXi-
JTHA JUITHKA KaHa1y B CTIHIII BTYJIKU BUKOHaHA TOPH30HTAJIBHO (a HE I0-
XHJIOIO, SIK Y BCIX IOIMEpEeAHIX BUMAaIKkax) i Mae OUTbIIME JiaMerp, HiXK 3a-
3BUYAll.

[Tpu npoMy crcTemMa HaIATOBaHA TAKMM YHHOM, IO TI0jaya Macia B
HWJTIHIP MOBUHHA 3JIMCHIOBATHCS B TPU €Tanu (K MOKa3aHO Ha pHC.2)
BHUIIIE TIOPIIHSA, Y pPaliOH MOPIIHEBUX KiTElb 1 HIKYE MOPILIHS.

3nilicHIOI0UM TiepeoliaiHaHHs ICHYIOUHX JABUTYHIB ITiJ] HOBY CHCTEMY
3 myopukaropamu "Puls" ¢dipma Wartsila-Zylser ninkitodae ii 1o oqaoro 3
JIBOX HAsIBHUX MOSICIB 3Ma3yBaHHsS. Y MIJICYMKY TaKHX 3MiH JOCHUTBH 4aCTO
BHXIJIHUI KaHAJT Y CTIHI[I [IWJIIHAPOBOT BTYJIKH [TEPETBOPIOETHLCS B Palialib-
HUW KaHAIL

VY Takux ABUT'YHaX Mojava Macjia B KaHaJ BTYJIKU 3iHCHIOETBCS uepe3
0i4HI OTBOPH, pO3TalIOBaHi B Oe3mocepeanii OMM3bKOCTI BijI TIIyXOro TO-
Pl IITYIIEpa 3BEPHEHOTO JI0 A3epKaia linapa. Kananu mrynepis sSBiis-
I0Th COOO0 KUIbKA CITIBBICHHX CBEPJIiHb PI3HOTO JiaMeTpa, Po3TalioBa-
HUX TIOCITIZIOBHO.
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Puc.2. Ilepioan Buxoxy Macia B IUJIIHAPY JIBUTYHA

JocniKkeHHsT CUCTEMH 3Ma3yBaHHS TAKWX HWIIHJIPIB JOBrOXOJOBHX
JBUTYHIB TIPOBEZCHI B YMOBaX eKcilyaTamii. BumpoOyBaHHS, IO BKITIO-
YaroTh Bi3yalbHI CIIOCTEPEKEHHS 3a MPOLIECOM MAacCIIONoAayi, MOKa3aH,
10 KaHaJl y CTiHIIl BTYJIKH, PO3TAlIOBAHWI MIXK TOpIEM HITylepa i BUXiJ-
HUM OTBOPOM Ha J3€pKali, 3alI0BHIOETHCS MAacJIOM JIMIIE YacTKOBO M Ha
KOPOTKHH 4ac.

PiBeHb Maciia B kaHaI Ma€ BUTJIST KJIMHA 3 OCHOBOKO Y TOpIa IITYyIepa
1 BEpIIMHOI Yy BUXIJHOTO 3pi3y KaHaly mepen n3epkaiom. [Ipu 30epe-
JKEHHI KIIMHOBOT ()OpMHU, 3araJibHUi piBEHb Maciia B KaHaJIi JI0 KiHIIS IUKITY
MAacIonoadi MOMITHO MIHSIE€TBCS - 3MEHBIIYEThCS.

Onnak, mpoliec BUTIKaHHS Macja Ha J3epKajio Mae BUTIISA PETYsp-
HOT'O 1OT0 CIIOB3aHHSI, SIKE PO3PUBAETHCS IMITyJIbCaMU TUCKY Ta3y. [loxua
MOBEPXHS 1Iapy Macja Mij i€ IMITYJIbCHOT 3MIHM THCKY ra3y nedopmy-
€THCS, 300YBAIOUM XBHJIIOBATICTH 1 AGSTKUI 3BOPOTHO-TIOCTYHAIBHHUN PYX
XBHITb.

Pa3om 3 TUM, XBHIIi HE JOCSTAIOTh BEPXHBOI MEXi KaHATY i HE MepeK-
puBaroTh Horo. Lle He CTBOpIOE ICTOTHOTO Iepenaay TUCKY B KaHaJl, HE
BUKJINKAa€ YTBOPEHHS 3aMKHEHHX T'a30BUX KaMmep i MPUBOIUTH O IIBUJ-
KOT'0 TaciHHs eHeprii rpebeHiB Macia i MOBUIBHOMY CTiKaHHIO Horo 0e3
BiZIpUBY BiJl MOBEPXHI JI3epKajia HWITIHAPOBOT BTYIKH.

IcroTHe 3Ha4YeHHs B 3a0e3levueHHi Oe3BiIPUBHOTO BUTIKAHHSA Macia 3
KaHaJIy Ma€ TaKOX 1 KOHCTPYKLIs caMoro mTyuepa. LleHTpanbHuii kaHal
fioro Kkopmyca 3’€THaHHUH 3 KAHAJIOM Y CTiHIIi BTYJIKH 32 IOITOMOTOF0 O14HUX
CBEP/UTiHb, 1110 MAIOTh HEBEJIMKHIL JliaMeTp.
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Sk moKa3any CrocTepeKEHHS, Macyo SIKE BUXOAUTH 3 KaHAITY, TIPaKTH-
YHO He TOMaJa€e B MacIOpO3MNOAUIbHI KaHABKH, Yepe3 IXHE BHCOKE pO3Ta-
LIyBaHHS 100 HMXKHBOI TPaHUIll 3pi3y OTBOPY, 10 00YMOBIIIOE TIOTaHUi
PO3MO/IT FIOr0 MO OKPYKHOCTI IHJIIHAPOBOI BTYJIKH.

[Tpu npoMy BUTIKaHHS Macia 3 KaHaly 3iHCHIOETHCS TPUOIM3HO TPO-
TroM 2...3 00epTiB, IEKUIbKOMA 30CEPEIKEHIUMHE MOPIIISIMH, II10 CTIKAIOTh
BEPTHKAIBHO BHHU3 T11J] 3pi3 BUXIIHOTO OTBOPY (pHc.3).

o

- -~ .
Puc. 3. Xapakrep pyXy Maciia Ha BUXO/li 3 KaHAIy

Ha nactynmHux obepTax 10 HOBOro poO0o4oro Xomy miyHxepa J1yopu-
KaTopa, BUTIKaHHA Maclia B HWJIIHADP He BigOyBaeThCs, a KaHal y BTYJIII
BUSIBIISIETHCSI CITYCTOILICHHM.

SBuiia “BUIITOBXYBaHHS Macja, TOOTO BUTIKaHHS WOrO 3 BiIPpHBOM
BiJ] MOBEPXHi pO3TAlIyBaHHS BUXITHOTO 3pi3y KaHaIy HE CIIOCTEPiraeThCsl.
Le mosICHIOETBCSL MAJIOKO JIOBKUHOIO (5...8 MM) KaHaIy B CTIHLI BTYJIKH,
10 BUKJTIOYA€ YTBOPEHHSI XBHIIb, K1 IEPEKPUBAIOTH MEPETHH KaHay 3 Ha-
CTYITHUM 3aMUKaHHSM ra30BUX [TOPOKHUH y HHOMY, 10 HEOOX1THO Jyist o-
PMYBaHHS “BUIITOBXYBaHHS .

Kpim Toro, Buxim mMacna 3 KaHaiy mrynepa depe3 OiuHi CBEpUTiHHS,
00YMOBITIOE 3ITKHEHHSI YaCTHHH ITOTOKY Maciia 3i CTIHKaMH KaHaly y BTYy-
Ji ¥ THM CaMWUM TIPUBOJUTH JIO TaCiHHS MIBUAKOCTI HOr0 BUTIKAHHS JI0
3Ha4YeHb, MO 3a0e3MeuyroTh Oe3BIAPUBHUI BHUXi/ Macia B IMIIIH/D.

Jlo Toro K, 1i CBEpTIHHS € CBOTO POy APOCENSMH, SIKi B 3HAUHIN Mipi
YTPYAHSIOTH MPOHUKHEHHS Ta3iB y KaHaI INTylepa W MPUHIMIIOBO MiHS-
I0Th KapTUHY B3a€MO/Ii1 ra3iB 3 MacjaoM.
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UYepes Te, 10 BUXiTHI CBEpAIiHHS B IITYIIEP1 BAKOHAHI i/l TIEBHUM KY-
TOM, YaCTHHA Macja 3 HUX HaJXOIUTh 32 MEXKI KaHAITy B TOPOXKHUHY IIHJTi-
H7pa (puc.4) i 3aIeXHO Bil MOMEHTY To/a4l Macia, Oyae 3ycrpiyaTucs 3
PI3HUMH OBEPXHSIMU TTOPIIHS.

£
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Puc. 4. Kinokanpu pyxy Macina uepe3 Oi4HI CBEpUTiHHS MITYIEpa

OcrunorpadyBaHHSIM TPOIECy (PHUC.S) BCTAHOBJICHO, 1110 MIOTIOBHEHHS
KaHajy mryiepa (JiHis Xki) 30iicHI0eThCs Ha 1...2 o0epTax, a BUXij Ma-
Clla Ha J3epKaJi0 BiJ0OYBA€EThCS MPOTATOM 2...3 00epTiB 3 HACTYITHOIO TIe-
pepBoIo B mojavi Ha 4...6 obeprax.

Taxum 4UHOM, KiTBKICTh 00€PTiB, IPOTSTOM SIKUX IIOMIOBHIOETHCS LITY-
1ep OM3bKO J0 KUTBKOCT1 00EPTIB, Ha SIKUX Bi/I0YBA€THCSI BUTIKAHHS Maclia
Ha JI3epKaJo.

OpHak MOMEHTH BUXOIMy Macna (JTiHis MB) i BIAKpUTTS 3BOPOTHOTO
KJlalaHa CyTTEBO pi3Hi. Sk BUAHO 3 OCHHMIIOrpaMH, MK BIAKPHUTTSM Kiia-
raHa i BUXO0JIOM MacJjia Ha J3epKaJio € TPOMDKOK, sKuit cTanoBuTh 20...30°
IL.K.B.

BennunHa 1poro 3amizHeHHs SBJIsS€ o000 TOH Yac, SIKHid HEe0OXiIHO
JUTSL TIOHOBJICHHSI PyXY Maciia Mo KaHajy y BTYJIII, CITyCTOIIEHOMY B TIpO-
MIDXKKaX MiXK HOTr0 TIOIOBHEHHSIM.

CymapHuii yac, IpOTSIroM SIKOTO KJIalaH BiIKPUTHIA, BUSBIISIETHCS B
3...5 pa3 MEHIIUM 4Yacy BHTIKaHHs Macja Ha J3epKaJlo, 10 BKa3ye Ha He-
MOXIJIMBICTh YITKOTO KE€pYBaHHS MOAAYel0 Maciia NIISIXOM BIUIMBY Ha JIyO-
puKarop.
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HaxnaneHnHst ocuuiorpaM Ha KpHBY pyXy MOPILIHS MOKA3ye, IO OCHO-
BHa yacTuHa Macia (0su3bko 60%) HaaxomuTh y TpoMikky Mixk 60...300°
I.K.B., TOOTO B MEPioIy PyXy HOPIIHEBUX KiIEb HIKYE MACTUIILHUX OTBO-

piB.

Xl'[. MM
6 Pr, MIIa

Puc.5. Octmorpama niporiecy mojadi Maciia B IWIIHPY JBUTYHA

Cain mpumyckaTty, o MpH BUCXiAHOMY XOZi TOPIIHS 1€ Maclo Miaxo-
TUTIOETHCS KUTBISIMH 1 PO3TOAUISETHCS ITEPEBAKHO B PaliOHI OTBOPIB 1 BEp-
XHbOI yacTuHU BTyJKkU. [logaua 40% macina, sike 3aUIIUIOCs, 3iHCHIO-
€ThCsl HATIPUKIHIII CTHCKAHHS ¥ MpHIAJae Ha PalioH HIDKHIX TOPIIHEBUX
KiJIellb, 110 BU3HAYAE MO0 PO3IMOJLI M0 MOBEPXHI BTYJIKH, sKa NepedyBae
HUXKYE M0sIca MACTHIILHUX OTBOPIB (110 ckiaaae 70% ol BCbOro a3ep-
kasa). YacTrHa 1[b0ro Maciia 1omnajia€e y BikHa, 10 iHTeHCH]IKYe X KOKCY-
BaHHS.

BUCHOBKH

VY pe3ynbTarTi BUKOHAaHHX EKCIIEPUMEHTAIBHUX JOCTIDKEHb CHCTEM
3Ma3yBaHHs LWITIHAPIB CYAHOBHUX ABUTYHIB pipmu Wartsila-Zylser ycraHo-
BJICHO HACTYITHE:

BurikaHHs Macnia B HMIJIIHAP 13 KaHATY 3a KJIallaHOM IITyIlepa 3Jiic-
HIOETBHCS HE M JIEI0 TUIYHXKEpa JyOpuKaTopa, a B pe3yJibTaTi B3aeMOJIil
rasziB 3 MacjioM y [bOMY KaHaJi;

BuTikanHs Macna 3 KaHally Ha J3€pKajo BiIOYBa€TbCcs B OCHOBHOMY
MOB3 KaHABKH, 10 HE CIIPUsIE PIBHOMIPHOMY HOTO PO3MOJILTY ITO OKPYXHO-
CTi HuTiHApa i 00yMOBJIIOE CKHJIAaHHS Maciia Y BiKHA, MiAMOPIIHEBUH TPO-
CTIp 1 BiJHECEHHS 13 TPOLYBHUM TIOBITPSIM;



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 29

[Nomaua maciia Ha CTUCKY JIOBOJUTHLCS YaCTKOBO Ha HWXKHI KUTBISA ¥ B
OCHOBHOMY - Ha TPOHK IOPIIIHS;

Mae wmicue HepiBHOMIpHa mmojada mMacia o odoeprax i Helpomnopiliii-
HUH pO3MOiT HOro Mi>K BEpXHbOI i HIJKHBOI YaCTHHAMH J[3€pKaja UTiH-
apa.
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METO/J IIOWYKY PO3B’13AHHSI CKJIAJTHOI 3AJIAUL
IHTEPIIPETAII UIA PO3B'SA3AHHSA 3BOPOTHOI 3AJTAYI 3
BU3HAYEHHS CKUIALY HAJIBHOT'O

The abstract

The topic of the article is to develop a method of finding a solution to
a complex interpretation problem to solve the inverse problem of
determining the composition of the fuel.

The determination of the qualitative and quantitative composition of
gas is distinguished by chemical, physico-chemical and physical methods.
Known advantages of physical-chemical and physical methods over
chemical, namely, speed of execution, the possibility of automation of
analysis, made possible their widespread dissemination. Currently, the most
widely used methods are gas chromatography. The main drawbacks of these
instruments are the consistent measurement of the gas components, the long
analysis time.

The purpose of the research is to develop a method of finding a solution
to a complex interpretation problem to solve the inverse problem of
determining the composition of the fuel.

The scientific and practical significance of the work lies in the
definition of the general type of problem, as inversely incorrectly assigned
and distinguished its narrower class - a difficult task of interpretation.

Methods for solving the problem of controlled combustion of gaseous
fuels of variable composition and finding a solution to the inverse problem
of interpretation based on the use of library data have been developed.
Modeling of technological measurements with accepted errors is carried
out.

The research methodology is based on the solution method - Newton-
Rafson method, square matrix conditionality, and library method for
solving the inverse problem.

The modeling of the proposed methods in determining the composition
of the fuel allowed for the considered substances (methane, propane, ethyl
alcohol) with the measurement errors made it possible to get decisions
within the model.

The practical value of the study is that it is shown as the introduced
errors increase the range of possible solutions. The influence of
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measurement accuracy of technological parameters on the uncertainty of
the fuel composition determination is determined.

Keywords. hydrocarbon fuel, combustion, inverse problem of
interpretation, library method, number of square matrix conditionality,
measurement errors.

Tema cratTi mossirae B po3po0Ili METO/Ia MOIIYKY PO3B’s3aHHS CKJIaJI-
HOT 3aJ1a4i IHTepIpeTaIlii Jyist po3B'sA3aHHS 3BOPOTHOI 3aJ1a4i 3 BUBHAUCHHS
CKJIJTy TTaJbHOTO.

BcraHoBIIEHHS SKICHOTO 1 KUTBKICHOTO CKJIaly Ta3y PO3Pi3HSIOTH XiMi-
4Hi, (i3uKo-XiMivyHi Ta ¢izuuHi MeToau. Bigomi nepesaru ¢izuko-ximiu-
HUX 1 (PI3MYHUX METOJIIB Mepe]] XIMIYHUMHU, a caMe, IBUAKICTh BAKOHAHHS,
MOXIJIUBICTh aBTOMATH3allil aHaMi3y, 3pOOWIM MOXJIMBUM iX OLTbII IIU-
poke mommpeHHs. B gaHuil yac HaWOITBII KMPOKE 3aCTOCYBAHHS 3HAXO-
JISITh METOIM Ta30B01 XpoMartorpadii. OCHOBHUMHU HEJOJIKaMH [UX TIpHJia-
TB € TIOCIIIIOBHUI BUMIp KOMIIOHEHTIB ra3y, TPUBaJIHUi Yac aHami3y.

Mera HayKOBOTO JTOCITIIDKEHHS TOIATaE B PO3pOOIi METOLY MOLTYKY
PO3B’si3aHHS CKJIAJIHO]I 331441 IHTepIpeTallii 47151 PO3B'si3aHHS 3BOPOTHOI 3a-
Jladi 3 BU3HAYCHHS CKJIAJy TaJIBHOTO.

HaykoBa i mpakTH4Ha 3Ha4yIOCTi pOOOTH MOJISITa€ B BU3HAYEH] 3ara-
JBHOTO THITY 3ajadi, IK 3BOPOTHO HEKOPEKTHO MOCTABIICHOT 1 BUALIEHO il
OLIBII BY3bKUH Ki1ac — CKJIaJiHa 3a]a4a iHTeprpeTaiii.

Po3pobneno meroan po3B's3aHHS 3a/adi KOHTPOJIBOBAHOIO CIIANIO-
BaHHS Ta30MOAIOHOr0 MajuBa 3MIHHOIO CKJIaay Ta TOLIYKY PO3B’sS3aHHS
3BOPOTHOI 3a/1a4i iHTeprpeTanii Ha 0a3i BAKOPUCTaHHS JaHUX 0i0Ii0TEeKH.
[IpoBeneno MoaenrOBaHHs TEXHOIOTTYHUX BUMIPIB 3 NPUHHATHMH ITOXHO-
KaMHu.

Merononorii JocuimpKeHHs 0a3yeThess HA METOJII PO3B’sI3aHHS — Me-
to1 Hetorona-Padcona, uncii o0yMOBIEHOCT] KBaIpaTHOI MaTPHIIi Ta Me-
ToJ 010NIOTEKH TS PO3B’sI3aHHsI 3BOPOTHOT 3a1adi.

MogaenroBaHHS 3alIPONOHOBAHUMU METOJIaMH TP BU3HAYEHH1 CKIIaay
ManauBa A03BOJIKIIO JUIS PO3MITHYTUX PEYOBHH (MeTaH, MPOIaH, eTUIOBUI
CIUPT) 3 NPUHHITUMHU TOXUOKaMK BUMIPIOBAHHS J1aJI0 MOXKJIMBICTh OTPH-
MaTH PIlIEHHS B paMKaxX MOJEII.

[IpakTH4Ha MIHHICTH TPOBEICHOTO JIOCIIPKEHHS MOJIATAE B TOMY, IO
MOKAa3aHO SIK MOXUOKH, 10 BHOCSTHCS 30UIBIIYIOTH Jialla30H MOXKJIHBOIO
pitieHHsa. Bu3HaueHo BIIMB TOYHOCTI BUMIpIOBaHb TEXHOJOTTYHUX Tapa-
METpiB Ha MOXMOKY BU3HAYEHHSI CKJIaly aJILHOTO.
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KnrouoBi ciioBa. ByrieBoiHeBe nanbHe, TOPIHHS, 3BOPOTHA 3a/1a4a 1H-
TepnpeTaii, MeToz 6i0IioTeKkH, YrciIo 00yMOBIEHOCTI KBaApaTHOI Mart-
pHIIi, TOXUOKH BUMIpIOBaHHSI.

Beryn

B nanuii yac HEMae €IMHOTO METOY ONTUMAIILHOTO YIIPaBIiHHS MPO-
LIECOM CHAJIIOBAaHHS BYTJIEBOJHEBOTO ra3y HeBiioMoro ckianay. Lle odymo-
BJICHO PiI3HUMHU NPU3HAYEHHIMH TEXHOJIOTTYHOTO POJYKTY, SIKHH OIEPXKY-
€TbCSI B MOAAIBIIOMY: CIAJIIOBAHHS JUIS €HEPreTMYHUX MOTped, 3aCTocy-
BaHHS B SIKOCTI Ha()TOXIMIYHOT CHpPOBUHHU a00 BUKOPUCTAHHS OTPUMAHOTO
MPOAYKTY B METaNypriiiHii TEXHOIOT1i.

AHaJi3 JiTepaTypHUX JzKepeJl.

MoykHa BUKOPHCTOBYBATH Ta30Bi aHAJII3aTOPH IS 1IeHTU(IKALTIT KOM-
MOHEHTIB B HEBIIOMUX ra3oBUX cyMimax. B moganemomy ineHTudikoBani
CyMillli BAKOPHCTOBYIOTh IIPY CTIATIOBAHHI B €HEPreTHYHMX LIAX a0o ife-
HTH(IKOBaHI KOMIIOHEHTH BHUKOPHUCTOBYIOTH JUISl MIEPETBOPEHHS B XiMiu-
HUX TEXHOJIOTIX BYTJIEBOJJHEBUX Ta3iB. Y TAKHX BUMAKaX 3'ABISIETHCS MO-
KIJIMBICTH OpraHi3aiii mporecis ynpaBJiHHSA, IKi HE MAIOTh EKCTPEMaIbHUX
xapakrtepucTuk. [Ipuknagzom Moxke OyTH mid 6e30KMcHOro HarpiBy [1], a6o
PEaKTOpH OpraHiyHOTO CHHTE3Y.

3 METOr0 BCTAaHOBJICHHS SIKICHOTO 1 KUTbKICHOTO CKIIQAy Ta3y po3pi3Hs-
I0Th XiMi4Hi, pi3uKo-ximiuHi Ta ¢iznuni MeToau. Biqomi nepesaru ¢isuxo-
XIMIYHUX 1 (PI3UYHUX METOIIB MEepe]] XIMIYHUMH, a caMe, NIBUJIKICTbh BUKO-
HaHHSI, MOKJIMBICTh aBTOMATH3aIli] aHAIII3Y, 3pOOMIM MOKITUBUM TX OLIBII
HMIMPOKE NMOMKpeHHs. B naHuii yac HalOUIBII IMPOKE 3aCTOCYBaHHS 3HA-
XOJSITh METOM Ta30Boi xpomatorpadii [2]. OCHOBHUMY HEIOJMIKaMH ITUX
MPWIAIB € TIOCTIIOBHUM BUMIpP KOMIIOHEHTIB rasy, TPUBAIUN Yac aHai3y.

3 MOSIBOIO HEBENHMKHX, HANIHHUX JIa3epPHUX JDKEPEIT i BUCOKOUYTINBUX
OaraTokaHaabHUX (POTONpPUIIMAYIB 3'IBHIIMCS ra30aHATI3aTOPHU, 3aCHOBaHI
Ha BUKOPHCTaHHS CIIOHTaHHOI paMaHOBCHKOI CIIEKTPOCKOITIT (spontaneous
Raman spectroscopy) [3], xo4a 10 TemepilHbOro yacy Taki ra3zoaHaiza-
TOPH 3HAXOIATHCS HA CTAIi1 1OCTiIHO-IIPOMHUCIIOBIX Po3pobok. Kpim Toro,
TaKi IPUCTPOi BUMAraroTh BUCOKOKBaITi(hikOBAHOTO 00CITyrOBYBaHHS.

Benunka yacTuHa po3paxyHKIiB MapameTpiB MPOIeciB TOPIHHS BUKOHY-
€THCSl HA OCHOB1 METOAIB XiMi4HOT KIHETHKH Yepe3 BU3HAYECHHS HaBeICHOl
dbopmynau cymiii sik okpemoi pedoBuHU [4]. [Ipu BUKOpUCTaHHI TAKOro
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MiAXOAY IUTS PO3TIISLLY MPOLIeCy TOPiHHS CyMIllli T'a3iB PO3PaxoBYETHCS CH-
TaJbIis 1 BUBHAYAEThCS OpyTTO-hopMmysia. Taka 3a7aua € 3BOPOTHOIO 1 He-
KOpPEKTHO ITOCTaBJIEHOIO.

Merta Ta 3aga4i J0CTIKeHH

He icHye equHOTO METOAY BUPIIIEHHS BCHOT'O PI3HOMAaHITTS 3BOPOTHUX
HEKOPEKTHO MOCTaBJIeHHX 3a1a4. KoxkeH iX BU BUMarae iHIUBiTyanbHOTO
migxony. Lle ycknanHioe, a00 HaBITh BUKITIOYAE, BUKOPUCTAHHS ICHYOYHX
METOJIIB BU3HAYCHHS B aBTOMAaTUYHOMY PEryisiTopi Opyrro-hopMmynu mna-
JIBHOTO 3MIHHOTO cKJaxy. KpiM Toro, ckiiag najasHOTO MOKe 6araropazoBo
BHIIAIKOBO 3MIHIOBATHCS MPOTITOM Oy Ib-IKOT0 MIPOMIKKY 4acy. Lle cipu-
YHHSE HEOOXIHICTh OMEPaTUBHOrO 0araTopa3oBOr0 OTPUMAHHS PilICHHS
3aJ1adi, 10 MPU3BOAUTH JIO HEOOX1THOCTI PO3POOKH HOBOTO METOIY PO3B'-
sI3aHHA 00EPHEHOT 1 HEKOPEKTHO TOCTABIICHOT 3a1a4i.

B naHiii ctaTTi mokazaHo METO/ MOLIYKY PO3B’sI3aHHS CKJIQAHOT 3a1a4i
iHTepnpeTalii 1Jisl po3B'si3aHHS 3BOPOTHOT 3a/1a4i 3 BU3HAYCHHSI CKIIAIY I1a-
sipHOrO. ETanu BupilieHHs Takol 3a/1a4i MaJid TaKy TOCHIIOBHICTb:

— BH3HAYEHHS METOAY PO3B'SI3aHHS 3a/1a41 KOHTPOJIbOBAHOTO CIIAITIO-
BaHHS T'a30110/[I0HOT0 TaJIMBa 3MIHHOTO CKJIaJIy.

— METOJl TIOUIYKY PO3B’si3aHHsI 3BOPOTHOI 3ajadi iHTeprperalii Ha
0a31 BUKOPUCTAHHS JJAaHUX 010JII0TEKH

— MOJICTIOBAHHS TEXHOJIOTTYHUX BUMIPIB 3 TPUHHITUME TOXHOKaMH

BusnavenHsi MeToay po3B'si3aHHS 3a71a4i KOHTPOJIBOBAHOIO CHA-
JIIOBAHHSI ra30M01i0HOT0 MAJIUBa 3MIHHOI0 CKJIANY.

Meron po3B’si3aHHs, 3aCTOCOBaHUH B [5-7] HalfuacTilie BUKOPUCTOBY-
€TBbCS B IHXKEHEPHUX po3paxyHkax — meroa Herorona-Padcona. B mpo-
1eci MoUIyKy MpUYMH BUHUKHEHHS HECTIMKOCTI B Mpolieci pilieHHs Oyno
MPOaHaIi30BaHO CHCTEMY JIHIHHUX PIBHSHB, 10 YTBOPIOETHCA MPH JIiHEa-
pu3allii BUXiiHOT HeNMiHiHHOT cucTeMu. OOUMCIICHHS IeTEePMIHAHTY 11 OCHO-
BHOI MaTpHLi y BCIX PO3MITHYTHX BHIMAAKaX Jajo KiHLEBYy BeanuuHy. Lle
MOKa3ye, 110 CUCTeMa He BUPOIKYETHCS, TOOTO Ma€ pillleHHs, a MOJIEIb KO-
PEKTHa.

[Torana oOyMOBJIEHICTh CUCTEM PiBHSHB, IO OYJIO JIiHEApU30BaHO, SIKi
BHUKOPHUCTOBYIOTBCS B iTepalifHOMY MpoOIeci po3B’s3aHHS BUXIIHUX CHC-
TEeM HENIHIHHUX pIBHSIHB BiOOpa’ka€ BHCOKY YYTIMBICTh HaOJIMKEHb.
[Ipobnema Moxke OyTH BHpIIICHA IIISXOM ITiJBUIICHHS TOYHOCTI TOYaTKO-
BUX HaOmxeHb. [Ipudomy, yumM Oibllle 3HAUYEHHS YMCIIa 00YMOBIIEHOCTI
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MaTpHIli, TUM TOYHIilIE Ma€e OyTH IMOYATKOBE HAOJIMKEHHS BU3HAYCHUX Be-
JIMYWH, B SIKOCTI SKMX BUCTYIAIOTh MapLiaibHi THCKUA NPOAYKTIB 3rOpsSHHS
1 KUIBKICTh aTOMIB XiMIYHHMX €IEMEHTIB B YMOBHIH (popmyii nanbHOTO0. Aje
BHXIJIHI JIaH1 JJIsi PO3B’sA3aHHS TaKOl 3ajia4ui HE JIO3BOJISIOTH 3pOOUTH II€.
KinpkicTe aTOMIB B Ipo1ieci po3B’si3aHHs MOXKE 3MiHIOBATHCS, 110 € Here-
pendauyBanuM. HaBeneHi BuIie po3paxyHKH CTOCYIOThCSI BUIB TOPIOYHX,

. . . . Gy Hy Oy
1110 CKJIAIaX0ThCs HE OUIbIIIE HIXK 3 TPbOX XIMIYHHUX €JICMCHTIB ¢ “H ~O0

OnHUM 13 IPUIHOMIB [T BUPIMLIEHHS! TPOOJIEMH TOraHoi 00yMOBIIEHO-
CTi JIIHEapHU30BaHOI CHUCTEMH PIBHSIHb BUKOPHUCTOBYETHCS METOJ MPOIOB-
JKEHHSI pO3B’s3aHHA 3a mapameTpom. Lleit Meron mMoxkHA 3aCTOCOBYBATH,
SKIIO B PO3MIISTHYTOMY PIBHSIHHI a00 cHcTeMi PiBHSHb MOXKHAa BUIUTHTH
AKHH-HEOYAb apameTp 6, Bill SKOro BOHH 3aJIeKaTh. B 1IboMy BUIIaAKY MO-
KHA 3aIHCATH

f(x,0)=0, (1)

a PO3B’SI30K CJIiJ1 IIYKaTH U ACSIKOMY (ikcoBaHOMY (KiHIIEBOMY) 3Ha-
4yeHHi napamerpa .. [Ipunycrumo, mo npu Oyab-sSKoMy 3HaYEHHI mapame-
Tpa B Alalla3oHi BiJ| AEAKOro I0YATKOBOro 3HaueHHs Oy 10 O (pe[6,,6,])

cuctema (1) mae po3s’s3ok X =X(0). IIpu upomy 11s 0=0, po3s’s30k cu-
cremu f(x,0) =0 BizoMuii, abo JIErKo po3paxoByeThes. Beenemo Ha Biapi-

3KY [0, Oc] HaGip TOUOK 0,=00<0<0; ... <Oy = O.. Bynb-KkuM iTepamiiHuM
METOJIOM PO3B’SI3yeThesi cucTema nocmigosHo it k = 0,1,2, ..., N. Ipu
IOMY 32 [TOYaTKOBE HAOIMKEHHS X(0y) MPUIMATAMEMO PIllICHHS X6y

. Pizauns 0y-0x.1 BUOMpAEThCS MAJIOKD BETUYMHOIO TaK, 00 PO3B’S3aHHS
X(0_1) OyJIO JOCUTH XOPOIIINM ITOYATKOBUM HAOJIMKESHHSIM JI0 X(6y ), mo

3a0e3neuye 30DKHICTh BHKOPHCTOBYBAHOI'O ITEPallifHOrO METOAY MpH
Oy/Zb-IKOMY CTYIIEHI 00yMOBJICHOCTI CHCTEMH PiBHSHb.

OCHOBHOIO TIEPEBAro0 OIMUCaHOro MeToy [8] € rirodaabHa 301KHICTD
pu BUOOPi MaJIoro KpoKy 3MiHH Mapamerpa.

VY Mozeni BU3HaYEHHS CKJlaly MajJbHOTO M0 BUMIPSHUM MapaMeTpam,
a caMme MO CIIBBITHOIIEHHIO BUTPAT MajJbHOTO 1 MOBITPS, Ta TeMIepaTypi
MPOAYKTIB 3TOPSHHS, OyB BUIUICHHI MapaMeTp y BUTISII 3MiHIOBAHOIO i
BUMIPSHOTO BiJHOIICHHS O0'€eMHHUX BHTPaT OKWUCHIOBAadYa 1 MambHOTO (
Vo / v f ) [5-7]. Ane Oyna BusiBlieHa mpo0JiemMa, siKa MoJisirae B TOMY IO Ta-

KW TIapaMeTp He € OHO3HauYHUM. BusiBIIIocs, 0 KiNbKICTh TaKWX Mapa-
METpIB JOPiBHIOE KUIBKOCT1 XIMIYHUX €JIEMEHTIB, II0 CTAHOBIISITH YMOBHY
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(hopMysTy HEBIZIOMOTr0 MajabHOr0. BiAMOBIAHO 10 BOTO, X MOXKE OYyTH, Ha-
npuknaz, o mectu ([C], [H], [O], [N], [P], [S]). Lle He Buxitouae mpun-
LUTIOBY MOXKJIMBICTh BUPILIIEHHS 3aBAAaHHS 32 JOMOMOI0I0 METOIY HPOJIO-
B)KEHHS PIllICHHS 3a MapaMeTpoM, aje iICTOTHO YCKIIAJHIOE PO3B’SI3aHHS
3aJia4i yepe3 0JIHOYACHI BapitOBaHHS TAKOK KUIBKICTIO 3MIHHUX.

Byno BusiBIEeHO icHyBaHHSI MPUYHHH, KA MPUHIHUIIOBO HE JIO3BOJISIE
BUKOPUCTOBYBaTH 1el mMeToa. KpiM po3paxyHKiB BETHUYMH MaplialibHUX

TUCKIB MPOJYKTIB 3rOpsSHHS Pj‘; KUILKOCTI MoJIel manuBaM., mo GepyTh

y4acTh B pPO3paxyHKaXx i JOPiBHIOIOTHCSA KUTBKOCTI BUMIpPiB; KITBKOCTI aTo-

MiB b! XiMiuHEX eTeMeHTiB, B MOJENi NPUCYTHI BEIMUMHU TEMIIEPATYD
npoaykti 3ropsuus T, BoHa He BapitoeThes, SK TIApaMeTp, ajle i He 00uH-
CITIOETHCS SIK BUXiHA 3MiHHA. B paMkax Mojesi BU3HaYEHHS CKIIa1y Mallb-
HOT'O TI0 BUMIpSHUM TapaMerpam Lisl BeTMUWHA He mependadyBaHa [5-7].
BoHa BUMIPIOIOTBCS B PE3YJIbTATI OPTaHi30BAHOTO MPOLIECY CIATIOBAHHS
MananBa.

BapiroBanHs mapamerpa i cTiikuii (SIKUi Mae 301KHICTB) MPOIeC Po3-
PaxyHKy CKJIaJaloTh OCHOBY i/iei MeTOAy BH3HAYCHHS TEMIIepaTypH Mpo-
JYKTiB 3TOPSIHHS TIPH BiIOMOMY CKJIaJli HaJIbHOTO, TaK 3BaHa MpsMa 3a/1a4a.

3amava BU3HAYCHHS CKJIaly TAIbHOTO 32 BUMIPSIHUMU [TapaMeTpaMu, a
came MO CITiBBIJHOIIECHHIO BUTPAT MAJBHOTO 1 MOBITPS Ta 1O TeMIepaTypi
MPOIYKTIB 3rOpsIHHS — II€ CKJIa/iHa 3a/1a4a iHTeprperailii, Tak 3BaHa 3BO-
porHa 3amada. OnHier0 3 11 03HAK € HE OJJHOYACHMUI, a HE3aJICKHUHN OJIUH
BiJl OJHOTO BHMIp HapameTpiB 3 JIeIKoro ix ymcia. Jms BupimeHas Taxkoi
3aJla4yi BUKOPUCTOBYIOTh METOJT «010Ti0TEeKN», SIK HAHOLIbIN 3aranpHuil. B
HOro paMKax Ui «3arlOBHEHHS 0araTopa3oBO PO3B’SI3YEThCS MpsSMa 3a-
Jlava Mpy pi3HUX MOETHAHHSIX BUXITHUX JaHUX. B KOCTI PO3B’s3aHHSI 3BO-
POTHOT 3anaui 3 0i0mioTeKH pilleHb NPsSMOi 3a1avi BHOMPAETbCS TaKUH
CIIEMEHT, SIKUH 3 MPUIHATO MOXHUOKO0 BIAMOBIIAE 3pOOJICHUM BUMIpaM.
Takuii nporiec po3B’si3aHHs Tiepeadavyae MOJOMAHHS JSIKMX MaTeMaTH-
HUX TPYIHOUIB. SIK 1 17151 OyIb-SIKUX HEKOPEKTHHX 33]1a4, HEOOX1THUM eJie-
MEHTOM € BBEACHHS JI0IaTKOBOI anpiopHoi iHdopmarii npo mykaHuit o6'-
€KT 1 IpaBWJI pO3B’A3aHHs. Hexacuune po3B’si3aHHs TOB'sI3aHE 31 3MiHOIO
yABIIGHHA NP0 caMy MOJeNnb. Y LbOMY BHNAAKy Uil OTPHUMAaHHS
"po3B’s3Ky" MOzENb BKIIOYAE anpiopHy iH(opMalio mpo MOKIUBHN Xa-
pakTep nepeadadyBaHOro pilleHHs, MO 3MeHIIye iH(opMalliiiHy HeBU3HA-
YeHICTh, Ta aITOPUTM 00poOKH iH(popMalii. Buxonsun 3 qux nepeaymos,
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B MOJAJILIIOMY MOTPIOHO PO3POOHMTH METON PO3B'A3aHHS 3a/a4i BH3HA-
YeHHS CKJIa/ly MajrBa 10 BUMIPSHUM HE3aJICKHUM BeTHuuHaM. [ 1poro
OyJI0 3aITPONIOHOBAHO METO/I 0i0TIOTEKH.

Metoa momyky po3B’si3aHHA 3BOPOTHOI 3ajavi iHTeprnpeTanii Ha
0a3i BUKOpPHCTAHHS JaHUX 0i0TioTeKH

Meron BU3HAYECHHS CKIIaay MajiuBa 3 BAKOPHCTAHHSIM C(OPMOBAHOTO
po0OYOro TPUBUMIPHOTO MAaCUBY [6] «0i0TI0TEKNY 3MIMCHIOETHCS HACTYII-
HUM YHHOM:

1. 3MmiHIOI0YM 1 (IKCYIOUM BETUYMHY BiIHOLIEHHS O0'€MHHMX BUTpAT
OKHCHIOBaYa i MaJbHOTO (Vox / Vv f )i BAMIPIOETHCS TEMIIepaTypa MPOAYKTIB

3ropstHHS 17 UT KOKHOTO BUMAAKy. KibKicTh TakuX 3MiH 1 BUMIpIOBaHb
BHU3HAYAETHCS KUTBKICTIO HOPMOBAaHUX BEIWYHMH. Tak B pasi MajvBa BUAY

ClH(bH/bc)O(bo/bc)N(bN/bc) W CH, Oy Ny HEOOX1JTHO OTPUMATH BHU-
MIpIOBAJIbHI BIATYKH B SIKOCTi YOTHPHOX BETHYMHH (d i, 670’ d n» 1) 1> Bill-

MOBI/IHO, BUKOHATH YOTHUPH IOCIII0BHI Cepii BUMIPIOBaHb.
2. BianoBigHo 110 1¥X BUMIpIiB Ha IUToHMHI 1 — Vox /V . pobovoro Tpu-

BHUMIPHOTO MacHBY BU3HAUYalOThCS YOTHPH KOMIPKH (BUAUIEHI MITPHXO-
BHMH JTiHisIMK) (puc. 1) 1 MOB'sI3aH1 3 HUMU BEKTOPH (BUALIIEHO KOJIEOPOM).
JaHni 3 iHIIMX BEKTOPIB HA JAHOMY €Talli METOY IO PO3TIISIAETHCS HE BH-
KOPUCTOBYIOTHCSL.
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Puc.1 — Cxema dopMyBaHHS, CTPYKTYPOBaHOT'O pOO0OYOro TPUBHUMIPHOTO Ma-
CHUBY «010J1I0TEKM» Ha OCHOBI BHXIiTHUX JAHUX 1 Pe3yJbTaTiB PO3B's3aHHs MPSIMOI
3aja4i
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Enementamu BexTopiB € uncna Ek. ¥ xoxuaomy Bekropi B Ek 3anucani

BCl MOXKJIMB1 KOMOIHAIIT BU3HAYEHNX BEIUYNH (dp>do,dy, 1) , SIK1 3a0€e3-

. , VoelVie .
neuyoth Temieparypy Ti mpu pi3HHX 3HAYCHHsX ( ‘”‘/ iy
BIJINOBIIHUX KOMipKaXx.

3. BuOpani BexTopu (BuA A, puc. 1) MpOEKTYIOTBbCS Ha TUIOLIMHY

V‘”‘/ r _ It. MoxJ/MBe TOJIOKEHHST BEKTOPIB BijioOpaxkeHO Ha puc. 2 i
BHJIJICHO KOJIBOPOM.
Buo A
k-1k k+1 !

Viu
V’ V N—~—
D

Puc. 2 — Ipuknan npoekuii 00paHUX BEKTOPIB

4. Ilpu BCiX pi3HOMaHITHUX KOMOiHAIIsIX 00'€MHI BUTPATH CKJIaLy i eH-
TaJbIIis MaJMBa, 110 BU3HAYAETHCS, 3AUIIAIOThCs ocTiHUME. OTXKe, To-
BHHHI OyTH OJIHAKOBHMMH 1 BIAMOBIHI IM BeTUUMHM Yncel Fj y BCIX po3r-
JITHYTUX BekTopax. Ha mid mincTaBi BUAUISIFOTHCS BiJIIOBITHI €IEMEHTU
gncen Ey, mo BinoOpaxeHno obnactio D Ha puc. 2. B peanbhill cutyarii us
obnacTb MoXe 3aliMaTH OUIBII HiXK /Ba iHTepBaiu. Bel iHII eneMeHTH BU-
OpaHMX BEKTOPIB HE PO3TIIAJAIOTECS B MOJANBIINX MIEPETBOPEHHSX. Y cTa-
pIHIMX po3psiaax yucen Ej; BimoOpakaroThCsl 3HAYCHHS CHTAJIBIIII MajIuBa.
Otxe, B koxkHOMY iHTepBai (k-1<k i ke>k+1) B ennementax BekTopiB po-
3TAlIOBYIOTHCS KOMIUIEKTH BUXIIHUX JaHuX (uucia Ej) 3 O1HaKOBHMH 3Ha-
YCHHSIMU CHTabIii. TOYHIlIE eHTaNbIil 3HAXOIAThCS B IHTEpBajax
Uk U 1 )y > (;)41> 00yMOBIEHHX TOYHICTIO X BU3HA-

YeHHS.

5. Bci Bupineni uucna (obmacte D, puc. 2) rpymnyroThcs B CTeK. 3Ha-
YeHHS 3 CTapLIuX po3psiiB (puc. 3.1) mepeHoCUThCs B KiHelb yncia. Y cTa-
Pl PO3PSIaAN EPEHOCATHCS 3HAUEHHS HACTYITHOI BEIMYHMHY, 1110 BH3HAYA-
eThes (puc. 3).
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dy do dyv I,

Puc.3 — Cxema mo3umiitHoro npencTaBieHHs y BUMTISAL €JMHOTO YKCiia HOp-
MOBaHMX 3Ha4Y€Hb BUXIJTHUX JaHUX MICIIs HOro MepeTBOPEHHS

B paMkax po3riIsHyTUX BEKTOPIB UHCIIA, 110 3aJIUIIIIINCS COPTYIOThCS,
HAMPUKIIAJ, B 3pOCTAI0YOMY HOPAAKY. B pe3ynbraTi yTBOPIOETHCS MacHB
qucell 110 3aTUIIUINC.

6. Jlii 3 myHKTY 4 TIOBTOPIOIOTHCS JI0 THX IIip, IOKK HE OyIyTh BUKOPH-
CTaHI BCl BEIMYUHHU 31 CIIUCKY BU3HAYCHUX ([, dy,d,dy). Takum 4u-

HOM Ha KO)KHOMY KpOIli BUJUISIOTBCS YKCJIa 3 JBOMa OJHAKOBHMH CTap-
MMM PO3PSAaMH, SIKi BiIITOBIIal0Th B IAHUI MOMEHT OJIHOI 3 BU3HAUYCHUX

BenmunH. Tak mpu Apyromy mpoxoni e d gy, mpu TpeTboMy - d) i Tax
naui. [Ipu KoKHOMY TTPOXOAi KUTBKICTh Yucell Ej, 10 3aJIHIIUINCA 3MCH-
myeTscsl. B KiHIIEBOMY MiICYMKY 3alIMIIAETBCS OnHE. Y HBOMY 30Cepe-
JDKEHI BUXIJTHI JaHi, SKi BIAMOBINAIOTH yCIM 3aMipsHUX T; MpH 3aJaHUX
V. / vV x Lle umciio i € pe3yIbTaToOM PO3B’sI3aHHS 3BOPOTHOI 3a/1aui.

Mopesl0BaHHSI TeXHOJIOTIYHUX BHUMIpPiB 3 NPUAHATAMH TNOXHO-
KaMu

BuxinHi naHi y BUIIISII TEXHOJOTIYHUX BUMIPIB OYyJI0 iMITOBaHO pe-
3yJIbTaTaMu PO3B'SI3aHHS MPSAMOI 3a7aui A MeTaHy, MPonaHy i CHHpPTY.
Byno 3amaHo pi3Hi 3HaueHHS Koedilli€eHTa HAJJIUIIKY OKHCHIOBAaYa O 5K
OuIbII, Tak i MeHI ofguHULI. JiIst HUX Oylo po3paxoBaHO Temreparypu I
MPOIYKTIB 3TOPSIHHS 1 BiTHOILICHHS Vox / vV iz OtpumMaHi 3HaYEeHHS TpUiimMa-

JIUCS B SIKOCTI «IIOTOYHUX» BUXITHUX JaHUX. BUXiqH1 qaHi aj1s po3B'si3aHHS
3BOPOTHOT 331241 iIeHTH(IKAIliT OTPUMAaHI 3 «IIOTOYHUXY IUISIXOM 3MiHHU 1X
3Ha4yeHb. Po3risiganocs pilieHHs P BCiX MOMKIMBHUX KOMOIHAIIISIX MaKCH-
MaJIbHOTO BiJIXMJICHHS BUXIJIHUX JAaHUX BiJl «IIOTOYHHUX) 3HAYEHBb B IHTEP-
Baji = 1% Big MpUHHATOrO 3HAYEHHS.

B nanoMy BUNaAKy B SIKOCTi pO3B’S3KY BUCTYNAIOTh Jlialla30HA MOX-
JUBHUX 3HA4YEeHb BU3HAUYCHHX BeMW4HMH. He y BCiX BUMAgKaxX € MOKIHBICTD
3HalTH CHUTPHUHA Jiana3oH Ui BCIX BapiaHTiB po3paxyHKiB. /s minBu-
LICHHS TOYHOCT1 PO3B’ 3Ky BHKOPHUCTOBYBAJIOCS 301bIIIeHa, B TOPIBHAHHI
3 TEOPETHUYHO HEOOX1THOIO, KITbKICTh 3aMipiB TEXHOJIOTTYHUX MapaMeTpiB.
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B sixocTi BupilieHHs: BUOHpaBcs niana3oH (puc. 2) 3 HalOLIBIIOK KiIbKi-
CcTI0 30iriB cepe]] yciX BUMIpiB TEXHOJIOTUHMX NapameTpiB. TakuM YnHOM
B SIKOCTI PO3B’SI3KY PO3TJIIIAETHCS HAHOLIBII WMOBIpHE 3HAYEHHS BEIH-
YMHU 1110 BU3HAYAETHCS.

B pe3ynbTaTi po3B’A3aHHS OTpUMaHi Jialla30Hd MOKJIMBUX 3HAYEHB Ki-
JILKOCT1 aTOMIB BOJIHIO B HOPMOBaHUX OpyTTO-(hopMysiax i koedilieHT HaI-
JUIIKY OKHCHIOBaYa O MPU MOJENIIOBaHHI CTEXiOMETPHYHOI peakmii ro-
PIHHS:

— UL METaHy

CHg37-41) (Toune 3Ha4eHHSA CH ),

— JI7Is1 IPOTIaHy
CH(2’5_2’75) (TOUHE 3HAYCHHS CHZ,(6))’
— JI7Is1 ETHJIOBOTO CITUPTY

CH (3.85-310(0.45-0,55) (TOUHE 3HAUCHHA CH;30,) 5)
Jiana3zoH 3MiHH 0. OTPHMAHHH IUIIXOM MOPIBHSIHHS KiUIBKOCTI MOJIEH

KHCHIO Y BIIMOBIHIM CTEXIOMETPUYHOI peaKilii Npu rPaHUYHUX | TOYHHX

3HAUEHHSIX KUTbKOCTI ATOMIB BOJIHIO B BIIMTOBIIHUX PEUOBUHAX.

Ut METaHy o €[0,96...1,01];
ISt poniany o €[0,98...1,01];
s cnupty o €[0,96...1,01].

BB mpunmynieHb, Ha pe3yJbTATH MOJEJIOBAHHS BH3HAYEHHS
CKJIAy CHAJIOBAHOIO ra3y MeTo0M 0idioTexn

3anpornoHoBaHUl METOJ PO3B'I3aHHS 3BOPOTHOI 3aJiayi BU3HAYCHHS
CKJIaJly CHIAJIFOBAHOIO T'a3y METOJIOM 0i0i0TeKH MOXKE OyTH 3aCTOCOBaHUMN
MIPH PAJI MIPHITYLIEHb!

- MaJMBO, CKJIaJ SIKOTO BU3HAYa€eThcsA, Mae nepeOyBaTu B ra3omomio-
HOMY CTaHi;

- BJIACTUBOCTI MAJIBHOTO 1 OKUCHIOBAaYa B Ta30M01I0HOMY CTaHIi IiJIIo-
PSAKOBYIOTBCS PIBHSHHIO i7I€ATBHOTO Ta3y;
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- CKJIaJl MAJLHOTO B MPOIECi JIEKLTBKOX TEXHOJIOTTYHMX BUMIpIOBaHb
TeMIIepaTypH MPOJYKTIB 3TOPSHHA 1 HOro 00'€éeMHHMX BHUTpAT HE MMOBHHEH
3MIHIOBATHCA.

Iepmri aBa mpumyieHHS AJS iH)KEHEPHHUX PO3PAaXyHKIB MOKHA BBa-
KaTH He )KOPCTKUMH 1 3/1iiCHEHHUMH TP OYyAb-sIKOMY CKJaji nmanusa. Po-
3TIISIHYTUH METOJ MPOMOHYETHCS BUKOPHCTOBYBATH IIPHU BU3HAUEHH] 3MiH-
HOT'O CKJIaay MaibHOro. TOMYy MOXIIMBICTh BUKOHAHHS TPETHOTO HPHUITY-
IIIEHHS. HEOOX1THO PO3TIISIHYTH JIOJIATKOBO.

Ha nepmiomy erami Mae OyTr BUKOHAHO HEOOXiAHY KiBKICTh TEXHOJIO-
rYHUX BUMIPIB JI0 TIOYATKy BU3HAUEHHS CKJaay najbpHOoro. Hanpukian,
TpH BUMIpIOBAJIBbHI eKcriepuMenTH 1 i Vox / Vv  Tp 3aMipax O3HAYNMO SIK

{1,213}. Ha X OCHOBi1 OTpMMaHO BiATr'yKiB BUMIPIOBAILHUX EKCIIEPUMEH-
TiB BU3HAYAETHCS MEPIINHA CKIIa] nanbHoro. /i moaanporo po3paxyHKy
JOCUTH BUKOHATH TUIBKH 1€ OJUH BUMIpIOBaJbHUN EKCIIEpUMEHT {4} i B
SIKOCTi BUXIZJTHUX JAHUX BUKOPHCTOBYBATH {2, 3 14} BiAryKH BUMipIOBaJIb-
HUX eKCTIepUMEeHTIB. Bci momanbin po3paxyHKH BUKOHYIOTBCS B TaKii ke
MOCHiTOBHOCTI MICJIsS MOTOYHOI'O BHUMIPIOBAJILBHOTO €KCIIepUMEHTY. [Ipu
BOMY ITICJISI KOXKHOTO PO3PaxXyHKY 3HAMIEHUH CKIIaJl MajJbHOTO MOPiBHIO-
€TBCS 3 pe3yNbTaTaMH MOMEPEAHBOT0 KpoKy. OTpuMaHui 30ir pe3ynbTartiB
PO3paxyHKy JIEMOHCTPYE BIJICYTHICTh 3MiHU CKJIaJly MajJbHOIO Ha IMOTOY-
HOMY KPOIli BUMIPIOBJIHOT'O EKCIIEPUMEHTY. B iHIIoMy BUIaIKy HEOOXi-
JTHO BIIIMOBUTHCS BiJi BUKOPUCTAHHS PE3yJbTAaTIB MOMEPEIHIX BUMIPIO-
BaHb. BUKOHATH TpW BHMIpIOBalIbHI €KCIIEPUMEHTH 1 PO3paxyBaTH HOBHUIi
CKJIaJl TTAJILHOTO SIK Ha TIepiIoMy erari. Jlami 3a THM caMUM ajTrOpUTMOM.
TakuM unHOM MOXKE OyTH BUSBICHO MOMEHT 4Yacy 3MIHH CKJIa Iy MaJLHOIO.

BucnoBxu

1. BusHaueHo 3arajbpHUil THI 3a]1adi, sIK 3BOPOTHO HEKOPEKTHO MOCTa-
BJICHOT 1 BUJIUICHO 1i OUTBII BY3bKUI KJIAaC — CKJIAJIHA 33Jla4ya 1HTepIpera-
1ii. JI1s BUpIlIeHHsT BU3HAYECHOT 3a1a4i 00paHo MeTo| 010JIi0TeKH.

2. Po3pobieHo MeTo 1 3an0BHEHHS 0i01i0TeKH pO3B’ I3KaMU TIPSIMOT 3a-
Jadi y BUIIISIII poOOYOro TpPUBUMIpHOTO MacuBy. [1jist boro:

- 3aIPOINIOHOBAHO METOJI MEPETBOPEHHS KOe(illi€HTa HaJUIUIIKY OKUC-
HIOBaya o sIK BUXIAHOTO JAHOTO AJIs mpaMoi 3aaadi. OTpruMaHa BeTU4MHA
BUKOPUCTOBYETHCSL B SIKOCTI BUMIPIOBAHOTO TEXHOJOTIYHOTO IMapaMerpa
MIpH BUPINIEHH] 3BOPOTHOT 3a/1a4i BU3HAUCHHSI CKJIaly TIaJliBa;
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- 3aTPOITIOHOBAHO METO/I IEPETBOPEHHSI BUXIAHUX JaHUX MPSMOi 3aa4i
B YKCJIO-3rOPTKY (KUIBKICTh aTOMIB XIMIYHHX €JIEMEHTIB B OpyTTO-Popmy-
JIOIO 1 EHTAIBII] NanuBa), sike (POPMYETHCS HAa OCHOBI MO3UIIHHOTO MPHH-
LUy 3aIHCy ACCATKOBUX YHMCEL.

3. Po3po0iieHo MeTo;1 OITyKyY po3B’sI3aHHs CKJIATHOI 3a]1a4l iHTepIpe-
Tauii 3 AaHUX, IKi OTpUMaHi 3 CPOPMOBAHOTO pOOOYOr0 TPUBUMIPHOTO Ma-
CHBY IUIIXOM 3aCTOCYBaHHS OOMEKEHb 1 MOCITIIOBHOT'O BUIICHHS 00Jiac-
Teit 30iry TaHuXx.

4. Tloka3aHO BIJICYTHICTh IMOXHUOOK, I[0 BHOCSATKLCS JIO PIIIICHHS aJro-
PUTMOM 3alpOIIOHOBaHOr0 MeToy. [Ipy MonentoBaHHI TOYHUX TEXHOJOTi-
YHHUX BUMIpPIB PO3PaxyHKOBI MOXHOKH OOYMOBIICHI TiIbKH AMCKPETH3a-
LI€F0 BUX1IHUX JaHUX NPH PO3B’s3aHi MPsAMOI 3a1adi.

5. Bu3HayeHO BIUTUB TOYHOCTI BUMIpIOBaHb TEXHOJOTIYHHUX MapameT-
piB Ha MOXMOKY BU3HAUCHHS CKJIAAY MajbHOr0. BennmunHa moxuOku He me-
PEBHIIYE JIOMYCTUMOT TS iIH)KEHEPHUX PO3PAXYHKIB BETMUNHH.
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OCOBJIMBOCTI OBPOBKHU ITAPIB 3III' HA 'A3OBO3AX 3
MEMBPAHHHUM THUIIOM TAHKIB

Amnoraris

V craTTi po3rIIAa€ThCsl BAKOPHCTAHHS 3PiPKEHOT0 MPUPOJHOTO ra3y
B SIKOCT1 TaJIMBa CYyJ0OBUX MaJ000OpOTHUX ABUIYHaX. Ekomoriyanii acnekt
nepexoay Ha BukopuctanHs 3I1I" € BU3HaUaILHUM MpU BHOOPI KOHKpPET-
HOT'O NUISIXY BUKOHAHHS BuUMOr koHBeHIii MAPIIOJI 73/78. PesynbTaTom
poOOTH BUTYHA BHYTPIIIHBOTO 3rOpaHHS Ha MPHPOAHOMY Ta3i € HU3bKi
BUKH/IM BUXJIOITHHX Ta3iB B HABKOJHIITHE CEPEOBUIIE Yepe3 BIACYTHICTh B
najuBi 3a0pyHIOBa4iB. MeTaH, roJOBHUI KOMIIOHEHT IIPUPOIHOTO a3y, €
BHUCOKOC(EKTUBHUM BYTJIEBOAHEBMM NainMBoM. KpiMm eKkoioriyHmx ac-
MEeKTiB B JaHOMY BUTIQJIKy JyKe BaXKJIHBI 1 ekoHOMiuHi. [Tepexin Ha ra3oBe
NaJIMBO Ha CyqHax 3a0e3redye 3HMKEHHS CKCIUTyaTalliiHUX BHUTpAT 3a
paxyHOK HU3BKOI BapTOCTi razy, MeHimx sutpat Ha TO. Ha choroauimmHii
NieHb peatizoBaHi qBi TexHounorii Bukopuctanus 3[1I. [logaua rasy npu Bu-
COKOMY THCKY 3/1HCHIOETHCS MIPH TIOJIOKEHHI TIOPIIHS TO0IU3Y BEPXHBOI
mepTBoi Touk (BMT) i peanizoBana B neurynax MAN B & W cepii ME-
GI. Ta TexHOJOrig OAAYi ra3y NpH HU3LKOMY THCKY 3aCHOBaHa Ha CHAJTIO-
BaHHI 30iIHEHHX TA30MOBITPSIHUX CyMilleld i peasli3oBaHa B JABUTYHax
Winterthur Gas & Diesel Ltd (WinGD) DF i RT-flexDF.

Karwouosi caoBa: 3pimkennid TpupoaHii Ta3, eKOJOTIYHHUN acIeKT,
MeMOpaHH1 TaHKH, BUXJIONHI a3, CyTHOBI CUCTEMH, IPUPOJAHBO BUIIAPY-
Banuii ra3 (I[1BI'). ['a3oBuit Tonouynnii arperat (I'TA)

Anotation

The article discusses the use of liquefied natural gas as a fuel for
judicial low-speed engines. The environmental aspect of the transition to
the use of LNG is crucial when choosing a specific way to fulfill the
requirements of the MARPOL 73/78 convention. The result of the operation
of an internal-combustion engine using natural gas is low emissions of
exhaust gases into the environment due to the absence of pollutants in the
fuel. Methane, the main component of natural gas, is a highly efficient
hydrocarbon fuel. In addition to environmental aspects in this case is very
important and economic. Switching to gas fuel on ships ensures a reduction
in operating costs due to the low cost of gas and lower maintenance costs.
To date, implemented two technologies for the use of LNG. The gas supply
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at high pressure is carried out at the position of the piston near the top dead
center (TDC) and is implemented in engines MAN B & W of the ME-GI
series. And the low-pressure gas supply technology is based on the
combustion of lean gas-air mixtures and is implemented in Winterthur Gas
& Diesel Ltd (WinGD) DF and RT-flexDF engines.

Keywords: liquefied natural gas, environmental aspect, membrane
tanks, exhaust gases, ship systems, naturally vaporized gas (PVN). Gas
furnace unit (GTA)

Beryn

Bukopucranus 3pimkenoro npuponsoro rady (3I1') B sikocti manua
JUISl TOJIOBHUX CY[THOBUX JBHTYHIB, @ TAKOX JJI BUPOOHUIITBA €JIEKTPOe-
Heprii 3 MeToro 3a0e3neueHHs moTped Ha CyJHaX Iijl 4ac CTOSIHKH B TOPTax
JI03BOJISIE 3TPUMYBATH 3pOCTaHHS 32a0pyAHEHHS 1 BAKOHYBATH JKOPCTKI €KO-
noriyHi oOMexeHHs. EKoNoriyHmii acmekT mepexoqy Ha BHUKOPHUCTaHHS
3I1I" € BU3HAYaIbHUM TPH BHOOPI KOHKPETHOTO NIISIXY BUKOHAHHS BUMOT
koHBeHIlil MAPIIOJI 73/78. ExoHoMiuHI mepeBaru 3piKEHOro ra3y J103-
BOJISIIOTH B IPUIHSATHI TEPMIHN OKYIIUTH BUTPATH HA TPUCTOCYBAHHS CyTHA
1o poboru Ha 3[II', Ha TexHONOriUHE OOJMaJHAHHS Ta BapTiCTh OyHKe-
pyBaHHsL. [4]

3a ocraHHiMH aaHEMH, 10 2019 poKy KiIBKICTh CYIHIB ra30XoliB B
cBiTi nocsarae npubnuzno 200 onuHulk, a cnoxuBanas 31" B skocTi na-
JIBA B CyZIHOBHX €HEPreTUYHUX YCTAHOBKAX J0cATHE | MinbiOHA TOHH 10
2020 poky i cTpiMKo 3pocte 10 3HaueHHs 8,5 muu. Tonn 2025 1. [11]

PezynbTaToM poOOTH IBUTYHAa BHYTPILIHBOT'O 3ropaHHS HA MPHUPOA-
HOMY Ta3i € HU3bKi BUKHJIM BUXJIOITHUX T'a3iB B HABKOJIUIIIHE CEPEIOBUIIC
4epe3 BIACYTHICTh B MaWBi 3a0pynHIoBaviB. MeTaH, TOMOBHUN KOMIIOHEHT
MPUPOAHOTO Ta3y, € BACOKOS() EKTHBHUM BYTJICBOAHEBUM MATUBOM. Takum
YHHOM, B PE&KHUMi poOOTH ABHUTrYHa Ha Ta3i BUKuAM CO; 3HUXKYIOTbCS Ha
20% B MOpPIBHSIHHI 3 POOOTOIO ABUTYHA Ha 3AJIMIIKOBHX COPTaxX MajWBa.
BignosinHo 3umxkyroThcs Bukum NOX Ha 85 - 90%, B TOM 4ac K BUKUIU
SOy mpakTHYHO 3HWUKAIOTh. BB TOTO, BiACYTHI BUAUMHUN AUM, IILIAMOBI
OCa/XKEHHS1, BUKHMIM CBUHIIO, BUKUAM OCH30TY 3HIKYIOThCS Ha 97%. [2]

Kpim eKkonoriyHux acnekTiB B JAHOMY BHIIQJKY JY’K€ Ba>KJIMBi 1 KO-
HomiuHi. [Tepexia Ha ra3oBe MajJMBO HA CYJHAX 3a0€3Meuye 3HUKCHHS CKC-
TUTyaTalifHUX BUTPAT 32 paXyHOK HU3bKOT BApTOCTi Ta3y, MEHIINX BUTPAT
HaTO 1 T1.4.
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EHepreru4Ha ycTAHOBKAa KOHTeHHEPOBO3Y ra3oxoay

Ha croroanimHiii ieHb peanizoBaHi 1Bl TEXHOJOTIT CIIAIOBAHHS T'a30-
BOTO MajiBa B CyJHOBHUX MaJlOOOOPOTHHX IBHUTYHAX, SIKi 3py4HO KJIa-
cuikyBaTH 110 TUCKY MMO/a4i ra3y B mtiHap. [1]

[Nomaua ra3y mpu BUCOKOMY THCKY 3/iHCHIOETHCS TIPHU MOJIOKEHHI T10-
piuHs 10613y BepxHboi MepTBoi Touku (BMT) i peanizoBana B ABUTYHaxX
MAN B & W cepii ME-GI. Texnosoris nogadi rasy npu HU3bKOMY THUCKY
3aCHOBaHa HA CMATIOBaHHI 30iJHEHUX T'a30MOBITPSAHUX CyMilllel 1 peamizo-
BaHa B qBUryHax Winterthur Gas & Diesel Ltd (WinGD) DF i RT-flexDF.

BaxxmBoro ocobnusictio aBuryHiB WinGD € Te, 110 BOHH MpalolOTh
Ha 30iJHEHUX Ta30BUX CyMIMIax, MOBITPs B IMJIIHApPI OPIEHTOBAHO B JIBa
pasu Oijblie, HiXK TOTPIOHO /7Sl TOBHOI'O 3TOPaHHS, TOMY BEIHKA KUTBKICTb
TerJyia BUTPAYaEThCSl Ha HATPiBaHHS MOBITPS, a 1I€ CIPUSIE CyTTEBOMY 3HU-
YKEHHS MTIKOBHX 3HAYE€Hb TEMIIEPATyp 3rOPSHHS 1 Pi3KOro 3MEHIIIEHHS YTBO-
pennst NOx. [Tingumnyerscst KK/ aBuryHa i moTy»HiCTh, B TOH e 4ac 3HH-
kae peroHanis. KoediieHT HaAIUIIKy MOBITPS MIATPUMYETBCS B MEXKax
2,0-2.2.

[epen aBuryHoM ra3 QiabTPYETHCS, TUCK B Ta30MPOBO/II PETYITIOETHCS
B 3aJIGKHOCTI BiJl HABAHTa)KEHHs JABUTYHA (8 Krc/cM” Ha HOBHOMY HaBaHTa-
xeHHi). Jaii ra3 HampaBIsSETHCS 10 TOJIOBHOTO BITYCKHOTO KJIallaHa, BCTa-
HOBJICHOTO B KpHINIi muiiHgpa. Kepyroui iMIysnbcH Ha KIamaHd MOAa-
I0TBCSI BiJI €IEKTPOHHOTO OJIOKY YIPaBIiHHSL, IKUH, B CBOIO YEPTY, OTPUMYE
iH(OpMaIito Bil JaTYMKIB 00€pTiB, HABAHTAXECHHS, TUCKY Ta TEMIIepaTypH
HAJTyBHOT'O TIOBITPS 1 JaTYMKA KOHTPOIIO 3TOPSHHS B KOKHOMY LHUTIHAPI.
[1].

3 tanka 3anacy 3[1I" GaratocTyneHeBUM BiILIEHTPOBUM HACOCOM Pery-
Jb0BaHOK0 npoaykTuBHOCTI 31" mogaeThes B TEII0OOOMIHHUK, JIe BiH I10-
BHICTIO BUTIApOBYeThCs. [licist BUlapHuKa ra3 HaAXOAWTh B MiAirpiBad, B
SIKOMY TeMIepaTypa miasuiryerbes 10 30 °C. 3 migirpiBayda ra3 HaJIXOAUTh
B Oydepnuii Tank. Crabinmizanii Tucky razy B Tanky 3amacy 31" BinOy-
Ba€ETHCS 32 JIOIIOMOI'OIO BIIOOPY «TEILTUX» MapiB KoMmrpecopoM. 3 Oydep-
HOT'O TaHKa, SIKMH Tpae poiib aKyMyJsiTopa, ra3 npu Temmeparypi 30 °C i
tucky 18 6ap nomaerbes 10 ['KB romoBHoro apuryna. Jlo manuBHii cu-
CTeMi JOMOMDKHUX JIBUTYHIB ra3 HAJIXOAUTh Yepe3 PeAyKTOp THCKY, KU
3HIDKYE THCK 110 6 0ap. KB perynroe THCK rasy B ra3omnajeBHii pamiii B
3aJIOKHOCTI BiJl HABAHTAXKECHHS JBUTYHA. [1]
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Tarm zzmace 31T

Puc. 1. 3aranpHa IpUHIIMIIOBA cXeMa IIiJrOTOBKY 1 monadi raszy B apuryna WinGD DF:

1 - Hacoc; 2 - BUMAPHUK; 3 - KOMITIpecop; 4 - mimirpieay; 5 - Oydepauii TaHk; 6 — ['a30 -
knananawii 650k (I'KB); 7 - ronoBHMi NBUTYH; 8 - peMyKIliiHUN KiTamaH; 9 - TOmoMiXHI
JIBUTYHU

[potec ropiHHs B ABUTYHI 3 HU3BKHM THCKOM I0Jiadi ra3y xapakTe-
PHU3YETHCS PIBHOMIPHUM PO3MoAiIoM TemmepaTyp B K3, B ciigcTBi oro
KiIbKicTh BupoOneHoro NOx He nepeBuilye 3HaueHHs 4 1/ (kBt * pik),
110 MOBHicTIO BianoBinae suMoram Ill-ro eramy [Iporpamu VI koHBenmii
MAPIIOJI 73/78 [ 1].

VY neurynax MAN B & W cepii ME-GI razose manuBo nogaetbcs B
LMTIHJIPY ITi]] BACOKUM TUCKOM. B JJaHOMY JIBUTYHI BUKOPHCTOBYEThCS
i1est TocATHEHHST HEOOX1JTHOTO TUCKY 3a paxyHOK ctucHeHHs 31T, a
notim Horo rasudikaunii [3] (puc 2). Ctucuenns 31" 1o HeoOXigHOTO
TUCKY BiOyBa€eThCs B TPhOX-TUTYH)KEpHi HacocH Brcokoro Tucky (HBT).
Jo HBT ckparuieHni IpupOAHUi ra3 MOAAETHCS )KUBUIIBHUM HACOCOM.
ITpu upomy I1BI" 3 ra30BOro TaHka MOJAETHCA Y BUIAPHUK KOMIIPECOPOM
BHCOKOTO THCKY MaJloi IpOAyKTUBHOCTi. BuTpara i THCK B cucTemi pery-
JIOIOTHCSL YaCTOTOI0 00EpPTaHHS Hacoca Bijl MPUBOJHOTO €IEKTPOABUIYHA,
10 TO3BOJISIE AOCATaTH HEOOXiTHOTO THCKY MPH 3MiHHOMY HaBaHTa)KEHHI
I'Jl. He3Baxarouu Ha Te 110 3MiHIOETHCSI BUTPATA, TUCK B CUCTEMI MIATPH-
MYETbCSI IOCTIHHUM 32 JIOMOMOT'0I0 JOCHTH CKJIAZHOT CUCTEMH PEeryJIro-
BaHHA. [8].

[Nomaua ra3y B JBUTYHI 3/1iHCHIOETHLCS Uepe3 JBi OKpeMi ra3ori Gopcy-
HKH, PO3TAIllOBaHi B KpUIIII IMTiHAPA. [|Jis TOCATHEHHS KPUTHYHOIO I1e-
pemajy TUCKiB Ha Ta30Bili ¢opcyHili 1 B kamepi 3ropstaHs (K3) THCK B Tazo-
npoBoxi Mae cranoButd 150 - 300 Kre/cm? (B 3aJI©KHOCTI Bijl HaBaHTa-
xeHHs). Temneparypa KiHLs TakTy cTHcHeHHs ckinaaae 500 - 600 °C, o €
HEJIOCTATHIM /sl HaJIHHOTO 3anajieHHs] METaHy, 3 OrJIsAy Ha HOro BUCOKY
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Temrepatypy camoszaiimanss (600 °C), ToMy nepen mojavero ra3oBoro mna-
JIMBA TIOJIA€ThCS MaJia J103a 3anajabHOro naausa. [3]
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[TputioMUCTICTh IBUTYHIB 3 BUCOKAM THCKOM TIOAaYi ra3y NOpiBHAHHA
3 IU3EJISIMH, IO MPAIIOI0Th HA PIIKOMY MMAJIUBI, 3BayKal04YH Ha OLTBII IIH-
POKO OMyCTUMHUH Aiana3oH KoedilieHTa Ha UIMIIKY MTOBITPA.

TexHomoris cnamoBaHHs ra3oBoro nanusa B ['/] He BIumBae Ha BUOIp
taHkiB 3anacy 3I1I°, mpoTe NPUHIMIIOBO BU3HAYAE CHCTEMY MaJMBOIIATO-
TOBKH. J[Jis1 IBUTYHIB 3 HU3bKUM THUCKOM I10JIa4i ra3y JOCUTh BiIIEHTPO-
BOTO KPHUOTEHHOTO HACOCa, 1 BUMApHHWKA HU3BKOTO THCKY, TOMAI AK JUIS
JBUTYHA 3 BUCOKHM THCKOM HeoOXigHuil Hacoc Bucokoro tucky (HBT)
TUTYH>KEpHOT'O THITY 1 BiATIOBiTHMH BUTIApHUK. [1]

[epeBara cructeMn HU3BKOTO TUCKY MOJadi ra3y B [bOMY BHUIAJIKy TO-
Jsira€ B MEHIIMX €HepreTMYHUX BUTpaTax Ha ctuck mapi 31T, B Toit wyac
SIK JUIS JIBUTYHIB 3 BHCOKMM THCKOM I10j1a4i Tra3y HeoOxijHuii Oararto-
CTYNIHYAaCTUH HACOC BUCOKOT'O THCKY. [1]

VY mpotieci rOpiHHS ra3y B ABUTYHI 3 BUCOKHM THCKOM Hoaauyi B K3 3'aBns-
IOThCSI JIOKAJIbHI BUCOKOTEMIIEPATYPHI 30HH, JI¢ BilOYBaIOThCS peaKilis yTBO-
penns NOx. Bukuau NOX, npu nboMy BignosiaatoTs auie [I-my eramy IIpo-
rpamu VI MAPIIOJI, a mia BignosigHocTi [1I-My etany HeoOXifgHa moxanbiia
OUYMCTKAa BUXJIOMHUX Tras3iB 3a JIONOMOTrOK BHOIpKOBOI KaTaJiTHYHOL
HelTpamizaii. [1]

AHati3 MOXKJIMBHUX BapiaHTiB BUOOpy TaHKiB 3anacy 3I1I". Xoua Bukopuc-
tanHs 3[1I B sIKOCTi MasMBa B CyTHOBHX €HEPreTHYHUX YCTAaHOBKaX Mae 0e3Jtid
nepesar, € i Hegomiku. Tanku 3anacy 31T 3aiimaroTh B 3-4 pas3u Oijible cy-
HOBOT'O IPOCTOPY, HIXK 3BUUalH1 NAIIMBHI TaHKU. TaKUM YMHOM BiJIbHUN BaH-
Ta)XHUH MPOCTIP CTa€ OAHWUM 3 TOJOBHHMX NUTaHb JUIsi 00roBOpeHHs. 301Tb-
LIEHHS TPUBAJIOCTI MJIAHOBAHOT'O PEHCYy BUKIMKA€E HEOOXITHICTh 301IbIIEHHS
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o0csry Taskis 3anacy 3I1I" [11]. OTxe, oJjHa 3 OCHOBHUX LIUJICH MPU MPOEKTY-
BaHHI Cy/IHIB - OIITUMI3yBaTH PO3Mip TaHKIB 3aacy B 3aJ€XHOCTI BiJ] BUILHOTO
mpoctopy [10].

st 30epiraHHs 3piJUKEHUX Ta3iB BUKOPUCTOBYIOTHCS! Pi3HI KOHCTPYKIIL
TaHKiB. [Ipu 11bOMY BpaXxoBYIOTbCS TaKi HapaMeTpH, sK:

-MaKCUMaJIbHUI poOounii TUCK;

-MakcuMaibHa Temneparypa 3111

-KOH(irypauii TaHka;

-Martepiall, SKUi BUKOPUCTOBYETHCSI B KOHCTPYKIIii TaHKa [9].

Ha croromHinHiil 1eHb iCHye JeKiIbKa MOXIIMBUX BapiaHTIB yCTAHOBKH
taHkiB 3anacy 311" Ha TpaHCMOPTHUX cynHax - razoxonax [10]. Bukopucranus
TaKHUX TaHKiB IOMYyCTUMO BiAMoBigHO 10 BuMor IMO. /lo Takux TaHKaM BiIHO-
cAThCS HezaJlexkH1 Tanku Tuny A, B 1 C, a Takoxx MmemOpaHHi TaHku [9].

MeMOpaHHI TaHKH HE € CAMOHECYYHMHU, CKJIQAAI0ThLCSI 3 TOHKOI MeMOpaHH,
MOKJIa/ICHOT Ha 130JIA11i0. [30715111is1, B CBOIO UEpry, pO3TalllOBY€EThCSA MPIMO Ha
KOPIyCi Cy/IHa, TaK II[0 TUCK B TAaHKY O€3M10CEPEHBO MePEIaeThCsl KOHCTPYKIIIT
kopmycy. Kopryc € ocHOBHMM HeCydMM €JIEMEHTOM TaKuX TaHkiB. MeMOpaHa
TaHKa MPOEKTYETHCSI TAKUM YHHOM, 11100 TEPMiuHi Ta 1HII BUIU PO3MIMPEHHS
abo CTHCHEHHs KOMIIeHCyBanucs 0e3 ii HagMipHOro HampyxkeHHs [9]. Po-
3paxyHKOBMH THCK Iapy P B Takux TaHKax MOBUHEH ckiagaTu He 6inbiie 0,07
MlIla [7]. Anst uporo TUMy TaHKIB MOTPIOHO BTOPUHHHMIA Oap'ep.

HeszanexxHi TaHKM - CaAMOHECY4i, HE € CKJIaJOBOIH YAaCTHHOK KOPIYCY
cynHa i He OepyTh ydacTh B 3a0e3leueHHi 3arajbHol MiITHOCTI Koprycy. Taki
TaHKHU KPIIUIATHCS 10 KOPIYCYy CyJIHA TUIBKH uepe3 CIelianbHi CyIOpTH, 103-
BOJISIFOUM iM CTHCKATHCA 1 PO3MIMPIOBATUCS HE3AJIEKHO BiJ KOPIYyCY CyAHA.
30epiranns 311 BinOyBaeThCs B TAHKAX 3aMacy Y BUTTISIII KPHOTEHHUX pe3ep-
ByapiB 6e3 Oyib-sIKUX 3ac00iB 30BHIITHHOTO OXOJIOMKeHHs. OTxKe, 3HaYHa Ya-
ctuHa obcsry 3I1I" BunapoByeThes i yac peiicy [5]. Llel BunapyBanuii ra3
3a3BMYail HA3UBAIOTh NPUPOAHO BunapyBaHuM razoM (I1BI'). YTeopenwuii IIBI'
MOXHAa BUKOPUCTOBYBATH B SIKOCTI MaJNBa, 3xuxatu B YII3I abo cnamroBatu
B crieriasibHoMy ra3oBomy TormounoMm arperati (I'TA). Yrunizauis [1BI, skuit
HEMMHYYE YTBOPHUTHCS NpH BUKopucTaHHi 3I1I" B AIKOCTI maiuBa Ha MOPCHKUX
CYJHAX € OJHUM 3 KIIFOUOBUX NMUTAHb NIPH MPOEKTYBAHHI CYJIHIB - Ta30XO/IiB.

He nuBnsuuch Ha Te, 10 MPU YCTaHOBLI TaHKiB TUIly C 3HauHO Oinblie
BHUKOPHCTOBYETHCSI KOPHCHOTO Miclid Ha CyJax, JaHUM BapiaHT 3aJMIIA€ThCs
HaOLIbII MPUBAOIMBUM 3 TOYKHU 30pY CKOHOMIi (DIHAHCOBUX KOIUTIB, SIKi
HEOOXiHO 3aTpaTUTH Ha yTuiizalito [IBI" 3 611kl KOMITAKTHUX MEMOpaHHHUX
TaHKIB.

Jlis npukiaty, B IiHapuuHOMy Tanky Tumy C obesrom 200 m° 3 po6o-
yuM TUCcKOM Bif 0,6 6ap 10 4 6ap 1 3 €1aCTUUHOIO MOJiyPETaHOBOIO MIHOO B
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SIKOCTI 13011111 TOBIIMHOK 200MM - MAaKCUMAJIBHO JI03BOJIEHUI THCK B TaHKY

Oyze AOCATHYTO MpubIu3HO yepe3 25 nHiB [10].

TakuM 4YMHOM JJIsl Cy[HIB 3 HEBEIUKHUM JEBEHTOM - ONTUMAJIbHUM
BapiaHTOM € yCTaHOBKa TaHKIB TuIy C, sIKi € HA PHHKY B HAsBHOCTI pi3HUX
00'eMiB 3 MAaKCUMaIIbHO JOMYCTUMHUM pobounm THckoM 0 10 G6ap. [10]. Bouu
HaOLIbII MPUBAOINBI B BUKOPUCTaHHI HA CYAaxX 3 HEBEJIMKOIO BUTPATOIO Ta-
30BOTO MajnBa, ad0 Ha TAKKX, SIKI YaCTO 3aXOJSTh B TIOPTH, € MOXKIJIMBE OyH-
kepyBaHHA cyqHa. Tanku Tumy 3 y»e BUKOPHCTOBYIOTHCS Ha 6araTbox Mmopo-
Max 1 odmopHux cyanax [10].

OpHak JuId BEMMKHUX CYIHIB JOLUIBHO BMKOPHCTOBYBAaTH MeMOpaHHI
TaHKH B 3B'SI3KY 3 THM, 110 YCTAaHOBKA TaKUX TAaHKIB OUIbII BUTiJHA 3 TOUKU
30py ONTUMAJIbHOT'O BUKOPUCTAHHS BIJILHOTO MPOCTOPY.

[IpuxIiagoM Takux CyIHIB MOXKYTh BUCTYIIHTHU CIOpyIxKyeMi Ha Kurtaiich-
KUX CyAHOOYIIBHMX 3aBojax 9 KoHTeilHepoBo3iB, kommnaHii CMA CGM
MictkicTio 22 000 xonTeitHepiB. [ToBiOMIISETHCA IO 111 CyAHA OYAYyTh XOAUTH
Mix €Bpornoro i [lanekum cxomoM 3 OyHKepyBaHHIM B Kpainax €sponu. [Tna-
HY€ETHCS, 1110 MICTKICTh BAaHTa)XXHUX TaHKIB gocsrHe 18 600 M. MicTkicTh Ta-
KHMX TaHKIB 3a1acy MO>KHa CIiBBITHECTH 3 BAHTAKOMICTKICTIO HEBEJIMKOTO ra-
30B03a. TaKuM YMHOM OYEBHIHO, IO JIOIJIbHE BUKOPUCTAHHS TUIbKH
TaHKIB MEMOpPaHHOTO THILY.

Henasni 3aMoBNIEeHHSI Ha BETIMKI MOPCHKIi Cy/THA, 1110 BUKOPUCTOBYIOTH B SIKOCT1
namua 311" moka3zyroTh iCTOTHE 30UTBIIEHHS OMUTY 1 TOTpedu B GiybII Mpo-
CYHYTUX 1 €(eKTUBHMX TEXHOJIOTIUHHX pilleHHsAX Juig o0podku I1IBIT, mo
YTBOPIOETHCS TPU HEMUHYYIH Mepeadi Teria yepes i30JA1iI0 KPUOTeHHOTO

pesepByapa. [12]

Metoau 00pooxu BT

3I1I" 30epiraeThcsl B TaHKax 3amacy MpH TUCKY OJM3BKOMY IO aTMO-
cdepHoro i Ttemmepatypi -163 - -159 °C. [2]. Ha#tOuibm npuifHITHUM
BapiaHTOM Ha BEIHKHX KOHTEHHEPOBO3aX 3 IBOX-N1aJMBHOI0 YCTAHOBKOIO €
BUKOPUCTAaHHS MEMOpaHHHMX TaHKiB. Tak, HampuKiaja, Ha 3raJaHuX KOH-
teitHepoBo3ax Ha 22 000 konreitnepiB kommaHiss GTT mpoekrye mem-
Opanni nmanuHi Tanku I, Tumy Mapk 111, siki 703BOJIATE MaKCUMATBHO
e eKTHBHO BUKOPUCTOBYBATH BaHTa)KHUW MPOCTIp Ha JAaHUX cyaax. Taki
TaHKH po3paxoBaHi Ha poOouuii HammkoBuii Tuck 7 klla. IIpu 25 klla
3MpaIbOBYE 3aM00KHUHN KiamaH [2].

Kommnanis CMA CGM 3asBnsie, 10 Ha 3raIaHAX CIOPYHKYBaHUX KO-
HTEHHEPOBO3ax OyIyTh BCTAHOBJIIOBATUCS 12-IIMJIIHAPOBI, IBOTAKTHI JIBU-
ryHH BHYTpimHBOro0 3ropstHas WinGD 12X92DF 3 giamerpom mopruHs 92
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CM 1 CHCTEMOIO TIOayi ra3y MiJi HU3bKUM TUCKOM. MaKkcuManbHa MOTYX-
HicTh csaratume 63,840 KBt npu 80 00 / xB. O0csr TankiB 3anacy 3I1I" Oyne
nopisHioe 18 600 M°. [TnaHyeThes, 110 KOHTeHHEpPOBO3 Oy Ie NpalfoBaTH Ha
minii €Bpona - Hanekuii Cxifg 3 0qHOpa30BUM OyHKepYBaHHSM B €BpOIIi.
OueBnHO, IO Ha XOAOBHX PE&KHUMax poOOTH cyaHa yrBoproBaHui [IBI
Oy/ie MOBHICTIO 3MAaJIOBAaTHCS B IMJIIHIpPax TOJOBHOro ABUryHa. OmHaK,
OpHUITYyCTHMO, 110 TaHku 3anacy 31" moBHICTIO 3alOBHEHI 1 CYAHO CTOITh
Ha sikopi abo B Apelidi. B TakoMy BUNIaIKy CIIOKHBaHA TOTYKHICTD CyJHA
Oyne 3nauHO Hik4e 1 Bech [IBI" Oyne HEMOXKIIMBO YTHITI3yBaTH B IU3€ENb-
reeparopax abo komiax.J[ns OIiHKK KiabkocTi Haamuiikoporo [1BT
MOXKHA pO3paxyBaTh IU30aJlaHC MK HEOOXIIHOI TEIJIOTON 3rOPSHHS 1
ternororo I1BI.

HeoOxigHa KiUNBKICTh TEMJIOTH MPOMOPIIHHO MOTYXHOCTI 1 TUTOMOT
BUTpPATH ra30BOr0 NaJlMBa MPH IEBHOMY HaBaHTA)KEHHI IBUTYHA

QHEO5 = Ne .ge 24

[ToTyXHiCTh BapitOETHCS B 3aJICKHOCTI BiJl peKUMY poOoTH cyHa. [To-
TYXKHICTh, CII0’)KMBarO4a KOHTCHHEPOBO30M Ha CTOSHII 3aJICKHUTh BiJl Kijlb-
KOCTI CIOXKMBadiB, HEOOXIAHUX AJs 3a0e3redeHHs cyqHa. [Ipumyctumo,
110 Ha MalOyTHIH peiic cyaHa He Oylo 3alIaHOBaHO TepeBe3eHHs pedpu-
JKepaTOPHUX KOHTEiHepiB. Tol croXkuBaroya MoTyKHICTh TAKOI'O KOHTEH-
HepoBo3a JIopiBHIOE Mpubu3Ho 500 KBT.

500kBm 7091 A o4

Qﬁeoﬁ = KBm / ! = 85092 Mﬂg}c
1000 000

Kinpkicts Termoru [1BIT xapakrepu3sye sk 1000BHiA 00csAT BUTIApyBa-
HOT'0 BaHTaXYy, TaK i Horo TeroTBopHicTh. Kinbkicts Tertoru [1BI” MoxkHa
po3paxyBaTi 3a HOpPMYIIO0:

Qn@e :eV[pH

e e - noooBwmii koedinieHT BumapoByBanHs 3[1[7; V- 00'eM BaHTaX)HUX
TaHKIB; / - KoedillieHT 3alIOBHEHHS TaHKIB; p - mibHicTs 3I1I7; H - MacoBa
HWKYa TEIUIoTa 3rOpSHHA ra3zy. BUpOOHWKH BaHTa)KHHX CHCTEM 3asiBIIsi-
10T, 1110 JOOOBUI1 KoedillieHT BUMIAPOBYBAHHS BaHTAXY sl MEMOpaHHUX
TaHKIB BaHTaXHUX cucteM Mark III nopiaioe 0,0015.Takox mpuIrycTumMo,
IO Mapy BaHTaXy OyIyTh MICTUTH BHKIIIOYHO MeTaH. ToJli MacoBa HUXYa
TerioTa 3ropsinas ckiaae 50,041 MJIx / kr [1], Takum ynHOM:
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M][xc

Ke
Ju30anaHc BUNapyBaHOTO i HEOOX1THOT KlnLKOCTi TEIUIOTH Oyje JIopiB-
HIOE X pi3HUII

0,..=0,0015006" 18600’ - 0,98- 459, 4 -50,041 ——— = 628560,73

AQ = Qnse - QHeof

AQ =628560—-85092 = 543468 —— Ml
06

OueBuHO, 110 cnanoBaTi B ['TA 1 HEXTyBaTH TaKOI KUIBKICTIO Ta3y
He JOUiTbHO. BuKOpuCTOBYBaTH #HOro B SKOCTI MajvMBa HE MpPEACTaB-
nsieTbest MOKIUBUM. OTxe, HeoOXiHO MOBTOPHO 3pimkyBatH [1BIT B pi3-
HUX YCTaHOBKaX MOBTOPHOTO 3PiI’KEHHS.

Ha croropnimmniii nenp ajast o0poOku [1BIT BUKOpHCTOBYETHCS KiJibKa
THIIIB YCTAHOBOK MOBTOPHOIO 3pipKeHHs ra3iB. HailOunpin mommpeHnmu e
YCTaHOBKH, 11O TpaItoe 3a nukioM bpaiiToHa, 1110 BUMYCKAIOThCS JEKiTb-
KOMa BHPOOHHKaMH B Pi3HIA KoMIOHOBILI. OfHAaK 3aCTOCYBaHHS yCTaHO-
BOK, IO MPAIOIOTh 33 MIUKJIOM bpaiiToHa HEOILIBHO MPU MaJIOMy J1000-
Bomy o6csi3i [1BI.

CyIHOBI CHCTEMH CKpaIlIEHHS NPUPOIHOrO rasy, M0 MpalioloTh 110
nukity bpaiiTona MaloTh ABOKOHTYPHY CUCTEMY 13 3araJlsHUM TETI00OMiH-
HUKOM. Ik poOoue TiJIo B HUX BUKOPUCTOBYEThCS N2 (a30T).
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Exrpomus
Puc. 3. 3BoporHwuii ruki bpaiitona
a3 3THCKaeThCSA 130TEPMIYHO B TPHOXCTYNEHEBOM KOMIIpECOpi 3
MPOMDKHUM OXOJIo/pKeHHM (puc. 3). [ToTiM ra3 npoxoAuTs Yepes Terio-
OOMIHHUK MIPU TIOCTIHHOMY THCKY, B SIKOMY BiIOyBa€ThCcsi OOMiH €HEeprieio
3 BIIXOJHUM TIOTOKOM HHU3BKOTrO THCKY. Binm Touku 3 mo Touku 4 BinOy-
Ba€THCS 130CHTPOIIMHE PO3MIUPEHHS B AeTanaepi. Bin Touku 4 10 Touku 1
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XOJIOJIHWI Ta3 HarpiBaeTbcs JO IOYATKOBOI TEMIEpaTypH, BiABOASYU
SHEepTilo MPH MOCTIHHOMY THUCKY BiJI BXiJTHOTO TOTOKY BUCOKOT'O THUCKY. [6]

ANBTEpHATHBOIO TaKUM YCTAaHOBKaM MOXYTb BUCTymath Mini LNG
YCTaHOBKH, SIKi TIPAIFOIOTH 3a MPUHIIMIIOM 3MIIIAHOTO OXOJIOKEHHS. Taki
YCTaHOBKH OyJii po3p00IIeHi i MPOTECTOBaHI B J1a00paTopisiX HAYKOBO - JI0-
cmigHoro iHcTuTyTy Sintef B Tponxetimi. Ha nanuit MOMEHT BOHM BCTAHOB-
JIOIOTHhCSL Ha HEBEIMKHX Cy[THAaX - Ta30B0O3aX, TAKHUX SIK Ia30BO3 KOMIIaHil
.M. Skaugen SE 3 o6'emom IIBI" 20 ToHH / neHb.B ycraHOBKax Takoro
tuny [1BI” cTrckaeThes B koMiipecopi 1o 18 6ap, 0XonomKyeTbest 3a00pT-
HOIO BOJZIOIO 1 MPOIIJIEHOM 110 Temrepatypu -35 °C B KOHTYpi nonepeiHb-
Or0 OXOJIOJDKEHHS B CIELIaIbHUX TemIoooOMiHHMKax. IloriM ras
3PIKYETHCS 1 TIEPEOXOJIOKYETHCS B KOHTYPI 3MIIIIAHOIO OXOJI0/KCHHSI.
[Tlicns 4oro mepeoxooKEHa PiuHA JPOCEIOEThCA JIO0 HEOOXiTHOrO

THCKY [14].
T T ExPAMEEON BN LNG PLANT
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Puc.5 Ycranoska inctutyry Sintef
YCTaHOBKM TaKOT'O TUITy BHIIYCKAIOThCS OaraThbMa KOMIIQHISIMU TIPO-
nykTuBHICTIO Bif 5 10 50 ToH 3I1I" B ieHb. CepenHe CioXKUBaHHs HEPTii B
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Takux ycranoBkax jopiBHioe 0,47 KBt/kr 3I1I'. llle oxHi€ero anbTepHATH-
BOIO YCTAHOBKaM IIOBTOPHOTO 3DPi[UKEHHS MOXKE€ BHCTYINHUTH YCTaHOBKA
StirLNG, 110 npaiitoe 1o 3BopoTHoMy mukiry CTipiiHra, 3aCHOBAaHOIO Ha
CTHCHEHHI 1 pO3IIMPEHH] TeNil0 B 3aKPUTOMY LHKJIi.

Jnst Hao4YHOTrO TOSICHEHHS, TIpollec MoXKe OyTH po3fineHuid Ha 4 oc-
HOBHI TIOJIOKCHHS MOPIIHS, 300paKeHnX Ha puc. 6.Y mojoxeHHs 1, remii
3HaXOAUTHCS B MpocTopi D mpu TemmepaTypi HaBKOJIHMIIHBOTO CEpeno-
BUIIA. Y MOJOKEHHI 2 1el ra3 CTUCKAEThCS MOopIIHeM B 3 momanbmmm
nifgBuIeHHsM Temiiepatypu 10 80 °C. Konu ruiyrxep 3 pyXxaeThcsi BHU3 3
MOJIOKEHHS 2 B MOJIOXKEHHS 3, Ta3 BUTICHAETHCA 3 pocTopy D B mpoctip
E, npoxonsun yepe3 oxonomkyBau H 3 mogansIoro Bigayero Temia 0Xo-
JIOMKYI0UOi BOZM 1 3HIDKEHHAM TemmepaTypu rasy ao 15 °C. Hdami remiit
MpoxXoauTh uepe3 perenepatop G B npoctip E.B perenepatopi ras oxonon-
KYETbCS Maiike 10 TeMreparypu 3pimxkenns. [1in vac octaHHBOI 1 rOJT0BHOT
i1 ra3 po3MMPIOETHCS TIPH PYCi MITYHKepa i OPIIHS B TIOIOKEHHS 4.

VY mporeci pO3IIMPEHHS CTBOPIOETHCSA HEOOXiTHA XOJIOAOMPOAYK-
THUBHICTh, 3KpPAIUICHUI METaH B TEIIOOOMIHHUKY J. Jlyis moyaTky HOBOIO
LUKy, ITYHKEp PYXa€ThCs B IOJIOKEHHA 1, MOBEPTAIOUHX Teliid B POCTIp
D.

-H—_r | m— al r ] 300

(K]

i I w

Puc.6 Ycranoska StirLNG
Briepre Ha Mopcbkux cyaHax ycraHoBka StirLNG Oyzae BUKOpucTaHa
Ha OyHKEPOBOYHOMY CY/HI 00CATOM BaHTa)KHUX TaHKIB 2200 m3 B pOEKTi
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kommnaHii Tote. Ha npomy cynui Oyne BcranoBieHo 6 StirLNG, npomyk-
tuBHicTIO 900 KT / 1IeHb 1 crioskuBaHol moTyxHicTI0 38 KBT KOKHA.

BucHoBku

1. 3 ypaxyBaHH;IM Cy4aCHHUX €KOJIOTIYHUX BUMOT 1 TOCTifHAM 3pOCTaH-
HSIM 1IiH Ha 3aJTUIIKOBI COPTH majiuBa, [IponynbCHBHUI KOMIUIEKC 3 IBOTA-
KTHUM Ta30-I13elIeM € YeproBUM €BOIIOLIHHIM PIllICHHSIM.

2. IcHyroui Ha CHOTOAHIIIHIN AEHb TEXHOOTI] BAKOPUCTAHHS TPUPOJI-
HOT'O razy B CyIHOBHUX MaJIOOOOpOTHHMX JABHUTYHAX MPHUHIMIIOBO pi3Hi. 3
TOYKH 30py OMHAMIYHHMX 1 TOTY)KHHUX MOKa3HHUKIB OYEBUJHHMH IepeBa-
ramMu BOJIOJIIE TEXHOJIOTIs IMo/aui ra3y ImiJl BACOKUM TUCKOM. OJIHaK, eKo-
JIOT1YH1 XapaKTEepUCTUKH, KalliTATOBKIAJEHHS Ta eKCILTyaTaliiHi BATPaTH
3HAYHO Kpallle Y JABUTYHIB 3 HU3bKUM THCKOM T10/1a4i rasy.

3. Ins He BENMMKHUX CyAEH - ONTUMAIbHUM BapiaHTOM € YCTaHOBKa
taHkiB THny C, sKi HE BUMaraloTh JOJaTKOBUX YCTaHOBOK JJis 0OpOOKH
[1BI. B Toii yac, sik y1s1 BENUKUX CYiB HAHOLIBII TPUBAOINBUM BapiaHTOM
Oy/ie yCTaHOBKA TaHKIB 3amacy MeMOpaHHOI'O TUITY, IO J03BOJISIOTh MaK-
CHMAaJIbHO e(peKTHBHO BUKOPHCTOBYBATH BaHTAXXHUI IIPOCTIp CyaHA.

4. HeoOxiaHuii momryk HalOUIbI epeKTUBHUX 1 EKOHOMIYHHX BapiaH-
TiB 00poOkn HaummikoBoro [IBI, mo yTBOproeThCs MpH CTOSHINI CyAHA,
SIKMI HEMOYKJINBO BUKOPUCTOBYBATH B SIKOCTI ITAJINBa B CYIHOBHX KOTJIAX i
JBUTYHAX BHYTPIIIHHOTO 3TOPSIHHA.
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10.31653/smf39.2019.56-68
Masnaxos O.B., Koneraes M.O., bpaxwik L. /1., JTlixormsin K.A.
Harmionansuuii yaiBepcuret "Onechka MOpChKa akaaemis'’

XAPAKTEPUCTHUKHU NPOLECY TEIIJIO-MACOIIEPEHOCY B
3ACTOCYBAHHI 10 BEHTWJIAILII IHEPTHUMU I'A3AMHA
BAHTAKHHUX TPIOMIB TAHKEPIB

IMocranoBa npodiaemMu

EdexkTtuBHICTh ekcrutyaTtanii TaHKEpiB BH3HAYAETHCS JIBOMA OCHOB-
HUMH HalpsIMKaMH:

- SIKICTIO MPOBENEHHS TPAHCIOPTHUX OIepaliii mia 4ac BUKOHAHHS
peiicy;

- TEXHOJOTTYHUMH CXeMaMH 1 BAPOOHHUYUMH OIEPaIisIMH, SIKi BUKOPH-
CTOBYIOTBCS ITijl Yac MiATOTOBKY CYHA JI0 MPUIHOMY HOBOTO BaHTaXY.

[Nepmmii HaNPSMOK BU3HAYAETHCS SKICTIO YIPABIiHHS CyIHOM 1, 30K-
peMa foro TeXHIYHUM MEHEIKMEHTOM. JIpyruil HanmpsSMOK BU3HAYAETHCS
BUPOOHWYHMH IPOIIECaMHU, SIKi BAKOPHCTOBYIOTBCS TIPU MPOBE/ICHHI BaH-
TaXXHO-PO3BAHTAKYBAJIBHHUX OIEpaiid. Y JpyroMy HampsMKy OCOOJIMBE
3HAYEHHs Ma€ AKICTh eKCILTyaTallii CMCTeMM iHEpPTHUX Ta3iB TaHKepa. [i ro-
JIOBHE MIPU3HAYCHHS TOJISITa€e B pealtizallil KOMILJIeKCy 3axo/iB, siKi 3a0e3-
MeYyITh CTBOPEHHS aTMochepy, Oe3MeYHOT 3 TOUKH 30py BUHUKHEHHS BH-
OyxiB 200 mokex BcepeauHi Tpromy. CKOpPOYEHHS 4acy POOOTH CHCTEMU
iHepTH3alii TPIOMIB TaHKepy Oe3mocepenHbO BH3HA4Ya€ BapTICHI MOKa3-
HUKH #oro pobotu. Lls cucrema nmoBuHHA MiATPUMYBaTH B OyIb-sKiii yac-
THHI BaHT@XXHOTO TPIOMY aTMocdepy i3 BMiCTOM KUCHIO He Oinblie 8% 3a
o0csiroM 1 HajuIMIIKOBHMA TUCK HA 20% Oinbie atmochepHoro. [Ipu nux
napamerpax Oy/ie 3a0e3rmeqayBaTUCs MPOTH IS HAIXOPKEHHIO 30BHIITHBOTO
aTMoc(epHOro NoBiTps (HAATUIIKOBOT KOHIIEHTPAIil KUCHIO) B CEpeANHY
TPIOMY.

AHaJi3 oCTaHHIX JoCTiTKeHb | myOJaikanii

AmHaJiz KOHCTPYKTUBHUX PO3MIpIB BaHTQXXHUX TPIOMIB Ha TaHKepax
MOKa3ye, 10 BOHU HE € yHiBepcaabHUMU. [Ipu mepexoi Big cyaHa 10 cy-
JTHa BOHU 3aBXJIM MK CO00I0 pi3HAThCA. CaMe 3 1i€l NPUYMHH Y BCIX HOP-
MaTHBHHX JAOKYMEHTaX BiICYTHs yHiBepcajbHa BUMOTra J10 00'€éMHOI mpo-
TYKTUBHOCTI CHCTEMH IHEPTHHX Ta3iB Ha TaHKepax. Y CBITOBIM MpakTUI
eKCIUTyaTallii TaHKepiB ICHY€E OJIHE YHIBEpCAIbHE IPABUIIO, SKE (hOPMYJIIO-
€THCSl HACTYIIHUM YHMHOM: 00'€eMHa BUTpaTa iHEPTHUX Ta3iB, MO BUPOOIs-
IOTBCSI Ha TaHKEpi MOBHHHA CTAHOBHUTH B KUJIBKICHOMY BHUPa)KEHHI BEIHU-
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YHHY, sIKa JOpiBHIOE 125% Big BeTMUUHHN 00'€MHOI BUTPATH CYyJJHOBOT'O Ha-
THITAIBHOTO yCTAaTKYBaHHS SIKE€ BUKOPHCTOBYETHCS IPH PO3BAaHTAXKEHHI Cy-
JIHA HA PSKMMi MaKCHMaJbHOI MPOAYKTHBHOCTI. B Xomi qocBiay ekcmiya-
Talii TaHKepiB BCTAHOBJICHO, IO TaKa BeTMYWHA 00'€eMHOI BUTPATH iHEPT-
HUX Ta3iB I03BOJISIE 3aIIOBHIOBATH BAaHTAXHI TPIOMH 3 YpaxXyBaHHSIM 3aIiacy
HAa MPOIEC YaCTKOBOTO BUBITPIOBAHHS 3 TPIOMIB JIEIKOT'0 1X 00CsATY.

3aranpHa cXeMma CYAOBOi CHCTEMH iHEpTHHMX ra3iB, JETaJbHUI OIUC
SIKOT HABOJIUTKCS B poOoTax [1-3] mokazaHa Ha CXeMaTHYHOMY MaJIFOHKY 1,
Jie BUJTHO, 1110 OCHOBHHMH TEXHIYHHMH BYy3JIaMH B CUCTeMaX iHEpTHHX Ta-
3iB TAaHKEPiB BUCTYNAIOTh: TeHEPATOp IHEPTHUX Ta3iB 7, SIKUH ABJIsIE COOOTO
OKpEMHUH By30J1 CIIATIOBAHHS Ma3yTHOTO MajHBa 3 METOI0 OTPUMaHHSA iHe-
PTHHX Ta3iB; cKpyOep 9, skuil npu3HaUYeHHUN ISl 3HIDKEHHST TeMITepaTypH
IHEPTHUX Ta3iB B X0 MPOIIECY TETUIOOOMIHY 3 OXOJIOIKYBAIBHOI BOJIOIO;
JIHIS TIO/1avi IHEPTHUX Ta3iB Y BUTJISL CKJIAJHOTO MaricTpajibHOro Tpy0o-
npoBoAy 12 3 BiAramyXeHHSIMHU; T1IpaBIiuHUi akyMyssiTop 15 ass 3amo0i-
TaHHs 3BOPOTHOTO PYXY IHEPTHHUX Ta3iB BiJl BAHTAKHUX TPIOMIB B CTOPOHY
reHepaTopa iHepTHUX ra3iB abo mepeadi B IbOMY HalpsIMKy CTPUOKIB TH-
CKY; aBTOMaTH30BaHa riipaBiiuHa apMaTypa TPIOMiB; 32CO0H KOHTPOIBHO-
BHUMipIoBaNibHOI amapatypu 11 (TepMOMeTpH, MaHOMETPHU, BaKyyMMETPH,
BUTPATOMIpH, TATYUKH 1 T. 1.).

3aranpHUIA BUTIISA JiarpaMu, 1O OKa3y€e B3aEMHHH BIUTUB MOTOYHHX
3Ha4eHb KOHIIEHTpAIlil KHCHIO 1 BYTJIEBOJHIB, SIKi BU3HAYAIOTh BUOYX MiK-
poaTMocepr B BaHTaXKHOMY TPIOMi TaHKEpy MOKa3aHWN Ha MallOHKY 2.
Ha naBezmeHiit miarpami TakoX BinoOpakeHI KOHTYPHU iX TPAaHHMYHHX MEX
[1].

BennunHa KoHIEHTpalil KMCHIO BU3HAYAETHCS BUMOTaMU BHOYXOBOI
Oesrexu. 3alleKHO BiJ BUIY MPOBEIEHOI TEXHONOTIUHOI oneparlii (3aBaH-
Ta)XKCHHS 1 BUBAaHT)XKEHHS BaHTa)Xy, BEHTUIIALIS, BUJIAICHHS 1HEPTHHUX Ta-
3iB), BUAy BaHTaxy (Ta3, cupa HadTa i T.1.), BUAYy TaHKa (BaHTaXXHHH, Oa-
JIACTHOI BOJIM) 1 MiCIIsl IPOBEJEHHS POOIT (IpHYa, BiIKpUTE MOpE, CYyXUi
JIOK) 3arajibHa JiarpaMa 4ucellbHIUX KOPAOHIB KOHIIEHTpAIlii KHCHIO 1 BYT-
JIEBO/IHIB B MiKpoaTMoc(epi TpIoMy MOKe 3MIHIOBATHCH.

AHaIi3 YMCI0BHUX XapaKTEPUCTUK KOHIIEHTPAIIH KUCHIO 1 BYIJIEBO-
HIB, SIKi € HOPMATUBHUMH 3aJISKHO BiJl BUIY TEXHOJIOTIUHOT oTiepartii
(BuBaHTakeHHs1 cHpoi HapTH abo ii MPOAYKTIB, 3aBaHTaXXEHHs a00
MUIKa TPIOMY, TIOCTAHOBKA CYJIHA B CYXHI JIOK) 1 BUIy TPIOMY (BaH-
T@XHUU TPIOM, OaTacTHHH TaHK) MMOKa3ye, 10 MPH CTBOPEHHI B MIK-



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 58

poarmocdepi BaHTRKHOTO TPIOMY TaHKepa MOKEKO0- Ta BUOYX00e3-
MEYHUX YMOB KOHIIEHTPAIlisI KUCHIO B poO04YOMYy 00Cs31 MOXKE 3Mi-
HIOBATHUCS B 3HAYHUX MeXaX. Y YMCIIOBUX 3HAYCHHSX IIeH Jiarma3oH
cTaHOBUTH Bin 8 10 21%. 3 1iel mpudwHM 1711 pO3pOOKH HOBOI CHC-
TEMH 1 TPUHIMIIB BEHTWIALII BaHTOKHUX TPIOMIB TaHKepa Oyia
MPUMHATa yMOBA, 110 O€3MEYHOI0 MEXEI € HAaWMEHILE 3HAYEeHHS.
KonrenTparisi KUCHIO BCepEeIUHI TPIOMY HE3aJIeKHO BiJl YMOB HOTO
eKCIUTyaTallii i BUAY BaHTaXYy, IKHI 3aBaHTaXKYEThCcs a00 BHBAaHTa-
KYETHCS, TP MPOBEJICHH1 OTeparliii 3aoBHEHHS a00 BUBAHTAXKCHHS
IHEpTHUMH Ta3aMU HE MOBHHHA TIEPEBUIYBATH BEINIUHY 8%.

Mopcxan e0da

10

Pucynok 1. 3aranpHa cxema CyTHOBOi CHCTEMH 1HEPTHHX T'a3iB

1 - manmBHI Hacocy; 2 - TOBITPSIHI KOMIIpecopy; 3 - MajMBHA MaricTpaib; 4 — Ho-
BITpsIHI TPYOONPOBOM; 5 - CUCTEMa 3aIraiOBaHHS 3 BY3JIOM Mi/IrOTOBKH MAJINBO-
TIOBITPSTHOT CyMilli 1 iHIUKaMi€ro il TOpiHHSA; 6 - PEryIsITOpu Nojaadi moBitpst; 7 -
TeHEpaTop IHEPTHUX Ta3iB; § - MariCTpab MOJaHHs 3a00pTHOI BoaH; 9 - CKpydep;
10 - npenaxkuuii Tank; 11 - enementn KBITiA; 12 - marictpans po3noainy iHepT-
HUX Ta3iB; 13 - BiBiJHA JiHis U1 CKHIAHHS IHEPTHUX Ta3iB B atMocdepy; 14 -
JIiHIS TIOaHHS 3a00pTHOT BOJIM B TiApaBIiYHUNA aKyMymIsaTop 15.
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Pucynox 2. 3aranpHa Jiarpama rnojiaHHsl iHEpTHUX ra3iB Ui BaHTaXKHUX
TpIOMIB TaHkepa [1]

[Ipu BUIITOBXYBaHHI IHEPTHIUMH T'a3aMH TOBITPS 3 TPIOMY MiAHIMAIIb-
HUN BHUMYIIEHWH pyX TMOBITPS B TPIOMI TaHKepa 3aBKIM BHKIUKAETHCS
TI€I0 CUIH, KA 3'SBIISIETHCS 38 PAXyHOK 3MiHM IILUTBHOCTI MOTOKY. Taka
3MiHA BUKJIMKAETHCS B3A€MOIIOB'sI3aHUMU MK COOOIO MPOIIecaMH TEIIONe-
pEHEeceHHs Ta Tepenavi MacH 3aBSKH Pi3HUM KOHLIEHTpAIisM iHEPTHHX
rasiB i moBitps. TemmepaTypHa ctpaTudikaiis AB0pa3zHOro MOTOKY iHEpT-
HUX ra3iB i MOBITPA 110 BUCOTI TPIOMY TAKOXK € OJJHUM 3 PaKTOpiB, 10 BILIU-
BalOTh Ha HIBHJIKICTb BUTHCHEHHS MTOBITPs 3 TpioMy cyaHa [4]. Came BoHa
peanizye MexaHi3M mepenadi eHeprii Bij iHEpTHHX Ta3iB 10 moitps. Ha

rpagiky ManroHKa 3 B3sTOMYy 3 poOOTH [5] BUIHO, IO MPH 3MiHI TeMIlepa-
Typu Bizt 20 10 80 °C minbHIiCTH MOBITPs 3MiHIOETHCA TPUOTH3HO Ha 20 %
Bix 1,2 10 0,99 kr/n’.
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Pucynok 3.3MiHa MIIBHOCTI TOBITPS 3 POCTOM TEMIIEPATYpH

ITpu poboTi renepaTopa iHEPTHHUX ra3iB B XO/Ii 3rOPSHHS NaJUBA MPaK-
TUYHO 3aBK]IM OCHOBHUMH XIMIYHUMH KOMIIOHEHTAMU, 10 CKJIQ/Ial0Th Ha
BHXOJIi 00CST TUMOBUX ra3iB € [6]: Byriekuciuii raz CO; 3 00'eMHUM BMi-
ctoM Big 1 1o 10 %; okenp Byrero CO 3 00'emuum Bmicrom Big 0,01 10
5 %; Boaa H>O 3 o0'emuum BMicToM mapu Big 0,5 1o 4 %; giokcuj a3ory
NO: i okeup azory NO 3 00'eMHUM BMICTOM Ta3iB Bij 76 10 78 %; KUCEHb
O 3 00'emHuM BMicTOM B 2 10 18 %; HekaHIIEPOT'eHHI 3'€IHAHHS BYTJIC-
BoauiB CH 3 06'emuum Bmictom Bifg 0,009 10 0,5 %; amsaeriou 3 00'eMHMM
BmictoMm Bix 0,001 mo 0,009 %; oxcun cipku SOz 3 00'€eMHUM BMiCTOM Bif
0,001 10 0,03 %; caxa 3 00'emHnM BMmicToM Bix 0,01 mo 1,1 r/M; Gensomi-
pen 3 06'eMHuM BMicToM 710 0,01 /M’

[Tpu BU3HAYEHHI MITBHOCTI IHEPTHUX Tra3iB B OUIBIIOCTI BUMIAIKIB MO-
JKHA BBAXKATH, 1110 JIAHUHM OOCSAT IHEPTHUX Tra3iB CKIAJAEThCS 3 YOTHPHOX
6a30Bux KoMrnoHeHT - CO,, H20, NO», O,. B pobori [7] mis po3paxyHKiB
TEIUIOBOT MOTYXKHOCTI KOTJIa HaBENEHI CepeIHhOCTATUCTUYHI MOKa3HUKU
IIMX KOMIIOHEHT. BoHM moka3saxi B Ta0aumi 1.

VY OinbIn 3aragbHOMY BHINJKY HILUTBHICTh IHEPTHUX Ta3iB MOXKHA PO3-
paxyBaTH, K MHOKEHHS iX IiTbHOCTI Hpu HopMmanbHuX ymoBax (0 °C i 760
MM. PT. CT.) Ha TEMIIEpPaTypHY MONPaBKy 3a BUpa3oM [§]:
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Tabmums 1
XapakTepHuCTHKH OCHOBHUX KOMIIOHEHT [7]
Kommonent 006'emHn [impHICTH Barosuit TemmoemHICTh
BMicT, % pu cknan, % TTicas yTuitiza-
100 °C, uii, kJlx/(kr-K)
Kr/m>
COs 8,64 % 1,977 13,82 1,076
HO 18,46 % 0,598 12,2 2,026
NO2 70,18 % 1,25 71,99 1,076
)} 1,72 % 1,429 1,99 1,004
_G,. 273 1+al, 273
Poe = 2734 22.4(meg, +myyp g, +my ) 2734T
1+ a( Q, J
0.21 273

 22.4(mgy, +my o+ myy, tmy ) 273+T

(1)
J€: Po.. — UIIBHICTH TUMOBMX Ta3iB, ko/m’; Gy, — 3arajibHa KiIbKiCTh
JMMOBHX Ta3iB, 10 YTBOPIOIOTHCS MPH CIANIOBaHHI | KT nanusa, xe/ke; V..
— o0csar nuMoBuX Tasis, m’; T — temmepatypa, "C; a — koediuieHT Ha-
JIUILIKY TOBITPs; L, — TEOPETUYHA KUTBKICTh TIOBITPs, HEOOXiqHA AJISl 3T0-
psHHS | KT nanuBa, Kr/Kr; O, — TEOpETUYHA KUIbKICTh KHCHIO, HEOOXiTHa
JUIsl 3TOPSIHHA | KT MayimBa, KI/KT; 7; — MOJBHUH 3MICT i—TOi KOMIIOHEHTH
iHEPTHUX ra3iB (PO3PaXOBYETHCA 3a eMIipuuHUME Gopmysamu [8]), m’;

DopMyJIIOBAHHS METH T0CTiIKEHHS
3 ypaxyBaHHSM BUIIEBHKIAJCHOTO Oyla cPOpMyTbOBaHa OCHOBHA
MeTa HayKOBOT'O TOCHTIDKEHHS - PO3pOOUTH MaTeMaTHYHY MOJIEINb, Ha Mij-
CTaB1 SIKOT MOXKJIMBO OTPUMATH YHCEIbHI Aiarna3oHu 3MiHH OCHOBHHUX YHCe-
JHHUX XapaKTEePUCTUK MPOIIECY iHepTU3allii BAHTAKHUX TPIOMIB TaHKeEpA.

Buxkax ocHOBHOro Marepiajty A0CJTiKeHb
[pu po3poO11i MaTeMaTHYHOI MOIEN] Yepe3 HEBUCOKI IBUAKOCTI PyXy
MOTOKY TOBITPs BCEpEMHI TpIOMY Oyiia BUKOPHCTaHa TilloTe3a Mpo HOro
HECTHUCIIICTS 1, [0 CaM MPOIIeC HOro pyxy € pIBHOBRKHUM. Y IIbOMY BHIIa-
JKY 3TiZIHO 3 pe3yJbTaTaMu JOCIiIKeHb poOoTH [9] TMHaMiYHa 3a/1a4a Mpo
PYX TIOBITpsl IPH HOTO BUTUCHEHHI 3 TPIOMY MOYE PO3TIISAATUC OKPEMO
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BiJl TEIJIOBOI, KOJIM BCEPEAMHI TPIOMY BiIOYBA€ThCS TEIIOOOMIH MiX TO-
BITPSAM 1 IHEPTHUMH T'a3aMHU.

B sKOCTi OCHOBHHX DPiBHSIHB, SIKi OyJIM MIPUHAHSATI U MOAAIBILIOTO BU-
KOPUCTaHHSI B TEOPETHUYHUX JOCIIIKEHHAX OyTu BUKOPHCTaHI PiBHSHHS
PYXY 1 piBHSIHHSI MaCOOOMIHY, IO OMUCYIOTh 3MiHYy MacOBOI KOHIICHTpaIil
IHEPTHUX Tra3iB i MOBITPsI B 3aAMKHEHOMY MTPOCTOP1 TPIOMY.

[30eHTpOIiYHNE pyX TOBITPS B TPIOMi MOXJIMBO ONHCYBaTH JBOMA
criocobamu. [lepiia cucrema piBHSHB € MEHIII TOYHOIO, aJie IPOCTa y CBOIH
qucenbHOI peaizarii [10]

opV. 0
—~ +—(P+pV?)=0
o (Ppll)
opV,
by + ﬁ(P + pV,Z) =0
ot oy !
opV, 0

4+ —(P+pV?)=0
o (P rl)
P
77=COI’ZSI
P

)
Jlpyra cucrema piBHSHB € OUTBII TOYHOK, OCKUILKA BPaXOBYE Xapak-
Tep pyXy MOTOKY 3 ypaxyBaHHSM MOTOYHOI KOHIICHTpAIlil iHEpTHHUX ra3iB
[4]. ¥V ckopoueHiii (hopMi 3aITUCy BOHA MA€ BUTJISL
dv, 0 ,
aVi _ o P (q —C,.)—VP+/1V2K

P a ~ 8 ac

3)
ne Vi, Vy, V2, Vi — npoekuis mBuakocti, m/c; P — tuck, Ila; C;, Ci—
KOHIIEHTpAIlisl OBITPS B TPIOMi i B HABKOIMIIHBEOMY CEPEIOBMILI, KI/M’; 1
— IMHAaMiYHAa TPY3bKIiCTh MOBITPS, [l c.
Li piBHSHHS TOBUHHI OyTH JTONOBHEHI PiIBHSIHHAM HEPO3PHBHOCTI

opV.
o ox oy oz

Q)

OCKITbKY NpH M0Javi iHepTHHUX ra3iB B BAHTAXKHUN TPIOM CY/IHA BHKO-

pHUCTOBYIOThCs Matli (MeHmIe 30 M/c) MIBHIKOCTI TO CTUCIUBICTD Ta30-TI0-

BITPSHOI cepeloBUIla BCEPEMHI TPIOMY MOXXKHA HE BPaxoBYBaTu. 3 wi€l

MPUYKMHY B PIBHSHHI (4) TIepIINii JOAaHOK MOYKHA HE BPaXOBYBATH 1 PH-
MaTH TaKUM, 1110 JIOPIBHIOE HYJIIO.
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3B'SI30K MK IIUTBHICTIO 1 TEMITEPATypOI0 TUMOBHUX Ta3iB abo MOBITPs
OIUCYETHCS] HACTYITHUM PIiBHSHHAM cTany [10]
p = p()(] - C‘V[T - T;)J)
&)
ne C,, — 00'emunii Koedimient Teruosoro posmmpenss, ‘C’; po, Ty —
MOYATKOBI 3HAYEHHS IIUILHOCTI 1 TEMIIEPaTypH.

Pyx cTpyMmeHiB iHepTHHX Ta3iB B 00JacTi BUXOLY BCEPEIHHI TPIOMY
MOXHa OMHCAaTH 3 BUKOPUCTAHHIM CHCTeMH IH(epeHIialbHIX PiBHSHb
Eiinepa. [i BukopucTanus o6IpyHTOBYEThCS €KCIEPMMEHTAILHO BCTAHOB-
JIHUM PE3yJIbTAaTOM IIPO BiICYTHICTh BIUTUBY e()eKTiB ITPy3bKOCTI Ha Xapa-
KTEp PyXy MOTOKY Y3/0BXK ITOYATKOBOI AUISTHKU CTpyMeHs [11]

ov, 1P
x  pox
o, __10pr (6)
oy p oy
o.__1op
oz __p oz

3MiHy KOHIIEHTpallil iHEPTHUX Ta3iB BCEPEANHI TPIOMY MOXKHA OITUCATH
PIBHSHHSM, 11O 3B'A3ye AU(QY3IMHUN MOTIK 13 Tpaji€eHTOM KOHIEHTpaIlii,
SIKUI HOT0 BUZHBAE

%:D,.vfc, +8S, (7)

ne C; — MacoBa IIUIbHICTh IHEPTHUX ra3iB B 00Cs31 MOBITPS, kr/m’; D, —

xoedilienT nudysii inepTHUX ra3iB, M/c; S; — MBUAKICTH FeHepYBaHHS iHe-
PTHHX Ta3iB B OWHHIII 00'€EMY TPIOMY, M/C.

Posnoain Temmepatypu BcepearHi TPIOMY IPH HOTO BEHTWIIALII HE €
cyrteBuM. [liama3oH ii 3MiHU JyIs iHEPTHUX ra3iB CTAHOBUTH He Oibie 15-
20 °C. ButHcHeHHs HOBITps BilOYBA€ThCs 32 PAXyHOK MPOIECIB KOHBEKTH-
BHOTO [IEPEHOCY, a HEe TEIIOBOl Audy3ii. 3 i€l NPUUMHU MOJIe TEMITEPATYP
MOJKHA OIIIHMTHU MUISIXOM BHPIIICHHS TEIIJIOBOT 33J1adi 3 TOYKOBUM JIXKepe-
JIoM Teria. 3rigHo poOoTi [9] 3a MexxaMu Kojia pajiiycoM I, Ha SIKOMY 3a-
nana Temneparypa 1(7,)=7Tp po3noAia Mo TeMIeparyp npy 3HaueHHI Yu-

cna Ilexni (Pe) 6inblie BoX OyJe OMMCYBAaTUCS K
—Pe
q 1 q 1
)y =—39 _~ +|lr-—9 V| 41
*) 2(Pe - 2) 7’ " 2Pe-2)r |\ ”

(8)
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ne T — temnepatypa, "C; r — paniyc chepudnoi oBepxHi, Ha SKiil BH-
3HAYAETHCS TEMIIEPATYPA, M; ¢ - IHTCHCUBHICTh TEIUIOBUIUICHHS, Bm; Pe —
grcio [lekne; 7y — paaiyc TemIoBoro cepruyHOro JHkepena Ha KoMy 3a-
JlaHa TeMIiepaTypa, m; I — TemMreparypa Ha Heckinuennocri, ’C.
Bennunnu Pe i @ MOXXyTh OyTH po3paxoBaHi 3a BUpa3aMH

Pe = _2 (9)
2y
_ dvPe’ (10)
C

v

ne Q — BuUTpaTa iHEPTHHX TrasiB, M’/c; y — TEMIEPATYPOIpPOBiIHICTH
M*/c; v — KiHeMaTHuHa B'S3KICTb, M/c’; Cy — INUTOMA TEILUIOEMHICTD,
JDic/ (ke K).

CykynHicts piBHsIHB (1) - (10) € MaTeMaTHYHOIO MOJEIUIIO MPOLECY
BEHTHJIALIT TPIOMY iHEpTHUMH Ta3aMH B XOJIi OTO MiZIrOTOBKH JI0 HACTYII-
HUX BaHTXKHUX onepailiii. J[s i BUpilieHHs BUKOPUCTOBYBAJIUCS MOYaT-
KOBi YMOBH, 5IKi MOJIETTIOBAJIH CTaH MOTOKY TOBITPsI BCEpEANHI BCHOTO 00-
CSry BaHTa)KHOTO TPIOMY 1 CTPYMEHIB iHEpTHHX Ta3iB, sIKi MOJAOTHCS HA
HOro BUTICHEHHS.

[Ipu 3aBnaHHI KIHEMATHYHUX XaPaKTEPUCTHK CTPYMEHIB Oyi10 MpuiiH-
ATO, 0 BOHU MAIOTh 1IEHTUYHI 3HAYEHHS IIBUKOCTi, THUCKY Ta TeMIepa-
TYpH y BCiX pO3paxyHKOBUX By3nax. Lli yMoBH B 3aeXHOCTI BiJ MicIs po-
3TallyBaHHA HAacaJOK MoJayi CTpyMeHiB (OpMYIIOBaIHCs B HACTYITHOMY
BUTJISAL:

- po3TalllyBaHHS HACAJI0K Ha BEPXHIiH CTIHI BAHTAXKHOT'O TPIOMY

V, = —const V. =0 v, =0
(11)
P = const (12)
T = const (13)
— pO3TalllyBaHHs HACAJIOK HA JIHI BAHTAKHOTO TPIOMY
V. = const V. =0 v, =0
(14)
P = const (15)
T = const (16)

3Ha4yeHHs1 KOHCTAHT, 10 BXOIATH 10 BUpasy (11)-(16) maroTs BiAmoBi-
JaTh XapaKTepUCTUKAM HaTHITAJILHOrO OOJIaZIHAHHS, MI0 BUKOPUCTOBY-
€THCS JUIS 110J1a4l IHEPTHUX ra3iB Ha TAHKEPax.
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V Bupazax (11) i (14) 3HaK WBUAKOCTI MPUAMAETHCS TIO3UTUBHUM 200
HEraTHBHUM MO BiTHOLIEHHIO O OCHOBHOTO HAIPSIMKY PyXy MOBITpS, IO
BUTHCKYeThCs. MOro BifuTiK 3aB3K/Ii IIOBHHEH BECTHCS BiJl THA BAHTAXKHOTO
TPIOMY B CTOPOHY aTMocgepHu.

[MoyaTkoOBi yMOBH Il MO/ICTIOBAHHS TIOBITPS BCEPEAMHI TPIOMY 3aIlH-
CYBAJIKCS Y BUTJISIII CTaHy MOT0 MOBHOTO CIIOKOIO MEpe MOYaTKOM Mojiadi
CTPYMEHIB IHEPTHUX ra3iB

V.o =0 v, =0 V.o =0

(17)

P = —gpﬂ(y - Tayzj (18)
2H

T = const (19)

Sx BumHO 3 piBHsAHAA (18) 3MiHA THCKY 1O BUCOTI BilIOBiAaa riapoc-
TATHYHOTO THUCKY. Y pas3i, AKIIO B XO/A1 MOJIENIOBAHHS JIIsl OTPUMAaHHS pe-
3YJIBTATIB 3 BUCOKOIO TOUHICTIO HEOOXIJHO BPaXOBYBAaTH KyT XUTABHIII CY-
JIHA Y, TO B piBHsIHHI (18) HEOOXiAHO 3aMIHUTH JIOJAHOK g Ha: gCOs Y B Ha-
npsiMKy Bicci OX 1 gsin y B HanpsiMKy Bucci OY. 3HaueHHs! KOHCTaHT, IO
BXOAATH 110 BupasiB (18)-(19) MaroTh BiANOBigaTH XapaKTEPUCTKaM MOBi-
TpsI BCEpEANHI BAHTAXXHOTO TPIOMY B PEATbHUX YMOBaX eKCIUTyaTallii TaH-
Kepa.

J7is1 BUpillICHHS piBHSHB MaTEMaTHYHOI MOJIEINTi B CYKYITHOCTI 3 IOYat-
KOBHMH YMOBaMH HEOOXiZIHO BUKOPHCTOBYBATH IPaHUYHI YMOBH. 3 iX J0-
MOMOT'0I0 MOJICITIOIOTHCS BC1 JKOPCTKI MMOBEPXHI PO3PaXyHKOBOr0 00CATY i
XapaKTePUCTUKU CTPYMEHIB iHEPTHHUX ra3iB B MICISIX PO3TallyBaHHS X
BXOAY B TptoM. JKOPCTKi CTIHKH TPIOMY MOKHA OIHCYBATH 32 JOIIOMOr'O0
YMOBH HENPOTiKaHHS MOBEPXHi, KOJIW MIBUJKICTh TIOTOKY JOPIBHIOE HYJIIO

V. =0 v, =0 V.= 0 (20)

Bennunna TemmnepaTypu Ha CTiHKaxX TPIOMY MOXe MpHMaTHCS He-
3MIHHOIO 1 TaKolO, L0 JIOPIBHIOE MOYATKOBOMY 3HAYEHHIO TEMIIEPaTypH
MOBITPS B TPIOMI.

[Tpu npoBeaeHHi nOCHiKEHb Oy BUKOHAHI HATYPHI BUMIPIOBaHH,
IO OMHCYIOTh MPOLIEC 3MIHM KOHIIGHTPAIil KUCHIO B BAHTAXXHOMY TPIOMi
TaHKepa B X0/l HOro BEHTHJIALIT IIISIXOM MPUMYCOBOT IOAayi iHepTHHX Ta-
3iB. Lli Bumipu Oynu 3icTaBlieHi 3 pe3yJabTaTaMi BUMIPIOBaHHS aHAJOTiy-
HOT'O Tlapamerpa MpH CTaHJApPTHINA orepanii MoJaHHs iHEPTHHX Ta3iB B
TPIOM CYZIHA 1 3 pe3yJabTaTaMy TEOPETHYHHX JOCTIHKEHb Ha OCHOBI pO3pO-
OneHol MarematnyHoi moneni. Bei pe3ynbTaty mokasaHi Ha MalllOHKY 4.
HagezeHi Ha rpadiky 3HAUEHHS KOHIICHTPAIIIl KUCHIO BiJIIIOBIIal0Th TOYII
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BUXOJy MOBITPs 3 BAHTAXKHOTO TpioMy B atMocdepy. ExciepuMenTanbhi
NlaHi, TIOKa3aHi Ha oMy rpadiky, Oyln OTpUMaHi OJHOYACHO, KOJIH JBa
MOBHICTIO 1IEHTUYHUX BaHTRKHUX TPIOMH 3allOBHIOBAJIMCS IHEPTHUMHU Ta-
3aMH 32 CTAHJIAPTHOIO TEXHOJOTTYHOIO CXEMOIO 1 3 BUKOPUCTAHHSM PO3PO-
071eH0T KOMOIHOBaHOT CXEMH MPUMYCOBOI BEHTHIISII.

Sx BuaHO 3 rpadikiB BUKOPUCTAHHS MIPUMYCOBOT NIOAAYI MPHU3BOANIIO
JI0 KUIBKICHOI, aJjie He SKICHOT PO30KHOCTI y 3MiHax B 4aci KOHI[GHTpaIlil
KHCHIO BcepeauHi Tpromy. OTprMaHa po30DKHICTh MK IBOMa eKCIiepHMe-
HTAJIFHUMH KPUBHUMH TOKa3ye, 110 BUKOPHCTAHHS MPOIECY MPUMYCOBOL
nojadi iHepTHUX Ta3iB BCEPEIUHY TPIOMY IIPU3BOJAMUTH IO OTPUMAaHHSI Hali-
TOJIOBHIIIIOTO i OCHOBHOI'O PE3YNbTaTy - CKOPOUEHHS Yacy, L0 BHUTpaya-
€THCS HA BEHTHJIALIHHY 00pOoOKY TPIOMIB TaHKepa Tepe]i OTpPUMaHHAM HO-
BOro BaHTaxy. Ha rpadiky BHIHO, 110 Ha MOYATKY MPOLECY BEHTHIIALIT
3MiHa KOHIEHTpalii KHCHIO BiIOYBa€ThCSI OJHAKOBO HE3AJIECKHO BiJ CHO-
co0y mojadi iHepTHUX Ta3iB. [CTOTHE PO3X0KEHHS MK KpHBUMH MTOYHHA-
€Thcs uepe3 80 XBUIIMH MMICi OYATKY MPOIECY BEHTUIISILIT TpromMy. 3ase-
JKHO B1JI CIIOCO0Y BEHTUJISAIIIT TPIOMY KOHIIEHTpAILisl KUCHIO BCEPEAMHI HOTO
po0OYOro MPOCTOPY, 110 OTPUMYETHCS TPU 3aKIHUCHHI BIPI3HAETHCS 1 11
3Ha4YeHHS B pa3i MPUMYCOBOI BEHTHIIALI] CTa€ MEHIIe, HK MPH CTaHAAPT-
Hili. Ha rpagiky BuaHO, 1110 BUXiJ Ha CTallioOHApHE 3HAYCHHS KOHIIEHTpaLii
KHCHIO, sIKe TOpiBHIOE 8% IMij] yac MpUMYCOBOI MO/Ia4i iHEPTHUX Ta3iB CIo-
crepiraeThes MpuOIU3HO uepe3 740 XBUIIMH MICHA MOYATKY MPOLECY BEH-
TUJISAIIT TPIOMY. AHaJIOTIYHA BEJIMYMHA KOHIISHTpPAIIil B X0/[i TPUPOIHOT Be-
HTUIIALIT TPIOMY 3a 1ieii mepion yacy Oyna Ginbie i cranosuna 9,25%. Ii
BHXiJI Ha CTaIliOHApHE 3HAYEHHS CIIOCTepiraBcsi npuodan3Ho depe3 1700
XBHJIMH MICIISl TIOYATKY MPOLIECY BEHTUIISIIIT TPIOMY.

VY HpOIEHTHOMY CITiBBiTHOIICHHI TOJIMIICHHS MPOLECY BEHTUJIAIIT
TPIOMY TIpH TIEPEXOIi Bii CTAaHAAPTHOI IO MPUMYCOBOT BEHTUJISIMIT TPIOMY
cxnano 13,5 %. CkopoueHHs BUTPauSHOTO Yacy MPH HIIUX PIBHUX YMOBaxX
cknaio 56,47 %.
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Pucynok 4. 3MiHa KOHIEHTpAIlii KHCHIO TIPH IMOAAaHHI IHEPTHUX Ta3iB B
BaHTAXXHUH TPIOM TaHKepa

® — crannaptHe noganHs VI'; @ — npumycose nonanus U cy-
IiJTbHA JiHIS — PO3PAXYHOK.

BucHoBku

1. ¥V nepmiomy HaOIMKEHHI PO3MOIINT TEMIIEPATypH MK CTIHKAMH 110
HIMPHHI 1 BUCOTI BAHTAXXHOTO TPIOMY MOXKHA MTPUHMATH JIIHIHHUM.

2. B cuny HeBHCOKHX IIBUIKOCTEH PyXy MOTOKY TMOBITPSl BCepenuHi
TPIOMY TIpolLiec Horo pyxy € piBHOBaXKHUM. B 1[bOMy BHNaAKy AMHAMidyHA
3ajayda mpo pyx MOBITPS MiJl 4ac HOro BUTUCKAHHSA 3 TPIOMY MOXE PO3IJIsi-
JATHCS OKPEMO BiJI TEIIJIOBOT, KOJIM BCEPEAMHI TPIOMY BiJIOYBA€THCS TEILIO-
OOMiH MK MOBITPSAM 1 IHEPTHUMH Ta3aMHU.

3. Ipu po3poO1i MaTeMaTHaHOI MOJIENi BUKOPUCTAH1 PiBHSHHS PYXY i
PIBHSHHS MacooOMiHY, III0 OMKCYIOTh 3MiHY MacOBOi KOHIIEHTpallil iHepT-
HUX Ta3iB 1 MOBITPS B 3aMKHEHOMY MTPOCTOPi BAHTAXKHOTO TPIOMY TaHKepa.
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MIJIBALEHHS HETAHOBOI'O YHACJIA AW3EJBHOIO
IMAJIMBA ITPH JOMIIIKAX HAHOIOPOIIIKA OKCHIA
AJIIOMIHIA (ALO3)

Abstract. The main trends in modern diesel engines are the increase in
fuel efficiency and operational reliability of engines, as well as their envi-
ronmental safety, mainly related to stringent emission requirements for ex-
haust gases.

The necessity of the world navy fleet in the non-existent amount of fuel
is clarified, the forecast is made, which implies further increase of its con-
sumption. The total capacity of marine engines in the world, and in the long-
term perspective, until 2050, is determined. The number of emissions of
harmful substances into the atmosphere by the ships of the world fleet is
shown, international norms are regulated, which strictly regulate the num-
ber of these emissions, as well as the dynamics of the strengthening of
norms for the present and for the future.

Certain types of technological emissions and the composition of harm-
ful substances in the exhaust gases of marine engines have been identified.
They make up 0.1 - 1.0% of total emissions, are in gaseous state and include
carbon monoxide oxides, NOx nitrogen, SOx sulfur, and hydrocarbon
CrNy. Emissions of nitrogen oxides (NOx) with off-gas from marine diesel
engines account for about 14% of global NOx emissions from the combus-
tion of all types of fossil hydrocarbon fuels

The analysis of methods of their purification is carried out.

An analysis of recent publications has been carried out

It is known that the quality of diesel fuel, its physical and chemical
properties, affect the fuel economy and the content of harmful substances
in the exhaust gases of the engine. The most common way to ensure the
required properties of diesel fuel is the introduction of multifunctional im-
purities. The groups of impurities to diesel fuel are given. The influence of
nano-metal impurity on AI203 fuel is analyzed. The analysis of diesel fuel
with an admixture of aluminum oxide nanopowders (A1203) gamma-mod-
ification. It has been established that the additive to diesel fuel based on
AL203 nanopowders is promising. It is expedient to carry out a complex
of motor tests for introduction of an additive on the sea and river fleet
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Keywords: world fleet, ship engines, environmental safety, energy ef-
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NIABUIIEHHS HETAHOBOI'O YUCJIA JAU3EJBHOI'O IIA-
JIMBA ITPU JOMIIIKAX HAHOITOPOILIKA OKCHUJA AJIOMI-
HIS (AL O3)

Anoranisi. bazoBuMu TEHICHIIIIMU Cy4acHOTO Jqu3encOyayBaHHS 3a-
JIUIIAFOTHCS MiABUINECHHS MAMBHOI e)EKTUBHOCTI Ta eKCIUTyaTalliitHOl Ha-
JUMHOCTI JBUTYHIB, 8 TAKOX iX €KOJIOTIYHA Oe3reKa, MoB's3aHa FOJIOBHUM
YHHOM 3 KOPCTKUMH BUMOT'aMH T10 €MiCii BUITYCKHHX I'a30B.

3'sscoBaHo MOTPedy CBITOBOTO MOPCHKOTO (DIIOTY Y HEOOXBIAHIH Killb-
KOCTI TaJinBa, 3pOOJIEHO MPOTrHO3, KWK Tependavae mopambiiue 3011b-
HIeHHs 00cATY foro criokuBaHHs. 3'sicoBaHa cCyMapHa MOTY>KHICTb CyJHO-
BUX JIBUTYHIB B CBITi, 1 Ha BifganeHy nepcrektusy, 10 2050p. ITokazana
KUTBKICTh BHKHIIB HIKI[UIMBUX PEUOBUH y aTMoc(epy cylaMH CBITOBOTO
¢oTy, HaBeACHI MKHAPOAHI HOPMH, KOTPi CTPOTO PETJIAMEHTYIOTh Kijlb-
KICTb I1iX BUKHUJIIB, @ TAKOXK JMHAMIKA TIOCUJICHHS HOPM Ha ChOTOZICHHS 1 Ha
MalOyTHe. BU3Ha4YCHI TICBHI BUU TEXHOJOTIYHUX BUKHUJIB 1 CKJIAJ] IIKij-
JMBUX PEUOBHH Y BUXJIOITHUX Ta3aX CyJHOBUX JABHUTYHIB. BoHM cKilaaroTh
0,1 — 1,0% 3arampHOrO 00'€My BUKHIB, 3HAXOAATHCS y Ta3000pa3HOMY
CTaHi Ta BKIIIOYArOTh 110 cebe okucu Byriero COy a3oty NOy, cipku SOy, 1
ByrieBonHi CxHy, IIpoBenen aHaiiz MeTOIB iX OYHMIICHHS.

[IpoBenen anami3 ocTaHHIX MyOi KaIii

Bijmomo, 1o SIKicTh JU3EIBHOrO MajuBa Horo ¢i3nyHi 1 XiMiuHI Biac-
THUBOCTI, BIJTMBAIOTh Ha TTAJIMBHY €KOHOMIUHICTb 1 BMICT LIKIUIMBUX PEYO-
BHH Yy BiINpalbOBaHUX ra3ax ABUTYHa. Haiibinpm nommpeHuM crocobom
3a0e3rneueHHs HeOOX1IHUX BIACTUBOCTEH JTU3CIBHOrO MajkBa € YBEICHHS
OaraToyHKI[IOHATBLHUX JOMIIIOK. HaBeneHo rpynu AOMIIIOK 10 AU3Elb-
Horo nanuea. [I[poaHanizoBaHo BIJIMB HAHOMETAJIEBOI JOMIIIKH JI0 TAJIUBA
ALOs. IlpoBeneHo aHai3 AU3EIHHOIO NAIKBA 3 JOMIIIKO HAHOIOPOIIKY
okcuay amominito (AlO3) ramma- Moaugikaii.

Karouogi cioBa: ciToBuii ()J10T, CYJHOBI JABUTYHH, CKOJIOT1UHA Oe3-
neka, eneproe)(heKTiBHOCTD, JOMIIIKH.

AHAJII3 ITPOBJIEMMU 1 IOCTAHOBKA METHU JOCJIAKEHH S

VY cBitoBomy Macmtadi BukuIu okuciiB a3oty (NOx) i3 CyJeH oliHto-
10ThCsl puOIHM3HO y 10 MiNbHOHIB TOHH Ha piK, 110 ekBiBaiteHTHO 50 %
ycix BukuaiB NOyHa cymri y CHIA a6o 14 % Bix 3araabHOro 00CsAry BUKH-
niB NOy ycix mpupoaHux nanus [1].
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MopchKi pKepena BUKHIIB MalOTh 3HAUYHHUN BIUTHB Ha SIKICTh MTOBITPS
HAa CyIIli, 0cOOIMBO MOOIM3y HAHOLIBII 3aBaHTAXKEHUX MPUOEPEKHUX BOJI-
HHUX IUIAXIB.

Ha puc. 1 1aHO BiICOTKOBHIA PO3IOALT BUIB PEUOBUH B BiNIpaIiboBa-
HHUX Ta3axX JU3eIbHOr0 MBUTYHA [2].

oK. 67 %
Puc. 1 — TunoBwmii ckiiaj BIANPAlbOBAHKUX ra3iB CYTHOBOI'O ANU3EIIS

VY noaatky VI no MAPIIOJI nipo 3a0pynuenHst moBitpst BukuIu NOy
oomexyBanucs 10 1 ciuasg 2016 poky y o0cs3i 14,4 r/kBt-pik mis Manoo-
OOpOTHUX MOPCHKUX JH3ENiB MPH BUIIPOOYBaHHAX. 3apa3 Jie e Oinpiua
XKOpPCTKICTh BUMOT 10 BukUaax NOy — 3,4 r/kBt-pik Puc.2 [3].

Bignosinuo no pezonrorii MEPC.203 (62) 3 1 ciuns 2013 p. BcTynum
y Jifo MOMPaBKH NP0 BBEJCHHS HOBUX MPABHII 110 eHEProeh)eKTUBHOCTI Cy-
JIeH.

MixnaponHoto Mopcbkoto Opranizaniero (IMO) yBOOUTBCSI IOHSITTS
"KOHCTpYKTHBHOTO KoedimieHty eHeproedexkrusHocti" (KKE). Ile mo-
HATTS TIOIIMPEHE Ha HOBI Cy/IHA; Cy/IHA SIKi 3a3HaJIM CEPHO3HOro rnepeoda-
JHaHHS; Ha HOBI a00 iICHYIOUi CyJHa, SIKi 3a3HAJIM HACTUIBKH CEPHO3HOTO
nepeodyaHaHH, 110 BBAXKAIOTHCSI MOPCHKOIO aJMIHICTpAIi€l0 Jep:KaBH
3aHOBO CKOHCTPYHOBaHHMH.
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Puc.2 — 3umxkenns BMicty NOx Ha OJICHHIIIO MTOTY>KHOCTI TI0 POKax

Pe3omtonist BUMarae BUKOHATH HACTyIHe: MoynHarouu 3 1 ciuns 2013
P TIpH MEPBUHHOMY OIJISZi HOBOTO CY/AHA, SIKMM MOTPANUB IiJ BUMOTH
rnasu 4 Jlomatka 6 10 MAPITIOJI, mis BBemeHHS MOTO B eKCILTyaTalliio
cItig orpuMaTi MixkKHapoIHE CBIIONTBO €HeproedeKTHBHOCTI Cy/IHA Ha Bi-
anoBigHicTh BuMoram riasu 3 Jlogatka 6 1o MAPIIOJI. Onun 3 eramiB
MPOLIECY OISy CKIIaJIa€ThCs y MepeBipIli cTaHy eHeproedeKTUBHOCTI Cy-
JIHA y pe3yNbTaTi 3aCTOCYBaHHS MOMIMIIYIOUMX 3aX0/IB 3 3BITHHU Mepiox
qacy ekcrutyatanii cyana 3rizno MEPC.1 / Circ.684

BumeBukiaieHe Bka3zye Ha HEOOXiHICTh MOCTIHHOT POOOTH 3 TOJIII-
IIICHHS 3aXOJiB, 5Ki O JIO3BOJIMIM TOJIMIIUTH eHeproe(EeKTUBHICTh CyIHA
[4].

OCHOBHOIO METOI0 pOOOTH € PO3pOOKa METOY MiJABUINCHHS CHEproe-
(EKTUBHICTH CYJHA, SIKMH YKJIaJa€ThCs B MOJIMIIEHH] SIKOCT1 AU3EIBHOTO
MananBa.

AHAJII3 OCTAHHIX JOCJIIKEHbD I ITYBJIKALIA

CynHa cBITOBOrO (bJIOTY € HaWOUIBIIUMU CIIOKHUBAYaMU BYTJICI[EBOTO
najuBa, 1110 BUI00yBa€eThCs 3 Hap 3emiti. PiuHa motpeba cBiToBOro ¢uioty
B MaJjKBi, HA JyMKY (axiBIiB, B HAHOIMK4ill MEPCIEKTUBI MOXKE CKIIACTH
6mm3pko 400MiH. ToHH B pik. [Ipy boMy cymMapHa HOTYKHICTb CyTHOBUX
JBUTYHIB IPOTHO3Y€EThCs B Hiana3oHi 468,9-502,2 MBT 1o 2020 poky. Iin-
BUIIECHHS CIIOKUBAHHS BYIJIEIEBOTO MAJMBa HEMUHYYE CYIPOBOIKYEThCS
MIJIBUIICHHSIM BUKHUIB IIKI[UIMBUX PEYOBUH B aTMOchepy [7].
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BBenenHs st cyeH MOPChKOTO (hJI0TY Cepio3HMX EKOJIOTIYHUX 00-
MEKEHb NIPU BUKOPUCTAHHI PI3HUX COPTIB MaJiBa, YCTAHOBICHUX MODPCH-
KUMU KBati(ikallifHUMH TOBApPUCTBAMH, PU3BENO A0 MacIITaOHOTO MPo-
1ecy po3po0OK MPOBITHUMHU AW3eNeOyAIBHUMHU (pipMaMu HOBHX €HEpPro3-
Oepirarounx Texnousoriii. [lepenbavaeTbesi IX BUKOPUCTAaHHS SIK Ha 3HOB
CTIOpYIDKYBaHHUX CyaHax, Tak 1 mpu moaepHizanii CEY cynen, mo 3Haxo-
JSThCS B €KCILTyaTallii.

Jlo TakuX 3aXOiB HaJIeXKaTh:

- BUKOPUCTAHHS CHCTEM OYMIICHHS BUITYCKHHX Ta3iB, IO J03BOJSIOTH
3HU3HUTH KUTBKICTh HIKIUIMBUX BUKHIIB B aTMOC]eEpY;

- 3acTOCYBaHHs OEperoBoro >KUBJIEHH:, IPU CTOSHIII CY/IHA B TTOPTY;

- BUKOpPHCTaHHA Ha XonoBomy pexumi CEY Banorenepatopos abo Typ-
OoreHepaTopiB MPAIIOYKMX Bijl YTUTI3aIlIHHUX Ka3aHiB;

- 3aCTOCYBaHHS B CUCTEMax YIPaBJIiHHS MMOJavi NaJMBa i Ta30po3Mo-
JITy €JIEKTPOHHUX KOMITOHEHTIB;

- BIPOBaKEHHSI CUCTeMHU eKoHoMXoza «Slow Steam Modey;

- BUKOPUCTaHHS CUCTEMU CTUCHEHOTro ToBiTpst (MALS), 110 mogaeThest
i1 KOpIyc cyHa IpH KHoro pyci[5];

- BUKOPHCTaHHS JIOMIIIOK /IO JAW3EIBHOrO MajiBa 3 METOI0 IiJIBH-
LICHHS eKCIUTyaTalliifHIX MOKa3HUKIB JIBUTYHIB;

XKopeTkicTh BUMOT 10 eKcIUTyaTalifHuX TTOKA3HUKIB CyJJHOBUX €HEp-
TFEeTUYHUX YCTAHOBOK OOYMOBIIIOE€ HEOOXIJHICTH IMiJBUIIYBATH SAKICTh Ta-
JIMBA IUIIXOM BUKOPHCTaHHS JOMIIIOK HE TUIBKU B MPOLieci BUPOOHHUIITBA
MaiuB, aje i B mpoleci ekcruryaraiii nu3enis. Came TOMy TPUBAIOTh aKTH-
BHI JIOCITI/PKEHHSI 3 PO3POOKM CyYacHHX JOMIIIOK JI0 IU3EbHOTO MaIHBa.
JoMilky 1t qU3eIbHOr0 MajinBa NOAUIIOTECS Ha TakKi TPyIH:

- ISP ECCOPHI-TUCIIEPTYIOYi;

- ISP ECOPHI;

- qucriepratopu napagidis;

- IPOTH3HOCHI (3MaIlyBaJbHi);

- LIETaHOMIBUIIOIII (TIPOMOTOPH 3arajieHHs);

- aKTUBATOPH TOPIHHS;

- baraToyHKIIOHAIBHI;

Jlo umncia HaOLIBII BaXKJIMBHUX BIIHOCATHCS IIETAHOITIIBUIIYIOIII JO-
MIIIKKA a00 MPOMOTOPY 3amajeHHsl, BIJIUB SIKMX BU3HAYAETHCS 1IETAHOBUM
YHCIIOM, 1 aKTHBATOPH TOPIHHS.

MexaHi3M Aii 1[ETaHOTOBHUIIIOIOIIIX JIOMIIIOK MOJISATAE B JISTKOMY TO-
MOJIMTHYHOMY po3maji iX Momekyn 3i 3B'sa3kiB O-O abo O-N, B mpucko-
PEHHI peArIaMeHHOl peakiii, COpUsSHHI pO3Tany>KeHHs OKHCIIOBAILHIX
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JIQHITIOTIB 1 YTBOPEHHSI HOBUX PEaKI[IfHUX IEHTPiB. JlaHi JOMIIIKK Iit0Th
TLTBKH Ha TOYAaTKOBHX CTaisiX Mpollecy ropiHHs. B pe3ynbrati 30i1b01y-
€ThCs 3AATHICTH BYTJICBO/HIB /10 O1IBII TOBHOTO OKHUCITIOBAHHS (3TOPSIHHS)
1 peakilis MpoTikae B yMOBax, OJM3bKUX JI0 ineayibHuX [9]. Ha Binqminy Bijg
IETAHOMIBUILYIOINX, JOMIIIKA aKTUBATOPH (KaTami3aTopu) TOPIHHS
CHPUSIOTH BUHUKHEHHIO CHII BUIBHOTO TIEPEX 0Ty, OCITa0JIEHHS MIKMOJIEKY-
JSPHUX 3B'A3KIB 1 CHPOIIEHHIO MPOCTOPOBOI CTPYKTYpH BYTJICBOAHIB.
CTpykTypa manuBa ctae OUIbII OMHOPITHOO, 3 PIBHOMIPHUM IIPOCTOPOBUM
pO3TallyBaHHSM BYTJICBOAHIB y BChOMY 3aliMaHoMy 00cs3i (puc.3) [6].

Puc.3 BB akTHBaTOpa FOpiHHS Ha CTPYKTYPY TOIUIMBOBO3AYIIHOMN CyMiIlIi:

a-0e3 akTUBaTOpa rOPiHHS; 0-3 aKTUBATOPOM T'OPIHHS

META POBOTMU — po3poOka MeToay MiABULICHHS €HeproedeKTuB-
HICTi Cy/iHA, KU YKIIaJA€ThCs B MOJIMIIEHH] SIKOCTI JU3€IbHOTO TaluBa
32 PaxyHOK BHKOPHCTaHHS JOMIIIKH HAaHOMOPOIIKY OKCHIY AallfOMiHIIO
(AL,O3) ramma- Moaudikarii, sika CIpys€e MiABUIIECHHIO IETAHOBOTO YHCIIA
Ta TETUIOTBOPHOI 37aTHOCT.

BUKJIAL OCHOBHOI'O MATEPIAJTY
3aBaHHS 3HUKCHHS BUKUIIB IIKI[UTMBUX PEYOBUH CYJHOBUMHU JIBUTY-
HaMU MOe OyTH BUPIIICHO KOMILJIEKCOM 3aXO0JliB, CIIPSIMOBAHUX Ha BJIOC-
KOHAJICHHS! KOHCTPYKIIIT IN3€1sl, CHCTEMH TEXHIYHOTO0 00CIyrOBYBaHHsI Ta



2019 — Ne 39

CyOHo6i enepeemuyri YyCmMaHo8Ku

75

PEMOHTY AM3eIliB, 00Ky YMOB €KCIUTyaTallii, IiIBUIEHHS SIKOCTI TN3€Ib-
HOTO TMajBa i Macia, 3aCTOCYBaHHS aJIbTCPHATHBHKUX BUJIIB MaJIMBa, CTBO-

peHHsI 0araToyHKIIIOHAILHUX JIOMIIIOK JIO0 JU3EILHOTO MaTuBa.

Ha kadenpi TED npoBeneHi anamizu npucaaky 10 JU3EIbHOTO MaInBa
Ha OCHOB1 HAHOMOPOIIKiB OKcHy amoMiHito (Al,O3) i eraHomy. Buznaueni
MOPIBHUTBHI XapaKTEPUCTUKN YHCTOTO AU3EIBHOI0 MAJIMBA 1 MajuBa 3 J0-
MIIIIKOI0 HAaHOMOPOIIKY OKcHay amoMminiio (Al,O3) ramma- Moaudikarii,

pe3yabTaTH 3BeNeH] B Ta0auIo 1 Ta puc.4:

Taomurst Nel
Ju3. manpHe Jlu3. manbHe 370Mil-
Nort/ KOO

Neri/mm | % -nepe- T-pa - S 7 -Tiepe- T-pa -

TOHKH °C TOHKH °C

1. 5 137,9 1. 5 112
2. 10 167,8 2. 5 154,6
3. 20 186,1 3. 10 182,6
4. 30 199,0 4. 20 205,6
5. 40 211,7 5. 30 217,9
6. 50 221,2 6. 40 230,8
7. 60 231,8 7. 50 2423
8. 70 237,7 8. 50 242.6
0. 80 231,6 0. 60 255,6
10. 84 231,6 10. 70 267,8
11. 11. 80 276,4

12. 12. 88 286
13. 13. 89 283,5
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1. ®paxkuiiianii cxnan: AT 6e3 gomimiku nepersano 84% npu Temrie-
patypi 231,60C, 3 nomimkoro- 89% npu Temmeparypi 283,50C.

3a pe3ysbTaTaM¥ MPOBEJCHUX aHAII3IB 0aYMMO, 1110 BUIPOOYBaHE Ma-
uBo He Binnosinae crangapry JCTY3868 — 99, ane naivBo 3 JOMIIIKOO
Mae€ KpaIlli OKa3HUKH.

2. lleraHoBe YMCIIO BU3HAYEHO PO3PAXyHKOBUM METOOM BiJMOBIIHO
1o depxxcrangapry 27768-88.

HizenbHoe nmamueo 0e3 qomintku Mae [[Y = 40 <45, mio € HenpuiycTu-
MHUM.

JusenbHe manuBo 3 gomimkoro mae U = 45,7> 45, mo € npunycru-
MHUM.

BUCHOBKHU

Takum 4MHOM, B pe3yJIbTaTi JaHUX JOCTIHKEHb BCTAHOBIIEHO, IO J0-
MIIIIKa JI0 AU3ETBHOT0 NaiBa Ha 0CHOBI HaHomopomikiB AL>Oj3 € nepcrek-
TUBHOM. {11 BpoBaKEHHS IPUCaJKU Ha MOPCHKOMY 1 piUKOBOMY (hJIOTi
JOITBHO TIPOBEACHHST KOMILIEKCY MOTOPHUX BHUIIPOOYBaHb, MeTa SKHX: -
BUOIp ONTHMAaJIbHUX KOHIIEHTPAIid MPUCAJKUA B 3aJI€KHOCTI BiJl CTYNEHS
(dbopcyBaHHs 1 HOMIHAJILHOI YacCTOTH OOEPTAaHHS KOJIHYACTOrO Baja JIBU-
I'yHa; - BA3HAUYCHHS BIUIMBY MPUCAJKH HA HAJIHHICTD €JIEMEHTIB CUCTEMH
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nojayi najuBa; - BU3HAUYEHHS CKJIaJly BiANpalbOBaHUX ra3iB;- BUOIp ONTH-
MaJIbHUX HaJAIITYyBaHb 1 peryIioBaHb TOIUIMBOMNOaoeH anapaTypu. Jo-
LUTBHUM TIPEJICTABISETHCS TAKOXK MPOBEJCHHS €KCIUTyaTal[ifHUX BHIIPO-
OyBaHb MPUCAJIKH Ha PI3HUX TUIAX CYJHOBHX JIU3EIIB.
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10.31653/smf39.2019.78-88
CasenbeBa O.C., Manaxona /1.0.
OpnechKkuil HaLlIOHATBHUHA MOJITEXHIYHUNA YHIBEPCUTET

3ACTOCYBAHHSI IHOOPMALINHUX TEXHOJIOT'T ¥
CYJHOBHUX TEXHOJIOTTYHHUX POLIECAX

IMocranoBka npodiaemMu

VY OUIBIIOCTI TEXHOJOTTYHUX MPOLECIB, 10 BUKOPUCTOBYIOTH iH(MOP-
MallifiHi TEeXHOJIOTIT JUIsl Bi3yasi3allii MOTOUYHUX MapaMeTpiB, MAEThCS Ha
yBa3i pecTaBIEHHs OCTATOYHOTO PE3YJILTATy B HAHOLIbII 3pyqHOMY ISt
KOpUCTyBayda BUIJIsIIL. Y 3aCTOCYBaHHI J0 PI3HUX TEIUIO- i MACOOOMIHHMX
abo TiApOAMHAMIYHUX MPOIECIB, SIKi 3YCTPIYAlOThCS HAa CyJHAX MOXHA
KOHCTaTyBaTH, IO MOJIS TEMIIEPaTypH, MIBUKOCT1, TUCKY, 3aBUXOPEHOCTI,
KOHIIEHTpAL] i T. I1., IKi OTPUMYIOTBCSI B KiHIIEBOMY MIZICYMKY JIy>K€ 4acTo
XapaKTePU3yIOThCs 0AraTOBUMIPHUMH 1 BEIMKHMH 33 00CSIraMyd MacHBaMHU
YUCEIbHUX JaHUX. Bci MeTou, 110 BUKOPHCTOBYIOTHCS Ui X 0OpOOKH
BHMAaraloTh HasiBHICTh Y KOPUCTYyBayda MEBHUX 3HAHb 1 Ay’KE 4acTO Xapak-
TEPU3YIOTHCA Ca0KOI0 iH(HOPMATUBHICTIO 200 3aBUIIICHUMU BUMOTaMH JI0
O0OUYHUCITIOBATBHOT TEXHIKH.

He nuBnsuuck Ha iCHyBaHHSI I[JIOr0 HAYKOBOT'O HAIPSIMY I1iJI HA3BOKO
obuucmoBanbHa rizpoanHamika (CFD - computational fluid dynamics) mo-
KHa KOHCTAaTyBaTH, 10 pOOOTH, MPUCBSYEHI METO/IaM Bi3yastizalii oTpu-
MaHHX PO3PaxXyHKOBHX JaHUX 3yCTPIYaroThCs He YacTo. Ha ocHOBI aHaiizy
Cy4acHHMX JOCITiKeHb B 00JIACTi Bizyasi3alii MpoleciB 3 mepeMilieHHsIM
TerJia, ra3iB abo KparelbHUX PiAMH MOXKHA KOHCTAaTyBaTH BiJICYTHICTh Ha-
JiiiHOr0 MeToy 00poOKH AaHuX. Bimomi MeTomu XapaKTepu3yroThes Bill-
CYTHICTIO 1H(OPMATHBHOCTI MOAaui KiHI[EBUX pPE3yJbTaTiB i BUMAraroTh
BHCOKI BUTPATH 3 O0UMCITFOBAIIBHOI TOUKH 30DY.

OcobnuBwHii iHTEpeC MpeacTaBisie co000 BUKOPUCTaHHS iH(opMaiii-
HUX TEXHOJIOTiH B 3aCTOCYBaHHI JI0 MOPCHKUX Cy/eH. BimoOpaskeHHs KOH-
TPOJIBHOI 1H(OpMaIlil iHOAI Oe3rmocepeIHO BU3HAYAE SKICTh TPOBEICHHS
PI3HUX BaHTaKHUX 200 TEXHOJIOTTYHUX onepalliid. [I[pakTHaHO Ha KOKHOMY
CYZHIi 3 BUCOKUM CTYIICHEM NepioAMYHOCTI MPOBOASATH POOOTH, IO MOB'S-
3aHi 3 BeHTWIIALIEI0 a00 MUHKOIO PI3HUX POO0UMX 00CSTIB 00 BaHTaKHUX
TPIOMIB, TPAHCIIOPTYBaHHI PEYOBHH 110 THYYKHUX 1 )KOPCTKHX TPyOOIpOBO-
Jax i T.1. Y OUTBIIOCTI BUITAJIKIB BCI I TPOI[ECH KOHTPOJIIOIOTHCS 3a J0M0-
MOT'0I0 3aC00iB KOHTPOJHHO-BUMIPIOBAJILHOI amnapaTtyp, 0e3 BHKOpPHC-
TaHHs Cy49acHHX METOJIB Bizyalli3alil YncebHIX 3Ha4eHb OTOKOBHX Jia-
HUX.
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MoykHa KOHCTaTyBaTH, III0 B 3aCTOCYBaHHi JI0 0araTbox podoYuX Mmpo-
1eciB Ha MOPCHKHX CyJIHaX JI0 TEMepillHbOro 4acy iHpOopMaliiiHi TeXHO-
JIoTi1 HE 3aCTOCOBYBaNIMCs. PillieHHs po0eMu Bizyaltizallii YMCceIbHUX Ja-
HUX, II0 BiZ0OpaKaloTh SIKICTh i IBUAKICTH POOOYOTO MPOIIECy, MOKE TpH-
BECTU JI0 OTPUMAHHS HAHTOJIOBHIIIOTO PE3YNbTaTy - MiJBUILEHHIO MPHOY-
TKY BijJi poOOTH Cy/IHA.

AHaJi3 ocTaHHIX JoCTiTKeHDb | myOJaikanii

Haii6inpm noBHUIA 1 SIKICHUH OMKC CY4acHOTO CTaHy NUTaHHS PO Bi-
3yalli3aliio MpoIeciB MepeHeceHHs Tema i MacH, 10 3yCTPIYaroThCsl MpH
po0OTi CyNeH mpuBeneHuit B podoTax [1-3], mpoTe B HUX MPUCYTHI JesIKi
HeTo4YHOCTI. Hampukiaz, B IKOCTI METOY Bi3yasi3allii po3paxyHKOBUX Ja-
HUX HABOJUTHCS METOJI MPEJUKTOPa-KOPEKTOpa, IKUH 3a (pakToM MOKe BU-
KOPUCTOBYBATHCS TUTBKU Ha CTaii YNCETBHOT CXeMH pillIeHHs PIBHSHB I1e-
penocy. Lls cranis BinnoBigae OTpUMaHHIO TUTBKH MacHUBY BHXIJIHUX PO3-
PaxyHKOBHX JJaHUX, a He HOoro o0pooili 3 MeTo0 MoOyJOBH KapTUHH Bi3y-
aizariii mosis Teuii abo epeHeCeHHs TerIa.

[IpakTH4HO y BCiX HAYKOBUX CTATTAX 1 MOHOTpadisix, M0 BiAHOCITHCS
JI0 Bi3yatizailii IMpoIleciB MepEeHECeHHs TeIia i1 Macu BUKOPUCTOBYETHCS
TLNBKH JIBa BapiaHTH 00Y10BH rpadiyHUX 00pa3iB OTPUMAaHUX MOJIiB [IBU-
JIKOCTi, THCKY, JiHilf CTpyMy, 3aBUXOPEHOCTI i T. 1. Ix BUGip BU3HAYAETHCS
TUIBKU CAMHUMU JIOCHIIHUKAMH TIPU [IBOMY CaMi METOIM HE MiJIaloThCs
SIKICHOMY aHaJjIi3y a0o OIliHIlI 3 TOYKH 30py iH(POpMaIiHHUX TEXHOJIOTIH.

VY mpornecax nepeHeceHHs! TeIIOTH 1 MacH BUKOPUCTOBYETHCS JIOCUTh
oOMexeHni Habip MepBiCHUX XapaKTEepUCTHK 1 MapaMeTpiB, AKi X Omucy-
10Th. BiinmoBiHO 10 iHPOpPMAIIIHUX OTJISIB, 1110 PEACTABJICHI B poO0TaxX
[1-4] BinbIricTs mapaMeTpiB OMUCYE:

- (i3u4HI BIACTUBOCTI pEYOBUHH, TaK 3BaHi OCHOBHI IIapaMeTpH CTaHy,
HaNPUKIAJ: IUTBHICTh, MUTOMUI 00'€M, TeMIlepaTypa, B'A3KiCTh, IOBEPX-
HEBH HATSIT, MPYXKHICTB 1 T.1T .;

- Mipy pPiBHOB&)XHOT'O CTaHy PEYOBHHH 3 TOUKH 30pY TEPMOIUHAMIKH
a0o rizpomMexaHiKe, HAMPHUKIIAJ: TUCK, TeMIepaTypa, Hallpy>KEHICTh, IBH-
JKICTh TIEPEHECCHHs] PEYOBHHH a00 €HEepTii, eHTaNbIIis, GHTPOIIis.

B Teopii oguHUIL BUMIpPY, IO BUKOPHCTOBYETHCS IS aHAJI3Y PI3HUX
TEIJIOBHX 1 TIAPOMEXaHIYHUX MPOIECiB MOKa3aHO, 1110 MPAKTHYHO BCi Ma-
paMeTpu BIaCTHBOCTEH 1 CTaHy MOXKYTh OyTH 3alicaHi 3a paXyHOK KOMOi-
Halii 6a30BuUX oguHHI BUMIpY [5-6]. Ilpu cknaganHi KpuTepiiB mogoou
70 TakuX 0a30BUX OAWHUIL PO3MIPHOCTI BIJHOCSTH: Kiorpam (Kr), MeTp
(M), rpagycu - Temneparypuuii (°C) i kyToBuit (rpan), cekyHay (cex).
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Taxuit miaxin A0 po3riiaay XapakTepHHUX IMapaMerpiB MOTOKY 3 Harpa-
BJICHUM PYXOM 3 TOYKH 30pYy iH(POpMAaIifHUX TEXHOJIOTiH € HEe 3pYUYHUM.
OcHOBHA MPUYHHA [IHOTO HENIOJIKY MOJIATAE B TOMY, 1110 TPH OOYA0BI Xa-
PaKTEepHCTHK IMOTOKIB Terja abo MacH INepepaxoBaHi BUIIE BIACTUBOCTI
CKJIQJIHO MIJIal0ThCs iHGOpMaIliiiHOMY aHai3y. Y YMCIIOBUX MacUBaX BH-
XiTHUX JTJaHUX BOHM HEEKOHOMHO BUTPA4arOTh BHUJIUICHI IJIsi MPOrPaAaMHHUX
KOMIUIEKCIB 00CSATH Tam'sITi 1 30UTBIIYIOTh Yac iX mporecopHoi 00pooku. 3
i€l MPUYMHHU 3aMiCTh HA0OpPYy YHMCIOBHX MAacHBIB JOLULTBHUM € BUKOPHC-
TaHHS AaHATITUYHUX BUPa3iB a00 KOHCTAHT, [0 OMKUCYIOTh I1i BIACTUBOCTI.
B apxitekTypi nporpaMHUX KOMILIEKCIB TaKWH MiAXi JO3BOJISIE 1Ie HA TO-
YaTKOBii cTafii popMyBaTn HeoOXiaHI iH(oOpMaIlliliHi TOTOKH 1 B MOJAIIb-
HIOMY iX BUKOPHUCTaHHS Oy/le BUKOHYBATHCS 3 HAHMEHIIMMH BHUTpaTaMH
00UYHUCITIOBATBHOT MOTYKHOCTI.

[puknamoM OTHOrO 3 TAKUX BUPA3iB € BUIO3MIHEHE PIBHSIHHS MeH ie-
neeBa-Knainepona, sike 103BOJIsSiE BU3HAYATH IIUIBHICTh MOBITPA 3 ypaxy-
BaHHSIM BOJIOT'OCTI 1 TeMITepaTypH

PBRBT+yPH.nROT. (1)

Jie p — WiTBHICTh TOBITPs, KI/M’; P, — napliaabHuii THCK CyXOro ToBi-
Tpst, [1a; Py, — mapriansHuii THCK HAcHYeHOI BOASHOI napy, [1a; y — Bia-
HOCHa BOJIOTICTh, %; Ry — ra3oBa mocriitHa amst cyxoro nositpst, Jx/(krK);
R, —rasoma nocritina s napu, Jx/(krK); T — temmnieparypa, K.

DopMyJIIOBAHHS METH AOCTiTKEHHS

OcHOBHa MeTa HayKOBOT'0 JIOCJIJPKEHHS ToJIsIirae y (hopMyJTIlOBaHHI OC-
HOBHUX MPUHIIMITIB BUKOPUCTaHHA 1HPOPMAI[ITHUX TEXHOIOTIH Ha CyJIHax
13 3aCTOCYBaHHSM METOJY Bi3yauizallii YMCeNbHIX MacHBIB IaHUX MPH Bi-
noOpakeHH] TPOLIeCiB pyXy pi3HUX MOTOKIB (TEMIOBUX, aepo- abo Tixpo-
JUHAMIYHUX) 3 BUJIUICHHSIM 1 JBOBUMIPHUM TpadiyHUM BigoOpakeHHIM
JIMHAMIKU 3MIHU FOJIOBHUX BU3HAYAJIBHUX MapaMETPiB.

BukaieHHs1 0CHOBHOI0 MaTepiay q0CTilxKeHb

l'onoBHUM TpU3HAYEHHSM OYIb-SIKOTO METOMY Bi3yallizallii mpoleciB
MepeHeceH s Tellla i MacH € BiqoOpakeHHs crieluidHUX 0COOIMBOCTEH
PYXOMOTro TIOTOKY i3 HaJJaHHSAM MOJKJIMBOCTI MIPOBEICHHS OHOYACHOT YH-
CeNbHOI OI[IHKK IUX 0cOoONMBOCTel. B nanwmii yac icHye /Ba HAMPSMKH Bi-
3yani3anii Tedil - BigoOpaskeHHs eKCliepuMEeHTaIbHUX 00pa3iB i moOymoBa
YHCENbHUX PE3YJIbTATIB PillleHHS BUKOPUCTAHUX PiBHSIHB PyXy abo JaHUX
BiJ 3ac00iB BUMIpIOBaHHS 1 KOHTpomto. I[IpenMeroMm BHKOHAaHUX IOCIi-
JDKEHBb OYB Jpyruil HANPsAMOK - iH(dopMallifiHa 00poOKa MOTOKOBUX JaHUX
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1 moOyIoBa JIOMOMIXHOI KapTUHU Bi3yasri3allii 3a JOIMOMOI'OI BiJIIOBiI-
HOT'O TIPOrPaMHOTro 3a0e3eyeHHS.

Jlo mapameTrpiB po3MOily OCHOBHUX BJIACTUBOCTEH PyXOMHX Ta3iB i
KparnenbHUX PiIMH MOKHA 3 TOUKH 30Dy IX MOAAJBIIOI Bi3yami3amii BigHe-
CTH HACTYITHI:

1. Bextop mBuakocti. [Tpu Bizyamizaii et mapamerp moToky, o py-
Xa€eThCsl BiIOOpakatoTh YOTHPMa CIIOCO0aMH: CIIPSIMOBAHUMH CTPUTKAMH
(MacmTab TOBXHMHHM 1 MPOCTOPOBA CIPSIMOBAHICTh BU3HAYAETHCS 1 Oyay-
€ThCS BIJIIOBITHO JI0 3HAKIB 1 YMCEIIbHUMHU 3HAYCHHSAMU MPOCKIIIH MIBU/I-
KOCTI Ha BiIMIOBiIHI BicCi KOOPAWHAT); KOJIPHUM PO3NOALIOM (Tpajarii i
Mipi iIHTEHCHBHOCT] KO’KHOT'O KOJILOPY ITPHCBOIOETHCSI HEBEIUKUH Jliama3oH
3MIHM 3HaY€Hb IIBHJIKOCTI, 3a3BUYaii: CHHIH - MaJia IIBHUJIKICTh, YePBOHUM
- BEJIMKA IIBUJKICTh); MOHOXPOMHHUM CBITJIOBHM BiJITBOPEHHSM (3 Tpaja-
LiSIMH CIpOTO KOJBOPY); FpadiuHuM BioOpakeHHIM JaHHUX Y BiAMOBIIHIH
CUCTEMI KOOPJIMHAT.

3 X YOTUPHOX CHOCOOIB Bizyallizailii MBUAKOCTI JUIs IPOBECHHS Ki-
JILKICHOTO aHaJi3y Ma€ CeHC TUIbKHM KOJIIPHUI po3moai i rpadiune Bijgo-
OpakenHs. Ha ix ocHOBI HaifuacTinie poOJsiThCS BUCHOBKU PO 0COOINBO-
CTi pyxy oToky. Perra croco6iB Bizyasnizanii BUIKOCTI JO3BOISIOTH PO-
OWTU TUTBKU SIKICHI BUCHOBKH PO XapaKTEPHI 0COOIMBOCTI PyXy pO3TJisi-
HYTOT'0 TIOTOKY.

2. Tuck. [Ipu Bizyamizamii 1poro mapamerpa BUKOPUCTOBYIOTbCS JBa
croco0u, sIKi aHaJIOTi4HI BiTOOpakEeHHIO BEKTOPY WBUAKOCTI. [lo HUX Bil-
HOCSIThCS: KOJIipHE JIBO- 200 TPUBHMIpHE PO3MOAUIEHHS 1301iHii abo i30-
MOBEPXOHB, & TAKOK BUKOPUCTOBYETHCS TpadiuHe BiqoOpakeHHs.

BukopucranHs npu Bi3yanizamii CIpSMOBaHUX CTPLIOK B CHIY TOTO,
IO TUCK CKaJISipHA BEJTMYUHA € OS3TITy3/HM.

3. ®yHkIis ctpyMy. BoHa siBiisie co00r0 JTiHiI0, 10 KOXKHOI TOUYKH SKOT
BEKTOp LIBHJKOCTI B JaHU MOMEHT Yacy CHpPSMOBaHUU MO JOTHYHINA. Y
JBOBUMIpHOI TUTONIMHI BimoOpaskeHHsT (QYHKIIi CTpyMY € OIHO3HAYHHM,
MpoTe B pa3i TPUBUMIPHOI'O MPOCTOPY KOPEKTHICTH BilOOpa)KeHHs JiHil
CTpYMy B CHJTy HEOAHO3HAYHOCTI ii BU3HAUEHHS € CIIpHOI. Buxomsun 3
PIBHSHHS 3aIIMCy IPOCTOPOBOI JiHIT CTPyMY Y BUIJISIII
dXVx+dYVy+dZVz=@=const, 2)

MOXIIMBO CTBEPUKYBaTH, 110 B Pa3i TPUBUMIPHOTO MPOCTOpPY il Bifo-
OpaskeHHsSI HEeMOYIIMBO. 3 1[i€1 IPUYMHN MOXKHA C(hOPMYITIOBATH BUCHOBOK,
IO B Cy4YacHiH JiTepaTypi 1 aIbTepHATUBHUX JyKepenax iHdopmallii Benuka
YacTUHA HAYKOBUX pPe3yNbTaTiB Bi3yauizallii MOTOKIB, 10 MiCTUTh IPOCTO-
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POBI IiHi1 CTpyMYy, HE BiAIMIOBiIa€ peaJbHUM TpoliecaM. Y OLTbIIOCTI BUMa-
JKIB Taka Bi3yamizallisl BioOpa)ka€ HayKOBi TIOTE3H MPO XapaKTep pyxy
MPOCTOPOBOTO MOTOKY 1 HE MOXKE PO3IIISIIATHCS SIK IOCTOBIPHHIA Pe3yiib-
TaT.

s Bi3yamizaiii JBOBUMIPDHUX CTaIllOHAPHUX TIOTOKIB, JI€ YMCIIOBA
0a3a gaHuX, 10 00pPOOISETHCS, ABISE o000 HAOIp CKANsApPHUX (QYHKIIIH,
JiHIT CTPYMY € OZHUM 3 HAaHOLIBII SIKICHUX BapiaHTIB BiJOOpaskEeHHS OTPH-
MaHHX pe3ynbTatiB. [Ipu Bizyamizamii miHiil cTpyMy noOymoBy mois Tedii
MOXIJIUBO 3pOOUTH JIOCUTH JIETKO 3a JOIOMOT 00 HACTYITHOTO TBOMIPHOTO
ySBIICHHS
VzdX-VxdZ=@dXdZ=const, 3)

Jie @ — 4KCII0oBe 3HAYeHHs (PYHKIIT ToKy, M’/c.

3HaueHHs (QYHKIIT CTPYMY (b € TapaMeTpoM, SIKH JIETKO MOpaxyBaTH.
L5 BennumHA sABJIsIE COOO0 BEJIMYMHY BUTpPAT MIXK JIBOMA CYCITHIMHU JTiHi-
SIMU CTPYMY.

[opiBusaHA piBHAHB (2) 1 (3) MOKa3ye, IO MPH Bi3yamizalii TiApoan-
HaMIYHOTO IOTOKY 3HA4YEHHsI JIiHi1 CTpyMY HE BpaxOBYIOTh JOAAaTKOBI CKJla-
JIOB1 TOJISI IIBUAKOCT1 B OIHOMY 3 TIONIEPEYHUX HANPAMKiB. Ls HeBiAmoBi-
JIHICTb € HEeloJIIKOM. BiH MOe He BpaXxOBYBAaTHCS TUIBKU B OJJHOMY BHUIIA-
JKY - KOJK iH(opMaliifHa TEXHOIOTisl BAKOPUCTOBYETHCS IS Bizyamizallii
PE3yNbTaTIB MPOCTOPOBO-CUMETPUYHOTO MOTOKY. [IpHKiIazoM Takux moTo-
KiB €: pyX [MOTOKY BCEepeHI TPYO 3 HE3MIHHOIO (POPMOFO IONIEPEUHOTO T1e-
pepizy; pyx OJMHOYHOIO CTPYyMEHs, chepUUHUI TEIIOBUI MOTIK BiJl TOY-
KOBOT'O JDKepena i T.11.

s 6e3nocepeqHbOi porpaMHoi peaiizamii piBHSHHA (3) MPOMOHY-
€THCSl BUKOPHCTOBYBATH B PiI3HUIIEBOMY MOJIaHHI TAKOT'O BUTIISIILY

Vzxi+1-xi-Vxzi+1-zixi+1-xi,
Q)
Sxumo B iHpopMaLiifHO-IPOrpaMHOMY KOMILIEKC] JUTA Bi3yautizalii
MOTOKY BUKOPUCTOBYETHCS PIBHOMIPHA CiTKa 3 iIEHTUYHUM KPOKOM TIO JI0-
BXKHHI TO PIBHSHHS (4) CIIPOILYETHCS 10
Vzxi+1-xi-Vxxi+1-xi
6))

[Ticns 3HAXOMKEHHS YUCEIBHUX 3HaUeHb (YHKIT CTpyMy ¢ ii MOXKHA
BiZJOOpa3UTH 3 BUKOPUCTAHHSIM Pi3HUX METO/AIB CTATUCTUYHOI OOPOOKH BH-
OIpKM 1JCHTUYHUX 3HAYEHb 3 3aJIaHOI0 MEXKEIO MOXHOKH.

4. 3aBuxopeHicTh. [IpakTHYHO BCi TIOTOKU MICTSITh BUXOPH, & CTYIiHb
IHTEHCHBHOCTI X 00EpPTaHHS OLIHIOETHCS MOHATTSIM 3aBHXOPEHOCT.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku &3

Po3noain 3aBuxopeHocTi B 001acTi pyXxoMOro MOTOKY MOXHA Bi3yati-
3yBaTH 3a JOMOMOTOK0 Habopy BUXOPOBHX JIiHIN, KOXKHA 3 SIKUX Oyze Bif-
MOBI/IaTH TICBHOMY YHCJIOBOMY 3HAYCHHIO 3aBUXOPCHOCTI. Y KOXKHIH TOUIli
BHUXOPOBOI JIiHi1 MOBHHHO BUKOHYBATHCS YMOBA KOJIIHEAPHOCTI OPTY 1OTH-
YHOI 1 BEKTOPY CKJIAZ0BO1 "BUXOPOBOI" MBUAKOCTI.

5. Temneparypa. [Ipu Bi3yamizamii 1[bOro mapamerpa BUKOPHCTOBY-
I0TBCSI ZIBa CIIOCOOU, SIKi € aHAIOTIYHUMHE BiIOOPa)KEHHIO BETMYUHH THCKY.
Ile - xompopoBUil po3noait 1 rpadivune BigoOpakeHHs. Jyxke yacTto npu
rpa¢ivHOMy BioOpa>keHHI 3HAUEHHsI TeMIlepaTypy MPUB'I3yIOTh 10 3MiHH
Oy/ab-SIKMX KOMIUIEKCHUX XapaKTepPUCTHK MOTOKY. Lli xapakTepucTHKH,
chopMyIbOBaHI y BUIIAI KPUTEPIaIbHUX 3aJIEKHOCTEH, Bi0OpaXKaroTh
CHIBBIJJHOIIICHHS Mi>K OCHOBHUMH CHJIAMH, 5IKi (DOPMYIOTh KOHKPETHY Kap-
THHY PyXy TEIIOBOro MoToKy. Haifuacrimie 10 Takux CHil BITHOCSTH CHUITY
iHep1ii, Baru, TUCKY, TOBEPXHEBOr0 HATATY. KoMImiekcHUMHU XapakTepuc-
THKaMHM TIOTOKY 3a3BU4aii € uncio Petinonbca, [lexie, Ctpyxains, BebOepa,
Opynairt. a.

6. KoHIleHTpalliss pPEYOBUHU B PyXoMOMy Oaratoga30BOMY MOTOIII.
[pu Bizyanizamii mporo mapamerpa BUKOPHCTOBYIOTHCS TPH CIOCOOH, SIKi
AHAJIOTTYHI BiZIOOPAKEHHIO BEKTOpa MIBUAKOCTI. JI0 HUX BiIHOCATHCS: KO-
JTBOPOBUI PO3MO/ILI, MOHOXPOMHE CBITJIOBE BioOpaskeHHs 1 rpadivdni 00-
pasm.

Haiiyacrimie po3mnoail KOHIIEHTpAIii 3a 00cAroM, SKU OOMEKEHUH
YKOPCTKHMH TTOBEPXHIMH Bi3yasi3yIOTh 3a JOIOMOTOK JBOX a00 TPUBUMI-
pHUX rpadidHUX 00pa3iB.

Kom06inartist i koMIiekcHa 00poOka CopMyIbOBaHKX IIECTU Mapame-
TpiB IPH BUKOPUCTAHHI iH(POpMAIIHHUX TEXHOJIOT1H B KOHKPETHHX CyJHO-
BHX TEXHOJOTTYHHX TMpoIecax I03BOJSE Mif Yac Bizyalizalii oTpuMary i
SIKICHO BijoOpa3uTH BCIO HEoOXinHy iH(opmaiio. B nanuii yac nonidHa
00poOka iHpopMaLlifHUX JaHUX B IPOrpaMHOMY 3a0e3TeueHHi Cy/IeH Bill-
CYTHSL.

HactynHauwm eranom Bizyanizallii CyJJHOBUX TEXHOJIOTIUHUX TPOLIECIB €
KOHKPETHA JIOKAJTi3allis JaHUX B 00JIACTI TIOTOKY, 110 MOJCTIOEThCS. 3aie-
HO BiJl BHly PO3IJISIHYTOTO Mpoiecy (TEIIOBOro, TiIpoAnHAMIYHOro, iX
KoMOiHamii i T. 1.) mpu Bi3yaii3amii pe3yabTaTiB iHOAI BUHHKAE HEOOXi-
HICTb BUKOPHCTaHHS PI3HUX KOOPAMHATHUX cucTeM. B iHpopMmaniitnux Te-
XHOJIOTISIX JUTSl XapaKTepUCTUKH PO3TalllyBaHHS abo JIoKaji3allil KOHKpeT-
HOT'O pe3yJbTaTy MOXKYTh BUKOPUCTOBYBATHUCS MPSMOKYTHA, IWIIHAPUYHA
i cepuuHa KoopaAMHATHI cucTeMu. [lepexia Mi>k HUIMU JIerKo 3/1iHCHUTH 3a
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nornomMoroto koedimientis Jlame. Y paai Bunaakis npu Bi3yantizaiii BUKO-
PHUCTOBYIOTbCS KPUBOJiHIMHI KOOPAMHATHI CHCTEMH Ta TaKi, 10 caMmoaja-
NTYIOTCS, OJJHAK 1X BUKOPUCTAHHS € IyXe CIenupiuHUM 1 He 3aBXKAU Bill-
MOBiJIa€ peajbHUM 3MiHaM MIOTOKY, 1110 BiJIoOpakaeThesl.

B nanwmii yac Bci MeToaM Bizyasizallii ClipsSMOBaHi Ha MOOYIOBY Kap-
THUHU Tedil mpu 00poOIli eKCrepUMEHTAILHUX 300pakeHb 1 TP MOJIENIO-
BaHHI 32 paXyHOK BUKOPUCTaHHS 0araTOBUMIpHOI XMapH JaHuX, IO OJep-
KYETbCS TIPU BUPILLIEHH] Iu(epeHIialbHuX PIBHIHB BiIMOBIIHUX MaTeMa-
THYHUX MOJEIIEH.

JA7ist moinmeHHs iCHYIOYHX METO/IiB Bi3yai3allii MOTOKIB 3 METOO M0~
JaNbIIOr0 BUKOPUCTAHHS B CyTHOBOMY TIporpaMHOMY 3a0e3mnedeHHi Oya
chopMyIbOBaHA HayKOBa TiMOTe3a: MpHU Bidyastizallii He0OOXiHO BUKOPHC-
TOBYBaTH He cnenuidai XapakTepuCTHKH a00 mapameTpH MOTOKY TerJjia
a00 MacH B TIOTOYHUI MOMEHT 4Yacy, a iX MaTeMaTHYHe MOAaHHS Y BUTIISAI
Habopy ornepaTopiB BeKTOpHOI anredpu. Jlo Takux anredpaidHuX ornepaTo-
paM BiTHOCATBHCS: TPAIIEHT CKAIIPHOTO MOJs (3MIHHICTB); TUBEPTEHILIS
(po30iXHICTB), CKaJIIpHUN AudepeHniiHui onepaTop Moisi BEKTOpa; po-
TOp (BHXOp), BEKTOpHUH TU(EpeHIIHNN ollepaTop BEKTOPHOro moiisi. B
BOMY BHIAJAKY MiJl 4ac TMpOBeNeHHs iHPOpMaliiHOI 00pOOKH MOXKIINBO
BHUKOPUCTOBYBATH YMCENbHI 3HAYEHHS XapaKTEPUCTHK MOTOKY SIK B MOTOY-
HUH, TaK 1 B onepeiHi MOMEHTH Yacy 1 TAKUM YMHOM TIPH Bi3yautizalii Bi-
JOOpaXkaTH 3 BUCOKOKO SIKICTIO TEHJIEHINI0 iX 3MiHM. [[0o TemepinHboro
4yacy B MPOrPaMHOMY 3a0€3MEUCHHI CYJHOBHMX TEXHOJIOTIUHUX IPOIECIB
TaKW{ MiAXiA TpW Bi3yamizallii MOTOKIB Teria i Macl He BUKOPUCTOBYBa-
BCSI.

3acTocyBaHHS OIEPATOPIB BEKTOPHOI aJireOpu J0 MOOYAOBU KapTHHU
Bizyalti3anii Oyib-sIKOr0 TiIpOANHAMIYHOTO TOTOKY Oy/ie BAKOHYBATH Hali-
TOJIOBHIIY (PYHKIIIO - MOKa3yBaTH JIOKAJIbHY 3MiHY XapaKTEpUCTHK 3 MO-
JKJIMBICTIO MTPOBEACHHS KUTbKICHOrO aHami3y. Takuil aHai3 MOXIIMBO MPO-
BOJIUTH BXKE 110 HE TUILKH 1O BCill 00JIacTi MOTOKY Teria ab0 MacH, 10
BiJIOOPa)KAETHCS, ajie 1 B KOHKPETHHUX JIOKAJIBHO BUAUICHUX JUISHKAX MO-
TOKY. Y IIbOMY BHUIMAJKy MOXJIHBO 3pOOMTH MOBHE 00'eiHaHHS iH(pOpMa-
HIHUX TEXHOJIOTIH 3 TEPMOANHAMIKOIO 200 Tip0-aepOMEXaHIKOI0 1 BUPi-
IIMTH TOJIOBHE MUTAHHS Bi3yalli3allii - CTBOPEHHS CTalliOHApHOTO 00pa3sy,
SAKHH BigoOpakae AWHAMIKYy 3MiHM OCHOBHHMX OCOONMBOCTEW MOTOKY. Jlo
TaKuX OCOOJIMBOCTEH MOXKHA BITHECTH: BUHUKHEHHS 30H ITiJIBULICHOT TYp-
OYJICHTHOCTI; OCBITY 1 ITO/IAJIBIIIC ICHYBaHHS 3aCTIHUX 00JIaCTel B HAIIIB-
3aMKHEHHMX a00 KyTOBHX 30HaX TPUBHMIPHHUX IPOCTOPIB TPIOMIB i TaHKIB
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CyJHa; BHIUIEHHs oOiacTeil i3 CTIMKMMH BEIMKOMAacIITAOHHMH BUXPO-
BUMH 30HAMH; BUHUKHEHHS XBHJILOBUX a00 MEPiOJAMYHO MOBTOPIOBAHHUX
TE4iid, XapaKTePHUX 00JIaCTel TeMIepaTypHoi cTpaTugikallii, 3MiHy JioKa-
JTBHHX o0acTell KOHIEHTpallii BHOYX0- a00 MOXKEKOHEOEe3MEeYHHUX Ia30M0-
TiOHMX MPOJYKTIB B 3aMKHYTHX 00CATax TPIOMIB i T. 1.

[IpakTHyHe 3HAYEHHS 3aIPOIIOHOBAHOrO MiJXOIy 10 BUPILIEHHS MPO-
OneMy CTBOPEHHS HaYKOBHX OCHOB JUIsSi METOJY Bi3yalli3allil TeXHOIOrid-
HUX TPOILECIB HA CyTHAaX I00pe NEMOHCTPYETHCS Ha MPHUKIAAl PyXy ABO-
(ha3HOr0 MOTOKY TPYHTY 1 BOJM IIPH PYCi Y3T0BK BCMOKTYBaJIbHOI AUTSTHKH
CYJTHOBOT'O I'PYHTONpPOBOY. Take 3aBJaHHS BUHUKAE MPHU POOOTI CyJeH
JHOTIOTIMOIIOBATILHOTO (IIOTY 1 ()aKTHUHO BimoOpakae MPONLYyKTUBHICTD
poboTH cyaHa 3a 00csroM BUAOOYTOro TpyHTy. B mepiry uepry npoaykTu-
BHICTh 3JIGKUTh BiJl BIACTaHI MK IIApOM TPYHTY, IO BHAOOYBa€ThCA 1
rpyHTO3a0ipHUM MexaHizMoM. UuM BOHO Oifibllle, THM MEHIIe KOHIICHTpa-
1ist TPYHTY B BUAOOYTIN My 1 HUXKYE TTOKa3HUKU MPUOYTKY BiJ poOOTH
Cy[Ha.

TexHomoris BUIOOYTKY TPYHTY 32 PaXYHOK PO3PSIKEHHSI, IO CTBOPIO-
€THCSI CyJTHOBUM HACOCOM, HE T03BOJISIE 3MIHIOBATH BUTPATY MYJIBIIH 1 BOJH
3a Manui nepion yacy. @akTU4HO onepatop, SKUK Kepye TPYHT03a0ipHIM
MPHUCTPOEM 1 MPOLIECOM MiAioMy JBO(}A3HOTO MOTOKY BOAM 1 TPYHTY Ha
0OpT Cy/IHAa KOHTPOJIFOE POOOYi XapaKTEPUCTUKH MPOIECY TUTLKU 3a OJTHUM
MOKa3HUKOM - [TIOTOYHOIO IIPOAYKTHBHICTIO TPYHTOBOT0 Hacoca. Lleli uuce-
JTHHHUN TapaMeTp He € iH()OPMAaTUBHUM OCKLTBKH BiH HE BifoOpakae cKi-
JIbKY BOJM 1 CKUTBKY TPYHTY TIEpeKauyeThCsl B OAMHUIIIO Yacy 1 HE TO3BOJISIE
pPOOUTH SIKICHI BUCHOBKH PO IIBUKICTH 3aTIOBHEHHS TPYHTOM (6€3 BOJIN)
TPIOMY CyJTHA.

Bupimenns 1iei npobiemMu, TOOTO MiABHILEHHS SKOCTI MpOIECy 3a-
Oopy TPYHTY NPH IHIIMX PIBHUX YMOBAaX MOXKHA OTPUMATH SIKILIO TIPH Bi3y-
amizarfii pobouoro mporecy OyJe BUKOPHUCTOBYBATHUCS 3MiHA Tpaji€HTa
KOHIIEHTpAalLil TPyHTY B MyJbli B Yaci. B mpomy BuUmaaxky mpu po3poOii
MPOrPaMHOT0 3a0e3MeUYeHHs HEOOXIHO Mepe10aunT BUBEICHHS Ha MOHI-
TOp omepartopa rpadika, kUil mokazaHuil Ha MamoHKy 1. L{s kpuBa € nu-
HaMIYHHUM BiJJOOpaXeHHSM pOOOYOro MpoIecy i MoBUHHA Oy yBaThcs 0e3-
MoCepeIHbO B X0/ poboTH cynHa. Ha HaBeneHomy rpadiky BiCh OpAMHAT
BIJIMOBi1a€ TPaieHTY KOHIEHTpALlil TPYHTY B IyJIbIi, IO oJepkyeThes C,
%, a BiCh a0CIIMC TIOTOYHOMY Yacy poOOTH CY/HA ¢, X8.

Sk BuIHO Ha rpadiky BUKOPUCTAHHS 3allPOMIOHOBAHOTO MiAXOIY Ma€
BHCOKY iH()OPMATUBHICTh OCKITBKH B Oy/Ab-SIKUI TOTOYHHI MOMEHT 4acy
orepaTop MOXe MPUUHATH MpPaBUIIbHE PIllIEHHS MPO SIKICTh MPOBEICHOTO
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nporiecy BUaA00yTKy rpyHTy. CyaHO mnpaitoe e(peKTUBHO TiIbKHU IPU BUKO-
HaHHI YMOBH PO HE3MIHHICTh 200 TO3UTHBHE 3POCTAHHSI BEIMYUHU Ipajii-
€HTa KoHIIeHTpalil. Ha rpadiky 1iif yMoBi BiMOBiAaI0TE yCi 3HAUESHHS, AKi
3HaXOAATHCS BUIIE Bicci abcuuc. 3pocTaHHsl KPUBOI CBITUUTH MPO MiABU-
IIEHHS SIKOCTi POO0YOro MPOIECY B IUIOMY 1 TPO CKOPOYCHHS Yacy BHUJIO-
OyTKy HEOOXiTHOrO 00CATY TPYHTY.

VY pasi, KoM BeNWYMHA TPaJicHTa MPUIMAE HEraTUBHI 3HAYCHHS (Ha
MaJIOHKY | BOHHM BiINOBiAaIOTH MyHKTUPHIN JIiHIT) onepatop 6a4uTh, M0
CYJTHO HE BUKOHYE CBOi (DYHKIIT 1 B I[bOMY BUIAJKy HEOOXIJHO 3MIiHUTH
YMOBH TOJIOKEHHS TPYHTO320ipHOTO MPHUCTPOIO 1O BiTHOMIEHHIO JI0 PIBHA

JTHa, a00 3MIHUTH 30HY POOOTH CAMOr0 CYJIHA.
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Pucynox 1. Bizyaunizaiist 4KoCTi iporiecy BUA00yBaHHS TPYHTY i BOJIOKO

Y 3acTocyBaHHI 10 PO3IJISIHYTOr0 POOOYOMY MPOIIECY Ha CYAHAX JIHO-
MOrTMOIOBANBHOTO (UIOTY 71O TElepilIHbOro yacy iHdopMalliiHi TexXHO-
Jiorii He 3acTOCOBYBaMcs. MoXHa KOHCTaTyBaTH, 1[0 BUKOPUCTAHHS 3a-
MPOIMIOHOBAHOI Bi3yasi3allii YACEIbHUX JaHUX JIJIS BIIOOpPaKEHHS MOTOY-
HUX TapaMeTpiB MpoIecy poOOTH CyHA MPU3BEAC 0 OTPUMAHHS HAMro-
JIOBHIIIIOTO PE3YJIBTATY - MiJIBUIIICHHIO PEHTA0CTBLHOCTI 33 PAXYHOK CKOPO-
YEeHHS Yacy po00Uoro mporecy i BUTpaT MajiuBa Ha HOro MpOBEICHHS.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 87

BucHoBku

1. Y cydacHiii niTepaTypi i albTepHATHBHUX JpKepenax iHdopmarlii Be-
JIMKa YaCcTHHA HAyKOBHMX pPE3YJIbTATIB Bidyallizailii MOTOKIB, IO MICTHTh
MPOCTOPOBI JiHiT CTpyMy, HE BiANIOBia€ peallbHUM Mpolecam. Y OipIio-
CT1 BUIIAJIKIB TaKa Bi3yallizailis BioOpa)ka€ HAYKOBI TilOTE3U MPO Xapak-
TEp PyXy MPOCTOPOBOIO MOTOKY 1 HE MOXE PO3TJISAATUCS K JIOCTOBIPHUM
pe3ynbTart.

2. Ipm Bi3yamnizamii HeoOXiTHO BUKOPUCTOBYBATH He crienudidni xa-
PaKTEPUCTUKU a00 MapaMeTpH MOTOKY Teria ad0 Macu B MOTOYHUN MO-
MEHT Yacy, a IX MaTeMaTUYHE TIOJJaHHS Y BUIJIsIII HAOOpY OIepaTopiB Bek-
TOPHOI anreOpu - TpalieHTa CKalsipa, AUBEpreHIii i poTropa BeKTopiB. B
bOMY BHIAJKY MiJl 4ac MpOBENCHHs iHPOpMaliiHOI 00pOOKH MOMKIINBO
BUKOPUCTOBYBATH YHCENbHI 3HAYEHHS XapaKTEPUCTHK MOTOKY SIK B MOTOY-
HUH, TaK 1 B onepeiHi MOMEHTH Yacy 1 TAKUM YMHOM TPH Bi3yautizalii Bi-
JOOpaXkaTH 3 BUCOKOIO SKICTIO TEHCHIIIIO TX 3MiHHU.

3. PimeHHs mpoOiieMy MiIBUIIEHHS SKOCTI Mpoliecy 3a0opy TpyHTY
npu poOOTi CyleH ITHOMOTTUOIIOBAILHOTO (JIOTY MOXIUBO OTPUMATH
SIKIIIO BUKOPUCTOBYBATH Bi3yallizallilo 3MiHH I'pajieHTa KOHIEHTpaIlii Tpy-
HTY B IyJibII y yaci. Taka Bizyaitizailis MOTOYHUX MapaMeTpiB IPoIiecy po-
00TH CyJlHA TPU3BEIE IO OTPUMAHHS HANTOJIOBHIIIOTO PEe3y/IbTaTy - IijI-
BHILICHHIO PEHTA0EIbHOCTI 32 PaxyHOK CKOPOYCHHS Yacy poOOoYoro mpo-
1lecy 1 BUTpaT MajiuBa Ha HOro MpOBEAECHHS.
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ANALYSIS OF CONSTRUCTION FEATURES OF GASFUELED
VESSEL’S STORAGE TANKS

The choice of the type of LNG storage tank is one of the main issues
in the design of gas-fueled vessels. The main types of LNG storage tanks,
that are currently used, design of tanks, their characteristics and features
were considered. The analysis of the possibility of using these types of
tanks, depending on the size of the vessels, the duration of their voyage and
navigation areas were performed. Based on the analysis, recommendations
for use of certain type of LNG storage tanks were suggested.

Keywords: international convention MARPOL 73/78, liquefied natu-
ral gas (LNG), LNG storage tanks, independent tanks, boil - off gas (BOG)

AHAJII3 KOHCTPYKTUBHNX OCOBJIMBOCTEN TAHKIB 3A-
IMACY CIIT' HA CYJAX TA30XOJIAX

Bubip Tuny Taskis 3aracy 31" € oHUM 3 TOJIOBHUX MTUTaHb MIPU TIPO-
eKTYBaHHI CYACH-ra30Xo/iB. PO3rIsHyTO OCHOBHI THIIM TaHKIB 3amacy
3I1I, 1m0 3aCTOCOBYIOTHCS B JIaHHI 4ac, KOHCTPYKIIisl TAHKIB, iX Xapakre-
PUCTHKH 1 0co0MBOCTI. [IpoBeIeHO aHai3 MOXKIIUBOCTI BUKOPHCTAHHS Jia-
HMX THIIIB TAHKIB B 3aJCKHOCTI BiJl pO3MIpY CYyJ€EH, TPUBAIOCTI 1X peicy i
paifoHiB MIaBaHHs. 3aIIPOMOHOBAHO PEKOMEHIAIIIT 10 BUKOPUCTAHHIO TaH-
KiB, [PYHTYIOUYHUCh HA ITPOBEJCHOMY aHai3i.

KirouoBi cioBa : MikHaponHa kouBeHiiss MAPIIOJI 73/78, 3pimke-
Huii npupoauuii ra3 (3I1I7), tanku 3amacy 3I1I7, He3aexkHI TaHKK 3ar1acy,
npupoHko Bunapenuit ra3 (I1BI).

According to requirements of international convention MARPOL An-
nex VI, there is systematic toughening of requirements to the content of
nitrogen oxides, sulfur oxides and firm particles in exhaust gases of sea
vessels. Such requirements are the main driving force for introduction of
use of natural gas as ship fuel. Natural gas allows to exclude sulfur emission
almost completely, to reduce significantly emission of nitrogen oxides and
carbon and firm particles that improves ecological situation in coastal water
areas and on internal waterways.
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Except ecological, economic aspects are also very important in this
case. Switch-over to gas fuel on vessels provides drop of operating ex-
penses, due to the low cost of gas, smaller costs of maintenance and repair.
[1]

According to the latest available data, by the end of 2019 the number
of gas-fueled vessels will reach about 200 units in the world, and consump-
tion of LNG as fuel in ship propulsion stations will reach 1 million tons and
will promptly grow to value of 8.5 Tons by 2025 [2]
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Fig. 1 Bar chart of growth rate of gas-fueled vessels in the world.

Though use of LNG as fuel in ship propulsion stations has advantages,
there are also deficiencies. LNG is stored at temperature of -160 °C and
pressure to 10 Bars in tanks from the special materials covered with layer
of heat insulation more than 0.5 m thickness, they require the organization
of secondary barrier, special measures for control of gas composition of the
atmosphere and ventilation. So, storage tanks of LNG require in 3-4 times
more ship space, than regular fuel tanks. Therefore, the available cargo
space becomes one of the main issues for discussion. Increasing duration of
the planned sail causes the necessity of increasing the volume of LNG stor-
age tanks [2]. Therefore, one of main objectives when projecting vessels —
to optimize the size of storage tanks depending on available cargo space
[3].

Today there are several possible ways of installation of LNG storage
tanks on gas-fueled transport vessels [3]. Use of such tanks, as independent
tanks type A,B C and membrane tanks are permissible according to require-
ments of IMO. [4].

Each type of tank can be described in such parameters as:

- Maximum operating pressure,
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- Tank configuration,
- The material used in design of tank [4]

Membrane tanks are not self-supported, consists of the thin membrane
laid on isolation. Isolation is located on bottom of the vessel, so tank’s pres-
sure is directly transferred to ship hull structures. The hull in this case is the
basic supporting component of such tanks. The membrane of tank so de-
signed, that thermal and other types of expansion or compression are com-
pensated without its excessive tension [4]. Design pressure of vapors in
membrane tanks usually does not exceed 25 kPa. Nevertheless, pressure of
vapors can reach up to 70 kPa. The main material used at production of
membrane tanks is the invar —alloy of nickel and iron and chromium-nickel
steel. For increase in safety membrane tanks must be surrounded by a sec-
ondary barrier. It is reached by installation of additional membrane in insu-
lation layer. [4]

* Secondary [nsulation Box(300mm)

Side Passage Way 1
p
. » Secondary Barrer {INVAR : 0.7mm]

* Primary Insulation Box{ 230mm)

s Primary Barries{INVAR : 0,7rmm}

Discharge Line

Ballasi Tanks Flipa Ducl

Fig. 2 Construction of membrane tank.

The independent tanks — self-supported. These tanks are not compo-
nent of hull and do not involved in ensuring overall hull strength. Such
tanks fasten to hull only through special supports, which allow them to con-
tract and extend irrespective of ship’s hull

Independent tanks can be divided into three groups.

Independent tanks type A - are tanks primarily designed using classical
ship-structural analysis procedures in accordance with the requirements of
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the Administration.[6] Represent a hermetic shell made of steel or alumi-
num, which is most fully uses the useful volume of the hull. [4] To provide
the necessary stability and reduce the influence of the free surface, the tank
is divided by a longitudinal bulkhead into two parts, which are intercon-
nected by a number of holes in the tank dome, i.e. in the gas part. The tank
is mounted above the second bottom on special brackets made of solid
wood, and is held by these brackets in vertical and horizontal directions.
The estimated vapor pressure P should be no more than 70 kPa. [6] For such
tanks as well as for membrane tanks, a full secondary barrier is required.

Independent tanks type B are tanks designed using model tests, refined
analytical tools and analysis methods to determine stress levels, fatigue life
and crack propagation characteristics. In assessing and analyzing the
strength of the material from which tank is made, its wear resistance and
fragility in the process of aging of the metal is used more stringent criteria.
Thus, a type B tank may be the same as type A, but must be inspected as
safer than the first. The material usually used is steel with a 9% nickel con-
tent, or aluminum. The designed vapor pressure P must not exceed 70kPa.
A partial secondary barrier with little leakage protection is required. [6]
Thus, a slight leakage of cargo, gradually increasing after its appearance,
will lead to the destruction of the tank after about a year, if the vessel is in
the North Sea during the storm season. Due to this margin of safety, a con-
tinuous secondary barrier is not required, but a small secondary barrier is
placed under each tank to detect leaks and collect gas. Today, most popular
type B tanks are Kvaerner — Moss technology tanks, but there are also on
market IHI SPB independent tanks.

The design basis for type C independent tanks is based on pressure ves-
sel criteria modified to include fracture mechanics and crack propagation
criteria. The minimum design pressure is intended to ensure that the dy-
namic stress is sufficiently low so that an initial surface flaw will not prop-
agate more than half the thickness of the shell during the lifetime of the
tank. [6] The secondary barrier around these tanks is not performed. Tanks
are made in the form of a single or double cylinder and attached to the hull
of the vessel with the help of special pillows made of solid wood. On one
of the pillows the tank is fixed rigidly, while the others allow it to contract
and expand freely. [4]
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Fig. 3 Construction of independent tank of Kvaerner-Moss technology.
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Fig. 4 Construction of IHI SPB independent tank.

Today, the main questions in choosing the type of LNG storage tanks
for gas-fueled vessel are the effective use of the useful space of the transport
vessel and the utilization of the BOG, which inevitably results from the use
of LNG as fuel on sea vessels.

From the point of view of the effective use of the ship’s space, spheri-
cal tanks type B and cylindrical tanks type C are least attractive. It is enough
to compare the contour of the cross section of the vessel with spherical tanks
and the contour with prismatic tanks.[7] A more suitable option is prismatic
tanks, which better fit into the hull space, but they are give way to mem-
brane tanks, which use a light and thin membrane supported by the vessel’s
hull.
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Fig. 5 Construction of independent tank type C.

From the point of view of utilization of BOG, membrane tanks are also
the most suitable alternative. Manufacturers of cargo systems say that the
average daily evaporation rate is 0.15% for spherical tanks Kvaerner-
MOSS and 0.13% for membrane tanks Gas Transport and Technigas Mark
III, which are most often used on modern ships. [5]

According to the latest data, it is known that the French campaign GTT
announced the delivery of the Mark V cargo system, which guarantees that
the daily evaporation rate will be no more than 0.07% of the volume of the
tank. In addition, the South Korean shipbuilder DSME announced a devel-
oped Solidus membrane type cargo system, which guarantees a daily evap-
oration rate of 0.049%.

From the above we can conclude that when installing type C tanks,
much more space is occupied in comparison with other types of tanks, how-
ever this option remains the most attractive from the point of view of saving
funds that need to be spent on recycling BOG from more compact mem-
brane tanks.

For example, in a cylindrical tank of type C with a volume of 200 m3
with a working pressure of 0.6 bar to 4 bar and elastic polyurethane foam
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as insulation 200mm thick — the maximum allowed pressure of the tank
will be reached in about 25 days. [3]

Thus, for ships with a small deadweight - the best choice is to install
type C tanks, which are in the presence of different volumes with a maxi-
mum allowable working pressure of up to 10 bar. [3] They are most attrac-
tive for use on ships with a low consumption of gas fuel, or to those that
often call at ports where bunkering is possible. Type C tanks are already
used on many ferries and offshore vessels. [3]

However, for large vessels it is advisable to use membrane tanks be-
cause the installation of such tanks are more advantageous from the point
of view of the optimal use of useful space.

For example, 9 container vessels of CMA CGM company will be built
at Chinese shipyards with a capacity of 22,000 containers. It is reported that
these vessels will sail between Europe and the Far East with bunkering in
Europe. It is planned that the capacity of storage tanks will reach 18,600
m3. The capacity of such storage tanks can be compared with the cargo
capacity of a small gas carrier. Thus, it is obvious that in this case is advis-
able to use only membrane-type tanks.
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CALCULATION OF SHIPS ATTRACTION FORCE POWER AT
THEIR APPROACH

Problem statement. There are cases of ships accidents with significant
damage to the hulls when they follow parallel courses at a relatively small
distance from each other. For example, the collision of the passenger ship
“Olympic” with the cruiser “Hawk” (1921), “Queen Mary” with the cruiser
“Curacao” (1942). The reason of such accidents is usually explained by the
attraction forces of “suction” arising from the approach of the ships (in ac-
cordance with the Bernoulli equation [1,2]), that is doubtful taking into ac-
count the serious damage to the hulls.

Analysis of research and publications. There is a limited number of
studies [1, 2] on the hydrodynamic interaction of ships, which state that
when ships follow parallel courses at sufficient speed, an accident can occur
due to the fact that one of them will be brought in the direction of the other.
The reason for this is explained by an increase in the dynamic pressure (pro-
portional to the square of the speed), respectively, by a decrease in the static
pressure in the onboard ship.

Purpose of the research study is to analyse the causes and calculate
the attraction force of the ships when they approach.

Presentation of the main research material. The vessels have a cer-
tain draft and, therefore, the onboard channel has a depth depending on the
draft of a smaller vessel (Fig. 1, 2).

Water constrained by the sides will move faster sn a narrowing on-
board canal. The Bernoulli equation for two points 1 at the entrance to the
onboard ship channel and 2 at the narrowest part of the channel lying on its
axis for an incompressible fluid without taking into account energy losses
can be written as:
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where Az = Z,—Z, - level difference from the external and internal
sides of the vessels in the channel;

Az + P hydrostatic pressure;
Pg
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vi — onboard water inlet speed;

v, — water velocity in the narrowest section of the channel;
2

—2- _ hydrodynamic pressure.

2g

According to the authors of [1,2], the hydrostatic pressure will be un-
changed in any horizontal plane and, therefore the water level (Az) becomes
less in the section where the speed is greater. The level difference of the
external and internal sides of the vessels causes their approach.

A smaller (overtaking) vessel with a displacement of 8000 tons and a
length of 130 m hase a draft of 7.5 m and that the depth of the on-board
channel is (taking into account the contours of the ship’s hull, as, for exam-
ple, for naval vessels) - 4 m. In this case, the length of the narrowest part
can be considered the inter-ship channel equal to 50 m (where the water
level decreases (Fig. 2). The average water level between the vessels in this
case decreased by 40 cm. This leads to a difference in hydrostatic pressures

from the external and internal sides of the vessels Ap = p, — p,, that is,

to the appearance of a lateral force, shifting the vessel - AP. The hydrostatic
pressure from the surface of the water to a depth of 0.4 m varies linearly

from zero on the surface to a value equal to p, = pgh =3920 Pa ata
depth of 0.4 m. Let us take the average value of this pressure

Do =2/3p,=2610 Pa. For square S =50x0,4=20m’, on
which  this  pressure acts, the lateral force will be
AP=p . -S§=52200 N (~531).

The obtained value of the force raises doubt on its significant influence
on the reason for the attraction of ships and significant destruction of the
hulls. For example, the modern tugboat “Myrjan 1 (year of construction
2018), the company “Retro-Rabigh”, designed to moor tankers of the
VLCC type, develops a towing force of a maximum of 80 tons, the effect
of which is even in the worst case (weather conditions, inattention of crews
and etc.) does not damage the side of the vessel.

Therefore, it is more reasonable to take into account the flow force ef-
fect of the flow of an ideal compressible fluid on the flow around an arbi-
trary body due to the uneven distribution of hydrodynamic pressure, for
which it is advisable to take into account the formation of velocity circula-
tion [3]). The general theory of lifting force of N. E. Zhukovsky, based on
the occurrence of attached vortices or fluid circulation, is applicable here
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[3,4]. The theorem of N.E. Zhukovsky on the lifting force of a wing is the
main theorem of gas dynamics [3]: when a plane-flow stream of an ideal
compressible fluid flows around a body, the lifting force acts on the body

Py , equal to the product of the velocity I' circulation and the leakage rate

Vv na mnotnocts P :

Py:poorVoo’ (2)

The closed loop speed circulation is equal to the product of the circum-
ference of the radius  and the leakage rate V_ [4]:

=2V, (3)

where 7 — radius of an arbitrary circular contour in the physical plane,
covering the profile (Fig. 3).

Fig. 3

In the case of flow around not single, but a group of adjacent bodies
(profile lattice), a fictitious average velocity is introduced

v, =51 +,), @

where V1 — velocity at the entrance to the profile grid,
V> — output speed.
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Here you can take for Vi — overtaking speed V> — speed in the inter-ship
channel and apply the theorem of N. E. Zhukovsky for the case of vessels
moving in parallel courses with their approach.

Perform a speed calculation /> in the onboard canal according to the
Bernoulli equation (1), assuming that Az =4 m, and the speed of a

smaller overtaking vessel ; =10 mps (= 20 knots). Value obtained

V> equally 10,4 mps. In this case ¥ will be 10.2 mps. Using (2) and (3)
and taking the value of r in (3) as the radius of a circle covering the length

of a smaller vessel (# = 50 m) determine the values I" and P,. As a result
of the calculations, we obtain the value of the shear force causing the at-

traction of the vessels Py =32670-10° N (33300 t), which is 625

times the same force obtained using the Bernoulli equation.

Conclusion

The phenomenon of mutual attraction of ships following parallel
courses is usually theorized using the Bernoulli equation. This equation is
not entirely applicable to fluid flow with a free surface. In this case, the
physical reason for the ships attraction is explained by the action of the
shear force (as a result of the speed circulation occurrence) during the crit-
ical ships approach. The calculation of the magnitude of this force, per-
formed on the basis of the theorem of N.E. Zhukovsky on the lifting force,
made it possible to explain the serious damage to the hulls of the vessels
during their attraction.
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EFFECTIVENESS OF NANODISPERSED SUBSTANCES
UTILIZATION IN SHIP’S MECHANISMS

Introduction

The history of civilization is inseparably associated with the develop-
ment of high-quality materials technology [1]. Modern materials science,
aimed at the production of the materials with special properties, is con-
nected with the fundamental and applied science of nanotechnology which
studies the laws of physical and chemical nano-sized systems. Almost all
nanosystems are obtained under the conditions far from equilibrium. It al-
lows achieving spontaneous nucleation, and to avoid growth and aggrega-
tion of the formed nanoparticles.

Studies have shown that nano-based materials have new and sometimes
unusual properties [2]. It is known that for conventional materials the
greater the strength of the material the less its ductility. In nanomaterials, a
new paradox [3] of strength and ductility (a simultaneous increase in
strength and ductility) has been discovered. In addition, nanomaterials have
a higher fracture toughness and substantial wear resistance. The physical
nature of the new phenomenon is connected with the change of micromech-
anisms of deformation, when, along with the motion of lattice dislocations
at the boundary of formed nanograins, grain-boundary glide occurs [4].

Additives to operating media are widely used in mechanism’s systems.
In particular, the reliability of friction units is determined in many respect
with the presence of antiwear and boundary additives in lube oils. The tran-
sition from micron- to nano-sized additives is being widely implemented in
technology at present. In this paper, we have analyzed the effectiveness of
the utilization of nanodispersed substances and their compounds in order to
increase the service life of the ship’s equipment.

The effectiveness of nanoparticles

The surface area of a conventional macroscopic physical body is small
in comparison with its volume. All physical properties of the body are de-
termined by the properties of the bulk sample, although numerous studies
have established that surface properties of solid body differ greatly from
volumetric ones. Thus, the properties of the body of 1+2 nm in diameter —
when almost all atoms are located at the surface — will be absolutely unique.
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In order to explain the effectiveness of the nanoparticles action, we will
estimate the change in the surface energy during the fragmentation of mi-
cron-sized particles into nano-sized ones. Considering only spherical parti-
cles and unchanged volume at the fragmentation of a micro-sized particle
into N nanoparticles, a relationship between the size R of the initial particle
and the size of the formed nanoparticles » will be of a form:

R O Vg
33 (1)
As it follows from (1), the ratio between the radii:
1
r=N 3R )

Since the surface energy is proportional to the surface, the ratio of ob-
tained surface energy to initial surface energy gives:

W, _No’ _ N[”JZ

2
and, considering (2), we have:
2 1
", =N-N3=N3 :B
WR r ) (4)

Hence, when micron-sized additives are replaced with nano-sized ones,
the surface energy increases hundreds of times: the surface area of one gram
of particles with a size of 1015 nm measures 100200 m* depending on
the material of the nanoparticle. Since the use of antiwear and boundary
additives is determined by surface energys, it is obvious how nano-additives
utilization benefits [5-8]. The activity of a substance in a solid state in-
creases sharply during dispersion due to the growth of surface energy and
the rate of physicochemical interaction with the surroundings. The rate of
such interaction is always proportional to the area of a surface. The smaller
the structure of the substance, the faster it dissolves, or the faster the solid-
state reactions proceed.

The diffusion coefficient, corresponding to the formation of cladding
layers which are formed by nano-sized particles on the surfaces of the
friction pair, is described by the dependence [9]:

E
D~exp (— ”j
K, )
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where E, is the diffusion activation energy.

For nanomaterials, the activation energy increases due to the growth of
the surface energy and contact area between the nanoparticles and the ma-
terial of friction pairs. Higher values of the diffusion coefficient correspond
to a substantial non-equilibrium of the processes resulting in the self-organ-
ization [4] of the cladding layers on the surfaces of friction pairs.

Utilization of nanomaterials

Among the nanomaterials, which are used in the industrial application
and may significantly increase the service life of ship’s equipment, are
nanodispersed powders of metals and their oxides.

The product of nanotechnology research for surface coating and lubri-
cation, called NanoVit, has been recently developed in Germany. This prod-
uct is a mixture of the lube oil (conventional or base oil) and stable agglom-
erate of aluminum dioxide (10%), modified silicon dioxide (80%) and
plasma processed graphite (10%). The ball-shaped particle aperture is 14
nm; the specific surface of the product is extremely developed and accounts
for 155 m%/g.

The following processes occur in contact of interacting surfaces with
lube oil which contains NanoVit [10]:

- it is suggested that oil molecules fix onto the inner surface of the the-
oretically predicted synthetic polymer SiO, units; during operation, this
“SiO, gel” sediments onto the friction surfaces building “oil-bearing
chains” which turn dynamic friction into rolling friction;

- graphite enhances additional lubrication and together with SiO, forms
a two-dimensional sliding layer; and

- aluminum-oxygen bonds break resulting in the formation of surface
cladding layers due to the displacement of iron atoms by aluminum ones.
The ductility and strength of these layers are very high as created oxides
and carbides of aluminum and iron significantly enhance wear resistance.

As it is observed from Fig. 1, utilization of Nano Vit results in the clean-
ing of interacting surfaces from combustion deposits followed by the for-
mation of firmly adhering wear protective layers.

It should be noted that the increased amount of Iube oil (in a form of
“gel” with Si0O,) on the surfaces of friction pairs enhances the lubrication
and eases the cold start.

Ukrainian company XADO recently developed and patented a unique
“building” material called revitalisant [11] that converts the excessive en-
ergy to form a tribo-coat when introduced into the contact area. The
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Fig. 1. Cleaning and restoration of piston head surface with NanoVit utiliza-
tion (80.000 km).

revitalisant is a gel which consists of a high-molecular lubricating medium
containing a very active carboxyl group COOH and a mixture of oxides
ALOs, SiO,, Fe;O3 and their hydrates, or Al,O3, MgO and Fe;Os or their
hydrates with an average dispersion of 100 nm. Nanoparticles have a shape
close to spherical; they act as rolling elements in a friction zone and at the
same time they harden the surfaces.

Fig. 2. Stages of revitalization — formation of anti-wear tribo-coats on the inter-
acting surfaces in the friction zone.

The mechanism of tribo-coat formation utilizing revitalisant is depicted
in Fig.2.

The process of revitalization, during which antiwear tribo-coats are
formed on the surfaces of the friction unit, is based on the physicochemical
interaction between tribological surfaces in the presence of revitalisant at
the boundary or mixed lubrication. As a result, a metal-ceramic coating is
formed on the surfaces of the friction pair. The peculiarity of this process
consists in the simultaneous strengthening and growth of the coating. The
revitalization phenomenon makes it possible to turn the wear process in the
opposite direction and restore the worn surfaces (Fig. 3).
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Revitalization begins in the region of the maximum wear characterized
by the amount of excess energy sufficient to initiate a new process; and
metal atoms have the maximum number of uncompensated bonds.

Fig. 3. A real defected surface of the sliding bearing before and after revitali-
zation.

These bonds, acting like magnets, trap and confine the building mate-
rial — revitalisant — precisely in the wearing zone. When the load is applied,
energy activator directs excess energy to the construction of a new crystal
lattice. Thus, a new coating is formed on the basis of an old one.

Within 15 minutes of starting revitalization, defect disappears (Fig.3),
and perfectly smoothed protective metal-ceramic patch is formed [11].

It should be especially emphasized that all presented substances are
nanodimensional, and at this scale, their characteristics and chemistry are
totally different from their rough opposites. For example, micron-scale
high-silica sand, crystalline corundum, and crystalline graphite are abra-
sives, presence of which in the friction zone requires the installation of fil-
ters. In turn, the same substances exhibit unique anti-wear and anti-friction
properties when their nano-sized particles are used as tribo-coat “building”
material.

Conclusions

A significant increase in surface energy of nanoparticles compared to
micron-sized ones has been analyzed. Utilization of widely used nano-
materials such as nanodispersed powders of metals and their oxides has
been presented. It has been demonstrated that metallic nanodispersed sub-
stances and their compounds, under the load in the friction area, form ul-
trastrong and ductile antiwear and antifriction adhesive coatings with ex-
cellent tribotechical characteristics.
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MODIFICATION OF EXOTHERMIC COMPOSITIONS IN
ORDER TO INCREASE THEIR HEAT POWER

An opportunity is proposed to increase the competitiveness of Ukrain-
ian shipbuilding due to the introduction of new welding technology with
non-volatile means. An example of calculating the power and geometric
parameters of a welding rod is given.

Keywords: ship repair, welding, non-volatile welding tool, power

Unfortunately, the state of shipyards in Ukraine and ship repair in gen-
eral raises significant concern.

Over the past two decades, Ukraine has been losing more and more both
in the commercial and technical efficiency of repair work, not only to such
"respected" competitors as Poland and Greece, but also to its closest neigh-
bour - Russia. Moreover, the nearest one is not only geographically, but
also in terms of starting capabilities.

The crisis in Ukraine deepening, while the Russian shipyards during
the "zero"years quite successfully overcame the crisis caused by the col-
lapse of the unitary economy of the USSR, successfully introducing ad-
vanced technologies and building new business schemes.

It is clear that to overcome the systemic crisis of Ukrainian ship repair
requires a systematic and focused work in many areas: technical, techno-
logical, economic, etc.

One of the components of this approach can and should be the intro-
duction of new technologies in the field of ship repair.

The purpose of this article is to propose a new technology in the field
of welding, metal cutting, applying special layers on its surface - protective,
antifriction, abrasion resistant, etc.

In 2001 a method and a number of devices were proposed that represent
welding technology based on oxidative exchange reactions - similar to ter-
mite ones, which have a number of advantages over the latter both in the
energy efficiency of the process and in the quality of the resulting com-
pound.
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The proposed method - the use of welding and cutting non-volatile
rods, sticks and other devices, along with the indisputable advantages - ther-
mochemical welding and cutting rods, being "quasi-electrodes" do not re-
quire any welding equipment and any external energy sources, can work in
hard-to-reach places, in the air and under water, their use does not require
high qualifications and special training of personnel, labor protection re-
quirements for protective clothes and other means of protection is signifi-
cantly lower than with conventional welding; it also has a number of draw-
backs, the most important of which is the discreteness of the process — it
is impossible to extinguish the ignited device “properly”, and it is not pos-
sible to re-ignite. Other disadvantages include insufficient specific thermal
power, both emitted by an exothermic rod or other device, or received by a
heated metal.

In the work [2] it was shown that the necessary thermal power of a point
heat source can be determined by the formula:
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Where: g - acceleration of gravity [m/ s°];

B - is the coefficient of volume expansion [1 / K].
D - is the diameter of the termite rod,

L - is the length of the fillet weld,

h - is the penetration depth of the main metal,
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p - is the density of the base metal,

7 - is the welding time,

Tmere - 1s the melting temperature of the base metal,

Twp- - melting point of filler metal,

C — is the heat capacity of the base metal,

AH - is the heat of fusion of the base metal.

& ¥ &— degree of blackness of heat exchange surfaces;

Tiu T, - are the absolute temperatures of the heat exchange surfaces;

to— 1is the optical layer thickness

F,—is the total heat transfer area of the heated plate;

t,s — temperature on the plate surface;

ta — - ambient temperature;

v - kinematic coefficient of viscosity of the environment [m*/ s]

a — coefficient of thermal diffusivity of the environment [m?*/ s].

A - coefficient of thermal conductivity of the plate material [W / m’K].

The next research step was the calculation of the specific thermal power
released by various mixtures during exothermic reactions.

Any chemical reaction proceeds with the breaking of bonds between
atoms and with the formation of new bonds.

Obviously, heat will be released if the broken bonds are weak and the
newly formed bonds are stronger.

The strongest bonds are bonds between atoms of elements of opposite
properties, that is, typical metals with typical non-metals, for example, flu-
orine or oxygen. When non-metals are interconnected, low-strength bonds
are formed most often.

Another method for producing high-energy exothermic reactions is the
reaction of displacing low-active metals from their oxides with more active
metals. These reactions are known as termite.

Based on technological requirements, the chemical composition of the
fuel mixture should provide the following:

1. The necessary thermal power for welding products of a certain thick-
ness.

2. The necessary chemical composition of the filler metal to ensure a
durable weld.

3. The necessary chemical composition of the slag, providing a crystal-
lization temperature of the slag below the crystallization temperature of the
filler metal, so that the liquid slag is displaced from the crystallizing metal
during cooling. In any case, the slag should contain a component with a low
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crystallization temperature, which will remove solid slag from the crystal-
lizing metal.

As you can see, the undoubted advantages of thermite welding are its
low cost, efficiency and independence from external energy sources. How-
ever, for such welding, a termite quasi-electrode is required, that is, a ter-
mite rod that would work like an electrode but would not consume external
energy.

To a large extent, termite rods in which boron is used as a reducing
agent correspond to these requirements. The thermite mixture is less ener-
getic, but boron gives fusible slags, therefore, crystallization of the metal
occurs before crystallization of the slag. Liquid slag is displaced from the
crystallizing metal, as a result of which the seam becomes clean and dura-
ble. To increase the penetration depth, mainly copper termite is used, the
crystallization temperature of the termite metal - copper is about 500 ° C
lower than the crystallization temperature of iron. The process from pure
welding shifts towards welding-soldering, which makes it possible to con-
nect parts with a thickness of 6-7 mm.

With all the advantages of these termite rods, there are some disad-
vantages. Boron is expensive; it is about 50 times more expensive than alu-
minum. Although it is not needed very much, for the termite reaction to
occur - 9-10% of the composition of the mixture, against 25% aluminum,
but this amount also significantly increases the cost of production.

When using such rods for welding, the main question is how to give the
most energy to thermite compounds, taking into account special conditions
of metal heating,

There is a method of modifying termite compositions by adding com-
ponents that are easily ignited, and when such mixtures are ignited, an ex-
othermic reaction occurs, resulting in products in the form of molten metals
forming solder or filler welding metal, as well as various slags of various
viscosities and different melting points.

However, when implementing such a modification method, it is diffi-
cult to make a welding rod or paste, in addition, such modification methods
give a relatively low specific heat of reaction.

In the present work, an attempt is made to develop methods for modi-
fying termite compositions, which make it possible to obtain an amount of
metal released that is sufficient to form a weld without the excess mass of
a given metal and which allow one to obtain an increased specific thermal
power. The specified problem can be solved by calculating correctly the
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mass of the standard termite component and by adding it to the specified
one.
=R, )
' K..

where:

m,, - is the mass of the modifier (kg).

N - is the required thermal power for welding a given metal thickness
(kW);

K- is the thermal power coefficient of the termite component, (kJ /
kg);

Ky - modifier thermal power coefficient (kJ / kg);

m; - is the mass of the termite component (kg).

As practice has shown, a colloidal solution of a solid finely dispersed
oxidizing agent with a liquid organic substance or with a mixture of liquid
organic substances, when the density of the oxidizing agent and liquid or-
ganic substances is approximately equal to = 5%, can be used to prevent
gravitational separation of the colloidal solution. The viscosity of liquid or-
ganic matter or mixtures of these substances should be in balance with the
effect of gravitational forces and prevents the mentioned fractionation.

A suspension or colloidal solution of a liquid oxidizing agent, solid ox-
idizing agent with an organic substance, or with a mixture of organic sub-
stances can also be used as a modifier. Moreover, the density conditions
should be the same as in the first case.

If the densities differ more than indicated, then math expressions are
proposed to calculate the mass fraction of a less viscous organic substance
in a mixture with a more viscous substance mixed to obtain the necessary
viscosity:

n=44643D(p - p) (3)

D; - is the diameter of the dispersed particle of a solid oxidizer (m);

po - is the density of the oxidizing agent (kg / m3);

p1 - fluid density (kg / m3);

-1, (4)

=

L,
where 1) is the dynamic viscosity (Pa * s);
m, ~ mass fraction of less viscous liquid;
M1 - is the viscosity of a more viscous fluid (Pa*s);
M2 - is the viscosity of a less viscous fluid (Pa*s);



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 112

M3 - is the viscosity that must be obtained by mixing the first two liquids
(Pa*s).

Using the obtained dependences, exothermic mixtures with additives
were calculated to increase power on the basis of reductive-oxidative mix-
tures.

Thus, a mixture was made for the production of a solder-welding rod
for brazing and welding of steel - Steel 20 with a thickness of 4 mm and
brazing based on copper alloy. The efficiency of the rod is about 0.7. The
required power for welding is 8 kW. Welding speed - 4 mm / s. The burning
rate is 7 mm/ s. The mass of the termite component (CuO-CaSi,) calculated
in the expression (2) m; is 1.31 g/ s. Thermal power - 5.5 kI / s, Lack of
power - AN = 8-5.5 = 2.5 kJ / s. Here, silica-calcium CaSi; is selected as
fuel, which is several times cheaper than boron or aluminum. In addition,
this component is a raw material for the metallurgical industry, it is pro-
duced in large quantities and it is not scarce.

As a thermal modifier, a mixture (KNOs + CaSiy) is used. The specific
thermal power of the modifier is approximately 10 kJ / g. The mass of the
modifier to obtain 2.5 kJ / s will be 0.25 g.

The mass of the modified thermite mixture is 1.31 +0.25 =1.56 g.

Based on these requirements, taking into account the data given in [4],
[5], the heat of combustion of the compositions emitting various filler met-
als was calculated.

With the above welding parameters, the diameter of the welding rod

will be:
d= |29 (5)
ﬂ’vtg ’ qy()
where

0 — is the power required for welding,
V,, - welding speed m/s,

- specific thermal power W,

q,

¢ - cop.

For slightly different conditions, namely for overlap braze-welding of
Steel J24056 (analog of steel «Cranp 38XMIOA» ) and a sheet thickness
of 4 mm, we have:


https://www.multitran.com/m.exe?s=reductive-oxidative&l1=1&l2=2

2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 113

Braze-welding is carried out with brazing alloy based on a copper alloy.
COP 0.7, Welding speed is 4 mm / s. Burning rate is 7 mm/ s. The required
power for soldering-welding is 16 kW.

The cross-sectional area of the fillet weld is 62 / 2 or 0.4.0.4 / 2 = 0.08
cm’,

The mass of the termite component (CuO-CaSi,) according to math ex-
pression (1):

m;=0.4388 g/s;

0.08 is the cross-sectional area of the fillet weld cm?;

0.4 - welding speed cm / s;

8.9 - copper density g/ cm’;

0.65 - is the proportion of copper released from the termite composi-
tion;

thermal power - 1.84 kJ /'s;

AN =8-1.84=6.14kJ /s.

As a modifier, we use a mixture (KCIO4 + CaSiy). The reaction pro-
ceeds with the release of chlorine, which cleans the surface. The specific
thermal power of such a mixture is about 10 kJ / g. The required mass mod-
ifier 0.614 g.

The final composition of the mixture:

0,438 g (Cu + CaSi,) + 0,614 g (KCIO4+CaSi»)

Total 1,052 g

or

(Cu + CaSi) -41.63%, (KCIOs4 + CaSi») - 58.36%.

The diameter of the rod (pencil) d = - 0.94 cm or about 10 mm.

Conclusions:

1. Some aspects related to the European integration of Ukraine are out-
lined. The difficulties of real tasks, the difficulties of their implementation
are shown. One of the options for the new ship repair technology is pro-
posed, which is capable, according to the authors, to facilitate the integra-
tion of the repair industry of Ukraine into the European economic system.

2. On the example of copper and mixtures created on its basis, an ex-
ample of calculating the technological power and geometric dimensions of
new non-volatile soldering and welding tools is shown.
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MODELING OF FUEL INJECTION PROCESSES OF RT-FLEX
ENGINES ACCUMULATOR COMMON RAIL FUEL INJECTION
SYSTEM

The summary: the article presents hydrodynamic processes modeling
results of RT-flex engines common rail fuel injection accumulator system.

The analysis of the structural elements of the system is given; their
functions and their combined action algorithm are considered.

A mathematical model of fuel injection processes has been developed
and their computer model created. The calculation procedure has been
worked out; the example of calculation has been completed. The analysis
of processes in the main elements and sections of the system has been per-
formed.

Keywords: process of injection, common rail system, modeling.

Statement of the problem.

The current stage of development of marine diesel engineering is char-
acterized by fundamentally new solutions in the organization of fuel injec-
tion. The transition to computer control was carried out with the organiza-
tion of the accumulator principle of fuel injection (RT-Flex engines) or the
use of hydraulic drive for high pressure fuel pumps (ME type MAN&BW
diesel engines).

Both options provide free assignment of the main fuel injection param-
eters: pressure and injection phases. As a result, it became possible to en-
sure high efficiency and comply with environmental standards that require
a sharp reduction in the emission of harmful substances with exhaust gases.

The information on the hydrodynamic processes in the new injection
systems is very limited and does not meet the needs of the practice of oper-
ating modern marine diesel engines.

The development of tools for modeling injection processes in the men-
tioned fuel injection systems is relevant for the development of the theory
and practice of engine building, as well as ensuring the efficient operation
of marine power plants.

Analysis of basic research and publications. Diesel fuel injection
systems are a basic component, which operation determines all engine per-
formance.
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Researches in the field of working processes of fuel injection systems
have been and continue to be one of the most important areas in the theory
and practice of engine building.

Along with experimental research methods, a theoretical base has been
created that provides not only a reduction in the time and cost of obtaining
results, but also information in some cases not available in experiments.

One of the most advanced is the method of fuel injection calculation
developed by Professor Yu. Ya. Fomin [2,3,4]. Based on the fundamental
provisions of mathematical physics, it allows to take into account all the
essential properties of the working fluid and structural elements of the fuel
system. Fuel is treated as viscous, compressible fluid, which allows to take
into account the wave phenomena and the hydraulic resistance in the sys-
tem. The telegraph equation is solved by numerical methods and boundary
conditions are set in accordance with all design data of fuel equipment.

However, the development of Yu.Ya. Fomin does not cover modern
solutions in the field of injection systems for marine diesel engines and their
application requires the creation of specific applications.

Work in the field of research on modern accumulator systems began in
the international community of specialists simultaneously with the advent
of such systems in diesel engineering.

The authors [1] created an animation model of the CR system as a train-
ing tool with simulator functions. However, the task of studying the fuel
injection processes was not solved at the same time.

Selection of the unsolved parts of general problem.

Previously completed developments in the field of modeling of diesel
engines common rail fuel injection system do not provide a fully detailed
description of hydrodynamic processes. Further development of common
rail modeling aids is relevant, and its results provide the development of
the theory and practice of engine building.

The purpose of the article.

The purpose of the research described in the article is the development
of mathematical and calculation models of fuel supply by the CR accumu-
lator system, the implementation of initial calculations, the analysis of hy-
drodynamic processes in the system elements according to the simulation
results.

Presentation of the basic material.

At the ship power plants department of NU <OMA> the research of
accumulator fuel injection systems (common rail) operational characteris-
tics of RT-Flex engines is conducted. One of the directions of this work is
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the creation of fuel injection models and the computational study of fuel
injection processes. The results of the research are presented in this article.

The functional diagram of the accumulator fuel injection sys-
tem AFIS (CR —common rail ) for RT-flex engines [1] is shown in Fig.
1. It includes elements directly related to the injection process.

2z 3

— =y
SEE | e

5
Fig. 1.Accumulator fuel injection system AFIS (CR —Common Rail): 1 -
Injection Control Unit <(ICU); 2- work space (WS ICU); 3 - buffer space BS
ICU; 4- fuel metering (quantity) piston (FQP ICU); 5 — fuel accumulator

FA(Fuel Rail)

\ER"

The part of the system is equipped with additional devices (Fig. 2), con-
taining at the output the accumulator 7, indicated above (Fig. 1) as 5.
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Fig. 2. The fuel supply circuit of the fuel system accumulator (Fuel Rail):
1 — fuel accu-mulator FA (Fuel Rail); 2 —high pressure fuel pumps
unit HPFPU (Fuel Supply Unit - FSU)

Fuel is supplied at high pressure (up to 1000 bar) by high pressure

fuel pumps unit HPFPU 2 (Fuel supply unit - Fig. 2) driven by the
engine crankshaft. The remaining elements provide control and protection
against overload by fuel pressure.

The main elements of the accumulator injection system (Fig. 1) are,
along with the atomizers (fuel nozzles), /- injection control unit - ICU, the
fuel accumulator (Fuel Rail) and the valves of the control system.

The working space of the ICU is communicated during the injection
period with the nozzles, and in the preparation phase of the next injection,
with the fuel accumulator. The buffer space 3 has no connection with the
nozzles and is constantly connected to the accumulator.

Valves (two for each injector) control the indicated actions of the injec-
tion control unit; one of them (Rail valve) with two-way actuator solenoids
is an intermediate link in the control system, working with service oil (Con-
trol oil). For fuel supply, it passes oil to the valve injection control (Injection
control valve), and then provides the drainage of oil through the drain line
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The second valve connects the working space of the ICU alternately
with the nozzles (during fuel injection) and with the accumulator (CR). The
working stroke of the metering piston (FQP — Fuel Quantity Piston) 4 is
ensured by the pressure drop when the WS is connected to the nozzles. Its
reverse movement is determined by the difference in the areas of the FQP -
it is larger on the WS side. In Fig. 1, the system is shown in the final phase
of filling the WS ICU with fuel from the accumulator.

The injection process is controlled by the WECS-9520 computer sys-
tem (Wartsila Engine Control System).

When developing a model of the fuel supply process, the accumu-

lator fuel injection system AFIS functional diagram is used, shown
in Fig. 1.

As the basic provisions of physical and mathematical ideas about the
hydrodynamics of injection processes developed by prof. Yu.Ya. Fomin,
generalized in his writings [2, 3, and 4] are borrowed.

The task was set of a physical analysis and a mathematical description

of the processes occurring in the main elements of AFIS: ICU and noz-
zles. Valve devices are represented by bistable on-off elements with exter-
nal control, which sets the mode of operation of the system.

The processes in the ICU are described by the equations of continuity
of the working space of the ICU and the movement of the metering piston
during the fuel injection period.

The first is represented as

d, dh 2
an pW:fw_+Qws_u0fb_8usvfsv —\Pw:
dt dt pf

and for the movement of the metering piston received:
d’h
p d t2
where p., ps - fuel pressure in the spaces of the ICU hydrocylinder re-
spectively working and buffer;
Vv - the volume of the working space of the ICU;
fwand f, —active areas of the metering piston from the side of the work-
ing and buffer spaces of the ICU;

h - is the movement of the piston; uo - fuel speed in the inlet section
of the discharge pipe going to the nozzle;

:fbpb _prwﬂ
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Quws - fuel leakage in WS ICU;
M, - the mass of the piston and moving parts with it;

f 2
el o p_ “a/ Py - fuel consumption through an open safety valve
S

in case of its operation, in which € is an account control parameter;
W - expiration coefficient for the channel of the safety valve;
s~ section of the channel;
pr - fuel density.
The individual function considering a condition of a safety valve

Iby p,, 2 ps;

0by py < Py

where p,, is the safety valve setting.

In the given list some of the parameters are structural characteristics
given in the source data: £, f», Ous, M,.

For others, initial values are set that change during the calculation: p,,
Py, Vi, h.

The most challenging task in modeling the fuel injection is a calculation
of fuel movement in the high pressure pipeline.

In this study, we used the most accurate method of hydrodynamic cal-
culation, taking into account the wave phenomena and the presence of re-
sistance to movement of the fuel.

If we take the fuel flow in the high-pressure fuel line as one-dimen-
sional, its state is isothermal, and the fuel characteristics are averaged (for
small time intervals and the length of the fuel line), then the fuel motion is
described by a system of hyperbolic equations

Ou/ot+u-0uldx+plop/ox = -2Ku; "
Op/ot+u-0plox+a’pduldx =0.

where u is the fuel velocity; p is the fuel pressure; x is the coordinate
of the length of the fuel line (x = 0 at the pump); ¢ is the time; p is the
density of the fuel; a - velocity of the pressure wave propagation in the
fuel; K is the factor of hydraulic resistance.

In case of neglecting the convective terms udu / O0x and udp / Ox in equa-
tions (1), the system reduces to the telegraph equation

O’u/ox* —a0*u/ot* —2Ka*oul/ot =0,

solved by the method of characteristics or damped waves.
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In the developed AFIS(CR) model, a closed - type nozzle with me-
chanical (spring) locking is used (Fig. 3, a).

Fig. 3. Closed — type nozzle diagram:

1 - discharge pipe; 2 - nozzle valve; 3 — spring; 4 - nozzle holes
The fuel injection processes in the nozzle are described by the follow-

ing differential equations:
continuity of fuel flow in the space before the needle

dp,, dz v
y, b e £ 22 Y me
arpy dt fluL nfn dt

dt
! 2
—ﬁufs,/;\HPb = Puls

continuity of fuel flow in the space under the needle
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d .2
aVb—Zb =§ufs\E\/lpb—pu -
2 v,
'ufh\/;\jpu_pc_Tnc;

nozzle needle movement

dZZ " '
Mn?:pufn +pbfn _Cn(ZO+Z)9

where p, and p, are the fuel pressure in the spray chambers before the
needle and under the needle; p. is the gas pressure in the cylinder; ¥}, and
V., are the volumes of the spray chambers before and under the needle; V.
- the volume released by the needle cone when it is raised; f, the cross-
sectional area of the needle; f, ’- differential area of the needle; f, > =f, -
f» 75 wfs and pfy effective sections in the saddle of the needle and nozzle
holes; z is the rise of the needle; and u; is the speed of the fuel in the outlet
section of the discharge pipe; M, - the mass of the needle and moving parts
with it; ¢, and z - stiffness and precompression of the nozzle spring;

1byO0<z<zpes . [1bypy2py,;
00y z =z 0 —1by py, < py»

8I’l

Zmax- the maximal rise of a needle of an atomizer.

The calculation of the fuel supply process in the nozzle (in the output
section of the high pressure pipeline) is carried out taking into account the
position of the needle. Three calculation options are possible:

1) the nozzle needle is on the saddle, which takes place before and after
injection;

2) the needle moves, i.e., rises or falls;

3) the needle is at the stop.

The analytical diagram of the CR accumulator system, compiled in the
GT-Power package in relation to the basic data of the RT-flex 50 engine, is
shown in Fig. 4. The main elements providing a description of the injection
processes in various devices of the system are:

*1- accumulator - Rail;
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=2- Injection Control Unit - ICU;

*3- ICU valve - DCV42;

*4 (4.1,4.2) - nozzles - Nozzle-1, Nozzle-2;

=5 (5.1,5.2) - high pressure fuel pumps - Supply Pump;

To provide an adequate description of the fuel injection process, the
model adopted a number of assumptions related to the operation algorithms
of individual elements specified by the programming environment. The
most significant of them are as follows.

High - pressure pumps (5.1, 5.2 - Supply Pump) functionally present in
the model as fuel sources with a constant pressure at the outlet specified in
the parameters of this device.

The injection control unit 2 is the most critical device that sets the basic
parameters of injection: phase, pressure, injection rate. These functions in
the model are implemented by a hydraulic cylinder from the composition
of the prototypes of the settlement package. Its design and algorithm of
action cor-responds to a real ICU.

On-off valve 3 is represented in the model by an autonomous device
from among the prototypes of the package. Its working functions are re-
duced to two options for connecting the input A, B and output P, T ports.
The control is carried out by applying voltage to the solenoid coil, returning
to its original position by a spring. In the diagram, the valve is shown in
the closed state.

Despite the design differences with the actual valve ICU, their func-
tional parameters are identical.

Of the number of model elements, nozzles 4 are fully consistent in
configuration and parameters with the real component of the system.

The high-pressure fuel pumps 5 in the model provide a constant fuel
pressure at the inlet to the accumulator. The workflow of a real fuel pump
system is not considered. This assumption is fully justified, since during
the operation of the system it does not directly affect the injection process.

The diagram shows the registration points for the injection parameters:
fuel pressure and movement of the working elements. Oscillograms of
these quantities are given in Fig. 5.

The following parameters are the source data at the time the program
is launched:

= fuel pressure in all areas, starting from the accumulator, including
ports A, P, is 800 bar;

= pressure behind the valve, including nozzles, is 100 bar;
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= nozzles are closed, the piston of the injecting control unit is in the
extreme position from the rod side against the stop.

The oscillograms Fig. 5 and the circuit model of Fig.4 present the fol-
lowing parameters (the numbers circled):

1- fuel pressure at the inlet to the valve 3 port A;

2- pressure in the accumulator /;

3- pressure in the working space (WS ICU) 2;

4,5 - pressure in the nozzle channel (4.1, 4.2);

6,7 - pressure at the inlet to the nozzle;

8,9 - raising the nozzle needle;

11 - movement of the piston ICU;

12 - pressure at the valve outlet - port T,

13 - the movement speed of the metering piston - fuel quantity pis-
ton (FQP ICU).

An analysis of the operation of individual elements of the system and
the processes occurring in them can be carried out using oscillograms and
a model diagrams.

When the program starts, two phenomena are observed.

Under the action of the difference in the forces acting on the piston, it
moves within the elastic deformation of the stop. The sensor (13) of the
ICU piston speed responds to the displacement (from + 0.3 to - 0.1 m/s).
This leads to the appearance of damped pressure fluctuations (11) in the
buffer space of the ICU 3 with maximum amplitude in the range of 766+830
bar.

A similar process (3) with lower intensity is observed in the working
space of the ICU. The incentive impulse is negative. In the accumulator /,
a pressure wave (2) from the buffer space of the ICU causes slight fluctua-
tions. A similar thing is noted with respect to pressure in all elements with
hydraulic connection: from accumulator / to port A of valve 3 (oscillo-
grams (2) and (1)).

The rest of the system from the port T of the valve 3 to the channel of
nozzles 4 (oscillograms (12) - (4,5)) does not react to what is happening
because it is separated by the valve 3.

The injection process begins with applying voltage to the solenoid
valve 3 and the ports A, T connecting at the angle of rotation ¢ = 120° CA.
As aresult, a section of the system, which was at a working pressure of 800
bar, is connected to high-pressure pipelines connecting the injection control
unit with the nozzles.

This causes a change in the parameters of all elements of the system.
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The pressure at the outlet of the valve (12) at port T rises from 100 to
625 bar and remains at this level throughout the entire injection time. Fur-
ther, the wave propagates through the high pressure pipeline to the nozzles.
In each nozzle, the needle (8), (9) rises, reaching the stop and remaining in
this position.

The injection process is characterized by a stable state of all parameters.
This applies to both needle position and fuel pressure. The latter is: at the
inlet to the nozzle (6), (7) 525 bar, and in the channel (4), (5) 527 bar. In
practice, these values coincide.

The fuel injection process is determined by the phenomena occurring
in the ICU. As a result of opening the valve, the pressure in the working
space decreases (3) from the initial 800 bar to 672 bar. As a result, the ratio
of forces acting on the piston changes and the force from the side of the
buffer space causes the piston to move. The pressure in the buffer space
decreased, amounting to 772 bar. It can be noted that the same pressure is
maintained in the accumulator, due to the minimum length of the channel
connecting these elements of the system.

With the start of the piston movement, the nozzle needles (8.9) rise and
fuel is injected. The pressure in the nozzle elements reaches the following
values: at the inlet (6.7) 526, almost the same in the channel (4.5) - 527 bar.

The main component that forms the further injection process, the ICU
reacts as follows. The pressure in the working space and the buffer space
of the ICU remains constant at the above level. Under the action of a dif-
ferential pressure, the piston moves (10), displacing the fuel from the work-
ing space of the ICU into nozzles. The full stroke of the piston is 20.4 mm
for the angle of rotation ¢, = 32,1° CA (range 120.6°+152.7° CA), which
corresponds to the time 1, = 89 ms. The average speed of the ICU piston
over the injection period is equal to v, = 0.234 m/s according to the program
(13).

The main parameters that determine the functional properties of the
system are as follows: injection angle @, = 33.6 °CA, cyclic supply ¢. =
43.8 g for each nozzle. The fuel pressure in the nozzle, which characterizes
the spraying parameters and the law of injection, was, as mentioned above,
py =527 bar.

To complete the injection, the solenoid of valve 3 is deenergized, and
it returns to its original position by connecting the ports A - P and B - T.
This occurs at an angle of rotation of 152.7° CA. As a result, the pressure
in the valve-nozzle section decreases to the initial value: port T- from 625
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to 100 bar (12). The pressure at the inlet to the valve (1) changes in a similar
way. It rises to an initial 800 bar with an intermediate section of 745 bar.

A similar nature is the change in pressure in the element closest to the
valve - the working space of the ICU. The difference in values (3) does not
exceed 5 bar, and the stepped form of the graph is repeated.

In the buffer space of the ICU, the pressure oscillogram (11) also in the
increase section at the end of injection contains an intermediate section. At
the same time, however, its level is slightly higher than the established
value (806 bar compared to 800 bar). There is also a track of the moment
the ICU piston reaches the stop in the extreme position. Visible is the os-
cillatory process on the pressure curve.

And, finally, with respect to the element furthest from the valve 3 -
accumulator /- here, the pressure line (2) repeats the oscillogram (11),
keeping its shape and, within 5 bar, the pressure values.

The described phase of the fuel injection process in the range of
150+190° CA also corresponds to the reverse movement of the ICU piston
(10) with noticeably less than with the forward stroke speed: v, = 0.197 m/s
in comparison with 0.234 m/s.

The rest of the fuel injection cycle time up to 360° CA is characterized
by a stable state of all elements of the system. The pressures are kept at the
initial values, and the valve and nozzles remain closed.

Conclusions

The fuel equipment of modern marine diesels is characterized by the
transition to computer program control, which, together with a change in
the configuration of the hydro mechanical design, provides free specifica-
tion of the fuel supply parameters.

The functional diagram of the Common Rail accumulator fuel injec-
tion system of the RT-flex type engines, widely used in the merchant ma-
rine, is presented.

A calculation model of the system is compiled and the results of sim-
ulation modeling are presented. The processes in the main elements of the
system are described and the injection parameters are determined.
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DEVELOPMENT AND TESTING OF SYSTEMS FOR
MONITORING OF MARINE DIESEL ENGINES WORKING
PROCESSES ON THE BASIS OF COMBINED MEASURING

CONVERTERS

Abstract. The results of the development of combined measuring con-
verters based on the structural elements of marine diesel fuel injection sys-
tems are presented. As a controlled parameter of the fuel supply process,
the fuel pressure in the high-pressure fuel pump (HPFP) was selected. The
design of the converter, combined with the mounting studding of the injec-
tion pump drive of a marine medium-speed diesel engine, is described. En-
gineless tests of the measuring system showed the metrological parameters
of the combined converter close to the base case. Researches were contin-
ued in ship environment. Combined converters were tested to register two
parameters: fuel pressure in the high-pressure fuel pump and gases in the
engine cylinder. The resulted oscillograms have confirmed an opportunity
of application of the offered converters for the operational control of the
specified parameters.

Keywords. Fuel injection systems of diesel engines, measurements,
combined converters.

Statement of the problem.

The central issue in creating measuring systems is the development of
measuring converters. For monitoring injection processes, these are con-
verters for fuel pressure recording. Existing systems use autonomous sen-
sors of various types, requiring the inclusion in the fuel supply system of
additional structural elements that affect the fuel supply process. Promising
is the creation of systems with combined converters based on the main
structural elements. Creation of this kind measuring systems is the subject
of development and research, the results of which are presented in this arti-
cle.

The analysis of the basic researches and publications

With the advent of small-sized electronic components of measuring de-
vices, it became possible to create sensors built into the structural elements
of engines.
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For high-speed diesel engines, the practice of connecting a pressure
sensor to the combustion chamber through glow plugs has become wide-
spread, which does not require modernization of the cylinder head. How-
ever, piezoelectric inserts in glow plugs are not stable and durable due to
the influence of factors such as the operation of valves and nozzles, engine
vibration, the tightening torque of the threaded glow plug fasteners, changes
in the temperature of the engine, wear and damage to parts.

The Fiber-Optic Pressure Sensors developed by Optrand [1], in which
the measuring diaphragm does not come in contact with the optical fiber, is
free from these drawbacks (Fig. 1). In addition, since the sensor element
welded into the heater does not have moving parts and preloading, then it
is not affected by negative factors associated with the operation of the en-
gine. The result is high accuracy at all angles of rotation of the crankshaft,
under all engine operating conditions and low pressures, which provides the
most advanced engine control strategy.

DIAPHEAGM

SENSOR HOUSING
FIBER |

L
FERRULE|

WELD
Fig. 1.The sensitive element of fiber optic sensor

Selection of the unsolved before parts of the general problem.

The above figure is for high-speed diesel engines, having as combined
measuring converters glow plugs. Marine medium and low speed diesel en-
gines such decision is unacceptable due to the lack of these structural ele-
ments. Therefore realization of the stated principle of configuration of sys-
tems on the basis of the combined measuring converters for such diesel en-
gines demands the further development.

The purpose of the article.

The aim of the research, the results of which are given in this article is
the development and testing of the measuring system on the basis of the
structural elements of marine medium speed diesel engine. The system is
designed for process control of fuel injection, as well as the working process
in the cylinder of the engine.
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Presentation of the basic material.

One of the promising directions for the development of diesel engine
working process control systems is the use of combined measuring convert-
ers based on engine structural elements. This solution does not require the
use of separate sensors and provides continuous monitoring of the consid-
ered parameters. The automated analysis of characteristics of processes
with integration into the overall alarm monitoring system (AMS) of the en-
gine, and in the future, the creation of an adaptive control system that en-
sures optimal engine control.

The Ship Engineering Department of the National University “Odessa
Maritime Academy” developed the measuring system to control workflows
based on the combined converters. As the basic variant tracking the fuel
injection was chosen. The most informative for this process is the pressure
in the high-pressure fuel pump (HPFP).

The studies were carried out in relation to the ship medium-speed diesel
engine CHN 25 / 34. Its fuel equipment has the following basic parameters:

Spool type injection pump with regulation at the end of fuel injection;

diameter and stroke of the plunger 16 mm;

uncooled injection valve, number of nozzles 9 holes of @ 0.35 mm
each.

When choosing the registered parameter and the basic structural ele-
ment of the fuel injection system, preference was given to the fuel pressure
in the high-pressure fuel pump, as the most informative parameter of the
fuel supply process. Of the elements of the high-pressure fuel pump, the
fastening pin connecting the pump flange to the camshaft shelf is adopted
as the basic element for the combined measuring transducer. The stud per-
ceives the force caused by the fuel pressure.

The measuring transducer is assembled using strain gauge elements -
wire strain gauges of the PKB type. The drawing of the stud processed for
the installation of strain gauges and the general view of the transducer as-
sembly are presented in Fig. 2, 3. The converter is called a “stud-sensor” -
“S-S”.



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 132

12 A mM5a
ny PW
s j s B-8 mM5:1
s Mol @&
LN | W aE
Nos e e
=" m5:1
iich 7%
=!= %__;_.ﬁ

L

y

s

=
e

L.-"I

A i, T

S
R}

—_—

Fig. 2. Stud, prepared for the installation of strain sensors
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Fig. 3. "Stud sensor" - «S-S» assembly: 1-active sensors,
2 - compensation sensors, 3 - electrical connector

Fig. 4. Fuel pressure stud sensor («S-S») on a engineless injection pump
stand: / — stud sensor - «S-S», 2 — HPFP

The basic metrological characteristics of the measuring system with a
combined pressure sensor are determined by testing on the engineless stand.
A comparison of the pressure waveforms in the HPFP are recorded using
the basic and combined sensors.

Placement of «S-S» on the high-pressure fuel pump during tests on the
HPFP when tested on engineless stand is shown in the photograph Fig. 4.
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The recording of the oscillogram is performed (Fig. 5, 6) simultane-
ously by two sensors: a conventional strain gauge mounted on the fuel in-
jection pump nipple, p, and a «S-Sy» stud sensor - p;.

Fig. 5. Oscillogram of the fuel supply when n,= 46rpm, m =27

Modes in which the trials were carried out correspond to the full op-
erating frequency range of fuel equipment of the engine.

Visual assessment of the fuel pump pressure p, and deformations p,
recorded by «S-S» stud sensor curves indicates acceptable for the practice
informativeness of the latter. A similar conclusion is obtained for the result
of the frequency analysis of the oscillograms.

Conducted testing and analysis of obtained data allowed to draw the
following basic conclusions.

As a basic part for creating a combined high pressure fuel gauge in a
high-pressure fuel pump, a stud pin for fastening its drive can be used.

The parameters of the elements of the developed measuring system are
coordinated with a significant margin for deflections, including their limit
values.
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Fig. 6. Oscillogram of the fuel supply when n,=248 rpm,
m =32

The control data of the fuel supply parameters obtained using the basic
and experimental sensors are equivalent for all operating modes, with the
exception of the minimum rotational speeds with fractional injection.

Further work on the implementation of workflow control systems with
combined converters was the development of an experimental on-board
version of such a system.

The sensors were structurally consistent with the data of the engines on
which the DCS tests were provided. These are medium-speed two-stroke
engines D30 / 50 with the following characteristics: cylinder diameter 300
mm, piston stroke 500 mm; rated speed 300 rpm; rated power 441 kW.

The electronic module with the basic function of tensometric amplifier
is created. A recorder is equipped. The software for monitoring of diesel
engines control systems DCS is worked out. Measuring sensors are de-
signed and made for two parameters: fuel pressure in HPFP and gases pres-
sure in a cylinder.

The sensors are structurally consistent with the data of the engines on
which the DCS tests were performed. These are medium-speed two-stroke
engines D30 / 50 with the following characteristics: cylinder diameter 300
mm, piston stroke 500 mm; rated speed 300 rpm; rated power 441 kW.

The work was carried out on two ships - the tugboats "Mars" and "Ty-
phoon", where these diesel engines are used as the main ones. On the first
check of assemblability of sensors and initial start of DCS is carried out.
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On mv "Typhoon" full-scale start of system is carried out. The compo-

Fig. 7. Structure of a control system of diesels on the basis of the combined
pressure transformers: / - pressure sen-sor of gases (nut) N-S; 2 -fuel pressure
sensor in HPFP the main S-Sm (long stud); 3 - fuel pressure sensor in HPFP
short stud S-Ss; 4 — oscillograph; 5 — amplifier for sensors

The system included two versions of the fuel pressure sensor in the
high-pressure fuel pump 2; 3 - combined measuring transducers based on
the high-pressure fuel pump mounting stud pins. One of them, the main «S-
Sm» -2, of greater length, is created on the basis of a pump head mounting
stud, the other shortened one «S-Ss» combines the mounting functions of
the fuel pump flange.

To record the gas pressure, a sensor / was made on the basis of a nut
«N-S» for fastening the cylinder cover.

The system also includes an oscillograph 4 for recording controlled
processes and a strain gauge amplifier 5. A personal computer was also used
to record parameters.

The placement of sensors on the engine 6D30 / 50 m/v «Typhoon» is
shown in Fig.8,9.
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Fig. 8. Fuel pressure sensor on HPFP:1 - the basic «S-Sm» long stud sensor ,
2 - «S-Ss» short stud sensor

g :,.'I L4

Fig. 9. The gases pressure gauge on a cylinder cover: 1 - the nut sensor of
gases pressure "N-S"
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The recording of gas pressure in the cylinder and fuel in the high-pres-
sure fuel pump passed sequentially along one channel in two modes:

= at idle (with zero pitch of control pitch propeller CPP) at a speed of
200 rpm;

= at 300 rpm with zero pitch of CPP and shaft generator load of 8 kW.

During the tests, the following parameters were recorded:

= gas pressure in the cylinder by the «N-S» sensor;

= fuel pressure in the high pressure fuel pump with the main «S-Smy
sensor;

= fuel pressure in the high-pressure fuel pump with a short «S-
Ss»sensor.

The oscillograms of the pressure in the high pressure fuel pump and the
gas pressure were photographed from the screen of an analog oscilloscope.
Recording was carried out continuously for several revolutions. The oscil-
lograms below are a sample of many oscillograms. Along with the photo-
graphs, their copies are given.

An example of gas pressure recording made using a PC is shown in
Fig. 10. The characteristic points are clearly visible on the diagram: pres-
sure at the moment of the beginning of visible combustion, maximum com-
bustion pressure. You can appreciate the dynamism of the workflow.

Fig. 10. Gases pressure record on the personal computer

The remaining oscillograms (Fig. 11-16) were obtained by filming
from the oscilloscope screen. The first four of them reflect the fuel pressure
in the HPFP. The recording was made with two sensors: "S-S": main "S-
Sm" Fig. 11, 12 and shorter length "S-Ss" Fig. 13, 14.

"S-Sm" recording is preferable, both in signal level and in the absence
of significant interference. Obviously, a large load on this sensor deter-
mines its high sensitivity
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Fig.13. Fuel pressure by idling at 200 rpm - "S-Ss" short stud sensor
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Fig.15. Pressure of gases by idling at 200 rpm - "N-S" nut sensor
When recording the injection process in a high-pressure pump and
working process, it is possible to transform oscillograms for a more detailed
analysis of individual sections or to obtain the required form when docu-
menting it. This is achieved by varying the scanning frequency and scale
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when displaying an oscilloscope. Additional features in this area arise when
editing an image on a computer.

Oscillograms of the working process in the cylinder (Fig. 15, 16) are
developed indicator diagrams. The quality of registration provides obtain-
ing the necessary information about the characteristics of the processes that
form the working cycle: compression, combustion, expansion.

Conclusions

Ship trials of experimental control diesel system (CDS) variants based
on combined measuring converters confirmed at a qualitative level (without
numerical parameters) the possibility of its use for recording fuel injection
and the working process of marine diesel engines.

The main task has been fulfilled - checking the system’s operability
and the quality of the engine’s work processes registration using combined
transducers as high pressure sensors for fuel and gases pressure in the cyl-
inder.

, \
A4 N

Fig.16. Gas pressure with a load of 8 kW at 300 rpm - "N-S" nut sensor
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10.31653/smf39.2019.143-149
Zhuralov Yu.l., Melnik A.A., Muradyan P.S.
National university “Odessa maritime academy”

USE EFFICIENCY OF THE FLEXIBLE CONNECTIONS (FC) OF
DECK MECHANISMS

Statement of the problem in a general case and its connection with
the important scientific or practical problems. The flexible connections
(FC) of large length are used at towages, deep-water well-drilling and other
works in the marine economy complex of Ukraine as a part of ship power
plants. The solving of the problem for an estimation of oscillations in flex-
ible working tools of large length will allow to reduce the terms and amount
of the works related to their assembling, and, in turn, will bring down the
expenses on acquisition and exploitation (FC). The deriving of the oscilla-
tions * equations (FC) is of undoubted interest, since they can be used for
the study of the World ocean, investigation and exploitation of submarine
mineral deposits, submarine geology and topography, choice of routes of
submarine cable lines and pipelines, control of works’ quality on their lay-
ing, study of the sea ecology.

Analysis of the last achievements and publications, where the begin-
ning of this problems’ solving was done and the selection of unsolved be-
fore parts of the general problem.

In flexible connections under the longitudinal perturbations there are
not only longitudinal oscillations U , but also torsion oscillations ¥ [1].
Well-known equations of longitudinal torsional oscillations (FC) are writ-
ten in case-insensitive his transversal narrowing. At the same time, the static
tests show that there are its considerable transversal deformations at the
tension and rollup (FC). It grounds to suppose that in the process of longi-
tudinal torsional oscillations the transversal oscillations (FC) @ in radial
direction can also take place.

The study of such oscillations is of interest, foremost, as it applies to
(FC) with the organic core used for the works on transporting of docks and
other objects of the different purpose [1]. The logging reserved cables, con-
sisting of the insulated current-carrying conductor covered by two layers of
steel wires — armor [2, 3], are the complete mechanical analogue of such
(FO).

Keywords: flexible connections, longitudinal and torsional oscillations,
wave equations, elastic waves.
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Exposition of the basic material of the research.
On the basis of works [1, 2, 3] the dynamic equations (FC) with regard
of the radial transversal oscillations can be written as three equations

2 2 2
Ad 12]+Cd 12/+Dd—w:P—d lzj;
dx dx dx dt
d*U _d*V do d*v
c B o m
P (1)
2 2 2
pd 12]+Ed 12/+Fd—“’=P]—d 2,
dx dx dx dt

where 4, B, C, D, E, F are elastic rigid coefficients (FC); P is a linear
density (FC); m is a linear kinetic moment of inertia (FC); P; is a linear
density of elements (FC) participating in radial oscillations.

In (FC) with a non-metal core the main mass is concentrated in steel
wires that also simultaneously participate in radial oscillations. Therefore
for such (FC) and cables with sufficient exactness it is possible to accept
P/ =P.

The problem is to transform the system of dynamic equations (1)
by means of passing to the so-called main coordinates or to the main oscil-
lations, by analogy with work [2] to three independent wave equations. For
this purpose we define from the first equation of the system (1)

d_a)_ﬁdzU_édzU_gsz
dc Ddt* Ddf Dadx
Solving of the system (1) together, we get

2 . 2
(EA-CD) dZ(U+BD ECV]zEPd—z(U—E (
dx D—-FEA dt ; P
(U+

)

d2
CF -DE
( )dx2

BF_ 2 2
E ylo 4wy -PE0) (
CF -DE Dt 3
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d? ED-FC d?
D> —FA U+ V |=—(PDw—- FPU).
( )dxz( D’ - FA ] g P ) §4

Multiplying the equations (3) and (4) on f and adding with the equa-
tion (2) we derive

EA-CD+ B(CF -DE) d’ (U+ CE — BD + B(B.

EP " T AE—CD+ B(Cl (
:d—z(U+mﬂE_DV—ﬂa)j; 5)
dt EP
AE—CD+B(D’ = AF) d* (. CE-BD+ B(EL
P(E - BF) "~ AE—CD+ (D’ (

mD BD

:d—ZZ(U— V+ a)j, 6)
di P(E-BF) E-BF

Herewith £ is chosen with regard to get the same function in both parts
of the equations (5) and (6) under the signs of the second derivatives. As

the result we can write down
E—-BD F—E* F-D
¢ +B(B )V:mﬂ V - Po;
AE—-CD+ B(CF — DE) EP

CE—BD+ﬁ(DE—CF)V_ BD o mD V
AE-CD+pB(D*-AF) E-BF  P(E-BF)
Excluding w and V we get the dependence for the determination of £

aB’ +bB* +cf+d=0 (7)

where
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a = EFP(CF — DE)’ + mDF (CF — DE)(AF — D?);

b= EFP(CF — DE)(BD —CE —CD + AE) -

~mDF(AE —CD)(CF — DE + D* — AF) +

+DEP(BF — E*)(D* — AF)+ E*P(CF - DE)* —

~mD(D + E)(CF — DE)(D* — AF);

¢ = DEP[(CE — BD)(D* — AF)+(BF — E*)(AE —CD)]+
+EP {(CE — BD)[E(CF — DE)— F(AE — CD)] + E(AE — CD)(DE — CF
+mD(D + E)(AE + CD)(CF — DE + D* — AF);

d =(D+ E)(AE — CD)[E p(CE — BD) + mD(AE — CD)].

o b .
Denoting in (7) y = B + 3— , we get the reduced equation
a

Y +pr+q=0, (8)
where
B 3ac-b* ) B 20 bec d
3> 7= 274° 3d* a

The solving of the equation (8) can be presented as

B = —2rcos£—£;
3a

ﬂz :ZFCOS(E—EJ—Q, (9)

Here

—arccosi' 7 =sin £
() 2 q 3l

The system of equations (1) with the regard of § from (9) can be written
as the following
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AE-CD+ B(CF-DE) d* y__mb . BD oo
EP dx’ p(E-BF E-BF |
=dzz(U mD__,, BD a)j
dt p(EfﬂiF) E 7ﬂiF
Each value of the root £ has its own function
w :U_ﬂ“nV"'llza);
W,=U—-21,V +1,0;
W, =U-4V +1,0.

Here

Ay = > i = >
p(E_ﬁiF) E_ﬁiF
Thus, passing to the new variables of Wi, W, W3 the expression (10)
can be replaces by three wave equations

mD i = PP i=1, 2, 3.

d*w.  d*w,
a’ Sl i=1 2, 3, 11
"odx? dt? (11
where
_» _ AE—CD+ f5(CF - DF)
i pE :

Results and prospects for further work.
Possibility of division of the system (1) on three independent wave
equations, means that in (FC) there are three independent elastic waves of

Wi, W2, W3, which have different speeds of distribution a,, a, and aj;.
Using the expression (11), it is possible to pass to the previous variables
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In conclusion we will define the frequency of free oscillations of flexi-
ble connection by the well-known formula from strength of materials for-
mula

) E 4

K K

CET Y
L, (m+m0j
3

where Ek - is the elastic module of wire’s material (FC); A, - is an area
of cross-sectional (FC); Ly is length (FC); m is cargo weight; my is mass
(FO).

Taking into account that

0

m==
g

where Q is weight of load, and g is an acceleration of the free falling, it

is possible to write down that

A — qk

“y-10?
where g, is linear weight (FC); y is specific gravity of steel, from
which the wire is stretched. Accepting Q = 1010 kH, g, - 35 H (at d (FC)
equals 32 mm), and L, = 1+-10* m and executing the necessary calculations,
we will get the dependence @(q,, L, ), the graphic of which is shown at

the figure
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Conclusions

1. It is proved that in (FC) under the longitudinal perturbations there
are not only longitudinal oscillations also torsion oscillations.

2. The wave equations of transversal oscillations (FC), representing the
interest during the selection and calculation (FC) of the large lengths which
are used for the study of the World ocean, investigation and exploitation of
submarine mineral deposits, submarine geology and topography, choice of
routes of submarine cable lines and pipelines, control of works’ quality on
their laying, study of the sea ecology.

3. At length (FC) more than 80 m the frequency of free oscillations is
equal to 2 Hertzs. And considering that the frequency of force oscillations
of the most ship devices is also equal to 2 Hertzs, then the phenomenon of
resonance is inevitable during the work of such devices.
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PE®EPATHU
10.31653/smf39.2019.5-13

Agpmaniox B.B., /lanunenxo /[.B., Apmaniox A.B. MoaenupoBaHue 1 aHa-
JIU3 THJIPOJMHAMUKH TTAPOra30BhIX TOTOKOB B CKpyOOepe BEHTYpH

B cratne npeacCTaBJICHbI PE3YJIbTAaThl YHCJICHHOIO MOACIUPOBAHUA
CKpyOOepa BeHTypu JuIsl O4MCTKH 3arpsA3HEHHBIX Ta30B 0T SOX, BblIelse-
MBIX B aTMOC(epy CyIOBBIMH IBUTATENSIMH. J{J1s1 MOJETUpPOBaHUS a3pPOAH-
HaMuKHU Oblia pa3paboTaHa TBEpAO-TeIbHasi MOJIENb CKpyOOepa Bentypwu.
Ouuctka ra3a B anmapare OCYIIECTBIISIETCS 32 CUeT A00aBIeHUsI B TOPIIO-
BHHY ckpyOOepa BeHnTypu npecsitienHo# napel. MiccnenoBanne npoBeaeHo
Uil TpeX PEKUMOB pabOThl cKpyOOepa, KOTOpbIE OTIMYAIOTCS KOIU4e-
CTBOM IIPECHIILIEHHO Mapa, TojaBraemoro B armapat (1, 5, 10 m’/c).

Pe3ynbTaThl MOIETMPOBAHMS TO3BOJIIIH IIPOAHATM3UPOBATH pacipesie-
JIHWE CKOpPOCTEH M JMaBlieHHH ra3a B ckpyOOepe, 3 PEeKTUBHOCTh PacIibl-
JICHWsI ¥ CMEIIMBAHMs Ta30BOro MOTOKA W mapa; Ha ocHoBaHMM aHanm3a
TUIPOJMHAMUKA OINPENCICH pallMOHANBHBIA PEeXUM paboThl CKpyOOepa
(momaua mapa — 10 m’/c).

Pa3paboraHHasi MOJEb MOXKET HCIIOJIB30BAThCS KaK OTICIbHAS €Iu-
HHUIIa B 60HI)H.[I/IX MOACIAX CUCTEM OYHCTKH, KOTOPLIC BKIIHOYAKOT HE-
CKOJIBKO THITOB CKpYOOEpOB /sl pa3IMUYHbIX OTPACIICH MPOMBIIIICHHOCTH.

KiroueBbie cjioBa: CyJOBBIE CHUCTEMbI OYMCTKH BBIOpocOB oT SOX,
TBEpPJO-TEIbHBIC MOJIENIN CKPYOOEpOB, YUCICHHOE MOJCIMPOBaHHE ra30-
BBIX ITOTOKOB.

10.31653/smf39.2019.5-13
Agpmaniox B.B., /lanunenxo /[.B., A¢pmaniok A.B. MojentoBaHHs Ta aHa-
T3 TIAPOJMHAMIKY TIAPOra30BUX MOTOKIB y CKpyOepi BEeHTYpi

VY craTTi nmpencTaBieHO pe3yiIbTaTH YUCIOBOTO MOJIEITIOBAHHS CKpPY-
Oepa BeHtypi s ouuineHHs 3a0pymHeHuX TasziB Big SOX, Mo BUIUIA-
I0TBCSI B aTMOC(epy CYyAHOBHMHU BUTYHaMU. J{J1sl MOJENIOBaHHS aepoIu-
Hamiku Oysa po3pobiieHa TBepAO-TiIbHA MOAENb cKkpyoepa Bentypi. Oun-
LICHHS Ta3y B amapari 3/iHCHIOETHCS 38 paXyHOK J0/aBaHHS B TOPJIOBHHY
ckpyOepa BenTypi nepecnuenoi nmapu. JlociimKkeHHs MPOBEACHO I TPhOX
peKUMIB poOOTH CKpyOepa, sKi BiIPI3HSAIOTHCS KUIBKICTIO MEPECUYCHOT
napu, 10 nojaeThes B anapat (1; 5; 10 m'/c).

Pe3ynbTaTi MOAENIOBaHHS JO3BOJMIIN MPOaHAII3yBaTH PO3MOALT IIBHU-
JKOCTeW 1 TUCKIB Ta3y B CKpyOepi, epeKTUBHICTh PO3MOPOLISHHS 1 3Milly-
BaHHS Ta30BOT0 MOTOKY Ta mapy. Ha mincraBi aHaizy riipoJMHaMiKi BU-
3HAUEHO pallioHATBHUI pesxuM poOOTH cKpybepa (mofaua mapa — 10 m*/c).
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Po3pobnena Monens Moke BUKOPUCTOBYBATHUCS SIK OKpeMa OJUHHIIS B
OUIBIINX MOJIENSX CHCTEM OYMIIEHHS, SKi BKIIOYAIOTh KiJIbKa THIIIB CKPY-
OepiB [UIs pi3HUX raly3ell MPOMHUCIOBOCTI.

KurouoBi cioBa: cyHOBI cucTeMu O4YMINEHHS BUKUIIB Bix SOX, TBe-
PAO-TUIBHI MOJIENI CKPYOEpPiB, YHCEIbHE MOJICITFOBAaHHS Ta30BUX MOTOKIB.

10.31653/smf39.2019.5-13

Aftanyuk V.V., Danilenko D.V.. Aftanyuk A.V/. Simulation and analysis
of hydrodynamics of vapor-gas flows in scrubber venturi

The article presents the results of numerical simulation of a Venturi
scrubber for purifying contaminated gases from SOy emitted into the atmos-
phere by marine engines. To model aerodynamics, a solid-state model of a
Venturi scrubber was developed. Gas purification in the apparatus is carried
out by adding a saturated pair to the neck of the Venturi scrubber. The study
was conducted for three modes of operation of the scrubber, which differ in
the amount of saturated steam supplied to the apparatus (1, 5, 10 m’/s).

The simulation results allowed us to analyze the distribution of gas ve-
locities and pressures in the scrubber, the efficiency of spraying and mixing
of the gas stream and steam. Based on the analysis of hydrodynamics, the
rational mode of operation of the scrubber is determined (steam supply —
10 m?/s).

The developed model can be used as a separate unit in large models of
cleaning systems, which include several types of scrubbers for various in-
dustries.

Keywords: shipboard systems for cleaning emissions of SOy, solid-state
scrubber models, numerical simulation of gas flows.

10.31653/smf39.2019.14-21
A¢manrox B.B., I'aspunkun O.E. MonenupoBaHue THAPOAUHAMUKH KOP-
myca Cy/iHa ¢ y4eTOM OMOJIOrMYECKOro 3arpsi3HEHUs

B craThe npencraBieHo Hccie0BaHUE BIMSHHS IIEPOXOBATOCTH M BOJI-
HUCTOCTH (B TOM YHCJIE C yU€TOM OM00OpacTaHHs ) HA THAPOJMHAMUYECKIE
XapaKTepUCTUKH cynHa. [{jis BBIMOTHEHUS OMBITOB OblIa pa3paboTaHa Mo-
JIeNb KOpITyca Cy/iHa, KOTOpasi BKIIOUAET OrPYKEHHYIO MOABOJHYIO YacTh
CyJZIHa ¥ CIIeIHAIbHBIA KaHall B KOTOPOM MOJIETTUPYETCS TeUCHHE.

Ha Mozenu ucciieoBaHo U3MEHEHHE CKOPOCTH XKHKOCTU P 00TeKa-
HUU JUI1 «4HUCTON TOBEPXHOCTH» € mepoxoBaTocThio 75, 100, 125 Mxm.
YucneHHOe MOJIENTUPOBAaHHE OKA3aJI0 HE3HAUUTEIbHOE BIIMSIHUE U3MEHe-
HUS IIEPOXOBATOCTH TOKPBITHA JJISl «YACTOH MOBEPXHOCTHY.
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YucneHHoe MOAENIUPOBAHUE ISl IOBEPXHOCTH 3arpsI3HEHHON OHOJIOrH-
YECKUMH 3arps3HHUTENsIMH (1epoxoBatocTs 750 MKM) BBISIBHIIO CyIIe-
CTBEHHOE BIIMSHUE HAa M3MEHEHHWE CKOPOCTH >KUAKOCTH BJOJbL KOpITyca
Cy[Ha.

Pa3paborannas Mojenb MOXKeT OBITh HCIIONb30BaHA TPH MPOBEACHUH
HAyYHO-HCCIIEIOBATENbCKUX PA0OT ISl CPABHUTEILHON OILIEHKH SHEpPreTH-
4ecKoit () (hEeKTHBHOCTH CYJIOB.

KiroueBble c10Ba: GHOIOrHUECKOE 3arpsi3HEHHE CY/I0B, TBEPJO-TEllb-
HBIE MOJICNH CYAOB, YUCICHHOE MOJIETMPOBAHUE KUIKOCTHBIX TOTOKOB.

10.31653/smf39.2019.14-21
A¢manrox B.B., I'agpinkin O.€. MonenoBaHH TiIpoAXHAMIKH KOpITyca
CyJZIHa 3 ypaxyBaHHIM Oi0JIOTiYHOTO 3a0pyTHEHHS

VY cTaTTi MpeACTaBICHO MOCTIPKEHHS BIUIMBY IIOPCTKOCTI Ta XBUIISIC-
ToCTi (y TOMY YHCIIi 3 ypaxyBaHHSIM 0i000pacTaHHs) Ha TiAPOIUHAMIYHI
XapaKTePUCTUKU cynHa. JIJis BUKOHAHHS JOCIIIIB Oyia po3pobieHa Mo-
JieTib KOPITYCY CYZHA, sIKa BKIIIOYAE 3aHypeHy MiIBOJHY YacTHHY Cy/AHA Ta
CHeliaJbHUI KaHal B IKOMY MOJCITIOETHCS TEUisl.

Ha mMoneni mociipkeHo 3MiHY IIBUJKOCTI PIAMHU MPH OOTIKaHHI s
«9IHCTOi MOBEpPXHi» 3 mopcTkicTio 75, 100, 125 MM, UnciaoBe Moxenro-
BaHHS TIOKA3aJI0 HE3HAYHUH BIUIMB 3MiHU HIOPCTKOCTI MOKPUTTS ISl «4H-
CTO1 MOBEPXHI».

UmucnoBe MOJENIOBaHHS ISl IOBEPXHi 3a0pyAHEHOI Oi0NOTYHUMH 3a-
OpynHioBayamMu (IIOPCTKiCTh 750 MKM) BUSIBUJIO CYTTEBHIA BIUTMB Ha 3MIiHY
IIBUAKOCTI PIZIMHH BJIOBXK KOPITYCY CY/IHA.

Po3pobnena monens Moxxe OyTH BUKOpHCTaHa TP MPOBEACHHI Hay-
KOBO-JIOCIITHUX POOIT AJIs1 MOPIBHSUTBHOI OLIHKK €HEpreTHYHOI e)eKTHB-
HOCTI CY/JICH.

Karouosi cioBa: Gionoriune 3a0pyqHEeHHS CyA€H, TBEPIO-TUIbHI MO-
JIelTi CYJIeH, YMCEIbHE MOJICIIOBAHHS PIIMHHUX TTOTOKIB.

10.31653/smf39.2019.22-29
boeau B.M. locnimxenns poootu cuctemu "Puls" 6e3 akymMynroBaHHS TH-
cky macna / B.M Boeau, A.M. [llebanos, I. M. Cro6o0sniox // CynHoBI

SHepreTHYHi yCTaHOBKU: HAYKOBO-TeXHIYHUH 30ipHUK. Beim. 39. - Oneca:
HY «OMAy», 2019. — C14-29...
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JocniiKeHHs: TPUCBSYEH] BUPIICHHIO aKTyalbHOI PUKJIaIHOI 3a/1a4i
MIJBUIICHHIO e)EKTUBHOCTI EKCIUTyaTallil CyIHOBUX JOBIOXOJOBUX JIU3E-
JIB 332 PaXyHOK YJOCKOHAJICHHS CUCTEM MallleHHS [IIHAPIB. Y poOoTi
BHKOHAHO aHaJIi3 CTaHy MUTAHHSI [0 JIOCTIHKYBaHil mpo0iieMi, B pe3yiib-
TaTi IKOr0 BU3HAYEHI OCHOBHI HEIONIKH CHCTEM MalllEHHs [WIIHAPIB JIH-
3eniB RTA.

[IpoBeseHi ekcriepruMeHTaIbHI TOCTIIKEHHS 110 BUBYCHHIO TIPOIIECIB 1MO-
Jladi MacTHia B HWTIHAPH CyJHOBUX ABHUTYHIB, IPH IbOMY BUKOPHCTaH1
CyYacHi METOJI! JIOCII/PKEeHb: ocluorpadyBaHHs 1 MIBUAKICHA KIHO3HO-
MKa. BU3HaueHO XapaKTepHCTHKH MPOIECY MACIIONOoAayi, 1 IXHIH B3aeM03-
B'SI30K 3 KOHCTPYKIII€I0 MaCTHIIBHUX TPHCTPOIB.

Kurouogi ciioBa: cyiHOBUH JM3€ib, CHCTEMa MAILICHHS, JTyOpUKaTOp, Ma-
CTHJIOMIIBOISAIIMI KaHaJI, IPOIIeC MACTUJIONO Ayl IUIIHPOBA BTYJIKA,
MOPIIICHb, TIOPIIHEBE KiIbIIE, 3HOC, HArap.

10.31653/smf39.2019.22-29
boeau B.M. VccnenoBanue paboTsl cuctemsl "Puls" 6e3 akkymynupoBa-
Hus nasienns macia / B.M Bozau, A.M. [llebanos, U.M. Croboosaniok //

CynoBble DHEpPreTHYeCKHe YCTAHOBKU: HAYUHO-TEXHUYECKUH COOPHUK.
Brim. 39. - Oneca: HY «OMA», 2019. - C...

HccnenoBanus mOCBSIIEHBI PEIICHUIO aKTYaILHOM 3a/1a4M I10 MOBBIIIIC-
HU0 3((HEKTUBHOCTH IKCIUTYaTallUU CYAOBBIX JHU3EJIEH yTeM yCOBEp-
IIICHCTBOBAHUS CUCTEM CMa3bIBaHUS IIMJIMHAPOB. BhINonHeH aHam3 coc-
TOSIHUS BOIIPOCa MO UCCIeAyeMOoi mpobiieMe, B pe3yIbTaTe Yero yCTaHoB-
JICHBI OCHOBHBIE HEJIOCTATKU CYIIECTBYIONIMX JIyOPHUKATOPHBIX CUCTEM
cynoBeix au3eneit RTA.

Pa3paborana MeToiMKka 3KCIIEPUMEHTANBHBIX HCCIIEIOBAHUI 110 H3Y4e-
HUIO MPOIECCOB MACIONOIa4X B IIMJIMHIPHI CYIO0BBIX aBUTaTenel. [Ipoe-
JIeHBI UCTIBITAHUS B OKCIUTyaTaIIHOHHBIX YCIOBHUSX, YTO MO3BOJIMIO MMOITY-
YHUTh TIpefcTaBieHne 00 3P PEeKTUBHOCTH QYHKIIMOHUPOBAHUS CUCTEM
cMa3bIBaHMsI HUIUHIPOB. [Ipy 3TOM MCTIONB30BaHBI COBpEMEHHBIE Me-
TOZBI UCCIEI0BaHUMN, BKIIOUYAOLINE B ce0sl OCHHILIOrpapUpOBaHUE U CKO-
POCTHas KHHOCHEMKA.

Omnpenenensl XapakTEpPUCTHKH IIPOLIECCa MACIIONOAAYH, U UX B3aUMOC-
BSI3b C KOHCTPYKLIUEH MACIIONOABOASIINUX YCTPOUCTB.
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KaroueBrble ci1oBa: CyI0BOM Jqu3ellb, CUCTEMa CMa3bIBaHUs, IyOpUKATOD,
MAacIIOMOABOSIINI KaHal, IPOIece Maclonoauu, IUINHAPOBas BTYIKA,
MOpILIeHb, TOPIIHEBOE KOBI0, H3HOCHI, HArapooOpa3oBaHuUe.

10.31653/smf39.2019.22-29
Bogach V.M. Research of work "Puls" systems without oil pressure
accumulation / Bogach V.M, Shebanov A.M, Slobodianiuk 1. M. // Cy-

JIOBBIE PHEPI'ETUYECKUE YCTAHOBKH: HAyYHO-TEXHUYECKUI cOOpHUK. BhIm.
39. - Opeca: HY «OMAy, 2019. — C14-29...

The summary. The publication is devoted the decision of an actual
problem increase efficiency operation of ship diesel engines by
perfection processes greasing of cylinders. The analysis a condition of a
question on an investigated problem is made and lacks systems greasing
of diesel engines RTA are defined.

Experimental researches on studying processes greasing of cylinders
of ship engines that has allowed to receive representation about an overall
performance these systems are spent. Modern methods researches, such as
oscillograms and high-speed filming are thus used.

Keywords: ship diesel engine, greasing system, greasing channel,
greasing process, cylinder, piston, a piston rings.

10.31653/smf39.2019.30-42

bymenxo A.B., Maxcumos M.B., Jlemuoenxo B.D., Bpynemrxun A.H.

Merop morcka perieHus CJIOKHBIX 3a7[ad MHTEPIPETAIUU IS peliie-
HUS 00paTHOMW 3a7]auM ONpeeNICHUsI COCTaBa TOILIMBA

Tema craThu 3akiovaeTcs B pa3pabOTKe METO/a IMOWCKA PEHICHUS
CJIOXKHOM 3aJ]a4¥ MHTEPIPETALIUM [Tl PEIICHUs 00paTHOM 3a/1a4u 110 ompe-
JIeTICHUIO COCTaBa rOPIOYEro.

YcraHoBNeHNE KAUeCTBEHHOTO U KOJIMYECTBEHHOTO COCTaBa ra3a pas-
JIMYAOT XUMUYECKHE, (PU3MKO-XUMUYECKUE U (U3NUECKHe MeToabl. M3-
BECTHBI MPEUMYIIIECTBA (PU3UKO-XUMUUECKUX U (PU3NUECKUX METOJIOB TIie-
pel XMMHYECKHUMH, @ UMEHHO, CKOPOCTh BBITIOJTHEHU S, BO3SMOXXHOCTh aBTO-
MaTH3allMU aHau3a, Cenajl BO3MOXKHBIM WX Ooliee IMIMPOKOE pacipo-
cTpaHeHue. B HacTosiee BpeMs Hanbosiee NMPOKOe MPUMEHEHUE HaX OIS T
METO/JIbI Ta30B0M xpomarorpaduu. OCHOBHBIMY HEIOCTATKAMH ITHUX MPH-
OOpOB SBJISIETCS MOCIIEOBATEIBHBIA U3MEPEHHE KOMIIOHEHTOB T'a3a, JUIH-
TENbHOE BpeMsl aHaJIH3a.
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Llenb HAyYHOrO MCCIIEIOBAHUS 3aKITI0YaeTCsl B pPa3pabOTKe METo/1a 1o-
WCKa pelieHus CJIOKHOW 3a7aull MHTEPIIPETAINH JUTS pelleHHsI 00paTHOM
3a/1a4¥ 110 ONPEIETICHHIO COCTaBa TOPIOYEro.

HayuHast 1 npakTudeckas 3Ha4UMOCTh pabOThI 3aKIIF0YaeTcsi B OINpe-
JIeTICHHBIE OOIIEro THIIa 3aa4i, Kak 00paTHO HEKOPPEKTHO MOCTABJICHHOM
1 BBIJICTICHBI €€ 00JIee Y3KUH KIlace - CIIOXKHAs 3a[a4a HHTePIPETallnu.

Pa3pabotaHbl METO/IBI PEIICHHUS 3aa4l KOHTPOIUPYEMOTO COKUTAHHS
ra3000pa3HOro TOIJIMBA EPEMEHHOI0 COCTaBa M MOMCKA PEIIeHUs 00paT-
HOM 3a/1a4M UHTEPIpETalui Ha 0a3e UCIOIb30BaHUs JAHHBIX OMOIHOTEKH.
ITpoBeneHo MOAENUPOBAHKUE TEXHOIOIMYECKUX U3MEPEHU M IIPUHSATBIM I10-
TpCIIHOCTAMMU.

Meropmonoruu uccienoBanus 6a3upyeTcs Ha METOJIE PEIICHHUS - METO/I
Hrerotona-Padcona, urcne o0ycioBICeHHOCTH KBaIpaTHON MaTPHUIBI U Me-
TOJ OMOIMOTEKY JIJIsl PEIICHUsT 00PaTHOM 3a/1auH.

MO[[GHI/IPOB&HI/IC MNpEIJIOKCHHBIMU METOAaMHU IIPpHU OIIPEACICHHUU CO-
cTaBa TOILUIMBA MO3BOJMJIO JUISl paCCMAaTPUBAEMbIX BEHISCTB (METaH, Mpo-
MaH, STUIOBBIM CIUPT) C MPUHITHIMU MTOTPEIIHOCTIMH U3MEPEHUS MO3BO-
JIMJIO MOJIYYUTD PCIICHUEC B paMKaxX MOJCIIN.

[pakTHyeckas IIGHHOCTh IIPOBEICHHOI0 UCCIICIOBAHNS 3aKII0YACTCS B
TOM, YTO ITOKa3aHO KaK IMOrp€uIHOCTH, BHOCUMBIC YBCINUNBAIOT AUAIIa30H
BO3MOXHOTO pereHust. OnpeneneHo BIUsSHUE TOYHOCTH U3MEPEHUM TeX-
HOJIOTHYECKUX MapaMeTpoOB Ha MOTPEIIHOCTh OMpeesIeH s COCTaBa ropro-
4ero.

KiroueBbie ciioBa. yrieBoJOpOIHOE Toprouee, ropeHHs, oOpaTHas 3a-
Jlaua MHTEpIpEeTalny, MeToll ONOINOTEKH, YHCIIO 00YCIOBIEHHOCTH KBaI-
PaTHOM MaTPHULBL, IOIPELUIHOCTH U3MEPEHUSL.

10.31653/smf39.2019.56-68
A.B. Manaxos, M. A. Konezcaes, H./]. Bpaxcuux, K.A. Jluxoenno
XapakTepuCTUKH MPoIlecca TEIOMacCONepeHoca B IPUMEHEHHIH K

BCHTWIALUHA MHCPTHBIMU I'a3aMU I'PY30BbIX TPIOMOB TaHKEpa

B crathe paccmoTpena nmpobiieMa BeHTHUIISIIIMK IPY30BBIX TPIOMOB TaHKEpa

MIPH MOMOIIM WHEPTHBIX ra3oB. [IpuBeneHo onucanne paboThl CUCTEMBI Te-

HEPUPOBAHNA MHCPTHLIX Ia30B. IIJ'DI rnmpouecca IBUKCHUA NHCPTHBIX I'a30B

BHYTpH TpIOMa C OJTHOBPEMEHHBIM BBITECHEHHEM BO31yXa pa3paboraHa

JACTaJIbHO OIIMCaHa MaTeéMaTHu4dYeCKass MOACIIb. HpI/IBe[[eHI)I OCHOBHBIC YpaB-

HCHUS, ITO3BOJIAIOMINEC PACCYUTBIBATh TAKNUE XapPaAKTCPHUCTHUKHU ITPOLECCA KaK

CKOPOCTb BEHTHUJIAIIMU U USMCHCHUC KOHICHTPAIU KHUCJIOPOaa. Ha ocnHoBe
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PE3YJIBTATOB SKCIIEPUMEHTAJIbHBIX UCCIE0BAaHUN U BBIIIOJHEHHBIX pacye-
TOB IIOJIyY€H PE3ybTaT, YKa3bIBAOIIUI HA IEPCIIEKTUBHOCTD UCIIOIb30Ba-
HHUSI METOZA IPUHYUTENBHON BEHTUISILIUY IPY30BbIX TPIOMOB TaHKepa. B
XO0JI€ HATYPHBIX MCCIIEA0BAHNUH ITOATBEPAKACHA aIEKBATHOCTh HAYYHBIX [U-
MoTe3, MaTeMaTHYeCKOH MOJIETM M YCTAHOBJIEHBI MOKa3aTelu 3QeKTUB-
HOCTH.

KurodeBble cjioBa: rpy30Boi TpIOM, TaHKEp, CHCTEMa WHEPTHBIX Ta30B,
KOHLIEHTpaUusl KHCIOPOJA, YPABHEHHUE JIBV)KCHHSI, MaTeMaTU4ecKas MO-
JElb.

10.31653/smf39.2019.56-68

A.B. Manaxos, M. A. Konezaes, 1./]. Bpasxcnuix, K.A. Jluxoenso.
XapaKTepUCTHKH MPOIIECY TEIIOMacOePeHOCy B 3aCTOCYBaHHI /10
BEHTHJIALIT iHEPTHUMH Ta3aMH BaHTa)KHUX TPIOMIB TaHKEPIB

VY cratTi po3riisHyTa Ipo0eMa BEHTHIIAIIT BAHTAXKHUX TPIOMIB TaHKEpa 3a
JIOTIOMOTOI0 iHepTHUX Tra3iB. HaBeaeHo omuc poOOTH CHCTEMH TeHEpY-
BaHHS iHepTHUX raziB. [mg mpomecy pyXy iHepTHHUX ra3iB BCepeauHi
TPIOMY 3 OTHOYACHUM BUTHCHEHHSM TOBITPs PO3polIieHa i IeTalbHO OMu-
caHa MaTeMaTH4YHa Mojielib. HaBeieHO OCHOBHI PIBHSIHHS, 11O J03BOJISIFOTh
PO3paxoByBaTH TaKi XapaKTEPUCTUKHU MPOLECY SIK MBUAKICTh BEHTHIIAII 1
3MiHa KOHIIEHTpauii kucHio. Ha ocHOBI pe3ynbTaTiB eKcriepuMeHTaIbHUX
JOCITIPKEHb 1 BAKOHAHHUX PO3PaxyHKiB OTPHUMAaHO pe3yJbTaT, SIKHi BKa3ye
HA MEePCIEeKTUBHICTh BUKOPUCTAHHS METOAY NMPUMYCOBOi BEHTHJIALIT BaH-
TaXXHUX TPIOMIB TaHKepa. B Xomi HATYpHHUX JOCTIIKEHb HiATBEPIKEHO
aJICKBaTHICTh HAyKOBUX TIIOTE3, MATEMATHYHOI MOJIENi 1 BCTAHOBJICHI 1O~
Ka3HHUKH e(peKTUBHOCTI.

KaouoBi ciioBa: BaHTaXHUN TPIOM, TaHKep, CHCTEMa IHEPTHUX ra-
31B, KOHIICHTpALlisl KUCHIO, PIBHSHHS PYXY, MaTeMaTHYHA MOJIEITb.

10.31653/smf39.2019.56-68

O. V. Malakhov, M. O. Kolegaev, I. D. Brazhnik, K. A. Lihoglyad
Characteristics of the heat and mass transfer process applied to
ventilations of inert gases of the tankers cargo holds

The article discusses the problem of tankers cargo holds ventilation with
the use of inert gases. A description is given of the operation of the inert
gases generation system. For the process of inert gases movement inside
the hold with simultaneous air displacement, a mathematical model is de-
veloped and described in detail. The basic equations are given that allow
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calculate such process characteristics as the ventilation rate and the change
in oxygen concentration. Based on the results of experimental studies and
the calculations made, a result is obtained that indicates the prospects of
using the method of forced ventilation of tankers cargo holds. In the course
of field studies, the adequacy of scientific hypotheses, a mathematical
model was confirmed, and performance indicators were established.
Keywords: cargo hold, tanker, inert gas system, oxygen concentration,
equation of motion, mathematical model.

10.31653/smf39.2019.78-88

0.C.Casgenvesa, /{.O.Manaxosa. Ilpumenenrie UHGOPMaLIMOHHBIX
TEXHOJIOTUH B CYJOBBIX TEXHOJOTHYECKHUX MTPOLECCAX

B cTarbe BBINOMHEH aHAIM3 XapaKTePHBIX MMapaMeTpoB IepeHoca Teria 1
MAacCChbl B IMPUMCHCHNU K TCXHOJIOTMU BU3YyaJIM3allUM OCHOBHBIX MAapaMeET-
POB pabOUMX MPOLECCOB, KOTOPbIE MMEIOT MECTO Ha Cy/laX BOAHOIO TPaH-
criopta. [TokazaHbl OCHOBHBIE HEIOCTATKH MHPOPMAIIHOHHBIX TEXHOIOTHH,
UCTIONB3YEMBIX B CYJOBOM IPOTPAMMHOM OOECIICYeHHH M TPEIOKEH
HOBBIN moaxon, KOTOpI:Iﬁ 3aKJIIOYacTCd B UCIHOJIB30BAHUU TIPpHU BU3YyaJIU-
3alMK HE CIeU(PUYSCKIX XapaKTePUCTHK WM apaMeTpOB ITOTOKA Teria
1IN MacCChbl B TCKyHII/Iﬁ MOMCHT BPEMCHHU, a UX MAaTEMATUUCCKOI'O pEaACTa-
BJICHMsI B BUJIC Habopa orepaTopoB BEKTOpHOM anreOpsl. Ha npumepe on-
HOT'O M3 CYJIOBBIX Pa00OUMX MPOIECCOB MOKA3aHO KAKUM 00pa3oM BH3yallu-
3a1Usl Pe3yNIbTaTOB MO3BOJISIET MOBBICUTh PEHTA0CIBHOCTD PA0OTHI Cy/IHA.
KiroueBble cj10Ba: IepeHOC TEIUIa U MACChI; TAPAMETP COCTOSHUS, BU3Y-
anu3anys, THPOPMaIMOHHBIH MMOTOK JaHHBIX, IPOrpaMMHOE 00ecreueHne
CyIHa.

10.31653/smf39.2019.78-88
O.C.Casenvesa, /].O.Manaxosa. 3acTocyBanHs iHPOpMaLifHUX Te-
XHOJIOTIH y CYZIHOBUX TE€XHOJIOTTYHUX MpOLIecax

VY cTarTi BUKOHAHO aHaji3 XapaKTePHUX MapaMeTpiB MepeHocy Teria i
MacCH B 3aCTOCYBaHHI JI0 TEXHOJIOTI Bi3yalli3ailii OCHOBHUX MapaMeTpiB po-
004HMX TPOIIECIB, AKI MAIOTh MICIIC HA CYJIHAX BOJAHOrO TpaHcrnopTy. [loka-
3aHI OCHOBHI HEMONIKM iH(OpPMamiiHUX TEXHOJIOTiH, M0 BUKOPHCTOBY-
I0THCS B CY/IHOBOMY TIPOTPaMHOMY 3a0€3IE€UCHHI 1 3alpOINOHOBAHO HOBHIA
MiAXij, KU nojsira€ y BUKOPUCTaHHI MpH Bi3yanizamii He crnenudiqHux
XapaKTepPUCTUK a00 IapaMeTpiB MOTOKY Teria a00 Macu B IIOTOYHHUI MO-
MEHT 4Yacy, a iX MaTeMaTHYHOTO MOJaHHs Yy BUTJIALI HAOOpY omepaTopis



2019 — Ne 39 CyOHo6i enepeemuyri YyCmMaHo8Ku 158

BeKTOpHOI anredpu. Ha npukianai omqHOro 3 CyJHOBUX poOOUYMX MPOILECIB
MOKa3aHO KM YHHOM Bi3yalli3ailis pe3y/IbTaTiB JIO3BOJISE MIJIBUIUTH Pe-
HTA0EIBHICTh POOOTH CY/IHA.

KrouoBi ciioBa: nepeHeceHHs Teruia i MacH; mapaMerp cTaHy, Bi3ya-
Jizanist, iHpopMaliiiHu{ TOTIK JaHUX, TpOorpaMHe 3a0e3MeUeHHs CyIHa.

10.31653/smf39.2019.78-88
0.S. Savelieva, D.O. Malakhova. Application of information
technologies in ship technological processes
The article analyzes the characteristic parameters of heat and mass transfer
in application to the visualization technology of the main parameters of the
working processes that occur on vessels. The main disadvantages of the
information technologies used in ship software are shown and a new
approach is proposed, which consists in using not specific characteristics or
parameters of the heat or mass flow at the current time when visualizing,
but their mathematical representation in the form of a set of vector algebra
operators. Using one of the ship's work processes as an example, it is shown
how the visualization of the results makes it possible to increase the
profitability of the vessel.

Key words: heat and mass transfer; status parameter, visualization,
information data stream, vessel software.

10.31653/smf39.2019.96-100

Kupuc A. B., I'apacyna b. A. Pacuer cuiibl IprcachIBaHUs CYJOB TpU
WX CONMMKEHUH

PaccMmotpeHo sBiieHHEe MprcachIBaHUs CYJI0B, CIEAYIOLINX Hapaienb-
HBIMH KypCcaMU MOJ ASHCTBUEM CABUTAIOIIEN CUJIbI, PACCUMTAHHON Ha OC-
HoBaHuM Teopembl H. E. J)KykoBckoro o moxbsemMHoO# cujie, 4To MO3BOJIIET
OOBSICHUTD Cephe3HbIC aBaPHIHBIC MTOBPEXKICHUS KOPITYCOB CYIO0B.

KawueBbie cioa: YPABHEHWE BEPHVYJUINM, HUPKVYJIALMA
CKOPOCTU, TIOJJbEMHAS CUJIA, MEXCYJIOBOM KAHAIJI, YPA-
BHEHME )XYKOBCKOTIO.

10.31653/smf39.2019.96-100

Kiris A. V., Garagulya B. A. Calculation of the ships attraction force
when they approach

We considers the phenomenon of attraction of the ships following par-
allel courses under the action of a shear force, calculated on the basis of the
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theorem of N. E. Zhukovsky on the lifting force, which allows to explain
serious accidental damage to the hulls.

Key words: BERNULLY EQUATION, SPEED CIRCULATION,
LIFTING POWER, INTER-SHIP CHANNEL, ZHUKOVSKY EQUA-
TION.

10.31653/smf39.2019.96-100

Kipic O. B., I'apazyna b. A. Po3paxyHOK CHJIM IPUCMOKTYBAaHHS CYJICH
pH iX 30JMKeHH]

PosrisiHyTO SIBHIIE TPUCMOKTYBAHHS CyJIeH, IO MPSMYIOTh Mapajieib-
HUMH KypcaMH MiJ Ji€l0 3pYIIyBaJIbHOI CHIIM, PO3paxoBaHOl Ha MiJICTaBi
Teopemu M. €. )KyKoBCbKOI'0 TIPO MiIHOMHY CUJY, IO J03BOJISIE MOSCHUTH
cepiio3Hi aBapiiiHi MOMIKOAKEHHS KOPITYCiB CY/ICH.

KittouoBi crnoBa: piBHSHHS OepHYJUTI, IUPKYJISILIs IMBUAKOCTI, MiAHO-
MHa CHJIa, MDKCYTHOBHI KaHall, piBHSIHHS JKYKOBCBKOTO.

10.31653/smf39.2019.101-106

C. B. Kosuyxuii, C. B. Kupusin. D(pGheKTUBHOCTh MCITOJIb30BAHUS HAHOIUC-
MEPCHBIX BEIIECTB B CYJOBBIX MEXaHU3MaX

B pabote paccMOTpeHbI HCKITIOUNTEIBHBIE CBOMCTBA BELIECTB U COCHHE-
HUM, 00pa30BaHHBIX HAHOYACTHUIIAMH, U IPOAHATM3UPOBAHBI BO3MOXKHOCTH
WX TIPUMEHEHHUS B KAYECTBE IPOTHBOM3HOCHBIX U MIPOTHBO33IUPHBIX MPH-
CaJIOK K MacJiaM BMECTO TPaUIIMOHHBIX MPUCAJI0OK MUKPOHHBIX Pa3MEpOB.
Bbu1o nmoka3aHo, 4TO MOBEPXHOCTHAS SHEPTHsI HAHOYACTHUI] BO3pacTaeT Ha
HECKOJILKO MOPSIJIKOB B CPABHEHHH C SHEPTUEH YaCTUIl MUKPOHHBIX pa3Mme-
poB. PaccMoTpeH MexaHHU3M 00pa30BaHUs TUIAKUPYIOIIETO 3alIUTHOTO IO~
KPBITUS Ha TPYIIUXCS TIOBEPXHOCTAX U MIPUBECHBI TAKUE YHUKAJIBHBIC Pe-
3YJIBTAThI MPAKTUYECKOT O NCIIOIb30BAHMS HAHOAMCIICPCHBIX BEIIECTB B Ka-
YeCTBE MPUCAIOK K MAC/IaM KaK BOCCTAHOBJICHUE U3HAIIMBAEMbIX TTOBEPX-
HOCTEW U «3ajJednBaHue» Ae()EKTOB TPYIIUXCS JAeTajeil B Mpolecce KC-
TUTyaTaluH.

KaroueBble c10Ba: HAHOYACTHUIIBI, TTOBEPXHOCTHAsI DHEPTHUS, HAHOIMC-
MEPCHBIC BEIIECTBA, HAHOIIPHUCAJIKH, TUIAKUPYIOIICE 3alIUTHOE MTOKPHITHE.

10.31653/smf39.2019.101-106

C.B. Kosuyvxuil, C.B. Kipisn. EQeKTUBHICTD BUKOPUCTaHHSI HAHOIUCTIEP-
CHHX PEUOBHH B CYTHOBHUX MeXaHi3Max

B poboti po3riisiHyTI HaA3BUYaiHI BIACTHBOCTI PEUOBHH 1 CIIONYK, YTBO-
PEHUX HAaHOYACTHHKAMH, i MPOaHaJi30BaHi MOMKIIMBOCTI iX 3aCTOCYBaHHS B
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SIKOCTi IPOTU3HOCHUX 1 TPOTH3aIUPHUX MPHUCAJIOK 10 MACTHII 3aMiCTh Tpa-
JHIIHHUX MTPHUCAIOK MIKpOHHUX po3MipiB. Bymo mokaszano, mo noBepxHesa
SHeprisi HAHOYACTHHOK 3POCTa€ Ha KibKa MOPAIKIB B MOPIBHSIHHI 3 €HEp-
ri€l0 YaCTHHOK MIKPOHHHX PO3MipiB. PO3IIsIHYyTO MeXaHi3M YTBOpEHHS
TIaKYBAJIBHOTO 3aXHCHOTO TIOKPUTTS Ha MOBEPXHSIX TEPTs 1 HaBeAeH1 Taki
YHIKaJbHI PEe3yJIbTAaTH MPAKTUYHOTO BUKOPHUCTaHHA HAHOJUCIIEPCHUX pe-
YOBHUH B SIKOCT1 IIPUCAJIOK 10 MaCTHUII SIK BiJTHOBJICHHSI CIIPAI[bOBAHHX [TOBE-
PXOHB 1 «3aJTIKOBYBaHHsD» Je(DEKTIiB JAeTalleil B MPOoIleci eKCITyaTallii.
Karo4oBi ciioBa: HaHOUACTHHKH, TOBEPXHEBA €HEPTisl, HAHOAUCIIEPCHI pe-
YOBUHH, HAHOTIPUCAJIKH, TUIAKYBaJIbHE 3aXUCHE TOKPHUTTSI.

10.31653/smf39.2019.107-114

b. Jlebeoes, €. Jlebeoesa, C. [Imumpicea, M. Kporvkosa/ Monudika-
Iisl eK30TEPMIYHUX KOMITO3HUIIIH 3 METOI MIIBUIIEHHS 1X TOTYXHOCTI

3anponoHOBaHO BapiaHT MiABUIIEHHS KOHKYPEHTOCIPOMOXKHOCTI
YKpaiHCBKOTO CyTHOOYAYBaHHS 32 PaXyHOK BIPOBa/KEHHS HOBOI TEXHO-
JIoTi1 3BaproBaHHA eHEpPTroHe3aleKHIMH 3acobamu. HaBeneno npukian po-
3paxyHKy MOTY)KHOCTi Ta TE€OMETPHYHHUX IapaMeTpiB 3BaprOBaJbHOTO
CTPHIKHSI.

Karo4oBi cioBa: cyaHOpPEMOHT, 3BaplOBaHHs, €HEPrOHe3aJeKHUH
3BapIOBAILHUI IHCTPYMEHT, MOTY>KHICTh

10.31653/smf39.2019.107-114

b. Jlebeoes, E. Jlebeoesa, C. [Imumpuesa, M. Kporvkosa. Momugu-
KaInst 9K30TEPMHUYCCKUX KOMITO3UITUH C IIENTBIO MOBBIICHUS HX MOIIHO-
CTH

Ipeanaraercs BapuaHT MOBBIIIEHHUS KOHKYPEHTOCIIOCOOHOCTH YKpa-
WHCKOTO CYIOCTPOCHHUS 3a CUET BHEAPEHMS HOBBIX TEXHOJIOTHH CBApKH C
WCTIOIb30BAHMEM SHEPTrOHE3aBUCHMBIX CpPeACTB. [IpHBEIeH TpUMep pac-
4eta CUJIOBBIX M TEOMEPHBIX MapaMeTPOB CBAPOYHOTO CTEPIKHS.

Kmioueswvie crnosa: cyoopemonm, ceapka, sHepeOHe3a8UCUMBLI CEAPOH-
HbLU UHCIMPYMEHN, IHEPeemuKa

10.31653/smf39.2019.115-128

Polovinka E.M., Tabyrunckuii I.N. Modeling of the fuel injection pro-
cesses of RT-flex engines accumulator Common Rail system //Ship power
plants: scientific and technical collection. // Ship power installations: sci-
entific-and-engineering collection -2019.-__ - Odessa: NU <OMA>
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Results of the analysis of a design of RT-flex engines accumulator fuel
injection system Common Rail are presented. The mathematical model of
fuel injection system process is developed.

A calculation model of the system was compiled in the environment of
the GT-Power package. The fuel supply was simulated, a description of the
processes in the main elements of the system was given.

Keywords: process of injection, storage system, modelling.

10.31653/smf39.2019.115-128

Honosunxka O.M., Tabynunckui U.H. MojenupoBaHue IPOIECCOB
BIPBICKABAHMS TOIJIMBA AKKyMYJISTOPHOM CHUCTEMOM TOILIMBOIIOAAYU
Common Rail neurareneit RT-flex//CynoBbie sHepreTndeckue yCcTaHOBKU:
Hayd.-TexH. ¢0..-201 .- No - Opmecca: HY <OMA>C.

[IpencraBieHsl pe3ynbTaThl aHATU3a KOHCTPYKIHUU aKKyMYJISITOPHOM
cucreMbl TortuBononayn Common Rail gpurareneii RT-flex. Pa3pabo-
TaHa MaTEMaTH4YCCKasl MOJCJIb MPOLECCa BIIPBICKMBAHWA TOILJIMBA CHUCTC-
Mmoii. CocraBieHa pacyé€TrHas MOfieb CUCTeMBI B cpefe nmakera GT-Power.
[IpoBeneno mMonenupoBaHUe TOMIMBOINOAAYH, TAHO OMMCAHKE MPOIECCOB
B OCHOBHBIX 3JICMCHTAaX CHUCTEMBI.

KnwueBbie cjioBa: mporecc BIPHICKUBAaHUS, aKKyMYJSTOPHAs CH-
crema, MOJIeIMPOBaHHE.

10.31653/smf39.2019.115-128

Polovinka E.M., Tabyrunckuii I.N. MoaentoBaHHSI IPOLECIB YIIOPCKY-
BaHHS MaJIMBa aKyMYJSTOPHOIO crcTeMolo nainuponoaadi Common Rail
nuryHiB RT-flex // CynHOBiI eHepreTnyHi yCTaHOBKU: HAayK.-Te€XH. CO ..-
201 .- -Opmeca: HY <OMA>

[IpencrasneHi pe3ynabTaTd aHaii3y KOHCTPYKIII aKyMyJISITOPHOI CH-
cremu nanuBonoAadi Common Rail nurynis RT-flex. Pozpobieno mare-
MaTHYHY MOJEINb MPOLeCcy YIOPCKYBaHHs MajuBa cuctemor. CkialieHo
PO3paxyHKOBY MoJIellb cucTeMu y cepenosuii nakery GT-Power. Pospo-
OJIeHO MaTeMaTU4Hy MOJIENb TpoleciB moaayi manusa. CTBOpeHa iX KOM-
m'foTepHa MoJeNb. BiampamnboBaHa MeToIMKa PO3paxyHKy, BUKOHAHWI
MpHKIaa po3paxyHKy. HaBemeHo aHami3 mpolieciB B OCHOBHHX €lIeMEHTaX
1 JIISHKAX CUCTEMH.

Kuio4oBi cjioBa: mpoliec yropcKyBaHHS, aKyMyJISITOPHA CHCTEMA, MO-
J€TIOBAaHHSL.
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10.31653/smf39.2019.115-128

Polovinka E.M., Tabulinskiy I.N.

Modeling of the fuel injection processes of RT-flex engines accumula-
tor Common Rail system // Ship power plants: scientific and technical col-
lection. - 2019 . - - Odessa: NU "OMA."P.

Results of the analysis of a design of RT-flex engines accumulator fuel
injection (Common Rail) system are presented. The mathematical model of
fuel injection system process is developed.

A calculation model of the system was compiled in the environment of
the GT-Power package. The fuel supply was simulated, a description of the
processes in the main elements of the system was given.

Basic elements of the accumulator fuel injection system AFIS

(CR — common rail) for RT-flex engines, alongside with atomizers (fuel
nozzles), injection control unit - ICU, the fuel accumulator (fuel Rail) and
valves of the control system.

Working space of ICU is connected during injection with atomizers,
and in a phase of preparation next injection - with the fuel accumulator. The
buffer space has no connection with atomizers and is connected constantly
to the accumulator.

The task of the physical analysis and the mathematical description of
the processes, occurring in basic elements of AFIS(CR) were put: ICU and
atomizers. Valve devices are presented by on-off elements with the external
management, setting an operating mode of system.

The mathematical model of fuel injection system is developed.

The processes in the ICU are described by the equations of continuity
of the working space of the ICU and the movement of the metering piston
during the fuel injection period.

Movement of fuel in the high pressure pipeline is described by system
of the hyperbolic equations, which is transformed to the telegraphic equa-
tion.

A calculation model of the system is compiled and the results of simu-
lation modeling are presented. The processes in the main elements of the
system are described and the injection parameters are determined.

The course of fuel injection process is determined by the phenomena,
occurring in ICU. As a result of valve opening the pressure in a working
space decreases from initial 800 bar down to 672. In the end the ratio of the
forces, acting on the piston, changes, and the effort from a buffer space
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causes movement of the piston. Pressure in a buffer space thus has de-
creased, having made 772 bars. The same pressure is maintained and in the
accumulator, owing to the minimal length of the channel connecting these
elements of the system.

With the start of the piston movement, the nozzle needles rise and fuel
is injected. The pressure in the nozzle elements reaches the following val-
ues: at the inlet 526 bar, almost the same in the channel - 527 bar.

For phase of the fuel injection process in the range of 150+190 degrees
of crankshaft revolution corresponds also the reverse movement of the ICU
piston with noticeably less than with the forward stroke speed: v, = 0.197
m/s in comparison with v, = 0.234 m/s.

Keywords: process of injection, accumulator system, modeling

10.31653/smf39.2019.129-142

Honosunxa 2.M., Hxosenko A.FO. Pa3paboTka v UCIBITAHUS CHCTEM KOH-
TpoJist paboymXx MPOIECCOB CYIOBBIX au3enei Ha 0aze KOMOMHHUPOBAaHHBIX
W3MEpUTENbHBIX TpeodpazoBaTenell// CynoBble dHEPreTHMYECKHE YCTa-
HOBKH: Hayd.-TexH. 0. — 2019. — Ne 39. — Opnecca: HY «OMA». — C. 94-
107

[IpencraieHsl pe3ynbTaThl pa3padOTKH KOMOWHUPOBAHHBIX H3MEPHTEIIb-
HBIX ITpeoOpa3oBaTenei 1 CHCTEM KOHTPOJIS pabourX MPOLIECCOB CYI0BBIX
nu3ereld Ha ux 6ase. PaccMOTpeHbl KOHCTPYKTHBHBIE PEHIEHHUS U METPOJIO-
THYECKHE XapaKTePUCTHKH CHCTEM MO JaHHBIM J1a00paTOPHBIX U CYAOBBIX
ucnbITanuii. [loydeHbl BBIBOABI O BO3MOXKHOCTH MCIIOJIB30BaHMS TaAKHX
CHCTEM B MPAaKTHKE JKCIUTyaTallUH CYAOBBIX JW3ENEeH M MCCIIEA0BATENb-
CKHX IEJISIX.

KuaioueBsble ciioBa. CUCTeMBbI BIIPHICKUBAHMS TOIUIMBA U3eNeH, U3Mepe-
HUs, KOMOMHUPOBaHHbIE MPEOOPA30BATENH.

10.31653/smf39.2019.129-142

THonosunxa 3.M., Axosenxo A.FO. PozpoOka i BUITpoOyBaHHS CUCTEM KO-
HTPOJIIO POOOUYNX MPOIECiB CYAHOBUX AHU3€MiB HA 6a3i KOMOIHOBaHUX BU-
MipIOBaJIbHHX MepeTBoproBauiB// CyHOBI eHEpPreTHYHi YCTAaHOBKU: HAaYK.-
TexH. c0. - 2019 . - Ne 39 . - Ogneca: HY "OMA". - C. 94-107
[pencraBieHo pe3ynbTaTé po3poOKH KOMOIHOBAHUX BUMIPIOBAJIBHUX Tic-
PETBOPIOBAYIB 1 CUCTEM KOHTPOJIIO POOOYMX MPOIIECIB CYTHOBHX JHM3EIIB
Ha ixHili 6a3i. PO3rIssHyTO KOHCTPYKTHBHI PIllIEHHS i METPOJIOTi4HI XapaK-
TEPUCTUKU CHUCTEM 3a JAHHUMH JabopaToOpHHUX i CYAHOBUX BHIIPOOYBaHb.
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OTpuMaHO BHCHOBKH HIOAO MOIMUBOCTI BUKOPHCTaHHS TaKUX CHUCTEM Y
MPaKTHII eKCIUTyaTallil CyIHOBUX JTU3EIIB 1 JOCTITHUIIBKUX IIUIAX.
Kawuosi caoBa. CucreMn ymopcKyBaHHS TajMBa JIU3eNiB, BHUMIpH,
KOMOiHOBaHi TIepeTBOPIOBAYI.

10.31653/smf39.2019.129-142

Polovinka A.M., Yakovenko A.Y. Development and tests of monitoring sys-
tems for working processes of marine diesel engines created on the basis of
combined measuring converters//Ship power plants: scientific and technical
coll. - 2019. — #39. — Odesa: National University <Odesa Maritime Acad-
emy>. Pp 94-107.

The results of the development of combined measuring converters and
monitoring systems for the working processes of marine diesel engines
based on them are presented. This solution does not require the use of sep-
arate sensors and provides continuous monitoring of the considered param-
eters. Automated analysis of the characteristics of processes is possible with
the inclusion in the general system of the emergency warning alarms
(EWA) of the engine, and in the future the creation of an adaptive control
system that ensures optimal engine control.

Design solutions and metrological characteristics of systems according to
laboratory and ship tests are considered.

When choosing the registered parameter and the basic structural element of
the fuel injection system, preference was given to the fuel pressure in the
high-pressure fuel pump, as the most informative parameter of the fuel sup-
ply process. Of the elements of the high-pressure fuel pump, the fastening
stud connecting the pump flange to the camshaft shelf is adopted as the
basic element for the combined measuring converter. The stud perceives
the force caused by the fuel pressure. The measuring converter is assembled
using strain gauge elements - wire strain gauges of the PKB type.

The visual assessment of the fuel pressure curves in the pump p, and the
strain p; recorded by stud sensor «S-S» in the conditions of engineless tests
indicates an infor-mative value of the latter that is acceptable for practice.
A similar conclusion was also obtained from the result of frequency analy-
sis of oscillograms.

The system was also tested on ship's medium-speed engines. An additional
measuring element was the gas pressure sensor in the engine cylinder, com-
bined with the cylinder head mounting nut. The measuring system in the
ship's performance included a strain gauge amplifier and various recording
devices: oscillographs and a personal computer.
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Ship testing materials confirmed laboratory research data on the possibility
of using the developed measurement systems based on combined convert-
ers of controlled parameters in the practice of ship diesel engines operation
and research purposes.

Keywords. Fuel injection systems of diesel engines, measurements, com-
bined converters

10.31653/smf39.2019.143-149

Kypasnes FO.U., Menvnuk A.A., Mypaosn I1.C. B cratbe 000CHOBaHa aK-
TyaJbHOCTh IPOOJIEMBI MOBHIIICHUS 3P (EKTUBHOCTH MCIIONB30BAHUS THO-
kux cBsaselt (I'C) namyOHBIX MexaHu3MOB. [ToM4EPKHYTO, YTO pelIeHne 3a-
Jlauy TI0 OLIeHKe KojebaHuil B THOKUX pabouMx opraHax OONBIION JJTMHEI
MO3BOJIUT COKPATUTh CPOKH U 00BEM PadoT, CBA3aHHBIX C KX MOHTAXOM, H,
B CBOIO 04epe/ib, CHU3UT 3aTPaThl Ha MpuodpeTenue u skcmuryaranuto (I'C).
[Nonyuenue ypaBuenuit konedanuii (I'C) mpencrapisier HECOMHEHHBIN WH-
Tepec, MOCKOJIbKY OHM MOT'YT OBITh MCIONB30BaHbl MPpH U3y4yeHUHn Mupo-
BOT'O OKe€aHa, pa3BeKe U HKCILTyaTalluy MOJBOAHBIX MECTOPOXKACHHUH TO-
JIE3HBIX UCKOMAEMBIX, TOJIBOTHOI I'e0JI0TMH 1 Tonorpaduu, BEIOOpe Tpacc
MOJBOJHBIX KaOeIbHBIX JHHUI 1 TPyOOIIPOBOIOB, TPOBEPKE KayecTBa pa-
00T MO X MPOKJIAJKE, U3YYEHUIO IKOIOTUH MOPSI.

B Hacrosimem uccnenoBanuu aokazano, uto B (I'C) mpu npoJosibHBIX BO3-
MYLICHUSX BO3HUKAIOT HE TOJBKO MPOAOIbHbIEC KoJeOaH!s, HO U KPYTHIIb-
Hele. [lomy4yeHbl BoNHOBBIE ypaBHeHHs monepedHbix konebanuit (I'C),
MPECTABJIAIONINE HHTEpeC pH nojoope u pacuere (I'C) Oonbmmx JUIvH,
KOTOpBIC UCHONB3YIOTCSI TIPU MPOBEJCHUN HCCIEN0BaTENBCKUX padoT 1Mo
M3yYeHHI0 MHpOBOTI'0 OKeaHa: pa3BeKa M DKCILTyaTanus MOJBOAHBIX Me-
CTOPOKACHUH TONE3HBIX MCKOMAEMbIX, OABOAHAS T€ONOTHS M TONOrpa-
¢wus1, BHIOOp Tpacc MOABOAHBIX KaOeIbHBIX TUHUA U TPyOOIIPOBOJOB H MPO-
BepKa KayecTBa paboT MO MX MPOKJIAIKe, U3yUdEeHHE 3KOJIOTUU MO
KnroueBble c1oBa: ruOKue CBsI3H, MPOAOJLHBIC M KPYTHIILHBIE KOIEOaHus,
BOJTHOBBIC YPaBHEHUS, YIIPYTHE BOJIHEI.

10.31653/smf39.2019.143-149

Kypasvos FO.1., Menvnix A.O., Mypaosn I1.C. Y ctaTTi 00rpyHTOBaHA aK-
TyaJbHICTb MPOOIEMH MiBUILEHHS e(pEeKTUBHOCTI BUKOPUCTaHHS THYYKHX
3B's13kiB (I'C) manmyOHux MexaHi3miB. [linkpecieHo, 1o pilieHHs 3a1a4i o
OL[IHIII KOJINBaHb B THYYKHX POOOYMX OpraHax BEIWKOI IOBKHUHH JIO3BO-
JIUTh CKOPOTUTH TEPMIHH 1 00CAT pOOIT, MOB'A3aHUX 3 IX MOHTaXEM, 1, B
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CBOIO Uepry, 3HM3WTh BHTpPAaTH Ha npuadaHHsS Ta ekcruryataniio (I'C).
Otpumanns piBHsHb konmuBaHb (I'C) mpencTasiisie Oe3nepeynuii iHTepec,
OCKLUTBKH BOHU MOXYTh OyTH BUKOpPHCTaHi Ipu BuBUeHHI CBITOBOTO OKe-
aHy, PO3BIII 1 eKCILTyaTallil IMiIBOJHUX POJIOBHIL KOPUCHUX KOMAJINH, ITi-
JBOAHOTO TeoIorii 1 Tomorpadii, BuOopi Tpac migBOAHUX KaOeTbHUX JIIHIHA
1 TpyOONIpOBOAIB, IEPEBipIIi AKOCTI pOOIT MO X MPOKIIAIIL, BUBYECHHS €KO-
Jiorii Mopsi.

Y upomy nociimpkenHi goBeaeHo, mo B (['C) mpu mo3noBxHIX 30ypeHHs
BHHUKAIOTh HE TUIBKY MO3/I0BXKHI KOJIMBAaHHS, aJie 1 KpyTwibHI. OTpuMaHo
XBHJIbOBI piBHSAHHS noniepeunnx konuBanb (I'C), mio npeacTaBisioTs iHTe-
pec nipu migbopi i pospaxyHky (I'C) BeIMKHX TOBXHH, sIKi BHKOPHCTOBY-
I0TBCSI IPH TIPOBEICHH]I JOCTiTHUIBKUX po0iT 3 BuBUeHHS CBITOBOTO OKe-
aHy: pO3BiJKa Ta eKCIUTyaTallisl MiIBOMIHIX POJOBHUII KOPHCHUX KOIAJNH,
MiZIBOIHA Teoorist 1 Tonorpadisi, BUOip Tpac MiABOJHUX KaOENbHUX JIHIH
1 TpyOOIPOBOIB Ta MepeBipka SKOCTiI poOIT Mo X MpokKaali, BUBUCHHS
€KOJIOTii MOpsi.

KarouoBi ci1oBa: rHyuKi 3B'A3KY, [T03I0BXKHI 1 KDYTHIIbHI KOMUBAaHHS, XBH-
JIbOBI PIBHSHHS, TIPY>KHI XBHUIIL.
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NPABUJIA O®POPMJIEHHSA 1 HOAAHHS PYKOIINCIB JJIA
3BIPHUKA «CYAHOBI EHEPTETHUYHI YCTAHOBKW»

HaykoBo-TexHiunmii 30ipHUK HalliOHATBHOTO yHiBepcuTeTy «Oechka
Mopcbka akaneMis» «CyIqHOBI €HepreTHYHi yCTaHOBKM» € HAyKOBHM BH-
JaHHSAM, B SIKOMY MOXYTh MyOJIiKyBaTHCh OCHOBHI pe3ylbTaTd IUcepTa-
HifHUX poOIT 3 TPO]IIIO CYIHOBOT EHEPTETHUKH.

CraTTsa MOBMHHA BiINOBiAAaTH MpaBuUiaM OQOPMIICHHSI HAYKOBUX CTa-
TeH 1 MICTUTH ITOCTAHOBKY MPOOJIEMH B 3aralbHOMY BUTJISIAIL Ta 1i 3B'30K 3
BaYKIMBUMH HayKOBUMH 200 MPaKTHYHUMU 3aBIaHHSIMH, aHaJi3 OCTaHHIX
JOCITIKeHb 1 myOImiKamiid 3a TeMOIo cTaTTi, popMyTrOBaHHS IIiJied CTaTTi
(TIOCTaHOBKY 3aBjaHHS), BUKJAJ OCHOBHOTO MaTepiany 3 HEOOXiTHUMHU
OOTPYHTYBaHHSIMH, BUCHOBKH Ta MEPCIEKTHBH MOJANBIINX AOCIi/IKEHb.

Pykomnuc nogaerhes Ha eIEKTPOHHOMY HOCil y dopmarti *.doc 3 marme-
POBOIO KOIIi€IO 1 pedpepaTaMu Ha YKPATHCHKIM, POCIMCHKIl Ta aHTTIHCHKIM
MOBax, po3MipoM He Ounbiie 2 MB, mifnucanow BciMa aBTOpamH, 3 KOH-
TakTHOIO iH(popMamieto: agpecu, tenedonu. Obcsr crarri — g0 0,5 aB-
TOPCHKOTO apKyIlia 3 YpaxyBaHHSIM LTFOCTpAIliid, i MaTFOHKOBUX Mi/IMUCIB
i pedepary.

dopmar nanepy AS (148x210) Vci mons — 16 mm. Teker - yepes 1
inTepBai, Times New Roman, 11 nt; Ta0mnuiii, 3aroJioBky Ta0IuIlb, MiaMa-
JoHKOBI mianucu — 10 mT.

Ha nepruiii cropiHii pykonucy moBUHHI OyTH BKa3aHi HACTYITHI ele-
menTH: inaekc Y/JK; ®IO aBropiB; HaliMeHyBaHHS 3aKjany, B IKOMY BH-
KOHYBaJsacsi poboTa; Ha3Ba CTaTTi, aipeca eNeKTPOHHOI MOIITH aBTOpiB. 3a-
TOJIOBOK CTaTTi opopmiIATH 3a cTriieM 3aroioBok 1, kersb 11 nT, O3 me-
PEHOCY, yCi MPOIUCHI, IHTEepBaJL: TIepen — 8 IT, micas — 2 1T.

Hanpukinui pykonucy HaBoguThcs pedepaT Ha TPhOX MOBax — YKpaiH-
CBbKil, POCIMCHKIM, aHTmiKChKiN, Mo Mictuth PIO aBTOpiB, HA3BY CTATTI,
CKOPOYEHHH 3MICT Ta KIFOUOBi CIIOBA.

SIKIIo pyKOIUC HE € TOBHICTIO aHTJIOMOBHUM, BiH CYNPOBODKYETHCS
AHOTAI€I0 HA aHTIHCEHKIN MOBI 00carom He Menire 1800 3HakiB, BKIIIOYA-
10YH KITIOYOBI CIIOBA.

3MiHHi, QYHKI{, BEKTOpH, MATPHUIL 1 T.1. OPOPMIISIFOTHCS JTATHHCHKAM
mpupToM. 3MiHHI BHKOHYIOTHCS TOXWJIMM MIPH(TOM, BEKTOPH —
HaMIBXUPHUM, O3 Haxuily; TpelbKi CHMBOIM — Y BCIX BUNaaKax 0e3
HaxXWy; IHJIEKCH: JIATUHCHKI — 3 HAXHWJIOM, KUPWJINYHI — 0e3 Haxwmity. Po3-
Mipu B Mathtype: ocHoBHmit — 11 1T, 30UnbIIeHUt — 16,5 1T, iHIEKC —
7 1T, cybinAekc — 6 nT. Y BCiX BHIIAAKAX PO3MITKa POPMYJ Y KOMii pyKo-
nucy 000B's13koBa. HyMepyroThes TUTbKY Ti (POPMYJTH, Ha SIKi € TIOCHIJIAHHS
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B TeKkcTi. POpMyIH BIAIISIOTHCS Bill TEKCTY pSAKaAMH BHCOTOO 2 IT. Yci
(dhopmynu nmoBuHHI OyTn HaOpani B Mathtype. Onunuiti Gi3UIHUX BETUUNH
noBuHHI BigmoBigatu ACTY 3651.0-97, ACTY 3651.1-97, AICTY 3651.2-
97 "Merponoris. Oauauii Qpi3MyHUX BEMTUYHUH" 1 MATH 3araIbHOMPUAHSTI
MO3HAYEHHSI.

Tabnuui ciig po3TamoByBaTH Ha OJHIA CTOPIHII KPiM BHNAKIB, KON
Tabnuus 3aiimae Oiibine 1 cropinku. 3aronoBok — 10 mt, 0e3 mepeHocy,
iHTepBal nepen — 8 0T, micyist — 2 NT, OCHOBHUH mpuQT Tadbmumi — 10 nT.
MaJtioHKH BiIIUISIFOTBCS Bl TEKCTY 3BEPXY IHTEPBAIOM § T, Bijl HA3BH —
2 nrt. Ha3sa mamonka — kerdib 10 nt, 6e3 niepeHocy, iHTepBal miciis —
8 niT. Ha Bci Tabnuii 1 MamfOHKH IOBUHHI OyTH MTOCHIIAHHS B TEKCT1 CTAaTTi
y CKOPOYCHOMY BUIJISAI (TA0IL.).

LmtocTparii, siki miaroToieHi B rpadiyHUX peaakTopax, JOAAIOTHCS B
SAKOCTi OKpeMuXx (haiitiB y BuximHoMy ¢opmati. Po3mip HanmciB moBuHEH
3abe3nevuyBaTH iXHIO yuTaHicTh (8-10 nT). g ckaHOBaHMX MaJIOHKIB J10-
JAETHCSI OPUTiHAM Y Tyl Ha OLIOMY marnepi J0CTaTHBOI HiibHOCTI. Ha 3B0-
POTi BKa3y€eThcs HOMEP 1 MPUHAJTIEKHICTB JI0 CTATTI.

Biomiorpadivuni onvcu MOBUHHI BiNoBinaTu aitounuM Bumoram. [Tocu-
JIaHHS Ha JITEpaTypHI JUKepena Y TeKCTi 0(OpPMITIOIOTHCS Y KBaJpaTHUX
Iy’)KKax 3 BKazaHHAM HOMepa JpKepena.

KonrtakTtHa iHdopmaris - e-mail: ivanovichlzh@gmail.com
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Cy/HOBi €HEPreTHUYHI YCTaHOBKHU:
HAyKOBO-TEXHIYHHUN 30ipHUK.
Bumyck 39.

[Migmucano no meyarku 30.11.2013. dopmar 60%84/16.
Yu.-m3a. 1. 9,89. Tupax 100. 3ayBomuth, yBect a0 nary. Ne 1M12-12 52.
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ten./akc: (0482) 34-14-12
publish@ma.odessa.ua



	_Toc217724828
	_Toc217916244
	_Toc217989614
	_Toc217992614
	_Toc217999926
	_Toc218010874
	_Toc219684134
	_Toc222534099
	_Toc223396888
	_Toc372192213
	_Toc372201082
	_Toc380176602
	_Toc404599582
	_Toc405486110
	_Toc27682600
	_Toc27682601
	_Toc27682602
	_Toc27682603
	_Toc27682604
	_Toc27682605
	_Toc27682606
	_Toc27682607
	_Toc27682608
	_Toc27682609
	OLE_LINK18
	OLE_LINK19
	_Toc27682610
	_Toc27682611
	_Toc27682612
	_Toc27682613
	_Toc341541941
	_Toc341541942
	_Toc341647594
	_Toc341647595
	_Toc342288418
	_Toc342288419
	_Toc342657234
	_Toc342657235
	_Toc342890303
	_Toc342890304
	_Toc27682614
	_Toc27682615
	_Toc27682616
	_Toc27682617
	_Toc27682618
	_Toc27682619
	_Toc27682620
	_Toc27682621
	_Toc27682622
	_Toc27682623
	_Toc27682624
	_Toc27682625
	_Toc27682626
	_Toc27682627
	_Toc27682628
	_Toc419650610
	_Toc27682629
	_Toc27682630
	_Toc27682631
	_Toc123228203
	_Toc123284498
	_Toc123284892
	_Toc124774960
	_Toc124775164
	_Toc13715223
	_Toc152262596
	_Toc153985786
	_Toc155249606
	_Toc155257993
	_Toc155349536
	_Toc155438836
	_Toc155443954
	_Toc155529454
	_Toc155746308
	_Toc176221167
	_Toc176227354
	_Toc176270137
	_Toc176276782
	_Toc176281831
	_Toc176669007
	_Toc176672234
	_Toc176958677
	_Toc176961451
	_Toc177137912
	_Toc177265297
	_Toc177357981
	_Toc177388295
	_Toc177486916
	_Toc177489148
	_Toc177526544
	_Toc177823110
	_Toc177918397
	_Toc179940749
	_Toc190097606
	_Toc190098171
	_Toc193597849
	_Toc20058354
	_Toc20670243
	_Toc20670359
	_Toc20993602
	_Toc21057116
	_Toc216490085
	_Toc217724831
	_Toc217916249
	_Toc217989620
	_Toc217992623
	_Toc217999937
	_Toc218010887
	_Toc219684149
	_Toc222534118
	_Toc223264048
	_Toc223274997
	_Toc254677258
	_Toc254677291
	_Toc254682420
	_Toc257010081
	_Toc275147877
	_Toc290206474
	_Toc290486362
	_Toc290491921
	_Toc290495904
	_Toc290573264
	_Toc290576037
	_Toc290576562
	_Toc290581576
	_Toc290821814
	_Toc290824413
	_Toc290836509
	_Toc290913487
	_Toc290916097
	_Toc291089938
	_Toc291698304
	_Toc291698357
	_Toc292275405
	_Toc296363212
	_Toc318392901
	_Toc319133291
	_Toc319473990
	_Toc349382017
	_Toc349382096
	_Toc351629605
	_Toc352222817
	_Toc369118301
	_Toc372192220
	_Toc372195236
	_Toc372201085
	_Toc380176609
	_Toc404599583
	_Toc86143689
	_Toc93107935
	_Toc93109029
	_Toc93157031
	_Toc93157204
	_Toc93159117
	_Toc93328787
	_Toc93330379
	_Toc93365506
	_Toc94021969
	_Toc94022141
	_Toc95056570
	_Toc95650070
	_Toc27682632

