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APPLYING OF FUEL ADDITIVES IN MARINE DIESEL
ENGINES

Abstract. A method for improving the operational characteristics of
a marine diesel engine by applying fuel additives has been proposed. A
marine medium-speed four-stroke cycle diesel 6L20 by Wartsila-Sulzer
was used for this research. It was shown that the use of fuel additives
improves fuel efficiency of a marine diesel, in particular reduces specific
fuel oil consumption by 3.5 to 5.8 % subject to diesel load and additive
concentration in the fuel. Improved environmental performance of the
diesel — decrease by 1.4 ... 4.3 % in the concentration of nitrogen oxides
in exhaust gases, was also found. It was shown that the concentration of
the additive has an optimal value, can be determined experimentally and
depends on the characteristics of the fuel and the load on the diesel en-
gine.

Anomauin. 3anponoHosano cnocib NONNUIEHHST eKCHIYyamayiiHux
Xapaxmepucmux cyoOH08020 OU3eisi 3a PAXYHOK GUKOPUCTHAHHS NPUCAOOK
00 nanusa. JocnioNncenHss BUKOHYBAIUCL HA CYOHOBOMY CepeOHbo0bEepmo-
somy uomupumaxmuomy ouzeni 6L20 Wartsila-Sulzer. Iloxazano, wo
BUKOPUCTHAHHA NATUBHUX NPUCAOOK NIOBUWYYE NATUBHY EKOHOMIYHICMb
CYOH0B020 Ou3ens, 30Kpema 3HUIICYE NUMOMY 6UMpAmy Nnauea Ha
3,5 ... 5,8% 6 3anesxcnocmi 6i0 HABAHMANCEHHS Ou3ensi i KOHYeHmpayii
npucaoku 8 naausi. Takoc 6cmanoeieno NONuWeNHs eKoI02iYHUX Xapa-
Kmepucmux ouszens — 3nudicenns Ha 1,4 ... 4,3 % xonyenmpayii oxcuoig
asomy 6 eunyckHux eazax. byno noxazano, wo xomyenmpayis npucaoxu
Mae onmuManbHe 3HA4eHHsl, Modice OYymu GUIHAYEHA eKCHePUMEHMATLHO |
3a1edcUms 8i0 XApaKmepucmux naauea i HAGAHMANCEHHsL Ha OU3ENb.

Statement of the problem in general. Effective and efficient opera-
tion of transport ships is affected directly by fuel cost, with the share of
such cost in total financial operation costs being the largest [1, 2]. Opti-
mized fuel consumption and improved utilization efficiency due to activa-
tion of output performance of such fuel facilitates better performance of
the whole propulsion unit [3, 4].
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Marine internal combustion engines are the most popular heat engines
used in ships. As compared with power plants of any other types (steam
turbine and gas turbine), which are used to power a marine propulsion
unit, marine diesels are known for their minimum fuel consumption per
unit of power (kg/kW-h) and per unit of ship mileage (kg/mile).

According to ISO DIS DP-8217, distillate fuels of two grades are used
in marine combustion engines: DBM clean diesel fuel and DMC blended
fuel, and also RM refined fuel. Viscosity of the DMB and DMC fuels
ranges 5 to 10 sSt at 100° C and density of such fuels is 820 ... 850 kg/m’
at 15° C. Therefore, such fuel grades are called light. Viscosity of the RM
(RMG, RMH, RMK) fuels is 35 ... 55 sSt at 100° C and density of such
fuels is 990 ... 1010 kg/m’ at 15° C, which makes them heavy fuels.
Heavy grades are cheaper, as compared with light grades, which deter-
mines their usage in marine diesels to cut fuel costs. One should also men-
tion that fuel of heavy grades is used for operation of marine diesels in all
conditions, including startup and reversal. Operation of diesels under the
conditions can not be reliable, unless a fuel preparation process is applied.
Complex fuel preparation for marine diesels is done, starting from felling
ships and finishing with fuel feeding to the engine cylinder [5, 6].

Analysis of recent researches and publications. For now, design
and technology of marine internal combustion engines reached perfection,
ensuring lowest fuel consumption rates by heat engines of these types, as
compared to other engines (steam generators and gas turbines). Thus and
so, application of fuel additives is considered a way of enhancing fuel
efficiency of diesels [7].

Numerous works [8-10] were dedicated to an effect of fuel additives
on heat engine performance, while application of additives even in such
energy intensive and demanding power settings as nuclear power engi-
neering was considered [11-13].

Fuel additives are designed to improve fuel performance, starting
from pumpability and ending with flash point, while dispersing, enhanced
lubricating power, and combustion process activation are primary func-
tions of fuel additives. Place of introduction of additives into the fuel sys-
tem (Fig. 1) depends on overall system configuration, diesel specification
and tasks such additives are designed for.
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Fig. 1. Possible points of introduction of additives into a marine diesel fuel sys-
tem:

R |

1 — feeder feed line; 2 — fuel pumps; 3 — slop tank; 4 — fuel heaters 5 — fuel sepa-
rators; 6 — fuel filters; 7 — service tank; 8 — buster pumps; 9 — fuel heater; 10 —fuel
pump; 11 —nozzle; 12 — diesel;/, II, 111, IV, V — recommended points of introduc-

tion of additives

Formulation of the problem. Marine fuel additives are now rather
popular on ships; however, their performance is not evaluated the same
way. This is due to a variety of reasons, primarily marine diesel and diesel
power unit specification and ensuring right application technology of ad-
ditives. Therefore, determination of an effect of fuel additives on power,
economic and environmental properties of a marine internal combustion
engine was the objective of this research [14, 15].

When additives are used to prevent microbiological contamination of
the fuel, additive components must ensure eradication of any organisms
present in the fuel. And a slop tank (item // in Fig. 1) is their primary
place of introduction into the fuel system. When fuel additives are used as
friction modifiers, contributing to reduction of hydraulic resistance in
piping and other elements of the fuel unit, soft metals are freed from the
additive and create a micron intermediate layer on friction surfaces, and
facilitate generation of molecules of oriented structure close to the metal
surface. For this purpose, additives may be introduced along the whole
passage of fuel in the system (items /, /I, IV in Fig. 1). When fuel addi-
tives are applied to reduced formation of heavy fraction deposit, they are
introduced to a service tank (item /V in Fig. 1).
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Application of additives is of special relevance to auxiliary engines
that serve as electric generator drives. These engines are known for their
high (as compared to main engines) crankshaft speed and continuous op-
eration as a part of the marine power station (in cruising and harbor
modes). The first parameter (high speed) reduces the time of fuel injec-
tion, and the second parameter (operation in the harbor mode in seaport
waters) poses additional environmental requirements to diesels [16].

Presentation of the main research material. Studies under the con-
ditions of a marine ship with its deadweight carrying capacity of
32,150 tons were done in a fuel system of a 6120 diesel by Wartsila-
Sulzer with the following specifications:

= type — vertical, water-cooled, 4-cycle diesel engine;

= cylinder bore — 200 mm;

= stroke — 260 mm;

*» rated speed of revolution — 1000 min ' (rpm);

= number of cylinder — 6;

= power — 1200 kW.

Marine power unit comprised three such diesels that served as diesel
generators. This allowed for two diesels to be used for the experiments
and one diesel left as the control one. Diesel fuel system schematic is giv-
en in Fig. 2. For the purpose of this experiment, the fuel system was also
equipped with a flow meter 3 and additive dispenser 4. Such way of feed-
ing the additive into the fuel system ensured the required dispersion and
even dissolution in the fuel [17, 18].4

1 2 3
[ e ) |
ﬂESELrG:NE%«TOR 0 5 — —
| b | } NETSINEY
[000000] \ A | Ak
{ } | OO
1 3 | | . "

NI T XX

Fig. 2. Marine fuel system (a fragment):
1 — fuel pump; 2 — fine mesh fuel filters; 3 — flow meter; 4 — additive dis-
penser; 5 — coarse mesh fuel filter; 6 — fuel line; 7 — service tank
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Operation of the engines in experiments was concurrent, which al-
lowed for maintaining equal load on the experimental diesels and on the
control diesel. Load was N.=550 ... 1100 kW.

To calculate specific fuel oil consumption (SFOC) value according to
the level meter, which is located on each service tank (item 7 in Fig. 2),
current fuel consumption was determined.

For the purpose of experiment equivalence, preliminary preparation
was done for all diesels before testing. Operating conditions allowed for
complete engine purge of the diesels one by one within 40 hours, thus
preparing them for the experiment. At the same time, piston group (pis-
tons and piston rings) and basic elements of the system (precision pairs of
the fuel pump plunger-bushing and needle-nozzle) were replaced in all
diesels. Moreover, power unit control and adjustment was done for both
engines before the experiments. At the same time, fuel pumps were ad-
justed for the same fuel injection advance angle and engine nozzles were
set for the same needle lifting pressure. Operation time and working load
on diesels was monitored for the whole duration of the experiment. Die-
sels were switched to stand-by one by one to ensure equal operation time
of the diesels. Power discrepancy of diesel generators under study did not
exceed 10 kW by way of re-connecting power consumers, which may be
considered a non-significant discrepancy and working conditions may be
considered identical for such energy intensive items. Engines run on the
fuel of the same grade. At the same time, automatic controls maintained
continuous fuel viscosity for the duration of the experiment. The grade of
circulation oil was also maintained identical, which ensured lubricating
conditions and performance. These measures allowed for an assumption
that the experiment was done under the same conditions [19-21].

The following parameters were primarily subjected to control and de-
termination: specific fuel oil consumption, exit gas temperature, NOx
content in exit gases, and technical condition of power unit and diesel
cylinder-piston group elements. For the experiments, diesels run on the
DMB?25 fuel.

Comprehensive research of the effect that additives have on power,
economic and environmental properties of diesel fuel has produced the
following results.

Dosing rates for the additives vary greatly and depend on the intended
use of the additive and fuel system specification. Additives that are intro-
duced into fuel tanks or individual sectors of fuel lines for biological ef-
fect on the fuel or reduction of hydraulic losses are used in the ratio of
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1:8000 ... 1:12500. Additives that improve the fuel combustion process
are introduced in the ratio of 1:1000 ... 1:8000. Dosing may vary in both
cases, subject to engine configuration, operating state of the fuel system,
fuel contamination rate in tanks, ultimate fuel composition (traces of va-
nadium, sodium and sulphur) [22-24]. Optimum additive dosing range is
determined experimentally; therefore, the following additive and basic
fuel ratios were selected: 1:2000, 1:3500, 1:5000, 1:6500 u 1:8000. In
addition to the above, the lowest SFOC value was obtained for concentra-
tions of 1:3500 and 1:5000, which were selected for further research.
Characteristic SFOC curves for the 61.20 Wartsila-Sulzer diesel for rela-
tive power No/Neom for various additive concentrations in the fuel are
given in Fig. 3.

SFOC,
g

kW-h
200 |_

195 30

190 4

185

50 60 70 80 90 _Ne 100%
N, €nom

Fig. 3. SFOC and relative power Ne/Nenom ratios for a 6L.20 Wartsila-Sulzer
diesel for various additive concentrations in a fuel:

1 —1:2000; 2 — 1:3500; 3 — 1:6500; 4 — 1:5000; 5 — 1:8000

These data are indicative of better carburation and combustion, and
more complete use of additive-containing fuel heat content.

Determination of optimum additive concentration ranges for the fuel
allowed us to conduct the next stage of our research, using the following
alternative: a control diesel, an experimental diesel, running on additive
concentration of 1:3500 and experimental diesel, running on additive con-
centration of 1:5000. At the same time, temperature of gases downstream
a gas turboblower tgas, and NOX concentrations in exit gases were deter-
mined [25-26].
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Gas temperature at the engine output is a parameter that determines
quality of the working cycle in the diesel cylinder and degree of thermal
factor of its parts. This temperature is most often measured in the output
line downstream the gas turboblower. Ratios of temperature of gases at
the diesel output that has been averaged for all cylinders tgas and relative
diesel power Ne/Nenom are given in Fig. 4. Measurements were made for
the control diesel and experimental diesels, which run on the fuel contain-
ing the additive in the optimum concentration (1:3500 and 1:5000). Ac-
cording to Fig. 4, application of additives to the fuel facilitates a reduction
in temperature of gases at the diesel output, which is indicative of full fuel
combustion and maximum use of heat energy of gases in the cylinder.
One should also mark out a smaller deviation of gas temperature across
cylinders from the averaged value Atmid, when the additive is used in the
fuel. Thus, for the control diesel (at relative diesel power of

Ne/Nenom=78 %) at Atmid=397 °C this value is Al =13 °C, Al
=10 °C, and for an experimental diesel at Atmid=380 °C - Al =8 °C,
Alvia =6 °C (Fig. 5).
lgas"C

440 — 1 —n

12
420 —— —
3

400 —

380 — T

A — y

50 60 70 80 90 —<—100%
enom

Fig. 4. Exit gas temperature tgas 6L.20 Wartsila-Sulzer diesel relative diesel power
Ne/Nenom:1 — control diesel; 2 — experimental diesel (fuel with additive concentration of
1:3500); 3 — experimental diesel (fuel with additive concentration of 1:5000)
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Fig. 5. Exit gas temperature discrepancy across 6L.20 Wartsila-Sulzer diesel cylinders at

different experiment conditions:a) control diesel (no fuel additive used); b) experimental

diesel (fuel additive used)

The results given in Fig. 6 are indicative of improved environmental
performance of the diesel; at the same time, the best reduction in harmful
emissions between experimental and control diesels is observed in the
load range of 65 to 80 %, which is most typical for operation of auxiliary
marine engines [27-28].

Improved technical condition of the diesel and power units was visu-
ally determined in our experiments, when fuel additives were used. Thus,
it was observed in the process of diesel engine purge that cylinder-piston
group elements of the diesel that runs on the fuel additive demonstrated
less carbon deposits on the heating surfaces (in particular, on the piston
cap, cylinder lid and more flexible piston rings), as compared to the diesel
that runs on the additive-free fuel. Moreover, almost no carbon deposits
were observed around nozzle openings and injection nozzles were less
worn out in the diesel that used the fuel additive. This is again indicative
of intensified carburation and combustion, when the additive-containing
fuel was used [29-30].
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Fig. 6. NOx concentration change in exit gases of a 6L20 Wartsila-Sulzer diesel and

relative capacity of the diesel Ne/Nenom:

1 — control diesel; 2 — experimental diesel (fuel with additive concentration of 1:3500); 3 —
experimental diesel (fuel with additive concentration of 1:5000)

Conclusions and prospects for further researches. Experimental
results that prove SFOC reduction, when fuel additives are used, is indica-
tive of intensified carburation and combustion process. At the same time,
different SFOC reduction is observed for different additive concentration
in the basic fuel. We contribute it to the fact that some free additive radi-
cals remain unengaged in disruption of intramolecular bonds of the fuel
and combustible ingredient activation.

Reduced exit gas temperature is also the result of improved fuel com-
bustion process and this process offset to the isochoric heat input line.
This is due to fuel additives facilitating the combustion process in the
diesel cylinder along the stationary-state combustion line, instead of chain
reaction line resulting in detonation.

SFOC decrease and associated full use of fuel heat content reduces the
amount of fuel that is burned out in process of expansion and in the outlet
collector, which is indicated by visual control of gas outlet surface state.
Similar results were also observed in other studies.

Decreased gas temperature, when using an additive-containing fuel,
improves environmental diesel performance. In particular, this leads to
reduced NOx concentration in exit gases.
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Therefore, the following conclusions are possible, based on the results
presented:

1) the use of fuel additives, which may be added to the fuel system in
various points: a slop tank, a feed tank, fuel line or immediately before
feed to a diesel cylinder, is a method of improving fuel performance prop-
erties;

2) the use of fuel additives leads to an improved fuel efficiency of a
marine diesel. Thus, SFOC reduction by 3.5 to 5.8 % may be achieved,
when using fuel additives for various four-stroke diesel conditions. At the
same time, maximum increase in fuel efficiency of 50 to 60 % of the die-
sel load, i.e. in conditions of the longest operation and high thermal factor,
is gained. By using fuel additives, not only total fuel consumption is re-
duced, but also exit gas temperature drop by 3.3 to 7.2 % and lesser tem-
perature shift across diesel cylinders are facilitated, thus equalizing heat
load on individual cylinders;

3) environmental diesel performance is greatly improved, when fuel
additives are used. Thus, the use of additives facilitates exit gas NOx con-
centration decrease by 1.4 to 4.3 %. The above facts are of special im-
portance with view to the requirements of Annex [V MARPOL73/78 and
particularly for four-stroke diesels that operate for along time in off-shore
strips and seaport waters;

4) additive concentration is optimum; it is determined experimentally
and depends on diesel and fuel specification.
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BU3HAYEHHS BILTUBY BJIACTUBOCTEI MOTOPHUX
MACTHJI HA PO3MO/ALI TUCKY B IIAPAX KOB3AHHSI
CYJIHOBHUX JIU3EJIB

AHoTanisi. 3aqava BHU3HAYCHHS PO3MOJUTY THUCKY B MAaCTHIIBHOMY
mIapi B mapax KOB3aHHS CyIHOBHX JIM3EIIiB 3BeZeHa 0 KPa€eBoi 3a1adi s
mudepenuiiinoro piBHAHHS PeitHonpaca. OTpuMaHi TOUHI po3B’s3KH BKa-
3aHOI 3aJla4yl 3 ypaxyBaHHSM (DI3UKO-XIMIYHUX BJIACTUBOCTEH MAaCTUIL
30Kkpema, JOCHiIKEHO OCOOIHMBOCTI PO3MOALTY THUCKY B Mapax KOB3aHHS
JUIST HEHBIOTOHIBCBKMX MACTHJI TPH PI3HUX 3aJEKHOCTAX JUHAMIYHOL
B’S3KOCTI MAacCTHWJI BiJl TUCKY 1 TEMIIEpPaTypHU.

Abstract. The problem of determining the pressure distribution in the
lubricating layer in the friction pairs of marine diesels is reduced to the
boundary value problem for the Reynolds differential equation. Precise
solutions of this problem are obtained, taking into account the physico-
chemical properties of lubricants. In particular, the peculiarities of the
pressure distribution in friction pairs for non-Newtonian lubricants at dif-
ferent dependences of the dynamic viscosity of lubricants on pressure and
temperature are studied.

IHocTanoBka mpo0JieMH B 3arajJibHOMY BHTJISIAi. 3HOIIYBaHHA B Ma-
pax KOB3aHHS € OHIEIO 13 OCHOBHUX MPHYWH aBapiiHUX CUTYyalill mix yac
eKCIUTyaTallii TeTUIOBUX JIBUTYHIB (IM3€NiB Ta Ta30BUX TYpOiH) CyTHOBUX
EHepreTnYHux ycTaHoBOK [1, 2]. Tlpouec TepTs TicHO MOB’S3aHUi 3 Xa-
pakTepuCTUKaMH MAaCTHIIBHOTO Iapy, IO MOJIsSE TOBEPXHI KOHTAKTY, Ta
Ha SKWUH BIUIMBAIOTH SIK PEKHMH eKCIIyaTamii (30KpeMa MycCK, 3yNHUHKa,
3MiHa YacTOTU OOepTaHHs, 3MiHA TEMIIEPaTypHHX PEKHUMIB), Tak i peo-
noriyni BrnactuBocTi Mactun [3,4]. Ilpy UpOMy KPUTHYHI PEKHMH
EKCIUTyaTallii CyTHOBHX JM3ENIB (10 SKMX CTABJIATHCS TEPMIHOBI MyCK Ta
3yIHHKA, PEBEPCYBaHHs, a B AKX BHIQJKaX rajibMyBaHHS CTUCHEHUM
MOBITPAM Ta «KOHTPITYCK») CYTTEBO 3MIHIOIOTH (Hi3WKO-XIMiYHI BIIACTHU-
BOCTI MOTOPHHMX MAaCTHJI, HacaMIleped T'yCTHHY Ta B’SI3KiCTb. TOMy IIif
Yac JOCIiPKEHHS KPUTHYHHX PEKUMIB, a 0COOJIMBO MPOBEACHHS BUIIPO-
OyBaHb Ha IIMX PEKUMax, HEOOXIHO BPaxOBYBaTH HEHBIOTOHIBCHKI BIla-
CTHBOCTI MOTOpHUX MacTuil. [ToOymoBa Ta JOCHiIKEHHS MaTeMaTHYHUX
MoJiefield, 110 OMHMCYIOTh KOHTAaKTHI Halpy)KeHHs B Mapax KOB3aHHS CY/I-
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HOBHX JM3EJIB Ta Nepedir MpoieciB MallleHHs IX TOBEPXOHb 3 BpaxXyBaH-
HSIM HEHBIOTOHIBCHKHX BJIACTHBOCTEH MOTOPHHUX MACTHJ € aKTyaJlbHUM
TEOPETUYHUM 1 MPUKIIAIHUM 3aBJaHHSIM.

AHani3 ocranHix pe3yasTartiB i myOaikamiii. Y Oinpmocti go-
CJIIJDKEHbB, 1110 TOB’sI3aHi 3 BU3HAYCHHSM ONTHMAJIBHUX PSKUMIB MaIlCH-
Hs TIap KOB3aHHS CyJHOBUX JM3€JiB, BUBUAETHLCS TiIPOANHAMIYHE TEPTS,
NpH SKOMY MACTHJIBHHHA MaTepialdy pO3TJSIIA€ThCsl SIK HBIOTOHIBCHKA
pinuHa [5, 6]. [lopyd 3 nuM octaHHi JOCTiIKeHHS [7, 8] MOKa3yIOTh, 110
CyYacHi MOTOPHI MacTHJIa MatOTh OUTBII CKJIaJIHI PEOJIOTIUHI BJIACTUBOCTI,
0COONIMBO 1€ BUSIBIISIETBCA B TPaHMYHUX MIapax MACTHIJILHOI IUTIBKH
(HampuKJaz, 3a TAKUX YMOB iX B’SI3KICTh 3aJISKUTH Bill 3CYyBHUX 3YCHIIb)
[9, 10]. B poborax [11, 12] 3amponoHOBaHHW# MiaXix 10 JOCITIKCHHS
BJIACTUBOCTEH HEHBIOTOHIBCHKOTO MAaCTHJIBHOTO MIApy, KONM JMHAMiuHa
B’SI3KICTh L 3aJISKUTH Bill THCKY p(Y) B MacTHILHOMY IIapi i Mae Micle

criBBigHONIeHHs bapyca

n= l/loeip(\v)’

JIe Mo — B S3KICTh MACTHJIA, KA BiJIIIOBi/Ia€ 30BHIIIHIM THUCKY 1 TeMIIe-
partypi;

& — m’e30 KoedimieHT B s13k0cTi MacTui [13].

IMocTranoBka 3aBaaHHs. MeToro poOOTH € BU3HAYEHHS PO3MOJILTY
THUCKY B MACTHJILHOMY IIapi Mapy KOB3aHHS CYJOBUX TU3EIiB JJIsl HEHBIO-
TOHIBCBKMX MAacCTHJI MPH JOBUIBHINA 3aJIOKHOCTI TMHAMIYHOT B’S3KOCTI Bijl
TUCKY p(y) i Temniepatypu I B MAaCTHIILHOMY IIapi:

n=po.(p,T)

Mogenp pyxXy mapu KOB3aHHS, MOBEPXHi SKOi MOJIUIEHI MAacTHIIOM 3

MoJiIOHUMU XapaKTepUCTHKaMH, TI0IaHa Ha puc. 1.

Puc. 1. Monens pyxy napu KOB3aHHS CyTHOBUX JTU3CITiB
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Buknagennss ocnoBHoro marepiany. /s po3poOku MaTeMaTHUHOT
MOJIENII TIPHUITYCTUMO, IO MPOIECH TiAPOJUHAMIYHOTO ab0 TPaHUYHOTO
MAallIeHHs B Tapi KOB3aHHS CYJHOBOTO AM3ENsl € CTAJIMMH 1 He 3alleKaTh
BiJl TIOB3JIOBKHBOT KOOPJMHATH, TOOTO IIBHUJKICTh PYXy MAaCTHJIa B3JIOBK
oci obepTaHHS CYTTEBO MEHIIE MIBHUAKOCTI KPYroBOro o0epTaHHs i HEo
MOXKHA 3HeXTyBaTH [14]. Bynemo BBaxatu ryCTUHY MacTHia P i KyTOBY
HIBHJIKICTb 0(¢#)=wo cTanmuMu. [Ipyu TaKWX NPHUITYIIEHHAX THCK B MacTHJIb-
HoMy miapi p(y) i oro ToBumMHA A(\y) 3B’s3aHi piBHAHHIM PeifHonbaca,
SIKE MOXKE OYJIe MO/IaHe Y BUTIISAII

d /s d, dh
e —_p :6(0()R1R2_: v, <W<W2, (l)
dy \ pou(p, T) dy dy

ne T — TemmepaTypa B MAaCTHIILHOMY HIapi;

Ri1, R> — BiMOBiIHO pajiyc Bally 1 BTYJKH Hapy KOB3aHHS,

1, Y2 — BU3HAYAIOTh MOYATOK 1 KiHelb poOouoi KOHTAKTHOI 30HH,
(puc. 1) [15].

Bynemo BBaxkatu, 10 Ha MOYATKy Ta MPH KiHII poOOY0i KOHTaKTHOT
30HH TUCK JIOPIBHIOE HYITIO

p(‘l’l):p(\lfz):o- (2)

B npunymieHi BizcyTHoOCTI nedopmallii B eJeMeHTax Mmapu KOB3aHHS,
TOBILMHY MPOLIAPKY MAacTHJIA B Mapi KOB3aHH MOJaMO TaK:

h(y)=3+ecosy,

ne O, € — BIINOBIAHO padiajdbHUA 3a30p 1 eKCIEHTPUCUTET LEHTPIB Ti
nap KOB3aHHL.

KpaiioBa 3amaua (1), (2) cnyXuTh A BU3HAYSHHS PO3MOALTY THCKY B
MacTHJIBHOMY IIapi MapH KOB3aHHA CyAHOBHX nu3eniB. [licis mepuroro
iHTerpyBaHHs piBHsAHHA (1), oTprUMaeMo

1 dp -2 3
————=60u,0,RRI " +Ch”, <y <y,
M*(p, T) dy Ho®Wo i 1%, Vi <Y<V, 3)



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 21

CkopHCTaBIIUCh METOANKOIO poOiT [11, 13], BUpa3umo NOBUILHY cTa-
ny C i3 piBHAHHS (3) "epe3 KyT

v, = max p(y),

Yi<Y<y,

SIKUI 32JI0BOJIbHSIE YMOBI M:O 1 IpA SIKOMY THCK JOCSTaE
dy
MakcumMyMy p, = p(y,), @ TOBIIMHA MAaCTHIIBHOTO APy MiHIMyMy

h,,. = h(\y,). B pe3ynbTari Maemo nojaHHs:
C =—p,60,R R, . (4)

[opiBHroroun Bupa3 (4) 3 pesynpratamu podit [11, 13, 15], B axux
Oynu BU3HAYEHI 3a@KHOCTI B’S3KOCTI HEHBIOTOHIBCHKHX MAcCTHI, MIO
MOJUISIOTh MapH TEPTsl CyJHOBUX IHM3ETiB, pOOMMO BHCHOBOK: IepIia
cTajla IHTEerpyBaHHS PiBHSAHHS PeliHonbica He 3aJeKUTh BT JUHAMIYHHX
XapaKTePUCTUK B A3KOCTi. 3 ypaxyBaHHsM MoAaHHsA (4), qudepeHiianbHe
piBHsHHA (3) MOJaMO TaK

1 dp G)(cosw—coswo)

= , <y <y,
W Ty livecosy) © Y
B AKOMY BBGIICHi ITIO3HAYCHHA
g,(5, +1) £ J
© = 6Ep 0~ 5, & =_,0, =—.
s 8 R,

PosrissHeMo BUNIaJ0K KOJIM JMHAMIYHA B’SI3KICTh 3QJICKUTh BiJl THCKY
Ta TEMIEpaTypu 3a CKCIOHCHIIAJbHUM 3aKOHOM  (y3arajbHEHE
CHiBBiZHOIICHHS bapyca), caMe 3a TakMX yMOB NPAIIOIOTh IiIIAITHUKA
KOB3aHHS KOJIIHYATOT0 BaJly CYAHOBUX Au3eniB [16-18]:

I, (p’ T) - ef;p(w)fco(TfTo)’ (5)

ne To — TeMriepaTypa 330BHI Tapu KOB3aHHS,
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Go — CTaja BEJIMYMHA, LI0 BHU3HAYAETHCS EKCIIEPUMEHTAIBHO
JUISL 1TaHO1 Tapy KOB3aHHS.

3 ypaxyBaHHsAM nojaHHs (5), 3arajJibHUN poO3B’SI30K AU(epeH-
IAJIbHOTO PIBHSHHS 3aITUIIEMO Y BUTIISAIL

pw):co<r—ro>—§1n<1—w<w>>, v, <y <y,

ac

‘e, (cosy, —cosar)

J(W)z J. (1+8 cosoc)2 .

Kyt yo Bu3HaUnMo i3 mepuioi piBHOCTI yMOB (2). Otxke, mogaHHs (5)
BHU3HAYa€ PO3MOAUT TUCKY B MAacCTHJIBHOMY IIapi Mapy KOB3aHHS, KOJH
JMHAMIYHA B’S3KICTh 3aJISKUTH BiJl TUCKY 1 TEMIIEpaTypH.

BucnoBku. fx pe3ynpraT HOCHTIIPKEHHsI po3poOjieHa MaTeMaTH4Ha
MOJIeJIb, 1110 BiOOpakae TOYHUEN PO3B’SI30K KpalioBOi 3ajadi Juis Jaude-
PEHINIAJIbHOTO PIBHSHHS PeifHONblIca CTOCOBHO MPOIIECIB MAICHHS, IO
nepediraroTh y mapax KOB3aHHS CyTHOBUX Ju3emiB. Lle 103BoNmIo 3HAUTH
MPOCTUH aHANITHYHUKA BHpa3 IJis BU3HAYEHHsI PO3MOALITY THUCKY B Ma-
CTUJIBHOMY MIapi Mapu KOB3aHHS JJIsl HEHBIOTOHIBCBKMX MAaCTHJ, KOJIH
JMHAMIYHA B’SI3KIiCTh 3aJICKUTh BIJI TUCKY 1 TEMIIEpaTypH. 3alporoHOBaHe
CKCIIOHCHI[IaJIbHE TIOJaHHS BPAaXOBYE 3aJIOKHICTh B’SI3KOCTI Yy TOHKUX
TUTIBKaxX MacTHJIBHOTO MaTepially MiJ yac 3MiHM 3CYBHHX HaBaHTa)XeHb,
IO XapaKTEepHO B YMOBaX I'PAaHUYHOTO MAIlleHHS MiIIIMITHUKIB KOB3aHHS
CYJTHOBHX JIM3CIIIB.
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Abstract. The mechanism of formation toxic components in exhaust
gases during oxidation and combustion of fuel in marine internal combus-
tion engines is considered. The system of ship engine by-pass exhaust
gases 6L.20 Wartsila has been observed. Upon experimental results it has
been stated that the by-pass exhaust gases usage favor the ecological pa-
rameters of ships engine operation modes — by this at the range of exploi-
tation load 0.55 ... 0.85 % from nominal power the nitrogen oxide con-
centration in exhaust gases is decreased on 1.32 ... 12.97 %, but the spe-
cific effective fuel oil consumption is increasing to 4.13 %.

Anomauia. PosensHymo mexanizm YmeopeHHs MOKCUYHUX KOMNOHe-
HMIG BUNYCKHUX 2A316 NIO 4AC OKUCIEHHS Md 320PSAHHA NATUBA 8 CYOHOBUX
08USYHAX GHYMPIUWHBbO20 320psHHs. Pozensmnymo cucmemy nepenycky 6u-
NYCKHUX 2a3ig cyoHogozo ousens 6L20 Wartsila. Excnepumenmanvho
6CMAHOBIEHO, WO BUKOPUCMANHS NEPENYCKY GUNYCKHUX 2A318 CRPUAE NO-
JINUWEHHIO eKOJIO2TUHUX NOKA3HUKIE POOOMU CYOHOBUX OU3ELI8 — NPU YbO-
My 6 Odianazoui excniayamayiunux Hasaumaxcenv 0,55 ... 0,85% nomina-
abHoi nomyscrocmi na 1,32 ... 12,97 % 3nudicyemovcs KOHYeHmpayisi ox-
cuoig azomy 6 GURYCKHUX 2A3aX, ale NUMoma eqheKmusHa eumpama nauu-
6a 30inbutyemucsi 00 4,13 %.

Statement of the problem in general. The sea transport is an essen-
tial part of the all developed countries all over the world, possessive exit
to the global ocean aquatic area. According to “United Nations 2019
Maritime Report”, the volume of the sea transportation in 2019 has
reached 116 billion tons, thus even the after world crisis in 2008-2010 the
sustainable growth of the world maritime trade has been confirmed

(Fig. 1) [1].
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Fig. 1. Quantity carried by marine transport, 2010-2019 years

The diesel, fixed at the sea and river vessels, generate mechanical en-
ergy by fuel air ratio, assuring during this operation the permanent heat
and mass exchange with the atmosphere [2]. It takes the air and consume
the fuel, then exhaust the gases, containing partially the air and the prod-
uct of fuel oxidation. In this matter of fact the air, incoming to diesel cyl-
inder, performs certain thermodynamic cycle, and as a result is transform-
ing into exhaust gases — a complex gas mixture with numerous compo-
nents [3].

During combustible fuel elements are oxidized by oxygen in the air
(carbon C, hydrogen H and sulphur S) as well a nitrogen N and further
burning of fuel air mixture, the next toxic components appear: carbon
dioxide gas CO, carbon oxide and hydrocarbon C,Hm, soot C, nitrogen
oxide NOx, sulphur oxide SOx, as well the high-density metals combina-
tion, containing into fuel (Fig.2).

Fuel Air
CHSN N O
| |
Non-toxic Toxic
CO, HO N, O, CO CH, C SO, NO,

Fig. 2. The mechanism of toxic components exhaust gases formation during fuel oxidation
and combustion



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 27

The diesel engines ecological characteristics are specified essential-
ly by the containing of nitrogen oxide NOx into combustion products, that
significantly dominate the others harmful components of exhaust gases as
per toxic index. In this respect a range of international organizations
(namely International Maritime Organization — IMO) incorporate strict
requirements, witch implementation assure ecological parameters of ship
diesel engine operation [4].

The nitrogen oxide concentration into ships’ diesel exhaust gases
are determined by the requirements of Annex VI MARPOL depending on
ships’ building and diesel revolution per minute. According to the stand-
ards Tier-1, Tier-II, Tier-111, (related to the diesel vessels built after 2000,
2011 and 2016) the maximum quantity of NOx into exhaust gases should
not be over the limits determined by specific formula (Fig. 3) [5].

NOy, 1 o i o1
s #<130 min 130<p#<2000 min = #=2000 min
e Tierl
14 —\\ 17 g/kWh 4577 gfkWh 9.8 g/kWh
IMO Tierl (2000)
12 \\\‘___
— e Tierll
103510 Tiert] 20 T =
8 = 144 gkWh 440 " gkWh 7.7 g’kWh
6
4 —— IMO Tierlll (2016) Tierlll
3 | 3.4 g/lkWh 9 2/kWh 2.0 g'kWh

500 1000 1500 2000 2500
Engine Speed, min"'
Fig. 3. Requirements of Annex VI MARPOL to the quantity of NOx into exhaust gases of
diesel engines

Analysis of recent researches and publications. At the present time
beyond controlled sea and river transport diesel parameters the high pro-
file is given to such ecological parameters as nitrogen oxide concentration
in exhaust gases [6]. This parameter is controlled by the international re-
quirements and its supporting into necessary range is mandatory for ship
power plants operation, both into world ocean aquatic areas and into terri-
torial waters of seafaring countries [7].

Nitrogen oxide formation during fuel combustion is occurred when
temperature into diesel cylinder increase 1500 K and high oxygen concen-
tration condition during atmospheric nitrogen oxidating is controlled at
burning process. In this respect all methods, assured decreasing NOx
emission are focused on changes of stoichiometric proportion fuel-air, that
leading to deterioration of mixing process, of oxidation and burning [8].
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The decreasing NOx concentration into exhaust gases is achieved by
means of:

= Dby influence to the operation process into engine cylinder [9];

= construction and operation parameters changes of high pressure fuel

equipment[10];
» infusion of reagents into exhaust gases during their passing through
special reactors [11];

= by usage of exhaust gases system operation assured either their recircu-
lation or (Exhaust gas recirculation — EGR) [12], or their bypassing
(Exhaust gas wastegate — EWQG) [13].

Exhaust gases recirculation systems (EGR) are used, as a rule, for low
speed diesels [14]. For the medium speed diesels the operation of exhaust
gases flow could be performed by their bypassing (EWG) [15]. In this
case a part of engine exhaust gases immediately fall into exhaust gas man-
ifold besides exhaust gas turbocharger (TC). At this the rotation rate is
decreased as well as pressure and quantity of pressurized air into cylinder.
The gases bypassing is assured by special valve permitting direct a part of
gases not into TC but specifically into to the exhaust pipe [16]. At the
present time the EWG systems are installed into medium speed diesels,
assured the functions of main and auxiliary engines [17].

Formulation of the problem. The purpose of the research was the
determination of optimum exhaust gases by-pass of medium speed engine
6L.20 Wartsila. As this, from one side, the best ecological parameters
should be assured for provided diesel operating mode (NOx concentration
in exhaust gases) and from the other side — minimal increase (comparing
with engine operating mode without by-pass system) of specific effective
fuel consumption at simultaneous maintenance of necessary diesel cylin-
ders thermal factor range [18, 19].

Main characteristics of a diesel engine 61.20:

number of cylinders — 6;

cylinder diameter — 0.2 m;

piston stroke — 0.26 m;

maximum combustion pressure — 16.3 MPa;

engine speed — 1000 min ';

nominal power — Nenom=1200 kW;

specific effective fuel oil consumption (SFOC) — 193 g/(kWh).

Presentation of the main research material. The researches have
been performed on three similar types of medium speed engine 6L20 of
Wartsila with electronical operating system of fuel supplying phases, air
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and gas assignment, being part of ship’s power plant as diesel generators.
The nominal power of diesels was Neom=1200 kW at engine speed
1000 min'. The diesels have had almost the same running hours and have
been used on the equal loads [20, 21]. As operation system of exhaust
gases on these diesels the system EWG has been installed [22, 23]. The
appliance of this system is recommended by Wartsila firstly to limit the
pressure of charge air and to prevent surging effects at high load and as
additional option — to reduce NOx. According to project documentation
the EWG system assure gases by-pass system in the range 0 ... 10 %
[24, 25]. The principal scheme of EWG system of diesel 61.20 Wartsila is
shown on the Fig.4.

2 CI\A 47

TC

000550 ¢

Fig. 4 Principal scheme of medium speed diesel engine 6L.20 Wartsile with exhaust gases
operating system EWG:

1 — controller of bypass valve position; 2 — pneumatic drive of by-pass valve; 3 — bypass
valve (wastegate); 4,5 — main and by-pass gases flow pipeline; 6 — air cooler; 7 —
scavenging air receiver;8 — engine cylinders;C1, C2 — control points of gas flow; T,C — gas
turbine and air compressor of turbocharger

The air pressurized by air compressor, cooling in air cooler of TC
compressor 6 and going into cylinder 8 through scavenging air receiver 7.
In diesel (traditionally for medium speed diesel Wartsila) the impulse
system of TC is realized, at which the exhaust gases from the cylinder 8
per separate gas pipes going into the blades of gas side turbocharger. De-
pending on by-pass valve position 3 (the transposition is assured by
pneumatic actuator 2 and regulated by controller 1) the exhaust gases are
going either to TC gas side 4, or to by-passing 5.
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The consumption of exhaust gases into line 4 and 5 are determined in
points C1 and C2 by using flowmeter MT100s of “Siemens AG” (Germa-
ny). The sensibility of flowmeters MTI100 1is determine as
0.07 ... 0.2 nm’/s, the operation temperature is up to 454 °C, assuring
their functionality at all range of diesel engine operation loads [26, 27].
The flow meters MT100 are in comply to the requirements of the Envi-
ronmental Protection Agency (EPA) Continuous Emission Monitoring
System.

During experiment in point C1 by means of gas detector Testo350XL
the concentration of NOx in exhaust gases has been determined [28].

SFOC b, has been determined by means of ships’ measuring tools —
the flowmeters, installed on the fuel line of fuel inlet to the high pressure
of fuel pumps, and timer [29, 30].

The degree of exhaust gases by pass Ogwg is analyzed as per formula:

Spws = G -100% (1)
EWG G s

z

where Gz — the volume of exhaust gases, passing through by pass
valve, kg/s (has been measuring in point C2 by means flow meter
MT100S);

Gz — a summary quantity of exhaust gases coming into blowoff pipe-
line from TC at dully closed by pas valve, kg/s (measured at point C1 by
means flow meter MT100S).

The inaccuracy during measuring of gases consumption, determined
by flow meter MT100S, did not exceed +0.5 %, the inaccuracy during
measuring of exhaust gases NOx emission by gas analyzer Testo350XL
has been fixed as £3.5 %, the inaccuracy in checking of specific effective
fuel consumption did not exceed +2.5 % [31].

The engine, where all experimental researches have been performed,
has assured the power the constant consumer groups. At this (depending
on researched modes) its power was 660, 780, 900, 1020 kW, that was in
comply to 55, 65, 75 and 85 % from nominal load — Nework=0.55Nenom,
Nework=0.65Nenom, Nework=0.75Nenom, Nework=0.85Nenom. The inaccuracy in
power changing did not exceed +1.5 %.

The ship’s power plant contained three single type engines, in this re-
spect in case if the quantity of energy consumers and its power was
changing, the required load has been redirected on engine which is not
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engaged in experiment, thus the engine engaged for the experiment has
been used under permanent load. Besides this, during experiment on en-
gine the permanent temperature mode were hold in lubricate and cooling
systems. During experiment, engine has been under permanent load with-
in 2.5 ... 3 hours and stable position of by-pass valve on each of experi-
ment mode. In consideration to long period of experiment performance
the gases consumption checking persistence has been fully neutralized and
has no impact to results.

To identify the degree of by-pass valve (wastegate) opening, initially,
in point C1 the general consumption of gases has been identify Gy, out-
going from engine cylinder and going through the main gas manifold 4 (at
dully closed valve 3). After that, at changed position of wastegate 3 in
point C2 the gas consumption Gyg has been identified through by-pass
pipeline 5 and degree of gases by-passing dewg. has been rated per formu-
la (1). The following measurements have been performed as per two
schemes (Fig. 5):

. Brwa=4.0% Nosrati™0.55N s
) 0-5SNmmn|0»65Nmmm|0-75Numm|0-85Nm.mn E’L»\-(J:4-0%| 5u\v(j:6-0%| Bn»\fu:8-0%|suwuzlo-(
6[\\-‘0:6-0% ‘Vc\\sark:0-65]\fmom
0.5 5Nmu:m| 0 '65Ncm1m|0'751Vcnmn| 0'85]\[:1:0"1 (SLWLr:4'0%| 6L:\l'(|:6'0%| 6].,\«\'(;:8 0% |6L‘W0:lo'(
B 6[\,\-{;:8-0% ‘VC\-\‘mk:O"]SN\mom
0.5 S‘Nmmm 0 '651,Vcwmm|0'751Vcnnm O'SS‘Fch)m 6E\:’\"('r:4‘0(:%‘3| 6EW(3:6‘0%| 8E\’\"‘(]:8 0% |6EWG:1 0.
SLWGZIO-O% Nc“mk:O'xS]\Jcnum
[0:55N 00| 0-65N,10n[0- 75N v 0-85 N | { B =4-0% |81 =6-0%| By =8.0%6 B = 10.(

concentration of NO, in exhaust gases,
specific fuel oil consumption (SFOC)

>

l——

Fig. 5. The succession of experimental researches performance

1) at constant position of by-pass valve the load to engine has been
changed and then the NOx ratio concentration in exhaust gases and SFOC
b., have been determined, for example at constant ratio dews=10.0 % and
different exploitation meaning Nework, corresponding to 55, 65, 75, 85 %
from nominal power; further the position of by-pass valve has been
changed (6ewc=8.0, 6.0, 4.0 %) and for every ratio Sgwg in mentioned
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diapason the loading to engine has been changed again and the checking
of NOx and b, has repeated;

2) at constant engine load the by-pass valve position has been changed
and then the NOx emission has been determined and the economic param-
eter of engine — b., for example, at constant ratio Nework=0.85Nenom and
different meanings Sewc (Orwc=10.0, 8.0, 6.0, 4.0 %)); then the engine
load meaning has been changed (0.55Nenom, 0.65Nenom, 0.75Nenom) and for
every meaning in mentioned diapason the position of by-pass valve has
been changed again and the measurement of NOx and b. has repeated.
This helped to get more experimental meanings and to increase their in-
formative content. Receipt in that way experimental meanings have shown
good convergence that confirmed corrective way of the performed meas-
urements.

As criteria of engine thermal factor the temperature average value of
exhaust gases on diesel cylinders have been taken — ¢, measuring of that
value has been assured by ships diagnostic system Doctor. The tempera-
ture value of exhaust gases are recommended by manufacture of the en-
gine as well by Scientifics used as evaluation criteria of working process
and condition of high pressure fuel equipment [32, 33].

The results of researches are generalized in table 1 and provided on
Fig. 6.

Table 1 The parameters changes of ships diesel 6.20 Wartsila for dif-
ferent condition of experiment

. Bypass degree of exhaust gases, Sgwa, %
Load /ra“O’ 0 | 40 | 60 | 80 | 10.0
° emission NOx, g/(kW-h)
55 7.58 7.48 7.43 7.33 7.28
65 7.81 7.62 7.52 7.43 7.32
75 8.21 7.82 7.71 7.52 7.34
85 8.48 8.19 7.78 7.64 7.38
specific effective fuel oil consumption, b., g/(kW-h)
55 198.6 200.7 201.6 203.5 206.8
65 196.9 198.9 199.6 201.3 202.6
75 195.5 196.3 196.8 197.3 198.1
85 191.6 192.5 193.6 195.1 195.7
exhaust gases temperature #,, °C

55 285 294 298 312 318
65 279 285 294 304 308
75 278 283 291 293 297
85 273 281 288 290 293
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The relative change in the economic (Ab.) and environmental (ANOx)
performance of a diesel engine in the case of using the EWG system can
be determined by the expressions

bO _bEWG NO;E(WG _ NOO

Ab, = ———-100%, ANOy = 5 X.100%,
b
e X
where p!, b*V9 — specific effective fuel oil consumption without us-

ing EWG system and by using EWG system with different degree of by-
passing , g/(kW-h);

NO P NO!’ — NOx emission without using of EWG system and by
using EWG system with different degree of bypassing, g/(kW-h) [34].

The meanings 4°, 5™ and NOZ"“, NOY are taken from table 1 for

relevant load meanings and bypass degree Orwg. The changes Ab. and
ANOx for different diesel loads and different degree of exhaust gases
bypass are shown on the Fig. 7.

Conclusions and prospects for further researches. For marine me-
dium-speed diesels with electronical operation, as a method assured the
compliance of Annex VI MARPOL requirements, the exhaust gases by-
pass system can be used — namely EWG system, at which a part of com-
bustion products are going to exhaust funnel passing by TC. The diesel
electronic operating allow to assure this process in smooth mode at range
0 ... 10 % from total gases from total gases volume, going out from the
engine cylinder.

The analysis of researches results, performed for ships’ medium-speed
diesel 6L.20 Wartsila (used at sea and river ships as auxiliary generator
engine) allow to conclude the following:

1) the increase of exhaust gases bypassing level at diapason 4 ... 10 %
and favor the decreasing of nitrogen oxides emission from 8.48 g/(kW-h)
to 7.28 g/(kW-h) and depend on engine load; at this the relevant decreas-
ing of ANOx emission is within the limits 1.32 ... 12.97 %;

2) the utmost level of nitrogen oxide concentration decreasing in ex-
haust gases correspond to maximum level of gases’ bypassing and maxi-
mum load of engine mode (in performed experiments 10 % and 0.85Nenom
consequently);
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3) the usage of EWG system decrease the gases emission, going to gas
TC, that lead to turbocharging capacity, to the decreasing of air quantity,
going to engine cylinder, and growth the specific effective fuel consump-
tion;

4) for the operative diesel modes close to nominal ones (in performed
researches Nework=(0.75 ... 0.85)Nenom) by using if exhaust gases by-pass
the relevant increase of specific effective fuel consumption is determined
as 0.41 ... 2.14 %, at this taking into consideration the maximum (up to
4.74 ... 12.97 %) NOx emission decrease at current exploitation modes,
the improvement of diesel ecological operation parameters is a prevalent
factor for current charges diapason, that’s why the usage of EWG system
is effectual and can be recommended as a method to assure the ecological
compliance of ships’ diesels.

5) at load Nework=(0.55 ... 0.65)Nenom the increase of fuel consumption
at use of EWG system can reach 1.06 ... 2.89 %; taking into consideration
that in current load option the EWG usage assure the NOx emission on
1.32 ... 6.27 %, the appliance of gases by-pass for current diapason is not
reasonable;

6) the estimation of EWG system effectivity as one of measure the
comply to the Annex VI MARPOL requirements on NOx emission reduc-
ing, should be performed by complex estimation of the following parame-
ters of engine operation: NOx quantity in exhaust gases, the increasing of
specific effective fuel consumption Ab,, the exhaust gases temperature .
As optimal exhaust gases bypassing the values corresponding to maxi-
mum NOx emission decreasing at minimum increase of fuel consumption
and simultaneous maintaining of ¢, within the limits, not exceeding the
thermal factor acceptable level;

7) for the considered ship diesel 6L.20 Wartsila (where the researches
have been performed) the usage of EWG system is reasonable for load
increasing the value Nework=0.75Nenom. At this decreasing of nitrogen oxide
emission on 8.40 ... 12.47 %, assured the NOx concentration in exhaust
gases at level 7.34 ... 8.19 g/(kW-h). The increase of specific effective
fuel oil consumption at current modes are within the limits
0.41 ... 2.14 %. For the load Nework=(0.55 ... 0.65)Nenom the NOx emission
decrease also is relevant (on 1.32 ... 6.27 %), but the specific effective
fuel oil consumption is increasing on 2.89 ... 4.13 %, besides this at
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8 ... 10 % bypassing of exhaust gases the level of diesel thermal factor
increase the acceptable limits.

The usage of EWG change the stochiometric proportion of fuel-air ra-
tion that degradant the combustion process and favor the increasing of
specific effective fuel consumption. Notwithstanding the specific increase
of fuel consumption, the usage of EWG system could be recommended in
specific region of world ocean, when the dominant parameter during ship
power plant exploitation became their ecological parameters.

The provided results confirm the usage of EWG system to decrease
the NOx emission level. But the most reasonable usage could be its appli-
ance as additional measure in complex with exhaust gas recirculation sys-
tem EGR that required additional researches.
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Harionansauii yaiBepcuter «OJiechbka MOPChKa akajeMis,

BUKOPUCTAHHSA AJIBTEPHATUBHOI'O ITAJIUBA B
CYJHOBUX CEPEJHbOOBEPTOBUX JU3EJIAX

v.madey@gmail.com

Awnoranis. Po3risHyTa MOXIIMBICTE 6UKOPUCMARNA NAUEA DI0102i-
YHO020 NOXO00MCEHHA 8 CYOHOBUX CcepeOHboobepmosux ouszensax. Excne-
PUMEHmMU RIOMEEPOUTIU MONCTUGICINb GUKOPUCMAHHA Oionanuea (y
cknadi nanuenoi cymiwii nanuea DMA i 5 ... 15 % bioouzenvnozo nanu-
6a) ona 3abe3neueHHA pPoOOY020 WUKTY i nepeoaui ROmMy3HcHOCHI HA
cnodxcueaui enepeii. Buxopucmanna oionanuea nioeuuiye exoJnociu-
Hicmb pobdomu cyonoeo2o ousens — npu ybomy Ha 5,1 ... 23,3% (3anesrc-
HO 6i0 HaBAHMAIICEHHA Ou3ens i emicmy Gionanuea ¢ NANUGHIN cymiuii)
3HUICYyEmbCa emicia oxcudie azomy. 1lio uac euxopucmanus dionanuea
giooysacmoca 1 ... 5,1 % 36inbuienns numomoi eumpamu nanuea, wio
3HUIICYE eKOHOMIUHICMb POOOmMU OU3ens.

Abstract. The possibility of using fuel of biological origin in marine
medium-speed diesels is considered. Experiments have confirmed the
possibility of using biofuels (as part of a fuel mixture of DMA fuel and
5... 15 % biodiesel) to ensure the work cycle of the diesel and power
transmission to energy consumers. The use of biofuels increases the
environmental friendliness of marine diesel - with 5.1 ... 23.3 % (de-
pending on the diesel load and the content of biofuels in the fuel mix-
ture) reduces the emission of nitrogen oxides. When using biofuels there
is a 1... 5.1% increase in specific fuel consumption, which reduces the
efficiency of the diesel engine.

IHocTanoBKa nMpodJieMu B 3aralbHOMY BHTJIsiAi. OCHOBHUM JKepe-
JIOM eHeprii TeImIoBHX JIBUTYHIB (Ta30BHX TypOiH, KOTIIiB, IU3EIiB) € Ma-
JIUBO Ha()TOBOTO MOXO/DKeHHS [1]. 3a JaHMMM TpaHCHAI[IOHAIBLHOI KOM-
nawnii British Petroleum 3a 2020 pik, goBeneHi cBiTOBi 3amacu HaQTH OIli-
HIOIOThCA B 244,6 MinbApAiB TOHH. 3 OMIALY Ha MIOPiYHI OOCITH CIIOXH-
BaHHS TalKBa, MOJIOHUX 3amaciB CBITOBOI €HEPreTWKM BUCTAYMTH Ha
40...45 Haibommxuux pokie [2]. Ile, a Takoxk cydacHi €KOJIOTIUHI BUMOTH
70 TEIJIOBUX J[IBUTYHIB, € TIOIITOBXOM JJISi PO3BUTKY ajlbTepPHATHBHOI
SHEpreTHKH i po3po0JIeHHs aJbTepHATHBHUX MauB [3].
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VY npaHuii 4ac omHOYAacHO 3 MPOOJIEMOI0 TOCTYMOBOTO BHCHA)KEHHS
Ha()TOBUX PECYPCIB aKTyalbHOIO € MPpo0OJieMa 3a0e3MeYeHHs eKOIOriYHOC-
Ti poOOTH CyZIHOBHX €HEPreTUYHMX YCTAHOBOK 1 HacaMIiepen AMU3ENIB K
HAMMOIIMPEHIMX Ha MOPCHKOMY 1 PIYKOBOMY TPAHCIIOPTI TEIJIOBUX
nBUTYHIB. [laymuBa 1 MOPCHKHX JM3ETIB TPAIMIIIIHO MOAUISIOTh Ha Ba-
XKi 1 Jierki. Jlo mepiroi kateropii BiJHOCATHCS MajMBa, B’SI3KICTh SKUX 32
50°C nepesutrye 50 cCt (y CydyacHUX TU3EISX BUKOPUCTOBYIOTHCS TMalU-
Ba 3 B’s3kictio jo 500 ... 700 cCt). Jlerki manmuBa XapaKTEPU3YIOTHCS
B’s3kicTiO 2 ... 40 cCT. Jlo ckiiagy Ba)KKOro najvBa (TIOPIBHSIHO 3 JIETKHM)
BXOAWTH MiABHIIEHUH BMicT cipku (mo 0,5 %) ta azory (mo 1,0 %). Ilin
Yac iX 3rOpSHHA YTBOPIOIOTHCSI TOKCHYHI KOMIOHEHTH — OKCHIH CIipKH
SOx i a3ory NOx, fKi HEraTUBHO BIUIMBAIOTh Ha €KOJIOTIIO 1 JIIOAMHY.
Came Tomy 0 crienudiyHIX 3aBllaHb €KCIUTyaTallil CyZIHOBHX €HEepreTHY-
HUX YCTaHOBOK BiJHOCSTHCS 3amo0iraHHs YTBOPEHHIO 1 HEWTpasizallis
CKOJIOTTYHO HEOE3TEUHUX PEUOBHUH, SIKI € HEBII’EMHOI YaCTHHOIO TIPOIIe-
Cy BUKOpHCTaHHS Ha(QTOBHUX IW3EIbHUX MaJUB. Y 3B 3Ky 3 I[UM OCTaH-
HIM YacoM BelTMKa yBara MpuIUIs€ThCs 3HIDKEHHIO B MPOIYKTaX 3TOPSHHS
IIKIJJIMBUX PEYOBHH, 0COOJIMBO OKcHaiB a30Ty NOx [4, 5]. 3 Meroro 3HH-
YKEHHSI KOHIIEHTpAIlil IMX PEYOBHH, BUKOPUCTOBYIOThH Pi3HI METOIH 1 TeX-
HOJIOT1i: YIPHUCKYBaHHS BOJM B TOBITPSHUM 1 BUITYCKHHI KOJEKTOp 1 Oe3-
MOCEPEAHbO B LWIIHAP IU3eNs; PEUUPKYISIis BUITYCKHUAX Ta3iB, BUKOPU-
CTaHHSl aJbTEPHATHBHOTO TalliBa — JIENIEBOTO, 3 BUCOKUMH TEILJIOTBOP-
HUMH XapaKTepUCTUKaMH Ta €KOJIOTYHO YUCTOro [6, 7].

AHaji3 ocTaHHiIX XocTHiKkeHb i myoOsikamii. [HTeHCHBHI JOCTI-
JDKEHHS MOXKJIMBOCTI BHKOPHUCTaHHS aJbTEPHATHBHUX IajHB BEIYThCS
MPOTATOM OCTaHHIX aecaTuiiTh [8, 9]. [Ipu 1poMy HalkpaluM BBaKa€eTh-
Csl YaCTKOBE 3aMillleHHS TPaJAULifHUX BHUJIIB MOTOPHOTO TaJINBa CHHTETH-
YHUMH PIAKAMHU BYTJIEBOTHIMHM, SIKi OTPUMYIOTH 3 MPHPOAHOTO rasy, a
TaKOXX Ol0OAM3EIBHOTO MajKBa, SKE OTPUMYIOTH 3 POCIHMHHHUX MAacTHI
[10, 11]. lle mMOsCHIOETBCS TPOCTOTOK) Ta EKOJIOTIYHICTIO TEXHOJIOTIT
OTPUMaHHsS POCIMHHHAX MACTHI, iX MOPIBHSAHO HEBHCOKOIO BapTICTIO i
MPUHHITHAM 3aliMaHHSIM B YMOBaX 3/iHCHEHHS POOOYOro IUKIY CYJIHO-
BOTO JM3EIIS.

Sk mpaBuIlo, eKcITyaTalis AM3ENIB BHKIIOYHO Ha AIbTEPHATHBHUX
NanuBax He MPOBOAUTHCA. 1X B SI3KICTh MEpeBUIINYe B SA3KICTh AU3€IbHOIO
najuea, 1o (B pa3i oprasizailii po004oro MUKy TUIBKH Ha ajJbTCPHATHB-
HOMY TIQJIWBi) TPU3BOIUTH 10 TpaHcoOpMallii MporeciB moAayi Mmajivsa,
BIIOPCKYBaHHS 1 pO3MIITIOBaHHs ManuBa. KpiM Toro, 3HI>KeHa TerIoTBOp-
Ha 3JaTHICTh aJbTEPHATHBHUX MAaJHMB HE JO3BOJSIE OTPUMATH HEOOXiIHY
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JUIsl TIEpeMillleHHsI TOPIIHS 1 00epTaHHs Bajia eHeprito. ToMy B CyIHOBIH
SHepreTUlli BUKOPUCTOBYIOTHCS CyMIllll TPaIUIIHHOTO Ta albTePHATHBHO-
ro najauea. HalOinbein mpoctuii cnocid J1ojlaBaHHs albTEPHATUBHOIO Ia-
JIUBA JI0 TPAJUIIITHOTO — OE3MOCePEHbO B CY/IHOBIM MaJMBHINA CHCTEMI,
repe;] MoIaueto MAJMBHOI CyMiln B IpUTIHAD au3ens. KoHieHTparis aib-
TEpHATHBHOTO MaJNWBa B MAIMBHIHM cyMimn cTaHoBHUTH 5 ... 30 % [12].

JociKeHHs OA0 MOXKIUBOCTI BUKOPUCTAHHS allbTEePHATHBHUX T1a-
JUB y TEIUIOBHUX JIBUTYHAX y JaHHW yac HaWOUIbII MOMIMPEHi UIS CTallio-
HapHOI EHEPreTUKH, a TAKOXK JIJIs aBTOMOOLIBHOTO TpaHcmnopty [13]. Cro-
COBHO JIM3ENIB CYJ€H MOPCHKOTO Ta PIYKOBOI'0 TPAHCIOPTY MOMIOHI A0C-
JHKEHHS 1Ie He HaOylny MIMPOKOro PO3MOBCIOKEHHS. Lle MosCHIoEThCS
ABTOHOMHICTIO MOPCHKUX CYJICH 1 HEMOXKIIUBICTIO 0€3MepelIKOHOrO Bijl-
HOBJICHHSI 3amaciB naymBa (y TOMY 4HCHi albTepHaTUBHOrO) [14]; BUCO-
KOO TOTYXHICTIO CYJJTHOBOI €HEPreTUYHOI YCTaHOBKH [15]; HEoOXiqHICTIO
B Y3TOJDKCHHI BCIX POOIT 13 yIOCKOHAJICHHS MAJIMBHOI CHCTEMH 3 KBami(i-
KaI[lHHUMW TOBAPUCTBAMHM, IO 3JIMCHIOIOTH TEXHIYHWUH KOHTPOJIb HaJl
CYJIHOM Ta €HEPTeTUYHOI0 YCTaHOBKOIO [16].

Takox HEoOXiTHO BiA3HAYWTH, IO BUKOPUCTAHHS albTEPHATUBHHX
MajuB JUIs CyJJHOBUX JU3ENIB IMiJBUIICHOT MOTYXHOCTI (3 J1aMETPOM IIH-
miapa moHag 0,4..0,42M 1 HOMIHAJIBHOK TOTYXHICTIO ITOHAJ
5000 kBt) oOMexeHe y 3B’SI3Ky 3 THM, LIO MPH BOMY Bil0yBa€ThCSL:

* HEKOHTPOJIbOBaHE MOTIPIIEHHS eKOJOTYHUX MOKa3HUKIB (depe3 Ko-
JIUBAHHS BIJIHOIICHHS MalUBO-TIOBITPs) [17];

* 3MEHILIEHHS KPYTHOI'O MOMEHTY (depe3 MaJiHHA MaKCUMaJIbHOTO TH-
cKy uukiy) [18];

* 3HIDKEHHS epeKTHBHOI TOTY)KHOCTI Ha HOMiHAJIBHOMY HaBaHTaKEH-
Hi (4epe3 3MiHU nepioay moxaaui nanusa) [19].

Hagenenwnii anani3 miATBEpAKYe, 0 BUBUCHHS MOXKIIMBOCTI BUKOPH-
CTaHHS aJbTCPHATUBHUX COPTIB MajiMBa (30KpeMa Oi0U3EILHOr0) y CY/I-
HOBHX JM3ENSX € aKTyaJlbHUM 3aBIaHHSM, PO3B’SI3aHHS SKOTO B JaHUi
yac He 3HaiaeHo. [Ipu oMy HEOOXiAHO:

* BCTAaHOBUTH ONTHUMAaJIbHI CXEMH KOMIUIEKTAIil CyTHOBHX MaTMBHHUX
CHCTEM, 10 BUKOPUCTOBYIOTh allbTEPHATUBHI COPTH MAIINBA;

* BU3HAYUTH KPUTEPii, 32 SIKUMH HEOOXiJHO 3MIHCHUTH OLIHKY edeK-
TUBHOCTI BUKOPUCTAHHS aJIbTePHATHBHUX IMAJIUB;

* BCTAHOBUTH OINTHUMAJIbHUM CKJIaJl MaJMBHOI CyMIllli, II0 MICTHTb
aNbTepHATHUBHE MAIKBO.

IocranoBka 3aBaanns. CyqHOBI IBUTYHH BHYTPIIIHBOT'O 3TOPSHHS
CEpPEeIHBOI 1 MaJIOT MOTYKHOCTI (3 miamerpom mutinApa 10 0,32 ... 0,36 M i
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HOMIHAJILHOIO MOTYXHICTIO, 110 He mepeBuirye 3000 kBT) BUKOpUCTOBY-
IOThCS SIK JIOTIOMDKHI JIBUTYHU (TaKi, 1110 MEPENal0Th MOTYKHICTh Ha eJeK-
TpuuHUi TeHepaTop). [1omiOHI IBUTYHHM BCTaHOBIIOIOTHCS Ha CyIHAX Y
KUTBKOCTI 2 ... 4, MalOTh KOXKEH CBOKO TAJMBHY CHUCTEMY, TOMY JIO3BOJIS-
I0Th BUKOPHCTOBYBATH JUIs 3a0e31eueHHsl poO0UYOro IUKIy NajiuBa 3 pi3-
HUMH XapakTepucTHKamu (y TOMY Yucli anbTepHaTuBHi) [20, 21].
3aBiaHHsIM JOCIiIKEHb OyJI0 BU3HAYCHHSI BIUIMBY aJIbTEPHATUBHOTO
NajrBa Ha EKOHOMIYHI Ta €KOJIOTIUHI TOKa3HUKU CYJHOBOTO JTU3EIIsL.

Buksax ocHoBHOT0 Martepiany. JloCiiKeHHS BUKOHYBAJIKUCS Ha Cy-
JTHOBUX cepeanboobeproBux auzesix 6H17/28 Hyundai Heavy Industries
3 HACTYTHUMH OCHOBHMMHU XapaKTepPHCTHKaMH: JiaMeTp HWIiHApa —
0,17 m; xix mopmus — 0,28 M; yacToTa o6epranns — 900 XB™'; HOMiHAIBEHA
notyxHicte — 690 kBT; kibkicTs nuiiHapie — 6. Tpu momiOHI auzeni
BXOAMJIM JIO0 CKJIQJy €HEPreTHYHOI YCTAHOBKH MOPCHKOTO Cy/AHA JIeABeH-
ToM 14745 tonn. [IpuHIMTIOBA cXeMa TaJMBHOI CHCTEMH JTM3ENiB MOKa3a-
Ha Ha puc. 1.

INogaua manuBa 10 QOPCYHOK Au3eNs 3MIHCHIOETHCS 3a JOTMOMOTOI0
MajJuBHOTO Hacoca 1, sikuii 3a0upae MaJMBO 3 BUTPATHOI IUCTEPHU 7 Ue-
pe3 GinbTp 2. [TormoBHEHHS ITUCTEPHU 7 TIPOBOIUTHCS 3 MAJIMBHUX TaHKIB
o Marictpaini 6. [lonepenne oUMIIeHHS MATMBa BUKOHYEThCSA y QUIBTPI 5.

Iepen movaTkoM MPOBEACHHS EKCIIEPUMEHTY BCi IW3ENi MaJik TIOPiB-
HSHUH MOTOpecypc MaJMBHOI amapaTypd, JeTalled IUIIHAPOBOI TPYIH,
MiAIUITHUKIB PyXY, @ TAKOX OJHAKOBUH TexHidHHMU cTaH. Lllnsxom mepe-
MUKaHHSI TPYN CIIOKWBAYiB €KCIUTyaTallisl AU3eNiB BUKOHYBajacs Ha Of-
HAKOBOMY HaBaHTaXXEHHi, MiATPUMKa SKOTO BUMarajiach IiJl 4ac MpoBe-
JIeHHs1 ekcriepuMenTy. [1ig 4yac mpoBeJeHHsT eKCIIepUMEHTY Ha BCiX Jau3e-
JsIX 3a0e3medyBaiiacs MATPUMKA TOCTIHHUX MapaMeTpiB y CHCTEMax Ma-
IICHHS 1 OXOJIOKeHHsI. PoboTa nu3eniB Ha KOXKHOMY 3 JIOCHIDKYBaHHX
PeXUMIB TpoBOAMIACA HE MeHIe 1,5 ... 2 TOAMH, IPOTATOM SIKUX BHKO-
HYBaJIOCh BHMIPIOBaHHA OCHOBHHUX MapaMeTpiB 1 ycepelHEHHsS OTpHMa-
HUX 3HaudeHb. Lle 3a0e3medyBano KOPEKTHICTh MPOBEICHHS JOCIIIPKEHb 1
MOXIJIUBICTb 3iCTaBJICHHS BUMIpiB, BAKOHAHUX HA PI3HUX JHU3EIISIX.
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Puc. 1. [IpuHimnoBa cxeMa MajJuBHOI CHCTEMH CyIHOBHX nu3erniB 6H17/28
Hyundai Heavy Industries:

1 — manuBHMI Hacoc; 2, 5 — nanuBHUE (inbTp; 3 — BUTpaToMip; 4 — no3arop; 6 —
TaJIMBHA Marictpaib; 7 — BATpaTHA NMaJMBHA IUCTEpHA

Kontyp nopaui nanuBa g0 nepuioro Iu3elns He 3MIHIOBAaBCS Ta TU3EIb
eKkcrTyaTyBaBcss Ha manuBi DMA (3 B’s3kicTio 6 cCT 1 BMICTOM CipKH
0,08 %). B’s3kicTh manuBa JIO3BOJISE IOJIaBATH B HHOTO Oi0JIM3EIbHE Ma-
B0 (3 B’ s3kicTio 8 ¢Ct 1 BMicToMm cipku 0,005 %). Bmict Gionu3enbHOro
nanvBa B MajJMBHIM cymimi 3MiHIOBaBcs B iHTepBaii 5 ... 15 %. [TanuBHa
cymim nojasanacst 1o auzenis 2 i 3. J{ist 3a0e3medeHHs qo3yBaHHS 0i0-
JIM3EJIbHOTO TaJIMBa B MAJIMBHIN CyMillli, B KOHTYp Au3eliB 2 1 3 moaaTko-
BO BCTAHOBITIOBAJIMCS BUTpATOMIp i fo3aTop (mmo3uuii 3 i 4 Ha puc. 1) [22,
23].

OCHOBHMMHU BEJIMYMHAMH, SKi BHUMIPIOBAIKCS IMiJ Yac MPOBEICHHS
eKCIIEpUMEHTY, OyJi TUTOMa eeKTHBHA BUTpAaTAa MalvBa i KOHIEHTPAIlis
OKCHJIIB a30Ty Yy BHITyCKHHUX Ta3aX. HaBaHTakeHHs Ha Iu3eii Min yac
MPOBEJICHHS CEKCIIEPUMEHTIB 3MiHIOBaJIOCS B iHTepBaii 25 ...75 % Bin
HOMIHQJILHOTO 3HAYCHHS.

Oxcuau azory NOx € OIHUMHU 3 HaWOUIBII TOKCUYHUX KOMIIOHEHTIB
BHITYCKHUX Ta3iB [4, 5]. 3a HOpMaJIbHUX aTMOC(EPHUX YMOB a30T SIBJISE
coboro iHepTHU ra3. [lpu BHCOKOMY THCKY H OCOOJIMBO TemIepaTypax
a30T aKTUBHO BCTYIIA€ B PEAKI[il0 3 KUCHEM. Y BUIIYCKHHUX Ta3ax JIBUTYHIB
noHag 90 % yciei kinbkocti NOx craHOBUTH Ookcup a3oTy NO, sikuil y
CHCTeMi BHUIYCKY i B aTMocdepi Jerko OKUCIIOETbcsa B aiokcua NO», a
JaJTi TIePeTBOPIOEThCs B a30THY kuciiory HNOs. 3rojom a3oTHa Kuciora
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KOHJICHCY€ETBCSI B MTOBITPi, MMOBEPTAETHCA HA MOBEpXHIO CBITOBOTO OKeaHy
a00 OCTpiBHY i MaTEPUKOBY YACTHHY 3eMJIi y BUIIIAII KUCIOTHHUX JOIIIB i
HEraTUBHO BILIMBAE HAa HABKOJIMIITHE CEPENOBUIIIE 1 JII0auny [2, 7.

Exororiuni xapakTepiUCTUKN AW3EIbHUX JABUTYHIB BH3HAYaIOTHCS TO-
JIOBHUM YMHOM BMICTOM y MPOAYKTax 3ropsiHHs okcupiiB a3oTy NOx, sKi
3a 1HIEKCOM TOKCHYHOCTI 3HaYHO IEPEeBEPIIYIOTh iHIII IIKIAINBI KOMITO-
HEHTH BUIYCKHHX Ta3iB. Y 3B’S3Ky 3 IIUM Li1a HU3Ka MDKHAPOIHUX Opra-
Hizaniil (3okpema International Maritime Organization — IMO) BBOAUTH
CYBOpi BUMOT'H, BUKOHAHHSI SKHX JI03BOJISE 3a0€3MEYUTH E€KOJOTiuHi ma-
pamerpu poOOTH cynHOBHX au3enis [14, 23].

KonmeHTpaliist oKCHIIB a30Ty y BHITYCKHHUX Ta3axX CyJHOBUX JH3€IiB
pernamenTyerbes BuMoramu Annex VI MARPOL. 3rigHo 3 miumu BUMO-
ramu KoHieHTpaiis NOx y BHITyCKHHMX ra3ax Jijisl JAM3e1iB, aHAJIOTTYHHX
POBIIITHYTHM Y pOOOTi, HE MOBHHHI NIEPEBUIILYBAaTH 3HAUCHHS

Cro, <44n™"%, (1)

Jie n — 4acToTa o0epTaHHs Baja qu3els, 00/XB.
Hus cyaHoBoro cepenHboobeproBoro ausens 6H17/28 Hyundai
Heavy Industries orpumaemo:

Cyo, <44-900% =9,21/(xB1-rox).

BumiptoBanns konueHTpanii NOx y BUIMYCKHHUX Ta3ax CyJHOBUX JIH-
3€J1iB BUKOHYBAJIOCS 3a JIOIOMOI'Or0 razoaHaiizaropa Testo350XL Bupo6-
HuirrBa HiMeuunHuy, sikuii J103BOJISIE BUKOHYBATH BUMIPIOBAHHS B Jliara-
30H1 Temmepatyp -40 ... 1200°C. I'azoananizatopu Testo350XL Biamnogi-
naroTh BuMoram Cucremu Oe3mnepepBHOro MoHiTopuHTY BHKHIIB (Contin-
uous Emission Monitoring System — CEMS) AreHTcTBa 3 OXOpOHHU Ha-
BKonmmHboro cepenosuia (Environmental Protection Agency — EPA)
[24, 25]. IluToma edekTHBHA BUTpaTa NMayiuBa b, BU3HAYAIAcs 3a AOIOMO-
IOl CYJHOBUX BHUMIPIOBAILHUX 3ac00iB [26]. [ToTyKHICTh AM3ETIB BH-
3Hayajacs 3a JOINOMOI'OIO eIEKTPOHHOTO OOJaTHaHHS, PO3TALIOBAHOTO B
HEHTPATLHOMY TIOCTY YIPaBIiHHS MallMHHOTO BitieHHs [27].

Pesynbratu pociimkeHHs HaBeneHi B Ta0. 1.
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Tabnuus 1.Pe3ynbraTn eKCiepuMeHTy

HasanTaxenHns Ha nau3enb, %
Bun nanusa 25 | 30 | 75
Konnentparis NOx y BUIyCKHHX rasax,
r/(kBr-roxm)
DMA 6,28 7,17 8,27
DMA+5 % 6ioau3eanHOro najansa 5,96 6,16 7,47
DMA+10 % 6ioau3enpHOro nmajimsa 5,36 5,86 6,34
DMA+15 % 6ioanu3enpHOro majimsa 5,21 6,32 7,63
IMutoma edexTuBHA BUTpaTa MauBa,
r/(kBr-roxm)
DMA 196 189 185
DMA+5 % 6ioau3enbHOro najausa 198 191 187
DMA+10 % 06ioan3enbHOro najinBa 200 193 191
DMA+15 % 6ioanu3enpHOro najinsa 201 194 195

3a3HauMMo, 10 Ha BCIX JOCHIKYBaHHX PEeXKHMax i 3a OyIb-IKHX
YMOB TIPOBE/ICHHSI €KCIIEPUMEHTY KOHIIGHTpAIlisl OKCUJIIB a30Ty Y BHITyC-
KHUX Ta3ax He TepeBUIIyBaJla 3HAYCHHs, BU3HAUEHOTO 3a Bupazom (1),
TaKUM YWUHOM EKCIUTyaTallisl OU3eiB MpOBOIMIACS 13 3a0e3MmedeHHsIM
puMmor Annex VI MARPOL [28, 29].

3a pesynabTaTamu Tabumili 1 moOyaoBaHi Tiarpamu, 1o Bio0pakarTh
3miHu emicii NOx (puc. 2, @) 1 nuTomMoi eeKTHBHOI BUTpaTH HaluBa
(puc. 2, 6) ans pi3HUX HaBaHTa)XeHb cyAHOBOrO Auzens 6H17/28 Hyundai
Heavy Industries.

BinmHOCHI 3MiHM KOHIICHTpAIlil OKCHIIB a30Ty y BHITYCKHUX

razax ANOx i nmutomoi epekTuBHOI BUTpaTu nanmmBa Ab. po3paxo-
BYBAQJIMCh 3a BUpa3aMHU

DMA Bio Bio _ ;,DMA
aNO, = N0 —NOST g0, ap, =2 =P 1o,
NOP o

ne NOYY™, pPMA — xoHueHTpauis i muromMa edekTHBHA BHTpaTa

NaJMBa M Yyac eKkcruryarauii nu3ens Ha nanusi DMA, r/ (kBt-rox)
(30, 31];
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NOY°, pP° — KOHIEHTpalis i nnToMa eGeKTUBHA BUTpaATa Ma-

JMBA TiJ] Yac eKCIuTyaTarlii nu3ens Ha cymimni naauBa DMA i Gio-
JU3enpHOro manuBa, r/(kBrromn) [32, 33].

NO,
T
¥BTron
8
. .
6
0
)
Sb Fzsﬁ ——50

200

190 —

185—

180

— 25 50 75 N %

a) 0)
Puc. 2. Konuenrpanii NOx y BUITycKHUX ra3ax, r/(kBt-rom), mutoma eeKTuBHa

BUTpaTa najusa, I/(kBr-rom), s pi3HUX HABaHTa)XEHb CYJAHOBOTO JAN3EIS
6H17/28 Hyundai Heavy Industries i pi3HuX BUIiB nanusa:

0 — manuBo DMA; 1 — DMA+5 % 6iomusensHoro nanuea; 2 — DMA+10 % 06io-
nu3enbHOro nanusa;3 — DMA+15% 6ioan3ensHOoro najimsa

OTtpuMaHi 3HauCHHs y3araibHeHi Y BUTIISAL TaOIuIi 2, a TAKOX BiJ0-
OpakeHi Ha jiarpaMax, HaBEJICHUX Ha pucC. 3.
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Tabnuus 2. PesynbTatu eKCiepuMeHTy

HasanTaxenns Ha nausenb, %

25 | 50 | 75

Bun Tomnusa - -
Binnocna 3mina koHueHTpartii NOx B

BHITYCKHUX rasax, %

DMA+5 % 6ioau3eanHoro najausa 5,10 14,09 9,67
DMA+10 % 6ioanu3ensHOro najimsa 14,65 18,27 23,34
DMA+15 % 6ioanu3enbpHOro najiusa 17,04 11,85 7,74

BimHocHa 3MiHa TUTOMOI €(hEKTHBHOT
BUTPATH MajnuBa, %

DMA+5 % 6ioau3eanHOro najanusa 1,01 1,05 1,07
DMA+10 % 6ioau3enpHOro majimsa 2,00 2,07 3,14
DMA+15 % 6ioanu3enpHOoro najiusa 2,49 2,58 5,13

b,

NO,,

0 S+

(]

to

6

ﬂ 1 —
S —50 —75—N, 0 O 25— 50

a o
Puc. 3. BirHocHa 3MiHa KOHIIEHTpallii OKCH/IIB a30Ty y BUITYCKHHUX Ta3ax (a) i
UTOMOI e(heKTUBHOI BUTPATH MayuBa (0) Uisl pi3HUX HaBAHTa)KEHb CYTHOBOTO
muzenst 6H17/28 Hyundai Heavy Industries i pi3HuX BuiB HajuBa:

1 — DMA+5 % OGiogu3ensHoro nanusa; 2 — DMA+10 % 6i0au3€eI5H0r0 Majanusa;

3 — DMA+15% 0ionu3enbHOro najimusa

BucHoBkH i mepcmeKTHBH MOAAJIBINUX I0CHiMKeHb. [IpoBeneHi
JTOCTIKEHHS JI03BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. EHepreTu4Hi YCTaHOBKH CYJIeH MOPCBHKOTO Ta PIYKOBOT0 TPaHCIIO-
PTY € BEIMKHMHU CHOKMBayaMH TajiBa HA(TOBOTO MOXOKEHHS, 3amacu
SIKOT'0 TIOCTYITOBO BUCHAXKYIOThCsI. OIHUM 13 JDKEpEN eHeprii, JOCHiKeH-
HSl IPO MOXKJIMBOCTI BUKOPUCTAHHS SIKOTO B CY/IHOBiH €HEpreTHIll BeayTh-
cs B JIaHWUU 4Yac, € aJbTCPHATHBHE MaJIMBO, 30KpeMa 0ionaguBo (METUIIO-
Bull edip pociMHHOrO MacTtuia). besnocepenHe BUKOPUCTAHHS TUIBKH
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OiomanuBa Juis 3a0e3MedeHHs] poO0Yoro HUKIY CYAHOBOTO JTU3EINIsl HEMO-
XKIIMBe (TepeayciM yepe3 HOro HU3bKY TEMJIOTBOPHY 3IaTHICTB), MPOTE
MaJIWBHI CyMillli, IO CKIaJAl0ThCA 3 AM3EIBHOTO MajuBa (K OCHOBHOTO
KOMITOHEHTa) i OiomanuBa 3 KoHHeHTpauicto 10 20 ... 25% (K JoMilIKn)
OTpUMAaNY BIPOBA/DKEHHS SK B CTalllOHAPHIHA €HEpreTHlli, TaK 1 B CYAHO-
Bild.

2. ExciepuMeHTH, 1m0 BHUKOHAHI Ha CYIHOBUX CEpeIHHOOOEPTOBHX
musensx 6H17/28 Hyundai Heavy Industries, miaTBepauiiu MOXIIMBICTh
BUKOpHUCTaHHs OlomanuBa (y ckiaai manuBHOI cymimi mamuBa DMA i
5 ... 15 % OiomuzenvHoOro manuBa) Juis 3a0e3MeueHHsT poOOYOoro MUKy i
repeadi MOTY>KHOCT1 Ha CIIOXKHBaYi EHeprii.

3. Bukopucransst OionanvBa MiABHINYE E€KOJOTIYHICTH PoOOTH Cy.-
HOBOT'0 JM3elis — Npu oMy Ha 5,1 ... 23,3% (3aJIe)KHO Bl HABAHTAXKCHHS
nu3erst 1 BMicTy OionanuBa B MajMBHIN CyMII) 3HIKY€ETBCS €MICisl OKCH-
B a30TYy.

4. Iix yac BuUKOpucTaHHs OiomanuBa BimOyBaetbes 1 ... 5,1 % 3011b-
LICHHS TIMTOMOI BHTPAaTH TMajKBa, IO 3HMKYE EKOHOMIYHICTH POOOTH
T3S,

5. OnTuManbHUi CKJIaJ MAJMBHOI CyMIIlli, IO MICTHTh OlONasuBo,
JOITFHO BU3HAYATH JJIsl KOYKHOTO HaBaHTAa)KEHHS JIU3eNs 3 ypaxyBaHHSIM
HOro eKONOTIYHUX Ta EKOHOMIYHUX MOKAa3HHUKIB POOOTH.
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YAOCKOHAJIEHHSI CACTEMHU 3BEPI'AHHS TA
OUPKYJIALI BYPUJIBHOI CYCIIEH3II HA CYJITHAX TUITY
PLATFORM SUPPLY VESSEL

denismaryanovv(@gmail.com

AHoranisi. Po3risHyra cuctema 30epiraHHs Ta HMUPKYJIAIii OypHIIb-
HOl cycnen3ii Ha cyaHax kiacy Platform Supply Vessel. Excniepumen-
TaJbHO BCTAaHOBJIEHO, IO IS dYacy TpaHCHOpPTyBaHHA 6 ... 36 roauH
crpatuikallis TyCTUHU OypMIIBHOI cyclieH3ii 3a TIMOMHOI0 BaHTaKHOTO
TaHKy cTaHoBUTH 3,04 ... 32,04 %. Sk croci0, 1o 3a0e3nedye MiHIMab-
Hy cTpaTH(ikalilo rycTHHH OypHIIbHOI CycreH3ii mix Jac ii TpaHcropTy-
BaHHI, 3alPOIIOHOBAHO BUKOPUCTAHHS J0AAaTKOBOI X-MOMIOHOT IIUPKYJIIsi-
uii OypuibHOI cycmeH3il B 00csi3i CycimHIX BaHT@XHHUX TaHKiB. Jlo-
CITI/DKEHHSAMH MiATBEPKEHO, 10 MPH IBOMY CTpaTu(ikamis TYCTUHH 32
4acoBUH Tiepiof 6 ... 36 TOAMH 3HMKYEThCA 10 Aiama3ony 2,30 ... 9,01 %.
KomruiekcHe BUKOpHCTaHHS J0AaTKOBOI X-TOMIOHOT MUPKYJAIIT Ta Of-
HOYACHOI Mojadi MOBITPsA y JOHHY YacTUHY BaHTa)XHOI'O TaHKY 3abe3Iie-
4ye 3HaYeHHs cTpatudikanii rycrunu 0,73 ... 2,93 %.

Abstract. The system of storage and circulation of drilling fluid on
Platform Supply Vessel class vessels is considered. It was experimentally
established that for the transport time of 6 ... 36 hours the stratification of
the density of the drilling fluid by the depth of the cargo tank is
3.04 ... 32.04 %. As a method that ensures minimal stratification of the
density of the drilling fluid during its transportation, it is proposed to use
additional X-shaped circulation of the drill slurry in the volume of adja-
cent cargo tanks. Studies have confirmed that the density stratification for
the time period of 6 ... 36 hours decreases to the range of 2.30 ... 9.01 %.
The integrated use of additional X-shaped circulation and simultaneous air
supply to the bottom of the cargo tank provides a value of density stratifi-
cation of 0.73 ... 2.93 %.

IMocTtanoBka mpodaemu B 3arajbHomMy Burisadi. lllopiune 30iib-
LICHHS CIIOKWBAHHS BYTJIEBOJTHEBOI CHPOBUHHU, MPEBAITIOBAHHS BUKOPHC-
TaHHS PIJAKOro i ra30noiOHOro majauBa HaJl TBEPJIUM, BiJICYTHICTh Peajlb-
HUX aJIbTEPHATUB HA(TH 1 Ta3y sIK OCHOBHOTO JKEpena TEemnoBoi eHeprii
MPHU3BOAUTE JI0 TIOCTYNOBOTO BHCHAXKEHHS iX KOHTHHEHTAJIBHUX POJIO-
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Bunl. [loganpine 3pocTaHHsl CHIOXKHUBaHHS €HEPrii B MPOMHUCIOBOCTI, Ha
TPAHCIOPTI Ta B MOBCAKACHHOMY JKUTTI MiABHINYE NedinuT naauBa Had-
TOBOT'O MOXO/KEHHS, KU MOXKe OyTH 3a0e3leueHUi TUIbKH KOHTUHCH-
TaJbHUMH 3aracaMu. TOMy OCTaHHIM 4acoM BeMKa KUTBKICTb KpaiH

=
=

ol ] e |

=

/
e

Puc. 1. TexHONOriYHA CXEMa BHKOPHUC-
TaHHs OypPHIBHOI CYCIEeH3IT:

1 — O6yp, 2 — OypunbHa Tpyba, 3 — moBo-

poTHa Tpyba, 4 — MaricTpanb OypHIbHOL

cycnensii, 5 — Hacoc rmoaavi OypuIIbHOI

cycriensii, 6 — TaHK OypHIBHOI CYCIICH-
31

PO3BUBAE 1 PO3IIUPIOE OCBO-
€HHS PECypCiB KOHTHHEHTAJILHOTO
menbdy Ta CBITOBOrO OKeaHy.
[Tpu upomy BHUIOOYTOK BYTJIEBOJ-
HEBOi CHPOBUHH 3JIIICHIOETHCS Ha
ABTOHOMHMX OypoBHX IIaTdop-
Max, PO3TallOBaHUX 10332 MaTEePH-
KOBHX TEpUTOpid, a TOMy BHUMara-
IOTB/IOCTABKA Ha HUX CIEHialbHO-
ro o0iajHaHHS, TEXHIKM Ta MaTe-
pianiB. 3 1Li€I0 METOIO BHKOPUCTO-
BYIOTbCS cyaHa kimacy PSSV —
Platform Supply Vessel, ski xapa-
KTEPU3YIOTHCS MiJBUILEHOI0 MaHe-
BPEHICTIO, BHCOKOIO €HEeproocHa-
IIEHICTIO, a TaKOXK BKIFOYAIOTH 10
CBOIO CKJaJy Psa CHeliaIbHuX,
XapakTepHUX TINBKH IM CHCTEM.
OnHi€ro 3 TAaKUX CUCTEM € CUCTEMa
TPaHCIOPTYBaHHSI OYpUJIBHOI Cy-
CHeH3ii, sKa 3roIoM MepeKavyeTh-
cs Ha HadTOBHIOOYBHY TUIaThOp-
MY 1 BUKOPHCTOBYETBCS ISl BUKO-
HaHHS POOIT 3 OYpiHHS MOPCBHKOT'O
mwenpdy [1]. Y dyHkmionanbhi
BJIACTUBOCTI OYypHIIbHUX CYCIIEH3ii
BXOJAATH 3a0e3MeyeHHs] MAaIICHHS,
OXOJIO/KEHHSI Ta aHTHKOPO3ifdHOI
nii Ha OypoBHWM IHCTPYMEHT, a
TaKOX NMPOMHUBAHHS CBEPJIOBUH Y
nporteci Oypinns (puc. 1). [2, 3].

BypunbHi cycriensii sBisSiOTH COOOH CKIIAJHI 0araTOKOMITOHEHTHI
JMCTIEPCHI CHUCTEMH CYCHEH3IMHUX, eMYyJIbCIMHHX Ta a€pOBaHUX PiWH,
OCHOBY SIKHX CKJIaJla€ MAacTHJIbHUH Matepian. Y OypHIIBHHX CYyCIEH3isIX
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(SIK1 BUKOPUCTOBYIOTH 7Sl BUIOOYTKY Ha(hTH HA MOPCBKUX Ta OKEAHCHKUX
matpopMax) AUCIEPCHUM CEpEOBHILEM € MAJIOB’s3Ke MiHepajIbHE Mac-
TUJIO, AUcTiepcHO (a3oro — metanu (Hampukian, Ca, Mg, Cu), comi me-
taniB (Hampuknaza, NaCl, KCl, MgCly), a Takox pi3Hi KpeMHiliopraHiyHi
cnonyku./lucriepcHa (aza OypuiibHOI CycreH3ii 3a0e3rneuye mporec Mma-
IICHHS Ta OXOJIO/PKECHHS OypPWJIBHOTO OOJIaHAHHS, JUCIEPCHE Cepero-
BHUIIIE — MOKpAIIy€e HOro TpuOOTEXHIYHI XapakrepucTuku [3-5]. Jucnepc-
Hi KOMIOHEHTH OypWJIbHOI cycmeH3ii (MeTaiu 1 coii MeTalliB) MaloTh
OUIBII BHCOKY MUTOMY Macy IMOPIBHSHO 3 AWCIEpCHOIO (a3oro (MiHepa-
JBHAM MAacTHJIOM), TOMY B MIPOIIECi TpaHCTIOPTYBaHHS OypHIIBLHOI CyCIIeH-
311 BiIOYBa€ThCs 1X OCA/PKCHHS HA JHO BaHTAXXHOTO TaHKa, B SIKOMY BiJl-
OyBaeThCs iX TIepeBe3eHHs 3 Oepera Ha HagTOBY TUIatdhopmy. Lle mpuspo-
IUTh 1O 3MiHM eKCIUTyaTaliiHUX XapaKTepUCTHK OypHIIbHOI CycCIeH3ii,
30KpeMa BUHHKHEHHS cTpaTudikallil TYyCTHHU 3a TNIMOMHOI0 BaHTA)KHOTO
TaHka [6, 7]. Oca/pkeHHS BaXKUX KOMITOHEHTIB OypHIIBHOI CyCIEH3ii €
MPUYMHOIO MiIBUIICHHS TipaBIiYHOrO OMOPY MpH ii MepekadyBaHHI 3
BaHTa)XHOTO TaHKa cynHa Ha OypoBy miaTopMy, a B JSSIKHUX BHIAIKax
MOX€e TIPUBECTH 10 MOMIKO/KEHHSI BaHTAXXKHUX HacociB. Kpim Toro, Buaa-
JIEHHS Ocally 3 BAaHTQXHHUX TaHKIB MPOBOAMTHCS MEXAHIYHUM CIOCOOOM 1
BHMarae JI0JaTKOBUX BHTPAT SHEPrii Ta 4acy, i mepiie, i Ipyre 30UIb1ye
(iHaHCOB1 BUTpPATH 1 3HIKYE SKOHOMIYHI TTOKa3HUKU poboTu PSV. Tomy
MiATPUMAHHS eKCIUTyaTalliiHUX XapaKTepPUCTHK OYPHIIBHHX CyCIeH31H
i Yac iX TpaHCIOPTYBaHHS MOPCHKUMH cyiHamu kiacy PSV e akryanb-
HUM TPHUKJIAQJAHAM  HAyKOBO-TEXHIYHHUM  3aBJaHHSAM, ONTHMAaJIbHE
pPO3B’sI3aHHS KOO B JAaHUH Yac HE 3HaH1eHO [8-9].
IMocTanoBka 3aBaaHHs. MeTa HOCHTIKEHHSI — PO3pOOKa TEXHOIOT1,
mo 3a0e3neuye MATPUMKY TMOCTIMHOrO 3HAYEHHS TYCTHMHH OypHIIBHOT
cycreHsii 3a TTHOMHOIO TaHKa, B SIKOMY BiOyBaeThes ii mepeBeseHHsI. Lle
3a0€31eYNTh:
"+ MiATPUMAHHS EKCIUTyaTAI[IHHUX XapaKTEePUCTHK OYpUIIBHOI CYyCIeH-
311

" « MiHiMi3alil0 YTBOPEHHS 0Caay BaKKUX KOMIIOHEHTIB, SKMMU JIErOBa-
Ha OypuiIbHA CyCIIeH3is;

" * 3HMKCHHS CHEPreTHMYHUX BHUTpPAT Ha MpOLEC TepeKadyBaHHs Oypu-
TBHOI cycnensii 3 cyana PSV Ha OypoBy minatdopmy;

"+ MiATPUMAHHS TEXHIYHOTO CTAHY CYIHOBOI CHCTEMH TepeBe3eHH: Oy-
PUIIBHOI CyCHEeH3II.

[ocTtaBnena mera Moxxe OyTH JOCSATHYTA 338 PaXyYHOK PO3B’sI3aHHS Ha-
CTYIHUX JONOMDKHUX 3aBJIaHb:
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1) MOHITOpUHTY TyCTHHH OypHIIBHOI CyCIeH3ii 3a TIMOWHOI0 BaHTaX-
HOT'O TaHKa;

2) MozaepHi3alii CyAHOBOI cHCTeMH 30epiraHHS i TPaHCHOPTYBaHHS
OypHIIbHOT CycCIeH3ii;

3) 3abe3neueHHsI MPUMYCOBOT IUPKYJISIMii OypHIIBHOT CyCIeH3ii;

4) miaTpuMaHHA PEOJIOTIUHMX XapaKTepHCTHK OYypHIIbHOI cycreHsii
iy 9ac il TpaHCIOPTYBaHHS.

AHaji3 ocTaHHIX AocTimKeHb i myOmikamiii. s nigrpuMku 1 Bijg-
HOBJICHHSI PEOJIOTTYHUX XapaKTEPUCTHK (30KpeMa, B’S3KOCTi 1 T'YCTHHH)
TEXHIYHUX PiINH BUKOPHCTOBYETHCS iX TiApOIMHAMIYHA, YIBTPa3ByKOBa i
ximiuyHa 00podka [10].

lNgponuuamivyHuil BIUIMB HAa TIOTIK PIAUHU 3IIMCHIOETHCSA MUITXOM
CTBOPEHHSI MiJBHILEHOTO TUCKY 1 30UIbIIEHHS MBHUIKOCTI 11 pyxy. [Ipu
IOMY 3a PaxyHOK pO3APOOJICHHS €IEMEHTIB JAUCIEePCHOI (a3u 30uIbIny-
€ThCS X JIMCIIEPCHICTD 1 OTHOPIAHICTH YChOro 00’ emy piauuu [11, 12].

[Tix gac ynpTpa3BykoBOi 00pOOKH B TMOTOLI PiMHH BiIOYBAETHCS M-
MyJIbCHE MiJBUIICHHS 1 3HUKCHHS TUCKY B JIOKAJILHUX 00CSrax piluHHU.
Le, a Takox 3a0e3nedeHHs] TypOyJIEHTHOTO PyXy, MPU3BOAUTH 1O ITi/IBU-
IIICHHS OJIHOPIIHOCT1 PIJIMHU 1 3am00iraHHs 0Cajy BaXKKUX KOMIIOHEHTIB,
10 BXOMSTH 110 11 cximany [13, 14].

[linTprMKka 1 BiJHOBJIEHHS PEOJIOTIYHMX XapaKTEPUCTUK TEXHIYHHX
PIIMH TaKOX MOMJIMBI IUISAXOM XiMiuHOI 00poOku. [Ipu mpomy B 00’eM
PiIMHYN BBOIATHCS JOAATKOBI pearceHTH, AKi 3a PaXyHOK MiKMOIEKYJISp-
HUX B3a€MOJIN 3a0€3MeuyloTh MATPUMKY OIHOPIAHOCTI PIAMHH HA MOTPi-
OHOMY piBHI pOTsIroM TepioAis 30epiranHs i TpancnopTyBanHs [15, 16].

Buknan ocHoBHOro matepiany. [ BU3HaYeHHS TEXHOJIOT11, IO 3a-
Oesrevye MiATPUMKY TOCTIHHOT'O 3HAYEHHS TYCTUHH OYpHIIBHOI CycreH3ii
3a TIMOMHOIO TaHKa, Y SIKOMY BifOyBa€eThCsl 1i epeBe3eHHs, MPOBOIMITUCS
eKCIIepUMEHTAIbHI JTOCHIPKEHHS Ha MOpchbKoMy cynaHi PSV nenseiitom
5850 Tonn. Cyana tuny PSV BimHOCATBCS 10 CEpPEAHBOIIBUIKICHOTO
knacy (X MakcuMajdbHa IIBHJKICTb, $K TMPaBWJIO, HE TEPEBULIYE
12 ... 13 By37miB), TOMy TPHUBAIICTh iX Mepexony (a, BiAMOBiAHO, 1 Yac Tpa-
HCTIOPTYBaHHS OypHIIBHOI CyceH3ii) Bix mopTy 1o HadToBOi miardopmu
CTaHOBUTH 2 ... 3 mHi. KpiM TOro, MOXKIIMBI BUNIAIKH, KOJIH JISSIKI €KCIUTya-
TalliliHI Ta TEXHOJIOTIYHI MPUYMHU CHPUYHHSIOTH HEOOXiIHICTh Apeidy
a0o crosHku Ounst OypoBux miatdopm [17]. Llet wacoBuii mpomixok
CTIpUSIE TOCTYIIOBOMY OCA/PKEHHIO BaKKUX KOMIIOHEHTIB, SIKUMH JIETOBaHI
cycriensii, 1 301bIIye cTpaTH(IKaIlil0 TyCTUHUA OYypUIIBHOI CYCIEH3Il 1o
IIMOMHI BAHTXXHOT'O TaHKA, B IKOMY BOHA 3HaXomuThest [18, 19].
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[lepeBe3eHHs cycrieH3ii 37iHCHIOBANIOCS B IIECTH OJHOTUITHUX BaH-
TQXHUX TaHKaX, PO3TAIIOBAHUX CHMETPUYHO 3 JIIBOTO 1 IpaBoro 6opty. ¥
cucreMi nependadeHi TEXHOIOTYHI onepalii 3 mpuiioMmy Ha O60pT 1 BuIa4i
Ha Ha(TOBY TUIaTGOpMy OYypPHIIBHOI CyCIeH3ii, siKi 3a0e3MeuyrThCs BaH-
TaXHUMH HacocaMu. 3 METOI0 MiHiMi3alii mpouecy crparudikamii rycTu-
HU OypuJIbHOI CyCmeH3ii, 3amobiranHs ii po3mapyBaHHA Ta YTBOPEHHS
0cajy 3 BaXKUX KOMIOHEHTIB Cy/IHOBa CHCTEMa MepeBe3eHHs OypHIIbHOI
CycrieH3ii MoJiepHi3yBajiacs 3a paxyHOK:
" ¢ YCTAHOBKM JOJATKOBUX TpyOOmpoBOAiB (ski 3abe3meuyBamn X-
NOAi0HY IUPKYJISILIIO CYCIEH3Ii B TAHKaX);

" ¢ YCTAHOBKH B HW)KHIO YACTHHY BAaHTAXKHOTO TAHKA aCPOAMHAMIYHUX
BCTaBOK (32 AKMMH MOJaBAJIOCS TIOBITPSI).
3MiHH, BHECEHI B CUCTEMY, HaBeJICHI Ha puc. 2.

h

o

Puc. 2. [IpuanumoBa cxemMa BKITIOYEHHS IOAATKOBHX OJIOKIB Y CYZHOBY CHCTEMY
TPaHCIOPTYBaHHS OYPWIIEHOI CyCIieH31i: a — 3a0e3rnevyeHHs X-10i0HOT IMPK YIS
OypHIIBHOI CyclieH3ii B TaHKax; O — 3abe3medeHHst X-1momiOHol UpKyIsmii OypriIbHOT
CycIieHsii 3 0JHOYACHOIO MO/IAUeI0 MOBITPS Y HIDKHIO YaCTHHY BAaHTAXXHUX TAaHKIB
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BukonanHs1 po0iT 3 MoJepHi3alii CHCTEMH TPaHCIOPTYBaHHs OypH-
JILHOI CYCIIEH3i1 BHKOHYBAJIOCS CYJHOBUM EKIMIaXXEeM IIiJ] 4ac CTOSHKU
cynHa. IX TpuBamicTh cTaHOBHMJIA 72 FOJAMHM, TEXHOJIOTIS iX BUKOHAHHS
OyJia y3ropkeHa 3 TeXHIYHUM JIeapTaMEHTOM KOMITaHil.

Yac nepexony cyana PSV Big mopty no movatky Buaadi OypriIbHOL
cycnien3ii Ha OypoBy 1utaTopMy CTaHOBUB 56 TO/IMH, 10 JaBaJIO MOXKIIHU-
BIiCTh 3[iMCHIOBATH BifOip mMpoO OypHIIbHOI cycrieH3ii s BCiX YMOB eKc-
MEPUMEHTY MPOTAroM 48 roAMH 3 MPOMDKKOM MK BHUMipaMH TYCTHHH
6 roanH. SIKk KOHTPOJBHUN Mapamerp, 3a SIKUM OL[IHIOBABCS AWUCIIEPCHUIM
cTaH OypuIbHOI CycreHsii, mpuitManacs TycTHHA. i BU3HAUYEHHS BUKOHY-
BaJIOCs eNEeKTPOHHUM apeomeTpoMm Anton Paar DMA35 Tag&log komma-
uii LEMIS Baltic (JIarBis-HiMeuunna), 1o 103BOJISIB BUKOHYBaTH BHUMi-
proBaHHs B jiana3oHi 650 ... 1630 kr/M® 3 TounicTio +1 kr/M® npu oHO-
YacCHOMY KOHTPOJIi TeMIlepaTypy BUMiploBaHHX 3pas3kiB. [Ipobu mis Bu-
3HAa4YeHHS! TYCTHHH OYpHJIBHOI CycreH3ii BigOupamnucs B Pi3HHX TOYKax
TaHka, BianoBigaux 30-tu, 60-tH1 1 90 % #oro rimbunu (0,34, 0,64, 0,94
Ha puC. 2), a TAKOXK Ha MMOBEPXHi TaHKA.

Jns mpoBeeHHsT eKCIEPUMEHTY IepeBe3eHHsI OypHIIbHOI CyCreH3il
3MIACHIOBAJIOCH 33 HACTYITHUX YMOB:

1) nBa TaHKM O€3 3MiHM KOHCTPYKIIii CHCTEMU;

2) ABa TaHKH, Y SKHUX JOJATKOBO 3a0e3neuyBanach X-MoaiOHa UPKY-
TSt OyprIiIbHOI cycnensii — puc. 2, a;

3) 1Ba TaHKH, B SIKUX JIOJATKOBO 3a0e3meduyBanachk X-MoAi0Ha [UPKY-
Jsiist OyprIiIbHOI cycreHsii 1 MpuMycoBa mojada moBiTps — puc. 2, 0.

PesynbraTu pociimkeHs HaBeneHi B Ta0. 1.

Crpatudikamis rycTHHU OypHIBHOI cycreH3ii Ap BHU3Hayaiacs sSK
BiJTHOCHA 3MiHa T'YCTWHHW Ha TIOBEpXHI BaHTAXHOTO TaHKA i Ha TIHOMHI

90 %

Ap = Poo ~Po, 00%,
Poo
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Ta6muns 1. Tyctuna 6ypuibHOi cycnensii (p, kr/m’) i crpatudikaris
TyCTUHU OypuibHOI cycmeHsii (Ap, %) 3a MIMOWHOI0 BaHTa)KHOT'O TaHKa

3aJIeXHO BiJ Yacy i crocoOy ii TpaHCIOpTYBaHHS

Yac TPaHCIIOPTYBAaHHS, TOAUHU

0 6 | 12 ] 18 24 [ 30 | 36 | 42 ] 48
TpancropryBaHHs 0e3 3MiHH KOHCTPYKIIii CHCTEMH
I'ycruna, (p, Kr/m3)
Ha IIOBEPXHI 1162 1135 1128 1117 1085 1052 | 1008 962 922
Ha rumbGini: 0,34 1162 1142 1139 1128 1102 1088 | 1028 | 1011 978
0,6h 1163 1165 1188 1209 1218 1225 | 1231 | 1239 | 1252
0,9h 1164 1178 1208 1234 1243 1258 | 1283 | 1302 | 1322
Crpatudikaris
rycrmn (Ap, %)3a | 0,017 | 3,79 | 7,09 | 1047 | 1456 1%5 2272 3 373 43873
TTIHOUHOIO TAHKY
TpaHcHoOpTyBaHHS 3 JOAATKOBOIO X-IOIOHOIO LM PKYJIILI€I0
I'ycruna, (p, Kr/m3)
Ha MMOBEPXHi 1162 1148 1135 1128 1122 1118 | 1111 | 1110 | 1108
Ha rim6ini: 0,34 1163 1160 1157 1152 1148 1143 | 1140 | 1137 | 1136
0,6h 1163 1166 1172 1176 1180 1182 | 1188 | 1208 | 1225
0,9h 1164 1168 1174 1179 1185 1193 | 1202 | 1228 | 1255
Crpatudikaris 17
ryctuHu (Ap, %) 3a 0,17 1,74 3,44 4,52 5,61 6,71 8,19 9,61 ?

TTIHOUHOIO TAHKY

1

TpaHCcHOPTYBaHHS 3 JOAATKOBOI X-MOAIOHOIO IIUPKYJIIAII€IO0 Ta IIOJa4er0 MOBITps

I'ycruna, (p, Kr/m3)
Ha IOBEPXHI 1163 1160 1157 1156 1155 1154 | 1153 | 1153 | 1152
Ha riu6ini: 0,34 1163 1164 1165 1167 1169 1172 | 1175 | 1178 | 1181
0,6h 1165 1166 1168 1172 1176 1178 | 1183 | 1187 | 1191
0,9h 1165 1168 1172 1176 1180 1183 | 1187 | 1191 | 1202
Crpatudikaris
ryctuad (Ap, %)3a | 0,17 0,68 1,28 1,70 2,12 2,45 | 2,86 | 3,19 | 4,16
ITTHOUHOIO TAHKY

3naueHHs cTpaTudikalii TycTHHN OypHIIBHOI CYCIeH31i 3alleKHO Bif
yacy i crocoOy 11 TpaHCIIOPTYBaHHS HaBeACHO B Ta0u. 1. PesynabTatn noc-
JIJDKEHb TaKOX BioOpaxkeHi Ha puc. 3, 4 (Ha SAKHUX MMOKa3aHi 3aJKHOCTI
3MIHU TYCTHHHU OypHIIBHOI cycreH3ii i crpaTtudikalii TycTuHl OypuiibHOT

cycrensii Bij Jacy).
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Puc. 3. 3mina rycTrHM OypHIIBHOI CycIIeH3i1 Bi 4acy [uist pi3HUX YMOB i TpaHC-
MOpTyBaHHs cyaHaMu kiacy PSV: po, ps3o, Pso, Poo — TYCTHHA Ha MTOBEPXHI, Ha
riubuHi 30, 60, 90 % 3aranbHOI IMOWHY BAaHTAXKHOTO TaHKA; d — TPAHCHIOPTY-
BaHHs 0€3 3MiHU KOHCTPYKIIII CUCTEMU; O — TPAHCIIOPTYBAHHS 3 JJOJATKOBOIO X-
MOAIOHOI0 UPKYJIAIIEI0; 8 — TPAHCIIOPTYBaHHSA 3 JOATKOBOIO X-T0AI0HOI0
MUPKYIAIIEI0 Ta MOAYCI0 TIOBITPS

Ap,
Y%

40r I

30

20r

10

0

0 6 12 18 24 30 236 4%

Puc. 4. Ctparndikanis TycTHHU OypHIIBHOI CyCIIeH311 B/l 4acy JUIsl pi3HUX YMOB

il TpaHCTIOpTYBaHHS CyaHaMH Kiacy PSV: I — TpaHcriopTyBaHHs 0e3 3MiHU KOHC-

TPYKIIii CHCTEMU; 2 — TPAHCIIOPTYBAHHS 3 JIOMATKOBOI X-ITO1I0HOI0 IIUPKYJIAITi-

€10; 3 — TPAaHCIIOPTYBAHHS 3 JIOAATKOBOIO X- MOIOHOIO IUPKYJIIAIIEIO 1 MTOaYeI0
TIOBITpS

48 1, roa
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EdexTuBHICT cucTeMu 30epexeHHs 1 UPKYISLil OypHIIbHOI CyCTIeH-
311 Moxe OyTH OIliHEHa sK IHTerpan 3anexHocti Ap=f(¢) [23, 24]. Hus
3aJIOKHOCTEH, MOJIJaHUX Ha puUC. 4, 1e 3HAYCHHS MOKe OyTH BHU3HAYCHO SIK
1o Mij KpuBuMHU [, 2, 3. 3HaueHHs IO JOIIIBHO MPEJACTaBUTHU SIK
CyMy Tparienii, ooMexxeHnx 3HaueHHsMH qacy (0-6-...-42-48) i crpatudi-
KaIlii ryCTHHU

48

[ Ap(e)ar z%[Apg F2Ap2 + .+ 202 + Ap] (1)

0

1€ i — KpOK iHTerpyBaHHA (JUIs PO3TISHYTOTO BUNIAAKY /=6);

ApS, ApY ... Apt, pt — Bennumna crpatudikauii rycTHHM Ha Bi-

MOBIIHUX TUMYAaCOBUX iHTepBajiax [25, 26].

o GinpIie 3HA4YEHHSI MJIONII, TO BUIIE PiBEHb CTpaTU]iKallii TyCTUHU
OypwiibHOi cycmeH3ii mij 4ac i TpaHCHOpTyBaHHS. 3MEHIICHHS IO
CBIIYMTH MPO MiABHIIEHHS €()EeKTHBHOCTI 00paHOro croco0y BJOCKOHA-
JIEHHSI CUCTEMH 30epeXeHHs 1 HUPKYIsLii OypuibHOI cycmeHsii [27-29].
3HauyeHHs MJIONII Ma€e PO3MIPHICTH [%o-uac], ofHaK IS 3pY4HOCTI CIIpHIA-
HATTS OyJIeMO BpaxOBYBaTH TUIbKHM YMCENbHI 3HaueHHs. s 3amexxHOC-
Tei, momaHuX Ha puc. 4, BignosimHo 10 (1) orpumaemo: §1=224,3;
$,=58,2; §5=19,5.

[NopiBHAIBHY OLIHKY CIIOCOOIB TPAHCIIOPTYBaHHS OYPHIBHOI CYCIIEeH-
311 311MICHUMO SIK BIJHOIIIEHHS TUIOLL]

Sio3gs, Sioq1s.
S S,

2

Hageneni pe3ynbraTi MiATBEPKYIOTH €EKTUBHICTH BHKOPHUCTAHHS
J0AaTKOBOI X-MOAIOHOT HUPKYIALIT 1 Mojavi MOBITPS B HWXKHIO YaCTHHY
BaHTa)XHOTO TaHKa MPH TPAHCIOPTYBAaHHI OypMIIBHOI cycrieH3ii Ta xopec-
MOHAYIOTBCS 3 HAYKOBHMHU POOOTaMH, 110 BUKOHYBAJMChH B I[bOMY Harpsi-
MKy [30-36].

BucHoBkH i mepcnmeKTHBH MOAAJIBIIUX JOCHiMKeHb. [IpoBeneHi
JOCITIKEHHS J03BOJISIIOTh 3pOOMTH HACTYITHI BUCHOBKH.

1. Mopceki cynHa cnienianbHOro npusHadeHHs Tuiy Platform Supply
Vessel xapakTepu3yrOThCsl HASBHICTIO B CKJIAJl IX €HEPTreTUYHOI YCTaHOB-
KU BJIACTUBUX TUIBKH iM cucTeM. OJHI€I0 3 TAKHX CHUCTEM € CHCTeMa 30e-
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POKEHHS 1 IUPKYISIii OypuiIbHOI CyCIeH3ii — CIemiaJbHOI TEeXHIYHOT
piMHHU, sKa TEPEBO3UTHCS HA OYpoBY IUIAT(HOPMY 1 BUKOPUCTOBYETHCS
JUIS TEXHOJIOTIYHOTO Tpoliecy BUIOOYTKY HadTH. BypuibHi cycmeHsii €
JICIIEPCHUMHU CUCTEMaMHU, SIKi CKJIaIaloThes 3 Pijakoi (a3u (MiHepaIbHOrO
MacTHja) i HEOpraHIYHUX KOMITOHEHTIB, TUTOMa Maca SKUX IEepPEeBUIIYE
nuToMy Macy pigkoi ¢asu. Lle mpu3BomuTh 10 JaTeHTHOI cTpaThgikarii
TYCTUHHU 1 po3lIapyBaHHs OypUIIbHOI CyclieH3ii 3a TTMOMHOI0 BaHTaKHOTO
TaHKa, B SIKOMY MpPOBOJMUTHCS ii TpaHCHOpTyBaHHS. Hacmigkom mporo
HEraTHBHOTO MPOIECY € TMOTipIIeHHs (YHKIIOHANBHUX XapaKTEPUCTHK
OypWIIbHOI CyCIeH3ii, YTBOPEHHS Ocaly Y BaHTa)XHUX TaHKax, 30UIbIIEH-
HSl TiOpaBIiYHUX OIMOpPIB y CHUCTeMi IUPKYJsLil OypuibHOI cycreHsii,
MIJIBUIICHHS HaBAaHTAKCHHS HAa LUPKYJISAIINHI HACOCH, HEMOXIIMBICTh
nepekavyBaHHs OypHIIbHOI CyCIIeH311 Ha OypoBy IaTgopmy.

2. ocBin ekcrutyartanii cucteMu 30epeXeHHs Ta HUPKYJIISii Oypiib-
HOI cycriensii Ha cyaHax turny Platform Supply Vessel cBiguuth npo Te,
o npu 2 ... 3 AGHHUX TIepeXoAax Cy/aHa Bij MOPTY 10 OypoBoi miaTdop-
MU cTpaTH]ikallis TYCTHHH OypWIIBHOI CycCIeH3ii 3a TIHMOMHOI0 BaHTaX-
HOT'O TaHKa (Iif] KO PO3yMi€ThCs BIAHOCHA 3MiHA TYCTHHH y BEPXHIH i
JIOHHI} YacTUHAX TaHKa) MOXKe rnepeuinyBat 40 %.

3. YiockoHaJeHHSI CUCTEMH 30€peXeHHs Ta HUPKYIALil OypuiIbHOL
Moxe OyTH 3a0e3ledeHo 3a JOMOMOTo A0MaTKoBOI X-moAiOHOI HUPKY-
nsiii OypuIIbHOI CycleH3ii MK BaHTa)KHHUMH TaHKaMH, IO 3HAXOISTHCS
MOpsIJI, @ TAKOXK 32 PaXyHOK IMOJIa4i MOBITPSI B HUKHIO YaCTHHY BaHTa>KHO-
ro tanka. [Ipu npoMy BennumHa crpaTH]ikamii T'YyCTHHU 3HHKYETHCS /10
3HavyeHb: 11,7 % (i mepmioro BapiaHTy BJOCKOHAJIGHHS CHUCTEMH) 1
4,2 % (st Ipyroro).

4. 3HmKeHHs cTpaTudikallii TyCTHHU MPU IUX BUMAJIKaxX TPaHCIOPTY-
BaHHS MOSCHIOETHCS IITYYHUM CTBOPEHHSIM JIaMiHAPHOTO MOTOKY OypH-
JBHOT cycriensii (3a paxyHOK ii IpUMYCOBOI HUPKYIALIT MDK CYCiAHIMH
BaHT&KHUMHU TaHKaMH), & TAKOXK 11 TIOKaJIbHUMHU TYpOYJICHTHUMH TEUisIMU
(3a paxyHOK JIOJATKOBOI IOJ[a4i MOBITPsI B HIXKHIO YaCTUHY BaHTaXHHX
taHkiB). [lepexpecHuil pyx OypuibHOI cycrieH3ii (IKUi 3IHCHIOETBCS SIK
i i€10 TpaBiTalifHUX CHII, TaK i 3a JIOMOMOTO0 JI0/IaTKOBO BCTaHOBIIE-
HUX IHUPKYJSAMIHHUX HACOCIB) 1 MOBITPS, IO MOAAETHCS Y BaHTAXKHUN
TaHK, MOK€ CHPHUATH BHHUKHEHHIO sBHINA Kapitauii. Lle mpusBoanTs 10
CHJIOBOTO BIUIMBY Ha OpraHiuHi i HEOpraHiYHI CHONYKH, SIKi 3HAXOAATHCS
B 00’emMi OypuibHOI cycnensii. Lle nmepemkomkae iX ocaKeHHIO 1 MiAT-
pHUMye iX B MiIBIIEGHOMY CTaHi.
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5. EdextuBHICTh crioco0y HUPKYISLiT OypuIIbHOI cycrieH3ii JOiIbHO
OLIIHIOBATH 3a IHTErPaJIbHUM ITOKA3HUKOM — ILIOIICIO TTiJI KPUBOO 3aJICHK-
HocTi Ap=£{f), ne Ap — ctpatudikais TyCTHHH, ¢ — 9ac TPAHCIIOPTYBaHHS.
30UIbIICHHS TUIOIII XapaKTepu3ye MiABUILEHHS CTpaTHU(iKalii rycTHHH
OypmibHOI cycreH3ii mig yac il TpaHCIOpTYBaHHs. 3MEHIIEHHS — OUTbII
BHCOKY OTHOPiAHICTh OypHIIBHOI cycnensii i MATPUMKY 11 eKcrTyaTamiii-
HUX XapaKTEPUCTHK.

6. YI0OCKOHAJICHHSI CUCTEMH TPAaHCIOPTYBaHHA OYypWIIbHOI CyCIeH3ii
MOke OyTH BUKOHAaHO Oe3mocepenHbo Ha cynaHi Platform Supply Vessel
CWJIaMU CYJHOBOi MAIlMHHOI KOMaHJIU MIC/sl y3TOMKEHHS JIOKYMEHTAIli1
Ta TEXHOJIOTIi MPOBEJCHHS POOIT 13 TEXHIYHUM JCMapTaMEHTOM CYJHOII-
JIaBHOI KOMMaHii.
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Awnorauis. Bukonano ananiz excniayamauiiiHux XapaKmepucmux
MOMOPHUX MACUTL, W0 GUKOPUCMOGYIOMbCA 6 CUCIEMAX MAUjeHHA
cyonosux ouszenie. Hasedeni eumozu, aKi éucyearomocsa 0nsa Macmun
Pi3H020 npusHaueHHA. 3anpoOnoHOBAHO PEKOMEHOauii ui00o 6udopy
MOMOPHUX MACHUTI 0718 JIYOPIKAMOPHUX MA WUPKYAAYIHIHUX CUCHIEM
MauieHHs CYyOHOBUX MA0- | CepeOHbo0bepmosux ouseia.

Abstract. The analysis of the performance characteristics of engine
oils used in the lubrication systems of marine diesel engines is carried
out. The requirements for oils for various purposes are given. Recom-
mendations on the choice of engine oils for lubricating and circulating
lubrication systems of marine low- and medium-speed diesel engines are
proposed.

IMocTranoBka nmpodJemMu B 3araabHoMy BUrasai. [Ipodiemu noBro-
BIYHOCTI, eKCIUTyaTaliiiHol HaAiiHOCTI Ta MacTHiia ABUTYHIB, MEXaHI3MiB
Ta IHIIOrO OOJIa/JIHAHHS € B JaHWW Yac HACTUIBKU aKTYaJIbHUMHU 1 BasKJIH-
BHMH Yy BChOMY CBITi, 110 JOCII/DKCHHS B 00JIACTI CTBOPCHHSI, BUIIPOOY-
BaHHS, TEXHIKH 1 TEXHOJIOTI] 3aCTOCYBAaHHS MAaCTUIBHUX MaTepiajiB cgo-
pMyBaJIKCsl B BeIMKE HAyKOBE HANPSIMOK. JlocsSTHEHHS B 11l 001acTi Haii-
Oe3nocepeHIIIM YMHOM BIUIMBAIOTh HAa TEXHIYHY Ta €KOHOMIUHY edek-
TUBHICTh BUKOPUCTAHHS TEXHIKU, B TOMY 4uCIi 1 cyquoBuit [1-3]. CynHo-
Bi EHEpreTH4Hi YCTAaHOBKHM (K TOJIOBHI, TaK i JIOMIOMIXHi) € TOPIBHAHO
HEBEITMKUMH CIIOKMBAaYaMH MAaCTHJIBHUX MaTepialliB B 3arajlbHOMY 00CA31
CBITOBOT'O TPAaHCIOPTHO-CHEPreTUYHOro KoMIuiekcy. OHaK ciia miakpe-
CIIUTH, 1[0 MOTOPHI MacTWiia, BUKOPHUCTOBYBaHI Ha CyIHaX MOPCBHKOIO i
PIYKOBOTO TPAHCIOPTY, HAHOLIBIIIOK MIpOIO JICTOBAaHI MPHUCAIKAMH 1 Bijl-
PI3HSIOTBCS BETMKUM 3alacoM SIKOCTi 3a CBOIM IEPBHHHHUM BJIACTHBOC-
M. CepenHiii BMICT MpPUCAJOK B CyJHOBHX MacTHJax B KiJIbKa pas3iB
MepeBHIye 1el MOKa3HUK MOTOPHMX MAacTHII, IO 3aCTOCOBYIOTHCS B iH-
mmx chepax Texniku. Lle moB's3aHo B mepury yepry 3i crnenudikor cya-
HOBOI TEXHIKHM, BUCOKHMH pPOOOYHMMH TapaMeTpaMH, 3aCTOCYBaHHSIM B
TOJIOBHUX 1 JOMOMDKHUX JBUTYHAaX HETPAJMIIIMHUX BUIB TaJIMB, IO
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00YMOBIIIOE BHKITIOYHO BUCOKUH PiBEHb BHUMOT /IO BJIACTUBOCTEH MacCTHI
[4-6]. Jly:)ke BaKITMBUMH TPEACTABIISIOTHCS MMUTAHHS, TOB'sI3aHI 3 KBaJi-
(iKOBaHOIO OLIIHKOIO EKCIITyaTaliiHUX BIACTUBOCTEW CYITHOBHUX MOTOP-
HUX MacTWI. BUKopHCTaHHS JOCBiLYy, a TAKOX PE3yJIbTATIB eKCIuTyaTanii i
BUIMIPOOYBaHb MACTHJI JIO3BOJISIE BHECTH TEBHHUN BHECOK Yy TOAAJBIIHNIA
PO3BHUTOK METOJIIB OI[IHKH MOTOPHHX SIKOCTEH MacTHJI CYIHOBOTO MpPH3-
HadeHHH [7].

AHaji3 ocTaHHiX gocaimkeHb i myomikamiid. B nanuii yac mpoin-
HUMH B 00JIACTI PO3pOOKKM MOTOPHHUX MACTHJI € IUTHHA P MDKHAPOIHUX
HadroBux kommnaniii (Mobil oil, Shell, ESSO, Castrol, BP, Agip, Nippon,
Texaco Ta iH.). Mibk HUMH BEIEThCS rOCTpa KOHKypeHTHa OopoThba 3a
punku 30yty Hadronponaykrtie [8-10]. Tomy mociifHI HEHTPH KOMITaHiH
MOCTIHO BUIIYKYIOTh HUISIXW TOJIMIIEHHS SIKOCTI MacTWJI 3a PaxyHOK
BJIOCKOHAJEHHS iX ckmagy. OcobnuBa yBara MPUAUISETHCS MUTaHHSIM
€KOHOMIi MacTHJI B TIpolieci X BUKOPHUCTaHHS Ha CyJHAX, a TAKOX Iepc-
JIOBIOBIUHA EKCIUTyaTallisi CyJIHOBUX JIU3EIIB 0araTo B YOMY 3aJISKHUTh BiJl
SIKOCTI 3aCTOCOBYBAHOIO MOTOPHOI0 Mactuia. 3a octansi 10 ... 15 pokis B
3B'SI3KY 3 Pi3KO MOCHIIMIINCS YMOBAaMH €KCIUTyaTalii (BUCOKi poOoUi TeM-
nepaTypu, 30UTbIIEHHS] HaJlyBY, TIOTIpPIIEHHS SKOCTI MajnBa) MmpobiemHu,
MOB'A3aHI 3 BUOOPOM 1 BUKOPHCTaHHSAM MAacTHJI TNPW BHCOKHX I[iHAX Ha
CBITOBOMY pHHKY, IIe OimblI ycKiIaaHWiucs. TeHJICHIISIMH PO3BUTKY
CYIHOBOrO  jau3eneOyJyBaHHS  BIUIMBAIOTh Ha  3MIHY  TEXHIKO-
eKCIUTyaTaliiHUX BUMOT JI0 CYTHOBUX MOTOPHHX MAacTHJI, & TAKOXK METO-
niB BunpoOyBanHs MacTtuid [11]. CyqHOBI MOTOpHI MacTuIia MOIUISIOTCS
Ha TPH BUAHM 32 IPU3HAYCHHAM 1 00J1aCTi 3aCTOCYBaHHS:

1) numiHApOBI MacTwia, SIKMMH 3MAallylOThCs LHJIIHAPH CYIHOBHX
manoobeproBux amseniB (MOJI) kpeinkorndHOro THITy — Jy)KHE YHCIIO
30 ... 70 mrKOH/r, knac B's3kocti SAE40 a6o 50 [12-13];

2) MacTuia sl MallleHHS CYAHOBHX CEPEeJHbOOOEPTOBUX JH3ENIB
(COMT) — myxue ymucio 10 ... 40 mrKOH/r, xnac B'szkocti SAE30 a6o 40
[14-15];

3) MacTuiia, IO 3aCTOCOBYIOTHCSI B LMPKYISLIHHUX CHCTEMax 3Ma-
LICHHS TOJIOBHUX (KPEHIKOM(MHUX), 1 ASSIKHX JOMOMIXHHUX (TPOHKOBHX)
CYIHOBHUX Ju3emiB — JjyxHe uucio 5 ... 15 MrKOH/r, kmac B's3kocti
SAE30 [16-17].

Jlo MacTHJI KO>)KHOTO BH/y BHCYBAIOTHCSl IIPUHIIMIIOBO Pi3HI BUMOTH,
00yMOBJICHI pi3HUMHU chepamMy BUKOPUCTAHHS 1 yMOBaMHU POOOTH: TEMIIC-
paTypHUMH, HaBaHTAXKyBallbHi, KOHTAKTOM 3 arpeCHBHHUM CEPEIOBUIIEM,
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KUTBKICTIO MacTHJIA 1[0 HAJXOIUTh JIO BY3JiB Tepts i T.i. O1HaK 1 Beepe-
JIMHI KOXHOTO BUJY BJIACTUBOCTI MacTHJIa MOXKYTh 3HAYHO BiJIPI3HATHCS,
IO MOB'A3aHO 3 BIAMIHHOCTSIMUA KOHCTPYKIIIK; (POpCyBaHHSAM 3a POOOUNM
MPOIIecOoM; HaIAYBOM; SIKICTIO MaJIMBa, SIKE 3aCTOCOBYETHCS B OHOTHUITHHX
JBUTYHAX, HANpHUKIAA, B KpeHnkondHux ado TpoHkoBux. Lle i Bu3Hauae
piBEeHb BUMOT O HAHBaKJIMBIIIMX €KCITyaTalliiHUX BIACTUBOCTEU Cy/I-
HOBHX MOTOPHHX MAacCTHII.

IMocTanoBka 3aBaanHsA. BukoHaTH OLIHKY eKCILTyaTaliiHUX Xapak-
TEPUCTUK MOTOPHUX MAaCTHJI, [0 BUKOPUCTOBYIOTHCSI B CHCTEMAax MallleH-
HSl CYIHOBHX JIBUTYHIB BHYTPILIHBOTO 3ropsiHHs ([IB3).

Buknan ocnoBHoro marepiany. [Ipobnemu, mos'si3ani 3 HeoOXiaHIC-
TIO PO3POOKH HOBUX LMITIHAPOBUX MACTHII, BAHUKJIIM 1€ HA MoYaTtKy 60-x
POKIB MHHYJIOTO CTOJIITTS Ta OyJM TOB'SI3aHi 3 MOSBOIO HA MOPCHKUX CY/-
Hax MO/ 3 HanayBOM i epeBeieHHIM iX poOOTH Ha EKOHOMIYHO BUTiIHI
MajuBa MiIBUICHOT B'I3KOCTi. BimoBiiai0 Ha MOCHICHHS YMOB POOOTH
MacTui 1 TOTpeOr B HaJaHHI M BiJMOBIIHUX BIACTUBOCTEH Ha()TOBUMH
KOMITaHisIMH OyJIO CTBOPEHHS JEKITBbKOX CIeliaJbHUX MUIIHAPOBUX Mac-
TAA 3 BUXiAHUM JIy>)kHUM uuciioM 40 ... 50 MrKOH/r, 31aTHUX TIEBHOIO
MIpOIO 3HU3WUTH HECHPHUATINBI HAcHiiku ¢opcyBaHHs HaagyBoM MO/ i
BUKOPHUCTaHHS B HUX MAaJIMB HU3bKOI SIKOCTI, IO BIUIMBAIOTh HA 3HWKEHHS
pecypcy mmninaponopuaesoi rpynu (LIID). [oganemii TenaeHmii B exc-
ryaTanii cynHoBux MOJI Oyiu MoB'si3aHi 3 NIMPOKUM 3aCTOCYBaHHSIM B
HUX I1e OUTBII BaKKHUX MANWB 3 BUCOKMM BMICTOM CIpKHM Ta iHIIMX Heba-
KaHUX KOMIOHEHTIB. Jly)KHI IMIIHIPOBI MacThiIa MEPUIOTO MOKOJIIHHS
BXKE TMepecTald BiANOBiZaTH 3pOCIMM BHMOTaM 10 iX BJIACTHBOCTEH, B
MepIry Yepry A0 MPOTU3HOCHUX, MUIOUHMX 1 HEHTpanizyounx. Y 1ei nepi-
oJl IpoBimHMMH 3apyOikHUME HadToBuMH KoMmmaHismMu (Mobil oil, Shell,
ESSO, Texaco, Castrol i iH.) Oynu po3pobieHi 1 BUITyleHi Ha pUHOK U~
TMHIpOBI MacTuia 3 piBHeM nyxHHX uucen 60 ... 70 MrKOH/T, mo nepe-
BEPUIYBAIM 33 CBOIMHU EKCIITyaTallifHUMH BIIACTUBOCTSIMH MacTHJIa Iep-
LIOT0 TIOKOJIiHHS. BHCOKOMYXHI HMITIHAPOBI MACTHIIA APYTOTrO TOKOJIHHS
TPHUBAJIHMI Yac YCHIIIHO 3aCTOCOBYBaUCs B ¢opcoBanux cyaHoBux MOJ]
B YMOBax eKcIutyaTamii Ha nanuBax B'si3kicTio 120 ... 320 ¢Ct npu 50 °C 3
BMicTOM cipku 70 3 ... 4 % [18]. Ekcrutyaraitisi CyZIHOBUX JH3€JiB Ha I10-
JMIOHMX copTax MajuBa i MacCTHJIA MPOBOAMIIACS JIO IMOYATKY HUHIIIHBOIO
CTOJIITTS, KOJIW MOPCBHKHI Ta PiYKOBUH TPAaHCIOPT CTAB MOIMOBHIOBATHUCS
CyJIHaMH 3 JIOBFOXOJIOBHMI MOJCISIMH JBOTAKTHUX JU3ENIB, BUCOKODOP-
COBAaHMMI YOTUPHUTAKTHAMU JTU3EISIMH, a KPiM TOTO, TIOCHIIMIINCS BUMOTH
JI0 €KOJIOTIYHUX MapaMeTpiB poOOTH CyJHOBUX €HEPreTUYHHX YCTAHOBOK
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(CEY) B niyiomy i J/IB3 30kpema [19]. B nmanwuii yac cBiToBe CyIHOIMIABCT-
BO, CY/JIHOBE JM3eIcOyyBaHHs, a TAKOX TEHJCHIII B 3MiHI CIIOCO0IB I1e-
pepoOku HaTH 1 IKOCTI TAJIUB, 10 TOCTABJISIFOTHCS JJISL CYJICH MOPCHKOTO
Ta PIYKOBOTO TPAHCIOPTY, BCTYIHJIM B HOBWH e€Tam PO3BUTKY, 3aBIaHHS
SIKOTO TIOJIATAIOTh Y 3HAYHOMY TTiIBUIIEHHI €EKOHOMIYHOCTI EHEPreTUYHHX
YCTaHOBOK i 3a0e3Me4eHHI MOYIJIMBOCTI BUKOPHCTaHHS B HUX HA/JBAXKKHX
MaJnuB, OTPUMAHUX i3 3aIy4eHHSIM BTOPWHHHUX MPOAYKTIB MepepoOKH Ha-
¢T. HacminkoM Takoro po3BHTKY CTaJO CTBOPEHHS JIOBMOXOAOBHX 1 IMO-
HaJ| JOBroxoaoBux moxeneii MO/, mis sSKkuX XapakTepHE BiJIHOMICHHS
X0y MOpIIHS 70 miamerpy twmiaapa S/D no 4,0 ... 4,5, a B caMux ocTaH-
Hix Monensax 1o 5,0. orroxomori MO/l Bipi3HSIOTHCS BiJl JIBUTYHIB 3
TpaJULIHHUMY CIIBBIAHOIIEHHAMU S/D, 3HUKEHOIO 4aCcTOTOK 00epPTaHHS
Ha HOMIHAJBHIA MOTYKHOCTI, 110 3a0e3neuye OUIbII BUCOKUH 1HIUKATOP-
Huil koedinienT kopucuoi aii (KK) nBuryna i mpomymnbcuBHUi KK]|
Bciel ycranoBku [20]. Bucoka eKOHOMIYHICTh TaKUX JBUTYHIB JIOCATHYTA
1 3aBJISIKK T1IBUIIEHHIO MaKCHMAJIbHOTO THCKY 3TOPSHHS Ta MOJINILIEHHIO
IHIMKATOPHOTO mpornecy. Bcei 1i 3MiHM TpsSMO CTOCYIOThCSI (POPMYBaHHS
MaCTHJIBHOI IUTIBKY Ha MOBEPXHI 3MAIllyBaHUX JCTaJCH.

Amnaiiz cyyacHuX TeHAeHLi po3Butky MO/ nokasye, mo ams 3a6e3-
MEYEHHS HEOOXIiHOI JOBrOBIYHOCTI 1 HAIHHOCTI Cy4acCHUX JBHTYHIB, JIO
HUITIHAPOBOTO MAcCTHJIa BHCYBaIOTHCS OCOONIMBI BUMOTH, 0arato B 4OMy
OUTBIII XKOPCTKI, HIX Ti, siKi BUcyBayucs uis MOJI nonepeanix mojeneit.
30kpemMa, BUMOTH JI0 3a0€3MEeUCeHHS TUIMHHOCTI MacThIa i 3Ma4yBaeMOCTI
MeTaJeBHX MOBEPXOHb HaOYyBalOTh HOBOTO 3HAUEHHS, SKIIO BpaxyBaTw,
10 MeHIIe | T MacTHja MOJAEThCS B IMIIIHAP JIBUTYHA 32 KOXKEH 00epT
KOJIIHYaCTOro Bajia, IPU [[bOMY IUIONIA 3MallyBaJIbHOI MOBEPXHI CTaHO-
Buth 10 10 ... 12 M°, a xin noprras 10 4,0 M. 1li BacTUBOCTI TTOBHHHI
3a0e3nevuyBaTH PIBHOMIPHICTH PO3MOLTY MacThIIa MO BTYIMILI HUIiHApa. Y
nosroxooeux MO/] 30u1bIIeHO B TIOPIBHSAHHI 31 3BMYaitHuMu MOJ] vac
3HaXO/KEHHS! MACTHJIBHOI TUTiIBKHM A0 il TOHOBJIEHHS HA NIOBEPXHi BTYIKH,
B pe3yJibTaTi Y0ro MacTHJIO MOBHHHE BUTPUMYBATH OUIBIII TEpPMivHi Ha-
BaHTa)KEHHS, BUKOHYIOUH HeoOXigHi pyHkuii. OZHUM 3 HalBaXKIMBIIHX
3aBJlaHb € 3a0e3MeUeHHs TOBIIMHY 1 MIIIHOCTI MACTHJIBHOI TUTIBKH B YMO-
Bax HU3BKUX IIBHJKOCTEW MOPILIHS, HAPUKIIAJ, IPH Pyci CyJeH Ha eKOo-
HOMIYHHX XOJlaX, IO JOCHTh IIMPOKO MOUIMPEHE B Cy4YaCHOMY CyIHOI-
naBCTBi. BHCOKa MOTYXHICTh, SIKa MpUMaac Ha OJMHHIIO0 poOOIOro 0b'e-
My nuiiHapiB cydyacaux MO/, nae Benmuke TEIUIOBUAITICHHS, 3HAYHA Yac-
TKa SKOTO CIPHIMAEThCS MACTHJIBLHOIO TUTIBKOIO. [Ipu HemocTaTHiN Tep-
MIYHIH 1 OKHCITIOBAJILHOI CTA0UTLHOCTI MAacTHIIa CTBOPIOIOTHCS TIEPEIyMO-
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BU JUISL TIBUIIEHHSI YTBOPEHHSI HArapiB B 30HI IMOPIIHEBUX Kilelb, IIO
samkye pecype LI, Tomy mMacTuio moBMHHE MaTH JIOCTATHIH CTYICHb
JIETEePreHTHOCT] (MHIOYMX BJIACTHBOCTEH) 1 BUCOKY TEPMOOKHCITIOBAIBHIO
crabinpHicTh. TakuM YWHOM, SIKICHUH CTPHOOK y PO3BUTKY CYIHOBHX
JAB3, 6e3nocepeqHiM YMHOM BIUIMHYB Ha 3MiHY BHUMOT JO IMJTIHAPOBUX
MacTWJ 1 BUCYHYB 3aBJaHHs CTBOPEHHS HOBOTO MOKOJIHHS MAacTHII, IIO
BifnoBijae iM. B omiHIll yMOB poOOTH HHJIIHAPOBOIO MACTHJIa HE MEHII
BaYUTMBUM (haKTOpPOM, HiK mporpec B po3BuTky MO/I, € sikicTh 3acToco-
ByBaHMX mnanuB. [IpoTsirom octanHix pokiB 10 ... 15 pokiB ocoOaMBOCTI
3acrocyBanHs nasuB B CEY 3a3Hanu 3HaUYHUX 3MiH — 3HU3HWJIOCS CIIOXKH-
BaHHS MaJIMB, OTPUMAaHUX 3 BUKOPUCTAHHSIM BTOPHHHHUX MPOLECIB: TepMi-
YHOT0 1 KaTaJIITHYHOTO KpekiHry i iH. [lornmbOnenHs mepepoOku HadTH
CHPUYUHHIIIO YCKIIAJHECHHS 3JIMINKOBUX 1 JUCTUJIATIB KOMIIOHEHTIB. [Ipu
BOMY CIIOCTEpIiraeThcs 30UTbLICHHS! TYCTUHU MajlMB HaBiTh MPU MOCTil-
Hill iX B'i3kocTi. B mporieci ekcruryararii B'SI3KICTh MajMBa MiAAA€THCS
e(peKTHBHOMY perystoBaHHIO IUISIXOM 3MIiHH HOTO TeMIepaTypH; M0 CTO-
CYETBCSI TYCTHHH, TO Yepe3 TOPIBHAHO Ca0Ky i 3aJeKHICTh Bil TeMIepa-
TypH, el BaXKIMBUI MOKAa3HUK MaJMBa 3IUINAETHCS TPAKTUYHO HE3MiH-
HUM B TIPOIIECI MiJrOTOBKH TajiiBa JI0 BUKOPUCTaHHS B jau3eini. CyaHOBI
MO/] i cucremn oOpoOKH MannMBa Cyd4acHHX CyJeH MoAu]iKoBaHi Ha 3a-
CTOCYBaHHS HaJBaXKUX nanus 3 B'sa3kicTio 10 750 ¢Ct mpu 50 °C i ryc-
tuHOI0 10 1010 Kr/M°. Oco6IMBOCTI yMOB POOOTH IUIIHAPOBOIO MACTHIIA
Ha noBepxHi Aetaneil LIII" npu BUkoprCTaHHI MaIKuB 3 BUCOKOIO B'SI3KICTh
Ta TYCTUHOIO BH3HAYAIOTHCS OUIBII TPUBAIMM 3TOPSHHSM IajuBa Ha JiHil
PO3LIMPEHHS, BUCOKUM CTYIIEHEM TEPMIYHOTO BIUIMBY Ha MAaCTHIIBHY ILTi-
BKY, TIONaJaHHsIM Ha ii MOBEPXHIO BEIMKOI KUTBKOCTI Caxki B pe3ysbTaTi
HEMOBHOTH 3TOPSIHHA, TOTPAIUIIHHS KpamenboK HE3ropijioro majivuBa B
TUTIBKY 4epe3 30UTbIIeHHS JallbHOCTI PO3MUIICHHS MaluBa BEIUKOI T'yCTH-
Hu. Takuii mporec 3MilTyBaHHS YaCTHHOK, 110 3HAXOMATHCS Ha MOBEPXHI
HWTIHIPA, YAHUTh HEraTUBHUI BILTMB HA 3MalllyBaJIbHI BJIACTUBOCTI Mac-
THIJIA, COPUSIE 3HIDKEHHIO HOTO0 TEPMIYHOT 1 TEPMOOKHCIIOBAIBHOI cTabi-
JeHOCTI [21].

BukopucTtanHS BaXKKHX 1 HQJBAXKHX MAIUB B KPEHIKOM(PHHUX IH3e-
JSIX 3yMOBJIIOE€ TIOCHJICHHS BHMOT IO PSIy BJIACTHBOCTEH LIMITIHAPOBOTO
Mactuia. [lepm 3a Bce, 1€ CTOCYeThCsl 3a0e3MeUeHHsT HeHTpaizyrouoi
3JIATHOCTI, BUCOKOI TEPMOOKHUCITFOBAIBHOT CTAOLILHOCTI Ta aHTHHATAPHHUX
BractuBocTe mactmia. Koncrpykrusue Brockonanenuss MO/ ta mocu-
JIEHHSI YMOB iX eKCIuTyartanii (OpMyIOTb OCHOBHI BHMOTH, IO BHCYBa-
IOTBCSI IO IIAJTIHIPOBUX MacTHII HOBOTO TIOKOJIIHHS:
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MAacCTHJIO Ma€ BOJIOLITH BIANOBIAHOK B'SI3KICTIO IS 3a0e3neyeHHs
JOCTaTHBOI MAaCTUJIBHOI 3JATHOCTI TP BUCOKUX pPOOOYHX TeMIeparypax i
B TOH K€ Yac IIBHUJIKO PO3TIKATHCS MO TIOBEPTHSIM, IO TPYTHCS;

CTBOpIOBAaTH e()EKTHBHE YUIUTBHEHHS MK MOPIIHEBUMH KUIBbISIMU 1
BTYJIKOIO IIUITIHAPA;

3HWKYBATH JI0 MiHIMallbHOI BETMYMHU TEPTS KOB3aHHS 1 3a0e3nedy-
BaTH BUCOKI aHTH(PHUKIIKHI BIACTHBOCTI;

HEWTpasni3yBaT CUJIbHI MiHEpalbHI KUCIOTH, SIKI YTBOPIOIOTHCS [
Yac CHajJIoBaHHA MalliBa, 110 MICTITh CIpKY;

3armo0iraT yTBOPEHHIO Harapy B 30HI TOPLIHEBUX Kilelb, BIKHAX
BTYJIKHM I[WTIHJPA, HA KJIallaHaX Tra30po3nojily 1 3a0e3nedyBaTd pyXJiv-
BICTbH KiJiellb B MPOIIECi TPHBAJIOI eKCILTyaTallii;

CHAIIOBATHCS B IMJIIH/API, 3aIMIIAI0YH SIKOMOTa MEHIIE Harapy MoX-
JIMBO OLIBII M'SIKOT KOHCHCTEHIIi.

JpyruM BHJIOM MAacTHJa, L0 3aCTOCOBYIOTBCS B KpeHIKONm(pHUX
MO/, € uupkynsiniiiHe UIS MalleHHS PaMOBHX, MOTHJIBOBHX 1 Kpewll-
KOM(HUX MiJIIUITHAKIB, & TaKOJ JUIS OXOJOJPKEHHs MopiiHiB. DyHKIIT
IOr0 MACTHJIA, KPIM MAICHHS Ta OXOJIOJPKEHHS, CKIIAJal0ThCs B 3a1o0i-
raHHi KOpo3ii Ta ipaBiHHA JeTaneil (B TOMY YMCIi 1 B IPUCYTHOCTI BO-
I¥), TATPUMII HEPO3UMHHUX YaCTHHOK B MiIBIIEHOMY CTaHi (Jy1s1 3a0e3-
MeUeHHs YUCTOTH JeTajedl KapTepa JABHUTYHA), TapHEH BOAOBIIIamOvOl
3MATHOCTI, MaJIOi eMYJIbI'YEMOCTI 3 BOJIOIO, & TAKOX CTIHKOCTI JI0 OKHMC-
JIEHHS TiJ 9ac MpOKadyBaHHS Yepe3 BUCOKOTEMIIEpaTypHY 30HY MOPIIHIB.
[MpuHnmoBa cxeMa UUPKYJSLIHHOT cUCTeMH MalleHHs cyaHosoro MOJI
MokaszaHa Ha puc. 1.

SIK IMPKYIALIAHI B OCHOBHOMY 3aCTOCOBYIOTHCSI TPH THUITH MacTHIL:

MacTHjIa 3 aHTUKOPO31HHUMH 1 aHTHOKHCHUMH TIPUCAIKAMU;

MacCTHJIa, IO MICTATh KPiM, IIUX MPHUCAJIOK, I i HEBEIUKY KUIbKICTh
JIYTY 70 piBHsI JiyxHoro yucia 5 ... 8§ MrKOH/r;

MacTwia 0araToI[JIbOBOIO0 TpPHU3HAYEHHS 3 IMiJBUIICHUM BMICTOM
MPHUCAAOK J10 PiBHA JykHoro uncna 10 ... 12 mrKOH/r [22].
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Puc.1. Ckian nupKy/asIiiHOI cucTeMu MalieHHs cyaHoBoro MO/I:

1 — nucTepHa MUPKYISIIIHHOTO MacTuia; 2, 4, 8 — MaciusHul QuibTp; 3 —
MpHUHAOM MacTua 3 Maayou;

5 — nucTepHa UMJIHIPOBOr0 MacTHiia; 6 — TEPMOPETYIATOp; 7 — pydHHI
Hacoc; 9 — BUTpaTHA NUCTEPHA IIMJIIHAPOBOTO MacTuia; 10 — roJoBHUM
NBUTYH; 11 — 3nMBHMI Oak MacTHIIa BiJl CAJILHUKIB 1 IITOKIB TOPIIHS; 12 —
JpeHa)KHUI 0aK Ui pecrBepa MPOoyBOUYHOr0 MOBITPst; 13 — rpsizeBinc-
TIHHUK JUIS CemapaTopiB BaXKKOro NanvBa; 14 — mijJIoH MUPKYISIIHHOrO
Mactuia; 15 — macnsHi cenapatopu; 16 — MacTuIIbHI HacocH; 17 — MacTu-
JIBHI OXOJOMKYyBayi

[epmmii THD TUPKYISAMIKHAX MACTHI, IO 3aCTOCOBYETHCS 1 IO CHX
nip epextuBHUN Tipu podoTi MO/l Ha manmBax 3 MOPIBHSIHO HEBHCOKHM
BMicToM cipku (10 0,1 % mo maci). 3acTocyBaHHS CIpYMCTUX MaUB (3
BMicTOM cipku 10 0,5 % 1o mMaci) 3Myiye BUKOPUCTOBYBAaTH MAacTHJIA, IO
MICTSTh JESKY KUIBKICTh HEHTpani3yroTh MPUCANOK (MacThiaa JPYroro
tuny). Hupkynsmiiai mactria 6araToliiboBOrO MPU3HAYEHHS 3 MiJIBU-
IIIEHUM BMICTOM MPHUCAA0K mpu3HadeHi Ta MamieHHs COJl ta BucokooOe-
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PTOBHUX Ju3eliB. BUKOpHCTaHHS TaKMX MacTHII Aa€ He3alepeydHi nepeBaru
B MOPIBHAHHI 3 IHIIMMHU TUNAMU TUPKYJISIMIHHAX MacTWi B IUIaHI yHiQi-
Kallii aCOPTUMEHTY 1 3py4HOCTi B ekcruryaTamii. OCTaHHIM 4acoM OIHaK
HaMITWJIacs TEHJCHIlS JI0 BIAMOBM BiJ I1X 3aCTOCYBaHHS B JIM3€llb-
reHepaTopax y 3B’sI3Ky 3 MEPEBEJACHHSIM OCTaHHIX Ha OUThII BaXKKi MajiuBa
1 HEIOCTATHOCTI PIBHS MHUIOUMX 1 HEHTPaATi3yIOUMX BIACTHBOCTEH OaraTo-
LUTbOBUX MACTHIL

OcobnuBHiA Klac MPEACTAaBIISIOTh MACTHIIA JUTS TTOTYXHHUX CYTHOBHX
CO/l, mo ekcruryaTyeThCsl Ha BOXKKUX MajiMBaX. Taki Iu3eni BUKOPUCTO-
BYIOTBCSl SIK TOJIOBHI JBHIYHH, IO TEpeNaroTh CBOIO TOTY)XHICTH Ha
T'BUHT, KPOK SKOro perymoerbes [23]. binbmicts cyanoBux CO/l BuKo-
PHUCTOBYIOTBCS SIK JAOTIOMIKHI ABUTYHH, SIKi 320€311€UyIOIOTh MPHBIJI elleK-
TporeHepaTopiB. Bukonanus mactuiiom B CO/] cykymHOCTI QyHKIIH, sKi
B MO/ BHKOHYIOTH /1Ba pi3HHX 3a piBHEM MOTOpPHHX SIKOCTEH MacTHIIa,
BHCHBAIOTh JI0 HBOTO 0CO0MBI BUMOTH. L[i BUMOrM BU3HAYAIOTHCS Cydac-
HUM piBHEM PO3BHUTKY KOHCTpYKii i mapamerpiB CO/l. 3 mopiBHILHOTO
anamizy mapamerpie COJl cnig, mo po3sutok CO/| BinOyBaeThcs B Ha-
MPSAMKY 30UIBIICHHS BIIHOIIECHHS XOJy MOPIIHS J0 JiaMeTpy IWIHIpA,
3HMKEHHS 4YacTOTH 00epTaHHsI, (OPCYBaHHA 1O CEPEAHBOMY e()EeKTHBHO-
My THCKY 1 CepeAHbOI MIBUAKOCTI MOPIIHS, A0 30UIbIIEHHS HUITiHAPOBOL
MOTYXHOCTi. TakKMM YMHOM, 3 TOYKH 30pYy YMOB POOOTH MacTujIa B LIWIi-
HZp1 BIUIMB KOHCTPYKTHBHOrO po3BUTKY COJl aHANOTiYHO BIIUBY PO3BHU-
TKky MO/, a came: 30iIbIIeHHS Yacy KOHTaKTy MacTHIBHOI IJTIBKH 3 poO-
O0oUMMH Ta3aMH, 3pOCTAHHS TEMIEPaTypu 1 MEXaHIYHOTO HaBaHTAKEHHS
Ha TUTIBKY, HaKONMW4eHHs caxi B muiiBdi. Kpim Toro, anamoriune MOJ]
BILJIMB Ha BHUMOTH JI0 MacTHJI Hajae i Oe3repepBHO MOTipIIYEThCS SKICTh
3aCTOCOBYBAHOI'O TajJKBa. 3BiJICH BUIUIMBAIOTh I OCHOBHI BUMOTH, IO
BHUCHBAIOTHCA JIO BIIACTUBOCTEHN MacT Jyist 3marieHns cyaHosux CO/;

3aro0iraTi yTBOpEHHIO BiAKIaJeHb Ha MOPIIHI 1 3aJsraHHs MOpIIHe-
BHUX KiJIel[b B KAHABKAX;

3a0e3nevuyBaTH JOCTaTHIO HEWTPaTM3YIOUIyI0 3JaTHICTh MO BiJHO-
HICHHIO JI0 KOHJIEHCOBAHMX KHUCIIOT, 10 YTBOPIOETHCS B Pe3yibTaTi 3ro-
PSIHHSI CIPYHCTOTO MaJiBa;

3a0e3MevyBaTH BUCOKY MII[HICTh MAaCTHIIBHOI IJTIBKM B YMOBax BEIH-
KHX MEXaHIYHMX HaBaHTAXXCHb Ha JIETaJli TEPTH 1 3amo0iraTu ix 3HOC;

3aro0iraTi Kopo3ii MmiJIIUIMTHIKOBUX CIUIaBIB;

3armo0iraTi yTBOPEHHIO HHU3BKOTEMIIEPATYpHOTO MHUIaMy B KapTepi
JIBUTYHA;
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BOJIOJITH 3/IaTHICTIO BUTPUMYBATH BENUKI KOHIIEHTpAIil caxi Ta iH-
IIMX HEPO3UYMHHHX 3a0pyaHeHb, 30epiraroun ix B ApiOHOAMCIIEPCHOMY
CTaHi;

BOJIOJIITA BHCOKOIO BOJOBMAAJIOIOYOI 3ATHICTIO il Yac cemaparii i
MAaJIOI0 eMYJBripyeMOCTh 3 BOJOIO;

30epiraTé MpoTAroM TPUBAJIOTO Yacy AOCUTh BUCOKHH piBEHb JIy>KHO-
CTi, OIMIPHOCTI OKMCIICHHS 1 IeTeprenTHi [24-25].

Po3Butok i 3miHa mokonink Mactwi Ta COJl aHAJIOTIYHO LUJIIHAPO-
BuM Mactuil st MO/ BinOyBanucst BHacHiqok (GopCyBaHHS i 30UTbIICHHS
UWITIHAPUYHOI MOTYKHOCT1 IBUTYHIB, 1X TEpEeKIaJoM Ha BHCOKOCIPYHCTI
Baxki nmanuBa. {010 OoCHOBHUX (Di3MKO-XIMIYHUX IMOKA3HUKIB Il 3MiHU
MPOSBUIIUCS B 30UIbIIEHH] BUXiMHOT B'A3KOCTI MacTi Bin kiacy SAE30
1o SAE40 (3 migBuienHsM B's3kocti 9 ... 13 10 20 ... 25 ¢Ct npu 100 °C)
1 BUXigHOrO JIy*)HOro uncia jio 20 ... 30 MrKOH/T.

BucHoBkH i mepcnmeKTHBH MOAAJIBINUX JOCHiMKeHb. [IpoBeneHi
JOCITIKEHHS J03BOJISIIOTh 3pOOMTH HACTYITHI BUCHOBKH.

dopcyBaHHSI CyTHOBUX IHM3ENIB MO LHWIIHAPOBOI MOTYKHOCTI MpH3-
BOJIUTH JIO IMi/IBUILEHHS TEIUIOBOI Ta MEXaHIYHOI HANPYKEHOCTI SK JeTa-
Jed IWIIHAPO-TIOPIIHEBOI TPYMH, TaK 1 €JIEMEHTIB KPUBOLIMITHO-
MIaTyHHOT'O MeXaHi3My 1 KOJliH4acToro Baja. Bce me ycknaaHIoe yMOBH
pOOOTH MAaCTHIILHOTO MaTepiaiy, IO 3HAXOAUTHCS Ha MOBEPXHSIX TEPTSI.

Jns miaTpUMaHHS eKCIUTyaTalliiHUX XapaKTePUCTHK CYJAHOBHX MO-
TOPHHUX MACTHIJI iX JIETIPYIOT CHElialbHUMHU XIMIYHUMU PEYOBHHAMH, 10
3a0e3MevyIOTh MiIBUIIEHI TEPMOOKUCIIOBAIBHY 1 TPOTU3HOCHI BIaCTHBO-
CTi.

KonTponp ekcityaTanifHIX XapakTepHCTHK MOTOPHHX MAacCTHJ AOi-
JILHUHM 3ICHIOBATH HE TUIBKK B CICI[IaIbBHUX J1a0opaTopisx, aje 1 Ha
00pTy CyAHa, BU3HAYAIOUH BSI3KOCTHI Ta CTPYKTYPHI IapaMeTpy MacThIIa.
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FORCED OSCILLATIONS OF FLEXIBLE PIPELINES ON SEA
SURFACE WAVING

Problem formulation

In offshore maintenance of oil platforms, a great number of techno-
logical processes on offshore fleet vessels (Diving Support Vessel, Con-
struction Ship, Support and Supply Vessel) directly relate to the operation
of flexible pipelines. Flexible pipelines are frequently used - from work-
ing fluids and fuel feeding to towing various surface and submersible
craft. In some cases, in heavy seas, the flow velocities through the flexible
pipeline can be very high. Ultimately, this will always lead to dangerous
forced oscillations of the flexible pipeline that is used.

Analysis of recent researches and publications

A selection of the length of the pipeline that goes to the underwater
part during the operation of the vessel is one of the determinants. There
may be the cases when incorrectly chosen and set towing modes will lead
to accidents due to large oscillations of the pipe [1, 2]. Prevention of un-
controlled oscillations is possible only in case when the relation of their
frequency spectrum and the power or kinematic loads exerted by the inci-
dent flow is known.

Flexible pipelines due to their design in the form of "pipe - outer cas-
ing of insulation" do not require the use of special turns and compensators
of axial movements during their operation. Their only limitation is the
dependence of the working pressure on the temperature of the pumped
liquid and the value of the maximum diameter as about 160 mm.

When an unrestricted flow of ambient liquid flows around the fixed
pipeline (with curvature), at a certain velocity and above, the location and
shedding of discrete vortices or vortex sheet will take place. In this case,
the vibration will invariably occur, and it will inevitably result in the
mode of undamped self-similar oscillations. Detachable flows should be
considered as basic in the analysis of the interaction of the flow with the
flexible pipeline.

The main problem in the use of flexible pipes is to determine their
equilibrium spatial shape in the flow. The shape of a cylindrical pipe cen-
terline in most cases is a spatial curve which at high velocities of the inci-
dent flow differs considerably from the equilibrium shape in a stable con-
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tinuous flow [1]. The shape of the flexible pipeline is also of particular
importance. Picture 1, taken from [1], shows four specific cross-sections,
most commonly used in practice: elliptical, round, square and triangular.
The diagrams below show that hydrodynamic torque doesn’t arise only in
case of a cylindrical cross-section. In all other cases, with an arbitrary
orientation of one of the main cross section inertia axes of the flexible
pipeline in relation to the direction of the incident flow velocity vector,
hydrodynamic torques arise.
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Figure 1. Influence of the shape of the flexible pipe on the nature of the interac-
tion with the flow [1].

In a common form, the torque hydrodynamic vector can be represent-
ed as follows:

—

-1 B
M:Mgpe1 :ECmpdv,fe1 (1)
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—

where M o — torque; e; — vector that determines the direction of the

tangent to the axis line of the flexible pipe; C, — fluid dynamical factor
determined by the flow angle of attack; p — density of the flow; d — diam-
eter of the flexible pipe; ¥, — normal component of the incident flow ve-
locity vector.

When considering the physical principles of flexible pipelines opera-
tion, that are exposed to ambient liquids external influence, there should
be taken into account the possibility of transition with a certain combina-
tion of system critical parameters to unstable oscillations. Usually a hy-
draulic system, the main element of which is a flexible pipeline, is charac-
terized by the presence of several degrees of freedom. The linear equa-
tions of oscillatory motion describing such a system include factors that
change periodically [1].

Research Objective Statement

The main problem in the task of the interaction between moving flow
and flexible cylindrical pipeline, which performs oscillating movements,
is the lack of necessary data concerning the distribution of hydro- or aero-
dynamic forces on the streamlined surface. This distribution should be
known depending on the shape parameter of the streamlined surface and
the angle of attack of the incident flow.

Investigation results

The incident flow velocity is one of the main factors that affect the
frequency of vortices shedding from the surface of a cylindrical pipe. This
effect is shown in picture 2 taken from [3]. It shows that for all three re-
searched pipelines, the dependence of the frequency of vortex shedding on
the flow velocity can be approximated by a linear law. The graph also
demonstrates that the decrease in pipe diameter is a positive factor for its
oscillations frequency reduction - the same frequencies of vortex shedding
are observed in this case at much higher velocities.

One of the main problems that arise during a flexible pipeline under
water operation is the dynamic load it experiences from the incident flow.
Such a load is directly dependent on the flow velocity.

As it was shown by the results of calculations of the force interaction
between continuous flow and flexible pipeline, three determining parame-
ters can be distinguished: the velocity of the incident flow; the outer di-
ameter of the flexible pipeline; the total length of the flexible pipeline.
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Fig. 2. Influence of flow velocity onto the frequency of vortex separation from
the cylindrical pipeline [3].

1-D=142m; 2-D=122m; 3—-D=1,02m.

In the calculations, for the convenience of the comparative analysis of
the results related to flexible pipelines with different geometry, there was
used a dimensionless flow velocity U. This velocity was formulated as a
ratio between the flow velocity at infinity to the flow velocity at the
frontal point (zero velocity) on the surface of the pipeline.

In the calculations, the value of the distributed load per unit of length
of the flexible pipeline was obtained. The results are shown in picture 3,
where the abscissa shows the values of the working lengths of the sub-
merged flexible pipe. The values of the load F, N, which the flexible pipe-
line experiences per unit of length of its linear meter, are plotted on the
ordinate axis. The three calculated curves shown in the graph below corre-
spond to three different values of dimensionless velocities of the simulat-
ed flow - U=0.31, U=0.47 and U=0.63.

The nature of the load changing onto the flexible pipe has shown that
starting from the values of the dimensionless flow rate exceeding 0.63 (i.e.
more than 63% of the flow velocity at infinity) the working length of the
flexible pipe should be limited to a maximum value of 45 meters. Exceed-



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 85

ing this value in the future can bring a sharp increase in the amplitude of
self-oscillations of the flexible pipeline and a jump in load more than
twice. Thus, as an example in fig. 3, it can be seen that the dynamic load
exerted by the flow of the flexible pipe varies from 86.4 N per linear me-
ter of cable to 170 N/m, i.e. almost twice.
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Fig. 3 Load distribution over flexible pipe.
Dimensionless flow velocity: 1 — U=0.31; 2 — U=0.47; 3 — U=0.63.

Flow picture of fluid motion over of a cylindrical flexible pipe near a
flat screen, which may correspond to the seabed, the working surface of
the underwater platform for divers, etc. differs from a similar interaction
with a completely unrestricted flow. In such hydrodynamical process, a
flexible and moving pipeline will no longer be the only source of flow
perturbation. In this case, the process of vortex formation will be deter-
mined by a double system in the form: "hard screen - streamlined pipe-
line".

For the flexible pipeline, in the course of the flow gap movement
there will be a qualitative change in the factors of frontal and lifting force.
During this flow movement by analogy with Magnus effect there will
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appear additional forces that cause attraction or repulsion of the stream-
lined body to or from the shielding surface. In such a case, the higher the
flow rate in the area between the body and the screen is, the greater such
forces may be.

Picture 4 shows the estimated change in the value of the lifting force
factor C, depending on the dimensionless geometric parameter — a meas-

ure of the distance of the flexible pipe from the rigid flat screen %

From the graph, it is gathered that when the amount of space between
the pipeline and the screen decreases, the amplitude of oscillations starts
to decrease. As the results of numerous studies showed, in this case, a
shift in the frequency (periodicity) of oscillations of the pipeline to a
greater interval takes place.
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Figure 4. Time changing for lifting force factor C, of the cylindrical pipeline at arbitrary
distances from the rigid surface
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Conclusions

1. The nature of the load changing onto the flexible pipe has shown that
starting from the values of the dimensionless flow rate exceeding 0.63
(i.e. more than 63% of the flow velocity at infinity) the working length
of the flexible pipe should be limited to a maximum value of 45 meters.
Exceeding this value in the future can bring a sharp increase in the am-
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plitude of self-oscillations of the flexible pipeline and a jump in load
more than twice.

2. Flow picture of fluid motion over of a cylindrical flexible pipe near a
flat screen, which may correspond to the seabed, the working surface of
the underwater platform for divers, etc. differs from a similar interaction
with a completely unrestricted flow.

3. When the volume of the area between the pipeline and the surface that
is the screen decreases, the amplitude of oscillations starts to decrease.
As it was stated during numerous studies in this case, there also took
place a shift in the frequency (periodicity) of oscillations of the pipeline
to a greater interval.
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MAIN PRINCIPLES OF DETERMINING THE WORKING
SECTION AND LENGTH OF SHIP’S FLEXIBLE PIPELINES

Problem statement

When determining the working section of any ship’s flexible pipe-
line and its basic geometric dimensions it is necessary to proceed from the
theoretical and experimental results for its hydro or aeroelastic vibrations.
By choosing the optimal cross—section of the pipeline, it is possible to
control the emerging dynamic processes in the operational mode [1]. In
terms of ship conditions, a mere increase of a flexible pipeline diameter
can lead to the change of self—oscillation mode from the galloping to the
damped one.

Analysis of recent research and publications

To select the diameter of the working section of a cylindrical flex-
ible pipeline, a calculation algorithm was developed.

At the first stage, when calculating the cross—sectional diameter of
the pipeline, it is necessary to proceed from the condition that during its
operation it will not experience bending or torsion loads. In this case, by
analogy with the pipeline, which has rigid walls, the flexible pipeline must
meet the operational needs of all pressure—flowrate characteristics of the
particular marine hydraulic system under consideration.

For the subsequent calculations, it is necessary to set the range of
changes in the initial characteristics of the flow to be transported through
the pipeline. In this case, the following initial data should be stated:

— range of temperature variations for determination of the proper-
ties of the working fluid 7, ? C;

— density of the working fluid p, kg/m’ and the boundaries of its
variation;

— kinematic viscosity of the working fluid, v, m*/sec and its varia-
tion range;

— length of the pipeline, /, m;

— material of the pipeline;

— equivalent roughness of the flexible pipeline inner surface, 4,
mm;
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— maximum volumetric flowrate of the working fluid, Q,
cub.m/sec;

— working pressure at the beginning of the pipeline, P;, Pa;

— working pressure at the end of the pipeline, P, Pa;

— the height of the initial cross-section of the pipeline, z;, m;

— the height of the finite cross-section of the pipeline, z», m;

— all flow friction factors and related local loss rate, .

When specifying the numerical value of the flow viscosity to be
transported through the pipeline, it is necessary to select the numerical
values that correspond to the minimum values within the set temperature
range. In relation to the density of the flow transported, this rule shall be
applied in the opposite manner — the subsequent calculation shall make
use of the maximum numerical density value.

It is necessary to determine the hydromechanical mode of the
working fluid flow inside the pipeline.

In case when the pipeline is operated in a laminar mode of the
working fluid flow, its diameter can be calculated as

128v l+(2g2j 0

~ 4 (1)
”g(p]_ [(22 - 21)+ szj
1%4 1%4

If the operation of the pipeline is carried out in a turbulent mode of
fluid flow, the convergence method is used, as per which it is necessary:

— to set a series of standard values for internal diameters within the
next range: D, mm: 4, 6, 8, 9.5, 12.14, 16, 18, 22, 24, 25, 27, 30, 32, 35,
38, 40,42, 48, 51, 54, 58, 63, 70, 76, 90.

The selection of the diameter from this range should be done given
that the tolerances within the range from 4 to 40 mm are 0.5 mm, and
within the range from 42 to 90 mm they are equal to I mm [2, 3, 4].

— for the flowrate value Q which is set in the raw data, a number of
values of the required head H, are calculated according to the equation
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where Re — Reynolds number;
— to plot H, against d,

. H = p )i
— based on the set value of the available head {7, =~ (meter of

water column, mH20O), the pipeline diameter d could be calculated using
the plotted relationship.

After determining the value of the calculated diameter using the refer-
ence literature [2, 3, 4, ...], a standard greater diameter should be selected.

The size of the pipeline diameter should be adjusted taking into ac-
count the actual conditions of its operation on board ships.

As it can be seen in figure 1, during their operation on board flexible
pipelines can change their cross—section shape under bending load. In
figure 1, the initial diameter D; of the cylindrical pipe is reduced to the
diameter D; of the elliptical pipe.

Fig. 1. Geometry of flexible pipeline while bending.

In this case, the flexible pipeline bending radius R can exceed its ini-
tial diameter D; up to five times.

For these reasons, it is necessary to ensure the stability of the flexible
pipeline, regardless of the change in diameter. In this case, when selecting
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the working diameter, and therefore the shape of the pipe cross—section, it
is necessary to proceed from the condition of the continuity of the flow of
the liquid transported:

Q_,_nbi 5
QZ VZ 1)22

where V; u V> — flow velocity inside the pipeline with standard and
modified cross—section, m/s.

From (3) it follows that the corrected value of the flexible pipeline di-
ameter should be selected as

”
D, =D, |~ (4)
2 1 I/]

In expression (4), the value of the speed V> should be taken as the
maximum possible value in a specific vessel hydraulic system [5]. When
selecting this value, it should also be considered that the limiting velocity
value for the liquids inside pipelines is about 15 m/sec. At velocities
above this value, cavitation within the moving flow will appear, which
will instantly change all flow—pressure characteristics of the hydraulic
system or simply lead to flow stopping [6, 7, 8].

After the flexible pipeline operating diameter was calculated, special
attention should be paid to issues related with admissible lengths of the
pipe for sea surface work. The emerging self—similar oscillations in flexi-
ble pipelines during working agents transfer from one ship to another can
lead in heavy seas (which can be treated as a source of forced oscillations)
to emergency operating modes. For this reason, float systems should al-
ways be applied when flexible pipelines are used for sea surface work. In
addition to preventing sagging of long pipelines, such systems can act as
forced oscillations absorbers and provide operating conditions with evenly
distributed loads.

Investigation results

According to the results described above, the distance between the
floats must be chosen so that the length of the working section used
wouldn’t be critical. The calculation of the critical length can be carried
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out using the developed mathematical models. An example of such calcu-
lations is shown in figure 2. Based on this plotting, it was concluded that
if the values of the dimensionless flow velocity on the pipeline surface are
more than 63% of the incoming flow velocity, the working length of the
cable should not exceed 45 meters.

An example of the basic estimated lengths depending on flexible pipe-
line diameters is shown in Fig. 2 and table 1.
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Fig. 2 Flow velocity effect on the working section length selection for
1 — pipeline diameter D=50 mm;
2 — pipeline diameter D=100 mm;
3 —pipeline diameter D=200 mm.

The stated data may be treated as preliminary operational values for
pipeline lengths selection. More precise digital readings shall take account
of static pressure and all external and internal dynamic loads affecting the
pipeline surface.
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Table 1. Estimated length of flexible pipelines working sections
at various incident flow velocities

Estimated length of the working area, /, m
Flow velocity for different pipeline diameters
D =50mm D=100mm | D =200
mm
V =0,5 m/sec 61,2 57,8 56
V =1 m/sec 55 55,1 54,8
V=1,5m/sec 48 51 52,7
V =2 m/sec 40,3 43,8 48,2
V =2,5m/sec 32,4 36,7 41,4
V =3 m/sec 25 29,1 33,4
V =3,5m/sec 19 22 25,7
V =4 m/sec 14,2 16,7 19,7
V =4,5m/sec 10,4 13 15,3
V =5 m/sec 9,6 11,9 13,9
Conclusions

1. The occurrence of ship’s flexible pipelines and cables vibrations
during their operation with oscillation under water, near shielding surfac-
es, and on the sea surface in heavy seas is hard to predict using modern
methods.

2. The nature of the distributed load change per flexible pipeline
length unit demonstrates that, when dimensionless flow rate exceeds 63%
in comparison with the flow rate at infinity, the flexible pipeline working
length should be limited to a maximum value of 45 m. The length above
this can cause a sharp increase in the amplitude of flexible pipeline self-
oscillations and load jump more than twice.
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REDUCTION OF TOXICITY OF BURNT DIESEL GASES WITH
THE ADDITIONAL FEEDING SYSTEM

Statement of the problem in general. As a result of the introduction
of new environmental emission standards, manufacturers of motor vehi-
cles and fuels have to use a variety of technologies, systems and units to
reduce harmful substances in the exhaust gases of diesel engines. Modern
development of automobile internal combustion engines takes place in the
following directions: increase of fuel economy and ecological purity; sub-
increase of unit power and weight reduction; creation of hybrid power
plants with an internal combustion engine (ICE); dieselization of
transport; increasing reliability of work and resources; use of alternative
fuels (gas, hydrogen); control of internal combustion engines with the
help of microprocessor technology. One of the ways to solve the problem
is to develop technologies related to the installation of additional equip-
ment on an existing engine in order to reduce harmful emissions into the
environment.

Analysis of recent research publications.

It should be noted new development and use of theoretical insights in
the field of alternative fuel combustion, both for stationary combustion
(gas turbine, rocket engines) and for non-stationary combustion at variable
volumes and pressures (combined reciprocating engines). [1-3]. This has
already allowed to obtain much higher efficiency output (efficiency), and
the utilization of exhaust gases - to reduce significantly the content of
harmful impurities, i.e. to partially solve the environmental problem [4,5].

The task of burning highly viscous fuels is complicated by the fact
that their thermophysical parameters differ significantly in relation to tra-
ditional fuels, which requires a careful approach to assessing the for-
mation of the fuel mixture - spraying, evaporation and mixing with an
oxidant [6]. In addition, the high sulfur content poses additional challeng-
es, especially for exhaust gases to become environmentally-friendly.

The theoretical preconditions for increasing the rate and completeness
of combustion of high-viscosity fuels are determined by the following
considerations.

Combustion of high-viscosity fuels in stationary combustion cham-
bers puts forward requirements for the processes of decomposition of the


https://www.multitran.com/m.exe?s=theoretical+insights&l1=1&l2=2
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jet or veil into droplets, evaporation and mixing with the oxidant (air). The
rate of combustion or the rate of propagation of the flame front is deter-
mined by the values of micro- and macroturbulence, the degree of disper-
sion of the distribution of droplets on the flame front and the spray quali-
ty.

Fractional composition of high-viscosity fuel and thermophysical pa-
rameters of its components are particularly important parameters. One of
the most important arguments that determine the rate and completeness of
combustion is the coefficient of excess air, temperature and rate of heat
release.

Statement of the problem. The listed arguments and parameters at
the correct and scientifically substantiated combination give the chance to
optimize process of burning from economic and ecological points of view,
and reasonable use of free and forced micro-and macroturbulence - to find
ways and methods of real increase of speed and complete combustion of
viscous fuels.

Hence the tasks of scientific research on fuel combustion are formu-
lated: first, economic, i.e. increasing the efficiency of power plants; sec-
ondly, ecological - obtaining the cleanest, without harmful carcinogenic
components of exhaust gases; thirdly, reducing the cost of technologies
and increasing their reliability in operation with any type of fuel.

These tasks are especially gaining value nowadays with a large short-
age of energy resources, which in the nearest future, even if it does not
increase, still will not weaken the relevance of these tasks.

Presentation of the basic research material. We offer the solution of
these problems by using an additional power supply system in the form of
a vortex evaporator-mixer, which works on the energy of exhaust gases or
a gas turbocharger, to use cheap fuel (stable gas condensate) and increase
the thermal efficiency of the diesel engine (Fig. 1).

The use of low-cetane and high-viscosity fuels for diesels puts the
problem of dividing the supply into two parts: the first, as the main,
through the vortex system and the second, as the ignition dose, which is
injected by standard fuel equipment [7]. The vortex evaporator-mixer runs
on the energy of the exhaust gases and allows the use of cheap, relatively
standard, low-cetane fuels, such as stable gas condensate without pro-
cessing.
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Fig. 1. Scheme of an additional diesel power supply system engine: I - zone of
free vortices, II - zone forced vortices; I1I - zone of potential vortices

Using the thermal energy of the exhaust gases with an additional
power supply system (part of the thermal energy is used with a significant
decrease in ambient temperature) to heat the fuel, and using the kinetic
energy of the exhaust gases to spray the heated fuel, eliminates the above
disadvantages of the diesel engine . The ratio of recirculated exhaust gases
to fresh air is chosen so that the combustion of low-cetane fuels is detona-
tion-free at all fast and loaded modes of operation. An additional supply
system is a straight-flowing Ranque tube with a forced vortex flow in the
nozzle inlet, in which the fuel atomizer is placed (Fig. 1). This design
allows you to use an aerodynamic method of spraying with the formation
of fuel droplets with a diameter of 5-40 microns, which satisfies the com-
bustion mode in terms of burnout speed and completeness at any speed of
the engine.

According to the functional diagram of the device for preparation for
combustion of low-cetane fuel in a diesel engine, the fuel pump 3 supplies
fuel from the tank 2 to the evaporator-mixer 1 and the high-pressure fuel
pump 9 (Fig. 2). Prepared for aerosol mixture of fuel and exhaust gases
through pipelines 8 enters through the intake manifold 5 to the diesel en-
gine 6, and clean air through the air filter 4. Selection of exhaust gases is
carried out to the muffler 7 through the pipeline 11, which supplies them
in the evaporator-mixer 1. Thus, the depleted working mixture of clean
air, exhaust gases and low-grade fuel enters the diesel engine through the
intake manifold, and the ignition of the same fuel is fed through the high
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pressure pump 9 according to the usual diesel scheme, through the pipe-
line high pressure 10 and nozzles 12.
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Fig. 2. Scheme of the power supply system of the diesel engine: 1 - evaporator-
mixer; 2 - fuel tank; 3 - fuel-sensitive pump; 4 - air purifier; 5 - suction manifold;
6 - diesel engine, 7 - muffler; 8 - fuel line; 9 - high pressure fuel pump; 10 - high

pressure fuel line; 11 - gas pipeline, 12 - injectors

The presence of exhaust recirculation gases in a mixture with air and
low-cetane fuel reduces the likelihood of detonation combustion due to
the presence of water vapor and hydrocarbon oxide, and improves the
quality of preparation of low-cetane fuel by aerodynamic spraying and
evaporation B Ranque tube increasing the speed and completeness of fuel
combustion which significantly reduces the release of toxic components
into the atmosphere.

The geometric parameters of the vortex evaporator-mixer (width bl
and height h1 of the tangential inlet, inner diameter d1, diaphragm diame-
ter dc) are selected by the air flow of the diesel for the maximum power
mode Nemax and the speed of the crankshaft nmax (Fig. 1) for complete
evaporation is selected by the viscosity of the fuel used, for example, in a
standard supply system, the droplet diameter is 30 um, at the parameters
of the end of compression, the fuel completely evaporates in a stable me-
dium for a range of 0.15-0.18 m In a vortex evaporator-mixer, the way of
the mixture, which passes from the inlet to the outlet (assuming the pres-
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ence of non-evaporating droplets), with a vortex diameter of 0.08 m, with
a vortex frequency of 12000 //min is within hundreds of meters, based on
which to obtain aerosol fuel in the vortex flow /r must be about (7 - 10) dr.

Studies on the use of an additional power supply system in the form of
a vortex evaporator-mixer have shown that the toxicity of CO is reduced
by 17%, and NOx - by 8%.

Conclusions and prospects for further research. An additional
power supply system has been developed in the form of a vortex evapora-
tor-mixer, which uses the energy of exhaust gases and allows the use of
low-grade cheap fuel. It has been proved that the process of mixture for-
mation in the additional power supply system of a diesel engine can be
close to ideal, and the mixture can be obtained close to stoichiometric
regardless of the thermophysical parameters of the mixture.

Based on experimental data, the possibility of using alternative fuels
in internal combustion engines, such as gas condensate and its products,
has been stated. Tests of diesel engines operating on stable gas condensate
according to the specified scheme allowed to prove qualitative improve-
ment of complete combustion processes and diesel start-up at low ambient
temperatures (over -20° C). The studied principle of using vortex process-
es in the additional power supply system with the division of mixture for-
mation into primary and basic ones at forcing diesel engines is the most
advanced for carburetor and gas engines.
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AHOTALIA

3anpornoHOBaHO BUPIIICHHS 3ajadi ONTUMI3allii IPOIIeCiB ropiH-
Hs1 3 EKOHOMIYHOI Ta €KOJIOTTYHOT TOYOK 38 JOMIOMOT'0OI0 BUKOPHCTAHHS
J0AATKOBOI CUCTEMH JKUBIICHHS Y BUTJIsIII BAXPOBOT'O BUIIAPOBYBava-
3MillyBaya, sIKKi MpaIioe BiJ eHeprii BiANpanboBaHUX ra3iB ado razo-
TypOOHarHiTa4a, sl BAKOPUCTaHHS JIEIIEBOT0 MaIbHOro (CTa0UTbHOTO
ra3oKoHJeHcaTy) Ta 30inbiennas TepmivHoro KK/ muzens. JloBeneHo, 1o
MPOIIEC CYMIIIOYTBOPEHHS Y JOAATKOBINA CUCTEMI KUBJICHHS JU3EILHOTO
JBUTYHA MOXXHA HaOJHM3HUTH JI0 iI€aBHOTO, a CyMilll OTPUMYBATH OJIH-
3BKOIO JI0 CTEX1OMETPUYHOI HE3aleKHO Bifl TEMO(I3MUHIX MapaMeTpiB
cyminri. Ha migicraBi ekcriepuMeHTaIbHUX JIJAHUX JOBEICHO MOXKIIUBICTh
BHUKOPHUCTaHHS Yy IBUTYHAX BHYTPIIIHHOTO 3TOPSIHHS aJbTEPHATHBHUX
MaNuB, HAPUKJIA] Ta30KOHJIEHCATY Ta MPOAYKTIB Horo mnepepoOku. Bu-
npoOyBaHHA AW3EINIB, SIKi MPAIFOBAJIM HA CTA0LIBHOMY ra30KOHIEHCATI 32
BKa3aHOI CXEMOIO, JTO3BOJIMIIM JIOBECTH SIKICHE TOKpPAIEHHS MpPOLECiB
3TOPSIHHS 32 TIOBHOTOIO Ta 3allyCKOM JH3eisl TPH HHU3BKHX TeMIle-
patypax HaBkomumHboro cepenobuma (monan —20° C). TokcuunicTh
BignpainboBaHux razie no CO 3umxmiack Ha 17%, a mo NOx — Ha 8%
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IMPROVING THE WEAR RESISTANCE OF THE SURFACES OF
"SHAFT-SLIDING BEARING" INTERFACES OF PARTS OF
SHIP TECHNICAL MEANS

Statement of the problem in general form and its connection with
important scientific or practical problems.

Due to surface destruction during wear, it fails 60-80% of details of
ship technical equipment (STE). Steel and cast irons continue to be the
material of the most STE. Therefore, increasing the wear resistance of
iron alloys, from which STE parts are made, is one of the most important
and urgent tasks. The resistance of metallic materials to various types of
wear is often determined to a greater extent not by the initial strength
(hardness), but by the level of effective strength of the surface layer,
which is achieved during frictional loading. In this regard, one can expect
a significant increase in the most important physical and mechanical
properties of steels and cast irons due to the formation of metastable struc-
tural states in them, capable of intense strain hardening as a result of phase
and other structural transformations under the action of contact loading.

According to modern concepts, the most important physical and
mechanical properties of metallic materials can be significantly improved
by their conversion to the nanocrystalline state. Since nanocrystalline
structures arise naturally during friction, one of the promising and
relatively simple ways of surface nanostructuring of iron alloy products
can be frictional treatment under sliding friction conditions, which ex-
clude noticeable surface heating. Known methods of hardening machining
of steel products (diamond smoothing, running-in, etc.) are usually used
as a finishing operation after the standard heat treatment, including
normalization or improvement. However, it is the deformation of
tetragonal martensite that will maximize the positive effect of deformation
dynamic aging processes to improve the physical and mechanical
properties of steel surfaces.

It is customary to classify alloys with metastable structures as alloys
with metastable austenite, which undergoes a deformation martensitic
transformation under frictional action: chromium, nickel, vanadium and,
as a rule, characterized by a low energy of stacking faults. At the same
time, noticeably less attention was paid to the regularities of the influence
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of carbon unalloyed retained austenite on the wear resistance of iron
alloys.

The purpose of this study is:

to study structural mechanisms that provide a significant increase in
the wear resistance of iron alloys by creating strengthening of metastable
structures of various types (tetragonal martensite, retained austenite,
nonequilibrium pearlite), as well as nanocrystalline friction structures.

Key words: ships' technical facilities, martensitic transformation,
metastable structures, frictional action, resulting in "shaft-bearing
kovzannya".

Presentation of the main investigation material

Under conditions of extremely intense deformation of the material of
the STE parts in the frictional contact zone, not only in the residual
austenite, but also in other phases, structural transformations develop,
which have a strong effect on the effective strength of the surface and,
accordingly, on the tribological properties of materials. As shown by D.
Wilson, D. Kalish, M. Cohen, G.V. Kurdyumov and others, one of the
most significant (in terms of the effect on the physical and mechanical
properties of steels) structural transformations of a-martensite initiated by
plastic deformation is the deformation dynamic aging or "deformation
tempering" of martensite. It is of interest to study the features of the
development of these processes in martensite during friction, including at
negative temperatures - under conditions of reduced diffusion activity of
carbon.

The most effective deformational dynamic aging under loading
develops in untempered (tetragonal) martensite, which, due to its in-
creased fragility, has not been widely used in technology for a long time.
However, with the development of modern hardening technologies (laser,
electron-beam, plasma, etc.), interest in the structure of tetragonal
martensite has increased significantly, since when processing steel
surfaces with concentrated energy flows, effective suppression of the
processes of self-tempering of martensite is ensured, and subsequent
tempering (mandatory in the case of bulk hardening) is often not carried
out due to the preservation of the viscous core of the product. An increase
in the wear resistance of alloys with a martensitic base due to the
activation of the processes of deformational dynamic aging of a-
martensite can also be achieved by optimizing the heat treatment and the
chemical composition of iron alloys.
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Until recently, it was accepted to consider pearlite as the most stable
phase in comparison with other products transformations of supercooled
austenite - martensitic and bainitic structures. However, it was found that
thin-lamellar pearlite in high-carbon steels, obtained at temperatures near
the lower boundary of pearlite decomposition (about 500 ° C), is a
nonequilibrium structure, the increased strength properties of which are
eliminated even with short-term heating, at which no visible changes in
the pearlite structure are observed. In this regard, it is of interest to study
the behavior of this non-equilibrium thin-lamellar pearlite in comparison
with the structures of coarse-lamellar pearlite, upper bainite, and low-
temperature pearlite, which can arise in high-carbon steels in the
temperature range between upper and lower bainite transformations, for
various types of wear.

Since products with the structure of thin-lamellar pearlite can be
heated during various technological operations (welding and tempering of
rails, hot-dip galvanizing or brass-plating of wire, annealing to improve
machinability, etc.) and during operation (frictional heating of the surfaces
of ropes, railway rails and wheels; heating of casting crane ropes with heat
from a molten bath, etc.), it is practically important to study changes in
wear resistance, strength and plastic characteristics of pearlitic steels dur-
ing high-temperature heating.

The tribological properties of metallic materials largely depend on the
structural state formed on their contact surface in the process of friction.
Intense plastic deformation, localized near the friction surface, frictional
heating, and the effect of the environment cause the formation in the fric-
tional metal contact zone of a whole "hierarchy" of specific structures that
are highly heterogeneous in depth of the active layer.

The use of various alloy compositions, carburizing modes, laser (CO»
gas and solid-state YAG lasers), electron beam and volume quenching,
cold treatment and tempering made it possible to reveal the effect of
carbon concentration in martensite on wear resistance (up to 1.35 %),
retained austenite, alloying with substitutional elements (up to 4%),
excess cementite, graphite inclusions, grain size, degree of coagulation
and volume fraction of tempering carbides.

The resistance of carbon martensite to abrasive wear when tested
against corundum (under microcutting conditions) increases linearly as the
carbon concentration in it increases to 0.9% (hardened steel U10) (Fig. 1).
When tested on a softer abrasive - flint, the transition to high-carbon
martensite is accompanied by a sharp increase in wear resistance due to a
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change in the main wear mechanism - from microcutting to plastic dis-
placement (scratching). With the implementation of the plastic dis-
placement mechanism, an increase in the carbon content in the a-phase by
more than 1% leads to a decrease in wear resistance (Fig. 2, e-flint, curve
2) due to the embrittlement of the martensitic structure.
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Fig. 1. Influence of carbon content on abrasive wear resistance €, hardness HRCe,
microhardness (initial Hisx and on the surface of abrasive wear HroB) and the
content of retained austenite y in the structure of carbon steels
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Fig. 2. Influence of hardening temperature on hardness HRCe, carbon
concentration in martensite C, retained austenite content y in the structure and
abrasive wear resistance € of U15 steel: 1 - hardening; 2 - hardening, cool.-196° C

1 - laser hardening; 2 - volumetric quenching, cool. -196 ° C (for steels with
0.83-1.53% C)
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Under conditions of sliding friction, an increase in the carbon
concentration of more than 0.8% can also cause a decrease in the
resistance of hardened steels to the polydeformational wear mechanism
(an increase in weight loss) due to an increase in the brittleness of the
surface layer, which is especially manifested during tests in an oxidizing
air environment (Fig. 3). The embrittling effect of frictional oxidation
leads to a decrease in the resistance to fatigue wear of the surface of high-
carbon steels in comparison with friction in a non-oxidizing nitrogen
atmosphere, while the wear rate of less strong steel 35 during the
transition from an oxidizing to a non-oxidizing test environment increases
sharply, since the resulting under frictional loading in air, oxides interfere
with the adhesive interaction of contacting metal surfaces (see Fig. 3). A
decrease in the test temperature in nitrogen from room temperature to -
196 ° C causes accelerated wear of hardened high-carbon steels, initiated
by their low-temperature embrittlement (see Fig. 3).
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Fig. 3. Influence of carbon content in carbon steels on weight loss of
specimens under frictional loading with an indenter made of VK8 alloy: volume
quenching, cool. -196 ° C (for steels with 0.83-1.53% C)
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The absence of a proportional relationship between the initial hard-
ness and the abrasive wear resistance of martensite is due to an increase in
its ability to work hardening with an increase in the carbon content of
more than 0.5% (see Fig. 1) due to the activation of deformation dynamic
aging processes in high-carbon martensite during wear. These processes
are characterized by the formation of segregations from carbon atoms on
dislocations arising from friction. These segregations are formed due to
the high energy of interaction between dislocations and carbon atoms
located in octahedral interstices of the crystal lattice of a-martensite.

Strong pinning of numerous dislocations by impurity atmospheres
causes intense strain hardening of high-carbon martensite during friction
and the corresponding growth its resistance to various types of wear. Op-
timal alloying with carbon (more than 0.5%) and substitution elements
makes it possible to enhance the positive effect of deformational dynamic
aging on the wear resistance of martensitic alloys. In particular, vanadium
(1.2% V), which increases the ability of martensite to harden during wear,
provides a significant (up to 70%) increase in the abrasive wear resistance
of high-carbon martensite, laser and bulk quenching.

Conclusions

1.The wear resistance of carbon alloys with a martensitic structure can
be significantly increased due to the activation of dynamic deformation
aging processes in tetragonal o-martensite, which under conditions of
frictional action proceed intensively even at low (down to -196 ° C)
temperatures, providing an increase in strain hardening of the friction
surface. This activation is achieved by carrying out thermal treatments,
ensuring the preservation of the highest possible carbon concentration in
the crystal lattice of martensite, as well as alloying the alloys with an in-
creased (more than 0.6%) amount of carbon and substitutional elements
that enhance the interaction of dislocations with impurity atoms in the a-
phase.

2. A sharp decrease in the abrasive wear resistance of carbon, low-
alloy, and cemented iron alloys during low-temperature tempering can be
effectively slowed down by the formation of metastable residual austenite
in the structures of laser and bulk quenching, which, due to the
transformation under the action of friction into high-strength
nanocrystalline martensite, is not inferior to the non-tempered martensite
in cooling wear resistance.
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MOJAEJIIOBAHHSA JOAATKOBUX MICHHEBUX OITIOPIB J1JIsA
CYIHOBOI'O CKPYBEPA

IMocTanoBka mpoOiemu 1 ii 3B'S30K i3 BaKIMBUMH HAyKOBHUMH Ta
NPaKTHYHUMH 3aBIAHHIMHU.

CyuacHi cyana noBuHHI BiamoBigatu umoram MAPIIOJI (Mixna-
pOJIHA KOHBEHIIiS PO 3armobiraHHs 3a0pynHeHHIo 3 cyneH, Jomatok VI)
oo BukuaiB NOx ta SOx [1].

[IpoBigHUME BHUPOOHWKAMH CYJHOBHX EHEPreTHYHHUX YCTAaHOBOK
(Wartsila, MAN Ta in.) [1, 2, 3] nponoHy€eTbCcs BAKOPUCTAHHS ABOX THITIB
3axOJiB I0/I0 3MEHIICHHS BUKHIIB (Tabm. 1).

Tab6muns 4.1 — Hnsaxu 3menmenns Bukuaie NOx ta SOx [3]

3a0pynHioouya 3axin Nel, momo 3me- 3axing Ne2, momo
peYoBUHA HILCHHS BUKHIY 3MEHIIICHHS BUKUTY
Oxcuau cipku SOy [TanuBo 3 HU3BKUM Ckpybep
BMICTOM CipKH
Oxkcuau azoty NOx CeneKTUBHE KaTalliTH-
yHe BigHOBIeHHS SCR

3 po3rasay Tabn. 1 BujHO, 110 JUIsS 3HEMKOKeHHs BUKUAIB NOx Ta
SO« HEeoOXiTHO BUKOPHCTOBYBATH JIOAATKOBE O0JIaTHAHHS, & CaMe:;

— s 3aemkomKkeHHss NOx — ycTaHOBKa CEIEKTUBHOTO KaTaJiTHYHO-
ro BizHoBneHHs (SCR);

— i 3HemKopKeHHST SOx — BUKOPHCTaHHS NalliBa 3 HU3bKUM BMic-
TOM CipKu abo ckpyOep.

B OGaraThox Bumamkax i 3MeHIIeHHs BUKUAIB SOx BHKOPHUCTOBY-
€TBCS CKpPYOep.

CkpyOepy BUTOTOBJISIOTH JEKiIbKa KOMITaHIM, TPUHITHII Jii CKpyOepa
CKJIAZIA€ThCS 3 MPOMYCKaHHS BiANPalbOBaHUX Ta3iB CYAHOBHX JIBUTYHIB
Kpi3b pianHHUH map. EdextuBHicTs ounctku SOy 3aNeXHUTH BiJ B3aEMO-
Iii B CUCTEMI ra3-piinHa, 0 J0CATAETHCS IUITXOM 3a0€3MeUEeHHS CTAIOr0
TIPOMHAMIYHOTO PEKUMY POOOTH CKpyOepa.

AHaji3 nocaimkensb i myosikaniii. B skocTi npukiany cymaHOBOI cH-
cremu ounctku SOy Ha 0a3i ckpyOepa pO3rIsSHEMO CHCTEMY KOMITaHii
«Harris Pye Engineering» (puc. 1) [4].
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Pucynok 1 — Mogens ckpybepa «Harris Pye Engineering» [4].

CynHoBa cHcTeMa OYMCTKM BHKOHaHa kommanieio «Harris Pye
Engineering», sika mporoHye KIi€HTaM MOPCBHKOTO CEKTOPY YHIKaJbHI Ta
IHHOBAIii{HI pillIeHHS, B TOH e Yac MIATPUMYIOUN e(eKTHBHICTh, SKICTh
Ta Oe3neky. Ckiia] CUCTEeMHU HaBEICHUH Ha puc. 2. [4].

[puniun podotu ckpyOepa mnonsrae B HacTyrnmHoMmy (puc. 2): 3a0pyn-
HEHHH Ta3, 10 BUIANSETHCS Bill TOJOBHOI'O JBUTYHA HAJXOIUTh HA OYU-
LICHHS, JIe pearye 3 PiAMHOI0 10 PO3MOPOLIYETHCS, 4 psilaMH 3pOlIyBa-
YiB,

B ninomy 10 HemomnikiB excrTyaTalii cKpyOepiB TaKoro THUIY MOXKHA
BITHECTU YYTIUBICTH JO TAPOJUHAMIYHOTO PEXKHUMY, [0 BUKIIMKAE HEOO-
XiTHICTH 00OB’SI3KOBOTO MEPEXOy Ha JU3elbHE MallbHE Ta HIBEIIOE €KO-
HOMIYHY JIOIUIbHICTh BUKOPUCTAHHS CKpyOepa, mo (opMye OCHOBHY
METy poOOTH.
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Pucynok 2 — ®parment cucremu «Harris Pye Engineeringy [4]

Meto10 po6OTH € ONTHMI3alis TIAPOIUHAMIYHOTO PEXHMY POOOTH
cKpyOepa 3a JIONOMOTO0 JOAATKOBHX INTYYHHX MICIIEBUX OIOPIB JUIS
3a0e3neyeHHs] MaKCUMaJIbHO MOKIIMBOTO PIBHOMIPHOTO PO3MOALTY LIBH/I-
KOCTeH B Iepepisi anapary.

BuknagenHss ocHOBHOT0 martepiany mocaimkennsi. [lns gocarHeH-
Hs TIOCTABJICHOI METH HEOOX1IHO 3MIHUTH KOHCTPYKIIIIO anapary Tak Io-
Ou 3a0e3meunTH HAOLIBII PIBHOMIPDHUN TiAPOJUHAMIYHAN PEKUM POOO-
TH amapary Ta MepeBipuTH e()EeKTHBHICTh BHECEHHUX 3MiH IUIIXOM MOjIe-
JIIOBAHHS TeUii ra30BOr0 MOTOKY B CKpyOepi.

Jlnst mpoBeieHHsT YMCI0BOrO MOJICIIOBaHHS po0OTH CKpyOepa 00'eKT
JOCTiKEeHHsI OyB pOo30MTHI Ha PSAJ] B3a€EMOITOB'I3aHUX OKPEMHUX MOJIEITIO-
BaJIbHUX OJIOKIB:

1. Ha nepmomy erami po3po0iieHO TBEpIOTUIBHY MOJIENb anapary.

2. Po3pobieHa Mozenb 10JaTKOBOTO «BHYTPIIIHBOTO MIiCIIEBOTO OIO-
PY», OJHOIIAPOBOTO, IBOXIIAPOBOTO Ta TPHOXIIAPOBOTO.

3. Ha Tperbomy erarni po3paxoBaHa TiJpoJuHaMiKa MOTOKY MOBITPs B
arnapari.
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Ha nactynHomy ertami poOOTH MPOBEAEHO AOCIIKEHHS KOHCTPYKIIil
CKpyOepa NLIIXOM CTBOpeHHs 3a joromororo SolidWorks ta Flow
Simulation [5] TpuBMUMIipHOI TBEpAO-TIIBLHOI MOJENI 1 KOMII IOTEpPHE MO-
JIeTIIOBaHHsI Teviid ra3y B HiM.

Komm’toTepHe MoentoBaHHsI KOHCTPYKTHBHOTO BUKOHAHHS Ta TiApo-
JUHAMIYHOTO PEKUMY poOOTH cKpyOepa MICTUTh HACTYIHI MOACIBbHI
O10KH:

1. CTBOpEHHS TBEPAOTLIBHUX MOJIEJIel €IIEMEHTIB anapary.

2. MopentoBaHHS TiIpOAWHAMIKH CKpyOepa 3 pi3HUMH THUIIAMH «BHY-
TPILIHIX» MICIIEBUX OIOPiB.

7. Bizyanizauis Teuiil B anapari.

Poszainenns Moeni Ha psij| iepepaxoBaHUX OJIOKIB JI03BOJISIE 3pOOUTH
OKpeMHu# aHaii3 poboTu ckpyOepa, MpUUOMY aHaJi3 TiAPOAMHAMIYHUX
PEXUMIB MOXKHA MPOBOAMTH B Mipy CTBOPEHHS TBEPIO-TUIBHUX MOJEINeH
eJIEMEHTIB amapary.

Ha nepmomy erami monentoBanHs Oyiia CTBOpEHa TBEpIOTLIbHA MO-
Jenb THIIOBOTO —amapary asanoriyHa KoHcTpykuii «Harris  Pye
Engineering» (puc. 1).

HactynmHuMEU KpoKaMmu € CTBOPEHHS Y BUTJISIII OKPEMHX TBEPIOTiNb-
HUX MOJIeTIel arapaTy 3 OJHOLIAPOBUM, JABOXIIAPOBUM Ta TPHOXIIAPOBUM
BHYTPIIIHIM «MicIIeBUM» oropoM (puc. 3 - 5).

OnrtuMizaniss KOHCTPYKIIHA Ta MPOEKTYBaHHS CKpyOepa MPOBOAUTHCS
3 TBEPAOTUTFHUMH KOMIT'IOTEPHUMHU MOAETSAMHU. AJIEKBaTHICTb 1 TOUHICTb
MaTeMaTHYHUX MOJeNiedl BU3HAYAE€ CYKYIHICTh BPaXxOBaHHX (aKTOpiB i
HNPUNHATUX JTONYLIEHb.

MaremaTnyHa MOJIENlb MIOTOKY Ta3y B CKpyOepi 0a3yeTbesi Ha piBHSH-
Hsx Hag'e - CTokca, piBHSHHSI HEpO3PUBHOCTI, 3aKOHY 30€peKeHHs eHep-
ril.

CyuacHi 4MCIIOBI MeTO/M pilleHHs piBHAHL Hag'e - Ctokca no3Bos-
I0Th OOYHCIIOBAaTH TPHUBUMIPHI 3aBIaHHS B PO3PaXyHKOBHX OOJIACTAX,
TOYHO BiJITBOPIOIOTH T'€OMETPII0 00'€KTa JOCITIKEHHS, MPU JOCUTh TOY-
Hill yCcTaHOBIII BCiX BXiJHHX mapamMerpis [5].
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PucyHnok 3 — Mopens ckpyOepa 3 OfHOIIAPOBUM BHYTPIIIHIM «MicIie-

BHM» OTOPOM

Pucynok 4 — Mopens ckpyOepa 3 JBOXIIAPOBHM BHYTPIIIHIM «Miclie-

BHM» OTOPOM

Pucynok 5 — Mogzeins ckpy0Oepa TpbOXIIapOBIM BHYTPIIIHIM «MiCLIEBUM OTIOPOM
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[IpoBenenns uncenbHUX po3paxyHkiB B Flow Simulation Bxirouano B
ce0e HACTYIHI OCHOBHI €Taru:

- 3aBaHTaKEHHS T€OMETPUYHOI MOJIElTi;

- MO0y 10Ba CITKOBOI MOJIENi PO3paXxyHKOBOI 00J1aCTi;

- 3aBJIaHHSI IOYATKOBHX 1 IPAHUYHHUX YMOB;

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

- HaCTpoHKa MapaMeTpiB pillICHHS;

- 3aIlyCK PO3pPaxyHKY i OTpUMaHHS Pe3yJIbTaTiB 00UHCIIECHb;

- Bi3yaJstizallisi Ta aHaji3 pe3y/ibTaTiB YUCEITBHOTO PO3PAXyHKY.

UmncenpHi po3paxyHKH MPOBOMMIKCS Ha 2-X SACPHOMY IMpOIecopi
I[TEOM 3 8 I'6 onepatuBHOi nam'sati. Yac oTprMaHHsI pe3ylabTary pillleHHS
cranoBmio Bix 0,5 1o 1 roguHu.

MogaenroBaHHS pyxy raszy y amapati IpOBOAWIOCH OKPEMO ISl KOX-
HOI MOJei.

Jlani mMaTeMaTW4Hi MOJENi JIO3BOJISIOTh IUISXOM IMOOYAOBU TIONIB
HIBHJIKOCTEW BHUSIBUTH PalliOHANBHUIA peKuM poboTH ckpybepa. Bizyaii-
3allist pO3MOALUTY NIBUAKOCTEH B MOJICIISIX HABEACHA HA puc. 6 — 9.

53.061
47166
41.270
35374
29479
23583
17 687
11.791
5.896

i]
welocity [mis]

Cut Plat 1: contaurs
Flows Trajectories 1

Pucynox 6 — Monenb pyxy NOTOKY HOBITps B IIOJIOMY arnapari
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52805
47.017
41.140
35,263
20,386
23500
17 632
11.754
5877

1]
Welocity [mis]

CutPlot1: contours
Cut Plot 2 contours

Pucynox 7 — Monenb pyxy MOTOKY MOBITpSI B TIOJIOMY arapari 3 o{HOIIa-
POBUM BHYTPIIIHIM «MiCIIEBHIM) OIOPOM

52752
46,391
41.030
35.168
28,307
33.445
17.584
11723
5.861
0

welocity [mfs]

Cut Plot 1: contours

Pucynox 8 — Monenb pyxy MOTOKY MOBITps B TIOJIOMY arapari 3 JBOXIIa-
POBUM BHYTPIIIHIM «MiCLIEBHIM) OIIOPOM
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52.683
46.829
40.875
35122
29.268
23414
17.561
11.707
5.954

0
Welocity [mis]

Cut Plot 1: contours

Pucynox 9 — Monens pyxy MOTOKY MOBITps B TIOJIOMY arapari 3 TpboXIla-
POBUM BHYTPIIIHIM «MiCIIEBHM) OIOPOM

Amnai3z TpaekTopiil pyXy HOBITps MOKa3ye, M0 HAWOUIBII piBHOMIpHE
MoJie MIBUAKOCTEH CIOCTEPIracThcsi MpU BUKOPUCTAHHI TPHOXIIAPOBOTO
BHYTPILIHBOTO «MiCILIEBOT'0» OTOPY.

OpHak Juis 3MEHIIEHHS 3arajbHOr0 KOE(IIIEHTY MICIIEBOrO OIOpY
amapary OUTbII JIOIUIBHO BHKOPUCTATH KOHCTPYKLIIO 3 JBOXIIAPOBUM
BHYTPIIIHIM «MICIIEBUM» OIIOPOM, sika 3abe3rneuye no0pe po3noiieHHs
HIBHJIKOCTEW Ta MEHIIMHI 3arajbHUMN OMip anapary YduM MpH BUKOPUCTaHHI
TPHOXIIAPOBOTO «MiCI[EBOT0)» OIOPY.

BucHosku

1. Jlnst mocmijikeHHs T€Uiid ra3y B MOJOMY CKpyOepi po3poliieHi do-
TUPH TBEPIO-TUIBHI MOJeNi anapaty (MOJHi anapar, Ta amapaTt 3 JoAat-
KOBHMH OJTHO- JIBOX- Ta TPUIIAPOBUM MiCIIEBUM OIIOPOM).

2. UucnoBe MOJICTIOBAHHS TeUiil Ta3y B IMOJIOMY amapati 1okas3ayio Ha-
SIBHICTh 30HU MiJBUINEHOI IBUAKOCTI HA MIPOTHIISKHINA CTIHII Bijl BXiHO-
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ro narpyOka (puc. 6), 10 CHpHUsE MPOCKAKYBAHHS IIKiJUIMBUX PEYOBUH
Kpi3b anapat(6e3 eeKTUBHOrO OUHIIICHHS).

3. Bisyanizamis Tewiil ra3y B amapaTi MoKa3ye 3HaYHO MEHIIY 30HY
MIJIBUIIEHOT IIBUKOCTI MPH YCTAHOBIII B arapati JI0JJaTKOBOI'0 «MICIIEBO-
ro» onopy (puc. 7-9).

4. Jlns 3a0e3Me4eHHsT OJJHOYACHO PIBHOMIPHOI'O PO3MOJIUTY IIBUIKOC-
Tei B mepepi3i amapaTy Ta HE BHCOKOTO 3arajlbHOr0 KOE(illieHTYy Omopy
amapary paiioHaJbHO BUKOPUCTATH JIBOXILIAPOBHI MiCIIEBUH OMip.

PesynbraTtu mpoBeneHOro JOCTKEHHS JTO3BOJSIOTh BBAXKATH JIOITi-
JBHUM OiNTBII JieTallbHE OCTIHKEHHS! MOZIENeH ABOX- Ta TPHOXIIAPOBUM
MICI[EBUM OIOPOM 3 MOJICITFOBAHHSM 3POIICHHS B anapari.

Po3pobneni moaeni ckpybepa MOXKYTh OYTH BUKOPHUCTaHI TIPH MPOBe-
JIeHH1 HayKOBO-JOCHIJHHX, TUCEPTALlifHUX POOIT MaricTpaHTiB, acmipaH-
TiB, HAYKOBUX MpAaIiBHUKIB Ui MOPIBHAJIBHOI OIIIHKH e(eKTHBHOCTI Po-
00TH CyIHOBHX CKpyOepiB.
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MOJAEJIIOBAHHS HAIIPYKEHO-AE®OPMOBAHOI'O CTAHY
3ABUXPYBAYA JIUIs1 CKPYBEPA 3 BUXPOBOIO TAPIVIKOIO

IHocTanoBka mpo0JieMH i ii 3B'A30K i3 BaXKJIMBUMH HAYKOBUMH YH
NPaKTUYHUMH 3aBJAaHHAMHU. Po3poOka cydacHuX 3aco0iB 3axXHCTy Ha-
BKOJIMIIHBOT'O CEPEIOBHINA BiJl BUKHIB CYAHOBHX EHEPreTHUYHHUX YCTa-
HOBOK (CEYVY) € akTyaJIbHUM 3aBIaHHSIM, JIJIsl BUPIIICHHS SKOI IPOBOJISATH
3HaYHUN 00CAT AOCTIKEHb MPOBiHI BUPOOHUKU OOJIAZIHAHHS MOPCHKOT
rany3i (MAH. Bsipering ta iH.). OgHUM 3 eeKTUBHUX TEXHIYHUX PillleHb
s ounitienns rasie CEY e ycranoBka ckpyoepa [1, 2]. BaxnuBoro Biac-
TUBICTIO, 1110 HEOOXiJHA i HaaidHOI POOOTH CYIHOBUX CKpyOepiB €
MIIHICTh KOHCTPYKLIH amapary siKi B3a€EMOJIIOTh 3 PiIMHAMH 1 Fa3aMu.

Ananiz gocaimkens i myoaikamiii. B poGoti [3] 3ampomoHoBaHa
KOHCTPYKIIisl CKpyOepa 3 BUXPOBHI TapiIKOIO, SIKUH MOXke OYTH BHKOpPHC-
TaHWUU JJI OYMIIECHHS Ta3iB, 10 BIIXOJATH Bl CYJHOBOTO TEILUIOCHEPTE-
THYHOTO 00NaaHanHs (puc. 1). KoncTpykiiist ckpyOepy 3 BUXPOBOKO Tapi-
JIKOIO, J03BOJISIE IHTEHCH(IKYyBaTH MpOLIEC OYMILEHHS Ta3iB 3a paxyHOK
CTBOPCHHSI BUXPOBUX TEYill HA TapUIIIi arapary.

ABTtopamu B po0OoTi [3] y mporieci AOCHIPKEHHS CKpyOepa OCHOBHA
yBara TMpHIiIsiacs 3a0e3NeUeHHI0 PalliOHAIBHOTO TiApOIUHAMIYHOTO
pexuMy poOOTH amapaty, AJsl TOCHIIKEHHS TiApOAWHaMIKK Tedii Ta di-
JbTpalii B cKkpyOepi BUKOPHCTaHUI MPOTrpaMHHiA KOMILTEKC [4].

Pobora BHXpOBOro eneMeHTa MOJNATae B HACTYIHOMY: 3a0pyqHEHUIH
ra3 HaAXOAWUTH 3HU3Y anaparty, NOTpaIuIse B 3aBUXpYBay, 1€ 3aKPy4y€eThb-
cs 1 Teue B3J0BXK CTiliku BinOiliHMKa (puc. 2). 3BepXy Ha TapuIKy HaJxo-
JMTH 3polIyBasibHa pianHa (puc. 1). 3a paxyHOK B3aeMoil MOTOKY 3a0py-
JTHEHOT'O TIOBITPA 1 3pOLIYBAJIbHOI PIIMHM HA MOBEPXHI TapllKu yTBOPIO-
€TbCSl MIHHUU (QUIBTPYIOUMH MPOMIAPOK, Yepe3 SKHH MPOXOAWTH Ta3 i
OYMINAETHCS BiJI MKITTUBUX PECUOBHH.

B mporeci ekcrutyaTamii anapaTy BajXXJIMBHM IHTaHHAM € 3a0esrie-
YeHHS HaJIHHOCTI KOHCTPYKIii BHUXPOBHH TapiliKH, sIKa CKIaJA€ThCS 3
BCTAHOBJICHMX B Hili BUXPOBUX €JIEMEHTIB CIICIiaIbHOI KOHCTPYKILii (pHC.

2).
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Pucynok 1 — TlpuHnummoBa cxeMa KOMOIHOBAHOTO CKpyOepa 3 BUXPOBOIO Ta-
pinkoro [3]

BinGiMHWMA gWCK

oTBip

afama nonari

Pucynok 2 — Ilepepi3 TBepIOTiIBHOI MOIEN BUXPOBOTO eneMenTa [3]
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Tomy 1 BCEOIYHOrO JAOCHIKEHHSI KOHCTPYKILii armapaTy paiioHaib-
HO MaTH XapaKTEPUCTHKH BIUIMBY TiIpOAWHAMIUYHOI HaBaHTa)KCHHs Ha
MIIHICTh JIONATeH, CTIMKW 1 BiAOIMHUN TUCK 3aBHXpyBada. Taki JOCIi-
JDKEHHS MOKHA BHKOHATH, BUKOPHCTOBYIOUM KOMII IOTEPHE MOJIEIIOBAH-
Hsl, SIKE TPYHTYEThCSl Ha MeToai KinueBux enementiB (MKE) 3a momomo-
T'OI0 ITPOrpaMHOro 3a0e3nedeHHs [5].

MeTo10 1aHOTO JOCJTiIKEeHHsI € CTBOPEHHS 3a JJOTIOMOT'0I0 KOMIT'TO-
TepHOI mporpamu [4] mojeni HanpyxkeHo-aedhopmoBanoro crany (HJC)
JionaTel, CTiMKM 1 BiOIHHOTO JKMCKA 3aBUXpyBaya, Ta aHaIi3 CMmp po3-
MOJIUTY 3yCHJIb Ta 3MIIllEHb ITiJ JI€I0 TiIPOJMHAMIYHOTO HABaHTAXKCHHS
MOTOKY Ta3y, LIO MOJAETHCS Ha OYHCTKY.

Anroputm moaemtoBanHs HJIC 3aBuxputenst BKIIOYa€ HaCTYIHI eTa-
u:

1. BopoBakeHHST TBEpIO-TUILHOT MOJENI 3aBHXpyBaya B MPOTrpam-
Hul Moaynb pociimkenHs HJIC.

2. 3aBIaHHs MaTepialy 3aBHXpyBaya.

3. BusHaueHHsI OOMEXKECHb.

4. 3aBIaHHS HABaHTAXKEHb, TPUKIIAICHUX IO TTIOBEPXOHbD.

5. AHaui3 po3nojAUTy 3yCHIIb Ta 3MIIICHb B MOJICII.

6. Bizyauizaiiist pe3yJibTaTiB MOJICITIOBAHHSI.

[IpoBesaeHi po3paxyHKH 3aCHOBAHI Ha JIHIMHOMY CTATHYHOMY aHaJIi3l,
B TPUIYIIEHHI, [0 MaTepial € aHI30TPOIMHUM 3 HACTYITHUMH NPUITYIIEH-
HSIMU:

— JiHilHE OBEiHKY MaTepially BiAMOBIIHO 10 3aKoHY ['yka;

— 1HJIyKOBaHi 3MIIIICHHS € JIOCUTh HEBEJITMKUMHU, 00 HE BPaXOBYBaTH
3MIiHU B JKOPCTKOCTI B pe3y/IbTaTi HABAHTAXKEHHS;

— JWHAMIYHI eeKTH He BPaxOBYIOTHCS, TOMY IO HaBaHTaKEHHS
MPHUKIIAIAI0THCS MOBUIBHO.

B pospaxyHkax ans 3aBHXpyBaya MPUKHHATO MaTepiall - JIUTa HepKa-
Bitoua cTasib (3 0i0JioTekH nporpamu [4]

Jns mpoBefieHHST TOAAJbIINX PO3paxyHKiB Oyau oOpaHi moBepxHi
3HAXOJIATHCS B «BIJIHOCHO HEPYXOMOMY» CTaHi IO BiJJHOIICHHIO 10 HaBa-
HTaXCHb 1[0 BIUIMBAIOTh HA JIOMATI, IIe BEPX BiIOIMHOrO JAMCKY Ta Kpai
nonaTel sIKUK 3akpiruieHnid 1o obiimu (puc. 3, a). [lotim BU3HauUeH] Me-
XK1 JIoTaTeil Ha SKi BIUIMBAIOTh CHJIM TiAPOJMHAMIYHOTO THCKY (pHC. 3, 6).

B pesynbraTi npoBeZieHHsT pO3paxyHKiB MOJeNi OTpUMaHa Bi3yanbHa
iH(opMaIlis 1Mo: po3MOaLTY 3yCHIIb B Mojieni (puc. 4); po3mojIily 3CyBiB B
mozeni (puc. 5);
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0)

Pucynoxk 3 — Monenb 3aBuxpyBaua 3 HakJIaJeHHIM OOMeXeHb (@) 1 HaBaHTa-
xeHHs (0)

Pucynok 4 - Emopa po3nozniny 3ycuiib B 3aBUXpIOBadi
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URES: (mm)
2.484-003
22776003

2070003
.1.863e-003
1 BS6e-003
.1 448003

12420003
hin: 1 .000€. ?1 035003

.8 281e-004
.6211e-004

4141e-004
2.070e-004
1 000e-030

Pucynok 5 — Emopa 3cyBiB B 3aBuXproBaui

Amnaniz HJIC moneni mokasye, 10 3rHHAJBHI 3YCHILIS BIUIMBAIOTh
HalicuibHIIIe Ha HeHT Jonated (puc. 4, 5). Kpim Toro 3MinieHHs nepena-
I0TBCSI Ha CEp/ICYHUK 3aBUXpYyBaya i CTIHKY BimOiiHOro nucka. Haiibinpmi
nedopmalrii CroCTepiraroThes B CTIHI BiIOIMHOrO JUcKa B 00JIaCTi OTBO-
py 3a0e3nedye MUPKYJIIAII0 PIIUHY.

i nii (B mpoteci TpUBaIoi eKCITyaTallii) MOXXyTh TIPUBECTH JIO BiJ-
pUBY Jonarteil Bix 000WMH, 110 3MIHUThH MOAAJIBII YMOBH POOOTH CKpY-
Oepa.

Hns nocnimkenass HJC 3aBuxpyBaya B yMOBax «BiIPHUBY JIOMaTei»
BiJ 00oiimMu, OyB MpoBeneHHH TOJaTKOBUI YMCEIbHUN EKCIIEPUMEHT (3a
YMOBHU TUIBKW OJIHIET 3aKPIIUICHOT JionaTi, TOOTO perita 4 jonaTi 3aBHX-
pyBaya - «BifipBaHi»). B mboMy BHUMaaKy MOBEpXHI 3HAXOAATHCS B «Bill-
HOCHO HEPYXOMOMY» CTaHi 1O BiJIHOIIEHHIO 1O BIUIMBAa€ HAaBAHTAKEHb
3MiHIOBaTHCS (pUC. 6, @), a MEXI JionaTell Ha K BIUIMBAIOTh CHJIU TiJpO-
JUHAMIYHOTO THUCKY 3allUIIATbCc TAaKUMH SIK 1 B MOMEPEAHBOMY AOCTi-
JOKEHHI (puc. 6, 0).

Ananiz HJIC mopmeni mokasye, mo B pasi «BiAPUBY JIOmaTeil» Bif
000liMH 3ycHIIIs BIUTMBAIOTh HaliCMIIBbHINIE Ha Kpaii nonatel (puc. 7, 8) i
crifiky. KpiM Toro nuHamiyaa Bi3yaniizaiis Moka3ye BUHUKHEHHS 00epTa-
JILHOTO (CKpYy4Yye€) 3yCHWJIIS Ha CTiiiKy BifOiliHOro aucka. B mux ymoBax
edexTuBHA poO0Ta CKpyOepa HEMOXKIIMBA.
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0)

Pucynox 6 — Monenb «3 BiipuBoM 4 jtonareii» 3aBUXpyBada 3 HaKJIaIeHHIM
oOMexeHb (@) 1 HaBaHTakeHb (0)

wvion Mises (Mm*2)
T2 e+007
7.261e+007

_B.B01e+007
_9.941 e+007
_S.2581e+007
4 B20e+007

| 3.960=+007
! 3 300+007
_ 2 Fdle+007
_1.980+007

1 3208+007
£i.601 2+006

2.195e+002

Pucynox 7 — Emopa po3nofiisry 3ycuit B 3aBUXpIOBadl IIpH BipuBi 4 jtonaTei
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URES (mm)
1.927e-002
1.7EGe-002

1 G0Ge-002

1 445e-002

1. 284e-002
J14248-002
L 9634e-003
| 8.025e-003
_B.422e-003
481 Te-003
3.211e-003

1 G0Ge-003

1.000e-030

Pucynox 8 — Emopa 3cyBiB B 3aBUXpIOBadi ITpy BipuBi 4 nonareii

BucHosku

1. [poseneno moxentoBannss HJIC npu BIUmMBI TiIpoauHaMivyHOl Ha-
BaHTa)KEHHS Ha 3aBHXpYyBau CKpyOepa 3 BHXPOBHH TapiiKor, AJsl ABOX
BapiaHTIB poOOTH amapary:

- B MEPUIOMY BHUMAJKY - MOZACTIOBANACS BIUIUB TiAPOJMHAMIYHOI Ha-
BaHTa)KEHHS Ha 3aBUXPYBad 32 YMOBU HOPMaJbHOI poOOTH;

- y Ipyromy BUNAJIKy MOJENIOBAaBCS BIUIMB T1IpOJUHAMIYHOI HaBaH-
Ta)XKCHHS Ha 3aBUXPUTENb 32 YMOBH BiIpHBY YOTHPHOX JIOMATEH.

2. Komm’roteprae mopentoBanust HAC 3aBuxpyBaya, 1aio MOKJIHBICTh
JOCTaTHBO TIOBHO OI[IHUTH WMOBIpHiI Aedopmaiii i Micus pyHHyBaHHS
HOro KOHCTPYKTUBHUX €TEMEHTIB.

3. Anani3 emrop J03BOJIMB BU3HAYMTH 30HU (Ha MOBEPXHSIX JIOMATEH
Ta CTIHKH) B SIKUX CHOCTEPIraroThCsi MAKCUMABbHI 3yCHILIS 1 3MilIEHHS.

4. PesynmbraTi mposeneHoro pociimkenns HJIC 3aBuxpyBaya ckpy-
Oepa 3 BUXPOBOIO TapUIKOO, IMiJ A€l TIAPOJMHAMIYHUX HAaBaHTAXKCHB,
110 BUHUKAIOTh B MpOLIEC eKCITyaTamii MOXYTh OyTH BUKOPHCTaHI JUIS
MOPIBHSILHOI OI[IHKM HaJIIHHOCTI JIONATOK 3aBUXPYBaviB Pi3HOI KOHCTPY-
KIIii MpW MPOBEACHHI HAYKOBO-JIOCHIHUX, TUCEPTAIIIMHUX POOIT Marict-
paHTiB, acmipaHTiB, HAYKOBUX MpAIiBHUKIB, a TaKOX MPH MiArOTOBII 0
cepTu(dikanifHIX BUNPOOYBaHb CKPYOEpiB.
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BILJIUB I'A3Y HA PYX MACTHMJIA 110 I3EPKAJTY HAJIIHIAPA
The abstract

The publication is devoted the decision of an actual problem increase
efficiency operation of ship diesel engines by perfection processes greas-
ing of cylinders.

It is interesting to consider the simultaneous movement of the liquid
film of oil and gas flow in the case when the latter is turbulent. Estimating
the speed distribution in this case is quite a time consuming task. There-
fore, only its first stage is considered here, which consists in obtaining an
asymptotic solution for large values of x.

The prospect of practical application of two-phase gas-liquid film mo-
tion is quite attractive, especially in the case of the same direction, when
the stabilizing effect is manifested. A quantitative description of such
motion is considered exhaustive if the components of the velocity vector,
the oil pressure, and the film thickness are determined. These characteris-
tics are obtained by solving the basic equations of the mechanics of con-
tinuous media, including the equations of momentum transfer, continuity
and macroscopic balance.

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

Pyx macTumiia mo azepkany HUIIHApA SBISIE COOOK CTIKAHHS HOTO 1O
TJIAJKIA TBEpAil MOBEpXHi, puc.l, mix gi€ro cunu Bard. ToBIIUHA ITIBKA
3aBXIU BUSBISIETHCSA 3HAYHO MEHIIE 11 IIUPUHU, a4 OTXKE, PyX MacTWIA B
IbOMY BUTIAJKY MOYHA PO3TJISAATH K IBOBUMIPHUIA.



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 127

14 UB\ 0
ATy
l 0 Yy
Lo
MAacTHIBHA
ILTiBKA
!
I
ll
<l r o
YX X
Puc.1. Xapaxkrte Xy MacTHJIa .
" P THppr y Puc.2. Cxema ra3oBO-piIuHHOTO
. v TUTIBKOBOT'O PyXy MK IHJIIHAPOBOIO
BUILHOMY CTIKaHHI O JI3e€pKaITy . .
. BTYJIKOIO 1 TIOPITHEBUM KiTBbIIEM
HUTIHIpa

KinpkicHUH omuc TaKOro pyXy BBa)Ka€ThCsl BUUEPITHUM, SIKIIO BH3HA-
YeHi KOMITOHEHTH BEKTOpa INBUAKOCTi, THCK Y MacTWJi W TOBIIMHA
wrBke. LI XapakTepucTHKH MOXYTh OyTH OTpHMaHi 3a JIOIMOMOTOO
BHPIIICHHS OCHOBHUX PIBHSHb MEXaHIKH CYIUTLHUX cepenoBuil [1,2], mo
BKITIOYAIOTh PIBHSHHS MEPEHECEHHs! IMITYJIbCY, HEPO3PUBHOCTI i MaKpo-
CKOITIYHOT'0 OaJiaHCy.

MatemMaTHYHHUN OMKC TUTIBOK, HIO CTIKAIOTh MO TOBEPXHI, IPYHTYETh-
csi Ha Qi3uuHiil Moneni, mokasanii Ha puc.l. IlmiBka cTikae BHH3 IO
TBepail noBepxHi y=0, i MaTeMaTHYHA MOJICIb PYXY 3alUCYETHCSI CUCTE-
MO0 nu(epeHIiaNbHUX PiBHSAHB, 10 3B'SI3yIOTh KOMIIOHEHTH BEKTOpa
MBUAKOCTI # 1 v, TUCK P i ToBmmHY A. [yis HeIOTOHIBCHKOT piiuHU OC-
HOBHHMH DPIBHSAHHSIMH, IO OMHCYIOTh pyX, € piBHsAHHS Hap’e - Crokca,
PIBHSHHS HEPO3PHBHOCTI W PIBHSHHS MaKpOCKOMiYHOro OamaHcy. [lis
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BEPTUKAJILHOI TUTIBKM MACTHJIa Ha JI3EPKaNi IWIIHJIpPA KyT HAXWIy MO-
BEPXHI 710 TOPU30HTY y=90°.

PosrisiHemMo naMiHapHUI pEXUM pyXy IUIIBKA MacTuja MO MOBEPXHi
n3epKana muiiHApa. BiH Moxke iCHyBaTH NMpH BUTpaTax, MEHIIHMX, YUM
JISsIKe KPUTUYHE 3HAUCHHS, 10 3aJISKUTh BiJl BIACTUBOCTEH PinuHM (I10-
BEPXHEBOT'0 HATATY, B'I3KOCTI), BIACTUBOCTEW TBEPAOI MOBEPXHi (HAIPU-
KJaj, i mepmaBocTi), HasIBHOCTI TOBEPXHEBO-aKTUBHUX pedoBHH (ITAP) i
T.IL.

Pyx mamiHapHOi TUTIBKM MacTuja 3aJieXHTh BiJl Pi3HHUX (aKTopis,
3B'SI3aHHX SIK 3 00'€eMHUMH (KyT HAXWIIy TBEP/0i MOBEPXHi, B'SI3KICTH pilu-
HU), TaK 1 3 TOBEPXHEBUMH IUHAMIYHUMH BILUTUBAMHU (PyX TMPHIIETIOTO
ra3zy, IOBEpXHEBa IMPYKHICTb, MOB'A3aHa 3 aJCOPOII€I0 MOBEPXHEBO-
AKTUBHHUX PEYOBHH 1 iH.).

ExcniepuMeHTanbHa TepeBipka [HMX pe3yNbTaTiB  3AIHCHIOETHCS
BUMIpDOM TOBEPXHEBOI IIBHUAKOCTI, MPOQLII0 IIBUAKOCTI W TOBIIUHH
TLTIBKY.

BukopuctanHs Mpo30puX [IiNISHOK HArHITAIBHOTO TPakTy Ha Jo-
CHIJHIN yCTAHOBII JO3BOJISIE BECTH Bi3yalibHI CIIOCTEPEHKEHHS 32 CKOPO-
MUHYYHMH MIPOIECaMHt SIK Y KaHall, Tak i 3a Horo MexaMu - Ha JI3epKaJii
nutiegpa. Jlins Bi3yarabHOTrO CIIOCTEPEKEHHS 3a MPOLIECOM T0Jadi MacTH-
Ja B IJIHJP, Y 3araibHi cXeMi JOCIiIHOT YCTaHOBKH BUKOPHCTOBYETHCS
IIBUJIKICHA KIHOKamepa.

JlamiHapHu# pyX IUTIBKK 3BHYAHO ACOIIFOETHCS 3 ICHYBaHHIM Ha T0-
BEPXHI TUTIBKH JOTHYHHMX HANpPY>KeHb, 10 BUKIMKAHI IWHAMIYHUM BILIU-
BOM mipuJierioi ra3oBoi ¢asu. [Ipu BiACyTHOCTI BUMYILIEHOTO pyXy Ta3y I
HaTpy>XeHHs 3BUYaifHO He OepyThCsl B PO3PAXYHOK.

Bumymienuit pyx raszy icToTHO BIJIMBaE Ha pyx IUTiBku. Lleld BrumB
3BHYAHO BPaxOBYETHCS B TPaHWYHIA yMOBI PIBHOBaru CHJ Ha MOBEPXHI
raz-pinuna (1) uyepe3 BEIHUUHH PuG 1 PiG:

y=h, puyL =DPc*+PnG- PiL=PiG- (1)
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l—h'2 auG 9 h' [auG N auG }

u
1+n? ox T AN o
V2 ’
1-h 6uG 6UGJ h 6uG
PG = MU + —4u .
G G1+h'2[6y ox Clen?

Takum yrMHOM, yMOBa Oe3MepepBHOCTI TEH30pa HAINPYT Ha TpaHMIl
ra3-piiuHa npuiimae BUI

y=h, p+o h +2;11_h,2 Ou PG+
= N —_—= G
o
f2 !
+2/1G1_h26uG+2/1G h 2(5MG+80G}
1+h'= Ox 1+h=\ Oy  Ox 3)
du ) W u_
“ oy Ox ”Gl_h,z ox
ou ov h'  Ou
= ug G 9%G |_4 . G
Oy ox 1—-4'> Ox

KomnonenT BekTopa MBHUAKOCTI (i, 0g) 1 TUCKY Ta3y (pg) 3a10-
BOJILHSIIOTh PIBHSHHAM PyXy W HEPO3PHBHOCTI. Y 3araibHOMY BHUIIAIKY
BOHH MArOTh BUTJISIT

0 0 9
uGg oG e °G =—l PG +
Ox oy p Ox

2 bl 2 g -i)ac |

X X Y 24

“4)
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+v =
"G Ox G Oy p Oy )
L9 (VGW(Gt))@U_G L0 (vc+v(é))6”—G,
Oox Oox oy Oy

ou ov
G276y, 6)

ox oy
VY 1mmx piBHSHHAX UG, Ug 1 pc CepeaHi 3a yacoMm. BenuunHa

0=,

G(x, y) € BHXpOBa KiHEMaTH4Ha B'A3KICTb (VI JaMIHAPHOIO

pyxy V((t;)=0)-

Posrisinemo namiHapHHi pyx ra3y B KaHaJli MOMEPEYHOTO PO3MIpy
2r (puc.2). Ilo criHmi cTikae pigka TUTiBKa ¥ y3mM0BX ii pyxaerbes Tas.
Butpara ra3y i MacTiiia Ha OAMHUIIO IIMPHUHK KaHay BiamoBimHO (g i
Q. Bick x HampaBlieHa 3a Teui€ro rasy, a / - 3aj1aHa XapaKTepHa JIOBXKUHA
rriBky. JlamiHapHHH Ta30BO-PIIMHHHIA PyX OMHCYETHCS PIBHSIHHAMH
Har’e - Crokca Ta (1) i (2)...(6), siki MOXyTh OyTH TIpeAcTaBicHi B 0e3-
PO3MIpHOMY BHJIi 32 JIOTIOMOT'OK0 HACTYITHUX CITiBBiTHOIICHB:

x=Xy=Xu-ty- L po P ol gl

! h u el pir? ! h
Xg=2, vg=2, Ug=2C, vg=  C P; =¢; Reg ?2

[ r UG EGUG PGH

r h 0 0 P ¢
e=—, Ho=—, up = G, Re G , & =—, )
G G G=5 5 1

r I’G VG r
,OGLT2 _ _
G HGUG u

Op=—"" O="—""—" Op=—o

pil pi iG
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Tyt @ i h - cepeHi 3HAYeHHs MBHUAKOCTI PyXy ¥ TOBIIMHM TLTiBKH
npu x=1/.
oug orG
=G ~r=0, ®)
oy ox
Po3x0o/pKeHHST XapakTepUCTUK MacIiTabiB THCKY y ABOX (azax €
HACIIIIKOM TOro (akTy, 10 cujla B’S3KOT0 ONOPY B ra3i KOMIEHCYETHCS
nepemnagoM THCKY (6.24), y Toi yac SK cuia Omopy B PiluHI KOMIIEH-
CYETHCSI TPABITAIIIMHOIO CHJIOO:
Ou
H—=pgh. 9)
oy
[IpuBeneHi piBHAHHA NPHUBOAATH IO HACTYIMHOTO KpaiOBOro 3aB-

JaHHA (IpH v(t; =0):

2, A2
Judy U, 0Py 1, 11,200, 00 (10)
ox oY oXx Fr Rel oax2 ayz

Ul v |+

)
[61/ 6V) oP s[gzar/ o2y J an

oxX oY) oY Re ax2  oy2
8U 8V 0, (12)
8X aY
H'=(V/U)y_y. (13)
P,
eol Ug oUg g oUg 1 | 0P 2 02 Ug 02 Ug ’ (13)
oXg oYg ReG 6XG aXG ayé
2 2
g% Uo Vg +VG6VG _ 1 O0Fg; —Séa Vo —géa Vg ’

+ b
oXg  0Yg (16)
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1

j UgdY =1,
Hg

(17)
YZO, U=V=O, YZH, YGZHGZSIH, (18)

UG=02U, VG=8102V, YGZI, 6UG/6YG=O, VGZO, (19)

OU , 20V 4s’H' oU _
BY oX 1-g2g?ox

2771
4s2H
:91 &1 G+88G aVG_ i GzaUG 9
6YG 6XG 1_8GHE; 6XG

e2H" 2 (1 e2H' )6H+
We(l e H'z)z/ 1+‘92H'2) ox

2 5VJ

0 28(;( -£G HG ) oUg N
’ ‘9GReG ReG(+sG Hy )5XG

P+

(20)

Re l+¢ H'2

+

2¢¢  H (8UG vt aVGJ '
ReG 1+8G2H'G2 8YG 8XG

I'pannuna ymoBa (17) Bupakae MakpOCKONIYHUHN OanaHC (CTalicTh
BUTpATH ra3y) y3[OBX IUTiBKH, a yMoBa (19) cmimye i3 cumerpii pyxy.
3naku "+£" TYT i Jayi 03HAYAIOTh OJHAKOBHH 1 MPOTHIIGKHUN HANPSIMKH
PYXY piAvHHU i ra3y BiAMOBiTHO.

PiBusinHs (10)...(20) BUMararoTh MOCTAHOBKY IPaHUYHHUX YMOB MPH
X=0 i X — oo y TOMY BHUIAJKY, SKIIO MOTPIOHO 3HAWTHA aCHMIITOTHY-
HE PIIICHHS, CIIPaBEJIUBE JIJIs OUTBIINX 3HAYCHD X.
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Jliis nux 1iei, 3aBaanHs BapTo po3B’szyBatu npu G=0. Lle Bigpa-
3y K NPUBOIUTH JI0 HEOOXiMHOCTI MOKJIACTH &£=( y NMX PIBHSHHSX,
OCKUTbKU &;=€. OcTaTO4HA CIpaBa 3BOJUTHCS JIO HACTYITHOTO KpakoBO-
ro 3aBJIaHHS:

o°U _Re 0P ou ov (Vv
o= oo, L0, H'=|—|
ov: T F oY oxX oY Ve

=0, , H'= 21

1
U P P
¢_% g _, g, K Vs _, JUGdXG=1, (22)
G Hg
SGRGG
ou oUg
oy NGy, ¢=0 G =€10, (24)
oUg
v, =1, &G
G oYg 3)

3aBiaHHS BUPINIYEThCS OE3MOCEPENHBO, 3 TOYHICTIO JIO JBOX
JOBUTBHUX (DYHKIIH:

A(X)=(0Ufo )y B(X)=Ugly_p,-

OcrtaHHi1 BU3HAYAIOTHCS, BUXOIMUU i3 rpaHnuHuX yMoB (14). Ilicns
HEOOXiIHUX TEepPeTBOPEHb MPUXOAUMO JI0 HACTYIMHHMX BHpakeHb Jisl H i

Pq:
2
, 8191 d PG aPG

H="""—>2/|+3-g6—~|, 2

2 ax2 1 laXG (27)
&=(11302H2J 1, g0, —C i (28)
oXg 2 3 oxg )

0P

[Ticnst BUKITOUEHHS st H oiepxKyroTh

XG
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H'®(H)=0, (29)

npuaomy D(H)#0 ams moGoro X. 3 1mporo cuimye, mo H'=0, T.u.
H=1i

U=3(1—817917J (Y—Y2/2)+ &r7Y, (30)

3 g6 T Y2 &2
Ug=0,| =L 7|+ Yo——S -+ 1
G 2(2 J l_gl(c 2 5 @31

ne t=0Ug/0Y; mnpu Y=H, a h il BU3HAUAIOTHCS YMOBAMHU MaK-
POCKOIIYHOr0 OaaHCy:

1 H
IUGdYG =1, IUdel. (32)
Hg 0

OcTaTouHO JjIs BU3HAYEHHS 7,4 14 BHUXOJUTHh HACTYIHA CHCTEMa

anreOpaluHuX CITiBBIIHOIICHD:

02(2_ SIQITJ (1—81)+%T (1—812)

1,

2 4
WP =and| 1-c Heta 2 | 33
e .
7= 4 HGUGQ
2ur

[Mpuuomy y Bunajaky 3ycrpigHoro pyxy 0,<0 u 6,<0, BHaCIiI0OK TOTO IO
U<0.

Amanis piBasus (10)...(20) nokasye, mo icuye intepsan /y < x </
, Y SKOMY MO)KHa OJIep»KaTH aHAJIITUYHE pillieHHs 3aBaanHs. HkHsa Mexa
LBOTO MiIIHTEpBaTy BU3HAYAETHCSA K Kparka, y sSKiii mpodijab MBUIAKOCTI

CTae He 3aJISKHUM Bij BXigHOro mpodimo (mpu x=(0), a BepxHiii BHU3HAa-
Ya€eThCSI MEXKEIO 1CHYBaHHS JIaMIHAPHOTO IPUKOPAOHHOTO IIapy B Ta30Biif

¢asi.



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 135

IcHyBaHHS Takoro iHTEpBaly OOYMOBIIOETBCS PO3XOIKECHHSM I10-
PSIKIB BETMYWH MapaMeTpiB ¢ 1 &g. PimeHHs mMoxe OyTH OTpUMaHe JUIs

BHUIA/IKY, KON €< 1, eRe< 1 i eé <ggReg <1.
3 ypaxyBaHHSM I[MX YMOB CHCTEMa MPHIAMAE BH/
2
o°U _Re 0P ou ov 14
F— 0 -0, H' [ j :
Y=H

D Y e =Y ——t——= )
or: Fr oy ox  ov (34)
ouU, ouU, 1 oP, U
UgL+Vg—%=- ¢ - 2G (35)
6XG 6YG &G RGG 6XG aYG
P _, 0Ug Vg _
g | Xg oY (36)
Y=0, U=V=0, (37)
Y=H, Yg=Hg, P= % Y _gq%Y
SoReG 8Y aYG (38)
UG:02U, VG=8192V,
oYg

Bona sierko BupinryeThcs 3a yMOBU MaJIocTi mapaMeTpiB 01€1 10, [1]
3a JIOMOMOI'OK0 METOIy 30YpEHHS i MPUBOAUTH JI0 HACTYITHUX BHUPAKEHb
ISt TPOITIO IBUIKOCTI:

i =
u= i[i 2hyy F yz + auG |HGPGHG y}
2v pg \ X
v = 4G /#GPG“G y.
4pux X

ne o.=0,3320..., hg = (3V3Re/g)/3, air=ghd[3v.
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VY Takuii ke croci0 (Ipu HEOOXIJHOCTI) MOXKHA OJIepKaTH BUpa-
YKEHHS JIJIsl pO3paxyHKy HIBHIIKOCTEH pyxy rasy (ug, Ya).

LikaBuM TpencTaBIsETHCS PO OJHOYACHOTO PYyXy piakoi
TUTIBKM MacTWJIa ¥ Ta30BOTO MOTOKY B TOMY BHIIAJKy, KOJIW OCTAHHIA €
TypOyneHTHUM. OIliHKa PO3MOUTY IIBUKOCTI B I[bOMY BUIIAJKY € JIOCUTh
TPYAOMICTKMM 3aBJaHHSIM. TOMYy, TyT pO3IJISIHYTa JIMIIE Tepia ii cramis,
IO CKIAAAEThCA B OJIEPIKAHHI aCUMITOTHYHOTO PIlIEHHS Ul BEIHKHX
3Ha4YeHb X.

KpatioBe 3aBnanHs (hOPMYITIOETHCS aHAJIOTTYHO PO3TJITHYTUM BUIIIC
Ha OCHOBI piBHSHB (4)...(6). [Ipumyckarouu, Mo BUXpoBa B'S3KICTh 3alie-
XKUTb TUTBKHU BiJl TONEPEYHOI KOOPAMHATH, MOYKHA 3aMHCATH
Vg) _p Ug

41
ﬁGl’ 8YG ( )

3aKoH 3racaHHs JOBKWHH LUISXY MEpeMilllyBaHHS MepeadadacTbes
HACTYIIHUM:

L=y(vg—eH). (42)
3Bigcu npu € = &g = 0 3aj1a4ya npuiiMae BUJ
U _R
— = ;_e (43)
oY Fr,
oF, 0 oUg |0U,
LG - C N1+ Reg g2 (¥g - H PG |26 (44)
Xg oY oYg | oY
YZO, UZVZO, YZH, YGZSIH, UG=02U, (45)
U UG
v &Y —
oY g (46)
UG
Yo=1, —%=0.
¢ oY “47)

Benmnunna X sBnsie co00r0 eMITipUYHy KOHCTaHTy. MOXHA MpHITY-
CTUTH, IO BOHA MA€E Te K caMe YMCeNbHEe 3HAUCHHS, IO U Y BUMAKy PyXy

mo0M3y TBEPAOi CTIHKH, TOOTO X=0,43. Tokasuuxk CTyIeHs k MOXKHA
OLIIHUTHU TUIHKU HA MiJCTaBI EKCIIEPUMEHTAILHUX TaHuX. bygeMo BBaxa-
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TH, IO BiH OyJie MpUIIMAaTH JIMIIE 1T 3Ha4eHHs. Toi pillleHHs 3aBIaHHS
(43)...(47) MmoxxHa 3anMcaTH B HACTYITHOMY BUII [2]:

B 3 1_»
U—[:;—Eglglf} [Y—EY }4‘8191‘[}7, (48)
Y
UG:92[§_81911j+ 2t J‘ (l—n)dn

) 1+Jl+4Rem<;—n><n—el>2k )

Tyt h,u oTpuMmaHi 3 yMOB MaKpOCKOIIYHOTO OaslaHCy

j UgdYg =1, j Udy =0. (50)
81H 0
a rz@UG/éYG npu YG 281H.

s BU3HAYEHHS 7,/,u BHUXOJUTHh HACTyIHA aireOpaiuyHa CUCTe-

Ma:
3 _ 43, HolcQ -
“0 v 2ur u, SH
n3—+n3l - #G”G 72 50
ho( Sy (52)

2 4 80k2 1+4/4
4Regr” (261 (n—&)*

(2k +1)2K+1

PiBHsinHS (53) oTpuMaHO B pe3ysbTaTi anmpoKCUMAaIlii MiiHTerpaib-
HOi (yHKUI1 y BuUpakeHHI (49) MOTIHOMOM YETBEPTOrO CTYIEHs, M'STh
HEBIJIOMUX YHCIOBUX KOE(DIIliEHTIB SKOTO BU3HAYAIOTHCS, BUXOIIYH 3
3aJaHMX 3Ha4YeHb (QYHKMIi 1 11 mepurii noxigHid npu # = ¢;1n = 1, a Ta-
KOX 3 1l MAKCUMaJIbHOI'O 3HA4YEHHS.

BusHauntu mepenag THCKY y JABO(Aa3sHOMY Ta30BO-PiIMHHOMY
MOTOIIl TPAKTHUYHO JYXKE CKIAIHO. € JesKl eKCriepuMeHTaNbHI NaHi [3,4],
npeacTaBieHi Ha puc.3 i 4 Ui nepenajgy THCKY pyXy ra3oBO-PiIMHHOTO
MOTOKY.

Qz(i_ﬂJ(l_gl)Jf%T(1—812){“(2k+1) 1- \/_]

(53)
A=1+




2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 138

OueBHIHO, 110 PEKHUM PYXY B OHOMY HANPSAMKY XapaKTepH3YEThCS
OuIble cIa0KOr0 3aJISKHICTIO Iepenaay TUCKY BiJ uucna PeifHonbia, HiX
PEXHUM 3yCTPIUHOT'O PYXY.

3 iHmoro OOKy, pyX B OJHOMY HampsMKy, OYEBHIHO, pPOOHTH
crabinmizaniifHuil BIUTMB Ha ABO(A3HUH pyX. Y LbOMY BUMAJKy Iepenaj
THUCKY MTOYMHAE 3POCTATH MPH JISSIKOMY TOCHUTHh BHCOKOMY 3Ha4eHHI 4nclia
Pefinonbia. ¥V BUmagKy *® 3yCTPIUHOTO PyXy Pi3Ke 3pOCTaHHS Mepenaay
TUCKY TIpY TIEBHOMY 3HadeHHI Rer mpuBOAWTH y pe3ynbTari 70 SBUILIA
"saxnuHaHHA". Kputnune 3HaueHHs Reg, 1110 BiANOBigae pexumy "3axiiu-
HaHHs", yOyBae 3 poctoM Rer, sk mokasano Ha puc.4

AP, TIa Reg

100 850

! N
yd B
T

50 /f 700

-30 —‘ﬁﬁ\ 400 \&\ 1\

! \g

2 2,5 3.0 100 300 500 700 900 10(

=
/

Puc.3 Xapakrepuctuku pyxy Ma-
cTHia:
1-o1HAaKOBHIT HANPSAMOK pyXYy; 2-
3yCTpIUYHHUI HAIPSMOK PyXy MacTH-
na irasiB
Bapro nmam'staTu, 1o AaHi, npeacrasiieHi Ha puc.3 i 4, He ocTa-
HYTBCSI TAKHMH K JUTS IHIIUX YMOB PyXy - 1HIIOI reoMeTpii, mupuHi 3a30-
py # T.m. Xoua scHO, IO MPH MOMIPHHUX 4Kciax PeliHonbla nepenan Tuc-
Ky Oyze I0BOJIi MaJIUM SIK Y BUIAJIKy OAHAKOBOI'O i 3yCTPIYHOT'O HAIPSIM-
KiB pyXy MacTHJja i ra3is.

Puc.4. XapakrepucTuku pexumy
"3axJIMHaHHS" TIPU 3yCTPIYHOMY
HaTPSAMKY
pyXy MacTHIa i ra3iB
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s ocoOmuBicTb pOOHTH MEPCIIEKTUBY MPAKTHYHOTO 3aCTOCYBaH-
HSl 1BO(a3HOTO Ta30KUAKICTHOTO ITIBKOBOTO PYXy JOCHTH MPHBAOIIHU-
BOIO, OCOOJIMBO Yy BHIMAJKy OJHAKOBOTO HAMPSAMKY, KOJH TMPOSBISETHCS
crabinizariiauii epexr. [Ipapna, HaaMipHe 30UTbIICHHS uncia PeliHOMb-
11a TI0 Ta3y MPUBOAUTH 0 TAKUX JOAATKOBHX €(DEKTiB, SIK PO3BUTOK XBHIIb
BEJIMKOT aMIUTITYZIM Ha TIOBEPXHi ITiBKH, 3PUB 1 BiTHECEHHsI Kpameyb i T.II.
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10.31653/smf343.2021.140-150
Jluxornsag K.A., Mycopin M.A .; Mazyp T.M.
Hynaiicekuit inctuty HY «OMAY

PO3BUTOK CYJOBOM EHEPTETUKH

JAnst moiofaHHs eKOJIOTIYHOT KPU3H B TEIUIOCHEPTeTUIll TOBHHHI BiJl-
Oytucst sikicHi 3Mminu. HaliBaxiuBimmMu npoOneMaMu MepCreKTHBHOTO
PO3BHUTKY TEIUIOBOI €HEPTEeTHKH € TMOJaNbIIe TEeXHIYHE BJIOCKOHAJICHHS,
Mepexiji Ha MPUHIMITOBO HOBI TEXHOJIOTII, 110 3a0€3MeUYIOTh i BUIIICHHS
EKOHOMIYHOT Ta €HepreTHYHO1 e)eKTUBHOCTI, HaIHOCTI Ta eKOJIOTr1YHOI
YUCTOTH EKCIUTyaTallil Cy/IHOBUX EHEPreTUYHMX YCTAHOBOK 3 MiHIMi3aIli-
€10 BUKHUJIB B HABKOJIMIIHE CEPEIOBHIIE /IO CKOJIOTTYHO OE3MEUHOro piB-
HSI.

(Haramyemo, mo 3 1-ro ciuns 2020 poky Bwmict cipku (SOX) B manuBi
HE MOBUHHO MictuTu Ounbme 0,5%, a BUKUAM MapPHUKOBHUX Ta3iB MOBHHHI
Oyt ckopoueHi Ha 50% mo 2050 poky, 3TigHO 3 OCTAHHIM pIllICHHSIM
MixnapoHoi MopchKoi opranizaiii (IMO) .

Oobmexenns, BBeneHi IMO (MixHaponHa MOpChKa opraHizallis) Ha
BMICT OKCH/IIB CIpKU B CyJJHOBOMY MaJIMBi, HEMUHY4Y€ PU3BE/E A0 Cepio-
3HUX PillleHb 3 BiJIIyKaHHS aJlbTEPHATUBHUX BUJIB MaJMBA Ta 1HIIMX
TEeXHIYHUX PEKOHCTPYKILIH Ha MOPCHKHUX CyAax. Bike oueBHIHO, 1110 mepe-
xijx 3 BucokocipyaHoro ma3syty (3,5%) Ha auctuisr (Bmicry cipku 0,5%)
He OyJie OTHOMOMEHTHHM T10 BCbOMY CBITY 1, 0€3yMOBHO, JOAaCTh pOOOTH
MopsikaM. Jlesiki CyTHOBJIACHUKM BCTAHOBJIIOIOTH Ha cynax 3 JIBC ckpy-
Oepu i MPOAOBKATH BUKOPUCTOBYBATH BHCOKOCIPDUMCTHH Ma3yT; HEsKi,
o0 BiANOBiIaTH BUMOTaM, MEPEKII0UaThC Ha Ma3yT 3 HU3BKHM BMICTOM
cipku. TuMm yacoM, € i TpeTiil nuisiX, e NUISIX BiAIIyKaHHSA aJlbTepHATHB-
HUX BUJIB CYJHOBOT'O MajKBa, SIKI 3MOXKYTh 3aMiHUTH TPaJUIiiHUI Ma-
3yT, SKi Maike He BUIUISTIOTh SOX 1 JI03BOJISIFOTh 3HAYHO 3HU3UTH BUKUIN
IHIINX MapHUKOBHX ra3iB. Kpim Toro, 3poctaioTh BUMOTH A0 €(peKTHBHO-
CTi 1 K.K.I. CYAHOBHX EHEPreTHYHHMX YCTaHOBOK. Haspima HeoOXigHicTh
3aminn Tpagunidiaux CEVY 1 anerepnarusa JIBC Oyna i € TypOiHHa eHep-
reTHKa.

[MoTyXKHUM CTHMYJIOM MOAAJBIIOrO PO3BUTKY TYPOIHHOI €HEpreTHKH
CTaJio 3pOoCTaloye 3aCTOCYBaHHS B TEIIOEHEPTeTHIIl Mapora3oBMUX TEXHO-
JIOT'1H.

Ines cTBOpeHHs Mapora3oBUX YCTaHOBOK, IO BHKOPHCTOBYIOTH B
SKOCTI pOOOYMX T MPOAYKTH 3TOPSHHS MajHMBa i BOJASHA Mapa, BIEpIIe
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Oyna BucioByieHa (paniy3pkuM ydenuMm Cani Kapuo me B 1824 pori B
roro poborti

«Po3pymu mipo pymiiiHy cuity BOTHIO 1 PO MaIIWHM, 30aTHI pO3BHBa-
TH 1[I0 CHITY».

IMotyxHocTi eHeproyctranoBok cydacHux I[1I'Y 36imbmmmmcs go 600
MBrT, KKJI - no 58%. BrnpoBamkeHHs po3po0iieHUX TiOPUIAHHUX YCTaHO-
BOK, II[0 TPEJCTaBIISAIOTH COOOI0 TOEAHAHHS NMaNMuBHUX eneMeHTiB 1 [II'Y,
MOKE€ JIO3BOJIMTH B MEPCHEKTUBI JOCATTH K.K.J. 10 75% 1 3HaUHO 3MCH-
HIMTH IIKIATUBUHA BIUTMB HA HABKOJIMIIHE CEPEIOBUIIIE.

CTBOpEHHS 1 pO3BUTOK MAPOra30BHX 1 ra3oMapoBUX YCTaHOBOK

[IpoekT razomapoBi ycTaHOBKHU 3 TIOAAYEIO BOAM B KaMepy 3TOpSHHS 1
BHUKOPHUCTAHHSM IOJyYarollelicsl mapora3zoBoi cyMilli B SIKOCTI po0O04oro
Tija TypOiHM OyB po3poOiieHult MOpPChKUM JieliTeHaHTOM [laBiiom JmuT-
poBuueM Kyspmincekum. Y 1892 poui im Oyna moGynoBana ["azomapoBi
TypOiHa HEBENMKOI MOTY)XHOCTi. Y HOro ycraHoBmi Oyjo 3acTOCOBaHO
TOpiHHS MajiuBa (racy) mpu p = const i OXOJIO/PKEHHS MTPOAYKTIB 3rOPSHHS
(mepen GaraTocTyneHeBO pajiiaibHOI TYPOIHOK) UISIXOM PO3BEICHHS iX
BOJISTHOIO Tiapoto, T. E. YcranoBka Oyna razomapoBi (MOHapHOTo Tumy). |
TOpiHHS, 1 PO30aBleHHS MPOJYKTIB 3TOPSHHA TapoM 3IiHCHIOBANIUCS B
OfIHIH 1 Tilf ke kamepi, sika Oyna Ha3aHa 1. JI. Ky3pmiHCEKMM «Ta3omna-
popoaomy. [Ipo Hei Ky3bMiHCBKUI MHCaB:

«3nifiCHEHHS Ta30apopo/ia 3HAXOAUTHCS B TICHIH 3aJIeKHOCTI 3 MMO-
OynoBanoi me B 1894 poni yacTuHO0O TypOiHHOI MallMHU-ABUTYHA MO€ET
X CHCTEMH, IO A€ MOMJIMBICTb HE TUTBKM MaTh BEIUKE PO3IIHPEHHS
CyMIiIlli TPOIYKTIB 3rOpaHHs 1 MapiB OXOJOMKYIOUOi PIIMHH, a i MaTH Tak
3BaHWH MepeaHii 1 3aaHii xia, TOOTO . 00epTaTH Bas TO B OAHY, TO B iHIIY
CTOPOHYY.

Cxema TypOiHM 1 KaMepu-«ra3omapopojay 300paxena Ha puc.l. Ka-
Mepa 3ropsiHHs 3 CKIIaJa€Thesl 3 BHYTPINIHBOIO IIJIIHAPA 1 30BHILIHBOTO
Kopnycy. MK HUMH PO3MILLIEHUH CHipalbHAN 3MIHOBHK 6, depe3 sIKUif
MpoIycKanacst Boja, IO OXOJOMXKYE CTIHKM KaMepH 3TOpSHHs, 1 MOTIM
BIIOPCKYBajacs B 1l 00CST 15l OXOJO/PKEHHsI TPOAYKTIB 3rOpSTHHSL.

YTBOpeHa B 3MiHOBHKY Mapa BIOPCKYEThCS B KaMmepy 3TOPSHHS.
Cymimr napu Ta ra3y nojaBajacs Ha paliaibHy TypOiHY, sKa 3JiiiCHIOBaa
MexaHiuHy poOOTy. YcTaHOBKa MpHU3HAYaiacs Uil HEBEIHMKOIO KaTepa.
Kamepa sropsHHs Oyna crBopeHa i1 BumpoOyBaHa. besnmocepemuno a0
KaMepH 3ropsiHHS MPUMHUKaIa pajiajibHa TypOiHa, 0 CKIAAa€ThCS 3 IBOX
JIMCKIB - HEPYXOMOI'O 3 HalPSMHHUM arnapaToM i pyXoMOro 3 poOOuHuMH
JIONaTKaMH.
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Puc.1.Cxema Typ6inu 1 kamepu 3ropsiaas I1. JI. Ky3pmincbkoro

1 - poboua nonatka; 2 - HanmpsIMHA JONaTka; 3 - Kamepa 3ropsHHs; 4
- TIOBITPSIHMIA TATPYOOK; 5 - opcyHKa; 6 - 3MiHOBHK; 7- Iojiaya BOIH; 8 -
MiJIBEICHHS TOBITPS; 9 - Mojiaya najea

13

1% i

14

Puc.2. Cxema mapora3oBoi ycraHOBKH ['onbIBapTa 3i 3ropstHEAM Tipu V = const
motyxHicTio 5 MBT (1920 p)
1 - moBiTpstHMIT KOMIIpecop; 2 - mapoBa TypOiHa; 3 - MoBiTpONpoBig; 4 - Kamepa
3TOPSIHHS; 5 - BUXJIONHUH KianaH; 6 - Ta30bIABOISIINI MaTpyOoK TypOiHy; 7 -
ra3oBa TypOiHa; 8§ — KOTen-yTuiizarop; 9 - BUXJIONHUHN NMaTpyOOK YCTaHOBKHY;
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10 - BoyckHuit (noBiTpsiHWi) KianaH; 11 - nmanueHMiA Hacoc; 12 - nasuBHUI Kia-
naH; 13 - kougeHcarop; 14 - KuUBMWIbHUNA HAcOC; 15 - BaJl yCTAHOBKH.

Bararo cun no minBuiieHHS e(peKTHBHOCTI Mapora3oBUX YCTaHOBOK
NoknaB HiMenbkuil imxenep Kapn [ombusapt. ¥ 1920 p 3a #ioro xpec-
JICHHSIMM JIJIL CHJIOBOI cTaHIlil 3aBoay Ticcena Oyna moOymosana I[II'Y
po3paxyHkoBoto otyxHicTio 5000 kBt (puc. 2). Sk BuaHO, y Hel MOBITps
nojaeThcs B Kamepu 3ropsHas (V = const) kommpecopoMm 1, o Mae He3a-
JIeXHUHA MPUBIJ Bil apoBoi TypOiHM 2, IO KUBUTHCS Maporo, 10 reHe-
PYETBCS B KOTJIi yTHITi3aTopi 8 TemIoM rasis razoBoi TypOinu. Bike 3raga-
Ha yCTaHOBKa 10 cyTi BimHOcUThes a0 [I['Y GinapHOTro THITY.

ITomanbme BIOCKOHAJEHHS YCTaHOBOK I'onbIBapTa CyIpOBOKYBA-
Jocsl 30UIbIIECHHSAM CTYIEHS IONEPEAHbOTO CTHCHEHHS IMOBITPS TMepen
[IOIaY€0 MOro B KaMepH 3ropsiHHA. Tak, SKIO B IEPIIMX YCTaHOBKAaxX
BoHa cranopwia yiniie 0,13-0,18 MIla, To B HacTynmHuX OyJia JOBEACHA 10
0,23-0,3 MIla (3 miABHIIEHHSM THUCKY B KiHIi 3ropstHHA 10 1,2-1,4 MIla).
AJe 1 B IUX arperatax HaiOUIbIIUH JOcATHYTHIA 10 1927 pOKY K.K.1I. CTa-
HOBHB Tpoxu Oinbine 14%, xoua 101939 pori K.K.JI. TAKUX YCTAaHOBOK OYyB
nosenenuii mo 18-20%.

3 1928 p K. Tombisapt pazom 3 npodecopom B. Irone po3poodisie
MPOEKT HOBOI YCTaHOBKHM (IO OTpHMaia 3rofoM Ha3By TypOinu [ombl-
Bapta-lllrone), sika, KpiM TOro, MO BoHA TeX Oyna OiHapHOIO Taporas3o-
BOIO YCTaHOBKOIO (puc. 3), MOBMHHA Oysia IPAIlOBaTH 3a 3MIIIAHUM IIHK-
JIOM, 1110 CITOJIydae€ JiBl TypOiHHM, OJ[HA 3 SKMX MpaIfoBaja B UK 31 3r0-
PSHHSIM Tipu V = const, a ipyra - Ipy MOCTIHHOMY THCKY.

s
5

Puc. 3. IIT'Y Tonerapra-1lrone 31 3mimannm mukioM (1928-1933rr.)

1 - ra3oBa TypOiHa, 1110 Npalfoe B pexxuMi V = const; 2 - razoBa TypOiHa, 10
TIPAIIIOE B PEXKUMI p = const; 3 - kKaMmepa 3ropsiHHS; 4 - mapoBa TypOiHa; 5 - TOBIT-
psiHUIT KoMIIpecop; 6 - TaporeHepyroUi MOBEpXHi; 7 - MaIMBHUN HAcOC; 8 - KOH-
JIeHCaTop
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Y 1933 porti arperat 0yJio BCTAHOBJIGHO Ha METATypriitHOMY 3aBOJi
B ['amOopr (Himewuwnna) i mpu poOOTi Ha JIOMEHHOMY Ta3i MOKasaB, 3a
OIyOJIIKOBAaHUMHU JaHUMH, K.K.1. 10 20% [7].

lazorypbinHa ycTaHoBKa 3 Mapora3oBUM poOOYMM (KOHTAKTHi
I'TITY) KombinoBana I['TITY (ra3zo-napoTypOiHHa yCTaHOBKa) MOXe OyTH
3MiMiCHEHA 1 IHIIMMHU CIIocoO0aMu. Y BCIX BHITAJKaX OCHOBOI YCTaHOBKH
samumaerscst [TY (razorypOiHHa ycTaHOBKA), BiIMIHHICTH MOJSTac B
crnocobax yB'SI3KM Ta30BOI Ta MapoBOi YACTHH YCTaHOBKH B 3arajbHOMY
TepMOIUHaMIYHOMY IMKIi. Ha BimMiHy Bin paHille pO3TISIHYTHX CXeM
TepmonuHamiyHo komOiHoBanux [TITY, B ycraHOBKax 3 mapora3oBUM
poOOYMM TIIOM MO-iHIIOMY OpraHi3oBaHa MapoBa YacTHHA LUKIY: Hapa
MOJIAETHCSI HE B OKpEMY YTHJIi3alliiHy TTapoBy TypOiHy, a 0e3rocepeHbo
B MPOTOYHY YacTUHY Ta30Boi TypOiHH. Takuil TMN NBUTYHA HA3UBAETHCS
napora3oBoro TypOiHoto. Bupobnennsi napu B koHTakTHHX [TITY Moxe
3IIMCHIOBATUCS B YTUJII3aliiHUX MapOBUX KOTIAaxX, ab0 B OUIBII MIHMPIINX
kamepax. OpienroBHa cxema ['TY 3 maporazoBuM poOOYHMM TLJIOM 1 PO3-
HIMPIOBAIFHOIO KaMepOoIo TIOKa3aHa Ha puc. 4.

Puc. 4. Cxema I'TY 3 mapora3zoBum pobo4uM TijioMm
K - xommpecop BM/], KC - kamepa 3ropstanst, TB/] - TypOina Bucokoro Tuc-
Ky, THJI - TypGiHa Hu3BKOTO THCKY, P - peaykrop,
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PK - pacmmpurenshas kamepa, I{H - nupkyssinifinuii Hacoc,
B - Bononinirpisau, Kp - xonnencarop, KH - konnencarnmii Hacoc, B - 3a0ip
moBiTps 3 atMochepu, /1T - Bukua rasiB B atmocdepy,
3B - 3a00pTHa 0XOJIOXKYrOYa Bofa, T - mogaya maauea.

OcHOBHHMM eneMeHTOM ycTaHoBkM € BMJI (razorTypOiHHUWIT ABUTYH).
Moro KOHCTPYKIlisi 3a3BH4YAil BUKOHYETHCS MPAMOTOYHOIO 3 GIOKOBAHMM
KOMIIPECOpOM a00 3 BUILHOKO MPOIYJILCHBHOIO TYpPOIHOM. Y KamepH 3ro-
psusst I'T/] nogaeTsest OBITPS, CTHCHEHE B KOMIIPECOPi, MajJMBO, 1 HACH-
YeHa napa 3 po3IUpIoBajbHOI Kamepu. HoBoyTBOpeHa Ha BHXOJ1 KaMepH
3TOPSIHHSL TAPOra3oBa CyMilll HAIXOAUTHh B MPOTOYHI YACTHHHU Haporaso-
BHX TypOiH, PO3IIMPIOETHCS, 31HCHIOIUN KOPUCHY pOOOTY, 1 HampaBJis-
€TbCS B BOJOMiAIrpiBad. Y BOJOMiAIrpiBaviB TEIJIOTa MaporazoBOro po-
0040ro TiJIa MepPeAaeThCs KUBWIBHINA BOJII, MICIIS YOT0 OXOJI0/PKEHA Mapo-
ra3oBa CyMilll HaJIXOJIUTh B MMapora3oBuil KOHJeHcaTop. B koHmeHcaTopi
BiOyBa€eThCs BiAUIEHHS Ta30BOi (h)a3u BiJ MPOAYKTIB 3ropsSHHS MaluBa.
Terutora mapora3oBoi CyMillli iJie B OXOJIOKYIOUY 3a00pTHY BOAY, NpH
IIbOMY BOJISTHA Tapa KOHACHCYEThCS 1 11 KOHJIEHCAT HAKOIMYYEThCSA B HU-
JKHII YaCTHMHU KOHJICHCATOPa, a IMMOBI ra3u BUIAIISIOTLCS B aTMOChepy.

Konnencat 3 koHJeHcaTOpa 3a0MpaeThCsl KOHAEGHCATHUM HACOCOM 1
MOJAETHCS U MOBTOPHOTO BHUKOPHCTAHHS Ha BCMOKTYBaHHS IUPKYJISi-
nidHOro Hacoca. LlupkynsaidHUN HACOC MO/a€e BOAY 4epe3 BOJOIMIIrpi-
Ba4y B KaMepy pO3IIMpPEHHA. Y PO3MIMPIOBANBHIA Kamepi MpH APOCENto-
BaHHI BOJM JI0 THCKY B KaMepax 3ropsiHHs ABHT'YHA BiIOYBa€eThcs ii yact-
KOBE BHIIAPOBYBAaHHS, 1 YTBOpEHA HacHYeHa Mapa HaIXOJWTh B KaMepH
3TOPSIHHS, @ CKyITYeHa B HIJKHIN YacTHHI pO3IIMPIOBAIBHOI KaMepu He
BUIIAPYBAaBCsl, BOJA TIOBEPTAETHCS HA3a]l B IIMKJI HA BCMOKTYBaHHS IIUPKY-
JsifiHOrO Hacoca., DYHKINIE MUPKYJIALIHHOTO HAcOCa B JIaHIH yCTaHOB-
i € maTpuMKa nupKyssinii Bogu B kortypi PK - [IH - BIT - PK.

B ycraHOBKax 3 po3MIMPIOBAILHUMU KaMepaMH MapaMeTpH 3reHepo-
BaHOI MapH HIDKYE, HDK B YCTAHOBKAxX 3 YTHII3aliMHUMHU KOTJIaMH, ajie
MPH [IbOMY BOHH MarOTh OUTBII BUCOKY MapONPOIYKTUBHICTH 1, BiAMOBII-
HO, OUTBII BUCOKI 3HAYCHHS BHTpAT poOOYOro Tijia Yepe3 MPOTOYHY Yac-
THUHY TIapora3oBoi TypOiHH.

Tepmopunamiunuii mukn ['TITY 3 maporazoBum poOOYMM  TilOM
CKJIAZIA€THCS 3 MUKIIIB TA30BOi Ta MAapOBOi YACTHH YCTAHOBKH, SIKi BKJIIIO-
4aloTh B ce0e HACTyIHI nporiecu (puc. 5):
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Puc. 5. TepmoarHaMiuHUIA UK TApOra3oBoi yCTAaHOBKH
Jis Ta30TypOIHHOT YACTHHY LUKITY:
Ir-2r — ctucHeHHs noBiTps B kKomnpecopi BM/;
2r-3r — miaBeaeHHs TerioTH Qxc 70 MOBITPS B Kamepax 3ropsHHS

T

3r-4r — OXOJIO/KEHHS ra3y Mpu MepeMilllyBaHH1 HOTo 3 MOAAIOTHCS B
KC mapowm;

4r-5r — pO3IIMPEHHS Ta30BOi CKJIaJIOBOI POOOYOro Tijia B maporaso-
Bili TypOiHi;

Sr-6r — BiJIBEJICHHsI TEILIOTH BiJI Ta30BOI CKJIaJ0BOI POOOYOro Tiia
JI0 YKMBWJIBHIN BOJIU B BOJIOMIAIrpiBayi;
6r-7r — OXOJIOJDKEHHS Ta30BOi CKJIAJJOBOI POOOYOro Tija B maporaso-
BOMY KOHJICHCATOP1 1 BUKHJI T'a3iB B aTMOCQEpy.
Jnst mapoTypOiHHOT YaCTHHU LUKIY:
10p-11n — migirpiB KUBWJIBHOI BOAW B BOJIOIIIirpiBayi;
11p-121 — yacTkoOBe BUMIAPOBYBaHHSI i IPOCCENIOBAHHS BOJH MIPH
12p-13n momaHHI 10 KaMepH PO3IIUPEHHSL.
Hani maporyp0OiHHA YaCTHHA IUKITY AUTHTHCS HA JIBi CKIIAJIOBI:
* BoasAHY (TIPOLIECH, 1O BiAOYBAOTHCS 3 BOAOIO, 1[0 HE BUMapyBagacs B
PO3MIMPIOBANIBHIN Kamepi):
* | mapoBojsiHY (TpoLecH, 0 BiIOyBAOThCS 3 MApOI0, IO YTBOPUBCS B
PO3MIMPIOBATIBHINA Kamepi).
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Boasgna yactuHa HUKIY:

131-10 — 0XO70IKEHHS BOAM PO3IIHPIOBATIBLHOI KaMepu MPU

101-9n nepeMinryBaHHi1 3KOHJICHCATOM;

ITapoBoasiHa YacTHHA LUKILY:

13n-141 — BUMapoBYBaHHS KXUBUIBHOI BOAM B PO3IIMPIOBAJIbHIN Ka-
Mepi;

14n-4n — meperpiB mapu B kKamepax 3ropstHHst [T/l nipu ioro mepe-
MIlllyBaHHi 3 Ta30M;

4n-5m — pO3UIMPEHHS MapOBOi CKIIAJ0BOI pOOOYOro Tijia B maporaso-
Bili TypOiHi;

Sn-6mm — BiJIBEJICHHS TEIUIOTH BiJl TAPOBOI CKJIaJ0BOI poOOYOro Tija
JI0 YKMBWJIBHIN BOJIU B BOJIOMIAIrpiBayi;

Sn-6r1 — OXOJIOJKEHHSI TapoBOI CKJIAJI0BOI poOOYOro Tijia B mapora-
30BOMY KOHJICHCATOP1 10 TeMIlepaTypH KOHISH A,

6m-7m1 — KOHJIEHCAllisl TapOBOi CKJIaJI0BOT B ApOra3oBOMY KOHJICHCa-
TOpi;

8m-91 — migirpiB yTBOpEHOro KOHJEHCATy MpH MepeMillyBaHHI HOro
3 BOJIOIO 3 PO3LIMPIOBAJIbHOI KAMEPH.

3 meroro 30uthiieHHss KK/ mukiy i CTyneHo po3iupeHHs maporas3o-
BOT0 pOoOOYOro Tijia B MPOTOUHIHM YacTHHI TypOiH MOXKIIMBE 3aCTOCYBAHHS
creniaibHUX MPUCTPOIB - EKCTayCTepiB, 110 T03BOISAIOTh 3HU3UTH THCK 32
OCTaHHBLOI CXOJIMHKOIO TYpOIHM JI0 3HAYCHHS HUXKYe aTMOC(EpHOTrO.

3acrocyBanHs koHTakTHUX cxeM [ITY no3onse migpunmta KK/ ra-
30TypOIHHOTO 1 TapOTYpOIHHOTO LMKIIIB B MOPIBHSHHI 3 BUXIAHUMH ITUK-
mamu BMJI i KTEY. Ilomaneiie ycknagHenns cxemu koHTaktHoi [TITY
nomitHoro urpainy B nifpuineHHi KK/ ve nae. Bukopucranss napora-
30BOr0 poOOYOro Tijia 3aBXK/M MOB'I3aHE 3 IEBHUM BUTOKOM B aTMOChepy
JKUBUJIBHOT BOJIM, TaK SK 3IIMCHUTH TOBHE BIIIICHHS MapoBoi (a3u po-
004oro Tijia Biji Ta30BOI B MMapora3oBoOMy KOHJIEHCATOPI JJOCUTh CKIIAIHO.
Le#t Hemomik mMapora3oBoi YCTAHOBKU MPU3BOAMTH JI0 HEOOXIIHOCTI MOC-
TIHHOTO MOTIOBHEHHS 3amaciB )KUBUJILHOI BOJIU HA CYyJIHI.

CyuacHi HanpssMku TiaBuineHHs edekruBHocTi [II'Y

[MaporazoBi ycraHoBkH moBHHHI MaTH nocuTh Bucokuit KK/, Lle 3a-
Oe3revyeThcsl MOJANBbIIMM PO3BUTKOM CyYacHHX TEXHOJIOTI B raiysi
MOPCBKOTO Ta30TypOOOyAyBaHHS, a TaKOX IMEPCHEeKTHBHUX pPO3POOOK
CEV.

IcHyrOTh Taki MOKIKBI Hanpsimu BaockoHaneHHs CEY:
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" [I0f@JbIIIe 3pOCTaHHS ITOYaTKOBOI TEMIIEPATYpH Ta3y Irepen TypOiHolo,
3 ypaxyBaHHsIM crienugiku podotu I'TY B MOpCHKHMX yMOBax i TpHBa-
JI0T0 pecypey, Ao 3HadeHb ~ 1350-1400 © C;

" MOJAIBIIMI MPOrpec B JOCATHEHHIX METAYprii i TeXHOJIOrI skapoMi-
I[HUX 1 XApOCTIHKUX CIJABiB, 3AATHUX MPALIOBATH IPH TEMIepaTypi
monaz 950 ° C;

" CTBOpEHHS HaJIHHUX TepMOOaphepHHUX IMOKPHUTTIB HA OCHOBHHMH MeTall
JIONATKOBUX amapatiB TypOiHU (0COOIUBO B MEpIIUX MIA0NAX) 1 eneme-
HTH KaMepH 3TOpsHHS, poTopa TypOiHU;

* BiAmpaitoBaHHs €()EKTUBHUX 1 HAAIHHUX CUCTEM TOBITPSIHOIO OXOJIO-
JDKEHHSI eJIEMEHTIB TypOiH, 110 MpAIOI0Th NPH BHCOKUX TeMIIepaTy-
pax razsy;

" edeKTHBHA MPOMHBKA IPOTOYHOI YAaCTHHHM KOMIIpEcopa, HMPOTOYHHX
YACTHH KaMEpH 3TOPsiHHS 1 TypOiHH BiJl COJIEBIIKIA/ICHD;

" BHKOpHUCTaHHS B TemyoBiil cxemi III'Y nBox abo TppOX PIBHIB THUCKY
BOJISTHOI Mapy B KOTJIi-yTHIIi3aTOpial B KOHCTPYKIil [ITY.

Amnauiz 4rcIeHHUX MyOJiKamii, MPUCBSYEHUX 3aCTOCYBaHHIO CYIHO-
BUX eHepreTuuyHuX ycTaHoBoK (CEY) pi3HOro KOHCTPYKTHBHOTO BHKO-
HaHHSI, J03BOJISIE 3pOOMTH BHCHOBOK PO Te€, 110, BUKOPUCTOBYIOUH TEX-
Hojorii maporazopux yctanoBok (I1I'Y), mokHa 3a0e3neuuTH iCTOTHE
360inpmenHs KK/l CEY B nopiBHSIHHI 31 3BUYaIHUMH MOPCHKHUMH JTU3€ITh-
wumu (JEY), razoryp6inanmu ( I'TY), naporypbinaumu (ITTVY), sinep-
HUMHU eHepreTuyHuMH yctaHoBkaMu. Burpam B KKJ[ npu nipomy Mmoixke
ckianaty opieHToBHO 10-15% B 3aJI©KHOCTI BiJl PiBHSI MOTY>KHOCTI, JIOC-
koHasocti JIEY, I'TY 1 [ITY, 3HaueHb TEIUIOTEXHIYHUX MapaMeTpiB po-
00ouux Til.

Bigomo, mo KK/ TII'Y nepesepmye KKJI Oyap-anzensHoi, ra3oTyp-
6inHoOi, mapotyp6Oinnoi, sineproi CEY. Ha puc. 6 nokazana cxema IHKITY
[I'Y, B sskoMy B BHCOKOTeMIIepaTypHoi yacTuHu mpaiioe I'TY (mpouecu
1-4), a B HmxkHi# - [ITY, 3 omHuM 1 / a00 1BOMa PIBHSAMHU THCKY Mapa B
naporeneparopi. Tepmiuanii KK/] Oyap-aKoro nukity TEmaioBOro JIBUTyHA
BU3HAYACTHCA 31 CITIIBBIIHOIIEHHS

ey
T
OTB

ne T, - CepelHbOIHTErpaibHa TEMIIEPATypa Bi/IBEJEHHOI TEILIOTH;

771:1_ (1)

T/9% - cepenHboiHTerpabHa TeMIEpaTypa MiJBEACHHOI TEIUIOTH B
UK.
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3 ananizy mukiy [I'Y (puc. 6) BumuBae, 1o Temiora B mpoieci 2-3
(ropinHs manuBa B kamepi 3ropsHas ['TY) migBogutscs 10 pododoro tina
MpPH BHUCOKIH CEpeAHbOIHTErpalibHii TeMIepaTypi, a BiABOAWUTHCA IPH
HU3BKIH CepeHbOIHTerpalbHii TemepaTypi B npoueci FA, mo BinOysa-
etbest B KoHaencatopi [ITY ( mpu oxonomkeHH] napy i KOHAEHCATy [Up-
KYJISLIAHOI BOJIOK0), @ TAKOX BIJIBOAUTHCSA HEBEIIMKA KUIBKICTh TEIJIOTH
3 BUXJIOITHUMH Ta3aMH, 110 IIyTh 3 KOTJIa- yTuiizaropa B npoueci 5-1. i
TexHiuHi MoknuBocTi [II'Y 3abesmeuyrots Haitbimpmmii KKJ| B mopis-
HsHHI 3 Oynp-sikumu iHMME CEY TpaauuiiiHOro KOHCTPYKTHBHOTO BH-
KOHaHHSI.

>

15°C1I

—_—

Puc. 6. Cxema mukny I[II'Y B miarpami S-T

VY npakrumi ctBopeHHs ['TY MOPCBKOTo THITY OCBOEHHU PiBeHBb MOYa-
TKOBOI TeMIepaTypu rasy mnepen TypOiHowo ax 1o «1250-1300°C mpu
CTYIEHI CTHCHEHHS MOBIiTpA B Kommpecopi Omm3bko 20-23. [lpu mpomy
TeMIiepaTypa BUXJIOMHHX Ta3iB Ha BHXOAlI 3 TypOiHM ckiajnae OIM3BKO
500°C i Ginmplie, 10 TMPUHAHITHO AJIsl CTBOPEHHS JOCHUTH €(QEKTHBHOTO
KoTJa-yTuiizaropa i koutypa 3 [ITY. BigBeneHHs TemioTu B KOHJEHCA-
topi IITY npoBonuthes mipu TemiiepaTypi 6mmsbko 40-50 © C (B 3aeKHO-
CTi BiJ Temmeparypu 3a00pTHOI LMPKyIsiliiiHOT Boam). [Ipu npomy Oy-
IyTh 3a0e3rneueHi NMpUHHATHI MacorabaputHi nokasHuku CEY, mocuth
BHCOKa HAJiiHICTh. J{OUINBHO BUKOPUCTOBYBATH HAKONWYEHUH BEIWKUI
JIOCBIJI 3 CTalliOHapHOI eHEpreTUKH NpHu cTBOpeHH1 Mopchkux CEY.
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Haii6inemmii BrumB Ha Benmmuuny KK nukny TIT'Y Hagae piBeHs jo-
ckoHanocti ['TY, 1 B mepury uepry AocsraeTbesi TeMIlepaTypa ra3iB mnepen
TypOiHoto - T3. Ynm Bumie 3nauenns T3, tum oibine KK/ I'TVY, a takox
MI'Y, npu iHIUX PiIBHUX YMOBaX MOPiBHSHHSL.

Buchnoeku

1. dns CEY cnin 3actocoByBaTH HaiOutbll eQeKTUBHI IBUTYHHU 1
KOMOIHOBaHi YCTaHOBKH, 3 YpaxyBaHHAM iX KOHKpPETHHX IepeBar i Helo-
JIKIB, a TAKOX CHenu(iky 1 Mpu3HaAYeHHs cyaHa. [Ipu 1[boMy Cllij| Bpaxo-
ByBatd, mo cyaHoBi [1I'Y MoxyTh 3a0e3meunTd HalOUIbII BUCOKY €KO-
HOMIYHICTb, B TOPIBHSHHI 3 OyAb-SIKUMH THUIIOBUMH EHEPreTHYHUMH
YCTaHOBKAaMH MPH MPUHHATHUX MacorabapuTHUX MOKAa3HUKaX.

2. Haii0inbi BayKIIMBUMH CKJIQJIOBHMH JUTS TOCSTHEHHSI BUCOKOI €KO-
HomiuHocTi [II'Y € Bucokuii piserb KK/ razoBoi TypOiHu 1 BUCOKa mova-
TKOBa TeMIlepaTypa rasiB nepen TypOiHoto. Lle mocsraeTscst B aHuii yac
3a PaxyHOK MepeIOBHX 1 HAAIHHUX CHCTEM OXOJOPKEHHS BY3JIB ra3oBoi
TypOiHU, HATIMHUX TepMOOAPEPHUX MOKPUTTIB JAeTajeld TypOiHH, a TaKOXK
nuIsiXoM yckinagHeHHst KoHTtypy IITY BBeaeHHsiM 2-X abo 3-X piBHIB THC-
Ky mapa.

3. BBaxkaeTbcsl MEPCHEKTUBHUM BUKOPUCTAHHS MOBHICTIO eNeKTpui-
koBauux CEY (B 1. U. [II'Y) ans GaraThOX THMIB CyAEH, IO 3abe3nedye
PSI TEXHIYHUX 1 TEXHOJIOTTUYHHUX IepeBar MpH eKCIuTyaTalii cyieH 3 rped-
HUMH eJIEKTPOJIBUTYHAMH 1 TBUHTaMH (DiIKCOBaHOTO KPOKY [4].
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10.31653/smf343.2021.151-157
Kosamenko 1. B.
AMI HY «OMA»

HIJIXOIU 10 BUSBHAUEHHSI BJIACTUBOCTEM 3BAPHHUX
3PA3KIB CYJHOBHUX JIBOIIAPOBHUX CTAJIEN

IMocTranoBka 3agayi. B xoi 1ocnimkeHs Ta MaTepialy HaBEIEHOTO y
JaHii cTaTTi 3a BiIIOpaHUMU METOMKAM HAJIC)KUTh BU3HAUUTH HAHOLIBII
ONTHUMAaJIbHY 3 HHUX 3a IX BJIACTHBOCTSAMH Ta ()YHKIIOHAJHHUM HaBaHTa-
JKeHHSIM. TakiM YMHOM HEOOXiJJHO BHM3HAYUTH CTaH 3pa3KiB Ta iX (i3uu-
HUMH BJIACTHBOCTSIMH, II€H pe3yibTaT JOCATAETHCS 3a PaxXyHOK aHAizy
METO/IiB Ta MiJX0/iB BUKOPHCTOBYEMHUX MPU BUMPOOYBAHHSIX.

AHaji3 ocTaHHIX HocaimkeHb Ta myomikamiid. [lnakyrounii map 3i
craneit 10X13,10X17H13M2T, 12X13 Bosogie psIOM BHUCOKUX CIICIIU-
(iyHMX CTy’)k00BHMX BJIACTHBOCTEH, 110 ICTOTHO MiJBHILYIOTH MEPioj po-
00TH CYJHOBUX METAJICBUX KOHCTPYKITiH [1].

Po6ounii map 10X17H13M2T BimHOCHUTBCS 10 ayCTEHITHOrO Kiacy
MaTepiajiB, OCOONUBICTIO 3BaprOBaHHS JaHUX CTaylell € 3abe3nedeHHs
HEOOX1THOT CTIMKOCTI OKOJIOIIOBHON 30HU MPOTH MIDKXKPUCTAJIYHOI KOp-
po3ii. [1osSCHIOETBCS 11€ TUM IO B TAKUX CTAJISIX HABITh MPU KOPOTKOYAC-
HOMY HarpiBaHHi B o6yacti Temnepatyp 873 — 1073 K, o mMexax 3epen
BUIMAAAI0Th KapOiau xpomy [2]. Bunaninus xapOifgiB XpoMy NpPU3BOAUTH
70 3HW)KEHHS BMICTY JIETYIOUMX €IEMEHTIB B NMPUKOPAOHHUX MAUISHKAX
3epHa, Tak K Judy3is ByIJIelio 3 HeHTpalbHUX AUITHOK 3epHa JI0 KOPJO-
HY BHACNIJIOK 3Ha4yHO Oiubmua il kKoedilieHTy, HDK KoedilieHT audysii
XpoMy. 3HIKEHHSI BMICTYy XpOMY B MIPUKOPAOHHUX AUISHKAxX 3epHa, 0co0-
JIMBO HIKYE TaK 3BAHOIO ToOpora crifikocrti, piBHoro 12,5%, mo Moxe
BUKJIMKATH TIOSIBY Y 3pa3Kax KOPO3iHHOIO pO3TPICKyBaHHSI.

IMokputtst nBOmapoBoi crami mapom 12X13 skuil BiAHOCHUTBCS A0
MapTEHCUTHO - ()EPUTHOTO KJIacy, Ma€ PU3MK JI0 YTBOPEHHS OUISIIOBHHX
TPILIMH 1 HAAMIPHOTO POCTY 3€pHA B 30H1 TEPMIYHOTO BILIHUBY [3].

[Map 10X13 wanexuth a0 (GepuTHOro Kiacy crauei. OCoOTUBICTD
3BapIOBaHHA (PEPUTHOTO MIApy MOJSIra€ B TOMY IO HE BUKIHMKAE 3MIH B
OKOJIOIIOBHIN 30HI CTPYKTYPH 3BaprOBaHOI CTai, 110 3arodirae i oxpyn-
YUBAHHIO. 3aCTOCYBaHHSI 11 JUIsl EKCILTyaTallil B arpECUBHUX CEPEIOBUIIIAX
i mpu poOOTI Ha BUCOKHX TeMIlepaTypax AO3BOJSE BUKIIOUUTH TOSBY
CXUJIBHOCTI JTO MIXKKPUCTATIYHOT KOpo3ii [4].

3 BHIEBKA3aHOTO CIiY€ 110 B 3BAPHUX JBOLIAPOBUX KOHCTPYKIIisX,
B SIKOCT1 po0OOYOro miapy CiiJi 3aCTOCOBYBATH CTalli 3 HU3bKUM BMICTOM
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BYIJICIIO, TOMY IIO CaMe BMICT BYIJICHIO BIUTMBAE HAa MIKKPHCTAIIYHY
KOpO3ito.

Mera nocaimkenrsi. OCHOBHOIO METOIO JIOCHIJKEHHS € BHOIp HE0O-
X1IHUX EKCIIEPUMEHTIB sIKi TOTPEOYIOTh CHCTEMaTH3allil BiJOMUX BiJIOMO-
crelt mpo (i3uKO-XIMIYHY MPHUPOAY MPOILECIB, IO MPOTIKAIOTh MPH YTBO-
pEHHI 3’ €JHAHHSI.

Po3poOka Meromuk BHKOHAHHS POOIT MPOBOIMIIACSA BIAMOBIAHO [0
METH i 3aBJaHb poOOTH, cHOPMYIbOBAaHIMH B Pe3y/IbTaTi BABUCHHS CTaHY
MUTAHHS 1 MPOBEJCHUX TONEPEeNHIX EeKCIEePUMEHTANBHUX JOCHiKCHb.
Kinbka MeTOIMK JNOCHIPKEHb 13 3arajbHOI) METOIH POOOTH CKIIaJIaloTh
METOJUYHUN TIIXiJ 0 pO3pOOKH CKIIAJIB 3BapPIOBAIBHOIO JIPOTY Ha 0asi
3aIpONOHOBAHOI MOZIEN YTBOPEHHS 3'€JHAHHSI.

BuksanenHsi Mmarepiany qocaiaxeHHs. MOXIHMBICTh 3'€IHAHHS Pi3-
HOPITHUX METAIiB 3 YTBOPEHHSIM MIIIHUX 3B'A3KiB BH3HAYAETHCS TEPII 3a
BCce (Di3MKO-XIMIYHUMH BJIACTUBOCTSIMH METaJIiB, IO 3 €JHYIOThCS 32
JIOTIOMOT0I0 3aCTOCOBYBAHOI TEXHOJIOT1] 3BapIOBAHHSI.

BupimansHuii BIJIMB HA 3BApIOBAaHICTh PI3HOPITHUX METalliB HAJAE
MeTalypriiiHa CyMiCHICThb, SKa BH3HAYAa€ThCS B3a€EMHOIO PO3YHHHICTIO
3’€IHYIOEMHX METaJiB 1 B PIJKOMY, 1 B TBEpAOMY CTaHi, a TaKOXX YTBO-
PEHHSM TEHIITHUX XIMIYHUX CIHOIYK IHTEpPMETATIIiB.

B3aemHa pO34MHHICTD €IEMEHTIB BU3HAYAETHCS MOAIOHICTIO KPUCTA-
JYHUX PElITOK PO3YMHHUKA 1 POSUMHIEMOIO KOMIIOHEHTA, PI3HUICIO B
ATOMHHX pajiiycaX KOMITOHEHTIB i BETMUYMHOIO €JIeKTPOHEraTUBHOCTI, IO
XapaKTepHU3ye EHEepriro 3B'SI3Ky MK JJBOMa eleMeHTaMu [5].

MeTor0 JOCHiPKEHHSI € MOKITBICTD 3'€IHAHHS PI3HOPIAHUX METaliB 3
YTBOPEHHSM MIIIHHUX 3B'SI3KiB, MPH BUKOPUCTAaHHI BIPOBAKYyBaHOI TeX-
HOJIOTiT 3BapIOBAaHHSI.

3aBiaHHsL, SKi BUPIIIYIOTHCS B MPOLECI BUKOHAHHS TOCIIIKEHb:

- BuOip OiMeraiuia sikid 3a0e3reuye MillHE 3BapHE 3'€JIHAHHS MPH ic-
HYIOUHMX EKCIUTyaTallifHX HaBaHTA)XCHHSX - arpecMBHOTO CEpEAOBHINA,
MeXaHIYHUX BITUBaX.

Bug 3BaproBaHHs - aBTOMaTH4YHA MiJ] mWapoM QIIIoCy, MiIBaprOBaHHS
KOpeHsl - py4Ha a0 HalliBaBTOMAaTHYHA (3 3a4MCTKOI0 KOPEHSI).

CTpyM - MOCTiHHHN, MOJSPHICT — 3BOPOTHS, Pill 1 MOJSAPHICTH CTPY-
My pOOJNATH 3HAYHUK BIUIMB Ha OPMY i pO3MIpH MIBa, 0 BU3HAYAETHCS
PI3HOKO KUTBKICTIO TETUJIOTH, IO BUIUISETHCS HA KaTOJI 1 aHO1 JIyTH.

[pu 3BaproBaHHI Ha OCTIHHOMY CTPYMI MPSMOI MOJSIPHOCTI TTUOWHA
nporiaBieHHs Ha 40-50%, a Ha 3MiHHOMY Ha 15-20% MeHmie, HiX TpU
3BapIOBaHHI Ha MOCTIHHOMY CTPpyMi 3BOPOTHOT MOJISIPHOCTI [6].
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3BaproBasibHi MaTepianu - cramxi Ct3cns, 1013cns + 10X17H13M2T,
cr3cn + 12x13 mo JICTY 5521-93.

3BapioBabHi MaTepiaiu:

- gapory: CB-08A - ©0,004 m i 0,005M; CB-04X2MA, Cs.-
10X16M25H6 Takoro x aiaMeTpy.

- pmrocu: AH 348, AH-18. Kinbkictb 36ipok - 20 mr.

Cxema BinOoopy mpo0 st TIPOBEICHHST BUMPOOYBaHb 32 HAMPSIMKaMU
OIMCAaHWMHU BHILE Mpe/ICTaBIeHa Ha puc. 1.

& 6mm

| <t

55

- >
+

Puc. 1. Cxema Binbopy 3pa3ka ajist IpOBEAEHHS BUIIPOOYBAaHb.

JonmycTrMi BETMYMHN T€OMETPUYHHX MapaMeTpiB 3pa3ka Jjisl BUIIPO-
oysauus: D = 0,02-0,03m, L =0,22- 0,3m, 1= 0,11 -0,15m.

OO0po0ieHHs kpoMok - K-o0pasHe.

PexxuM 3BaproBaHHS:

- 1-s1 36ipka noronne enepris 2,5-3,5 xJx/m;

- 2-s1 30ipka noronHe enepris 4,5-5,0 kJx/m.

Cuna ctpymy = 600-850A;

TemmepaTtypa merany 0e3 miirpiBy, 3 MOJACTY)KHBaHHIM MK MPOXO-
namu 473 K°.

KinbkicTs mpoxomis - 3.

Oco0JIMBOCTI yKITaJIaHHS BaJIKIB:

- BAJIMKK KOHTAKTYIOTh 31 CTOPOHOIO CTHKY 0€3 CKOCa BUKOHYIOTHCS 3
MMOTOHHOT'0 SHEPTIEI0 MIHIMAJILHOT JUIsl IPUIHATOTO IHTEPBAITY;

- 3aBepIIalIbHI BAJINKA BUKOHYIOTHCS TIOBEPXHEBO.

Butpata matepianis 3 ckiagae: apit - 40 kxr; ¢uaroc - 50 kr.

VY pe3ysbTati NPOBECHHSI METOAUKH JIAHUX JOCIIPKeHb 1| BAKOHAHHS
cepii BUNpOOyBaHb BCTaHOBJICHA CTYIIHb 3BapIOBAHOCTI BOLIAPOBUX
craneit ct3cnd + 10X13, Ct3cnd + 10X17HI3M2T, cr3cn + 12X13.
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Pesynbratn pocuimkenHsi. MeToauka JOCTIDKEHHS MEXaHIYHHX
BJIACTUBOCTEW MeTally IIBa i 3BapHUX 3'€THAHDb € OCHOBHUM PE3YJIbTATOM
MPOBEJCHUX JIOCTIKEHb.

B mpomeci ekcrutyaranii MexaHi4HI BIaCTHBOCTI JBOIIAPOBUX 3Bap-
HUX 3'€qHAaHb MAlOTh OCHOBHE 3HA4YE€HHs I 3a0e3leueHHs HaIIMHOCTI 1
JIOBFOBIYHOCTI EKCILTyaTallii.

JocmipkeHHs BUKOHyBayics Ha ycranoBkax Y /I -11 Ta VIII — 22.

VY Xoi eKcliepuMeHTIB BU3HAYAINCS MEXaHIYHI BIACTHBOCTI 3BapHUX
3'eanans 3rigHo 3 ICTY 6996-96, i BUKOHYBanucs BiANOBiAHI BUIPOOY-
BaHHS:

- MeTajly pi3HUX JUITHOK 3BapHOrO 3'€IHAHHS HA CTaTHYHE (KOPOTKO-
YacHe) PO3TSATyBaHHS;

- MeTally Pi3HUX AUISTHOK 3BapHOTO 3'€JHAHHS Ha CTilKICTh MPOTH Me-
XaHIYHOTO CTapiHHS;

- TBEPAOCTI PI3HHUX AUITHOK 3BAPHOTO 3'€THAHHS,

- 3BapHOTO 3'€JTHAHHS HAa CTATUYHUHA PO3TIT;

- 3BapHOTrO 3'€JTHAHHS HAa CTATUYHUI BUTHH (3aIHH);

- 3BapHOTO 3'€JIHAHHS Ha YAapHHUN PO3PHUB.

BunpoOyBanHs Ha cTaTH4HE (KOPOTKOYACHE) PO3TATYBaHHS 3BapHHUX
3'eTHaHb.

[Tpu BunpoOyBaHHAX Ha cTaTHYHE (KOPOTKOUACHE) PO3TATYBAHHS BH-
3HaYal0Th HACTYITHI XapaKTEePUCTUKU MEXaHIYHUX BIacTUBOCTEH [7]:

1) ymoBHy (Go,2) a6o ¢iznuny (Gr) MeXy TUIMHHOCTI;

2) TumuacoBwuii omip Gg;

3) BiIHOCHE MTOJIOBXKEHHS TICISI PO3PHUBY Ha M'STUKPATHUX 3pa3Kax;

4) BiTHOCHE 3BYXKEHHS TIICIIS PO3PUBY.

JonmycTrMi BETMYMHN T€OMETPUYHHX MapaMeTpiB 3paska Jjisl BUIIPO-
oysanus: D =0,02-0,03 m, L =0,22- 0,3 M, 1=0,11 -0,15 m.

Ha manmionky 2 npeicTaBiieHH ecKi3 3pa3ka JUis IPOBEICHHS BHUIIPO-
OyBaHb 110/10 BU3HAYCHHS BETMUYUHHA CTATUYHOT'O PO3TSTYBaHHSI.

0,63

Puc.2. 3pa3ok i BUIpOOYBaHb METATY IIBA HA CTATUYHUI PO3TSAT.
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®opmiu 1 permaMeHTOBaHI PO3MIpH 3pa3KiB, 110 3aCTOCOBYIOTHCS IS
BHUIIPOOYBaHHS TOBMHHI Bimnoimatu Bumoram: D = 0,02-0,03 m, L =
0,22-0,3m,1=0,11-0,15 m.

BunpoOyBanHs 3BapHUX 3'€IHAHD HA YAAPHUN BUTHH.

3pa3ku BUIPOOOBYIOTH HAa yAapHHUH BUTHH Ha MasTHHKOBOMY KOIPI.
[lpu omHOMY ynapi MasiTHHKA, SKHH 3aBAA€TbCS 3 OOKY MPOTHUIIEKHOTO
HaApi3y 3pa3Ka, U0 YKJIAJeH Ha Omopax.

[Mpu BuUnmpoOyBaHHI Ha yJapHUH BUTWUH JBOLIAPOBUX CTajed BH3HA-
YaroTh yIapHy B'SI3KICTh METally IIBa, HABKOJOMIOBHOI 30HU (B PI3HHX
ninsHkax). J{ist BunpoOyBaHb 3aCTOCOBYIOTH 3pa3ku [8], popma i po3mipu
AKuX BinnosigaroTk puc. 3. mo ACTY 6996-96.

|
l—————
\ //|48
-

1 — < P7— 1 Ilnakyrounii map
S 0 |

—~ OCHOBHUHI MeTa
/Q

20

Puc. 3. 3pa3ku a5t BUunpoOyBanb 1iBa OiMeTaJleBUX 3BapPHUX 3'€JHAHb.

VYnapHa B'SI3KICTh BU3HAYAa€ThCS POOOTOIO, IO BUTPAYAETHCS HA yaAa-
pHUI 371aM 3pa3ka 10 PoO0YO0i TUIOIII OMEePEYHOro Mepepi3y B MICIli HaI-
pi3y.

BunpoOyBaHHs MeTally pi3HHX JUISHOK 3BapHOTO 3'€IHAHHS Ha CTiii-
KIiCTh MIPOTH MEXaHIYHOT'O CTAPiHHS

CTiliKicTh MPOTH MEXaHIYHOI'O CTApPiHHA XapaKTEPH3YETHCS 3MiHOIO
yaapHoi B'A3KOCTI MeTally, MiZJaHOTO CTapiHHIO, B MOPIBHSHHI 3 YIapPHOIO
B'SI3KICTIO HOro B mo4yaTtkoBoMmy cTadi. [Ipo cTilikicTh mMeTany mpoTH Me-
XaHIYHOTO CTapiHHS CYISATh MO BiIHOUICHHIO IIMX BEJMYWH, IO BHUpaXka-
I0ThCS Y BIICOTKaX a0o0 3a a0COMOTHUM (HOPMATHBHUM) 3HAYCHHSM Y/a-



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 156

PHOI B'SI3KOCTI micis crapiHHSA. BUnpoOyBaHHS HPOBOISATH IS METalLy
1IBa 1 PI3HUX JUISTHOK OKOJIOIIOBHOW 30HH.

3aroToBKH MiAaI0Th MTYYHOMY CTApiHHIO 32 METOJUKOIO: Aedopma-
i PO3TATYBaHHSAM 3 po3paxyHKy orpumanHs 10-+0,5% 3anumxoBoro
MOJJOBXKEHHSI B MEKaX PO3PaxyHKOBOI JIOBKWHU |, 00MEKEHOI0 KepHaMH
abo pu3kamu. PekomeHIyeTbcsi Ha TOBEpXHI 3pa3kiB uepe3 koxHi 0,2
TOAIMHU HAHOCUTH PH3KH JUIA MEpeBipKM PIBHOMIpPHOCTI Aedopmarii mo
JIOBXKUHI Po3paxyHKoBOi yacTuHHU. [licisi TIOJOBXKEHHS 3arOTOBKY ITijia-
10Th PiBHOMIpHOMY HarpiBanHio npotsrom 1 rox mpu 523 K° 3 nmomass-
IIMM OXOJIOKEHHSM Ha MOBITpi. 3 poO0UO0T YaCTHHU 3arOTOBOK BUTOTOB-
JSIIOTH 3pa3KH, THIOpo3Mipu skux npeactasieHi y ACTY 6996-96. Hase-
JIeHy METO/IUKY CTapiHHS 3aCTOCOBYIOTH JUIsl 3BapHUX 3'€IHaHb 13 CTaeH.

BumMiptoBaHHSI TBEpAOCTI MeTally Pi3HUX IUITHOK 3BapHOTO 3'€THAH-
HSI.

BumMipioBaHHSI TBEpAOCTI MeTaly, IIBa MPOBOJUTHUCS 33 JOTOMOTOI0
npunaniB Bikkepca, Poksena (mkamu A, B, C) i Bpunenns Ha 3pa3kax
BHpI3aHUX TAKMM YHMHOM, 1100 OyJIM OXOILICHI BCI JIUISTHKH 3BAPHOTO 3'€J1-
HaHHs. JlomycKaeThCsl BHPI3aTH 3pa3KW Uil BUMIPIOBAHHS TBEPIOCTI
TUIBKY OAHIET TUISHKH.

VY Bcix BUaxX 3'€IHaHb TBEPJICTh BUMIPIOBAJIM B MOMEPEYHOMY Tiepe-
pi3i 3pa3ka Ha Makpouutidpax. [Ipu oMy 3a0e3medyeThesl MapaieabHICTh
nepeTuHy 1ntida i 00poOka MOBEPXHI B MICIIX BUMIPIOBAHHS 3 IIOPCTKi-
ctio moBepxHi R, > 1,25 mxm. Cxema BU3HAaYeHHS TBEPAOCTI B 30HAX 3Ba-
pHux 3'equans npeacrasieHa B JJCTY 6996-96.

TBepuicTh BU3HAUAIOTH BJABJICHHSIM y BUIPOOYBAIbHY JUISHKY 3pa3-
Ka iHJEHTOpa, L0 MpEeACTaBiIsge coOOK anMasHy MipaMidy, ajiMazHHUi
KOHYC a0 CTaneBy KyJbKy, 3 IEpepaxyHKOM T'€OMETPUYHHX MapaMeTpiB
OTPUMaHMX BIIOWTKIB 70 BiamoBigHux oauuuili tBepmocti (HV, HRC,
HB).

Buchnosku.

1. B mporeci ekcrmyaTanii MEXaHiqHi BIaCTUBOCTI JBOIIAPOBUX 3Ba-
pHUX 3'€THAHb MAIOTh OCHOBHE 3HAYCHHS HA HAJIHHICTH 1 JIOBTOBIYHICTh
eKCIUTyaTaltii.

2. BunpoOyBaHHSI IPOBOATH JUTSI METAy IIBa, METaly Pi3HHUX Aisi-
HOK OKOJIOIIIOBHOM 30HH. 3pa3Ku BiiOMpaeMo 3 mpod, BUpi3aHUX Oe3noce-
PEeIHBO 3 KOHTPOJILHUX 3'€/IHAHb, CIEiaIbHO 3BAPEHUX JUISl TPOBEACHHS
BUITPOOYBaHb.
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3. YaapHa B'SI3KICTb BH3HAYa€ThCS POOOTOIO, IO BUTPAUYAETHCS HA
yIApPHHIA 3JIaM 3pa3ka JI0 POoO0YOl IUIOIII MOMEPEUHOr0 Mepepizy y MicIi
HaJpi3y.

4. CTIHKICT MPOTH MEXaHIYHOTO CTAPIHHS XapaKTEePU3Y€ETHCS 3MIHOO
yaapHoi B'A3KOCTI MeTally, HiZJaHOTO CTapiHHIO, B MOPIBHHHI 3 YIapPHOIO
B'SI3KICTIO HIOTO B TIOYaTKOBOMY CTaHi.
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Kozunpkwuii C. B., Heens O. 1., *Kipisu C. B.
Harionansauii yaiBepcuter “Ojiechka MOPChKa akajemis”’, YkpaiHa
*Texnonoriunuii iHcTUTYT, Bankysep, bpuranceka Komym6ist, Kanana

OIIIHKA BTPAT KIHETUYHOI EHEPI'Ii Y KPUBOIIUITHO-
IMATYHHOMY MEXAHI3MI

Ilocmanoexa 3a0aui. IlepeTBOpeHHs BHYTPIIIHBOI (TEIIOBOT) eHeprii
NajauBa y MEXaHIuHy €HEepriio pyxXy, HalpHKIaja, CyJAHa CYIPOBOIKYEThCS
SK TETUIOBUMH, TaK 1 MEXaHIYHUMH BTpaTaMu. Take MepeTBOpeHHs y Cy/I-
HOBOMY JBUTYHI BHYTPIIIHBOTO 3TOPSIHHS 3IIMCHIOETHCS IIUIIXOM BHKO-
pHUCTaHHS KPHUBOLIXITHO - MIaTyHHOTro MexaHizmy (KIIM).

Ananiz nyonixayii. Kinematuka ta quHamika KIIM pocmimkena ta
OlMCaHa JeTajdbHO, HApUKIAJ, y mocioHuky [1]. Takox mociimkeHi Ta
OlMCaHi Terionepenava Ta TeoBuil Oamanc [1] B mporeci poOoTH
KIIM. Opnave, HaM He BiZOMi JTOCHI/DKEHHS 1O BTpaTaM MeEXaHI4HOT
eHeprii y ABUT'YHI 3a paxyHOK pyXy ckianoBux KIIM.

Mema pobéomu — ouinka BTpat MexaHiuHoi eneprii y KILIM Ha kiHe-
TUYHY CHEPril0 pyxy CKIaJoBHX (3 ypaxyBaHHSIM Mac Ta ¢opmu), Oe3
BpaxyBaHHS BTPAT Ha TEPTH.

- - Buknaoenna ocnosnozo mamepiany 0o-
cnioicens.

VY tponkoBomy KIIIM [1] 3BOpoTHO - mO-
CTyNaJIbHUN pyX MOpLIHS (y MUIIHAPOBIH BTYIIIIL)

31 3MIHHOIO HIBHJKICTIO Vjp TepeTBoproeThes Ha

o0epTanbHUd pyX KPHUBOIIMITY JIOBXHHOIO 7 HaB-
KoJIO oci Baja O 3 KyTOBOI IIBUIKICTIO ®, 32
JIOTIOMOT 010 I1aTyHa A0BkHUHOI0 L = AB (puc.l).

Kinernuna eneprin KIIIM (T) y Oyms-
KM MOMEHT 4Yacy, SK CHEpris MEXaHIYHOi CH-
CTeMH, CKIIaJIA€ThCA 3 TPhOX JOAAHKIB:

T=T,+T,+T,, (1)

KiHeTHuHUX eHeprii nopmHs (7)), matyna (T,,)

Ta KpUBOIIUIA (TKp ), BIITIOB1THO.

KinetnuHa  eHepris  MOpIUHS,  SIKUii
3[1MCHIOE MOCTYNAIBHUM PyX, BU3HAYAETHCS SIK

Xv

mV;2
Puc.1. Cxema KIIIM T - ="TB 5 (2)
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ne m, - Maca nopmHs (st kpeifukxonguoro KIIIM — ne momatkoBo maca

Kpefnkonda Ta MmTOKa), a MBUAKICTh HOPIIHSA Vg 3anexuTth Bi KyTa @

MOBOPOTY KPHUBOIIUIA, apaMeTpa MeXaHi3sMy A =r/L Ta KyTOBOI IIBUA-
KOCTI 00epTaHHs KpHBOIIUIA @ fK [2]

A -sin2¢

Ve=0-r-|sinQ+ ————|. 3)
24/1—(Asin@)*
3 BpaxyBaHHSIM PiBHSHHS (3) OTpUMyeEMO

mo” - r’ A -sin2¢

T, === | sing+ ——F— | . (4)
2 24/1—(Asin @)

KineTnuHy eHepriio IIaTyHa, SIKUH 31HCHIOE MIOCKUH pyX, 3HAXOIU-
Mo 3a Teopemoto Kenira [3]

B myVe N 1,07

T, , 5
m 2 2 (&)
SK CyMy IIOCTYyIalIbHOTO pyxy V. nenrpa macu C (puc. 1)
2
in2 A
Ve=o-r- sin(p+AC Asin2¢ +(1—TC)2c052(p (6)

L 2\/1 — (Asin@)?
Ta 00epTaIbHOTO PyXy HAaBKOJIO OCi, IO MPOXOJHUTH Yepe3 LEHTP MacH, Irep-
MEeHMKYJSIPHO TUIOIMHI [IaTYHA, 3 KyTOBOIO IIBHJIKICTIO ®; .

A-cosQ

O = O F——e | (7
J1=(A-sing)?

3ayBaxumo, 110 00M/IBa BUPA3M 3aJIKUTh BiJl KyTa TOBOPOTY Bajia ¢

Ta mapamerpa MexaHismy A, a V. e it Bix monoxenus uentpa Macu C ma-
TyHa [4].

KinetnuHy eHeprito 00epTaIbHOTO PyXy KpHBOIINIIA HABKOJIO OCI Basla
3 KyTOBOIO IIBUJKICTIO @ 3HaXOIMMO 3a (hopMysoro

IKll,oo2
T, = 5 (3)

e IKp — Jloro MOMeHT iHepIIii BIIHOCHO OcCi BaJa.

Hoaam,mi PO3paxyHKH BHMAraroTb OOMCIKUTHUCS MOJCIAMU  JJIA
BU3HAYCHHS MOMCHTY iHepHﬁ KpUBOIIIMWIIA Ta IATyHA.
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KpuBomun OyneMo BBaXKaTH OTHOPITHHM CTPHIKHEM MAcOK Mixp Ta
JIOBXKHUHOIO F, IO obepTaeThcst HaBKoIO Touku O (oci Bana). Toxi s mo-
MeHTy iHepuii, 3rigHo TeopeMi I toiirenca — IllTeltnepa [3], Maemo

2
I, =- 2 ! ? 9
Kp—Eprr +m,, Er —gmkpr . ©)]
OTxe, KIHETUYHA eHEPrisl KPUBOIIUIIA He 3aJIeKUTh BiJ HOro KyTa Io-

BOPOTY Ta MapaMeTpa MEXaHi3My 1 Moxke OyTH OI[iHEHa SIK
I - prr2 @ (10)
Kp 6 *
KinernuHna eHeprisi miatyHa 3aJIe)KMTh BiJl MOJOXKEHHS MOTO IEHTPY
Macu (toukn C Ha puc. 1 Ta 2), Ta Bix Horo MomeHTy iHepuii I, akuii, B

CBOIO UEpry, TAKOX 3aJICKUTh BiJl MONOKEHHS LEHTpYy Macu maryHa. 1106
BpaxyBaTH BIUIMB MOJOXKCHHS LEHTPY Mac LIaTyHa Ha BEIMYMHY ioro kiHe-
TUYHOI €HEeprii, pO3risIHEMO JBi MPOCTI MOAENI IIATyHA:

a) HIaTyH - TOHKUH OJHOPIAHUI CTPYOKEHb, TOAL

AC 1 m, I
—=—,T1a [ =—"—,
< L 2 12
- Taka MOJIENb J03BOJIUTH BHU3HAYU-
0 TH KIHETHYHY €Heprilo IIaTyHa,

KOTM LEHTP Macu IIaTyHa 3HAaXo-
JUTHCSI HA HOTO CepeuHi,
0)-maTyH - ogHOpimHUIl TpU-
I KyTHUK, HIMPUHA SIKOTO @ Ta BHCOTA
L (puc. 2). Toai ueHTp Mac 3Haxo-
IATHCA Ha BifcTtani 1/3 Bim ocHOBH,
a HabmpkeHa dopmyna aus Horo
L3 MOMEHTY iHepiii 3a ymoBu a<<L
/ F BIIHOCHO OCi, III0 MPOXOJHUThH Yepe3
neHtp mac C, NepHeHAUKYISIPHO
* a a IUTOIUHI TPUKYTHHKA BU3HAYA€THCS
3a hopmysoro [3]
Puc.2. Mogens maryna y ¢popmi ml?>
PIBHOOEPEHOr0 TPUKYTHUKA x= 18
Taka Mozenb J03BOJIUTH BU3HAYUTH 3AJICKHICTh KIHETMYHOI EHeprii
IIaTyHa y BUIAJKaxX, KOJU IIEHTP MacH ILIaTyHa 3HaXOAUTHCS Ha BIICTaHI
(1/3)L Bin Touku A (6mmkye 10 KpuBoluna) yu Ha BiactaHi (1/3)L Bix Touku
B (6mmxde 10 MOPIIHS, SKIIO TPUKYTHUK HA PUC. 2 MIEPEBEPHYTHH).

!t\/




2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 161

Jist 3a3HaUEHUX MOJIeNIeH IIaTyHa, oro KiHeTUYHa €Hepris OMUCY€ETh-
Cs1 HACTYITHUMH (hOpMyTIaMu:

s AC = L/2:
_ )
5 sin(p+—xsm2(p - +
m,or —(o-si
T =2 Wi=0o-sing) )| (11
+l 2 1 c052¢
cos o+ ———————
| 4 121~(A-sing)” |
s AC=L/3:
_ )
. 1 Asin2¢
- sm(p+6 -
m,or —(2-si
Tury =2 1=(osine) ) (1)
A eosor L oS0
cos“ @+ ——
| 9 181-(r-sing)” |
mis AC=2L/3:
_ )
. 1 Asin2¢
- sm(p+3 =| +
m,or —(-si
Tuerm=—" 1=(r-sing) . (11B)
+l 2 1 c052¢
s P+ ———————
| 9 181-(r-sing)" |

Amnani3 orpumanux ¢opmyin (4), (10) Ta (11) Bkasye, 1110 eHepris KOX-
HOro joAaHKy (koxkHoro enementy KILIM) mponopiiioHanbHa Maci eIeMeHTa
Ta KBaJpaTy A0OyTKYy KyTOBOi IMIBUJIKOCTI OOepTaHHsS KPUBOIIUIA Ha HOro
po3mip.

3ayBaxkuMoO, 1[0 yci ManooOepToBi JBUTYHH, SIKI BUIOTOBJISIOTH
HOpoBigHI (pipMH, MaIOTh TaKy KOHCTPYKIIiO, IO MapaMeTp @7 JCKUTb y
BY3bKOMY fiamna3soHi [1]:

Juis iBuryHiB xkoproparii MAN Energy Solution Big HalfkopoTIIUX 70
HaigoBimx (K98, K90, L70 , S60 ta G80) mapamerp @r € (11,5-13,5),

JUIsl ABUTYHIB Kopropauii Wartsilla mpu pi3HEX JgiameTpax MOpPIIHS
(RT-flex96, RT-flex82, RT-flex50) mapamerp @wr € (11,5-13,5),

JUIs ABUTYHIB kopropariii Mitsubishi Heavy Industries npu pizHux mia-
Mmetpax nopuHss UEC68LSE, UEC60LSE, UEC50LSE mnapamerp ®r €
(11,0-13,0).
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Bupasu a5 o0uncieHHa KIHeTHYHUX eHeprii nopmHs (2), maTyHa (5)
Ta kpuBomuna (8), 3 ypaxyBauusam (3), (4), (6), (7), (9), (11a — B), MicTiTb

CHUIBHAN MHOMXHHUK (» r)2 Ta MacH BiINoBiMHUX Aerajied. Tomy momamnbimi
pPO3paxyHKH JOLUIBHO TMPUBOIWTH JJsl TPUBEIACHOI KIiHETHYHOI eHepril

g;=T;/(m imzrz) BIIMOBIAHUX JETAJIEH:
2

1] . A -sin2¢ ,
&, =—|sinp+ ————
2 24/1— (Asing@)*
2
. 2
1 Asin2¢ +1c0s2qo+ 1 cos” @

£,/ = || sing + 1 (7 cin 2
arz) =5 || sin@ W1-(singy | 4 121-(4-sing)’

2

Asin2¢p +ﬂc0s2¢+i cos’ @ ,

1| .
E1/3 =—|| sing + 1(1 . <inm)
Wy =5 61— (4 -sing ) 9 181—(4-singp)’

1 Asin2¢ +1c0s2(o+i cos’

E,23) =—| | sing+ PR
@y =5 || Sine Wi-(ising) | 9 181—(1 -singp)*

I'papixu  3amexHOCTI HpPUBEAEHOI KIHETMYHOI €Heprii CKJIagoBUX
KIIIM Bix KyTa HOBOpOTY KOJiHUaTOro Baiy npu A = 0,4 HaBezeHi Ha puc. 3.

II1o6 BM3HAUMTHU BIUIMB IOJIOXKEHHS LIEHTPa Macu IIaTyHa Ha Horo
KiHeTUYHY €HEeprilo, Ha PUCYHKY 4 HaBesleHi rpadiku st MIPUBEAEHOI CHepril
HIaTyHa MPU Pi3HUX MOJOKEHHSX HOro IIEHTpa Mac.

3 rpagikis, 110 300paxkeHi Ha PUCYHKY 4, BUJHO, 1[0 MTOJIOKEHHS [[EH-
Tpa Macu IIaTyHa CyTTEBO BIUIMBA€ Ha HOro KiHETUYHO eHeprito. OTxe A
3MEHILIEHHSI BTpAT Ha PyX IIaTyHA MOTPiOHO 3MilI[yBaTH HOTO IIEHTP MacH, 10
MOXJIMBOCTI TaK, 1100 BiAJgayisBCcsA Bil KPUBOIIWIA, TOOTO 3MIl[yBaBCsS IO
MOPIIHSL.
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Puc.4. T'padhiku 3amexxHocTi BemmumH €m Bix KyTa mosopory @ mpu A = 0,4
(1) —xomu AC/L=1/3 ta (2) —xomu AC/L =2/3

Jis Bu3HaueHHsI cymapHoi BTpatu eHeprii y KIIIM 3a moBHMH LUK
JIBUTYHA MOTPIOHO BU3HAUMTU CEPEAHI 3HAUCHHS BiATIOBIJHUX MPUBEACHUX
KIHeTUYHMX E€Hepriil 3a mepiof;

T, 1
2.2 2
m;®°r°  2nm;o

27
2 ITi(<p)d<p-
L)
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[IpoBeneni po3paxyHKH CepenHiX NMPHUBEICHWX 3HAYEHb KIHETUYHOL
SHeprii 3a mepioj MpH Pi3HUX 3HAYEHHSX CTANOl MEXaHi3My JUIS KPUBO-
LINIIA, TIOPUIHA Ta MIaTyHa 3 BPaxyBaHHSIM HOTO MOJIOXKEHHS LIEHTPa MacH
HaBeneHi y Tabmumi 1.

OTtpumaHi pe3ynbTaTH JO3BOJSIOTH JJIS JOBUIEHOTO Malo00epTOBOrO
JBUTYHa, 3Hatoun Macy neraiei KIIIM ta mapamerpu nBuryHa (4actoTy
o0epTaHHA Ta pO3Mip KPUBOIINIIA), OLIHUTH BTPATy €HEprii Ha pyX KOXK-
HOT cKJ1a10B01 3a nepioy ta it KIIIM 3aranom.

Tabnuns 1. [IpuBeneni cepenni 3HaueHHsa eHeprii neraneit KIIM B
omuHuLAX JIx/(kr-M? -¢ %) B 3aJ1€XKHOCTI Bijl CTAI0i MEXaHi3My Ta TIOOKEHHS
LIEHTpa MacH IIaTyHa

Hetans A 4CL
0,2 0,3 0,4 0,5
€ KPUBOLIHII 0,166 0,166 0,166 0,166 -
Kp

;:n MOpIIEHb 0,253 0,256 0,261 0,268 -

;:m IIaTyH 0,377 0,379 0,381 0,385 0,33
0,335 0,336 0,337 0,340 0,50
0,293 0,295 0,297 0,301 0,67

[IpoBeaemo po3paxyHku s cydacHoro nsuryna MAN G-80-ME-C9,
nmapaMeTpu sSKOTrO HacTyIHi: maca kpuommna 4500 kr, maca miaTyHa
4900 xr, Maca TIOpIIIHS, ITOKA Ta Kpewikonda 6190 kr, xix mopuras 3,72
M, JacToTa oOepTaHHs n = 68 00/XB, IWIIHAPOBA MOTYKHICTh JAHOTIO
asuryna N, = 4450 xBr [1, 5].

Hus ominku npuiimemo A =0,4, AC/L =0,5 Ta, ockinbku r = 1,86 M,
o=2nn/60 = 7,12 pan/c, Toni @r = 13,24 M/c 1 OTpUMYEMO:

JUISL TIOPILIHS 7_"“ =0,261-(13,24)*6190 = 2832 ]Ik,

s maryna T, = 0,337-(13,24)*-4900 = 289,5 xJIx,

juist kpusommna 7, = 0,167-(13,24)*-4500 = 131,5 x/Ix.

Otox, B minomy aist ganoro KIIIM, BTpatu eHeprii Ha pyx Aeranei
nporsaroM nepiony cknanaots T = 704,2 kJx.
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OtpumaHi JaHi JO3BOJSIOTh BUSHAYMTH BTPATy MOTY)KHOCTI JABHT'YHA
Ha pyx ckianosux KIIIM.

[epiox nukny y aBuryHi cknamae t = 60/68 =0,8824 c, orox, BTpara
MOTYXXHOCT1 JBUTYHA TUTBKK Ha PyX HOT0 JieTanell CTAaHOBUTh
T
T

N =—= 798 kBr,

110 CKJIaga€e

5= L =797/4450 = 18%
N

1
LUITIHAPOBOI MOTYKHOCT] IBUTYHA.

OCKiTbKM BTpaTU €HEprii BU3HAUYAIOTHCS MACOK0 JIETalli, TO LUIIXOM
BUKOPHCTaHHSI Cy4aCHHUX TEXHOJIOTIH MOXHA CyTTE€BO 30UIBIINTH KOE(illieHT
KOpHUCHO{ Aii ABUTYHA, MIJISIXOM BUKOPUCTAHHS Cy4acHUX TexHonorii. Jlona-
BaHHS HaHOMOPOUIKIB (MiJIIMXTOBKA) /10 3BUYAWHUX MOPOIIKIB P BUPOO-
HUITBI CIIJIaBiB METOJAMHU ITOPOIIKOBOI METalyprii JO3BOJISIE OTPUMYBATH
OJTHOYACHO MIIIHI Ta IJIACTUYHI MaTepianu. Taki CIIaBU aIOMIHIIO Ta TUTAHY
poOUTh iX HEepCIeKTUBHUM JUIsl BUTOTOBJIEHHS Jeraneil [6], a 3aMiHa HUMHU
CTaNBHUX y 2,5 — 3 pa3u 3MEHIIye iX Bary, a OT)Ke 1 BTpaTH €Heprii Ha iX pyx.

Bucnosku:
1. Brpartu y xoxHiit nerani ta y Bcbomy KIIM npakTU4YHO He 3aeXaTh Bif
cTasiol MexaHi3my.
2. MakcumanbHa nutoma Butpata eHeprii y KIIIM mnpuxomuThcs Ha pyx
IIaTyHa, 3MEHILIEHHS 0ro Macu HalOUIbII CyTTEBE IPU 3MEHIIEHHI BTpaT y
KIIM.
3. Ilpu 3apaniif Maci maTyHa BUTpaTH €HEPrii Ha HOro pyx 3MEHIIYIOThCS
Ipu TepeMillleHH] [IEHTpa MacH BiJ KpUBOIIUIA 0 MOpIIHs. Tak, Ipu 3MiHi
AC/L Bin 1/3 no 2/3 BTpaT 3MeHIIyIOThCs Ha 25%
4. 3amiHa CcTanbHUX JeTajel CydaCHUMH MaTepiaJaMu 3 Majol MHTOMOIO
Bary, ajié BUCOKMMM MEXaHIYHUMHU BIACTUBOCTSIMH — IIUISIX A0 MiJBUILCHHS
KK/ nurysa.
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HIBALIEHHS PAJIOJIOKAIIITHOTO KOHTPACTY JBOX
OB'EKTIB, OJJHOYACHO CIIOCTEPITAETHCSI CYJIOBOIA
PJIC, 3 BAKOPUCTAHHSIM EHEPTETUUHOI MATPHUIII
BTPAT

National University «Odessa Maritime Academyy, Ukraine
INCREASING THE RADAR CONTRAST OF TWO OBJECTS
SIMULTANEOUSLY OBSERVED BY THE SHIP RADAR USING
THE ENERGY MATRIX OF LOSSES.
Annotation
The article discusses an increase in the radar contrast of two objects
simultaneously observed by a ship's radar using information about the loss
of power of an electromagnetic wave irradiating these objects after its
interaction with their surface or internal structure. It is shown that the
scattering or reflection of electromagnetic energy from the surface or from
the internal volume of an object is associated with the conductivity of the
object surface or the dielectric constant of a volume object, the internal
structure of which consists of scattering and absorbing particles of differ-
ent sizes, shapes, and dielectric constant. An algorithm is considered for
determining the matrix of losses of electromagnetic energy during scatter-
ing or reflection by objects, which makes it possible to increase the con-
trast of objects by changing the polarization of the irradiated wave
Key words - radar contrast, objects, radar observation, loss matrix,
radar basis, scattering matrix, object's own basis.

IlocTanoBka mpodJieMn B 3aralbHOMY BHIVISAI Ta i 3B'SI30K i3
BAKJIMBHMH HAYKOBHMM YH MPAKTHYHUMU 3aBIaHHAMH.

3 Meror paniofoKaliifHOro mifBHIIEHHS Oe3aBapiiHOTrO IIaBaHHS
CyaHa HeoOXigHO 3a0e3MeYnTH PIBEHb JyHAa-CHTHAIYy CIIOCTEpIraeThCs
cyanosuii PJIC 06'exTy, 1110 3HaXOIUTHCS Ha Pi3Hil BiICTaHi Bi CyJHOBOI
PJIC npu HasiBHOCTI pi3HUX aTMOC(EPHHUX YTBOPEHb (TyMaHH, 3JIMBH).

Tomy npu orJisiIi MPOCTOPY 3a KYPCOM CYJHA JIJISl TTOJIIMIICHHS SIKOCT1
BIITBOPIOETHCS iH(pOpMalis Mpo 00'€KTH palioNoKaliifHOro crocrepe-
KEHHS HEeoOXiTHO 3a0e3MeYnTH MaKCHMAaIbHUI KOHTPAcT JOBOX IMOPYY
po3TamoBaHuX 00'eKTiB. PilleHHs 3aBAaHHS MOKe OyTH BHKOHAHO HIJIs-
XOM TOOYZOBH MaTpHUIli PO3CiIOBaHHS CHCTEMH BimoOpakae CHTHady IO
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BiJOMHUM MAaTPHISIMH KOXXHOTO 3 CIOCTEPEKYBaHUX OO'€KTIB CYAHOBHIi
PJIC 3 Hapani Bu3Ha4ueHHs MaTpUIll BTPAT JIyHA-CUTHATY.

AHaJi3 OCTaHHIX JOCITIJKEHb 1 MyOJiKalliid, B AKUX 3alI04aTKOBAHO
PO3B'sI3aHHS JIaHOI Mpo0dJieMa 1 BUAUICHHS OKPEMHX YacTHH i3 3arajibHoi
npobiaeMu.

JlocmiKeHHI0 eXOCUTHAIIB, PO3CIAHUX 00'€KTaMHu pajioNloKalifHOrO
CIIOCTEPEKEHHS, MpucBsiueHi pobdotu [1,2,3,4], B SIKUX PO3IIISAAIOTHCS
MOJISIPU3ALiiHI XapaKTePUCTUKN PaJiOCHUTHANIB, PO3CITHMX 00'€KTaMu i
3eMHOI0 TIOBEPXHEIO.

Po3ristHyTO TaKOXK BIaCTUBOCTI CTATUCTHYHHX MApaMeTPiB eJIeMEHTIB
MaTpHIli PO3CIFOBaHHS OO'€KTIB 1 paJioJOKAIIfHOI KOHTPAacT JBOX
00'ekTiB. OJHAK /0 TEMEPINIHBOTO Yacy IIe MOBHICTIO HE BUpIillIeHa 3a/1a-
Ya OTPUMAaHHS PajlioiOKaI[ifHOrO KOHTPAacTy JBOX O0'€KTiB, 110 MaloTh
pi3Hy Qi3UUHY CTPYKTYPY.

dopmynrOBaHHS METH CTATTI.

Meroro 1aHOi CTaTTi € aHaJli3 MaTPHIIl BTPAT ABOX 00'€KTIB, AKi OTHO-
YAaCHO CIIOCTEPITraroThCs CYTHOBHM PaIiofIOKAI[iiTHOIO CTAHITIER.

Buknaa ocHoBHOrO Martepiany

Jlyiss BUpIIIEHHST TIOCTaBJICHOI METU HEOOXIJIHO OTPUMATU YSBJICHHS
MaTpHIlb BTpaT ABOX O0'€KTiB, SiKi cmoctepiraioTbes cyaHosuit PJIC B
OZTHOMY 1 TOMY X Oa3wuci.

Hexali 00'ekTn paiofiOKaI[ifHOTO CIIOCTEPEKEHHS, 3HAXOIATHCS Y
BIacHoMy 0Oa3wuci. Bynemo BBaxatu, mo anteHa cyanosuii PJIC 3abesme-
4qye IpUHoM MaKCUMallbHUX 3HaueHHs JyHa-curHainy E21 1 E22 koxHOro
3 IBOX CIOCTEPEKYBaHUX 00'€KTIB Ha NUISXY cynHa. [Ipudyomy Mixk HUMH
BIJICYTHI CTATUCTUYHUH 3B'SI30K, TOOTO

EE,=0 (1)

TakuM YMHOM B IaHOMY MOJISIPU3ALIHHAM 0a3UCl MATPHIIl BTPAT JIBOX
00'ekTiB OyIyTh JlaroHaJbHUMH, a 00'€KTH MalTh MMEBHUH 00cAr V, CB
O00MEXEHOI0 MOBEpXHEI0 S. YV KOKHOMY 3 PO3IJISIHYTHX O0'€KTIB Jienek-
TpUYHAa TPOHHUKHICTE € 1 TPOBIAHICTE © iX Marepiasly IOBUIBHI 1
3MIHIOIOTHCS Bl TOUYKH 10 TOYKH:
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& =¢&(x,,2)

& =&(x,,2) )
o, =06,(x,y,2)

0, =0,(x,y,2)

Hexait cnoctepexxyBani o0'ektu cynuoBuii PJIC ompoMiHIOIOTBCS
TUIOCKOI €NEeKTPOMAarHiTHOI XBHJICIO, BHIIPOMIHIOBAHOI aHTEHOIO CYJHO-
Buii PJIC B HampsiMKy oci Z AekapTOBOi cMCTeMH KoopauHaT. Tomi opTo-
rOHaJbHI KOMIIOHEHTH €JICKTPUYHOro Bekropa E xBuii B oOpaHOMy Iie-
KapToBOM 0a3WCi 3aMHUCYyIOTHCSI Y BUTIISII:

E, = cos e *?
E, =sin B L (3)
E, =0

Onnak BcepenuHi 00'eKTa eleKTpoMarHitHe moisi Oynie MaTH BCi TpU
kommonenTr E1, E2, E3. Jng onucy eaeKTpOMarHiTHOTO MOJst BCEpEeauHi
KO)KHOT'O 00'€KTa B IOBUIbHIN TOYIII, IKa BU3HAYAETHCSA PaIiycoOM - BEKTO-
poM 1, OyZIeMO BUKOPUCTOBYBATH MATPHIIIO PO3CIFOBAHHS:

E

1BHO1
[EBHOl(r)] = E23H01 4)

l;3Blﬂ91

ElBH02
[EBHoz(r)] = EzBHoz 5)
E;pros

Matpuns HaBuaIbHOI O00'€KTH PaioNOKaliiHOTO CIIOCTEPEKEHHS
ENIEKTPOMATrHITHOI XBUJI1 3aIUCYETHCS Y BUTIISII:

E
[E,.]=| E
0

1nao

6)

2nao
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Brpatu notyxHocti Pt BcepenuHi KOXHOT0 3 00'€KTiB BU3HAYAIOTHCS
CHIBBIJJHOIIICHHSIMH

f)nol = _[o-l (F)E:HOIdV = J. o-1 (r)(Elzsﬁol + E226H01 + E328H01 )dV (7)
Bmz = _[82 (F)E:Hoz + E228H02 + Eiizsuoz)dV (8)

v
Martpuus BTpaT MOTYKHOCTI KOXKHOTO 3 O0'€KTIB MOB'sI3aHa 3 Mat-
PHISIMHU 1X PO3CitOBaHHS, SIKi MAIOTh BUTIISA:

nyo nyo Ny

':Ppa(ral]: Ny My Ny )

':Ppa(ra2]: S Sn Sy (10)
S50 S Sy

3 ypaxyBanHsM (9) i (10) BTpaTH MOTYKHOCTI 00JiydaeMoii 00'€KTH
PamioNoKaliifHOrO COCTEPEKEHHS eNEKTPOMAarHiTHOI XBUII OyILyTh Mmpo-
MOPIifiHI po3citoe (BimoOpakae) 3MATHOCTI KOXKHOTO 00'€KTa 1 MOXKYTh
OyTy BU3HAYEHI 3 BUKOPUCTAHHSM TaKOIO 3aJIeKHICTIO!

Pno = Eom) P)ac Eon
1 pl™ pacl™ o6 (ll)
PnoZ = EompZPpaCZEoﬁﬂ

Axmo cynHoBa PJIC Mae aHTeHYy 3 KEPOBAHOK MOJSPU3AIlE0, SKa
JI03BOJISIE MATPUITIO PO3CIFOBAHHS KOKHOTO 3 00'€KTIB MPUBECTH JIO Jiaro-
HAJIBHOTO BUTJISY TOOTO, BUKOPHCTOBYBATH BIIACHWI 0a3nC KOXHOTO
00'ekTa, TOAI MaTpUIl BTpAT Yepe3 BIACHI 3HAYCHHS 3alHCYEThCS Y BU-

ISl
2
y 0
':F)nol(l,l):' = 6 2 (12)

2
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2
[P;voz(z,zJ = 12 02 (13)

2

ne - vi2, ni2 (i-1,2) - Bi1acHi 3Ha4e€HHS MaTPHIlb BTPAT KOXKHOTO 00'€K-
Ta, IO crocrepiraeTsest cyauosuii PJIC.

BucHoBkH i mepcnekTMBM MOJAJBLIIMX PO3BIIOK Y [JaHOMY
HANPSIMKY.

B naniii cTarTi 3apomoHOBaHO alrOpUTM BH3HAUCHHS MaTpHIIi BTPAT
KOXKHOT'O 00'€KTa, 1110 crioctepiraeThes cyanouit PJIC Ha nuisxy cynHa, 3
MeTOo10 3a0e3MevueHHs] MaKCUMAIBHOTO JIyHa-CHTHaly 00'€eKTa Ha iHAWKa-
Topi abo mucruiei KoMm'toTepa. Hamami mOLINBHO PO3TIISAaTH METOIUKY
PO3paxyHKy BTpaT IMOTYXKHOCTI HaBUEHOIO MEBHHH O00'€KT eneKkTpomar-
HITHOI XBHJII B 3aJISKHOCTI BiJ] BiJI0OpakaroTh a00 PO3CIFOIOThH BJIACTHUBO-
creit 00'ekTa.

[Ipu ormsani mpocTopy CyITHOBHU PaioIOKAIIHHOIO CTAHIIEIO MO
KypCy CyAHa Jjsl TOJIMIIEHHS SKOCTi BIATBOPEHOI palionoKaliiHol iH-
(dhopmartii mpo 00'€KTH PaiioNOKAIIHHOIO CIIOCTEPEXKEHHS 3a0e3nmedeHui
MaKCUMaJIbHHH KOHTPACT PO3TAIIOBAaHMX MOPYY JBOX 00'eKTiB. PilieHHS
MOCTABJICHOTO 3aBJaHHS BUKOHAHO IUISXOM MOOYJIOBH MAaTPHIll PO3CitO-
BaHHS CHCTEMH BifloOpa)ka€ CHTHAJy MO BiIOMUM MAaTPHULISIMH KO>KHOTO 3
criocTepexxyBaHux 00'ekTiB cyaHoBuil PJIC 3 momasnbIiow BU3HAYCHHSIM
MaTpulll BTpaT Bigbutoro curnaiy. Posrmsnyti cynHoBuit PJIC 06'extn
BIIPI3HAOTHCS (PI3UYHUMU BJIACTHBOCTSIMH, IO JIO3BOJISIE B MATPUIl PO3-
CIFOBaHHS BUAUISITH TOTY)KHICTh BTPAT KOXKHOTO 00'€KTa.
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AHAJII3 ®YHKIIOHAJIBHUX 3B'SI3KIB HABITAIIIMHOTO
OB'EKTY I 30BHIIIHHOT'O CEPEJIOBHUILIA ITPH
®YHKIIOHYBAHHI CYJHOBOI PAJIIOJIOKALIIMHOI
CTAHIII (PJIC)

National University «Odessa Maritime Academy», Ukraine
ANALYSIS OF THE FUNCTIONAL CONNECTIONS BETWEEN
THE NAVIGATIONAL OBJECT AND THE ENVIRONMENT DUR-
ING THE OPERATION OF THE SHIP'S RADAR

ABSTRACT

The implementation of the model of interaction of the ship's radar
with the external environment for single-position radar, when the naviga-
tion object is in the zone of atmospheric formation, has been carried out.
An electromagnetic wave for emission and reception is presented in the
form of two matrices consisting of the actual energy Stokes parameters,
and the reflecting properties of the atmospheric formation are character-
ized by 16 coefficients combined in the Muller matrix and consisting of
four columns and four rows. The reflected wave is represented by four
Stokes parameters, as a field induced by an unknown distribution of re-
flectors of atmospheric formation, when they are irradiated with electro-
magnetic waves of four polarizations in linear and circular bases. The
determination of the coefficients of the scattering matrix of atmospheric
formation is carried out by differentiation or integration by the Picard
method (successive approximation). It is shown that the coefficients of the
scattering matrix of atmospheric formation are variable functions of time,
finite for all values of the considered interval. The division of the time
interval into segments in which the coefficients of the matrix are consid-
ered as constants is made, which allows them to be calculated using the
Becker formula. The practical implementation of the model of interaction
of the ship's radar with the atmospheric environment is based on measur-
ing the coefficients of the scattering matrix during successive irradiation
of the atmospheric formation by an unpolarized wave, a wave of two line-
ar and circular polarizations.

Keywords: interaction model, ship radar, atmospheric environment,
navigation object, electromagnetic wave, Muller matrix, Stokes parame-
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ters, method of successive approximations, differentiation and integration
operators, radar channel, dynamic system.

PE®EPAT

3niiicHeHo peamizaniro Mozeni B3aemonii cynHoBoi PJIC i3 30BHimI-
HIM CEpPEJOBUIIEM IPU OTHOIMO3MININHIN pajionokallii, KoJiM HaBiralfii-
HUH 00'eKT mepedyBace y 30HiI aTMochepHoro yrBopeHHs. EnexTpomarHit-
Ha XBWJISI HA BUIIPOMIHIOBAHHS 1 MPUIIOM TpENCTaBlieHa Y BUTIISL JBOX
MaTpHIlb, O CKIAJAITHCS 3 AIMCHUX SHePreTUYHUX napamerpis CTokca,
a BIJIOMBarOYl BIACTUBOCTI aTMOC(EPHOro YTBOPEHHS XapaKTEPU3YIOThCS
16 xoeitieHTamu, 1110 00'eHaHI B MaTpUII0 Miojuiepa sika CKJIaaeThCs
3 YOTHPBOX CTOBIILIB i YOTUPHOX PAAKIB. Bimbura XBUiIs mpeacTaBieHa
gotupMa napamerpamu CTokca, SK ToJjie, iHIyKOBaHEe HEBiJIOMHUM pO3IO-
JJIOM BiOMBauiB aTMOC(EPHOT0 YTBOPEHHS, MPH IX OMPOMIHEHH] eleKT-
POMAarHITHUMH XBHJISIMH YOTHPHOX TOJNSApH3Allii y JiHIHHOMY Ta Kpyro-
BoMy Oaszmcax. BuszHaueHHs KoedilieHTIB MaTpHIll PO3CiIOBaHHS aTMOC-
(epHOrO YTBOpEHHS 3AIMCHIOETHCS TU(EpPEHIIIIOBaHHAM a00 IHTerpyBaH-
HsAM 3a MerogoM [likapa (mociimoBHuM HabmmxkeHHsM). [lokazano, 110
Koe(illiEHTH MaTpHIli PO3CiFOBaHHS aTMOC()EPHOT0 YTBOPEHHS € 3MiHHU-
MU (QYHKIISIMU 4Yacy, KiHIEBUMH JJIsl BCIX 3HaUCHb aHaJi30BaHOTO iHTEp-
Bajy. 3po0JieHO MO YacoBOTO MPOMIDKKY Ha BIAPI3KH, Y SAKUX Koedilli-
€HTH MATPHII PO3TIISAAOTHCS SK TOCTIHHI, 10 JO3BOJISE TX OOYMCIUTH 3a
noromoroto dopmynu betikepa. [IpakTiuna peasizaiis Mojeli B3aeMOIiT
cynHoBoi PJIC 3 aTMocdepHUM cepeoBUIlieM 3aCHOBaHA Ha BUMIPIOBAHHI
Koe(illi€HTIB MaTpUIi PO3CIIOBaHHS TPH TOCTITOBHOMY OIPOMiHEHHI
aTMoc(epHOr0 YTBOPEHHS HEMOJSPU30BAHOI XBHJICIO, XBHJICIO JBOX
JHIKHUX Ta KPYroBoi MOJSIpU3aIiil.

Karouogi ciioBa: monens B3aemogii, cynnoa PJIC, armocepre ce-
penoBulle, HaBiraniiHU 00'€KT, eMEKTPOMAarHiTHa XBHJIS, MAaTpHUIsT Mro-
jutepa, napamerpu CTokca, METOJ| MOCTiIOBHUX HAOJMKEHb, OMEpPaTOpH
nudepeHitoBaHHs Ta IHTErpyBaHHs, paJioiOKalliiiHII KaHal, JUHAMIYHA
cHcTeMa.

IlocTanoBKa NpodJieMu B 3arajJibHOMy BHUIJISIAI Ta ii 3B'A30K i3
BAXKJIMBUMHU HAYKOBHMH i MPAKTHYHUMHM 3aBAAHHAMH

[Tpu ¢ynkuionyBanHi cyanoBoi PJIC Ha BXifg MPHCTPOIO MPUUAHATTS
PIIIEHHS HAJXOIUTh CHUTHAN, JDKEPEIOM SKOro € HaBiralifHuil 00'€kT
PamioNoKaliifHOrO CIOCTEepEKEeHHS MPH BICYTHOCTI CHUTHAIY aTMocdep-
HOTO cepenoBuila. Mojenb paaioyioKaIiiHoro iHGOpMAaIIHHOrO KaHaTy
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OIUCYE TIPOLEC MEPETBOPEHHSI XapaKTEPUCTHK CHTHAJIB 3a TPacolo Bif
nepenaBava 1o o0'exTa, Big 00'ekTa A0 mpwiiMaya i Jjaii A0 TPUCTPOIO
00pOOKM TPHHHATHX cUTHaMIB. [Ipu 1IbOMY Bci Tpollecd 3aJaloThCs Y
JUCKPETHOMY Yaci.

PesynpraT B3aeMofii XBUIIi, O BUIIPOMIHIOETHCSI aHTEHOIO CYAHOBOI
PJIC, 3 armochepHHM YTBOPEHHSIM, B SIKOMY 3HaXOAWUTHCS HaBirallilHUM
00'€KT, BUXOANUTH MUIIXOM MHOXEHHsS1 BeKTopy CToKca, BUIIPOMIHIOBAaHOT
XBHJII Ha MaTpuiio Mioiepa aTMOC(EpPHOro yTBOPEHHsSI, B pe3yibTaTi
40ro 004YHCIIOeThCsE BeKTOp CTOKCa BiIOUTOI XBHITL.

Jns aHanmizy NpUHIOMIY MEpexony Npu omnuci (QyHKIIOHYBaHHS CYy.I-
HoBoi PJIC Big Oe3mepepBHOro yacy A0 JTUCKPETHOTO BHKOPHUCTOBYETHCS
MaTeMaTH4YHa CTPYKTYpa, sika Ha3MBAETHCS IWHAMIYHOIO CUCTEMOIO, 1 sIKa
€ aOCTPaKTHOIO MOJIEIUTIO Ta 3aJ0BOJIbHSIE MPUHIMITY MPUYUHHOCTI. [Ipu
IIbOMY HaWBaXKJIMBIIIUM KJIACOM JMHAMIYHMX CHCTEM 3a Oe3IepepBHOrO
yacy iX 3aBJaHHS € IJ1aJIKi TUHAMIYHI CUCTEMH, IO OMMUCYIOThCS Tepexi-
HOIO (DYHKIIIEIO CTaHy.

AHaJi3 0CTaHHIX A0CTiIKeHb Ta myOJikamiii, B sSIKUX 3a109aTKOBA-
HO pO3B'SI3aHHsI AaHOi MPOOJIeMH, 1 BUIJICHHS! HEBUPILIEHNUX paHille Jyac-
THH 3araJibHOi Tpo0JIeMu

Teopito iHdopmariiiHoro kanamy chopmyiaboBano B.A. Tlotexinum,
B.€. Hynesuuem, A.Il. Pomumosum, D.A. Middleton, E. M. Kennaugh,
J.R. Huynen, W. M. Boerner Ta in. OTpuMaHi pe3yJibTaTu 32 CTAHOM T€0-
pii pamgionokaniitHoro xanany npencrasieHi B [1]. Iomspusanist pamiosno-
KallifHUX CHTHAJIIB TIOBHOIO MIipOI0 pO3MIIAHyTa B poboTax [2 - 15]. Ila-
paMeTpuvHe YSBJICHHS TONApH3alii pagioXBUIb IPYHTYETHCS Ha BBEC-
HuX CTOKCOM YOTHPHOX PEYOBHX MapameTpax, 10 MaroTh PO3MIpHICTbH
iHTeHCMBHOCTEH. Tak sk B3aeMOJIisi BUITPOMIHIOBAHOI XBUJII 3 aTMOC(ep-
HUM 00'€EKTOM BiJOYBA€ThCSI HEKOT'EPEHTHO, TOMY BHUKOPHCTAHA MATPHUISA
Mrosiepa, dopMaltisM SKOI 3aCHOBaHUN Ha TOJAaHHI CTaHy MOJSIpU3aIlii
xBHJIi BekTopoM CTOKca 1 MOoJaHHI PO3CIFOIOUMX BiacTUBOCTEW aTMocde-
pHOro yTBOpeHH:, 16 miicHUMHU KoedilieHTaMH.

PesynbTar B3aemonii XBUII, 110 BUPOMIHIOETHCSI AaHTEHOIO CYTHOBOT
PJIC, 3 armMoc(hepHHM YTBOPEHHSIM, B SIKOMY 3HaXOAWUTHCS HaBiralliiHUI
00'€KT, BUXOANUTH MUIIXOM MHOXEHHS1 BekTopy CTOKca, BUIIPOMIHIOBAaHOT
XBWII Ha Matpuiro Mriomiepa aTMOc()epHOrO YTBOPEHHS, B PE3Y/IbTaTi
40ro 004YHCIIOeThCsE BeKTOp CTOKCA BiIOUTOI XBHITL.
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@opmyJTIOBaHHS Lijed cTaTTi (IOCTAHOBKA 3aBAAHHS)
Mera 1i€i cTarTi — npeacTaBieHHs Mozeni B3aemoii cynHoBoi PJIC 3
aTMoc(epHHUM cepeloBHILEM, KOJIM BPaXOBYETHCS peakilisi aTMochepHOoro
cepenoBuila Ha (yHKIIOHyBaHHS cynHOBOI PJIC.

Buksax ocHOBHOT0 MaTepiany AOCTiKeHHsI 3 TOBHUM OOIPYHTY-
BaHHSIM OTPUMAHHMX HAYKOBHUX pPe3yJbTATIB
PosrisiHeMo rafKy AMHAMIUHY CHCTEMY, IO OMHCYETHCS Tepexil-
HOIO (DYHKIII€IO cTaHy, TOOTO:
B _ gfs(0).0.. ()]
dt (1)

Ta BUXIJHUM BiJOUTTAM:

U, (1)=U,,.{S(1)} )

3 Touku 30py auHaMiuHOi cuctemu (1), (2), BXiTHUI BIUIHB 3Mi-
HIo€ cTaH cynHoBOi PJIC, skuit BU3HAUAE BUXIHHUIA CUTHAIL.

[lomo rmagkux AWHAMIYHUX CHUCTEM, y SKHX 3a0e3leueHa JIiHik-
HICTb MepexigHol PYHKIIT CTaHy Ta BUXIAHOTO BiJOUTTS 32 CBOIMU CHUTHA-
JILHUMH apryMeHTaMu, piBHsHHSA (1) Ta (2) 3anuinyThes y BUTIISI:
ds (1)
——==4S(t)+BU,,.(1): 3)

dt
U,.(1)=CS(1), (4)

ne A,B,,C, - MaTpui, SIKi MOXYTb 3aJIeKaTH BiJ 4acy;

S (t) U, (t) - 6araToBUMIpHi BEKTOPHI (DYHKIIIi.
PiBHsiHHS (4) TEOPETUYHO AMHAMIYHUX CHCTEM HA3UBAETHCS PiB-
HSIHHSIM CTaHY.

Buxoasun 3 GeHOMEHOJIOT1YHOTO OMUCY MPUCTPOIB 1 CHCTEM Y TePMi-
HaX BXOAY Ta BUXOMY, OMUC JWHAMIYHOI CHCTEMH € Iu(epeHIiaIbHIM
PIBHSHHSAM, 110 3B'AI3y€ BXiIHI Ta BUXiJHI BIUIUBH, TOOTO:
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n n—1
d Uw;(t) va d Ul(t)
dt dt

a

)

n—1
+..+ anng (t) = bl ddlj—:i)lc(t)-i_ "'+an6uX (t)

ne U ()u U

8UxX
ay(t),a,(t),...,a,(t),b,(t),b(?),....,b,(¢) - marpuuni koediuieHTH,
PO3MIPHICTh SIKUX JO3BOJISIE Y3TOJWTH BXIHUUN Ta BUXIJHUA CHUTHAIU B
OJIHE PIBHSHHSI.
Buxigne piBHsHHS (3) Ta piBHSIHHSA cTaHy (4) Ul TUCKPETHOI CUCTe-
MU 3aMUCYIOThCS Y BHTIISII:

S,.=AS,+BU,__ ., (6)
U,., =CS;, ()

6ux j

(t) - GaraToBUMIipHi BEKTOPH;

ne A, B, C — marpuili, sIKi MarOTh JIJIsl TUCKPETHOI CHCTEMHU, BiJICYT-
HIiM THAEKC ¢, 10 BKA3Y€E Ha JUCKPETHICTh Yacy.

. . . . d
Piustans (6) i (7) orpumani 3 3) i (4) mpu U, (t) = O,d—z A,a

t
orepaTop B, 3) MIEePETBOPIOETHCS Ha orepaTop

B= (eA‘S —1)71 -B = (A)fl - B, ne - kpok aucKpeTn3allii CHCTEMH.

TakuM YMHOM, BU3HAYCHHS JTUHAMIYHOI CUCTEMH B TEPMiHAX BXij-
BHUXIJl Ta cTaHAapTHE ysBieHHS (3), (4) MOBHICTIO €KBiBaJICHTHI.

Hnst cynaoBoi PJIC 6yneMo BUKOPHUCTOBYBATH /IBa BHIU OIHCIB!

- 3a jorioMoroto auHamiuHoi cucremu (1)—(7), mo Bignosigae ge-
HOMEHOJIOTTYHHM YSIBJICHHSIM, 110 OMUCYIOTh MPUCTPOI T4 CUCTEMH Y Tep-
MiHaX BXOJly Ta BUXOJY;

- 3a gomomoror mozeni B3aemofii cynHoBoi PJIC i3 30BHImIHIM
CEpPEIOBUIIEM, IO BiAMOBIAE HIJICCIPIMOBAHUM CUCTEMAM.

[pu omuci cyauooi PJIC 3a 0rmoMoror JuUHAMIYHOI CHCTEMH CHT-

HalM, 0 HaaxoaaTh Ha Bxing cyauoBoi PJIC U _(f) 1 BuximgHi curHamm

6x
U, (t) moB's3aHi MATPUYHMMHU DIBHSHHSMH, TIPEICTaBICHUMH EHEpre-

TUYHUMHU napamerpamu CTokca:
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U, (1)=

U,u(t) =

[ S (1)

()

;- )

[Tpu BuKOpucTanHi Mozeni B3aemofii cyanoBoi PJIC 3 atmocde-
PHUM CEpPEOBHUIIEM, KOJIH BPAaXOBYETHCS PEAKIlis aTMOC(HEPHOTO cepelo-
BUlIa Ha QyHKUiOHYBaHHs cyaHoBoi PJIC mpu pamionokauiiHOMy croc-
TEPEeXKEHH] HaBIramidHUX O0'€KTIB B yMOBax aTMOC(EPHUX IEPEUIKO]I,
¢ikcoBaHa MOCIIOBHICTh OMEPaTOpPiB, IO 3MIHIOIOTHCS B Yaci, MpeACTaB-
JSETHCS Y BUMIAAI MaTpullb 7, 110 XapaKTepU3yIoTh Hadip aTMocgepHUX
cepenoBHI (IOILi Pi3HOT IHTEHCUBHOCTI Ta ()a30BOro CTaHY):

Oy (tl) Ay tl)
oy (tz) a3 (tz
Oy (tz) Ay (tz
a5, (tz) 33 (tz
Oy (tz) Ay (tz

oon
Ay
om

oy (tl)

(1),
()|
)

)
; : (n
)

)y (tn) a3 (tn
&) (tn) Oy (tn
a3, (tn) a3 (tn
Oy, (tn) Ay (tn

(12)

(10)
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ne o, (tn ) - Koe(iliEHTH, IO XapaKTepU3yIOTh BiIOMBHI BIacTUBOC-

Ti aTMOc(epHOro cepeoBHUINa, B SKOMY 3HAXOJUTHCS HaBiraliiHuil 00'-
€KT.

3 ypaxyBaHHsM criBBigHOMEHb (8) - (12) g cynHoBoi PJIC, y 3ara-
JBHOMY BUIJISIII [T OyAb-SIKOTO MOMEHTY 4acy, OCHOBHHH iH(opmarriii-
HUU MOTIK € CYLUIbHUM BiJl BXOAY JI0 BUXOJY, CHOPMOBAHUM aTMOCdep-
HUM CEPEIOBHIIEM Ta HaBiramiiHuM 00'ekToM. PIBHSHHS OCHOBHOI'O iH-
(hopMaLifHOTO MOTOKY MPEACTABISIETHCS Y BUTIISIL TPHOX MATPHUIb:

S ()| [, (5,) an(t,) () o, ()] | S ()
SZ@X(tn) _ aZl(tn) azz(tn) a23(tn) a24(tn) SZqu(tn) 13
S ()| () an(t) anlt,) an(t)|]Sum(n)] "
| S (1) ] an(t,) an(ty) as(t) () | S (2]

CHHTaKCUYHUHN MIIXiJ 0 JTOCTIPKEHHS TPOIIECIB UM OTPUMAHHS
iHpopmariii cynHoBor PJIC crpsiMoBaHO Ha CTPYKTYpHHMIA aHaTi3 iH(OpP-
Mallii, TOOTO, 3HSATTS HEBM3HAYEHOCTI MPU HAJXO/HKCHHI MOBIIOMIICHHS
Mpo HaBirauiitHui 00'€KT 3 ypaxyBaHHSM MPOCTOPOBO-YACOBOI Ta IOJISI-
pu3aiiiHoi cTpykTyp curHamy. CeMaHTHYHWHE MiaXia mependavae aHami3
CMHCIIOBOI'O 3MicTy iH(opMallii, a mparMaTUYHUN — OL[IHKY KOPHUCHOCTI Ta
LIHHOCTI OTpUMYyBaHOi iH(popmarii. CrcTeMa CHUTHAIIB PO3TIIAIAETHCS K
Jiesika MaTeMaTHYHA KOHCTPYKILiS, IO BioOpa)kae 3JaTHICTh IEPETBO-
peHHs1, Tepeaayi, oTpuMaHHs Ta 00poOKM iH(OpMAIil MPO CUTYaIio, 0
CIIOCTEPIraeThesl.

PosrnsimaeTbest 3HAXOKEHHS Yy 30HI aTMOc(epHO-
ro YTBOpPEHHsS HaBiraumiiiHoro o0'ekta. EnekTpomaraiTHa
XBWJISI, IO BUMPOMIHIOETbCS aHTeHOI0 cyaHoBoi PJIC 1
NpUIMAETHCS P BIAOUTTI BiJ] 30HU BUMAAI0UMX ONAAiB,
B SIKI 3HAXOJAUTHCA HABITAlIMHUN 00'€KT, MpeCTaBIIs-
€ThCSl UOTUPMA ailicHuMu napamerpamu Ctokca Sy, Sz, S3,

S4Z



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 179
S = [x +7 :[+7r/4+[—7r/4:[n +[n .
y b
S, = [x—ly; (14)
S3 :[+7r/4 +[—7r/4 ;
S4 = [n - [fl

[Mapamerpu CTOKCca HA3WMBAIOTHCA MAPAMETPHUYHUMH 1 OMUCYIOThH
MOJISIPU3AIII0 MOJS XBHJII 32 JIOMIOMOTOI0 CHCTEMH KBaJpaTHYHHX IO
HaINpPY)KEHOCT1 TOJII PEUOBUX IMapaMmeTpiB. |[HTEHCHMBHOCTI XBWJII TO3HA-

I/

varotbest wepes 1, 1, 1 alas

n/a I, I,, ne nepui 4OTUPH BiTHOCATH-

cs A0 JNHIHHUX MOJSIpU3alliid, a OCTaHHI JABI MO KPYroBoi MOmApH3ailii
JIBOTO 1 MPaBoro o0epTaHHsL.

BigOuBasibHI BIaCTUBOCTI pajioiokalliiiHoro o0'emy atmocdep-
HOT'O YTBOPEHHS XapaKTePHU3YyIOThCs koedimieHnTamMu (o ... o4s4). Enexrpo-
MarHiTHa XBWJISL Ha BHIIPOMIHIOBAaHHS 1 MPUIOM TPENCTABISETHCS Y BU-
IS JIBOX MATPHIh, 10 CKIAJA0ThCs 3 mapamerpie CTOKca, a BIACTHBO-
CTi pagionokaniifHoro o0'eMy atMoc(epHOr0 yTBOPEHHS, IO BifOMBAIOTH,
MOJIAIOTHCS. TAKOXK Y BUIJIAII MAaTPUIl, IO CKIANAEThes 3 16 koedilrieH-
TiB. Toxi piBHSHHS 3B'SI3Ky MK BUITPOMIHIOBAHOIO XBHJICIO 1 BiIOMTOIO 1
BiIOMBAIOYMMH BJIACTUBOCTSIMH PaJIiOJIOKAIIHOrO 00'€eMy, 3aMUCYIOThCS
Y BUJISIIL

Slm’O all alZ a13 a14 Slsun
SZ@I'() aZl aZZ a23 a24 SZsun
= , (15)
S3m'<) a3l 0{32 a33 a34 S38un
S 46i0 Ay Op Oy Oy S4gun

a00 y BHIUISI1 YOTHPBHOX JTIHIHHUX PIBHSHB!
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Sieio = 1S 1 T 0120 + 385 + Ay Sy

Ssio = 0 S + Ay Ssy + 00385, + A0Sy, (16)
S0 = Ui Sign + 03080, + 00385, + QiS4 ‘

Syeio = Oy S T QiySsgy + 0S50 + AuySyp,

BusnaveHHs BimOMBalOYMX BJIACTHBOCTEH TEBHOTO BHJYy aTMOC-
(hepHOrO YTBOPEHHS 3IHCHIOETHCS MUISXOM TEOPETUYHOro a0 eKCIepH-
MEHTAJIBHOTO JTOCTIIKEHHS KOS(Ili€eHTIB MaTPUIi (Cti; ... 0l44), IKi HECYTh
BCIO iH(opMalio Mpo ¢i3u4HI BIACTUBOCTI aTMOCHEPHOr0 YTBOPEHHSI.
[Ipu MopenroBaHHI BiOMBAaKOUMX BIIACTHBOCTEH aTMOC(EPHOrO YTBO-
PEHHSI BUKOPHCTOBYIOTHCSI YOTHpH mapaMerpu CToKca BUIIPOMiHIOBaHOT
XBUJII YOTUPHOX MOJSPU3AILiH, a TAKOK YoTUpH mapamerpu CTokca Biou-
TOT XBHJII TSI KOKHOT'O BH/Ty MOJISIpU3allil BUIIPOMIHIOBaHOT XBHIIL.

Toni mpu onpomiHeHHI aTMOC(EpHOrO yTBOPEHHS (30HHM BHIIa-
JAIOYMX OIaJiB) 3 HaBIraliiHUM O00'€KTOM, IO 3HAXOJUTHCS B HHOMY,
ENIEKTPOMAarHITHOIO XBWJICIO JTIHIHHOT BEPTHKAIBLHOI 200 TOPU30HTATBHOL
noJsipu3anii piBHsAHHEA (15) BUTIAa€ HACTYITHAM YHHOM:

Siaio a, a, 0 0S5,

S0 _| % O 0 0|5, . (17)
S34i0 ay ap, 0 0110

Sisio a, a, 0 0][0

a00 y BUTJISAI:

[S.0]=[e]- [Ssun.a.s.<.v.e.> ] ) (18)

a MaTpulls Koe(illiEHTIB 3aMHUIIEThCS TAK:

1

o 0512
a a
[O{] — 21 22 ) (19)
O3 O

a a

41 42

[Mapamerpu CTokca BUITPOMIHIOBAHOI Ta BiIOMTOI XBWIII HE € He3ae-
KHUMH, MDK HUMH ICHYIOTh YOTHPH JIiHIHI PIBHSHHS:
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Slm'o = allSleun +a12S28un
Szm'o = aZlSlsun +a22S26un 20)
S50 = A3y S1 + 3285,
S4m'<> = a4lSlsun +a42S26un

BHPIIICHHS SKUX JIO3BOJISIE BU3HAYUTH KoedilieHTH Marpuii (19).

[Tpu onpoMiHeHH] 30HM BHUIAJal04YNX OMAIIB, B SIKii 3HAXOJAUTHCS Ha-
BiraiiiiHuii 00'€KT, XBHJICIO JIIHIMHOT MOJSpU3AIlil 3 HAXUJIOM eJIeKTPHY-
HOT'0 BEKTOPY miJ KyToM 45° piBHsHHS (15) mopaeTbes y BUTIISIIL:

S0 a, 0 a; 0]|5,,

S0 _| % 0 a,; 0 ) 0 1)
Sia0 ay 0 ay; 0])S,,

S a, 0 a5, 0110

46i0 41

a00 y BUTIAML:
[S«i()] = [a] ’ ':S«un.JASO ] ? (22)

a MaTpuIlsd Koe(ilieHTIB [a] 3aMUIIETHECS HACTYITHUM YHHOM:

all 0613
(04 (04
[O{ ] _ 21 23 ) (23)
0{31 0633
0{41 0643

3 (21) niHiiiHi cniBBiTHOMIEHHS MiX mapamerpamu CTOKca MOAAI0Th-
Csl y BHTJISII:
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Sioio = 1S T 1385,

Soeio = 001 S1pn + 0385, (24)
S50 = 311 T 03385, ‘

Speio = 0arSipn + 04385,

[Tpu onpoMiHeHH] 30HM BHUIAJal0UYKX OMAIiB, B SIKii 3HAXOAUTHCS Ha-
BiramiiHui 00'€KT, XBWIJIEIO KPYroBoOi MoOJsipu3allii JiBOro abo MpaBoro
o0epTaHHS eIeKTPUYHOTO BEKTOPY, PIBHAHHSA (21) MogaeThes y BUIIISAII:

Sl 6i0 al 1 0 0 a14 Sl eun
SZm'() — aZl 0 0 a24 0 , (25)
S381'0 a31 0 0 a34 0
S4m'() a41 0 0 a44 S48un
a TaAKOXK y BUTJIAO1 TpLOX ManI/IHL:
[S0] =[] S |- (26)

MaTpuIsl KoeilieHTiB [a] 3aMUIIEeTHCS HACTYITHUM YHHOM:

[S5]

o]

27

R R 8 R

Mix mapamerpamu CTOkca BHIIPOMIHIOBaHOI Ta BigOMTOI XBHWII
ICHYIOTH TaKi JIiHi{HI CIiBBiIHOIIEHHS:



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 183

Slm'o = allSleun + a14S48un

Szm'o = aZlSlsun + a24S46un (28)
S0 = U318 + A4S, ‘

S4m'<> = a4lSlsun + a44S46un

Y cynuoBiit PJIC BHKOPHCTOBYETHCS METOJ PajioiOKAIiHHOTO
CIIOCTEPEKCHHS HaBIiraliiHOro 00'€KTa MPH OJHOIMO3UINIHIN pajioyioKa-
1ii, KOMM TepeAaBajbHA Ta MpHUHiMalodya aHTEHH PO3TAIIOBaHI B ONHIH
TOUI[I MTPOCTOPY, a MAaTPUIS KOS(II[IEHTIB € MATPHUIICIO 3BOPOTHOTO PO3-
CIFOBaHHS:

all

K

13 14

21

o
a31
o

[S]
]

2

[%}

[a]-

3

8}

o o
Oy Ay

: (29)
Oy Ay
o o

R R R

41 43 44

Martpwuiis 3BOPOTHOTO PO3CIFOBAHHS XapaKTEPU3y€e PO3CIFOBAIbHI
BJIACTMBOCTI 00'€KTa PajiONOKAIIHHOTO CIIOCTEPEKECHHS MPHU TPOTUIICK-
HUX HampsMax MOLIMPEHHs BUITPOMiHIOBaHOI (Maaiodoi Ha 00'eKT) 1 po3-
cistHOT 00'ekTOM (BiZIOMTOI) €IEKTPOMArHiTHOI XBUII, TOOTO, OIEPaTOPOM
PO3CilOBaHHS 3 OISy MEPETBOPEHHS MONspHU3aiii XBHIIi 00'€KTOM TpH
3BOPOTHOMY PO3CilOBaHHI, OO JIIHIHHOTO 1 KPyroBOro 0a3ucis.

Enementu mMatpuui (29) @, € QyHKUisIME OfHIET 3MIHHOI 7, TOO-

TO:
a; =a,t). (30)

IMoxigna matpuui (29) BU3HAYa€THCSI HACTYITHUM CITIBBiJHOIIEH-
HSM:
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i dall dalZ dal3 dal4 ]
dt dt dt dt
da, day, day day
d
—[OC] _ dt dt dt dt 31)
dt doy day, da,, doy,
dt dt dt dt
da, da, da, day
L dt dt dt dt |
IaTerpan matpuni (29) MoxxHA IOAATH Y BUTIISII:
[ t t t B
Ia”dt Ialzdt Iawdt Iamdt
t N t l
t t t t
Iaﬂdt Iazzdt IaBdt Iaz4dt
0 l l l l
Jlai=|" , , , (32)
o Ia31dt .[ocndt Ia33dt ja34dt
t t t t
t t t t
Ia“dt Iocndt Ia43dt IaMdt
_t() 1 ty ) .
Toni moxizna Matpuii (29) 3anumierbest y BUTIISL
[da,, da,, |
dt dt
da,, da,,
d
a [OC ] _ dt dt ’ (33)
dt doy, do,
dt dt
da4l da42
L dt dt |
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a 1 IHTerpaJl BU3HAYaEThCS CIIBBITHOIICHHSM

ja”dt jalzdt

ty t
t t
_[ o, dt I o, dt

ij:T " . (34)
o _[ o, dt I a,dt

0} fy

t t
_[oc4ldt Iocndt
L% ty

[MoxigHa maTtpui (19) 3anuIeTbes y BUTIISIIL:

da,, dag,
dt dr
day  day
i[a] _ dt dt ’ (35)
dt doy, dos,
ar dt
da4l da43
L dr ar |

a 11 iHTerpan y BUTIISAL

ja”dt jocwdt

0} fy

[a)de=|" " . (36)

—

ja“dt ja43dt

L% ty

[MoxigHa mMaTpui (27) 3a0UIIETHCS Y BUTIISII:
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—dall dal4—

At dr

day  day
i[a]: dt dt ’ 37)
it 7 day, day,

dt dt

da4l da44

Lt dr |

a 11 iHTerpan y BUTISAL

_joc”dt jocmdt

ty t
t t
_[ o, dt I o, dt

j[a Wt =" " . (38)
o _[oc3ldt Ia34dt

fy fy

ja“dt jaMdt

ty fy

3arajioM pilleHHS CHUCTEMH JiHIHHUX JAu(epeHIianbHuX pPIBHAHB
MEPIIOro MOPSIKY 3aHIIEThCS:
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ds, .
16i0 __
dt - al lSl(mn + a12S26un + a S36un a14S46un
ds, .
26i0 __
dt - aZlSl(mn + a22S26un + a S36un a24S46un
S 39)
36i0 __
dt - a3lS1«un + a32S26un + a33S36un a34S46un
ds, .
46i0 __
dt - a4lSl(~zun + a42S26un + a S36un a44S46un
Jiis BU3HAYEHHS KOe(illiEHTIB cUCTeMU PiBHSHB (39) (01 ... O4s) HE-

00XiaHO MaTH Bizomocti mpo rmapamerpu CTokca Sisio, Sasior Ssior Stsio, IPH
ONpOMiHEHH] 00'€KTa palioNoKaifHOro crocTepexenHs cyaHoBoto PJIC
SNEeKTPOMAarHITHUMH XBUJISIMA YOTUPHOX (PIKCOBaHMX MOJISPHU3ALIii, pO3T-
JSHYTHX BHUIIE a00 HEMOJIIPU30BaHOI0 XBUJICIO, XBHJICKO JIHIHHOI ropu-
30HTaJIBHOI (BEPTUKANBHO) TOJISIpHU3allii, XBHJIEIO JIHIMHOI 3 KyTOM HaXu-
Iy BeKTOpy monsg B 45° i XBUIJIEI0 KpyroBoi momspusaiii (mpaBoro ato
JiBoro obepranHs Bekropy). OmHak mapamerpu CTokca BiOMTOI XBHUIL
MOB'A3aHI 3 MIKPOCTPYKTYpOIO 00'€KTa, IO BinmOuBae, i iXx Teopernyne
OOYHMCIICHHS € CKJIaJHuUM 3aBiaHHsM. [lo3Hauaroum yepe3 D ormepairito
nudepeHifoBaH s, cucTeMa piBHAHB (39) 3amuimeTrbcs 3a JIOMOMOTO0
MaTPUYHUX TIO3HAYCHb TAKUM YHHOM:

[DSei()] :[a].[Seun] . (40)
[Mapamerpu CTOKCa €IEKTPOMArHITHOT XBHJI, 1[0 BUIIPOMIHIOETHCS

anTeHoto cynHoBoi PJIC, He 3anexaTh Big 4acy ¢, i NpUIAMAIOThCS PiBHU-
mu oauHuti. Toai piBHAHHS (40) 3aUIIETHCS Y BUTIISII:

[DS,,]=[a]. (41)
abo

d

E(S‘”’)) =[a]. (42)

[ligcTaBUMO MOYATKOBI YMOBH JUIsl BiIOUTOI XBHJIi, KOJIW MOMEHT Ya-
Cy t=ty, TOMI:
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Sol=15.(t)]. 43)

a IHTerpajbHe PIBHSHHS 3alIMIICTHCS TaK:

[ S0 (6)] =[S0 (20) ]+ j[a (][ S, (2) ]t -

Pitnennst piBHAHHS (44) MOKHO 31 CHUTH MOCTIJOBHUM HaOJIKEH-
HsM, (Meron [likapa) 3 BBeneHHsM onepaTopa (), sIKME BU3HAYa€e Orepa-

t
IO IHTErpyBaHHS J a (t)dt , TOOTO/I03BOJISIE OTpUMATH [S]:

fy

(8,0 (1)]={[1]+0[a]+0[a]o[a]+0[a]o[a]o[a]+..|[ S, ()]

. (45)

Oneparop interpyBanns Q" 103Bosse oTpUMaTH pe3yabTaT HOro
oreparii 3po0IeHoi Ha/l MAaTPHIICIO Y BUTIISII:

t t t t t t
Q' = {[l] + ‘[[a]dt + _[[oc]dtj.[oc]dt + J.[a]dtj. [a]dtj[a Jir + } . (46)
ty ty ty [} ty fy
B miacymky pimenHs cucremu (43) 3anUIIETHCS Y BUTISI:

[S,,(t)]=Q" [a][ S, (1) ]- (47)

. . to,t
JludepenitiroBaHHs iHTErpaibHOro omeparopa 2° [a] 0 ! JO3BO-

JIsi€ OTPUMATH HACTYITHUM PE3YyJIbTAT:

e
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OpnHak, Koe(illieHTH 0, € PYHKIIIMUA 3MIHHOI ¢, KIHIICBUMU TSI BCIX
. ty,t .
3Ha4YeHb iHTEepBaNY (Z), ), ToMy obuncieHus (2° [a (t)] € CKPYTHHUM 1

JUIsSi OTPUMaHHS HaOIWKEHOTo pilleHHs iHTepBai () , {) MOAUISETbCSA Ha
BIZIPi3KH, B SIKUX KOC(IMIEHTH 0. PO3TIIAIOTHCA SIK MOCTIHHI 1 Toal (48) )
3aMUCYEThCS Y BUTIISII:

Q! [OC] _ e[a](t—to) , (49)

TOMY 1[0 B I[bOMY BUIIAJIKY:

Q[a]Q[a]Q[a]...Q[a]=M[a]n. (50)

n!

A 3 ypaxyBaHHsiM (49) piBHsHHSA (47) 3anKCy€ThCS y BUTIISL

[S,,(6)]=eM s, (4)]. (51)

[a](t-10)

Martpuis e O0YHCIIOETBCS 3a JtoroMoroto Gopmynu betike-

pa[5].

[IpakTuyHa peamizailis BU3HAYCHHS BITIOMBHUX BJIACTUBOCTEH 00'€K-
TiB pajionokaliifHoro criocrepexxenHs cynHoBoro PJIC (ememeHTIB mart-
PUILi PO3CIFOBAHHS Q1] ... Ol44) JIETKO 3AIMCHIOETHCS MUITXOM ONPOMIHEHHS
cynHoBoro PJIC o0'exTta, 110 CIOCTEPIra€ThCs, HEMOISIPU30BAHOI XBH-
JIet0, XBWICIO JIHIAHOI BepPTUKaJIbHOI (TOPU3OHTAIBHOI) MOJSpU3alii,
JHIKHO TOJSAPU30BAHOI0 XBHJICIO 3 KyTOM HaxXWily BEKTOpY mois y 45°
BIJTHOCHO T'OPHU30HTaJbHOI OCi OOpaHOro NiHIfHOrO 0a3ucy Ta XBHIICHO
KpyroBoi nossipu3anii (mpaBoro abo JiBOro ooepTaHHs BEKTOPY).

IIpu onpominenHi aTMoc(epHOro 00'€KTa HEMOISIPU30BAHOIO XBH-
neto piBHsIHHA (15) 3anuIIeTbcss HACTYITHUM YHHOM:

Siio | | 0 0 OF |8

leun
SZ’m'() aZl 0 0 0 0

o0 | = - . (52)
Saio a, 0.0 0 0
S! a, 0 0 0[] 0

46i0
3 (52) BUXOOATH YOTHPH JIiHIKHI PIBHSHHS:



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 190

_ !
1«10 a Sl 6un
_ !
281() a Sisun (53)
3@1() a Slsun
_ !
481() a Slsun

3 (53) Bu3Ha4aOTHCSI KOe(illiEHTH TEPIIOro CTOBMI MaTpui (29):

Sr ' Sr ' Sr
a” — S:m() ;0521 S?m() ,a31 S?(fz() ;a41 S‘:@m . (54)

lemn leun leun leun

! ! !
[apamerpu Crokca BinOuToi XBUIL S),.5,S) .05 Ssio> Sta

16i0 > 0 BUMIPIO-

10Thest cyaHoBoo PJIC, a mapamerp Ctokca S|~ Bimomumii 3a3naneriip,

leun
TOMY KOE(QII[IEHTH MEPIIOro CTOBMIIS MATPUIll JIETKO BUMIPIOKOTHCS €KC-
MEPUMEHTAJIBHO 1 1X 3HAYCHHS BUBOSITHCS HA JUCILICH CYJHOBOI KOMII'tO-
tepa PJIC.

Jlyis BU3HauYeHHS KOeiliEHTIB qpyroro cToBmilsd mMatpuii (29) atMo-
chepHUl 00'€KT OMPOMIHIOETHCS EICKTPOMATHITHOK XBUWJICK JIHIHHOT
BEPTUKAIBHOI NoJIsipu3aii 1ist sikol piBHAHHEA (15) 3anUIIeThesl Y BUIIIS-
i

" "
Slm'() all 0512 0 0 Sleun
" "
26i0 | _ a21 0{22 0 0 SZsun (55)
" 2
360 a; o;p 0 010
"
46i0 a4l a42 0 0 0
a JIiHIMHI piBHAHHA 13 (55) 3aNUIIYTHCS y BUTIISII:
_ " "
1«10 a Sl@un + alZSZ(eun
_ " "
2@1() a Slsun + aZZSZ(eun (56)
_ " "
3@1() a Slsun + a SZsun
_ " "
4@1() a4lSlsun + a42526un
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3 IKUX BH3HAYalOTHCS KOeIli€eHTH APyroro cToBmus Marpwuii (29):

" " " "
_ “leio . __ M26i0 . __ 360 __ . __ M4si0
alZ - S” all’a22 - S” a21’a32 - S” a31’a42 - S”
leun leun leun leun
(57)

Oy >

Z[e S” — S”

leun 26un ?

Hi y criiBBigHOIIEHH] (54).
Jiis Bu3HaUeHHs KoeilieHTiB Tperboro cropmist MaTpuili (15) atMo-
chepHuil 00'€KT HEOOXiAHO OMPOMIHHUTH EIEKTPOMATHITHOI XBHJICIO
JiHIKHOT MOJsIpU3aii 3 KyTOM Haxmily BeKTopy moist 45°. J{ist Takol XBriti

Sm _ Sm

leun 3eun

a Koe(illieHTH MaTpUIll Oi1, O21, 031, O41 BU3HAUEC-

Ta 3a aHajorieo 3 (57) koedilieHTH TPETHOr0 CTOBMIIS MaT-

puti (15) OynyTs BU3HAYATHCS CIIBBIIHOIICHHIMH:

m " 4 m

_ leio __ . _ 2600 __ . — 360 __
a13 - Sw a119a23 - a219a33 - o

leun
(58)

3127743 = Sm

OmnpomineHHs aTMocepHOro 00'eKTa EIEKTPOMArHiTHOIO XBHIICIO
KPYTOBOi MOJIsipU3allii 103BOJIsIE BU3HAYMTH YETBEPTHI CTOBIENb MATPHUII

"ee "ee . .
(15) 3 ypaxyBauusam Toro, mo S, =S, " , Toxi3a ananoriero 3 (57):
"ee " " e
_ “leio . __ M26i0 . __ 360 __ . __ M4si0
a14 - S”n all’a24 - Snn 21’a34 - S!NI 31’a44 - S”” 41 *
leun leun leun leun
(59)

B pesynbrati mociiIOBHOTO OMPOMiHEHHS aTMOC(EPHOro 00'eKTa eJIeKT-
POMAarHITHUMH XBUJISIMU YOTUPHOX (DIKCOBAHUX MOISIPU3aLil 1 BUMIPIOBAHHS
napamerpis CTokca BiIOUTOI XBUIIL, AJISI KOXKHOT MOJIIpU3aLlii OIPOMiIHIOI0YO1
XBUJI1, IOBHICTIO BU3HAYAETHCSI MATPUIIS PO3CIFOBAaHHS aTMOC(hEpHOro 00'eK-
Ta, sIKa XapaKTepU3ye HOro BiIOMBHI BIacTUBOCTI. PO301XKHOCTI y 3HaUEHHSIX
Koe(iLieHTIB MaTpULb IEBHUX aTMOC(HEPHUX YTBOPEHb BUKOPHCTOBYIOTh Y
MeTOuII X ifeHTH(iKallii, a TAKOoXk Ha BUPILICHHS 3aBJaHH HONSIpU3aLliii-
HOI cenekuii HaBirariiHuX 00'€KTIB, 110 3HAXOASTHCS Y 30HI aTMOCGHEPHOTO
YTBOPEHHA. BUNPOMiHIOBaHHS €1EKTPOMArHiTHOI XBUJIl NEBHOI MOISIpU3aliii
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3IIACHIOEThCA ABTOMAaTUYHO 3a MEBHOIO MPOrpaMoro, a BECh MPOIIEC BUMIPIO-
BaHHA KOe(ili€HTIB MaTpHIIl CTAHOBUTH KilbKa CEKYH]I, 1110 3HAXOJUTHCS B
MeXax 3MiHH (DI3UYHOTO CTaHy BHYTPIIIHBOI CTPYKTYpU aTMOoc(hepHOoro ob'e-
KTa.

BucHoOBKH Ta NMEepPCrIeKTHBA HO}IaJ'[bIIIOi pOﬁOTI/I 3a UM HAIIPSAIMKOM

PosrisiayTo yHKIiOHANBHI 3B's13kM MK cyaHoBoto PJIC Ta atmoc-
(depHuM cepenopuinieM. BcTaHOBIIGHO OCHOBHHMI 1H(OPMAIIWHUN TOTIK
Ui OyIib-sIKOTO MOMEHTY 4acy, c(hOpMOBaHUI aTMOC(HEPHUM CEpeIOBU-
IeM, JIe 3HAXOAUTHCSA HABITAIlIHHUN 00'€KT 1 MPEACTABICHUN Yy BUIJISIII
TPHOX MaTPHIIb.

PeanizoBano mozens B3aemoxii cynHoBoi PJIC 3 armochepaum cepe-
JIOBUIIEM, BiZIOMBArOUi BIIACTUBOCTI SKOT'O BU3HAYAKOTHCS IUISIXOM TEOpe-
TUYHOTO Ta CEKCIIEPUMEHTAIILHOTO JOCTIKEHHS KOCQIIIEHTIB MaTpHIIli
Mrosuiepa, sSiKi HECYTh BCIO 1H(OPMAIIIO PO aTMOC(EpPHE CEPEIOBUIIIE.
[Ipu MopenroBaHHI BiNOMBAaKOUMX BIIACTHBOCTEH aTMOC(EPHOrO YTBO-
pEHHs1, BUKOPUCTaHi AilicHI eHepreTruHi mapamerpu CTokca.

[Nokazano, mo TeopeTHuHEe 00UnCIIeHHs KoedilieHTiB MaTpuili Mio-
Julepa € CKJIaJHUM 3aBJaHHSM, TOMY MpEACTABICHAa METOAHMKA IXHBOTO
eKCIIEpUMEHTAILHOr0 BUMIipIOBaHHS 3a nonomoroio cynHoBoi PJIC. Oxn-
Hak, (yHKI[IOHAIBbHA TT00y0Ba cynHOBOI PJIC moBMHHA JTO3BOJSTH BH-
MPOMIHIOBATH Ta MPUMMATH EEKTPOMArHiTHY XBHIIIO OYyIb-SKO1 MOJSpH-
3amii 3 popMyBaHHsM mapaMerpiB CTOKca SK Ha BHIPOMIHIOBAaHHS, TakK i
Ha npuiiom. ToMy mopanblie IOCTIHKEHHS! B TAHOMY HaNpsAMKYy OyAyTb
MpHUCBSYEHI Po3podili QyHKIIOHATBFHOI CXEMH CYAHOBOI MOJSApU3aIiitHOT
PJIC 3 aBTOMaTn4HOIO 0OpOOKOIO Ta MOJAHHAM OTPHUMaHOI iHQOpMaii,
0 JO03BOJIMTh BUJAUIMTH JIyHA-CHTHAJI HABIrallifHOrO 00'€KTa 3 JIyHa-
CUTHally aTMOC()EpHOr0 CepeoBHILA.
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10.31653/smf343.2021.196-206
[Manarin O. M.
Hynaiicekuit [nctutyr HY «OMA»

KOHTPO.Ib 3A BAJIACTHOIO CUCTEMOIO HA
HOI'PYKHUX MOPCBKHUX CYJHAX IIJ] YAC BAHTAYKHUX
OIIEPAILIIIA

IMocTanoBka npodJiemn B 3arajbHoMy BUrIsiai. CydacHi TeHAeHIIT
B PO3BUTKY CYyJIeH MOTPY>KHOTO THITY, IO BUKOPHCTOBYIOThCS JUIsl TIepe-
BE3CHHSI BEIIMKOra0apUTHUX 1 HECTAHAAPTHUX BaHTaXXIB BUMAaralTh BU-
KOPUCTaHHS HOBUX MIJXOJIB JIO TEXHOJOTII iX ekcrutyatallii. Ha mepiie
Miclle BUCTYIAaOTh BUMOTH 1O MiIBUIIEHHA HAIiHHOCTI iX poOoTH mpu
XBHJIIOBAaHHI MOPCBKOT MOBEPXHI 1 CKOPOUEHHSI TEPMiHIB IMPOBEICHHS
BaHTaXHUX omepaniil. Ha nux cynHax B cuny crienudiku X KOHCTPYKIIiH
IiJ] Yac orepailiii 3aHypeHHs a00 CIUTMBaHHS 3aBXKJU MPUCYTHS BEIMKa
npoGnema. Mjerbcs mpo BUHMKHEHHS i MOJANbIIMHA XaOTHUHHMIL PyX Be-
JUKUX Tapa3uTHUX TMOBITPSIHUX OOCATIB y CEpeinHi 3allOBHEHUX BOOO
OamacTHUX TaHKIB cynHa. Yepes iX BEIMKUN 00’€M, a 3HAYUTH 1 BUCOKI
THEpIIIHHI XapaKTEPUCTUKU 3aBXKJIM MAa€ MICIE TOCUJICHHS XUTABUII CY/I-
Ha. TakoX BHHUKAIOTh BUCOKI J0/IATKOBI HAaBaHTA)XCHHS HA KOPILYC CY[-
Ha, 110 JIOCHTh 4YacTO NPU3BOJIUTH JIO aBapiiHUX cuTyaliii. Moxe WTH
MOBa HaBiTh PO BTPATy BaHTaXy ab0 3aTOIUICHHS Cy/IHA.

TakuMm 4MHOM, MeTa JOCHiIKeHb MoJjsrana y 30uIblIeHHI edeKkTuB-
HOCTi poOOTH 1 MiIBULIEHH] eKCIUTyaTalliiHIX XapaKTePUCTUK CYACH IO-
TPYXHOTO THITY IUIIXOM PO3POOKH HOBOT TEXHOJIOr'il YCYHEHHS Ha JTUILI-
KOBHX MapasUTHUX 00’€MiB MOBITPsl B CYJHOBHX TEXHOJIOTIYHUX TaHKaX.
OO0'ekTOM ITOCTIPKEHHSI OYB TPOIIEC 3aTOIJICHHS a00 CIUIMBAHHS CYJICH
MOTPYKHOT'O THUIY B YMOBaX XBHUJIFOBaHHSI MOPCBKOI ITOBEPXHi, a MpeamMe-
TOM JIOCHiKeHHs1 Oyiia TEXHOIOTiYHA CHCTEMa 3allOBHEHHS a0 CIIOpOXK-
HeHHs OanacTHUX TaHKiB. HaykoBoi rimore3oto Oyllo MPHUITYLIEHHS PO
MOXIIUBICTh 3MEHILIEHHS MMOKa3HUKIB HEKOHTPOJILOBAHOI XUTABHUII Cy/IHA
1 3MeHILIeHHs KyTa KpeHy. Lle mpu3Bene 10 3MEHIIEHHS! XUTABUII CyIHA i
3MEHIIUTh WMOBIPHICTh HACTaHHs aBapii mpu ioro excrutyaranii. Pinren-
HSl TOJIOBHOTO 3aBJaHHs OyJIO peai3oBaHO 3a paxyHOK HOro JAEKOMIIO-
3MINT HAa Pl HE3AICKHUX MK COOOI0 JIOMOMIKHMX 3aBJaHb JOCIIHKCHb.
[Ipu ix BupimeHHi Oyau oTpuMaHi HOBI HaykoBi pe3ynbTaTu. [IpuitHsTa
HAyKOBa TinoTe3a Oyina MOBHICTIO MiATBEp/HKEHA OTPUMAHUMHU pPe3yibTa-
TaMH SIK TEOPETHYHOTO MOJENIOBAHHS, TaK 1 eKCIIEPHUMEHTaJIbHUMH JI0-
CIT/DKEHHSMH B YMOBaX poOOTH Cy/Ha.
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AHaJji3 ocTaHHixX qocaimkens i myoaikamiii. Y cdepi BaHTaxorepe-
Be3eHb I1iel (pIoT mpencrapisie cobor0 OKpeMui Kiac cyaeH. Tak, K mpu-
Kimam, 3rigHo 3 ganmMu kommadii Dockwise-Boskalis[8] makcumanbha
noBxkuHa cynHa Dockwise Vanguard cranoButh 275 M, mmpuna 70 M, a
MaKCHMallbHa TUIONIA BaHTaXHOI manyom nopiBHroe 19250 m2 Ha Taxmx
CyJlHaxX IUIOIIa OCHOBM JUIS BaHTaXy MOXeE JOXOAMTH 10 23 THC. M?, a
MaKCHMajibHa Bara BaHTaXXy MOXe CTaHOBUTH 110 THC. TOH mpW MIBUJ-
KOCTi pyXy cyaHa B 14 By3iB.

- -

A

a 0
Puc. 1. KoHCTpyKTUBHI BUKOHAHHS Cy/ieH norpyxHoro tuimy SEMI-
SUBMERSIBLEHEAVY-LIFT
a — TO3JIOBXHS KOHCTPYKTHBHAa KOMIIOHOBKa;0 — TONEpeYHa KOHCTPYKTHBHA
KOMIIOHOBKA.

SIK BUIHO Ha PUCYHKY KOHCTPYKTHBHE BUKOHAHHSI TAKHX CyJIeH OyBae
nBox TumiB[l]. Y mepmioMy BUNAJKy BaHTa)XHa Majay0a po3TamioBaHa
MOCepeANHI Mi>K HOCOM CyZIHA 1 HOTO KOPMOIO. a B JPyroMy BUIIAJIKy BOHA
pO3TaIlIOBaHa Y3/I0BXK BCHOTO CYJHA, a HaJIOYIOBH 3HAXOAATHCS 1O OOp-
Tax CyJHa.

3aneKHo BiJ TEXHOJIOTiH, 10 BUKOPUCTOBYIOTHCS NP 3aHYpeHHi abo
CIUIMBaHHI, MOXYTh OyTH BHJIJICHI J]Ba MPUHIMIIOBO Pi3HUX MiX COOOIO
KJacu cyjeH. ['oloBHA BiIMIHHICTh MiK HUMH TOJISITA€ B TEXHOJIOTIT 3a-
MOBHEHHS a00 CIIOpOXXKHEHHs1 OanacTHUX TaHKIiB. [lepmmii kiac mpairtoe
Ha 3aHypeHHs abo0 CITMBaHHA 32 PaxyHOK POOOTH INTaTHUX OaTacTHHX
HacociB. [pyruil kiac mpaimroe 3a paxyHOK CHCTEMH KOMIIPECOpIB, IO
CTBOPIOIOTh PO3PSPKEHHS 200 MiJBUIIICHUH TUCK BeepeauHi TaHkiB. [Tpu-
KJIaJ1 TIEPILIOro Kiacy MoKa3aHui Ha puc. 2.
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Puc. 2 Cynno «Target»

Le xeBinipT «Taprer» i Ha 1bOMY Cy/AHI OyJja BUKOHaHA OLIbINA Ya-
cTuHa JociimkeHb. Cxema 0alacTHUX HACOCIB IHOTO Cy/IHA MOKa3aHa Ha
puc. 3. TyT BUIHO, 10 B TEXHOJIOTTYHIN CXeMi BUKOPHUCTOBYIOTHCS YOTH-
pu O6anactHuX Hacoca. [1'sTuil Hacoc MpU3HAYEHM AJI moAavi 3a00pTHOT
BOJIY IIiJ] YaC PEKMMIB IMKOBUX HaBaHTa)KeHb. Haiiuacrilie BiH BUKOpHU-
CTOBYETBHCSI B OIEPAIlisiX, MOB'I3aHUX 3 BUPIBHIOBAHHSIM KPEHY Cy/HA MPH
CHJIBHOMY XBUJTFOBaHHI MOPCHKOI TIOBEPXH.

IIpukiman cxemu po3TallyBaHHS KOMIIPDECOPHOI CHUCTEMH Ha
cynHi «Tpancmensdy» mokazanuii Ha pucyHky 4. L{s cxema e tarmo-
BOIO 1 BUKOPHCTOBYETHCSI MPAKTUYHO HA BCIX CylHAX XeBLmidrax.
Tyt BuIHO, MO0 poOOTa KOMIIPECOPIB BCE OJHO JTyOIFOETHCS POOO-
TOI0 CHCTEMHU HACOCIB, SIKi BKJIFOYAIOTHCS TOYMHAIOYH 3 TIEBHOTO
PIBHS HAITIOBHEHOCTI 0ATaCTHUX TAHKIB.
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Puc. 4 Cxema pozramyBanns komnpecopiB Ha Heavy—Lift « Transshelf»

Pizauis Mk aBoMa KjacaMu CyJeH TOJSTae B 4Yaci 3allOBHEHHS
TaHKIB[7]. Y mepmioro kiacy CyAeH BOHO CTaHOBUTh B CepeiHbOMY 24
TOJIMHM, a y JIPYrOro KJiacy BOHO 3HaXOAUTHCS B Mexax Bia 8 g0 14 ro-
JIVH.

IHocTanoBKka 3aBnaHHsA. 3aTOIUIEHHS CyAHA 3aBXKIU HJe 32 paxyHOK
HAaIllOBHECHHSI TAaHKIB IMOJBIMHOrO JHA i IICHTPAJIbHUX TAHKIB. Ix cxema €
TUTIOBOIO. Bix cynHa 1o cynHa 3MIHIOIOTHCS TUTBKH po3Mipu TaHKiB [pn
JeTaNbHOMY aHali3i iX KOHCTPYKTMBHHX 1 TEXHOJOTIYHUX MapaMerpiB
MOBHHHI OyTH c(hopMynbOBaHi OCHOBHI YMOBH BJIOCKOHAJICHHSI THX TeX-
HIYHMX CHUCTEM SIKi BIJIIOBiIalOTh 3a Oe3mepeliiiHy poOoTy Cy/Ha i Jac
3aHypeHHs abo crumBaHHs [3]. OcHOBHA mpobieMa Mmoysrae B MiATPUMIL
TUQEepeHTy CyJHa MPU [UX Omepallisx. CIMHUM TEXHIYHHM MPUMOMOM B
IIbOMY BHINAJKy € KOMOIHOBaHE IOEIHAHHS OIepalliii MOoNnepeaHboro i
ocHOBHOrO OamactyBaHHs cyaHa [2]. B xoni ix mpoBenenHs 6e3nepepBHO
MPOBOAMTHCS 3MiHA TUQEPEHTY 1 KpeHy cyaHa. [Ipu moBHOMY 3allOBHEHHI
TAaHKIB TPAKTHYHO 3aBXIW CIIOCTEPIra€ThbCcss BUHUKHEHHS MapasuTHUX
00CSTiB MOBITPA, K MPEACTABISIOTH COOOI0 MOCTIHHO PYXOMHUI MOBITPSI-
HUH MiXyp. MakcuMmanbHe 3Ha4eHHS TaKUX MapasuTHUX 00’ €MIB MOBITPS
Moke joxoautu a0 10% Bix o0csry TaHKiB, a SKIIO B YKCIIAX, TO Ha
CyIHI BUHHMKA€ 3alleMJIEHHS KOPHCHOTO IMPOCTOpY TaHKa B 00cCsA3i Bix
4oTHpLOXCOT 70 700 M. Pyx B 6anacTHMX TaHKAX TAKUX KOJIOCAILHUX
MOBITPSHUX 00’€MIB TIijl YaC XMTABHII CYJHA 3aBXKIM MPU3BOIUTH JI0 HE-
KOHTPOJIbOBAHOTO PO3XUTYBaHHS CYAHA 1 MiBUIILYE HMOBIPHICTh HACTAH-
Hs aBapii. [1ig yac cBOro KONMMBaIbHOTO PyXy B TaHKY MapasuTHI MIXypH
MOXYTh BUKJIMKATH SIBHILIA TAKUX KOJIHMBaHb, KOJIHM 30ir 4acTOTH KOIU-
BaJILHOTO PyXy IMOBITPSHOIO MiXypa BCEpEIMHI TaHKa MOXe 30irTucs 3
YacTOTOI0 KOJMBaHb B3a€MOAIIOYHMX 3 KOPIYCOM CyJHA MOPCHKHX XBHIIb.
[Mpuknan Takoi aBapii moka3aHuii Ha puc. 5.
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Puc. 5 Brpara ocriiiHocTi cynnoM «MV Transporter»

Bukyian ocHOBHOro Martepiany mociaimxeHns. s BupimeHus el
npoOsieMu OysI0 3ampoNOHOBAHO MINXiJ, KU 0a3yeThCsl HA MPUHIIMITI
riipoauHamMiuHuX HecTilikoctel [6]. Bin 3acHOBaHuMi HA TOMYy, IO B pasi
pYHHYBaHHS MOBITPSIHOTO MiXypa B BOJI Ha KOPAOHI PO3iTy MiX BOJOIO 1
MOBITPSAM B 30HI TYpOYJIEHTHOIO IMEpeMilllyBaHHS 3aBXKIH BHHHUKA€E CKa-
YOK KOHIIeHTpalii Boau [9]. ¥V 3acrocyBaHHI JI0 pO3B'A3yBaHOI HAyKOBO-
TEXHIYHOI 3aJaui MAaEeThCs HA yBa3i MOAUT OJUHUYHOTO TOBITPSIHOTO
MiXypa BEITUKOT0 pO3Mipy Ha psJ IpiOHMX 1 HE B3aEMOJIIOUHX Mk CO00I0
MOBITPsiHUX 00’eMiB. Takuii MoOaiI MOXKHA 3pOOMTH 3a PaxyHOK IMojadvi 3
BEPXHBOT YACTUHU CYJHOBOIO TaHKa CTPYMEHIB MOBITPS i TUCKOM. Bo-
HU MOXYTh CTBOPIOBATHUCS 3a PaxyHOK IITATHOI CYJHOBOI KOMITPECOPHOT
CHCTEMH, SIKa TMOBMHHA OyTH MOJEPHI30BaHa BO3IyXOBOJAMH 3 YIbTpa-
3BYKOBUMH JaTYMKaMHU PIBHSA 1 CHUCTEMOI (POPCYHOK JUIsl CTBOPEHHS
CcTpyMeHiB. B X0/l YMCIICHHUX EKCIIEpUMEHTIB OyJ0 BUBYECHO BIUIUB Be-
JIMYMHU YJIAPHOTO THCKY B IOBITPSHOMY CTPYMEHI Ha INBHJKICTH PYii-
HYBaHHS M1apa3uTHOTO MOBITPstHOTO Mixypa. Ha rpadiky puc. 6 mokazani
pe3yNbTaTH PO3PaxyHKY IUIOIII B3aEMOJII YAapHOTO CTPYMEHS 3 MOBEPX-
HEI Tapa3suTHOro Mixypa. Ha oci opauHaT moka3aHo Oe3po3mipHe
CIIBBITHOIIICHHSI TIOTOYHOI IUIOMII MiXypa ST J0 HOro mo4aTKOBOI IUIONII
S, a Ha oci alcuuc 3HauYeHHs KyTa araku cTpymeHs. Llg kpuBa
BIJINIOB1JIa€ BEJIMYMHI TUIOIII B3a€MOIIT B3ATOI B MOMEHT 4Yacy, IO JIOPiB-
Htoe 0,1 ¢, ToOTO pakTUYHO B MOMEHT TIOYATKYy PYHHYBaHHS Mapa3suTHOTO
Mixypa. Ha rpagiky BuaHO, 10 TIpH KyTax aTakd MOBITPSIHOTO CTPYMEHS
10 14 rpagyciB BeMMYMHA TUIOIII B3a€MOII1 3aJTMIIAETHCS Ty’Ke BUCOKOIO.
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Puc. 6 BrutuB KyTa aTaky ynapHOTO CTpyMEHsI Ha IIIONLY B3a€EMOJIT
MEXH pO3[IUTY MOBITPsI 3 BOJOIO B MOMeHT yacy 0,1 c.

[Ipu npoBeneHHI MOCTiKEHb B yMOBaX poOOTH CyqHA OyJIM PO3TIIs-
HYTi 1Bl TexHONOrii pyidHyBaHHS Mixypa. Y mepuioMy BHUIaJKy, CTBO-
proBanacsi o0iacTh MiJBUILEHOTO THCKY HaJl MOBEPXHEI0 BOAW B TaHKY.
TyT OCHOBHI €TEeMEHTH I1e: KOMIIPECOp, MOBITPSIHA JIiHIS 1 TaTYUKU PiBHS
0anacTHOI BOAW B TaHKY. YJIbTPa3BYKOBI JaTUYMKH PiBHS BUKOPHCTOBYBA-
JHcA SIK TPWIAAM MOABIMHOTO NMpH3HaueHHs. BOHW TOKazyBalu piBeHb
BOJIY B TaHKY 1 J0O3BOJSUTM BH3HAYATH MICIE TIOTOYHOTO PO3TAIIyBaHHS
MOBITPSAHOTO Mixypa. B Xoai eKcrepuMeHTIB BCTaHOBIIEHO, IO TEXHO-
JIOTISl TIABUINEHOT'0 THUCKY IPAIIOE CIa00 OCKUIbKH 3yIHUHKA PyXy Iapa-
3UTHOI MOBITPAHOI MPOOKH Oyna TUIBKH YaCTKOBOIO 1 MPUBOIMIA TLIBKH
10 nedopMaltii 30BHIIIHBOTO KOPJIOHY Mixypa. Jpyra TexHomoris 3 yaap-
HUMU CTPYMEHSIMU BHsIBHJIACS Habarato kpaiie. SIk BUIHO Ha puc. 7 Oyna
BHUKOpPHUCTaHa cxeMa 3 HabopoM coren Ui 1Mojadi CTPYMEHIB 3 BUCOKHM
THcKOM. Ha moaBooky TaHka OyiH BCTaHOBJIEHI YIBTPa3BYKOBI JaTUUKH
piBHs. BoHn po3cTaBisuincs 31 3MIHHUM KPOKOM I10 JTOBKHHI MTOBITPSIHOTO
TpyOONpOBOILY BUCOKOI'O THUCKY. 3TYIIEHHS MiCIb YCTAHOBKM JAaTUHKIB
BIJINIOB1J1aJI0 KYTOBUM 30HaM, Jie¢ HMOBIPHICTh 3HAXOJ[KCHHS Tapa3uTHOrO
MOBITPSAHOTO 00’€My € HaiOuTbIl BUCOKOW. [Ipu 3iTKHEHHI CTpyMeEHIB
MOBITPA 3 MOBITPSIHUM MIiXypOM TIpolieC 3alOBHEHHS OalacTHUX TaHKIB
OyB Habarato edexTuBHILMKI. B boMy BHIaAKy mocsAranach MPaKTUYHO
MUTTEBA 3MiHA 00 €MY Tapa3UTHOrO MOBITPs. Y MOMEHT yJapy CYIUlb-
HUI MiXyp pyHHYBaBcs 1 CHocTepiraBcsi mepexifi 10 JIpidHO myXipueBoi
(ha3u XBHJIBOBOTO PyXy MIiXYpiB MOBITpsl Ha TIOBEPXHi BOIU B OalacTHOMY
TaHKY.
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Puc. 7 Texnonoriuna cxema
1 — xomHpecop; 2 — aBTOMaTH4HI KJIaNaHyu Bijcikadi; 3, 4 — KOHTYpH JiHiT oxayi
TIOBITPS MiJ] THCKOM; 5 — KJIanaH BKJIIOYEHHS JIiHII 3 COTUIOBUMH HacajkKaMu; 6 —
IMITYJIbCHA TIOBITPsIHA JTiHis; 7 — coruia; 8 —ynbTpa3BYKOBHUH JaTUHK.

[Ipu BUKOpHUCTaHHI Iye FOCTPUX KYyTiB aTakH IiJ Yac 3iTKHEHb Ta-
PasUTHOrO Mixypa 3i CTpyMEHSIMH TOBITPS MiJl THCKOM CIOCTEpiranocs
MPAKTUYHO MUTTEBE WOT0 3HUKHEHHS. Y IBOMY BUIAJKY MOXIJIMBO OYIIO
BIUIMHYTH Ha 3MiHY TIOKa3HUKiB HEKOHTPOJIHOBAaHOI XWTaBHII CyIHA
MPaKTUYHO 3a OAHY (ha3y MHEBMATHYHOrO yAapy. B ocHOBHOMY Iei
BILJIMB BU3HAYABCS IOBHUM 3HMKHEHHSM Mapa3uTHOTO MOBITPs B Oanact-
HOMY TaHKy [5]. Bci excnepuMeHTanbHI JOCTIIKEHHS MPOBOAMIIMCS Ha
cyani HEAVY-LIFT «Target» xomnanii Dockwise-Boskalis. OcnoBna
CTIPSIMOBAHICTh JIOCITI/PKEHb TOJIsAralia B OTPUMaHHI Pe3yJIbTaTiB, MO 3MiHi
HEKOHTPOJLOBAHOI'O KyTa KpEeHy CyJHa NpU BHKOPHUCTaHHI CHUCTEMH
PO30OHMBKH Mapa3uTHUX MOBITPSIHUX 00CsTIB [4].

OnHUM 3 OCHOBHHMX KpUTEpiiB epeKTUBHOCTI 1 AKOCTI pobOTH CHCTe-
MU MOXe€E BHCTYINATH PiBeHb HEKOHTPOJIHOBAHOI XUTABUI cyaHA. Pi3HUIA
KyTiB KpeHY B XHTaBHUIIi Cy/lHa MpPH 3BUYAHHOMY PEXKHMMi eKCIUTyaTalii i
MpH XWUTABHII M Yac poOOTH CHUCTEMH 30LTBIIYETHCS 31 3POCTaHHSIM
XBUJIFOBAHHSI MOPCBHKOT TOBepXHi. J{ucOanaHc B KpeHi Cy/lHA HA MaJlOMy i
BEJIMKOMY XBUJIFOBAHHI M COOOIO BiJJPi3HSETHCS JIy)Ke CUIbHO. J[pyroro
nepeBaro podoTH po3pobieHoi CHCTeMH PYHHYBaHHS MapasUTHUX TO-
BITPSAHUX OOCSTIB € CKOpOYEHHS 4acy OalacTyBaHHS CYJHOBHX TaHKIB.
[lix gac omepamii 3aHypeHHS CyIqHA MiJ BOAY 4ac CTOBiJICOTKOBOTO 3a-
MOBHEHHSI BCiX OallaCTHUX TaHKIB MPH pOoOOTI HOBOI CHCTEMH, BiAPI3HIBCS
BiJl yacy CTaHAapTHOI omepalii 1o iX 3amoBHeHHIO Ha 12%. SKkmo roBo-
PUTH TPO TPAKTUYHE BIPOBAKEHHS PO3POOJIEHOI TEXHONOTil TO CIij
3a3HAYMTH, 10 BCl 6€3 BUHATKY CyJHA MOTPY>KHOT'O THITY KOMIUIEKTYIOTh-
ci JOBomMa KepytounMu cyaHoBumu  cuctemamu  OCTOPUS i
CARGOMASTER. Bonu nocTiiHO BUMIpIOIOTh OCHOBHI KOHCTPYKTHBHI 1
MeXaHIuHi MMOKa3HUKH KOPIYCy CyJAHa B XOIi Horo pyxy. Sk BUAHO Ha
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PUCYHKY 8 BUMIp [OMHAMIYHAX HaBaHTOKEHb Ha KOpIyC CyIHA
3MIACHIOIOTh 3a PaXyHOK JaT4YMKIB Jedopmallii, ski BCTAHOBIIOHTHCS
Y3/I0BK BCHOTO KOPIYCY CYy/HA. IX TOJOBHHM HNPU3HAYEHHSAM € BUMIp
3CYBHHX 3YCHJIb 1 STHHAJIBHUX MOMEHTIB Ha Kopiyci cyaualS].

Puc. 8 latunku nuHamiuaux HaBaHTaxeHb cucteMu OCTOPUS

Hama cucremMa mOBMHHA IHTErpYBaTUCS B 1[I CUCTEMH TEX, OCKUTBKU
3HMKEHHS KyTa KpeHa cyaHa OyJe MPUBOAWUTH 0 MEHIINX HaBaHTAXCHb
Ha Horo kopnyc. KpiM pyiiHyBaHHSI Mapa3uTHOTO IMOBITPS AYKE BaXKIIu-
BHUM IUTAHHSAM € Mojada OanacTHOi BoAM B TaHK. BoHa Oe3nocepeaHbo
MOB'A3aHa 3 pe3ylbTaTaMd MPOBENEHUX JOCHIPKEHb 1 BU3HAYAETHCS
3MATHICTIO TMOBITpS 30MpaTHCA B JIOKaNbHO BHIUIEeHI 00’emu. I[lpm 3a-
MMOBHEHHI 0aJJaCTHOTO TaHKa BOJIOK0 B MICIIl POOOTH KJiamaHa 3'SBISEThCS
TOYKOBE JKEpENo JpiOHOANCIIEPCHUX MIiXypiB MOBITPS, SIKi B XOJi CBOTO
pYXy MepexomsiTh BiJ TICEBIOOXKIDKEHOrO KiacTepa 10 MyXHPYaCTHX
00’eMiB 200 MeIy30MOAIOHNX CTPYKTYpP. 3 MOMEHTY MOYATKy 3alOBHEHHS
0anmacTHUX TaHKIB BOJOI OOWIBI CyTHOBI CHCTEMH YIPaBIiHHS
OCTOPUS i CARGOMASTER mnoBuHHI BHKOPHCTOBYBATH IMOKa3aHHS
yIBTPa3BYKOBUX NaTuMKiB piBHA. [Iporec mogadi crpyMeHiB MOBITPS MMo-
BUHEH BinOyBatucsi AuckpetHo. CTyIiHb AUCKPETHOCTI pOOOTH MOBITPS-
HUX (POPCYHOK B MeEpIIy Yepry BU3HAYAETHCA MOYATKOBUM 00CATOM Iapa-
3UTHOTO TOBITps. BenuuuHa ymapHOro THCKY € HaWBaKIMBIIIMM Mapa-
MeTpoM B po0oTi cuctemu, [Ipu pobOTi cucTeMu BiH 3aBXKAW € BETHYH-
HOIO 3MIHHOIO 1 3aJIeXHUTDH BiJl XBHJIIOBAaHHS MOPCHKOI IMOBEPXHi, CTYMEHS
3allOBHEHHS 0ajacTHOTO TaHKa, KUTBKOCTI 1 CyMapHOTO OOCATY Mapas3uT-
HUX TOBITPSHUX MiXypiB. 3 ypaxyBaHHSIM XBWJIIOBaHHS MOPCBHKOi TO-
BEPXHI yJapHUI THCK TIOBUHEH KOHTPOIIOBATUCS aBTOMATHYHO. B ibomy
BUIA/IKy CyMapHa PEryJsiTOpHa XapaKTepHCTHKa KOMIIPECOPHOI CHCTEMH
MMOBUHHA KOOPJIMHYBATHCS 13 3HAYCHHSAM KyTa KpeHa 1 JU(EPEHTOM CyJI-
Ha. Bepxus mexa ymapHoro tucky noBuHHa ctaHoButH 0,7 Mlla, a HIX-
Hs 0,2 MIla. Ha migcraBi BumipiB, nposenennx cucremamu OCTOPUS i
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CARGOMASTER 0yn0o BCTaHOBIIEHO, IO IHTErpyBaHHs PO3pOOIEHOT
CUCTEMH BUJAJICHHS MApa3UTHUX OOCATIB MOBITPS B YMOBaX poOOTH CY/I-
Ha Heavy-Lift Target npusBeno mix dac omeparlii MOBHOTO 3aHYpPEHHS
CyIHa 10 3HWKEHHsS YCEpeJHEHHWX HaBaHTaXXeHb Ha MOro KOpIyC B
MOPIBHSIHHI 3 BUIAKOM 3BHUYAHOTO 3aHypeHHs cyHa Ha 3,4%.

BucnoBku. OOrpyHTOBaHICTh 1 BIpOTiIHICTh pe3yabTaTiB MiATBEp-
JDKYEThCS KOPEKTHO MOCTABJIICHMM HAayKOBHM 3aBJaHHSIM JOCHTIKEHb,
BHKOPHCTaHHSM arpoOOBAHOIO0 MAaTEMAaTHYHOTO amapaTy, BiJIIIOBIIHICTIO
OTpUMaHMX pe3yNbTaTiB 1 po3paxyHKiB. Pe3ympTaT mociiKeHb €
VHIBEpCANbHUMH JUIS BCiX CcyldeH mnorpyxsHoro tuny SEMI-
SUBMERSIBLE HEAVY-LIFT. Bonu MOXyTh BUKOPUCTOBYBATHCS IS
MiZIBHIIEHHS iX eKCIUTyaTallifHMX XapaKTePUCTHK 1 3HMKEHHS PIBHS He-
KOHTPOJILOBAHOTO KPEeHY CYAHa MpH Horo poOoTi Ha XBuIIOBaHHI. [lep-
CTIIEKTUBHUMH HaIIPSIMKaMHU MOAAIBIINX JTOCTIHKEHb MOXYTh OyTH: CTBO-
PEHHSI METOIMKH BH3HAYECHHS IPOCTOPOBOTO PO3TAIYBAHHS MAPa3UTHOTO
00CsTy TOBITPST BCepenuHi OalacTHUX TaHKIB B 3aJICKHOCTI BiJ pPIBHS
XBHJTIOBAaHHSI MOPCBKOI TMOBEPXHi; pO3pOOKa HOBUX MpaBmil OajgacTyBaHHS
cynen mnorpyxknoro Ttunmy SEMI-SUBMERSIBLE HEAVY-LIFT 3
ypaxyBaHHSIM OTPUMAaHOI B JOCIHI/DKEHHSX HOMOTPaMH SIKOCTi pPOOOTH
cucTeMH cTalimizalii KpeHy CyaHa 3a paxyHOK BHJAJICHHS 3 CyJHOBUX
0anacTHUX TaHKIB TAPA3UTHUX OOCSTIB MOBITPSI.
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10.31653/smf343.2021.207-222
[apmenosa JI.I'., [To6epexxnuuii P.B., CriBak b.A.
Harionansauii yaiBepcuTer «O1echbka MOPChKa aKaaeMisy

BJIOCKOHAJIEHHS POBOTH CYJHOBOI CUCTEMHA
HIAT'OTOBKHU ITAJIMBA 3A PAXYHOK BUKOPUCTAHHA
MPOLIECY MOI'0O T'I/IPOMEXAHIYHOI OGPOEKU

3a BUHATKOM CyJIEH, 1[0 MPaloTh Ha SACPHOMY NAJIMBI Ta Ha He-
TpPaIUIIHHUX JDKepenax eHeprii (COHSYHUX, BITPOBUX Ta iH.), BCi cyaHa
BOJTHOT'O TPaHCIOPTY BHKOPHUCTOBYIOTH IIiJ] 4ac POOOTH CBOIX CYITHOBHX
eneprernyanx ycraHoBok (CEY) nmusenpHe opraniune manuBo. He 3Ba-
KArOuu Ha KOHCTPYKTUBHE BUKOHAHHS, MPAKTUYHO KOKHE CYAHO MIiCTHUTh
KOHTYp TiArTOTOBKYU majuBa. Tpeda 0COOIUBO BiA3HAYMTH, IO JIO CHOTOJI-
HINIHBOT'O Yacy CYJHOBE MaJIMBO HE OyBa€ OJHOPIAHUM 1 3aBXKIU MICTHTh
Oarato jomirnok. Takumu JOMIllIKaMu €: BoJa, BaXKKi (pakiiii HadTompo-
IOykTiB (06iTymu, acaqbTeHU Ta iH.), MEXaHIUHI CKJIagoBi (ITWJI, ipka Ta
in.). [1o KoHIEHTpaIiil CKIaZOBUX HA MEPIIOMY KiUIbKICHOMY MicCIli 3HaXO0-
JISATHCSI BOASHI JTOMIIIKH.

[IpucyTHiCTH AOMIIIOK BOJM B TaJMBi B OUIBIIOCT] BUMAIKIB YHUKHY-
TH HEMOXKBO. [IprpojHi MporecH KOHEeH allil BOJIOTH 3 HaBKOIHUIIHBO-
T'O CepelloBHIIA, TEXHIYHI HECITPAaBHOCTI B By3/1aX TepMETH3allii Ta YIIib-
HEHHS MaJMBHUX 1 0aJIACTHUX TAHKIB Ta iH., MPU3BOASATH A0 MOTPATUISHHS
BOJIHOI KOMITOHEHTH B TIAJTUBO.

[MuTanHs 3ropsHHS NajduBa i3 TOMINIKAMU PO3TIISIAIOTECS Y 6aratbox
JTepaTypHHUX JpKepelax Ta Ha HAYKOBHX IHTEpPHET-TOpTajaxX Ta caiTax.
Onnak Tpeba BiA3HAUMTH, IO y OUTBIIOCTI BUMAJAKIB PE3yNIbTaTH HAYKO-
BHX JIOCJIIJPKEHbB, 110 OMUCAaHI B TaKUX JDKEpeaX, 3aCTOCYBATH JIO MpaK-
TUYHOI POOOTH CYJIeH 3aHAATO BAXKKO, a 1HOJI i HEMOXKJIIMBO. Y OUIBIIOCTI
BHITAJIKIB 11€ OB’ I3aHO 3 BUCOKOK BapTICTIO 200 CKIIAJHICTIO TEXHOJIOTIH,
IO MPOMOHYIOTHCS Il 00pOOKH, po3muiTy abo 3rOpSHHS NajHBa.

Jlo TenepiHbporo yacy BiZICYTHI JOCTOBIPHI pe3ybTaTH AOCIIKEHb,
0 OJIHO3HAYHO BiZI0Opakar0Th HETATHMBHMI BILIUB JOMIIIOK Ha(TOIPO-
JYKTiB B MaJMBI Ha MOKa3HUKH MPOIlecy Horo 3ropsuHs. [Ipu npomy mo-
JKJIMBO BIJI3HAYWTH, 110 B XOJIi 3rOPSIHHS TAJIMBa Ha PI3HUX YaCOBHUX €Ta-
nax MOXKJIMBO OTPUMATH JIOBUIBHI MPOMDKHI XiMiuHi crmonmyku. Came mi
XIMIYHI EJIEMEHTH Ha JIEIKUX CTaJisX 3TOPSHHS MOXYTh JIaTH ITiIBUIICH-
HSl SIKOCT1 3arajlbHOrO MpOIeCy 3ropsHHs au3enbHoro manuBa [1]. o
TOJIOBHHX YHMHHHKIB, SIKi MOXXYTh HPW3BECTH /0 MOMIMIICHHS MPOIECY
3TOPSIHHS AW3ENBHOr0 AJIMBA MOXKHA BiJTHECTH HACTYIIHI:



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 208

- MJBUILEHHS CTYIEHS JUCIIepryBaHHs MajBa B POPCYHKaX BHCOKO-
T'0 TUCKY;

- 3MEHIIICHHS MIOKa3HUKIB BUKHJAHHA B aTMoc(depy Harapy Ta TOKCH-
YHHUX OKCHJIB a30Ty ab0 CipKH;

- 3MEHILICHHS TeMITIepaTypH YaJHHX ra3is.

Jlo chOroiHi MOXKJIMBO KOHCTaTyBaTH, IO BiICYTHS MPOCTa Ta Hadil-
Ha CyJHOBa TEXHOJIOTS MIATOTOBKH Ta 3TOPSHHS MaJMBA, SIKA XapaKTepH-
3y€ThCS 3MIHHUM CTyIIEHEM OJHOPIAHOCTI abo IucrepryBaHHsS. 3 TOUYKH
30py HOBUX PO3POOOK ISl CyJHOBUX CHCTEM, II0 BUKOPHCTOBYIOTH HEOI-
HOpiTHE NaNnBO, 0araTo MUTaHb 3aJMIIAIOTHCSA HE PO3KPUTHMH 1 BUMAara-
I0Th CBOTO MOJAJTBIIOTO BUPILIEHHSI.

3HayHMi 1HTEpeC 3 TOYKH 30py eKCIUTyaTallil CyJHa MpeACTaBIIsE CO-
00r0 OTpUMaHHS OOTPYHTOBAHHUX Ta JIOCTOBIPHHUX pE3yJbTaTiB, SIKi €
MOB’SI3aHUMH 3 PO3POOKO0 HAJIIIHOT Ta MPOCTOI 3 KOHCTPYKTHUBHOT TOUKH
30py CYJQHOBOI TEXHOJIOTii MEXaHIYHOI MiJrOTOBKH NaiuBa. Takox s
TaKol CYJHOBOI TEXHOJIOTii HEOOXiIHO BHU3HAYMTU SKMM YUHOM 3MIHIO-
IOTBCSI TOJIOBHI TMOKa3HHKH €KCIUTyaTallii CyJAHa IiJ 4ac BUKOPUCTaHHS
nanauBa 3 JOMINIKaMH HaTONPOAYKTiB. B KiHIEBOMY MiACYMKY TaKuX
JOCITIKEHb MaroTh OyTH c(hOpPMYJIbOBaHI TOJOBHI MOKAa3HUKH CTYICHS
BIUIMBY KOHIEHTpALii AOMIMIOK Ha(TOMPOAYKTIB B MamuBi Ha poOoUi
nporecu B CEY.

Ha mincraBi Bu3HaueHoro Buie Oyiia chopMyihbOBaHA MeTa JOCHI-
JokeHb. BoHa mosisirae y minBuIeHHi e)eKTUBHOCTI pOOOTH 1 MiIBUINICHH]
eKCIUTyaTalliiHUX XapaKTEPUCTUK MaJMBHOI CHCTEMH IUIIXOM PO3POOKH
HOBOT'O BY3J1a MEXaHIYHOT'O 3MIilTyBaHHS JOMIIIOK BOJH, & TAKOX JIETKOTO
Ta Ba)XXKOTO MAJMB B CyTHOBUX TEXHOJIOTTYHHUX MATMBHO-BUTPATHUX TaH-
Kax.

[Tig yac BupimIeHHS Takol METH POOOTH B SKOCTI 00'EKTY JIOCIIKEH-
HsI BHCTYIIA€ MPOIEC MEXaHIYHOT OOpOOKHM CyMIIll TajiiBa, BOIU 1 JIOMi-
IIOK BaXKUX HAPTOMPOIYKTIB MiJ 4ac poOOTH CyJeH, a B SKOCTI peaMe-
Ty JOCITIJKEHHS BUCTYIA€ CYJHOBUI TEXHOJIOTTYHHUI KOHTYD MiJArOTOBKH
MananBa.

Ha TtenepimHiii 4ac MONIMIICHHS SKOCTI MaJliBa JIOCATAETHCS HOTO
OYMIICHHSAM Ha PI3HUX MEXaHIYHMX (QUIbTPAX Mepe] MOJAAHHIM JI0 MaJIu-
BHUX HAacOCIiB BUCOKOT'O TUCKY. Takox 1ie poOiaTh 3 BUKOPUCTAHHSM J0-
JaTKOBOT'O MiJIrpiBy A0 MEBHOI TemrepatypH. 3 i€l mpuyuHu Oe3mepep-
BHO BEAYThCsl pOOOTH 1O BAOCKOHAJICHHIO ATUBHUX CUCTEM.

OnHuM 3 XapaKTepHUX MPHUKIIAAIB TUIIOBOI CXEMH MiJIrOTOBKY MaJIMBa
€ PUCYHOK 1, Ha SIKOMY MOKa3aHa cxXeMa, sika BUKOPUCTOBYETHCSI Ha CyJIHI
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AHTS (Anchor-handlingTug/Supply) «Mermaid Sound», cymHOBIaCHUK
— MMA Offshore, Australia. Ha npakTuii e cyaHo siByisie coboro Oara-

To(yHKITIOHAJIbHE CYZIHO OOCITYTOBYBaHHS 1 MiATPUMKH.

Pucynok 1 - Cxema KOHTYpY IiAr0TOBKYM manuBa Ha cyxHi AHTS
(Anchor-handlingTug/Supply) «Mermaid Soundy, cyaaoBIacHuk - MMA
Offshore, Australia
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Hagenena Ha pucyHky 1 cxema miArOTOBKH MajiiBa € YHIBEPCATBHOIO
1 BUKOPHCTOBYETHCS MPAKTHYHO Ha Beix cynHax kimacy AHTS. Hesnauwni
BIIXWJICHHSI B TEXHOJIOTIYHOMY KOMIIOHYBaHHI ii €leMEeHTiB MOXYTh TO-
JSTaTH B MPOAYKTHBHOCTI HATHITAILHOrO ab0 BHMIpIOBaJbHOTO 00Jaj-
HaHHSL, 110 BUKOPUCTOBYETHCS MMiJ] Yac poOOTH CyJHA.

[Ipu OyHkepyBaHHI CyaHa B MOPTY AM3ENbHE MAIUBO, CIIOYATKY 3aKa-
9yeThCsl B CyAHOBI TaHKW 30epiranus. [lix gac Horo TpaHCIOpTYBaHHS 3
OCHOBHHUM TIOTOKOM B pi3HUX 00csrax abo KOHIEHTpAaLisiX B CYAHOBI ma-
JUBHI TaHKU TOTPAIUISIOTH IOBLTBHI MEXaHIuHI CyCHeH3ii, AOMIIIKH i
Pi3HI 3QJIMINKU PIIKAX CEPENOBUII BijI MOMEPEAHIX oOIepailii OyHKepy-
BaHHS. B OCHOBHOMY [10 HUX BiIHOCATBHCS — KOHJIEHCATH BOJIOTH 3 HaBKO-
JIUIIHBOTO CEPEIOBUINA, Pi3HI BUJU PIIKUX MAJIUBHO—MACTHIBLHUX MaTe-
piaJiB, YaCTUHKH ip>Ki, OKaJIMHH 1 BaKKMX BHCOKOOPTaHIYHUX CKIIAZOBHX
Ha(TONPOAYKTIB, HANIPUKIa, achanpTeHn abo OITyMH.

Ockinpky mig yac OyHKEpyBaHHS TEXHOJOTIUHI omepamii impTparmii
MPAaKTUYHO HIKOJIH HE BUKOPHCTOBYIOTHCS, TO CIIOYATKy B CyJHOBI TaHKU
30epiraHHsi MajJMBO HAIXOOUTH 3a0pyIHEHHM. YcepearHi TaHKiB 30epi-
ranHs Ha cynHax kiacy AHTS Takox BiCYTHI TeXHOJOTIYHI By31nu abo
MPHUCTOCYBAHHS, SIKI TPU3HAYEH] U MPOBEICHHS SKICHOTO mpoiecy ¢i-
JBTpalii JU3eIbHOTO MaTNBa.

€aMHUM CcrIOcOOOM TOMEPEHHOr0 OYHMIIEHHS TU3EBbHOrO MalnBa B
TaHKax 30epiraHHs € mpupoaHa ¢uoraiis. B nupomy Bumaaky B pasi cro-
KOO PiZIKOr0 00’ €My TU3EIBHOTO MaNMBa MOXE CIIOCTEPIraTUCS BHUIAIaH-
Hs IPUPOJTHOTO OCaay Ha JHO TaHka B KuUtbkocTi Bix 30 1o 60 % Bix 3ara-
npHOrO 00csry 3a0pynHenb. Ilin yac peanbHOi poOOTH CyAHA B TaHKax
30epiranHsi mpupoaHa (IIoTallisi He BUKOPUCTOBYEThcA. Lle Bu3BaHO THM,
0 B IIMX TaHKaX BiJICYTHI Taki HEOOXiqHI eIeMEeHTH (JIOTAIlltHUX yCcTa-
HOBOK sIK TEXHOJIOT'IUHI OTBOPH 1 JIiHIsI BiIBEACHHS IS 3JTUBY OCay.

3riiHo 3 HOpMAaTUBaMH poOOTa 3 OYMIICHHS BHYTPILIHIX MOBEPXOHBb
TaHKIB 30epiraHHs MaJiBa IMPOBOAUTHCS B PYYHOMY PEXHMI YJICHAMH
eKima)Ky CyJHa MpPH NPOBEICHHI periaMeHTHHX poOiT [2]. 3a3Buuaii 3a
BHMOTaMH, TEPMiH OOOB'SI3KOBOrO OYMIICHHS CTAHOBHTH OJIMH pa3 Ha PIK.
Binpm uwactuii iHTEepBan i MpoOBeAECHHS MOXKE BHU3HAYATHCS TUIBKH MPH
KOHTPOJI CTaHy OcaJiB Ha JOHHIH TOBEpXHi TaHKa [3-4].

Jly’)xe Ba)KIMBOIO CKJIAZIOBOIO B CYIHOBiil MaNWBHIM cHCTEMi € JiHis
3BOPOTHOTO (BificiYHOT0) majnuBa. GakTUYHO Il YaCTHHA HAIMIpHO Bifi0-
PaHOro i He3ropiIoro najarMBa 3 BUTpaTHUX TaHKiB | (auB. puc. 1) 3'sBis-
etbest ipu poboti CEY 3a paxyHok nyOmroBaHHs JiHIM Mojayi manuBa B
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HaCcOCH BUCOKOro THCKY. [Ipu poOOTi HacociB BUCOKOTO TUCKY BOHH Biji-
OMparoTh MaNIMBO B KUIBKOCTI, SIKa TMOCTIHHO PErydio€ThCs MaIdBHOKO
PEHKOI0 [T Oe31ocepeIHbOI 1Mo/1aui B IIMIIIHAPY JIBUTYHA.

[NanuBa, 10 3aCTOCOBYIOTHCS B CYJTHOBUX JAW3EIBHUX TOJNIOBHUX JBH-
rynax (['/]), po3moninstoTecst HA J1Ba KJIAcH - AUCTHIATHI 1 Baxki. [Ipu
aHaJIi31 XapaKTepUCTHK MaIWBa XOPOIIMM IHINKATOPOM TipaTHOI BOJIOTH
€ 30JIBHICTH MajuBa. YuM BOHA BHIA, TUM OibIIe BHYTPIIHbOI BOJIOTH
MICTUTBCSI B IOYATKOBOMY 00Cs131 CyTHOBOTO manuBa. /1o KomoigHoi Bojio-
I'Ml TAKOX BIIHOCUTKCS TimpaTHa Bojiora. lle Ta yacTuHa BoaM, siKa € XiMi-
YHO TOB'SI3aHOI0 3 MiHEpaJbHUMH JIOMIilIKaM{ TaJIMBa. 3a3BHYail O HUX
BITHOCATH CIPYaHOKUCIIHMM KaJIbI[iH 1 arroMochiTikaT [6].

[Ipu BChbOMY Pi3HOMAHITTI METOJIB, IO MPU3HAYCHI JUIS BiIIUICHHS
JOMIILIOK BiJ| MAJIMBa, peajbHe MPaKTUYHE 3aCTOCYBAHHS HA CyIHAaX MOp-
CBKOTO ()JIOTY OTpUMAIU TUIBKH TPH 3 HUX. Jl0 HUX BIIHOCATBHCA: METOA
rpaBiTallifHOrO MOALTY, METO/ BiJIICHTPOBOI cenapariii i MeTon QuIbTpy-
BaHHs. KOoxKeH 3 I[MX METOJ1iB Mae HU3KY CBOIX IepeBar i HeJOMIKiB.

OCHOBOIO METOJIy TpaBiTalliHHOrO TOAUTY € TOJUI 33 IIUIBHICTIO
CKJIaJIOBMX KOMITOHEHT IaJIMBa Iij JI€I0 CHJIU TSOKIHHS 1 et Apximena.
B 3amexxHOCTI Binm TOrO, SiKa CHJIa BUOMPAETHCS BU3HAYAILHOK IIiJ] Yac
po0OYOro Mporecy B MOAAIBIIOMY Ui (PiIbTpallii 00upaeTbes TEXHIYHUM
npuctpiil. Lei npucTpiit oOupaeTbest 3 ypaxyBaHHSIM TOro (akry, 1o Ha
IMBUAKICTh BUIIUICHHS JIOMINIOK MOXKYTh BIUIMBATA THUCK 1 TeMIiepatypa
nanuBa, o o0pobIroeTses. Bei poboui xapakTepuCTUKKA METOy rpaBiTa-
UilfHOTO TMOALTY 3ajieKaTh Bil BEIMYMHU MOBEPXHEBOTO HATATY HA MEXI
MOJIUTY MIX MAJIMBOM 1 JoMilikaMu. YUM BOHA BHIIE, THM IIBUJIIC ij1e
BIJUIUIEHHS JIOMIIIOK Bij [TaJMBAa.

Meron BiaIeHTPOBOI cenapalii nependadyae moaiT JOMIIOK 1 TaIuBa
3a paXyHOK IIBUIKOT'0 0OepTaHHs MOTOKY. Y IbOMY BHUIAJIKy 32 PaxyHOK
BUHHUKAIOUMX BiAIEHTPOBHUX CHJI 3arajbHa CyMill JOMIIIOK 1 MajuBa Mo-
YHHAE, B 3QJIGKHOCTI BiJl IIUILHOCTI CKJIAJIOBUX KOMIIOHEHT, PO3JUIATUCS
Ha OKpeMi KOMITOHEHTH.

Meron QinpTpyBaHHS € 00OB'I3KOBHM JI0 3aCTOCYBaHHsI Ha BCiX CYyJ-
HaX BOAHOTO TPAHCIIOPTY i B OCHOBHOMY BiH BUKOPHCTOBYETHCS Ha JIEKi-
JILKOX (HEe MEHIIIe JIBOX) CTajisXx 00poOKku majmuBa. B Horo 0CHOBI JISKHUTH
BHUKOPHUCTaHHS CITOK 3 PI3HUMH pO3MipaMH MPOXiAHUX OcepenkiB. Y 3ara-
JHHOMY BUIMAJKY B peamizallii MeTory QiIbTpyBaHHS MOXKYTh BUKOPHCTO-
BYBATHCS TPH TEXHOJNOTIYHI CTaJil: MPOLiKyBaHHS, KOJH Ha TONepe.-
HBOMY €Tali 3 PyXOMOTO TOTOKY BiZOMpAIOThCS BEIMKI MeXaHiuHi Cy-
crieHsii 1 Opyx; BiCTOIOBaHHS, KOJH B HEPYXOMOMY IOTOIII BiAOyBa€eThCS
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MOJIT CKJIQJIOBUX KOMIIOHEHT, 10 3HAXOAATHCS B MOCTIHHOMY JucOasiaH-
ci; ¢inpTpalis, KoIH pyXOMHH MOTIK MPOXOAUTH 4Yepe3 Halip ocepenkiB
MAaJIoro epEeTHHY.

Meroa GinbTpyBaHHS HE JIO3BOJISE BIOKPEMITIOBATH BiJl MaJIMBa 3B'S-
3aHy (KoJoimHy abo TigpaTHy) Bomy. 3 i€l MPUYMHHM, a TAKOX B CHILY
HEBUCOKOI'O CTYIICHSI BIJUIICHHSI HE3B'SI3HOI BOJIM BiJI MaJlMBa, BiH HE MO-
e PO3TIISLIATUCS SIK OCHOBHUU MeTOJ] (PiIbTpallii.

Ha migcraBi ananizy HEZOMIKIB MepepaxoBaHUX BHILE TEXHOJIOTIH 1O
OYMINICHHIO TMajMBa Bij JOMIIIOK 0Ys10 3p00JCHO BHCHOBOK, IO JIOILIb-
HUM € 3aCTOCYBaHHS TEXHOJIOT1H 110 MEXaHIYHOMY eMYJIbI'YBaHHIO MaJINBa
3 IoMilKaMy BoaM i HadTonponaykriB. [Ipu i mpaBuiIbHOMY 3acTOCYBaH-
Hi MOXYTbh OyTH JOCSATHYTI CTPYKTYpHI 3MiHH MOJEKYJSIPHOT'O CKJaay B
MOPIBHSIHHI 3 TIOYaTKOBOIO CTPYKTYPOIO MOOYIOBH BYIJIEBOJHIB. 3a paxy-
HOK MiIBHIIIEHHS CTYyIEHsI JUCIIEPCHOCTI acganbTeHiB, kKapOeHiB, KapOoi-
JiB MOJIEKYJISIPHI JIAHIIOTH, IO OJEPKYIOThCS OyIyTh MEpETBOPIOBATUCS
B JIETKi BYTJIEBOJHEB] paJivKaiy ra30BUX 1 TUCTUIIATIB TAIMBHUX (QpaKIliif
[5-8].

Ha mincraBi 00poOky BEIMKOro ymciia CyAHOBUX cepTU(IKATIB SKOCTI

najuBea, 1o MOCTaBIAEThCs Ha cynHa kiacy AHTS, Oyna cknagena tab-
Juis 1 3 3arajJbHUMH BJIACTUBOCTSMU CYJHOBOTO majiuBa. B i Tabmmii
HaBe/leH1 HalOUTBII MOMKMPEH] MapKH JIETKUX MaJIMB Ta iX TOJOBHI MOKa3-
Huku. CaMe TMpUBENCHI MapKH CYIHOBOTO JIETKOTO MajiiBa HalyacTimie
3ycTpivaroThcss Ha cyiaHax kiacy AHTS. B Oinbmiocti BUNAIKIB BOHU
MOCTABJISIIOTHCS HA CY/IHA OCHOBHUMH CBITOBUMH (pipMaMy BUPOOHUKAMH.
Ho Takux ¢ipM 3a3Buyail BimHOCSITH HacTynHi kommawii: Shell Eastern
Petroleum, Petronas Penapisan, Central Star Marine Supplies,
Intertekltd., Total.
Sk BUIHO 3 HaBENCHWX B TaONMUII | NaHWX, BENWKA YacTHHA 3Ha-
YeHb OCHOBHUX MOKAa3HHKIB MajiBa TOKa3ye BIiICYTHICTh €IUHHX
HOPMAaTHBHUX BEIIMYMH Y BCIX BHPOOHHUKIB, X04a BIAXHJICHHS, IO
CTIOCTEpIraloThCs, PI3HATHCS B HE3HAYHHUX MEXaxX. 3 TOUKH 30py
HAsBHOCTI B BOJIi MMaJMBa OCOOIHMBE 3HAYCHHS Ma€ MOKA3HUK TEM-
nepaTypu crnajgaxy — TEeMIIepaTypd, II0 BU3HAYa€ BECh POOOUMIA
nporiec B I'J] cynna. Sk BUIHO 1T BeTMYMHA 3MIHIOETHCS B ITUPO-
kux Mexax Big 61 mo 78,5°C. lleii miama3oH 3HaUCHB JTy)KEe CHIBLHO
MIZBUIIYE BUMOTH JIO MPABUIBHOI. oprasizaiii mporecy MiAroToBKH
MaJIUBHOI eMyJbcii i 70 i1 moaaibIoro cnamoBaHHS BCepeAnHi podounx
nmiagapis T,
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Ta6m/1u;1 1. OcHoBHI XapaKTCPUCTUKHU JICTKOTO AU3CIIbHOI'O MaJrBa

Mapxka JIerKoro JU3eIbHOr0 IMajTuBa
Marine Diesel | Gas Oil | Marine ENEOS
diesel oil | euro2M Gas Oil Diesel Gas
Oil

Cipka, Mr/kr 0,82 0,359 0,46 0,487 0,05
Oxcunu Byriemto, % 0,01 0,127 0,04 0,15 0,01
Big Macu
Bopna ¢ onagamu, % 0,05 0,05 0,05 0,025-0,05 0,05
BiJl 00’ €My
Temneparypa cnana- 71 92 61 62-64 78,5
xy, °C
IimpHICTE, KI/T TIPU 0,8545 0,838 | 0,8386 0,8315 0,8281
temrepatypi 15°C
B's3kicTh, cCTOKC 3,876 3,573 2,73 2,658 3,866
TIpU TeMIIepaTypi
40°C
IleranoBe uncno - 58,2 - 60,6

VY tabnumi | BUAHO, IO MPAaKTUYHO y BCiX BUPOOHUKIB 1 IMOCTadaib-
HUKIB CyJJHOBOT'O MaJIMBA iCHYE €AMHUAN BUXIAHUH MOKAa3HUK 32 KUTBKICTIO
00'eMHOI KOHIICHTpAIlli BOIU 3 TPSA3bOBUMH JOMIlIKaMu B majmBi. Ls
BenuuunHa nopieHioe 0,05% Bin ogunmii 00'emy nanuBa. Came 1eli mapa-
METp BHKJIMKA€ HaHOUIBIIY JMCKYCIIO IIiJ] 4ac peasibHOi eKCILIyaTarlil
CyZIeH MOPCBKOT'O TPaHCIIOPTY.

VY psai paiioHIB MaBaHHS IJIAHETH B CYIHOBOMY MaJMBi, HE3aJEHKHO
BiJl HOro BHUPOOHHMKA BHACIIIOK HEIOOPOCOBICHOTO OYHKEPYBAaHHS JIyKE
4acTo € MPUCYTHIM HAJMIPHUI BMICT BOJSIHOI KOMIIOHEHTH, KM HE Bijl-
MOBiJa€ TaHUM CEPTHUQIKATIB SKOCTI, IO MOCTABISAIOTHCS Pa3oM 3 HUM. Y
MPaKTULi eKcIUTyaTalii MOPCHKHX CYyJIEeH peajibHa MPUCYTHICTh B MajMBi
BOJTHOI KOMIIOHEHTH MOXe€ JTIOXOAUTH 10 15%, 1110 € HenpUImyCTUMUM AJIs
excrutyaTamii [/l 1 BUMarae mpoBeneHHs psiiy onepaiiidl 1Mo 3HMKEHHIO
OO TIOKa3HUKA.

TakuMm YWHOM, TPOaHANI3yBaBIIM CYAHOBI NayiuBa, OyB 3poOieHuit
BHCHOBOK, III0 B CBOEMY TIEPBICHOMY CTaHi BOHU € HE JIOCKOHAIMMH 1 JJist
TOr0 100 MPUTOTYBAaTH MaJHBHY €MYJIBCiI0 HE HAIIKOIMBIIN €HEpPIeTHY-
Hill yCTaHOBII CyAHa MOTPIOHO YiTKO 3HATH XapaKTEPUCTUKHU MajHB Ta
YCYHYTH 3 X CKJIAJy JOBUIbHI JOMIIKH, sIKi 3BHYaHHUMH METOIaMH Ce-
napanii He MOXXyTh OyTH BUAAJIEHI.
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VY 3B’3Ky 3 THM, IO NpU OyYHKEpYBaHHI CyAHA MajJHBO HAIXOIWThH B
BUTPATHO-BIACTiHHI TaHKK 0e3 MpoBeaeHHsS Oyab SIKOTo mporecy ¢iibT-
partii, TO B IOJAJILIIIOMY € BHCOKA MMOBIPHICTh BUITIay OCadiB 3 3a0pyi-
HEHHsM. SIK IIe OKa3aHo Ha CXEMAaTHUYHOMY PHCYHKY 2, i TaHKH 3Haxo-
ISThCsl IO 000X Ooprax cyaHa (BOHM Mo3HauyeHi sk 1). B BurpaTHO-
BiJICTIHHMX TaHKax MPHCYTHI TEXHOJOTIYHI ApPEHa)KHI OTBOpH, SIKi mpa-
IIOIOTH 32 JIOITOMOT'O0 BiIKPHUTTS, 0 3HAXOAUTHCS Ha JiHI TaHka. Yepes
JpEHa)KHI OTBOPH OCald CKHIAIOTbCS B TaHK 300py OpyAHOro majiwBa.
Tank OpyAHOro MmajvBa 3HAXOJAUTHCS B JIOHIN o0JyacTi cynHa. Bunanenus
3aJUIIKIB 3 I[bOr0 TaHKy B Mipy HOro TOBHOTO 3allOBHEHHS €
000B’SI3KOBHM 1 TIPOBOJTUTHCS TIUTHKU B TIOPTY.

[Tix wac 300py Opyay Taki KOMIIOHEHTH Ba)KKOTO TaJIMBA SIK YACTUHKU
BHCOKOMOJIEKYJISIPHUX CIOJNyYeHb MOXYTh 3JIMIIATHCSA Yy MaluBi i OyTH
MPHUCYTHIMH IO BCiii HOro BHCOTI, TOOTO B CepeHiX Ta y MOro BEpXHIX
mapax. BoHu MOXyTh MOAaBaTHCS 3 MaJMBOM Ha (OPCYHKH BHCOKOTO
THUCKY Ha TojaJiblie criamoBanns y ['/], ane Ha monepenHii crauii X He-
00XiTHO sIKiCHO moapioHuTH. CaMme 3 Ii€F0 METO0 OyJI0 3aIPONOHOBAHO
BUKOPHUCTaHHS BiIIGHTPOBOrO HarHitada. BcepemmHi pobodoro koimeca
BiJILIGHTPOBOTO HACOCY MPH BUCOKUX LIBHJKOCTSIX PYXY 32 PaxyHOK Iepe-
TBOPEHHS KIiHETUYHOI €Heprii MOXJIMBO MEXaHIYHHM IUIIXOM JOCSTTH
3MIHHU Y CTPYKTYpi 1 BIaCTUBOCTSIX CyMillll AJIWBA 3 YaCTHHKaMHU Ha(TO-
MPOIYKTIB.

MexaHiyHe TMepeMilllyBaHHS Ha BHCOKHX IIBUIKOCTSIX PYyXy MOXKe
MPHU3BECTH 10 OTPHUMAaHHS Ha BUXO/I 3 HACOCY MAJMBHOI €MYJNbCii, IO
Oy/ie XxapakTepu3yBaTHCS PIBHOMIPHO PO3MOIiIEHOIO0 CTPYKTYPOIO 1 BUCO-
KOO CTIMKICTIO JI0 po3IIapyBaHHs. XapaKTEPUCTHKH TOPiHHS B CYAHOBO-
My ['JI takoro oOpoOiieHOro majimBa OyayTh Ha0araTto IMEpPEBUIYBATH
aHAJIOT1YHI BEIUYHMHU, [0 B3AT1 LI 3BUYAHOr0 JU3EIBLHOrO IaIuBa.

[ig wac gociimpkeHs OyB 3po0JICHUN BUCHOBOK IMPO MOXJIMBICTH BH-
KOPUCTaHHSI B SKOCTi eMyJbraTopa KOHCTPYKTHBHHM YMHOM BHUI03MiHE-
HOT0 THMXOXIJHOT'O BiJIIIEHTPOBOr0 Hacoca 3 KOe(iliEHTOM IIBUIKOXITHO-
CTi, 10 TOPIBHIOE 1,=50-+90. JIJi1 MOKIMBOCTI OTPUMAHHS BUCOKOT'O CTY-
MeHs TUCTIepryBaHHs MajiBa JIOCTATHBO BCEPEANHI POOOUYMX KaHAIB MiXk
JIONaTsIMA HACOCY CTBOPHUTH BHCOKY CTYMIHb TypOyJIEHTHOCTI Ta OpraHi-
3yBaTH MEXaHiYHE MepeMillyBaHHs 1O BCill TOBXKHHI kaHaly. Take mepe-
MIlllyBaHHS MOXIIMBO OTPUMATH 32 PAXYHOK MEepETiKaHHS MK KOPITYCOM i
poOOYMM KaHAJIOM HAcoca 4Yepe3 OTBOPH, SKi BUKOHAHI 32 PaxyHOK CBEp-
JUTIHHS TI0 BCiM JIOBXKHWHI KaHAJIIB MK JIONIATAMH poOOYOro KoJieca.
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Jlyis ipoBeieHHs TOCIIiPKEHb B po0OYOMY Kosieci OyB mpocBepjie-
HUl HaOlp OTBOPIB MO BCiH JOBKUHI poOOYMX KaHANIB. 3a paXyHOK BHCO-
KOT IIBHJIKOCTI 00€PTaHHS B HACOCI YaCTKOBO IMOYMHAJIACS KaBiTallisl.

1°3
Pucynok 2 — Cxema po3ranryBanHs TaHkiB cyaHa kinacy AHTS «Mermaid
Sound».

Tank: | — nanuBHMIA; 2 —6anacTHOT BOIH; 3 —IJIsl TEXHOJIOTTYHUX TPOIYKTIB

3a paxyHOK pyHHYBaHHS MapoBHX OyIbOAIlIOK, 1[0 BUHUKAIU B PY-
XOMOMY IIOTOIli, KaBiTallisl TAKOXK CHpUsiIa iHTeHCU(iKalii npoiecy Ie-
peMilryBaHHS.

[Tpu mexaniuHiii 00poOIi MaMBa 3 BUKOPUCTaHHSAM Hacoca OyB 3ali-
SHUW 3aMKHEHHMU KUTBIEBHH TiIpaBIiYHUNA KOHTYp, B SIKHIl MaJUBO MOAA-
BaJjocs 3 JBOX TaHKiB. Pyx mammBa BcepenuHi TpyOompoBony 1, 3aMKHe-
HOT'O 32 JIOIIOMOTO0 TIOBHICTIO 3aKPUTOT'0 aBTOMAaTHYHOI'O KJlamaHa, 37ii-
CHIOBAJIOCS 32 PaXyHOK poOOTH BiIICHTPOBOro Hacoca. Jliamerp TpyoOor-
poBony ctaHoBUB 50 MM, a OJHOCTYNEHEBUN HACOC, MPU3HAYCHUM s
nepeKavyBaHHs CyAHOBHX JUISIIBHUX BOJI, MaB HACTYITHI XapaKTEPUCTHKH:

— MPOIYKTMBHICTH 110 BUTpati 10 M*/ro;
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— MakcuMalibHUH Harip: 10 M Boj. CT.

HeoOxinHuii oOcsT majiMBa MoJaBaBCs B TiAPABIIIYHUNA KOHTYpP 3 IMa-
JUBHOTO TaHKa, KU MOTIM MEPEeKpUBaBCs 3a JOMOMOIOI0 aBTOMaTHIHO-
ro kjamaHa. [Ticas mOBHOTO 3allOBHEHHS MAIIMBOM POOOYOro 00CsTy KOH-
Typy BKJIIouaBcsi B poboTy Hacoc. Yepes 40-60 xBuimH #oro pobotu 3a-
3BHYAM JIOCATAJOCS TOBHE MOJPIOHEHHS BHUCOKOOPTaHIYHHMX CIOIy4YeHb
HaQTONPOAYKTIB 3 MaJMBOM 1 Hacoc BUMHKaBcs. OTpuMaHa MaliuBHA
eMYJIbCisl MOTJIa BXKE TIo1aBaTHCA Yepe3 (pOpCyHKH BUCOKOTO TUCKY Ha ]
CyJZIHa Ha MOJAJIbIIE CTIaTIOBAHHSI.

Bennunna KoHIIEHTpallii JOMIIIOK BOJH 1 HAQTONPOIYKTIB B MaJMBi €
TOJIOBHHM (DaKTOpOM, IO BIUTMBAE HA MPOIEC HOro CHalltoBaHHS B po0O-
giii kamepi ['/] cyana. B pe3ynbTati AOCHiIKEHHS LHOTO BIUIMBY Ha CyJHI
Oynmu oTpUMaHi pe3yNabTaTH, SIKi MOKa3ali MEePCHeKTHBHICTh 3alPONOHO-
BaHOT'0 METOly OOpOOKM TMaMBa B yMOBaX poOOTH Cy/Ha.

Jlo HalTONOBHIMINX XapaKTePUCTHK, MO OyIx OTPHMaHi, MOXHA Bij-
HECTH HACTYITHI:

— BHTpAaTH Ha MaJMBO, IO Oe3MocepeHb0 BU3HAUAIOTHCS HOTO Maco-
BOIO BUTPATOIO 1 caMe BOHA B pe3yNibTaTi BUKOPUCTAHHS OTPUMaHHX Ja-
HUX MOXe OyTH 3HWKEHa;

— 30iTBbIIEHHS] TEPMiHY MPOBEACHHS PErJaMeHTHHX POOIT MO 00CIy-
FOBYBaHHIO MMAJIMBHOI aniapaTypy CyAHa.

B xoj1i mpoBeieHHSI eKCIIEPUMEHTAIILHUX JIOCITIKEHb Ha CYJHI KJ1acy
AHTS «Mermaid Sound» OyJio BCTaHOBJIGHO SKMM YHMHOM HasIBHICTh
JIOMIIIIOK B JIM3€JIbHOMY TIAJIMBI BIUIMBA€E Ha JIBA OCHOBHHMX EKCILTyaTaIliii-
HUX MOKa3HWKa CyJHA — BUTPATy NaJllBa i TeMIepaTypy AUMOBHUX rasiB.
Bumipu npoBoauiuCs i 4ac MEepexoay CylHa, KOJIM TPU POOOUUX pe-
KUMHU HaBaHTaXEHHs cyaHoBoro ['J] mpu He3aMiHHOMY 4uci HOoro ooep-
TiB BigmosigHo cranoBuin: 80 %, 50 % i 30 %.

BumiproBanHs BigOyBajioch HACTYTHUM YMHOM: OOWJBa CyAHOBi ma-
JIUBHI TaHKU OyJIM 3aIOBHEHI IMOBHICTIO OYMINECHUM NaiuBoM. [loTiM, 10
MOMEPEHB0 BU3HAUEHOTO 00cATYy 3a0yHKEpPOBaHOIO MajluBa J0JaBaINCh
JIOMIIIKY Y jiama3oHi koHenTpailii Big 0,1 go 1,5 % Bix Horo 3arajibHO-
ro oocsary. [lanuBo 3 goMilmkaMy BOAM 1 BaXKKMX HA(TOMPOIYKTIB 00p00-
JSUTOCS 1 B HACTYITHOMY BUTpavasiocs pH eKcIutyartanii cyana. OTpumani
pe3yNbTaTH MOPIBHIOBAIUCH 3 AHAJIOTTYHUMH BUMIPIOBAHHSIMU TIPU pOOOTI
CyZHa B 3BUYaifHOMY PEXHMI.

UmncenpHi pe3ynbTaTd BUMIPIOBAaHHS BEIMYMHHM BHUTPATH MATUBHOI
cyMilli i3 ToMimKamMu HaTOMPOAYKTIB 3BeeH] B Tabnumio 2. 3a HaBele-
HUMH Pe3yJibTaTaMu BHJIHO, IO JIOJIaBaHHS JIOMIIIOK BOJH i HaTOMpO-
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JOYKTiB TPUBOIMIIO O HE3HAYHOT'O CKOPOYEHHS BUTPATH MaJMBa Ha BCIX
pexuMax HaBaHTakeHHS Ha ['J] cyana.

Haiikpamuii epekt B eKOHOMIi ManyuBa MPU BUKOPUCTAHHI MaJMBHOT
eMyJIbCii OyB JOCATHYTHI NpHU 3HAYEHHI HABaHTa)KeHHs Ha cynHoBui ['/],
o nopiBHioe 80 %. B npoMy BUMaaKy mpu KOHIIEHTpAIIil JOMIIIOK BHUCO-
KOOpraHiyHMX Ha(TOMPOAYKTIB, siKa nopiBHIOBana 1,5 %, 3MiHa y BUTpaTi
najuBa B TOPIBHSAHHI 3 iX KOHIIEHTpaIli€to, 1o jopisaioe 0,1 %, ckiana
0,656 %. [HIIMMEU cioBaMU, TIPU XOJIi Cy/IHA HA PEKUMI HaBAaHTAXKCHHS Ha
I'Jl, mo nopieaioe 80 %, MoxiauBe oTpuMaHHs ekoHomii manuea 0,005
M/ro.

[Tpu naBantaxenHi Ha ['J] cynHa Bianosigao 50 i 30 % exoHoMis ma-
JIUBA 3HUWXKYEThCS BianosimHo Ha 0,527 1 0,25 %. Tpeba Bia3HAUNTH, IO
JOCSITHYTa E€KOHOMisl MajuBa Ha BCIX TPhOX PEKMMaX HaBAHTAKEHHAX
CyJlHa BKa3y€ Ha IMOKpallleHHs pexuMy ekcrutyatailii CEY Ta mominiies-
HS1 SIKOCTI mporiecy 3ropsiHas nanmsa B ['/] cynna.

Tabmuns 2. 3MiHa BUTpaTH NAUBHOI eMyibcii B '] cyaHa

Burpara npu nHaBantaxxenHi Ha ['/] cyqna

Konnenrparist no- 80 % 50 % 30 %
mimok, C, % Q, M*/ron Q, M*/ron Q, M*/ron

0,1 0,762 0,569 0,399

0,2 0,761 0,569 0,399

0,3 0,761 0,569 0,399

0,4 0,761 0,569 0,399

0,5 0,76 0,568 0,399

0,6 0,76 0,568 0,399

0,7 0,76 0,568 0,399

0,8 0,76 0,567 0,399

0,9 0,759 0,567 0,399

1 0,759 0,567 0,399

1,1 0,759 0,567 0,399

1,2 0,759 0,566 0,399

1,3 0,757 0,566 0,398

1,4 0,757 0,566 0,398

1,5 0,757 0,566 0,398

3miHa BuTpaty, % 0,656 0,527 0,25

3MiHa TeMIlepaTypu i CKIAJy JTUMOBUX T'a3iB B 3aJIOKHOCTI BiJI KOH-
LEHTpaIlii JOMIIIOK B MajuBi OyJa eKCIIEPUMEHTAIILHO JIOCIIIPKeHA Ha
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pexuMi HaBaHTaxeHHs! cyaHoBoro ['/], mo ckianas Benuuuny 80 %. Bu-
MIpH TIPOBOJIMIIMCS 3a JIONIOMOTOK YHIBEPCAJIBHOTO IU(POBOTO aHai3a-
Topa qumoBHX rasi 717R Flue Gas Analyser (CILIA). Horo ocHoBHI Xa-
PaKTepHCTHKH MOKa3aHi B Tabmuii 3.

Tabnums 3. Poboui xapakTepucTHKH IU(POBOTr0 aHaNIi3aToOpa AUMOBHUX Ta3iB
717RFlueGasAnalyser

Temneparypa | Oxcua Byriemto CO Kuce- Jiokcum Byr-
3150)3 aemo CO,
Hianazon Bim — 40° 10 Bix 0 10 10000 ppm | Bim O mo | Bix 0 mo 25 %
800°C 25%
Kpoxk mxanu 1° 1 ppm 0,1 % 0,1 %
10,3% <20 ppm: = 0,3 ppm
[Moxubka 1°C > 100 ppm: + 5 % +0,3% | PospaxynkoBa

YcraHoBKa HOTO BHMIpIOBaJBHOTO 30H/A, SKHH MICTUTH T€pPMOIIapy,
Ta KaHaTy JjIst BinOopy MIKporpoO TUMOBHUX ra3iB Oyna 3aiiicHeHa Bcepe-
JMHI TuMoxo/y. BijicTaHp Mixk MICIIEM YCTaHOBKH 1 BUXIJTHUM TIEPETHHOM
3TiZIHO 3 JJAaHUMH TEXHIYHOT MOHTa)KHOI crienudikailii BApOOHUKA, CTaHO-
Buia 300 mm.

PesynbTati BUMIpIOBaHb TeMIlepaTypH IOKa3aHi Ha pHCYHKY 3. Sk
BUJHO Ha rpadiky, 00poOka nmanvBa MpU3BOIMIIA A0 HOTO OUIBII AKiICHOTO
3TOPSIHHS 1 /1aBajia 3HIKEHHS TeMIepaTypu CyITHOBUX AMMOBHX Ta3iB y
MOPIBHSIHHI 31 3BUYafHIM CTaHJAPTHUM PEKUMOM EKCILTyaTallii CyiHa.

3a aHaJOri€l0 3 eKOHOMIYHHMM e(EeKTOM BiJ] CKOPOUYEHHs PiBHS CIIO-
KUBaHHS MAJIMBA HA PEXKHUMI X0y Cy[Ha 3 HABAaHTa)KEHHAM Ha CyJHOBHI
'] B 80 %, OyB nocsATHYTHI MO3UTUBHUN epeKT TeMIepaTypHOro OanaH-
cy. Mexaniuyna oOpoOka manuBa mpu3Beia A0 OTPUMAHHS MEHIIMX 3Ha-
YeHb TEMIIEpaTypH ITUMOBHUX Ta3iB Ha BUXOI 3 TUMOXO.Y, IIIO0 BKa3ye Ha
MIJIBUIIICHHS SKOCTI 3rOPsHHS NayimBa 1 jopiBHioe: 143-139=4°C,

OTpumaHe 3MEHIICHHsI TEMIIepaTypy ITUMOBHUX Ta3iB € MO3UTHBHUM
MOKa3HUKOM. BOHO MOKa3ye NMepCHeKTUBHICTD MOJANBIIOTO BUKOPUCTAH-
Hs 3aIpOIOHOBAaHOI 0OPOOKH TMajvBa B yMOBax poOOTH OaraTo(yHKIIiO-
HAJBHUX Cy/ieH maTpuMkH kinacy AHTS.

HactynHuMm moka3zHHKOM, IO BioOpakae SKiCTh 3TOpSHHS MalHBHOT
CyMili, € ckiaja quMoBHX rasiB Ha Buxomi 3 I'J] cynna. Ilin yac mocii-
JUKeHb Ha CyJHI OyJaM TpOBEJIEHI BUMIPIOBAHHS HOTrO JBOX TOJOBHHX
ckinanoBux — okcuy Byrieio CO i miokcuny Byriento CO,. Exkcriepume-
HTaJIbHI YMCENbHI pe3yibTaTH BUMIPIOBaHb, IO BiIOOpakarOTh 3MiHY
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KOHIIGHTpAIlil I[UX JIBOX KOMIIOHEHT JUMOBHUX Ta3iB, HaBEACHI B rpadiu-

HOMY BUTJISIZII HA PUCYHKY 4.
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Pucynok 3 — 3miHa TeMnepatypy IMMOBUX ra3iB IpH HaBaHTakeHH] Ha [J] cymHa
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Pucynok 4 — 3miHa KOHIIEHTpallii B AMMOBHUX ra3ax okcuay Byriemto CO

i miokcunay Byraemto COz:
1 — okeua Byrnemo CO; 2 — miokeun Byraemto CO;
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Posrisin BimoOpakeHHX YHCENbHUX 3HaYeHb TAaKOX BKA3y€ Ha OTPH-
MaHHSI TIO3UTUBHOIO e(peKTy MijJ Yyac BUKOPHUCTaHHS 0OpOOJIEHOTO Mexa-
HIYHUM IUIIXOM TajiBa. B eKoioriyHux moKa3HUKaxX eKCIuTyaTallii cyqHa
JOCSTHYTHH 3HAUHUH edekT. Sk me MoKIMBO mobdauutu 3 rpadika, y mo-
PIBHSHHI 31 3BUYalfHUM PEKHMOM POOOTH CyAHa KOHIEHTpAILis OKCHIY
BYTJICIIO 3MEHIIMIAch Ha 6,4 %, a miokcuny Byrieito CO; Ha 9,3 %. Taka
3MiHa y KOHLEHTpalii BUKHIB BKa3y€ Ha 3HAYHE TOMIIMIICHHS MPOIECY
3ropsiHHs nanusa B I'][ cyaHa Ta 3MEHIIEHHS HaBaHTaXXEHb Ha HOro majm-
BHY amaparypy.

PesynbTaTi mpoBeseHMX BUMIpIB MOBHICTIO MiATBEPKYIOTH MOYAT-
KOBO MPHUHHATY TiNOTE3Y MPO Te, IO SKICTh BUKOPUCTAHHS CYMIIi Maiu-
Ba 3 JOMIIIKAaMH BaXXKHX Ha(TOMPOAYKTIB Oe3mocepeiHb0 MOXKe OYyTH
3MIHEHa MEXaHIYHOK 00pOOKOr0. 3a paXxyHOK BIPOBAKEHHS By3ia 00-
pOOKHM TaMBa Ha CyJHI OyJIO JIOCATHYTO IMIJBUIICHHS SKOCTI €KCIUTyaTa-
1Iii BChOr'0 CyJIHA B I[LJIOMY.

BucHoBku

1. JIOiIbHUM € 3aCTOCYBaHHSI Ha CyJHAaX TEXHOJIOTIH M0 MEXaHIYHO-
My eMyJbTYBaHHIO MAJKBA 3 JIOMIIIKaMu BOJM 1 HadTonpoaykris. [Ipu ix
MPaBUIBHOMY BHKOPHCTaHHI MOXYTh OYTH JOCATHYTI CTPYKTYpHi 3MiHH
MOJIEKYJISIPHOTO CKJIaAy B TOPIiBHSAHHI 3 TIOYAaTKOBOIO CTPYKTYPOIO TOOY-
JIOBU BYTJIEBOJHIB. 32 PaxyHOK IiIBHUIIEHHS CTYIEHs AWUCIEPCHOCTI ac-
¢anbTeHiB, KapOeHiB, kKapOOoifiB MOJEKYISAPHI JIAHIIOTH, IO OJEPKYIOTh-
csi, OylyTh MEPETBOPIOBATHUCS B JIETKI BYIJICBOJAHEBI pajMKad Ta30BHX 1
JUCTUJISTIB TAIMBHUX (DPaKIfiil.

2. B cBoemy mepBiCHOMY CTaHi CY/JHOBI MaJWBa € HEJOCKOHAIMMHU 1,
JUISL TOTO 1100 MPUTOTYBAaTH MAIMBHY €MYJbCII0 HE HAIIKOIUBIIN €Hepre-
TUYHIA yCTaHOBLI Cy/HA, MOTPIOHO YiTKO 3HATH XapaKTEPUCTUKU MaJIUB
Ta YCYHYTH 3 1X CKJIAJy JIOBUIbHI JIOMIIIKH, SIKi 3BUYAHHUMM METOJaMU
cenapatlii He MOKYTb OyTH BHJIQJICHI.

3. B xomi mpoBeACHHS EKCIEPUMEHTAIBHUX JIOCIIJKEHh Ha CY/HI
kinacy AHTS «Mermaid Sound» Oyno BCTaHOBIIGHO SKMM YHWHOM HasiB-
HICTHb JIOMIIIOK BOAM B JHM3EIHHOMY IallMBi BIUIMBA€ Ha JIBA OCHOBHHX
eKCIUTyaTalliiHUX TOKa3HUKH CyAHA — BUTpATy MaluBa i TEMIIEPATypy
JIMMOBHX Ta3iB. BuMipu mpoBoamimcs Mmig Yyac mepexoay CyIHa, KOIU TpU
poOOUMX peXUMHU HaBaHTa)KeHHs cyaHoBoro ['J] mpu He3MiHHOMY YHCIi
rioro obeprie BianoBigHo cranoBmwin: 80 %, 50 % i 30 %.
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4. Haiikpanmii epekT B eKOHOMII MajnBa MpHU BUKOPUCTAHHI MajKB-
HOi eMynbCii OyB OCSATHYTHI MpH 3HAUCHHI HABAHTAXXCHHS HA CyJHOBHI
I'Jl, mo nopiuioe 80 %. B 1iboMy BUTNIAAKy MPH KOHIGHTPAIll JOMIIIOK
BHCOKOOPTaHIYHUX HAPTOMPOAYKTIB, sika AopiBHIOBama 1,5 %, 3MmiHa y
BHUTpATI MaJMBa B MOPIBHAHHI 3 X KOHIIEHTpali€ro, 1o jgopieHioe 0,1 %,
cxnana 0,656 %. @akTUYHO MPH XO[i CyHA Ha PEXMMI HaBaHTaXKEHHS Ha
I'Jl, mo nopiBaroe 80 % MoxkimMBe OTpuMaHHs ekoHowmil mamuBa 0,005
M/ro.

5. 3a aHanori€l0 3 eKOHOMIYHHMM e(EeKTOM BiJ CKOpPOYEHHS piBHS
CIIOKMBaHHS MajiMBa Ha PEKHUMI X0y Cy/lHa 3 HABAHTKEHHAM Ha CYIHO-
Buii '/l B 80 %, OyB JHOCATHYTHI MO3UTHBHUHA €PEKT TEeMIIepaTypHOTO
Oanancy. MexaniyHa 00poOka majvBa MpHU3Bena A0 OTPUMAaHHS MEHIINX
Ha 4°C 3Ha4yeHb TeMIlepaTypHu AMMOBHX Ta3iB HA BHXOAI 3 1umoxony. Lle
BKa3ye Ha MiJBUILECHHS SKOCT] 3rOPsHHS MAINBA.

6. B exonoriyHnx noka3HMKax eKcIUlyaTallii CyJHa JOCATHYTUH 3Hau-
HUH eekT. Y MOpiBHSHHI 31 3BUUAiHUM PEXHMOM POOOTH CylHA KOHIIe-
HTpAaIlisl OKCHUIY BYTJIEIIO 3MeHIIWIack Ha 6,4 %, a IoKcUuAy BYTJIELIO
CO; nHa 9,3 %. Taka 3MiHa B KOHIICHTpAIlil BUKHJIIB BKa3ye Ha 3HAYHC
MOJIMIIEHHS MPoIlecy 3ropsiHHs naiuBa B ['J] cyqHa Ta 3MEHIIEHHS HaBa-
HTa)XEHb Ha MOT0 NaJuBHY anaparypy.
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10.31653/smf343.2021.223-233
Xiesa O. .2, TTackans O. A.2
"Hauionanenuii yniBepcuter «Ojiechbka MOPChKa aKaieMish»
2Oniechka HaLiOHANBHA aKaIeMist XapYOBUX TEXHOJIOT1H

BIIJIUB IPUCYTHOCTI AJIFOMIHIEBOTI'O BOJIOKHA HA
TEILJIOMPOBIJTHICTH TAPA®IHY TA CTEAPUHOBOI
KHUCJIOTU SIK MATEPIAJIIB 3A ®A30BUM INEPEXOJ0OM
JJISI TEPMOAKYMYJIIOBAJIBHUX CUCTEM

Beryn

OcTaHHI POKU y CYJTHOILIABHINA MPOMUCIIOBOCTI BCE OLUIbIIE IMpH-
TUIISIETHCS. yBaru eHepro30epeXeHHI0 Ta 3HIKEHHIO BUKUIB MApPHUKOBHX
ra3iB. JIoBoJIl CyTTeéBa KUIBKICTh MaJIiBa CIIOKUBAETHCS HA CYJHI IMiJ 4ac
fioro mepeOyBaHHS y TIOPTY B OUIKYBaHHI BaHTaXHUX OIepalii ams
O0IrpiBy MpUMIIIEHh Ta NaJIMBHUX OakiB. Y TOH e dYac, MPOTArOM
3HAXO/DKCHHS CY/IHAa y MOpi, TEIUIOTa BiIpallbOBaHKUX ra3iB JBUTYHIB HE
BHKOPHCTOBYEThCS y TMOBHOI Mipi 4epe3 ii HaJUIMINOK. 3TJIQJMTH Taki
HEpIBHOMIPHOCTI Y HaJXO/KEHHI TEMIoBOI eHeprii Ta ii crnoXuBaHHI Ha
CYZHI MOXHa 3a JOIMOMOT0I0 TepMOaKyMyisaTopiB [1, 2, 3]. AkTyansHUM
TAKOXK € 3aCTOCYBaHHS TEPMOAKYyMYISITOPIB B CHCTEMax ONAJICHHA Ta
rapsuoro BOAONOCTaYaHHS 3 BUKOPHCTaHHAM BiJHOBJIIOBAHUX JIKEPE
eHeprii (mepIr 3a Bce eHeprii COHIIs).

B pobori [1] mpoaHaizoBaHe 3acTOCYBaHHSI TEPMOAKYMYIIIOBAJIbHOT
CHCTEMH Ha TOPTrOBOMY CYJHI Ta TIOKa3aHe, II0 BCTAHOBJIEHHS TEPMOAKY-
MyJTIOBAIBLHOTO BOASHOrO 6aka o6'eMom 1000 M’ Moske 3MEHIIMTH CHO-
JKUBaHHS TaJiiBa oOnajioBaibHUMU KoTiamMu Ha 80 %. B poOoti [2]
PO3IIIAAIOTECS  TEPCHEKTHBH  3aCTOCYBaHHS TEPMOAKyMYJISITOPIB Ha
KpYi3HUX cyaax Juisi 3MEHIIEHHS] BUTPAT Ha HArpiB BOAM JUIs CaHIiTapHO-
moOyTOBUX HYKJ Ta BiJi3HaUY€Ha HEOOXIJHICTh IMMOJAAJBIINOT MOJCPHI3aIlil
TepmoakymyinoBaibHuXx cucteM (TAC) 3 MOXIMBICTIO BUKOPUCTAHHS
MaTepialiB 3 (pa30oBUM MEPETBOPEHHIM 3aMiCTh BOJIH.

Tpaguuiiini TAC, y BUTIISII TEMI0i30IbOBAaHUX €MHOCTEH 3 BOJOIO
MEBHO1 TEMIIepaTypH, CYTTEBO MPOTPalOTh TEPMOAKYMYJISITOpaM 3 TEPMO-
aKyMyJIOBATbHUMH MatepianamMu 3 (azoBum mnepexogom (TAMDI).
TAC 3 TAM®II BonogiroTh ABOMa OCHOBHMMH II€pEBaraMu Iepes] Tpa-
JTHIIHHAMA BOJSIHUMH TEPMOAKYMYJISATOPAMH:

- MOXJIMBICTIO aKyMYJIIOBAaTH OLTbIIY KUTBKICTh €HEprii Ha OJWHUIIIO
00’eMy (3a paxyHOK aKyMYJIFOBaHHsI €HEpTii K B SIBHOMY BHIJISIII, MPU
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Harpiei TAM®II, Tak # B mnpuxoBaHOMy, Ipu (a3oBOMY Tepexoi
TAM®IT);

- CYTTEBO MEHIIOI HEI30TEePMIYHICTh MPOLECIB 3apsikH (IMiABOAY
TeryoTy) Ta pospsaaku (BimBoxmy Temioti) TAC 3 TAM®II 3 npuunHu
MOCTiKHOT (200 Takol, 0 HECYTTEBO 3MIHIOETHCS JJIsi 0AraTOKOMITOHEHT-
Hux TAM®II) temnepatypu ¢a3oBoro nepexomy.

Bukopucranns kancyn 3 TAM®II, 3i0panux y BUTIISAL YIIITEHEHOTO
mapy B TAC, € omHMM 3 OCHOBHUX MiAXOAIB MPH MPOEKTYBaHHI TEpPMO-
akymynsatopiB 3 TAM®II, skuii 3a0e3medye BUCOKY LIUTBHOCTI 30epiraH-
Hs1 TETUIOBOI €HEpTii, Ta, AK HACHIIAOK, BUCOKY epexTuBHicTH TAC Ta yciei
TEIJIOCHEPTETUYHO1 CUCTEMH JI0 CKiaay sikoi BxoauTh TAC [4].

Ha iHTeHCcHBHICTH mpolieciB Tem1oo0MiHy (IIBUAKICTH 3apsAKH Ta Po-
3psiakn) B kancynax 3 TAM®II BrumBae ik KOHCTPYKLiSt Kamncyl, Tak i
Mmatepian TAM®II (nepi 3a Bce, HOro TEmIonpoBiAHICTS).

[IpencraBneHe moCHiKEHHS MPUCBAYEHE KOPOTKOMY OIJISLY KOH-
cTpykiiit kancyn 3 TAM®II Ta ekcrieprMeHTaNbHIN OIIHII JAOIUILHOCTI
BHUKOPHUCTaHHS MPOCTOTO Ta HEAOPOro MiAXOAY A0 iHTeHcudikauii mpo-
1eciB TeriooOMiny B kamcynax 3 TAM®II 0Ge3 yckiajHEHHS iX KOH-
CTPYKIIIl — JIOJJaBaHHIO AIFOMIHIEBOTO BOJIOKHA 110 Takux TAMODII sk
TEeXHIYHUHN mapadiH Ta creapuHOBa KHCJoTa. BHCHOBOK O JIONUIBHOCTI
3aCTOCYBaHHS 3alpONIOHOBAHOIO MiIXOAY TUIAHYETHCS OTPUMATH Ha OC-
HOBI aHai3y CeKCICPUMEHTAIbHUX 3HAYCHb TEIUIOMPOBIAHOCTI 00’ €KTIB
JOCITiIKEHHS.

KoncTpyknii kamncya st TepMOaKyMyJIITOPiB 3 ¢Ga30BHM Iie-
pexooM Ta MeToaM iHTeHcHpikalii Tenj000MiHy B HUX

Binbrricte TAM®IT s enepretvku (Hampukiaa, napadinn adbo
CTEapHHOBA KUCIIOTA, AKI MalOTh NPUAATHY TEMIEpPaTypy IUIaBICHHS JUIS
CHCTEM ONAJICHHS, Tapsuoro BOIOMOCTAYaHHS Ta KOHAUIIIOBAHHS) MalOTh
HU3bKE 3HAYCHHS TEIUIOMPOBIMHOCTI B pimkii 1 TBepaii ¢aszax [5], mo
HEraTHBHO CKa3yeThcs HA IHTEHCHBHOCTI Termoodminy Mk TAM®II ta
pinkum temonocieM (PTH) TAC. 'eometpist karcys Ta CHiBBiIHOIIEHHS
PO3MIpIB Karcyau Mae He MEHIII 3HAYHHUI BIUIMB Ha IHTEHCHUBHICTh TEIIO-
obminy, Hixk BrnactuBocTi TAM®II. To0To, gk Termnodi3uyHi BIacCTHBOCTI
TAMO®II, Tak # ¢opma Ta po3Mmip KallCylH BH3HAYalOTh 4ac IUIABJICHHS
Ta 3acTuraHHs (3apsaaku ta po3psan) TAM®II y kancynax.

3a TeOMEeTpHYHUMH XapaKTEePUCTUKAMHU KallCyiH (KOHTEHHepH) 3
TAM®IT ans TAC, 3a3Buuail auIsIThes Ha [6]: MWIHIAPUYHI KamcCyiu
(puc. 1), npsAMOKYTHI/KBagpaTHI y BUIJIA TUTHT, 110 oMuBatoThess PTH, Ta
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cdepuuHi Kkancynu (puc. 2).
Y ~ PTH -—j PTH
e -
€ o ) TAM Qooc
Ao AN
~ g S

o S I

T'AM |

1

a o 6
Pucynok 1 - Cxematuune 300paKeHHS IUTIHAPUYHIX Kancyn (KOHTEHHe-
piB) 1t TAM®II [6]: a — xoHTeliHep THITy TpyOa, 6 — IMITIHIAPUIHUA KOHTEH-
Hep, 6 — KOKYXOTpYOHHI KOHTEHHEp, ¢ — TPhOXTPYOHHH KOHTEHHEp 3 pedpamu
lapsumit PTH

Xonoaunii PTH  13071508aH#i]
xopryc TAC

Pucynok 2 - Cxemarnune 300pakeHHs chepuunux kancyia 3 TAM®II y
Burssini mapy B TAC [7]

3’SBIIAIOTBECA POOOTH, Ji¢ MPONOHYETHCSA CKIajNHA (opMa Karcya 3
TAM®II. Hanpuknaa, B po6oti [8] 3amporoHoBaHa HOBa IPYIIOBHJIHA
¢dopma kancyn st TAC ¢ TAM®II Ta noka3aHo, 110 MPOIEC MIABICHHS
TAM®II maibke BABIUI MBUIIIE, HDK B KIACUYHHUX KATCyJax IUJIIHAPH-
4yHOI 2060 cepuuHoi popMu. AJle BUTOTOBIICHHS TaKHX Karcyi Mmorpedye
JOJaTKOBUX 3aTpar, a ix po3mimieHHs y kopmyci TAC He moxe OyTH
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palioHaJIbHUM 3 TOYKHU 30pYy YACTKH 3aHSITOr0 Karncyiaamu oo’ emy. ToOTo,
npu OUThIIIHA MIBUIKOCTI 3apsiiKh Ta PO3PAIKH TaKMX KarcCyl, Maco-
rabaputHi xapaktepucTiuku TAC 3 HUMU OyyTh JIOBOJIi BETUKAMU.

BupimmTy 3aBOaHHS MiABMILEHHS HIBHIKOCTI 3apsSAKH 1 PO3PSIKH
Tepmoakymymsitopa 3 TAMO®II moxkna nBoma meromamu. [lepmmii 3 HUX
CHpPSIMOBaHUM Ha 30UIBIICHHS TEIJIOOOMIHHOT MOBEPXHI TEPMOAKYMYJIsi-
TOpiB, y TOMY YHCIi 32 PaXyHOK BHUKOpPHCTaHHs opeOpenHs [6, 9, 10].
Hpyruii nonsirae y HanopueHHs: TAM®II maTepianamMu 3 BUCOKOIO Tel-
JIONIPOBIHICTIO: a00 BBeAeHHI y ckial TAM®II BHCOKOTEIIONPOBITHIX
BYIJICLIEBUX HAHOCTPYKTYD, TakuXx sk ¢yinepeH Ceo, HAHOTPYOKH, TEPMO-
posmupenuii rpadir [11-13], abo B apmyBanHi 6a30Bux TAM®II mera-
JICBUM BOJIOKHOM PI3HOTO XiMidHOTO ckiany [9, 14, 15].

Crij BiI3HAYMTH, 1110 3aCTOCYBaHHS pedep MPU3BOAUTH JI0 30UIBIICH-
Hs MartepianoeMHOCTI Ta Macu TAC, yCKIIaHIOE KOHCTPYKILitO Karcyi 3
TAMO®II ab6o camoi TAC, a ByrieleBi HAHOCTPYKTYpH JTOCHTh KOLITOBHI
Ta IIle MaJo BUBYCHI Yy JNOBIOCTPOKOBIH MEpCHeKTHBI 1X cTabiIBHOCTI Y
pi3HUX cucTeMax, y Tomy unchi y TAMO®II [16-18].

B po0Gorti [9] Oysio mpoBeAcHO eKCIiepUMEHTAIbHE MOPIBHSHHS JIBOX
miaxoaiB g0 iHteHcudikaiii TemnoodoMiny B TAC 3 TAM®II: BcTaHOB-
nenHsi amoMmiHieBux pebep B TAC abo wnamoBHeHHss TAMO®II (H-
OKTaJieKaH) MeETaJleBUM CTaJleBUM BOJOKHOM. Xoda pe3ylbTaTd Mdo-
CIIIJDKCHb TOKa3ajau OUTbIy e(pEeKTHUBHICTh 3aCTOCYBaHHS OpPEOpPEHHS 3
MeTol0 iHTeHcu(iKalii TermooOMiHy, B TOH e 4ac BUKOPUCTaHHS MeTa-
JIEBOTO BOJIOKHA € OUIBII JCHIEBUM Ta MPOCTHM BapiaHTOM, SIKMHA TaKOXK
Jla€ CyTTEBUH eEeKT y MOpPIiBHSIHHI 3 3aCTOCYBaHHsM 4yrctoro TAM®IIL.

Ha nymky aBTOpiB, 3aCTOCYBaHHS METAJIEBOI'O BOJIIOKHA SIK J00aBKH
10 TAM®II 3 meroro inTeHcHpiKaIlil TII000MIHY € HAHOLIBII JSIICBUM
Ta HaAIHUM BapiaHTOM 3 YCIX PO3IIISTHYTHX BHIIE. 3 ypaxyBaHHSM BHCO-
KOT TEIJIONPOBITHOCTI Ta BiIHOCHO HEBETMKOI BApTOCT1 Y SKOCTI T0OABKH
10 TAM®II napadin Ta creapuHOBa KUCIOTa (HAWOUIBII MEPCHEKTUBHI
TaMm JJs mOTped rapsvoro BOAOMOCTAYAHHS Ta ONAJICHHS) B AaHOMY JIO-
clTiypKeHHi 0yJio oOpaHe aoMiHiIEBE BOJIOKHO.

O0’exTH 10CTiTKEHHS
OO6'exTamu oCTiKEHHsT Oylu 3pa3ku TexHiuHOro napadiny i crea-
PUHOBOI KUCIIOTH, a TAKOX Komro3uTHi TAM Ha iX OCHOBI.
Jnst ctBopeHHsT KOMHO3UTHHX TAM BHKOpHUCTOBYBalMCS HAcTYIHI
MaTepiaiu:
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—napadin (ounieHuii Texniyauii T-3, Temneparypa riaBiaeHHs 53,5
°C, kpaina-BupoOHUK — [Tonbina);

— creapuHoBa kucinora (CisH3z6O2, kpaina-BupoOHuMK — I[HmoHE3is),
HoaHe uncio 3a cepTudikarom ckianae 8,26, mo npubIM3HO BilnoBigae
mapiii T-10 3a [19];

— aJIIOMiHI€BE BOJIOKHO 3 CepeaHiM AaiameTrpoM BoiokHa 30 Mk (Tio-
crauaneHuK — Ekksol, kpaina-Bupobnuk — ['epmanis), TemIonpoBiAHICTD
(3a manmmu BupoOHHKa) 168 Br/(MK), BMicT 6azoBoro eiremeHTa — He
MeHmr Hix 92,2 mac. %.

3paszku komMrmo3uTHUX TAMODII 3i BMiCTOM alllOMiHIEBOrO BOJOKHA
CTBOPIOBAJTUCST METOJOM VYKIIAJAaHHS TEBHOI KUTBKOCTI METaJeBOro BO-
JIOKHA Y creniajibHy HWITIHAPUYHY KOMIpKY 3 (pToporuiacty 3 HaCTYIHUM
ii 3aMMOBHEHHSIM pO3IJIaBIeHHM NapadiHoM abo CTEapHUHOBOIO KHUCIOTOIO
npu Temiepatypi 70 °C Ta ¢opmyBaHHSM 3pa3KiB y BUTJIAI TaOleToK
nmiamerpom 23...25 MM Ta TOBIIMHOMK 4,5...5,5 MM — puc. 3 Ta 4.

a o 8
Pucynok 3 — 300pakeHHs 3pa3kiB koMno3uTHux TAM: a — creapuHOBa
KUCIOTa, 6 — creapuHoBa Kucmora 3 BMictoM  0,0242+0,0028 xr-xr!

(0,00859+0,00101 m3-M™) amroMiHi€BOro BOIOKHA, 6 — TOH CAMHI 3pa30K y po-
3pi3i

a (7] 8

Pucynok 4 — 300pakeHHs 3pa3kiB koMno3uTHux TAM: a — mapadin, 6 —
napagin 3 Bmicrom  0,0285+0,0011 kr'xr!  (0,00968+0,00038 m> M)
aJIFOMiHIEBOTO BOJIOKHA, 8 — TOM caMHii 3pa3oK y po3pisi
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BusznauenHs MacoBOi YacTKM METaj€BOro0 BOJIOKHA B 3pa3Ky
3IIMCHIOBAJIOCS TICIsS MPOBEIEHHS BUMIPIOBaHb TEIJIONPOBiAHOCTI. [Ipu
upoMy komno3utHuii TAM®II ButpuMyBaBcs Ha (QLIBTPYBaJbHOMY Ta-
niepi mpu Temnepatypi 70 °C 3 nmepioTu4HO0 3aMiHOIO Marnepy Ha YHCTHH.
TakuM 4MHOM, yBeCh pO3ILIaBICHMI napadiH ado cTeaprMHOBa KHCIIOTa
Oyyu BijJlajieHi BiJ HamoBHIOBaua (METajeBOrO BOJIOKHA), METAJICBE BO-
JIOKHO OYJIO 3Ba)KEHO Ta po3paxoBaHa HOro yacTka y KOXKHOMY 3pa3Ky
kommnozuTHoro TAM®II. Maca xomMnoHeHTiB Oyjia BUMIpsSiHa 3 BHKOpU-
CTaHHIM eJeKTpoHHMX aHamiThyHux Bar GR 300 3 iHCTpyMeHTaJIbHOIO
moxu6xoro 0,5 mr.

JociizkeHHs TeIIONPOBiIHOCTI TePMOAKYMY./TI0BATbHUX

pe4oBHH 3 (pa30BUM IepexoaoM

st BUMIpIOBAHHSI TEIUIONPOBIIHOCTI JOCTIIKYBaHUX 3pa3KiB KOM-
no3unidanx TAM BukopucroByBaBcs npuiaang Hot Disk TPS 2500 S
(uentp consiuHoi eHeprerukn ClCenergiGUNE, Icmanis y pamkax
crinpani) [20]. [Ipu BuKoHaHHI BUMipIOBaHb OyB 3aCTOCOBaHUN CEHCOP
All Kapton pgiamerpom 2 MM, SKAH NpU3HAYEHHWH U TMPOBEICHHS
BHUMIpIOBaHb B 00’€Mi i30TPONHHX 3pa3KiB. MeTonnka eKCIepUMEHTY
Bignosigana cragaapty ISO 22007-2. HeBu3HaueHICTh BUMIPIOBAHb TETI-
JIOTIPOBITHOCTI HE TepeBuiye 5%. Yci BuMiproBaHHs OyJu BUKOHAHI IpU
temnepatypi 22 °C ans pi3HEX KOMOIHAIli 3pa3KiB OJHOrO ¥ TOro ke
TAM®A: BuKOpHUCTOBYBaJiocs 1Ba 3pa3zka omHakoBoro TAMO®II mpu
KO)KHOMY BUMIPIOBaHHI, MPH I[bOMY JaTYMK PO3TAIIOBYBAaBCS MK 3pas-
kaMu. OcoONHMBO Ba)XJIMBO NMpH BUMIpIOBaHHI OyJa0 KOMOiHyBaTu pi3Hi
3pi3KHM Ta Pi3HI CTOPOHU 3pa3kiB komnozutHOro TAM®II 3 meraneBum
BOJIOKHOM, TOMY IO I[i KOMIIO3UTHI MaTtepiajid BOJOAIIOTH aHi30TpOI-
HICTIO TEILJIOMPOBIAHOCTI B CHITY CBOET CTPYKTYPH.

Pe3ynbTaTi BUMIpIOBAaHHS TEILIONPOBIAHOCTI TBEpAOI Qa3 i ycix
00’ €KTIB JIOCIIIKEHHS HaBeIeHo B Taour. 1.
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Tab6mums 1 - TemronpoinHicTh kKoMmo3uTHUX TAM®II 3 MeTaneBuUM BOJIIOKHOM
B TBepii ¢asi npu 22 °C

CreapuHoBa
Napadi 3i KM(‘:IIOTa 3i
KomnosutHuii Napadin BMicTOM CreapuHoBa BM|c1-¢;3M‘
TAM P anmiHieBoro [Kucnota antomiuie-
BO/IOKHa BOro BOJIO-
KHa
MacoBa yacTka meTa- 0 0,0285 0 0,0242
NeBOro BOJIOKHA, Kr/Kr
o, Kr/Kr 0 0,0011 0 0,0028
06’emHa yacTKa meTa- 259
NeBOro BOJIOKHA, 0 0,00968 0 0,0085
m3 /M3
o, M /m? 0 0,00037 0 0,0010
TennonposiAHicTb, 0,256 0,455 0,249 0,450
Bt/(m-K)
o, Br/(m-K) 0,0030 0,034 0,0070 0,063

B tabmuni 1 HaBeneHi ocepeHEH1 3a yciMa 3pa3kaMu 3HAYCHHS TeETl-
JIOTIPOBITHOCTI Ta YaCTKH aJOMIHIEBOrO BOJIOKHA. [IJisi BUMIpIOBaHb BH-
KOPUCTOBYBajiocss 1Mo 3-4 3pa3ka y BUIJISAI TaOJeTOK 3 Ppi3HOI ix
KOMOIHAIIi€l0 Ta 3 JEKUIbKAa PI3HUM BMICTOM aJlFOMIiHIEBOTO BOJIOKHA Y
KO)KHOMY 3pa3Ky. Taka ocoONMBICTh €KCIEPHUMEHTY MOSICHIOE OTpUMaHi
JIOBOJII BEJTMKI 3HAYCHHS CEPEIHbOKBAJPATUYHOTO BiJXWICHHS G (TaO.
1), aJie He BIJTUBAE HA BUCHOBKH 32 OTPUMAHUMHU PE3yJIbTaTaMHU.

AHaJIi3 OTPUMAHHUX pPe3yJbTaTiB

[Tpu BU3HAYEHHI MacH METaJeBOTO BOJIOKHA y CTEAPHHOBIM KHCIIOTI
Oyno OTprMaHO He OYiKyBaHUWil pe3ynbTaT. [Ipu BUIUIaBIEHHI cTeaprHO-
BOI KHCIOTH 3 KOoMIO3UTHOTO TAM®II miciast TppOX MICSIIB 3 MOMEHTY
CTBOpPEHHSI 3pa3KiB CIIOCTepiraiucs Bi3yallbHi 3MiHH Yy 1 KOJIBOpi — puC. 5.
Bbyno 3po6ieHO BHCHOBOK, L0 CT€ApUHOBA KUCJIOTA IPU KOHTAKTI 3
QIIOMIHIEBHM BOJIOKHOM BCTYIA€ B XIMIUHY peaKllito, 10 € HeOakaHUM B
JOBI'OCTPOKOBIM TepCleKTHBI 3aCTOCYBAHHS LBOTO KOMIIO3UTHOTO
TAMOIIL.
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Pucynok 5 — 300paxkeHHs Cipux ciiliB Ha (iabTpoBaHOMY mamepi Oins
YaCTKOBO PO3ILIABJICHOTO 3pa3ka CTCAPHHOBOI KHUCIIOTH 31 BMICTOM aJTFOMIiHIEBOTO
BOJIOKHA Yepe3 TPH MICALI MiClIsi CTBOPEHHS 3pa3KiB

3 oTpUMaHMH pe3yabTaTiB BUMIPIOBAaHHS TEILUIONPOBIAHOCTI (Tabm. 1)
BHJIHO, 1[0 JIOJIaBaHHS AJIOMIHIEBOrO BOJIOKA K 10 napadiHy, Tak # J0
CTEapHHOBOI KHCJIOTH TNPHU3BOJAWTH JO CYTTEBOrO 30UIBIICHHS TEIUIO-
npoBigHocTi: pubmu3Ho Ha 78 % ans TAMO®II Ha ocHoOBI mapadiny Ta
Ha 80 % mis TAMO®II Ha OCHOBiI CTEapHMHOBOI KHCJIOTH MpPHU BMICTi
AIIOMIHIEBOTO BOJIOKHA He Outbiie 1 % 3a 00°’eMOM B 000X KOMITO3UTHUX
TAMOIL

Ha ocHOBi oTprMaHuX pe3yabTaTiB 3 XIMIYHOI CYMICHOCTI CT€apuHO-
BOI KUCJIOTH Ta aJIOMIHIEBOrO BOJIOKHA Ha JAHOMY €Tarl JOCIiPKEHHS
takuit komrno3uTHuit TAM®II He MOXHA pEeKOMEHIyBaTH IJIs 3aCTOCY-
BaHHS Ha MPAaKTUIl. AJie, TUTaHHS XIMIYHOI CTaOLIBLHOCTI moTpedye mo-
IANbBIIOro OUIBII JIETAJIFHOIO BUBUEHHS.

Ha ocHOBi oTpuMaHHMX pe3ynbTaTiB MOKHA PEKOMEHIYyBaTH KOMIIO-
sutHuii TAM®II Ha ocHOBi mapadiHy Ta aJlOMiHIEBOrO BOJOKHA JUIS
MOJANBIIOT0 BUBYEHHS Ta PO3IIISAY AOLIIBHOCTI 3aCTOCYBaHHS B TEPMO-
aKyMyJsTopax 3 ()a30BHM IEpETBOPEHHSIM IS HHU3BKOTEMIIEPATYPHOTO
3aCTOCYBaHHs (rapsde BOJOINOCTAYaHHS Ta OMAJICHHS) 3 METOI ITiJIBH-
HIeHHS! e()eKTHBHOCTI TaKUX TepMoakymyisTopiB. CHij BiI3HA4WTH, IO
JIOJJATKOBOIO TepeBaroro BUKopucTaHHA napadiny sk TAM®II 3 noxpa-
Ba”HHIM 10 1 % 3a 00°eMOM aIIOMIHIEBOI'O BOJOKHA € MEHIIA MUTOMA
Maca, y TOpIBHSHHI 3 BOJIHHMHU TEpMOAKyMylsTopamu (TyCTHHA Ta-
padiny cknanae npubmuzao 900 Kr/M°, a aTIOMiHI0, OHOTO 3 CAMHUX JIeT-
KMX MeTaniB, - 2700 kr/M’). A 3 ypaxyBaHHSM e # GUIbIIOT KiIbKOCTI
aKyMyJIbOBaHOI TEIUIOTH Ha oauHUIo0 00’ eMy TAC (3a paXyHOK TEMJIOTH
¢azoBoro nepexojy), MmacorabapuTHi po3MIpH TaAKHX TEPMOAKYMYJISTOPIB
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OyZyTh CYTTEBO MCHIIUMH, HiX BOJsSHUX. Llell (akTop 3aBiKaM Ba)Iu-
BUH, ocobnuBo it npoekTyBaHH TAC 11 MOPCBKUX CYIB.

BucHoBku

JlonaBaHHS aTIOMiHIEBOTO BOJIOKA SIK 110 MapadiHy, Tak i 10 creapu-
HOBOT KHCJIOTH TPU3BOJUTH JI0 CYTTEBOT'O 30UTBIICHHS TEIIONPOBIHOCTI:
npuoau3Ho Ha 78 % mns TAM®II Ha ocHoBi napadiny ta Ha 80 % aus
TAMOII Ha OCHOBiI CTeapWHOBOI KHCJIOTH IIPH BMICTi alTIOMIHIEBOTO BO-
nokHa He 6u1bmIe 1 % 3a 06’eMoM B 000x komno3uTHUX TAM®II.

He Oyno miaTBepaKeHo JOBrocTpOKOBY XiMiUHY CTaOiIbHICTh KOMITO-
sutHOro TAM®II Ha OCHOBI CTEAPHHOBOI KUCIOTH 3 BMICT aJIFOMiHIEBOTO
BOJIOKHA, TOMY Ha JaHOMY eTari JociipkeHHs 3a3HaueHuit TAM®II ue
MOXKHA PO3IIISAATH SIK MEPCIEKTUBHUH [T MPAKTUYHOTO 3aCTOCYBaHHS.

Komnosutauit TAM®II Ha ocHOBI mapadiny Ta aJrfOMiHIEBOTO BO-
JIOKHA MOXKHA PEKOMEHJYBaTH JUIS MOJAIBIIOr0 BHUBUEHHS Ta PO3TISAY
JOIITBHOCTI 3aCTOCYBaHHs B TEPMOAKyMYJIsiTOpax 3 (ha30BHM IEpeTBO-
PEHHSIM JJIsl HU3bKOTEMIIEPaTypHOTrO 3aCTOCYBaHHs (Tapsiue BOAOMOCTa-
YaHHS Ta OnajieHHs). AKymynsatopu 3 posrisHyrumu TAMO®IL OyayTsb
MaTH MEHII MacorabapuTHI po3MipH y MOPIBHSHI 3 TPAAULIHHUMU BOJIS-
HUMH 0aKaMU-TEPMOAKYMYJISITOPAMH.

Monsika
ABTOpY BHCJIOBIIIOIOTh BIsfYHICT, HarioHansHOMY oHAYy 10-
crmimpkenp Ykpainu, mpoekt Ne 2020.02/0125 3a ¢inaHCOBY HiITpUMKY
HABEJICHOT'O TOCIIKEHHSI.
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Hikonscekmit B.B., Oxenko €.M., Hikoibschkuii M.B., Koans MLA.,
€Bcee M. /1.

Hamionanenuit YHiBepcuter «Oecbka MOpChbKa akaieMis»

OLIHKA MOXXJIMBOCTE BUKOPUCTAHHSI «[IUDPOBOI
PIAUHW» B CYIHOBUX JU3EJISX

Bigomuit BupoOHnk MAN-B&W Hapsay 3 iHIIMMH BHPOOHHKAaMU
cydacHux ManoodeproBux nABUTyHiB (MO/I) 3 enNeKTpOHHUM YIpaBIiHHSIM
MOCTIHHO TPOBOIUTH POOOTH IO MiJABHINECHHIO TX Mpaie3JaTHOCTI BHXO-
JIS19M 3 TIPaKTHKHM eKCIUTyaTallii Ta oOCIyroByBaHHs. | sIKIIO MexaHiduHa
cucTeMa BKe 0arato 4acy, SIK BiANpanboBaHa, TO €NEKTPO-TigpaBiiuHa
CHUCTEMa TI0/Iadi MajiiBa MOCTiHO BAOCKOHAOEThCS. MAN-B&W € mipo-
BiTHUM BUPOOHUKOM Yy CBiTi pO3BUTKY MaJHMBHHUX CUCTEM Oe3MocepeHboT
Ii1 3 TiAPONPUBOIOM MAJIMBHOTO HACOCY, 0 CKIAAy SIKOI BXOIUTH MPOIO-
puiiiHuMiA KinanaH nmoxavi rigpasiivaoi pimuau Fiva-valve (puc. 1) [1, 2, 3,
4].

. High pressure pipe

*tion valve

Hydraulic
piston

Fuel oil inlet
7-8 bar

Accumulator

FIVA valve

To
drain

Pucynok 1 — Cucrema ynpasiiHHS NPOMOPLIHHAM IIBUAKOJIIOYNM KJIATTAHOM

B po0oti kianany cnoctepiraloThes MpoLecH, SIKi MPU3BOAATH A0 Ho-
T'0 HEMOBHOTO BIIKPUTTsI a00 3aunHEeHHS [5].
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Hamu BucyHyTa rimore3a — MiIBUIICHHS MPane3gaTHOCTI CHUCTEMH
SNIEKTPOHHOTO YIPaBJIiHHSA MoJauelo manuBa cyaHoBoro MO/l MoxiuBe
3a paXyHOK BIPOBAJPKEHHS HOBOI'O CITOCOOY YIIpaBIIiHHS MOAAvero Tiapa-
BIIIYHOI PiAMHU JI0 MaguBHOro Hacocy Bucokoro Tucky (ITHBT) 3a paxy-
Hok 3aminu FIVA - Valve.

Tomy poOotH, siKi MOB’sI3aHi 3 MIIBUIICHHIM IPAIIE3IaTHOCTI SJICKT-
PO-TiApaBIiYHOT CHCTEMH TMOJIadi ManuBa, 30kpema Fiva-valve, € aktyais-
HUMH SIK 3 HAYKOBOI, TaK 1 3 MPaKTHYHOI TOYKH 30DY.

Mera gocnimkeHHs moisrae B ouiHmi 3aminu Fiva-valve B MOJ]
MAN-B&W cepii E Ta MOXXITMBOCTI 3aCTOCYBaHHS B CEPEIHBOOOEPTOBUX
(COM) nuryHnax.

B poGorax [6, 7, 8] OyB mpoBeJeHMIT aHaI3 IepeBar i HEAOMIKIB Cy-
YacCHUX CHUCTEM Mojaui nanusa cyqHoBux MO/I, 30kpeMa akyMyJsTOpHOI
CUCTeMHU Ta cucTeMH Oe3mocepenuboi ail. ®ipma MAN-B&W mnocriitHO
Mpalroe Hajl MJIBUICHHSIM MPAle3JaTHOCT] eIeKTPO-T1IpaBIiuyHOl CHCTe-
mu yrpasninas [THBT 3 meroto ycyHenHs HemonikiB [1, 2], siki cynpoBo-
JOKYIOTH 1X KCIUTyaTallifo.

B poGorax [4, 5] Oynu netanbHO PO3TISIHYTI pe3yabTaTH MOHITOPHH-
Ty HWITIHAPIB, B poOOTI SAKMX criocTepirainucs nepedoi, sKi MPUBOAKIH JI0
3MEHILIEHHS MOTYXHOCT1 TOJIOBHOTO IBUTYHA.

Hamu Oynu chopmynsoBaHi OCHOBHI BUMOrd 110 mpuBoay FIVA —
valve, siki B MOJIaibIIUX JOCIIDKEHHSX OyIyTh 3aJisiHI Mpu po30yIoBi
MOJIeITi POOOTH:

- MOKJIUBICTh 3aKITMHIOBaHHS P BUMKHEHOMY CTaHi;

- 4ac BIIKPUTTS MeHIIHH HiX 5-10 Mc;

- xig FIVA - valve — 10 mMmM;

- 3ycwnist Oinbine 120 MITa.

Cri 3a3Ha4MTH, 110 B OCTaHHI JIEKLIbKA POKIB B JIOCHIPKEHHSX, SIKI
HaTpaBiieHi Ha 3aMiHy eIeKTPOMATHITHHX Ta eIEKTPOMEXaHIYHUX MPHUBO-
niB Fiva-valve, HaOupaioTh MOIIMpPEHHsS] HE TUTBKH «IU(PpPOBa piAnHAY,
ane 1 1’ €30eNeKTPUIHUHN PUBOI.

Tak, B pobori [5] Oyna 3amporoHoBana mopepHizailis FIVA-valve,
sKa TOoJjsAraja B 3aMiHI OJHOrO IporopiiiHoro kiaamana FIVA-valve 3
eIIEKTPOMEXaHIYHMM TIPUBOJAOM Ha JCKiIbKa KIIAMaHIiB 3 TiApaBIiuHUM
npuBojoM. Ha puc. 2 HaBeneHa cxema MOJIEPHI30BaHOI CUCTEMU IOjayi
nanmmBa 3 aBoMa nudposumu kiananamu (DFCU - Digital Flow Control
Unit).
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Pucynok 2 — Cxema rigpornpusony FIVA- Valve 3 nsoma DFCU [5]

B cepenouii imiTaniiinoro mogentoans SimInTech Bix TOB «3C-
Cepgic» Oyno cTtBOopeHo Mozenb rinponpuBony FIVA-valve 3 nmBoma
DFCU (puc. 3).

Jnst ctBopeHHs Mozieni Oynu 3acTocoBaHi HacTymHi Omoku [12]:

- TIOPOIIIHIDP JBOCTOPOHHBOI Jii 3
¢ >I:IE:'> R OJITHOCTOPOHHIM BHCYHEHHSIM;

Ayaeo uoysid <
Apned pod <~

MOJIETIIOE PYX PIAMHHU Yepe3 Apocelnb 3 Mmoc-
TIHHOK TUIOMICID TIPOXITHOT'O Iepepisy,
SKUH 3'€IHY€ AB1 MOPOXKHWUHU (LIe MOXKYTh
OyTu sk aOCTpakTHI MOPOXHHUHHU, TaK 1 MO-
POXKHHMHHU TiAPOMAIIWH 1 TiAPONPUCTPOIB).
[MopoxHuHa, 3 KO BigOyBaeThCS BHUTIKaH-
HSl, BB@XKAETHCS TMOPOKHHUHOIO-KEPETOM.
[MopoxkHrHa, B SIKY HagXOOUTb poboue ce-
penoBuIle 3 JApocessi, BBAXKAETHCA MOPOXK-
HUHOIO-TIpHiiMadeM. Pexum Ttedii pinuHH
(3anexHicTh BUTpaTH Bix uucia PefiHonba-
ca) BpaxOBYEThCS aBTOMaTHYHO;

- TIPOAPOCEIb MOCTIMHOTO MEPETHHY; OJIOK
source recipient ;
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- ijeanbHE JDKEPENo CHIIM TOCTYMaJbHOIrO

S > pyxy. Y Ouomi peanizoBaHa MOAEINb i/1ealib-

HOro jpKepena cui. Jkepeno igeanbHe B

M ==

Y rYrYrry ¥ o

converter

TOMY CEHCI, 110 TMepeadavacThes, 10 WOro
MOTY>KHOCTI1 3aBXJIM JIOCTaTHBO, 1100 CTBO-
PUTH HEOOXITHY CHITY;

- THCK 1 TeMmiepaTypa pianHu, biok mone-
JIo€ JpKepeno abo mpuiiMad piAMHU 3 Moc-
TIHHUMU B Yaci THCKOM 1 TEMIIEPaTyporo;

- TIAPOAPOCEND 3 PETYIIOBAHHSIM 3a JIOBUIb-
HUM TapamMeTpoM, OJIOK MOJECIIOE PyX Ppi-
JMHU 4epe3 Jpoceib 3 peryiboBaHO0 ILI0-
e MpoxigHoro nepepizy. Ilnoma pery-
JIIOETHCS 32 JOBUILHUM MapaMeTpoM, SKUM
MOX€E BUCTYNATH TMEpPEeMillleHHs], Yac, THUCK,
temneparypa i 1.4. Jpocens 3'eqHye aBi
nopokHuHU. [lopoxHuHa, 3 Kol BinmOyBa-
€TbCSl 3aKiHYEHHS, BBAKAETHCS TOPOKHU-
HOM-JKepenoM. [lopoxkHuHa, y Ky Hagxo-
IUTh po0OoYe CepeloBHILE 3 POCens, BBa-
Ka€ETHCS MOPOKHUHOIO-TIpUITMadeM.

PexuMm Teuil pigMHU (3aJICKHICTD BHTPATH
Big PeifHonmbaca) BpaxoByeEThCSl aBTOMATHY-
HO;

- KyCKoBo-ToctiitHa. biok ¢opmye Ha BU-
X0l TIOBUTbHUUN 0araToCTyIiHYACTHI BUXI-
JTHUHM CUTHAJI, SIKHH € CYNEepIO3UIE CXij-
YaCTHX BILIMBIB;

- migcuiaioBad. biok 3AiicHIOE TOCHIICHHS
BXIJIHOT BEIMYMHM Ha 3aJlaHuii KoedilieHT
MOCHJICHHST,;

- 3aKJ1a/IEHHS TOCTYNANBbHOTO PYXY;

- MEXaHIYHHMH eJIEMEHT TOCTYNaJIbHOIO
pyxy. biok monentoe MexaHiYHUN eleMEHT
MOCTYMANBHOTO PYXy, Ha SIKUHA JIIOTh CHJIa
iHepIlii, TO3WIliiHA CHJia, CHUja B'SI3KOr0
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TEpTs 1 cuja cyxoro TepTs. Maca enemeHTa
noctiia. [lo3uuiiina cuna niHiiiHO 3ae-
XKHUTb BiJ TepeMilleHHs enemeHTa. llpu
HYJIbOBOMY TIE€pPEMIlIEHH] eleMeHTa IO3H-
HifiHa cujia MOXKe MaTH K HYJIbOBE, TakK i
HEHy/IboBe 3HaueHHsA. Cuia B'I3KOro Teprs
JIHINHO 3aJIEKUTH BIJ HIBUIKOCTI €l1E€MEH-
Ta. Cuia cyxoro TepTs po3AijieHa Ha CUIY
TEpTS TPU CTparyBaHHI Ta CHIy TepTs MpH
pycCi, KOKHA 3 SKHX € TOCTIHHOI BEIHYH-
HOIO.
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Pucynok 3 — ImiTanitina monens rigponpusoay FIVA-valve 3 nBoma DFCU [5]

Ha puc. 4 HaBeneHi pe3ynbTaTd IPOBEACHOTO IMITaLlIfHOrO MOJENIO-
BaHHs Juis iHTepBatiB yacy [0.005, 0.005, 0.005] mc, siki cBiq4aTh, 10 Xif
MEePEMIITICHHS KJIallaHy HE BiJIIOB1la€ BUMOraM — HE BKJIQJIA€ThCS B HEO0-
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xigHi 10 MM, 110 J03BOJIMIIO 3pOOMTH BUCHOBOK, IO 3aCTOCYBAaHHSI TAKHX
CUCTEM YIpPABJIIHHS MMOAaYCI0 MaJIMBa HA CEPEIHbO-00CPTOBUX JBUTYHAX
YCKJIAJTHEHO.
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Bpewma, c
Pucynok 4 — Ilepemimenns kinanana FIVA-valve mpu gaci Hanxo/mpkeHHs iMITy-

JIBCIB KepyBaHHS, SIKi KpaTHi 5 Mc [5]

Jlist Toro, mo6 BUPIMIMTH MHUTAHHSA, SIKE TIOB’sI3aHE 3 YacOM CIIPallbo-
BYBaHHS, JJisi BUkopuctaHHs He Tutbku MO/I, a it COl mamu Oyno 3a-
MPOMIOHOBAHO BUKOPHCTaHHA «LU(PPOBOI» PiMHMU, 10 HaOyna MOMINpPEH-
Hs1, mounHatouu 3 2010 poky, Ta sKa MoJsrac B BAKOPUCTAHHI eleMeHTap-
HUX KJIANIaHiB 3 JBOMA CTaHAMH (BUMKHYTO / BBIMKHYTO). 3aBASKH MPHH-
LUy «MiHIMIi3alii» [6, 7, 8] BinOyBaeThcs 3aMiHa OJHOrO KIIAMaHy 3 Be-
JIMKUM TPOXiTHUM OTBOPOM Ha JIeKiJIbKa KJIalaHiB 3 MaiuM oTBopoM. Lle
MPHUBOJIUTH JI0 3MEHIICHHS 3arajJbHUX PO3MIpiB, 0OCATIB i MacH KOMITOHE-
HTIB., 10, B CBOIO YepTy, MPHUBOAUTH 10 3MEHILIEHHS HEoOXimHOoi eHeprii
yrpaiiHHS. [I[pruoMy KOMIOHEHTH CTalOTh IIBUAIIMMY 38 PAXYHOK 3Ha-
YHOTO CKOPOYEHHS Yacy 3aTPHUMKH Ta MOMEHTY iHeplii B MOpIBHIHHI 3
OJITHMM BEJIHMKHM KJIanaHoM. [1oIma »x moToKy KianaHy Moxe OyTd ojHa-
KOBOIO 3 BUKOPUCTaHHSAM OJHOTO BEJIHMKOIO KiamaHa ado JEeKiTbKOX MEH-
HIMX KJIATIaHiB.

B podoti [5] npuBeaeHo npunymieHHs1, Mo «uuGpoBa» piauMHA
NOpsiJ 3 NPUHIMIIOM «MiHIMi3auiD» 103BoaUTH 3aminuTH Fiva-valve.

CyuacHa TEXHOJIOTISl «IUPPOBHUX» KIAMaHIB CKIAJAETHCH 3:

- TEXHOJIOT'il BMUKaHHS / BAMUKAHHS, SIKa CTOCYEThCS TUIBKU OJIHOTO
KJIamaHy, OCHOBHHM HE/IOJNIIKOM SIKO € MmoraHa KepOBaHICTh uepe3 BiACyT-
HICTh TOHKOT'O PEryJIFOBaHHS Ta HasiBHICTH Timpoynapis [10, 7, 11].
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- TEXHOJIOTi1 KOMYyTallil OAHOTO KJanaHy, YIpaBJIiHHS SIKOTO BiOyBa-
€TBCS 3 BHCOKOIO YacTOTOIO 32 JOMOMOIOK HMIMPOTHO-IMITYJIBCHOT MOAY-
msiii (PWM) abo imnynbcHo-9acToTHOT Moaysiii (PFM);

- TEXHOJIOT11 mapayeNnbHOro 3'€JHaHHS «IU(PPOBHUX» KIamaHiB, sfKa 3a-
CHOBaHa Ha BUKOPHCTaHHI pAQy KiamaHiB pi3HOro abo OJHAKOBOTO pO3-
Mipy. Buxin mapanensHoro 3'€JHaHHS - 1€ YUCIO AUCKPETHUX 3HAUCHb.

B po0Gorti [6] noBeneHO, 10 I JOCSITHEHHS BCIX MOXKJIMBUX IICHTpa-
JILHUX TOJIOKEHb MPOMOPIIHHOrO KiiarnaHa HeoOXiIHI YOTUPH JIBOHAIIpA-
Bieanx DFCU, a Takox JOBEIEHO BUCOKI NTOKa3HUKHU NP 3aMiHI MPOIo-
puiiiHoro knanany Ha aBa Ta yotupu DFCUs nndpoBi mHeBMaTHUHI cHc-
TEeMH KJIalaHiB I TPHOX BapiaHTIB yMpaBIiHHA HUMH KiamaHamu. Kpim
TOT'0, PO3TIISIHYTO METOH YIPABIIHHS «IH(QPOBUMI» KIIalIaHAMH.

B nanwmii yac € pexiibka KOMITaHId, SIKi 3aiMarOThCS PO3POOKOI0 Ta
BUPOOHUITBOM «IU(PPOBHUX» KIAMaHIB ISl 3aCTOCYBAHHS B «IHU(PPOBIH»
rigpamimi. OCHOBHOIO MPOOIEMOI0 «KOMEPIIHHUX» KIIalaHiB 3aJuIia-
eTbesi vac Biaryky. Hampukman cepis Bucher Hydraulics WS22GD/OD
[10], wac BiOryky KiamaHy 3HaXOOUTBCA B Mexax 5...15 mc; kimamaH
Sturman Industries SI -1000 Bixg BupoOHHKa [6], yac BIATYKY SKOr'O CTa-
HOBUTE Bchoro 0,45 mc.

Corijt BIIMITUTH OKPEMUI KJIaC — MHEBMATHYHI Kiamanu. Tak KiarnaHu
cepii Bibus 850, siki ckiagaroThCs 3 TPhOX PI3HUX BapiaHTIB KIIATaHIB:
OJTHO-, TPHOX- 1 JCBSITIBUITYCKHUX BEPCii, HA3BaHUX BIJIMOBIIHO /IO KiJIb-
kocTi BuxofiB: 851, 853 1 859, wac BiAryKy KilallaHa CTAaHOBHTH KiJbKa
MinicekyH [6, 9].

Oxpemo e BiIMUTHTH nudposi KJIalaHu 3
’€30eJIeKTPUYHUMH NPUBOAOM. Xoua me y 80-90 pokax mMuHyJioro
CTOJITTH OyJu po3podJieni KOHCTPYKIil KJIANaHiB 3

n’e€30ejIeKTPUYHUMHU nepeTBopoBauamu [dh, ero], ane B pe3yabrari
iHopManiiHOro MONIYKY BAAJOCA BCTAHOBHTH, II[0 HA PUHKY MPH-
cytHi kiaanand Bin Thomas Publishing Company - exaekrtpo-
nHesmatuunuii I/P, E/P neperBoproBau Model T7800 [11].

Ciig 3a3HaYUTH, IO TPAJUIIiiiHO 3aBoAOM-BUpoOHUKOM FIVA-valve
BHIIYCKA€ThCS 3 eJIeKTpOMeXaHiuHuM mpuBomoM. Ilicis aHamisy mocsr-
HEHb B JIAHOMY HAIIPSIMY HaMM 3alpOIIOHOBaHA MOro 3aMiHa Ha JIEKiIbKa
KJIATIaHIB 3 TiPaBIiYHUM ITPUBOIOM.

Ha puc. 5 300pakeHO CTPYKTYpHY CXEMY €IEKTPOTiPaBIIIYHOIO TPH-
BOJLy 3 BUKOPUCTaHHSIM «H(ppoBUX» KianaHis [13].
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Ha puc. 5 300paxeno 6 DFCU (1.1-1.6), sixi BiAIOBiIaOTH 3a moxavy
TiIpaBIivyHOI PIAMHU BiJ aKyMyJISITOPY, B SIKOMY BOHA 3HaXOJHUTHCS Iij
BEJIMKHAM THCKOM, JI0 TixpaBniunoro nopuHio (Hidraulic piston). B Haci-
JIOK Takoi Aifl rifpaBiivHU{ mopuieHb nounHae pyx. DFCU 1.1-1.6 no-
BHHHI MaTH NMPOXiHUI OTBip 1/6 Bij 3arajbHOrO JiaMeTpy Maricrpalii, 1o
sIKiM BinOyBaeThCs ojava rigpasiuanoi pinuau. DFCU 2.1-2.6 HeoOxin-
Hi JJIs CKUJAHHA THUCKa B TiApaBiidyHOMY mopiiHi. [lichs iX BigkpuTTs
BiIOYBA€THCS CKUJAHHS TiAPaBIIYHOI PIAUHH Y TaHK.

Jlnst oIiHKK dYacy copaibOBYBaHHSI OyJIO CTBOPEHO iMITaIliiiHy MO-
nens [THBT 3 BukopucTaHHAM «IIU(POBUX» KJIAlaHIiB B €IIEKTPOHHOMY
MIPOrpaMHOMY CEpPEIOBHIINI iMiTamiiHOro momemoBanus SimInTech Bix
TOB «3C-Cepgicy», OCKUIbKM Ha HBOTO i€ OQiliiiHa Oe3TiMITHA JTiIeH31s
(Opranizamis: HY «OMAY. Cepilinuii HOMEp:
BFAAF64B757 0804CAB2).

Ha puc. 6 HaBeneHo imiramniiny mojens rigponpusony [THBT 6e3mo-
cepennboi aii 3 12-1i0 DFCU, 6 3 skux BiqNoBinatoTh 3a MojAavy PiIuHU
BiJl aKyMYJIATOpa 10 TiApaBIiYHOrO MOPIIHIO Ta 6 — JUIsl CKUIAHHS THCKY.
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Pucynok 6 — Imitanitina mozens ITHBT i3 3acTocyBaHHSIM «M(ppoBUX» KiIalaHiB

Jlnst cTBopeHHS Mojeni Ha BiAMIHY Bl MOJIEN, Ky 300pakeHO Ha

puc.3, OyJu 101aTKOBO 3aCTOCOBAHI I11€ TPY HACTYIHI Oyioku [12]:

3]
Aqnea ucysid {W
E

- TIAPOLMIIHIP OMHOCTOPOHHKOI [T (0a30BHil);
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- igeanpHUil jgaTuuk cwiad. Y OOl peajiizoBaHa

R> >C MOJIeNTb 171ealIbHOTO AaT4rKa cuin (0e3 ypaxyBaH-
Hsl AeMIQyBaHHS, 3ali3HEHHS, €HEPTOBUTPAT TO-
1w0);

- AaT4YMK aOCONIOTHOT'O TUCKY PiJVHHM (JIiHIA 3B'S3KY
3 TiIpoaMHaMIuYHUM eneMeHToM). biok Monemtoe
JaTUYUK aOCOIFOTHOT'O THUCKY POOOYOro cepejoBH-

ma (piAMHM) y MOpOXHUHI. Biok mnpu3HayYeHM
cavity @' cheke I BMBEIEHHS CHTHATY aGCONIOTHOTO THCKY PO-

Oouoro cepenoBuila (piIMHM) 3 JTiHIi 3B'SI3KYy TO-

POXKHHMHU Ta T1APOJMHAMIYHOTO efleMeHTa (Ipoce-

11, xanany). OQUHUIS BUMIPIOBAaHHS THUCKY, IO

BUaaeThbCcsa — Ilackans;

e adnssaad 4

B Tabnumsx 1 1 2 HaBeneHI BIACTUBOCTI Ta MapaMeTpyu Macu elie-
MEHTY MOCTYIOBOTO PYXY, O NPUEAHYETHCS A0 IITOKY TiAPOUUITIHPY.

Tabnums 1 — BnacTuBocTi Macu efeMEHTy ITOCTYIOBOI'O PYXY, IO MPUETHYETHCS
JIO IITOKY TipOIMIIHAPY

Hasga 3HaueHHs
ExBiBasIeHTHA OPCTKICTh MPY)KHHUX €IeMeHTIiB, H/M 1000
3ycmiist BiJ MO3MIIHHOrO HaBaHTaXXeHHs (BiA nii MPYXHHUX ee- -50
MEHTIB) NIPH HYJHOBOMY NIEpEMIllIeHHI MeXaHIuYHoro enemMenTa, H
Cuna cyxoro TepTs cTparyBaHss, H 15
Cwuiia cyxoro tepts pyxy, H 10
[TouaTkoBe nepeMillleHHs MEXaHIYHOTO €JIEMEHTa, M 0
ITouaTkoBa MIBHUAKICTE MEXAHIYHOIO €JIEMEHTA, M/C 0
MiHiIMaJIEHO MO>KJIMBE TIEPEMIIIeHHs] MEXaHIYHOTO eJIEMEHTa, 0
Maca MeXaHiuHOr0 €JIeMEHTa, KT 0,2
MaxkcHUMabHO MOXKITUBE ITEPEMIIIICHHS] MEXaHIYHOTO €JICMEHTa, M 0,01
KoeginienT B's3xoro teprs, H/(m/c) 500

Tabnuus 2 — [TapamMeTpu Macu €JIeMEHTY MOCTYIIOBOTO PYXY, IO MPHEAHYETHCS
JIO IITOKY TipOIMIIHAPY

Hasga 3HaueHHs
[epeminieHHs MEXaHIYHOTO eJIEMEHTa, M 0,01
[IBUIKICTh MTEpEMITIEHHS] MEXaHIYHOT'O SJIEMEHTA, M/C 0
TTpUCKOPEHHS MEXaHIYHOTO EJIEMEHTA, M/C2 0
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B tabnuiisx 3 1 4 HaBeneHI BIACTUBOCTI Ta MapaMEeTPH MacH €JIeMEH-
Ty MOCTYIIOBOI'O PYXY, IO IPUETHYETHCS IO IITOKY TiAPOIMIIIHAPY.

Tabnust 3 — BnactiBocTi TriApOMITiHAPY OJHOCTOPOHHBOT Il

Hasga 3HaueHHs
Temmepatypa poOo4oro cepefoBHIa B HOPOXKHUHAX, TPATy- 20
cu Llenbcis
Poboue cepenosurie Boja 3a JICCPJ]
P-776-98
Tionta nopIuHs, Ha Ky Ji€ THCK Y TIOPOKHHHI, M2 0,0019635
ITouaTkoBHI Xia MTOKA, M 0
[MouaTkoBuii abCONMIOTHUI THUCK POOOYOro CepeloBHINA B 100000
nopokHuHI, [1a
ITouaTkoOBa MIBUAKICTH IITOKA, M/C 0
Moy 00'eMHOT PYXHOCTI poOOYOro cepeioBHIIa afiabaTHUI
MakcuManbHUH XiJ1 IITOKa, M 0,3
KoeoginienTt nemndysanns ynopis, H/(m/c) 10000000
KoHTakTHa >KOpCTKICTh ynopiB mroka, H/m 1E8
"MepTBuii" 06'eM NOPOKHUHH, M 2E-5
Tabnust 4 — [lapamerpu riApoNMITIHAPY OHOCTOPOHHBOI il
Hasga 3HaueHHA
[epeminieHHs MITOKA MO0 KOPITYCY, M 0,010045415
[IBHKICTH TTepeMITIeHHs MTOKa MI0I0 KOPITYCY, M/C 0
AGCOTIOTHH THCK po00YOro cepeioBuIna B mopokHuni, MIla 0,1013232
06'eM MOPOKHUHH, M 3,9724171E-5

Hns DFCU 1.1-1.6 6yno oOpaHO iHTepBaJId 4Yacy CIpanbOBYBaHHS,
AKi 300pakeHi Ha puc. 7. Hac cnpaibOByBaHHs Ta Yyac BBIMKHYTOTO CTaHYy

0yJ10 00paHOo PiI3HUMHU.
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Pucynok 7 — Yac BMUKaHHS «IM(pPOBUX» KIIanaHiB

PeSYJ'II)TaTI/I MOJCIIOBaAHHA HABEICHO Ha pUC. 8.
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Pucynok 8 — Pe3ynpraTti MOIeTIOBaHHS POOOTH TIAPOIITIHAPY
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Amnaiiz pe3ynbTaTiB JIOBIB, 1O Yac crnpanboByBaHHS ogHoro DFCU
ckianae 1 MKc, sIK IpU BMUKaHHI, TaK 1 BUMUKaHHI.

3a pe3ysbraTaMu MPOBEACHUX JOCITIKEHb MOYJIMBO 3pOOUTH HACTY-
MTH1 BUCHOBKH.

- 3aIPOINOHOBAHO BUKOPUCTAHHS HOBHX 3aCO0IB IMEPEMHUKAHHS Tiapa-
Biu4HOI pimuau 0 [THBT, sike Moxe gatu 3Mory 1mo30aBUTUCS, K «Opsi-
3KiTYy» Ta i 3akimHIoBaHHA FIVA — valve.

- 3 OIJISAY Ha TMEPEIOBl JOCATHEHHS B Tayly3i TijpOaBTOMATHKU 3a-
MPOMIOHOBAHO BUKOPHUCTaHHS «IU(POBUX» KIIaNaHiB.

- 3aIPOINIOHOBAHA CTPYKTYpHA CXEMa YIPAaBJIiHHS TiApaBIivyHOIO Pilu-
HOIO, sIKa JIO3BOJIMIIA TI030yTHCs TporopiiiHoro kianany FIVA-valve 3
SNEeKTPOMEXaHIYHUM TIPUBOJIOM.

- CTBOpPEHO iMiTalliiiHy MOJIENIb CUCTEMH TOJIayi MajuBa B Majoodep-
TOBHI IBUTYH 0e3mocepeIHboi il B cepeJOBHUIIIl eIeKTPOHHOTO MOJIEIIO-
BaHHs SimInTech.

- TIpOBe/IEHE JOCTIKEHHSI HAa MOJENTI JIOBEJIO MOKIUBICTh BHKOPHC-
TaHHsI 3a[IPONIOHOBAHOI TEXHOJIOT'1.

ToMy MoXHa 3pOOMTH BHCHOBOK, IO 3aCTOCYBaHHS «IIH(PPOBUX»
KJIamaHiB JO3BOJISiE BIAMOBHUTHCS Bij mpomopuiiiHoro winanmany FIVA-
valve 3 eeKTpOMAarHiTHUM NMPUBOAOM. Yac crpaiboByBaHHS YKIaIa€ThCs
B HEOOX1AHUM Yac.

Takum YMHOM, B IOCITIIDKEHHI 6nepuie 3aporiOHOBAHO BUKOPUCTAaHHS
croco0y ympaBliHHS mojaavero riapasniunoi piamau go [THBT 3a paxy-
HOK BUKOPHCTaHHA «IH(POBUX» KIANAHIB Ta OMPUMALA HOOATbUULL PO3-
6UMOK IMiTalliiiHa MOJENTb MPUBOLY «IH(POBOro» KiIanaHy mojadi rigpa-
BiiuHOi pianau B [THBT cynnoBoro MO/l Ty MAN-B&W cepii ME B
CepeIOBUII eleKTpoHHOro MmojentoBanHs SimInTech, mo no3Bomnmio
JOCIIANTH, SIKI MPOIECH BiIOYBAIOTbCA 3 TiIPaBIIYHOIO PIJUHOIO TNPH
yIIpaBJIiHHI MATMBHUM HACOCOM BHCOKOI'O TUCKY Oe3mocepeHboi il
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Zablotskyi Yu.V., Sagin A.S. Applying of fuel additives in marine die-
sel engines

A method for improving the operational characteristics of a marine
diesel engine by applying fuel additives has been proposed. A marine
medium-speed four-stroke cycle diesel 61.20 by Wartsila-Sulzer was used
for this research. During the experiment, the diesel engine was operated
on RME25 marine fuel. An additive containing active oxygen-bearing
groups and modified with light metal salts was used as a fuel additive.
Experiments were done, using three diesels of the same type. The tech-
nical condition of diesel engines before and during the research was the
same. One of the diesels was operated on RME25 fuel, the other two — on
RME?25 fuel with different additive concentrations. To use the fuel addi-
tive, the diesel fuel system was additionally equipped with a flow meter
and a dispenser.

Operation of the engines in experiments was concurrent, which al-
lowed for maintaining equal load on the diesels. Specific fuel oil con-
sumption, exit gas temperature, concentration of nitrogen oxides in the
exit gases, and technical condition of fuel system and cylinder-piston
group elements were determined in this experiment. The initial experi-
ments determined the optimal concentration of the additive in the fuel (at
which the minimum specific fuel consumption is ensured). Further exper-
iments (in which the diesel engine was operated on fuel with the optimal
concentration of the additive) established the effect of the fuel additive on
the temperature stress (exhaust gas temperature) and the environmental
performance of the diesel engine (concentration of nitrogen oxides in ex-
haust gases). It was shown that the use of fuel additives improves fuel
efficiency of a marine diesel, in particular reduces specific fuel oil con-
sumption by 3.5 to 5.8 % subject to diesel load and additive concentration
in the fuel. Improved environmental performance of the diesel — decrease
by 1.4 ... 4.3 % in the concentration of nitrogen oxides in exhaust gases,
was also found. It was shown that the concentration of the additive has an
optimal value, can be determined experimentally and depends on the
characteristics of the fuel and the load on the diesel engine.
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3abroyvkuii 1O.B., Caein A.C. BUKOpUCTaHHS MaJMBHUX MPUCATOK Y
CYAHOBHX JU3EISX

3anponoHoBaHO COCIO MONIMIIEHHS eKCIUTyaTallifHUX XapaKTepHc-
THUK CYJHOBOT'O JAM3ENs 32 PaXyHOK BUKOPHCTaHHS MPHUCAAOK /IO MajHBa.
JocnimKkeHHs BUKOHYBaJIUCh HA CYHOBOMY CEpPeIHbOOOEpTOBOMY YOTH-
putaktHoMy nu3eni 6L.20 Wartsila-Sulzer. [Tin 9ac ekcriepuMeHTy AWU3ENb
eKCIUTyaTyBaBcsl Ha cyqHoBoMy nanuBi RME2S. Sk npucaaky no manuBa
BHUKOPUCTOBYBAJIH TaKy, 10 MiICTUTh aKTHUBHI TPYIH 13 BMICTOM KHCHIO Ta
Mo ]IKOBaHY CONSAMH JIETKUX MeTajiB. ExCriepiMeHTH BUKOHYBAJIUCH 3
BHKOPHCTAHHSM TPbOX IH3EiB OJHOrO THIY. TeXHIYHWI CTaH JWU3ENTIB
JI0, @ TAKOX TIiJI Yac MPOBEICHHS JOCTIKEeHb O0yiio onHakoBuM. OnuH 3
JM3eITiB eKCIUTyaTyBaBcs Ha manuBi RME25, npa iHmmx — Ha maimsi
RME25 3 pi3HoI0 KOHIIGHTpaIli€r0 npucajaku. i BUKOPUCTAHHS MaJIHB-
HOI MpHCagKN MaJMBHA CHCTEMa JU3eliB JOJATKOBO KOMILJIEKTYBaJacs
BUTpaTOMipoM 1 Jqo3atopoM. PoboTa ABUTYHIB B eKcmepuMeHTax Oyia
napajienbHO, MO JO3BOISIIO MiATPUMYBATH OIHAKOBE HABAHTAXKCHHS HA
nu3eni. B ekcepuMeHTi BU3HAYAIMCS TUTOMA BUTpaTa MajiBa, TeMIepa-
Typa BUIIYCKHUX Tra3iB, KOHIICHTPAIlisS OKCUJIB a30Ty B BUITYCKHHX rasax,
TEeXHIYHUH CTaH MajJMBHOI CHCTEMH 1 €IEMEHTIB LWIiHAPO-NOPIIHEBOT
rpynu. [loyaTKoBUMH eKCiepuMeHTaMu Oyllia BH3HA4Y€Ha ONTHMallbHA
KOHIIGHTpAIlisl MPUCAJKK B NaynBi (IMiJ Jac sAKii 3a0e3MeuyeThcsl MiHIMa-
JbHA MUTOMa BUTpaTa manmBa). [lomanbmn ekcriepuMeHTH (i Yac SIKHX
IH3eib eKCIUTyaTyBaBCsl Ha MajMBl 3 ONTHMAIBHOIO KOHIEHTPALIEI0 pH-
cankn) OyB BCTaHOBJICHWH BIUIMB MaJMBHOI MPUCAJKA HA TeMIEpaTypHY
HaTPYXEHICTh (TeMIepaTypy BUITYCKHHX Ta3iB) Ta €KOJOTi4HI MOKa3HUKH
poboTH mu3ens (KOHIEHTpALilo OKCUIIB a30Ty B BHUITYCKHUX raszax). [lo-
Ka3aHo, 10 BUKOPUCTAHHS MaJTWBHUX MPHUCAJOK MiIBUIIYE TaIUBHY €KO-
HOMIYHICTb CYIHOBOT'O JIU3€NA, 30KpeMa 3HWKY€E MUTOMY BUTpaATy NaJIMBa
Ha 3,5 ... 5,8% B 3aJI©KHOCTI BiJi HABAaHTAXXCHHSI JU3ENIsI 1 KOHI[EHTpAIlil
MpHUCAAKH B NanuBi. TakoK BCTAHOBIICHO TOJIIMIIEHHS €KOJIOTIYHUX Xapa-
KTEPUCTUK Jau3eis — 3HWkeHHS Ha 1,4 ... 4,3 % KOHIIEHTpaIlii OKCHIIB
a30Ty B BUIIYCKHHX Ta3ax. Byno mokazaHo, 10 KOHLEHTpAIis MPUCaIKH
Ma€ ONTHMaJIbHE 3HAa4YeHHS, MO)Ke OyTH BH3Ha4YeHa EKCIIEPUMEHTAIBHO 1
3aJIeKHUTD BiJl XapaKTePUCTHK MajiBa i HABAHTa>KEHHS Ha JI3€Ib.

Keywords: marine internal combustion engine, marine diesel fuel,
fuel additives, specific fuel oil consumption, nitrogen oxides concentra-
tion in exit gases.
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KnarwouoBi ciioBa: cyaHOBHI ABUI'YH BHYTPIIIHBOTO 3TOPSIHHSI, MOP-
CbKE IU3elbHE TAaJlMBO, MaJWBHI NMPHUCAIKH, MATOMA BUTpaTa MaJIMBA,
KOHIIGHTpAI[isl OKCUJIIB a30Ty Y BUITYCKHHUX ra3ax.

10.31653/smf343.2021.18-24

Kpueuii M. O., Caein C. B. Bu3HaueHHs BIUIMBY BIACTHBOCTEU MO-
TOPHHUX MAaCTHJI Ha PO3MOALT TUCKY B Tapax KOB3aHHS CyIHOBHX JTU3EIiB

JIOBroBIUHICTh Ta HAAIWHICTh CYJHOBUX IM3EIiB 0€3MOCEepPeNHbO T0-
B's3aHi 3 MpolecaMy 3HOCY Ta TEHEpyBaHHS TeIlia, 10 BiOYBalOThCA Y
napax KoBzaHHS. Ha mpomecu 3HOCY Ta BUALIEHHS Tellla BU3HAYaIbHUN
BIIMB Ma€ MAacCTWJIBHHUH IIap y 30HI KOHTaKTy Map KOB3aHHs, HOro TOB-
muHa 1 (i3UKO-XIMIiYHI BJIACTUBOCTI MacTWI. HasBHICTH MacCTHIBLHOTIO
mapy Ta MOro XapakTEpUCTHKH TIOB'S3aHi, 3 OIHOTO OOKY, 3 peKHMaMH
po0OTH TIap KOB3aHHS, a 3 IHIIOTO - 3 BIACTHBOCTSAMH MOTOPHOT'O Macia.
Y upoMy BHIAAKY BHU3HAUYEHHS TEXHIYHOTO CTaHy Map KOB3aHHS
(MOIWUIHAEKIB, KOJIHYACTOrO Bally, TOPIIHEBUX KUIelb, BTYJIKH
UWITIHAPIB) MOB'3aHE 3 KOPOTKOYACHMM a00 TPWUBAIMM BHBEACHHIM 3
eKCIUTyaTalii JBUTyHa. BoAHOuac TeOpeTWYHI OOCHIIPKEHHS, BHUKOpH-
CTaHHS SIKUX JIa€ 3MOTY OIIIHUTH eKCIUTyaTalliiiHi mapaMeTpyu MacTuia, 1o
PO3IILIsE TIOBEPXHI Map KOB3aHHS, a TAKOXK HABAHTAXKEHHSI, IO JIIOTh Ha
KOHTAKTHI JUISHKY I[UX TIOBEPXOHb, BIIHOCATHCS J0 HBIOTOHIBCHKUX Mac-
na. [Tpy nboMy peosioriuHi XapakTePUCTUKH MAaCcTU BBAXKAIOThCS TOCTIi-
HUMH 1 HE BpaxoBYIOTh 3MiHH B’SI3KOCTi, KOB3HUX HaBaHTA)XKEHb Ta 1HIIHX
noka3HukiB. Lle mpu3BOmUTH 10 XMOHMX 3HAYEHb NMpPU BH3HAYEHHI KOH-
TaKTHUX HAIPYKEHb 1 THUCKIB, [0 BUHUKAIOTh Y KOB3HHX Mapax (g Be-
JUKUMH JTUHAMIYHHIMH HaBaHTKEHHSIMH), IO MOXKE CIPHATH X MiIBHU-
IIEHOMY a00 KpUTHYHOMY 3HOCy. Kpim Toro, 3a0pymHEHHS MacTW, SKi
BUHHUKAIOTh B PE3yJIbTaTi eKCILUTyaTallii CyJHOBUX JTU3EIIiB TAKOXK MPH3BO-
JSTh JI0 3MiH (DI3MKO-XIMIYHUX BJIACTHBOCTEH MAacTHIL. TOMY JOCIIiDKEH-
HSl BJIACTMBOCTEH MAaCTWJIBHMX WIapiB y KOB3HUX TNapax /jsl HEHBIO-
TOHIBCBKMX MACTHJI, JIMHAMIUHA B’SI3KICTh SIKUX 3aJIOKUTh SK BiJl THCKY
TakK 1 BiJl TEeMIIEpaTypH € BXKIMBOIO TEOPETHYHOIO Ta MPUKIAJHOIO 3a]a-
Yero.

B naniii poOoTi ajis 3a7a4i BU3HAUCHHS PO3MOALTY THCKY B MaCTHUIIb-
HOMY IIapi B apax KOB3aHHS CYIHOBUX JIM3eIiB pO3p0o0IeHa MaTeMaTHY-
Ha MOJENb Yy BUTJISAI KpaeBoi 3a1aui Juist qudepeHiitHoro piBHSHHS Peii-
HoJbjaca. OTpuMaHi TOYHI PO3B’S3KM BKa3aHOl 3ajadi 3 ypaxyBaHHSM
(hi3MKO-XIMIYHUX BIACTUBOCTEH MacTHi. 30KpeMa, JOCIHIIPKEHO OCO0JIH-
BOCT1 PO3MOJUTY TUCKY B TIapax KOB3aHHS JUISi HCHBIOTOHIBCHBKUX MACTHII
MPH Pi3HUX 3aJEKHOCTSAX AUHAMIYHOI B’SI3KOCTI MAaCTHJI Bijl TUCKY 1 TeM-
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nepaTypu. OTpuMaHi po3B’sS3KH J03BOJSIIOTH y3arallbHUTH KpHUTepiii 30-

Mep(benbz[a JJid BU3HAYCHHA YMOB BUHUKHCHHA CYXOro TEpPTSA B Iapax

KOB3aHHA HAa BHUITA0K HCHI)IOTOHiBCI)KI/IX MacCTHUII.
10.31653/smf340.2020.19-24

Kryvyi M. O., Sagin S. V. Determination of the influence of properties
of engine oils on pressure distribution in friction pairs of marine diesel
engines

The durability and reliability of ship power plants are directly related
to the processes of wear and heat generation that occur in sliding pairs.
The processes of wear and heat release are decisive influenced by the
lubricating layer in the contact zone of the sliding pairs. The presence of
lubricating layer and its characteristics are related, on one side with oper-
ating modes of sliding pair, and on the other side with properties of engine
oil. In this case, the determination of the technical condition of the sliding
pairs (bearings, crankshaft, piston rings, cylinder bushing) is related with
short-term or long-term decommissioning of the engine. At the same time,
theoretical studies, the use of which makes it possible to evaluate the op-
erational parameters of the lubricant, which separates the surfaces of the
sliding pairs, as well as the loads that apply to the contact areas of these
surfaces relate to Newtonian oils. At the same time, the rheological char-
acteristics of the oils are considered constant and does not take into ac-
count changes in viscosity, sliding loads and other indicators. This results
in false values in determining the contact stresses and pressures that occur
in sliding pairs (under high dynamic loads) can contribute to their in-
creased or critical wear. Therefore, research into the properties of lubricat-
ing layers in sliding pairs for non-Newtonian oils is an important theoreti-
cal and application task.

In this paper, a mathematical model in the form of a boundary value
problem for the Reynolds differential equation is developed for the prob-
lem of determining the pressure distribution in the lubricating layer in the
slip pairs of marine diesels. Precise solutions of this problem are obtained,
taking into account the physicochemical properties of lubricants. In par-
ticular, the peculiarities of the pressure distribution in friction pairs for
non-Newtonian lubricants at different dependences of the dynamic viscos-
ity of lubricants on pressure and temperature are studied. The obtained
solutions allow to generalize Sommerfeld's criterion in the case of non-
Newtonian lubricants.
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Karouosi ciioBa: MacTuibHHHN 1map, TudepeHiianbHe piBHSIHHS Peid-
HOJIbJICA, HEHBIOTOHIBCHKI MAacTHIIA, PO3MOILUT CHIIM THCKY B MAaCTUIIEHOMY
mapi.

Keywords: lubricating layer, Reynolds differential equation, non-
Newtonian lubricants, pressure force distribution in the lubricating layer.

Kuropyatnyk O.A., Sagin S.V. Ensuring efficiency and environmental
of marine diesel engines which using exhaust gas bypass system

The mechanism of formation toxic components in exhaust gases dur-
ing oxidation and combustion of fuel in marine internal combustion en-
gines is considered. It has been shown that nitrogen oxides are one of the
most toxic components of the exhaust gases of marine diesel engines. The
main methods of concentration reducing of nitrogen oxides in the exhaust
gases of marine diesel engines are indicated. The system of ship engine
by-pass exhaust gases 61.20 Wartsila has been observed. The requirements
of Annex VI MARPOL towards nitrogen oxide concentration in ship en-
gine exhaust gases have been provided. The purpose of research was the
determination of diesel 61.20 Wartsila by-pass exhaust gases optimum
volume — at this the nitrogen oxide minimal concentration in exhaust gas-
es is assured, the minimal increase (comparing with operation mode with-
out by-pass) — specific effective fuel consumption, supporting of neces-
sary thermal factor diapason of engine cylinders. The researches were
performed for the exhaust gases by-pass diapason O ... 10 % for the en-
gine load diapason 0.55 ... 0.85 % from nominal power. Determination of
the environmental and economic performance of the diesel engine was
carried out according to two schemes: with a constant position of the by-
pass valve, the load on the diesel engine changed, and then the values of
the concentration of nitrogen oxides in the exhaust gases and the specific
effective fuel consumption were determined; with a constant load on the
diesel, the position of the bypass valve was changed, and then the values
of nitrogen oxide emissions and the indicator of the diesel engine efficien-
cy were determined. Upon experimental results it has been stated that the
by-pass exhaust gases usage favor the ecological parameters of ships en-
gine operation modes — by this at the range of exploitation load
0.55 ... 0.85 % from nominal power the nitrogen oxide concentration in
exhaust gases is decreased on 1.32 .... 12.97 %. The by-pass of exhaust
gases impairs the combustion process and favor the increasing of specific
effective fuel consumption and increasing the temperature of exhaust gas-
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es. The exhaust gases by-pass effectiveness should be performed by com-
plex estimation of the following engine operation parameters: the nitrogen
oxide concentration in exhaust gases, increasing of specific effective fuel
consumption, the exhaust gases temperature. As optimal degree of exhaust
gases by-pass the value when the maximum decrease of nitrogen oxide
emission at minimal increase of fuel consumption and simultaneous diesel
thermal factor handling has to be considered.

Kyponsmuux O.A., Caein C.B. 3a0e31e4eHHsS eKOHOMIYHOCTI Ta €KO-
JIOTIYHOCT1 pOOOTH CYJHOBHUX IM3EIIB Tl YaC BUKOPUCTAHHS CHUCTEMHU
MepernycKy BUITYCKHUX Ta3iB

PosrisiHyTO MexaHi3M YTBOpEHHS TOKCHYHHUX KOMITIOHEHTIB BHITYCK-
HUX Ta3iB MiJ] Yac OKUCIICHHS Ta 3TOPSIHHA MajnBa B CYJAHOBHX JIBUTYHaX
BHYTPIIIHBOr0 3ropsiHHs. [loka3aHo, M0 OKCHAM a30Ty € OJHHMH 3 Haii-
OUTBIII TOKCHMYHUX KOMIIOHCHTIB BUITYCKHHMX Ta3iB CYJHOBHUX JIU3EINIB.
Bka3zaHi OCHOBHI criocoOM 3HIDKEHHS KOHIICHTpAIll OKCHIB a30Ty B BH-
MyCKHUX Ta3axXx CyJAHOBUX ju3eniB. Hasemeni Bumorm Annex VI
MARPOL 1o xoHeHTpaii OKCHIIIB a30Ty B BUITYCKHUX ra3zaxX CyIHOBUX
nu3eniB. Po3risiHyTO cucTeMy mepenycky BHITYCKHHX Ta3iB CYyIHOBOTO
mmzenst 6L20 Wartsila. Meroto nocmijpkeHHsl OyJi0 BU3HA4YeHHS ONTHMA-
JILHOTO 00’ €My TIepenycKy BUIIYCKHUX Ta3iB nusens 6L.20 Wartsila — npu
SAKOMY 3a0e3MeuyeThcsl MiHIMaIbHA KOHIIGHTPAIIisl OKCHU/IB a30Ty B BHITY-
CKHHX raszax, MiHiMasbHe 301IbIeHHs (y TOPIBHIHHI 3 PEKUMOM POOOTH
0e3 mepernycky) nuToMoi eeKTUBHOT BUTPATH MMaJUBa, MiATPUMaHHS He-
00XiAHOTO Jiama3oHy TEIUIOBOi HANMPYKEHOCT1 HMIIHAPIB ausens. Joci-
JDKEHHS BUKOHYBAIUCS Ui Jiana3oHy MepenycKy BHITYyCKHHUX Tas3iB
0..10 % s mianma3zony HaBantaxeHnb nusens 0,55 ... 0,85 % HoMiHab-
HOI TMOTYXHOCTI. BU3HaUYEHHS €KOJIOTIYHMX 1 €KOHOMIUHUX TOKa3HUKIB
po0OTH Iu3eNsi BUKOHYBJINCS 32 JABOMA CXEMaMH: MPHU HE3MIHHOMY TO-
JIOKEHH1 MEepemyCKHOro KiarnaHa 3MiHIOBaIacsi HaBaHTa)KEHHsI Ha JIU3Elb,
1 Tami BU3HAYAIMCS 3HAUCHHS KOHILEHTPAIlii OKCHAIB a30Ty B BHITYCKHUX
razax i nuroMa e)eKTHBHA BUTpaTa MajuBa; MPH MOCTIHHOMY HaBaHTa-
JKEHHI Ha JTU3€JIb 3MIHIOBAJIOCS CTAHOBUIIIE MEPENYCKHOr0 KilanaHa, i Jai
BHU3HAYAJIMCS 3HAYCHHS eMiCii OKCHJIB a30Ty 1 MOKa3HUK €KOHOMIYHOCTI
pobotn nu3ens. ExcrepuMeHTanbHO BCTaHOBJIEHO, IO BHKOPHUCTAHHS
MEPEnyCcKy BUIYCKHUX Ta3iB CHPUSE MOJIMIICHHIO €KOJIOITYHUX TTOKa3HH-
KiB pOOOTH CYJJHOBUX JM3ETIB — IIPH IbOMY B Jiarma3oHi eKcIuTyaTaiiHux
HaBaHTaxkeHb 0,55 ... 0,85% HoMiHaIbHOI OTY)HOCTI Ha 1,32 ... 12,97 %
3HMXKYETBCSI KOHIIEHTPAIlisl OKCHIIIB a30Ty B BUITyCKHUX Ta3ax. [lepemyck
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BUITYCKHUX Ta3iB TOTIpIIye MPOIEC 3rOPSHH 1 crpusie 30UIbIIEHHIO M-
TOMO1 e)eKTUBHOI BHTpATH MajuBa i 30UIBIICHHS TEMIEPaTypy BUITYCK-
HUX Ta3iB. Bu3HaueHHs e)eKTUBHOCTI MepenycKy BUITyCKHHX Tra3iB JIOIi-
JbHE MPOBOJMTH HIISIXOM KOMIUIEKCHOI OIIIHKH HACTYIHHUX MapaMerpiB
poOOTH AM3eNsi: KOHIICHTPAIsl OKCHJIIB a30Ty B BUITYCKHHX Ta3ax, 3011b-
HICHHS! MATOMOI e(pEeKTUBHOI BUTpaTH MalilBa, TeMIepaTypa BHITYCKHHX
raziB. SIk onTHMalbHUIA CTYNEHb MeEperycKy TasiB Cllif NpUiMaTH 3Ha-
YCHHS, TPU SKHUX JIOCATAETHCS MAaKCHMaJbHE 3HMKCHHS €MIcCii OKCHUJIIB
a30Ty NpH MiHIMaJIGHOMY MiABHINCHHI BUTpPATH MalWBa 1 OJHOYACHIH
MIATPUMII TEIUIOBOT HAMPYKEHOCT1 TU3EIIsl.

Key words: marine medium speed diesel, exhaust gas bypass, emis-
sion of nitrogen oxides, specific fuel oil consumption.

KarouoBi cjioBa: cyHOBHI cepelHbOOOCPTOBUI JTU3Elb, MEPENyCK
BUITYCKHUX T'a3iB, eMiCisi OKCHIB a30Ty, INTOMA BUTpaTa MaInBa.

Maoeii B.B. BuxopucTaHHS allbTEPHATUBHOTO MalKWBa B CYIHOBHX
CEPEIHBOOOEPTOBUX JTU3EIIAX

PosrisiHyTa MOXJIMBICTE BUKOPUCTAHHS TajiBa Oi0JOTIYHOTO MOXO-
JDKEHHS B CYJHOBHX CEPEAHbOOOEPTOBHX Au3eNsixX. JlochilKeHHs BHUKO-
HyBajici Ha CYIHOBHX cepeaHboobepToBux ausemsix 6H17/28 Hyundai
Heavy Industries. Tpu moaiOHi 1u3eni BXOIWIN A0 CKIaly €HEepreTHYHol
YCTaHOBKH MOPCBHKOT'0 cyaHa neaseiitom 14745 toun. Ilepexn mouatkom
MPOBENEHHS EKCIEPUMEHTY BCi AM3ENl Maji MOpIBHAHHH MOTOpecypc
MAJTWBHOI anapaTypH, AeTajiedl HWIHAPOBOI ITPYNH, MIMIMITHUKIB PYXY, &
TaKOXX OJHAKOBHU TexHiyHMH cTaH. LIIIaxoM mepeMHuKaHHS TPYI CIOXKH-
BayiB eKCIUTyaTallis AW3eNTiB BUKOHYBAJIACs HA OJHAKOBOMY HaBaHTaXKEH-
Hi, MITPUMKa SKOTO BUMAraiach IiJ] yac MpoBeeHHs eKcrepuMeHTy. [1ix
Yac MPOBEICHHS EKCIIEpUMEHTY Ha BCiX Iu3ensx 3abe3medyyBajacs MiAT-
pUMKa TMOCTIfHMX MNapaMmeTpiB y CHCTEMax MalleHHS 1 OXOJOMKEHHS.
PoboTta nu3eniB Ha KOXKHOMY 3 JIOCHIDKYBAHUX PESKHUMIB IPOBOIMIIACS HE
MeHmie 1,5 ... 2 TOAWH, TPOTATOM SIKMX BUKOHYBAJIOCH BUMIPIOBaHHS OC-
HOBHHUX TapaMeTpiB 1 ycepeJHEeHHs OTpUMaHuX 3HaveHb. Lle 3abe3meuy-
BaJI0 KOPEKTHICTh MPOBEJCHHS OCTIJKEHb 1 MOMJIMBICTh 3ICTaBJICHHS
BHUMIpiB, BUKOHAaHUX Ha PI3HUX OU3ENSAX. 3aBJaHHSAM JOCTIKEHb OYIo
BH3HAYEHHS BIUTUBY albTEPHATHBHOIO NAJIMBA HA €KOHOMIYHI Ta €KOJIOTi-
YHI TIOKa3HUKH CyIHOBOro au3ens. KoHTyp mojaui manuBa 70 MEpUIOTO
IW3ersl He 3MIHIOBaBCs Ta JM3eNib eKCIuTyaTyBaBcs Ha manusi DMA. JIBa
THIINX AM3eNs eKCITyaTyBaINCh Ha MalMBHOI cyMilli — nanuBa DMA Ta
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OiomanuBa. Bmict 6ionanuBa B cyMminn 3MiHIOBaBcs B iHTepBam 5 ... 15 %.
OCHOBHMMU BEIWYMHAMM, SKi BUMIPIOBAIKCS IIiJ] 4ac MPOBEICHHS eKCIIe-
pUMeHTy, Oynu nuToMa epeKTHBHA BUTpaTa MajuBa i KOHIIEHTpALsl OK-
CHJIIB a30Ty y BUIIYCKHUX razax. HaBaHTakeHHs Ha JW3eNi miJ 4ac mpo-
BE/ICHHS eKCIIEpHMEHTIB 3MiHIOBasiocsl B iHTepBam 25 ... 75 % Bin HoMi-
HAJBHOTO 3HAYeHHs. ExcriepuMeHTH MiATBEpAMIN MOXJIHMBICTH BUKOPHC-
TaHHs OiomanuBa (y ckimani manumBHOI cymimi mamuBa DMA 1 5..15%
OiomanuBa) A 3a0e3nedeHHs] poOOYoro MUKITY i mepenadi MOTYKHOCTI
Ha CIOKWBayl eHeprii. BcraHOBIIEHO, 10 BUKOPUCTAaHHS OiorajauBa Iij-
BUIIYE EKOJOTIYHICTh POOOTH CYIJHOBOI'O IU3€Nsd — NpU [bOMY Ha
5,1...23,3% (3anexHO BiJ HaBaHTAXKEHHS JU3Es 1 BMICTy OiomayiiBa B
NANMWBHIN CyMillli) 3HHKYETBCSL eMicCisl OKCHJIIB a30Ty. TakoKk BU3HAUYECHO,
IO Tij yac BUKOpHCTaHHs OionanuBa BinOysaeTses 1 ... 5,1 % 306inbmieH-
HSl TUTOMOI BUTPATH MaJINBA, O 3HIKYE EKOHOMIUHICTh POOOTH AM3E.

Madey V.V. Use of alternative fuels in marine diesel engines

The possibility of using fuel of biological origin in marine medium-
speed diesels is considered. The research was performed on medium-
speed marine diesels 6H17/28 Hyundai Heavy Industries. Three such die-
sels were part of the power plant of the ship with a deadweight of
14,745 tons. Before the experiment, all diesels had a comparable engine
life of fuel equipment, parts of the cylinder group, motion bearings, as
well as the same technical condition. By switching consumer groups, the
operation of the diesels was performed at the same load, the support of
which was required during the experiment. During the experiment, all
diesels maintained constant parameters in the lubrication and cooling sys-
tems. The operation of diesels in each of the studied modes was carried
out for at least 1.5 ... 2 hours, during which the measurement of the main
parameters and averaging of the obtained values were performed. This
ensured the correctness of the research and the ability to compare meas-
urements performed on different diesels. The aim of the research was to
determine the impact of alternative fuels on the economic and environ-
mental performance of marine diesel. The fuel supply circuit to the first
diesel did not change and the diesel was operated on DMA fuel. Two oth-
er diesels were operated on a fuel mixture — DMA fuel and biofuel. The
content of biofuels in the mixture varied in the range of 5 ... 15 %. The
main values measured during the experiment were the specific effective
fuel consumption and the concentration of nitrogen oxides in the exhaust
gases. The load on the diesel engine during the experiments varied in the
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range of 25 ... 75 % of the nominal value. Experiments have confirmed
the possibility of using biofuels (as part of a fuel mixture of DMA fuel
and 5 ... 15 % biofuels) to ensure the duty cycle and power transmission to
energy consumers. It is established that the use of biofuels increases the
environmental friendliness of marine diesel — at the same time by
5.1...23.3 % (depending on the diesel load and the content of biofuels in
the fuel mixture) reduces the emission of nitrogen oxides. It is also deter-
mined that during the use of biofuels there is a 1 ... 5.1 % increase in spe-
cific fuel consumption, which reduces the efficiency of the diesel engine.

KarouoBi cioBa: cyqHOBUI cepefHhOOOESPTOBUI JIU3€ib, MAIUBO Oi-
OJIOTTYHOTO TIOXOJKEHHS, MMTOMa e(eKTHBHA BUTpaTa MalluBa, EMicis
OKCHUJIIB a30Ty.

Keywords: marine medium speed diesel, biofuel, specific fuel oil
consumption, nitrogen oxide emissions.

Map ’sinog JI.M. Y nockoHaneHHsl cucTeMy 30epiraHHs Ta LHUPKYJISIii
OypmibHOi cycnensii Ha cynHax tumy Platform Supply Vessel

PosrisinyTa cucrema 30epiraHHs Ta UUPKYJSILil OypuiIbHOI cycnensil
Ha cynHax kiacy Platform Supply Vessel. Bkazano, 1110 OypuibHi cycrieH-
311 € JMCIIEPCHUMHU CHCTEMaMH, sIKi CKIIaJarThes 3 pinkoi ¢asu (MiHepa-
JBHOTO MacTHIIa) 1 HEOPTaHIYHUX KOMIIOHEHTIB, MUTOMa Maca sSIKUX Tepe-
BUIIYE TUTOMY Macy piakoi ¢asu. Lle npu3BoauTh 10 JaTEHTHOI CTpPaTHU-
¢ikanii rycTHHH 1 po3mapyBaHHs OypHIIBHOI cyclieH3ii 3a TTMOWHOI0 BaH-
Ta)XHOTO TaHKa, B SIKOMY MPOBOAUTHCS ii TpaHcopTyBaHHS. JlociimkeH-
Hs OyJI0 ClipsIMOBaHE Ha pO3pO0KY TEXHOJIOTIT, 110 3a0e3Meuye MiITPUMKY
MOCTIHOTO 3HaYeHHS T'yCTHHH OypHIIBHOI CyCIeH3ii 3a TTMOWHOI0 TaHKY,
B sIKOMY BinOyBaeTbesi i1 mepeBe3eHHs. JlOCTiIKEHHST BHUKOHYBAJIHCS B
CYAHOBH cHCTeMi 30epiranHs Ta HUPKYJSIii OypribHOI CycrneHsii creri-
anizoBaHOro Mopcekoro cynua tuny Platform Supply Vessel nenseiitom
5850 TonH. ExcriepuMeHTaIbHO BCTaHOBIIEHO, IO JUIS Yacy TPaHCIOPTY-
BaHHA 6 ... 36 roguH cTpaTHdikallis TyCTHHH OYypUJIBHOI CyCleH3ii 3a
IIMOMHOIO BaHTAXKHOTO TAHKY CTaHOBUTH 3,04 ... 32,04 %. Sk cnoci0, 1o
3a0e3neuye MiHIMaIbHY CTpaTH(]iKamilo TYCTHHH OypHIIBHOI CYCHeH3il
mig gac ii TpaHCHOpPTYBaHHI, 3alPOIIOHOBAHO BUKOPHCTAaHHS JOJATKOBOL
X-noaiOHOT IUPKYIAMil OypHIIbHOI cycreH3ii B 00cs3i CyciiHiX BaHTax-
HUX TaHKiB. JloCHi[PKEHHSIMU TIITBEPKEHO, IO MPH 1IbOMY cTpaTudika-
i TYCTMHH 33 YaCOBUU mepiog 6—36 rofuH 3HIKYETHCS JIO Jiala30Hy
2,30... 9,01 %. KomriekCHE BHKOPHCTaHHS JOJATKOBOI X-1OJi0HOT



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 257

OUPKYJSLIT Ta OAHOYACHOT T0/Ia4i TIOBITPS y IOHHY YacTUHY BaHTa)KHOTO
TaHKy 3a0esneuye 3HadeHHS crpatudikanii ryctunu 0,73 ... 2,93 %.
3HmKeHHs cTpaTtu(ikalii TyCTHHH MPH MUX BUMAIKaX TPaHCIIOPTYBAaHHS
MOSICHIOETHCSL INTYYHUM CTBOPEHHSIM JIAMIHAPHOTO TOTOKY OYpHIIBHOL
cycneHsii (3a paxyHOK i1 IpUMyCcOBOi HUPKYJIALIT MK CyCiTHIMUA BaHTaxX-
HUMH TaHKaMH), a TaKoX 1i JIOKaJbHUMHU TypOYyJIeHTHHUMH TedisiMu (3a
PaxyHOK JOAATKOBOI MMO/ia4i OBITPsl B HUKHIO YaCTHHY BAaHTAXXHUX TaH-
kiB). [lepexpecHuii pyx OypuibHOI cycrieH3ii (SIKuil 3IiHCHIOETbCS SIK T
JIEI0 TpaBITAIIMHUX CHJI, TaK 1 32 JIOIIOMOTO0 JIOJJATKOBO BCTAHOBJICHHX
UUPKYJSIIHAX HACOCIB) 1 MOBITPs, IO MOJAETHCS Y BaHTAXHUH TaHK,
MOXeE CIPHUATH BHHUKHEHHIO siBUIIA Kaitamii. Lle mpu3BoauTs A0 cuio-
BOTO BIUIMBY Ha OpraHiuyHi i HEOpPraHiyHi CHOJYKH, SIKi 3HAXOIATHCA B
00’eMi OypuiibHOT cycnensii. lle mepemkomkae X 0CaHKEHHIO 1 MiITPH-
Mye iX B TiJIBilIEHOMY cTaHi. YOCKOHAJEHHS CHCTeMH 30epiraHHs Ta
OUPKYISLii OyprIIbHOI CycreH3ii Moxe OyTH BHKOHAHO Oe3mocepenHbo
Ha cyaHi Platform Supply Vessel cyaHOBOIO MalIMHHOIO KOMaHIOKO MICHS
y3TOKEHHS JOKYMEHTAIIIi Ta TEXHOJIOT1 MPOBENECHHS POOIT i3 TEXHIUHUM
JeTapTaMeHTOM CYAHOIJIaBHOI KOMITaHii.

Maryanov D.M. Improvement of drilling fluid storage and circulation
system on Platform Supply Vessel

The system of storage and circulation of drilling fluid on Platform
Supply Vessel is considered. It is indicated that drilling fluid are dispersed
systems consisting of a liquid phase (mineral oil) and inorganic compo-
nents, the specific weight of which exceeds the specific weight of the lig-
uid phase. This leads to latent density stratification and stratification of the
drilling fluid to the depth of the cargo tank in which it is transported. The
study was aimed at developing a technology that maintains a constant
value of the density of the drilling fluid at the depth of the tank in which it
is transported. The studies were performed in the ship's system of storage
and circulation of drilling fluid of a specialized marine vessel type Plat-
form Supply Vessel with a deadweight of 5850 tons. It was experimental-
ly established that for the transport time of 6 ... 36 hours the stratification
of the density of the drilling fluid by the depth of the cargo tank is
3.04 ... 32.04 %. As a method that ensures minimal stratification of the
density of the drilling fluid during its transportation, it is proposed to use
additional X-shaped circulation of the drill fluid in the volume of adjacent
cargo tanks. Studies have confirmed that the density stratification for the
time period of 6 ... 36 hours decreases to the range of 2.30 ... 9.01 %. The
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integrated use of additional X-shaped circulation and simultaneous air
supply to the bottom of the cargo tank provides a value of density stratifi-
cation of 0.73 ... 2.93 %. The decrease in density stratification in these
transport cases is explained by the artificial creation of a laminar flow of
drilling fluid (due to its forced circulation between adjacent cargo tanks),
as well as its local turbulent flows (due to additional air supply to the low-
er part of cargo tanks). The cross-movement of the drilling fluid (which is
carried out both under the action of gravitational forces and with the help
of additionally installed circulating pumps) and the air supplied to the
cargo tank can contribute to the phenomenon of cavitation. This leads to a
forceful effect on the organic and inorganic compounds that are in the
volume of the drill fluid. This prevents them from settling and keeps them
suspended. Improvements to the drilling fluid storage and circulation sys-
tem can be made directly on board the Platform Supply Vessel by the
ship's engine crew after coordination of documentation and technology
with the shipping company's technical department.

Karouogi cioBa: mopcbke cyano kiacy Platform Supply Vessel, 0y-
pWIbHA CYCIIEH3is, cucTeMa 30epiraHHs Ta MUPKYJIALii OypHIbHOI Cy-
creHs3ii, crpaTtugikaris TyCTHHU.

Key words: Platform Supply Vessel, drilling fluid, drilling fluid stor-
age and circulation system, density stratification.

Cacin C.B., Cmoaspux T.O. AHani3 ekCIuTyaTalliiiHuX XapaKTePUCTHK
MOTOPHHMX MACTHJI CyTHOBUX JTH3€TiB

BukonaHo aHami3 eKCIUTyaTallifHUX XapaKTePHCTHK MOTOPHUX Mac-
THJI, IO BHKOPUCTOBYIOTHCSI B CHUCTEMax MalleHHS CYJHOBHX U3EIiB.
HaBezieHi BUMOTH, sSIKi BUCYBAlOTBCS Ui MAcTWJI PI3HOIO MPU3HAYCHHSI.
BusHaveHo, 110 CYAHOBI €HepreTHyHi YCTaHOBKH (SIK TOJIOBHI, Tak i JO-
MOMDKHI) € TIOPiBHSHO HEBEIMKHMH CIIO)KMBAaYaMH MAacTHIIBHUX MaTtepia-
JiB B 3arajibHOMY 00Cs31 CBITOBOTO TPaHCIOPTHO-CHEPTeTUYHOTO KOM-
miekcy. [Ipu npoMy mifKpeciaeHo, 0 MOTOPHI MacTuiIa, O BUKOPUCTO-
BYIOTBC Ha CyJHAaX MOPCBKOTO 1 PIiYKOBOTO TPaHCHOPTY, HaWOUIBIION
MIpOIO JIErOBaHi NMpPUCaJAKAaMH 1 BiPI3HAIOTHCS BETMKUM 3allacoM SIKOCTI
3a CBOIM IIEPBUHHKM BJIACTUBOCTSIM. BHCBITIICHO, 1110 B JaHMii Yac 3 OOKY
CYZHOBJIACHHKIB 0COOJIMBa yBara NMpUALISETHCS MUTAHHSIM €KOHOMIii Mac-
THJI B TIpolleci IX BUKOPUCTAaHHS Ha CyJHAaX, a TAKOX MEPCIEKTHBaM pere-
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MOJUISIOTECS Ha TPU BUAM 3a MPHU3HAUYEHHAM 1 00nacTi 3acTOCYBaHHS:
LWTIHIPOBI MAacTUIA, SIKUMHU 3MAIyIOThCS IHIIIHPU CYTHOBUX Majioo0e-

PTOBUX  JU3eNiB  KpeWukomdHoro  TUly —  Jy)KHE  YHCIO
30 ... 70 mrKOH/r, xnac B's3kocti SAE40 a6o 50; mactuia it MallieHHs
CYJTHOBUX CEPEHBOOOCPTOBUX  JM3CIIB  —  JIY)KHE  YHCIO

10 ... 40 MmrKOH/r, knac B's3kocti SAE30 a6o 40; mactuia, 0 3acToco-
BYIOTbCS B HHPKYJSIMIHHUX CHCTEMax 3MalleHHS TOJOBHHX (KpeHI-
KOM(HUX), 1 NEIKUX AOMOMDKHUX (TPOHKOBHX) CYJHOBUX JIU3EIIB — JIyXK-
me umcio 5 ... 15 MrKOH/r, kmac B'sskocti SAE30. Bukomano ormsijg
3MIHU EKCIUTyaTalliiHUX XapaKTEePUCTUK CYTHOBUX MOTOPHHUX MAacTl, a
TaKOX BUMOT, 1110 10 HUX BUCYBalOThCs. BuzHaueHo, mo:

(dopcyBaHHs CyTHOBUX JW3EIIB MO LIJIIHAPOBOI MOTYKHOCTI IPU3BO-
JUTh JIO ITJIBUIICHHS TEILIOBOI Ta MEXaHIYHOI HATPY>KEHOCTI SIK JieTaiei
UWTIHAPO-TIOPIIHEBOI IPYNH, TaK 1 €IEMEHTIB KPHUBOUIMITHO-IIATYHHOTO
MEXaHi3My 1 KOJIIHY4acTOro Baja; BCE 1€ YCKJIQJHIOE YMOBU POOOTH Mac-
TUJIBHOTO Matepiaiy, U0 3HaXOUThCS Ha IOBEPXHAX TEPTS;

JUISl MATPUMAHHS €KCIUTyaTal[iiHUX XapaKTepPUCTHK CyITHOBUX MO-
TOPHHUX MACTHJI iX JIETIPYIOT CHElialbHUMHU XIMIYHUMU PEYOBHHAMH, 10
3a0e3MevyIOTh MiIBUIIEHI TEPMOOKUCIIOBAIBHY 1 POTU3HOCHI BIaCTHBO-
CTi;

KOHTPOJIb EKCIUTyaTalliiHUX XapaKTePUCTHK MOTOPHUX MacTHII JIOLi-
JILHUHM 3[IMCHIOBATH HE TUIBKK B CICI[IaIbBHUX J1a0opaTopisx, aje 1 Ha
0opTy CyAHa, BU3HAYAIOUHM B A3KOCT1 Tai CTPYKTYpHI TapaMeTpy MacThiIa.

3anponoHoBaHi peKOMEHalii 010 BUOOPY MOTOPHHMX MAaCTHI IS
TyOpIKaTOPHUX Ta UUPKYISLIMHUX CUCTEM MAaIICHHS CYAHOBHX MaJlo- i
CEpeHbOOOEPTOBUX JU3EIIIB.

Sagin S.V., Stoliaryk T.O. Analysis of operational characteristics of
motor oils of marine diesels

The analysis of operational characteristics of motor oils used in lubri-
cation systems of marine diesels is executed. The requirements which are
put forward for lubricants of various function are resulted. It is determined
that ship power plants (both main and auxiliary) are relatively small con-
sumers of lubricants in the total volume of the world transport and energy
complex. It is emphasized that the motor oils used on ships of sea and
river transport are mostly doped with additives and have a large margin of
quality in their primary properties. It is highlighted that currently the ship-
owners pay special attention to the economy of oils in the process of their
use on ships, as well as the prospects for the regeneration of their perfor-
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mance. Marine engine oils are divided into three types by purpose and
area of application: cylinder oils, which lubricate the cylinders of marine
low-speed diesels crosshead type — alkaline number 30 ... 70 mgKOH/g,
viscosity class SAE40 or 50; lubricants for lubrication of marine diesel
engines — alkaline number 10 ... 40 mgKOH/g, viscosity class SAE30 or
40; lubricants used in circulating lubrication systems of the main (cross-
head) and some auxiliary (cutting) marine diesels — alkaline number
5... 15 mgKOH/g, viscosity class SAE30. A review of changes in the
performance characteristics of marine motor oils, as well as the require-
ments for them. It is determined that:

forcing of marine diesels on cylinder power leads to increase of ther-
mal and mechanical tension both details of the cylinder-piston group, and
elements of the crank mechanism and a cranked shaft; all this complicates
the operating conditions of the lubricant on the friction surfaces;

to maintain the performance of marine motor oils they are doped with
special chemicals that provide increased thermal oxidation and antiwear
properties;

control of operational characteristics of motor oils should be carried
out not only in special laboratories, but also on board the vessel, determin-
ing the viscosity and structural parameters of the oil.

Recommendations for the choice of motor oils for lubrication and cir-
culation lubrication systems for marine low- and medium-speed diesels
are offered.

Kuaio4oBi cjioBa: cyaHOBHI H3enb, MOTOPHE MAacio, JTy>KHE YHCIIO
MacTuja, TyOpikaTOpHa cHCTeMa MalleHHs, UUPKYJIiifHa cucTteMa Ma-
MIEHHS.

Key words: marine diesel, engine oil, base number of oil, lubricator
lubrication system, circulating lubrication system.

Koposatiuenko E.FO., A¢pmaniox B.B., /lanunenxo J[.B. MonemoBaHHsS
JIOJTATKOBHMX MICIICBHX OITOPIB JJIsi CYJHOBOTO CKpyoOepa

VY craTTi mpencTaBieHi pe3yJbTaTH YHCIOBOTO MOJICITIOBaHHS Teuil
ra3oBOro MOTOKY B CyJHOBOMY TojoMYy CkpyOepi. st ckpyOepiB 1boro
TUIy BHCOKa e(eKTHBHICTh ouMiieHHs SOX 3aleKUTh Bill B3aeMOJii B
CHCTEeMI Ta3-piiiHa, W0 JOCATAETHCS HULIXOM 3a0€3IEUCHHS CTaJoro
TIPOJMHAMIYHOTO PEKUMY POOOTH CKpyOepa.



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 261

VY cymHOBHMX yMOBax eKCIUTyaTtalii CKpyOepiB BHHUKAIOThH IEpPiOaH
MOPYIICHHS T1IPOAMHAMIYHOTO PEKUMY, IO HIBEIIOE SKOHOMIYHY JOIli-
JILHICTh BUKOPUCTAHHS CKpyOepa.

MogaenroBaHHS TPOBOAMIOCS Uil YMOB OJHO(A3HOrO Tedil MOBITPS
(0e3 ypaxyBaHHsI 3pOIIICHHS anapary). J[yist MojenroBaHHS TiPOAMHAMIKH
Oyyu po3po0sIeH] YOTHPHU TBEPJIO TUIBHI MOJIeNi CKpyOepa: moioro anapa-
Ty, 3 OJJHO- IBOX 1 TPUIIAPOBUM «MiCIIEBHM)» OITip.

[Ipu mocnipkeHHI MojIoro cKpyOepa Oyiia BUSBICHA 30HA ITiBHUIIEC-
HUX IIBUJKOCTEH Ha CTIHII MPOTUIISKHOI BiJI BXIJHOTO mMaTpyOKa 3a0py-
HEHOro TOBITps. Y Wil 30HI MOXJIMBI MPOCKaKyBaHHS 3a0pyIHIOIOYNX
peUOBHH O€3 BiIIOBITHOTO OUHUIIICHHSI.

Jnst 3a0e31medeHHs piBHOMIPHOTO MOl IIBUAKOCTEH 10 BCHOMY Tepe-
THHY anapaTy 3alpOlOHOBAHO BUKOPHUCTOBYBATH CIEI[iJIbHI «MICIIEBi»
OTopYy, SIKi 3HU3ATH IIBUAKOCTI Ha CTIHKax amapary, TOOTO 3MEHIIATh
MPOCKaKyBaHH 3a0pyIHIOIOUNX PEYOBUH.

Bizyamizanis Tediil razy B amapati okKa3ye 3Ha4YHO MEHILY 30HY Mil-
BHIIEHOI MIBUAKOCTI IPH YCTAHOBIII B amapati JOAaTKOBOI'O «MiCLIEBOTO»
oropy.

Jnst cTBOpeHHS! PIBHOMIPHOT'O PO3MOJLTY HIBHIKOCTEH B MEpeTHHI i
HEBHCOKOT'0 3arajJbHOr0 KoeillieHTa omopy amapary paiioHalbHO BHKO-
PHUCTOBYBaTH JBOIIAPOBE «MiCLIEBE) OIIIp.

KittouoBi ciioBa: CymHOBI CKpyOepH, TBEpIO TUIbHI MOJIENI CKpyOepa,
YKceTbHE MOJICTIOBAHHS Ta30BHX IMOTOKIB.

Korovaichenko Y., Aftaniuk V., Danylenko D. Simulation of additional
local resistance for a ship scrubber

The article presents the results of numerical simulation of a gas flow
in a ship's hollow scrubber. For scrubbers of this type, the high efficiency
of SO cleaning depends on the interaction in the gas-liquid system, which
is achieved by ensuring a stable hydrodynamic mode of operation of the
scrubber.

In the ship operating conditions of scrubbers, periods of violation of
the hydrodynamic regime occur, which negates the economic feasibility of
using a scrubber.

The simulation was carried out for the conditions of a single-phase air
flow (without taking into account the irrigation of the apparatus). To
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simulate hydrodynamics, four solid-state scrubber models were devel-
oped: a hollow apparatus, with one- two and three-layer "local" resistance.

In the study of the hollow scrubber, a zone of increased velocities was
revealed on the wall opposite to the polluted air inlet pipe. In this area,
leakage of pollutants is possible without proper cleaning.

To ensure a uniform field of velocities over the entire section of the
apparatus, it is proposed to use special "local" resistances, which will re-
duce the velocities on the walls of the apparatus, i.e. will reduce the leak-
age of pollutants.

Visualization of gas flows in the apparatus shows a much smaller
zone of increased velocity when additional "local" resistance is installed
in the apparatus.

To create a uniform distribution of velocities in the section and a low
overall drag coefficient of the apparatus, it is rational to use a two-layer
"local" resistance.

The results of the study allow us to consider a more detailed study of
models of two- and three-layer local resistance with simulation of irriga-
tion in the apparatus.

The developed models of the scrubber can be used in research, disser-
tation work of undergraduates, graduate students, researchers to compare
the effectiveness of ship scrubbers.

Key words: ship scrubbers, solid scrubber models, numerical simula-
tion of gas flows.

Agpmaniox B.B., I'aspurkun O.E., A¢pmanrox A.B. MonentoBaHHs HaIpy-
XKeHo-1e()OpMOBaHOTO CTaHy 3aBHXpyBada JJIsl CKpyOepa 3 BHUXPOBOIO
TapiIKOI0

VY craTTi mpeAcTaBIIEHO pPe3yNbTaTH YMCIOBOTO MOJIENIOBaHHS Ha-
MPYKEHO-e)OPMOBAHOTO CTaHy 3aBUXpyBauda JJIsl CKpybepa 3 BHXPOBOIO
TapiIKoIo0.

MeTor0 YHCITOBOr0 MOZICTIOBAHHS 3aBUXpyBaya € MepeBipKa HaiiiHO-
CT1 KOHCTPYKIII ITiJ] JI€I0 TiAPOANHAMIYHMX CHJI, 1[0 BUHUKAIOTh B IMPO-
1eci eKcIuTyaTartii.

Jnist MoJieTTIoBaHHsI HAIlPY>KEHO-1e)OPMOBAHOT0 CTaHy OyJiIH BHKOPH-
CTaHI TBEpIO-TiBHI MoJeNi 3aBixpyBaua. UHCIOBUI eKCIEpUMEHT Ipo-
BE/IEHO JJIsl BOX BapiaHTiB poOOTH 3aBixpyBaua. [lepmmii BapiaHT mpu
yMOBaxX HOpMalbHOI poOOTH cKkpyOepa Ha MaKCHUMalbHIH MOTYKHOCTI.
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Hpyruii BapianT — poboTa 3aBixpyBaua NpH «BiPUBI» YOTHPHOX JIOMATEH
BiJI 001¥MH.

BusHavyeHo moBepxHi Ha SKi BIUIMBAIOTh HABAHTAXXCHHS 1 MOBEPXHi
3HaXOAATHCS Y BIJHOCHOMY crokoi. [IpoBeneHo aHaniz MexaHi3miB i 3a-
KOHOMIPHOCTEW MOMIKOKEHHS JIONATOK, MOJIB 3aJIUIIKOBUX HANPY>KEHb.

Amnasi3 enrop A03BOJIMB BU3HAYMTH 30HH (Ha MOBEPXHSX Jomnareil Ta
CTIHKH) B SIKHX CIIOCTEPIraloThCsl MAKCUMAaJIbHI 3yCHIIIS 1 3MILIIEHHSI.

PesynbTaTi mpoBeneHOro JOCHiIKEHHS Hampy)KeHO-1e(OpMOBAHOTO
CTaHy 3aBHXpyBaua CKpyOepa 3 BUXPOBOIO TapiIKOIO, MiJ AI€I0 TiAPOJIH-
HaMIYHMX HABaHTAXEHb, [II0 BUHUKAIOTH B MPOIIEC] eKCIUTyaTallil MOXYTh
OyTH BUKOpHCTaHI JUIs MOPIBHSUILHOI OI[IHKK HAJiHHOCTI JIOMAaTOK 3aBHX-
pyBadiB pi3HOI KOHCTPYKIil MPH MPOBEIEHHI HAYKOBO-JIOCIITHHX, JHCEp-
TaliifHUX poOIT MaricTpaHTiB, acMipaHTiB, HAYKOBHX MpaIliBHUKIB, a Ta-
KOXX TIPY MIArOTOBI [0 cepTH(dikalifHIX BUNPOOYBaHb CKPYOepiB.

KitouoBi croBa: cynmHOBI ckpyOepu, TBEpAO-TUTBHI MOJENi 3aBiXpy-
BayiB, YHCENbHE MOJIEIIOBAHHS HANPYKEHO-Ie()OpMOBAHOTO CTaHy.

Aftaniuk V., Gavrilkin O., Aftaniuk A. Simulation of the stress-strain
state of a swirler for a vortex plate scrubber

The article presents the results of numerical modeling of the stress-
strain state of a swirler for a scrubber with a vortex plate.

The purpose of the numerical simulation of the swirler is to check the
reliability of the structure under the influence of hydrodynamic forces
arising during operation.

Solid-state swirler models were used to simulate the stress-strain state.
A numerical experiment was carried out for two variants of the swirler
operation. The first option is under conditions of normal operation of the
scrubber at maximum power. The second option is the work of the swirler
when four blades are "detached" from the cage.

The swirl simulation algorithm includes the following steps: introduc-
tion of solid-state vortex model in the software module research; the task
of the swirler material; definition of restrictions; tasks of loads applied to
surfaces; analysis of the distribution of forces and displacements in the
mode; visualization of simulation results.

The calculations are based on linear static analysis, assuming that the
material is anisotropic with the following assumptions:

- linear behavior of the material in accordance with Hooke's law;

- induced displacements are small enough not to take into account

changes in stiffness as a result of loading;
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- dynamic effects are not taken into account because the loads are ap-
plied slowly. In the calculations for the swirler accepted material - cast
stainless steel (from the program library [4]

The surfaces that are influenced by the loads are determined and the
surfaces are in relative rest. The analysis of mechanisms and patterns of
blade damage, residual stress fields is carried out.

Computer simulation of the vortex made it possible to fully estimate
the probable deformations and places of destruction of its structural ele-
ments.

Analysis of the diagrams made it possible to determine the zones (on
the surfaces of the blades and strut) in which the maximum forces and
displacements are observed.

The results of the study of the stress-strain state of a scrubber swirler
with a vortex plate, under the influence of hydrodynamic loads arising
during operation, can be used for a comparative assessment of the reliabil-
ity of swirler blades of various designs during research and dissertation
work of undergraduates, graduate students, researchers, as well as in prep-
aration for certification testing of scrubbers.

Key words: ship scrubbers, solid models of swirlers, numerical mod-
eling of the stress-strain state.

[HO®OPMALIIA [TPO ABTOPIB

Jluxornsan Koctsutua AnnpiiioBuu - ynalicekuil iHctuTyT Hario-
HaJBHOTO yHiBepcuteTy «OJiechbka MOPChKa akajeMis», JOIEHT Kadenpu
CEVY i C, mexanik 1-ro po3psiny-yHiBepca,

Mycopina Mapuna OnekcannpiBHa - JlyHalcpkuii iHcTUTYT Hario-
HalbHOTO yHiBepcuTery «Ojecbka MOpChKa akaJeMis», KaHAWAAT mena-
TOTIYHHX HayK, cT. Bukianad kapenpu CEY i C;;

Ma3zyp Tersna MukonaiBHa - JyHalicekuii iHcTUTYT HanioHansHOrO
yHiBepcuTery «Oniechbka MOpChKa aKkaJieMisi», CT. BUKJIagad Kageapu

CEYiC;

JocniKyeTbcss MOXKIIMBICTh 3aCTOCYBaHHSI MAapora3oBUX YCTaHOBOK
(IIT'Y) Ha cynax. AHaNi3 YKUCICHHUX NYyOIKaIlii J03BOJIE 3pOOUTH BH-
CHOBOK TIPO Te, 10 BUKOpUCTaHHS koMOiHOBaHuX [1'Y icTOoTHO 30inbIIyE
e(eKTUBHICTh CYIHOBHUX eHepreTHyHux ycraHoBok (10-15%). Bigsnaua-
€Tbesl, MO HaiOinpmmi BB Ha BenuunHy KK/ nukny [II'Y Hapae pi-
BEHb JIOCKOHAJIOCTI ra3oTypOiHHoi ycraHoBku (I'TVY), 30kpema, nocsira-
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€TbCSL TEMIepaTypa rasiB mepea TypOiHow. OKpeMo pO3IIITHYTO Cy4acHi
HaNpsAMKY migBuieHHs epekruBHocTi [II'Y.

KirouoBi croBa: cyHOBa €HepreTuuHa yCTaHOBKA, [1apora3oBa ycra-
HOBKa, Ta30TypOiHHA YCTaHOBKA, MiABUIICHHS €()eKTHBHOCTI.

Hccnenyercss BO3MOXKHOCTh IPUMEHEHHUS IapOra3oBbIX YCTaHOBOK
(IIT'Y) na cynax. AHanu3 MHOTOYUCIICHHBIX MyONHKaIMid TO3BOJISIET Clie-
JIaTh BBIBOJ O TOM, YTO MCIIOJIb30BaHWE KOMOMHUpOBaHHBIX [1I'Y cymie-
CTBEHHO yBeNnMuMBaerT 3()(EeKTHBHOCTh CYIOBBIX SHEPreTHYECKHX yCTa-
HOBOK (10-15 %). OTmeuaercs, uTo HauOOJbIIEE BIUSHUE HA BEIUYUHY
KIIJ] nmkna II'Y oka3biBaeT ypOBEHb COBEPIICHCTBA Tra30TypOMHHOMN
ycranoBku (I'TY), B yactHOCTH, HOcTUTaeMasi TeMiiepatrypa Tra3oB mepen
TypOuHOH. OTHENBPHO paccMOTPEHBI COBpEMEHHBIC HAIpaBJICHHUS TOBBI-
menus 3¢pexruBaoctu [1I'Y.

KitoueBsle croBa: cyzoBasi sHepreTuueckasl yCTaHOBKa, Iapora3oBas
YCTaHOBKA, Ta30TypOMHHAs YCTaHOBKA, MOBBIIICHUE 3P PEKTHBHOCTH.

The possibility of using steam-gas plants (CCGT) on ships is being
investigated. The analysis of publications allows us to conclude that the
combined CCGT units used are the efficiency of ship power plants (10-
15%). It is noted that the greatest influence on the efficiency of the PGTU
cycle, in particular, the attained temperature of the gases in the front. The
modern possibilities of increasing the efficiency of CCGT are considered
separately.

Key words: ship power plant, combined cycle plant, gas turbine plant,
efficiency increase.
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Pedepar. 3 orisity Ha HOMEHKJIATYpYy MatepialliB 3 SIKHX BHTOTOB-
JSIIOTHCSL CYTHOBI TEXHIYHI KOHCTPYKIi, BOHHW 3aJI0BOJILHSIOTH YMOBaM
TPHUBAJIOl eKCIUTyaTalii 3 MPUYMH HU3bKOI CTIHKOCTI /0 arpeCHBHUX cepe-
JIOBUIL i TMiIBUIIEHNX TeMIEpaTyp eKCIUTyaTallii, MBHIKOrO0 3HOCY MpH
aAre3ifHNX HaBaHTAKEHHSX, Ta MPU HUKIIYHUX HABaHTa)KEHHSIX BUHUKAE
HEOOXIJIHICTh 3aCTOCYBaHHS METAJIiB JIAHHOTO THUIY. B sikocTi anbTepHa-
TUBHHUX MaTepiajiB pO3rIsAacThes psijl OiMeTaliB sIKi BOJIOIIOTh 0COOIIH-
BHMH, CHeliaIbHUMH BIACTUBOCTSIMH.

HBomapoBi cramu wmapok Cr3cend +  10X13, Ct3cn5 +
10X17H13M2T, BCt3cn + 12X13 Oynu BifiOpaHi B sSIKOCTI mepeadady-
BaHOTO OCHOBHOI'O MaTepiajy JUisi BHUTOTOBJICHHS HECYYMX €JICMEHTIB
CY/IHOBUX HaJ0Y/0B. IX BJACTMBOCTI IMPOKO BimoMi. OCHOBHMMH mHepe-
BaramMu JaHux OimeraneBux craneil mepex ctammo BCT3IIC2 € - criid-
KICTh JIO TMIJIBUIIIEHOTO HArPiBY, IMKIIYHUX HABAHTaXCHb, a0pa3UBHOTO 1
aJre3iiHOI0 3HOCY, CTIMKICTh JI0 arPeCUBHUX CEPEJIOBUILL.

Tomy ocoOnuBUM (HAKTOPOM € TEXHOJIOTTYHUI KOHTPOJb 33 MOCITi-
JIOBHICTIO BUTOTOBJIEHHSI, MiI00pOM MaTepiajliB, TEXHOIOTIi 3BaprOBaHHSI.
VYci Ha3BaHI BUMOTH MOMJIMBO MPOAHAJI3yBaTH Ta CIIPOTHO3YBATH 3a JI0-
MTOMOT'OK0 KOMIT IOTEPHOTO MOJIYJIFOBaHHs. JIOCHIDKCHHS BIaCTUBOCTEH
MEPEeXiIHMX IIapiB IIBa i OCHOBHOI'O METAITy 1 IX BILUIUB HA KUIbKICTh ITUK-
JiB HaBaHTaXXCHHS TMpPU BUIIPOOYBAHHSX TAKOXK SBISIOTHCA KIFOUOBU-
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MHU. Yci ymMmoBU OynyTh BUKOHaHI MPH ONTHMAIBHOMY MiIOOpi XiMidHOT
cxmangoBoi Ni — Cr, siki 3a0e3neqyloTb HEOOXiTHHH piBEHb JIeryBaH-
Hs. TBepaicTe MarepiamiB 3a0e3meuyeThCs HasiBHICTIO 4acTku Mg y
ckiazi Merany. TakoX BaXKJIIMBUM € PEXHMHU TepMOOOpOOKH sIKi 3abe3re-
4yI0Th OTPUMaHHs HEOOXiITHOI KiHIIEBOT CTPYKTYpH MaTepiany s Mexa-
HIYHOI OOpOOKM Ta 3BaproBaHHs. J[isi maHHOi nerani Ta ii eIEMEHTIB,
HalKpalli BIACTHBOCTI 3 TOYKH 30py eKcIUTyaTamii y IpiOHOmUCIepcHOl
AYCTEHUTHOM 1 IEPIIUTHOT CTPYKTYD.

Kuaro4oBi ciioBa: cy1HOBI TeXHiYHi KOHCTPYKIii, arpecuBHe cepe-

JOBHIILE, ABOLIAPOBa CTallb, HUKJTYHi HABAHTA:KEHHSI.

Pegepar. YunuTbeiBass HOMEHKIATYPY MaTEPUAIOB U3 KOTOPBIX HM3rO-
TaBJIMBAIOTCS CY/IOBbIE TEXHUYECKHE KOHCTPYKIMH, OHU YJOBJIETBOPSIOT
YCIIOBUSIM JUIUTENIBHOM JKCILTyaTAlMK 110 IPUYMHE HU3KOM yCTOMYMBOCTU
K arpeccMBHBIM CpellaM U TOBBIIIEHHBIM TEMIIepaTypaM SKCIUTyaTallHH,
OBICTpOMY HM3HOCY TpU aJIr€3MOHHBIX HArpy3kax, W MpH LHUKIHYECKUX
HArpy3kax BO3HHKAaeT HEOOXOAWMOCTh MPHUMEHEHHs] METAIJIOB JTaHHOTO
Tuma. B KauyecTBe albTEpHATHBHBIX MAaTEPUATIOB PACCMATPHUBACTCS P
OMMeTaIoB, 00IaJAIOINUX OCOOBIMHU, CIIEIHAILHEIMU CBOHCTBAMH.

JIByxcrnoiiHbie CTallu MapoK Cr3cn5+10X13,
Cr3en5+10X17H13M2T, BCr3cn+12X13 Obuin 0TOOpaHBI B KadyecTBe
MPEANoNaraeMoro OCHOBHOTO MaTepuana Uil HM3TOTOBJIEHUS HECYIIUX
AJIEMEHTOB CYJIOBBIX HAJCTpOeK. VX cBoiicTBa MIMPOKO u3BeCTHHI. Oc-
HOBHBIMH TPEUMYIIECTBAMH JAHHBIX OWMETaNTHYECKUX CTalled mepen
cranbio BCT3IIC2 sBnsoTCs — yCTOMUMBOCTD K MOBBIIEHHOMY HarpeBy,
IUKIMYECKAM Harpy3kam, aOpa3uBHOMY W aJre3nOHHOMY M3HOCY, yCTOM-
YHBOCTb K arpECCHBHBIM CPEIaM.

[TosToMy 0COOBIM (haKTOPOM SIBIISIETCSI TEXHOJIOTMYECKUH KOHTPOIb
3a TIOCIIEIOBATEIBHOCTHIO H3TOTOBIICHHS, TOJ0OPOM MaTEepHAIOB, TEXHO-
norueit cBapku. Bee aTH TpeOboBaHUST MOKHO MPOAHAIU3UPOBATH U CIIPO-
THO3UPOBAThH C MOMOIIBI0 KOMIIBIOTEPHOrO MoaylupoBanus. Mccienosa-
HUS CBOIMCTB MEPEXOIHBIX CIIOEB IIBa 1 OCHOBHOTO METaJlIa M UX BIHMSIHUE
Ha KOJIMYECTBO ILHMKJIOB HATPY3KH TPH HUCHBITAHUSAX TaKXKe SBIISIOTCS
KITIoueBbIMU. Bcee ycnoBust OyayT BBITIOIHEHBI IPU ONTHMAIBHOM MOI00-
pe xumuueckol cocraBistomield Ni — Cr, oOecrieuunBaromnieii HeoOXoau-
MBI YpOBEHb JIETUPOBAaHMA. TBEpJOCTh MaTEepHAIOB OOECIIEUHBACTCS
HaIW4YHeM YacTulbl Mg B cocTaBe MeTaiia. Takke BaKHBI PEKUMBI Tep-
MOOOpPa0OTKH KOTOPbIe 00ECIICUUBAIOT IMOMydyeHHE HEOOXOMMON KOHEY-
HOW CTPYKTYpBI MaTepHalia JJisi MeXaHn4ecKoi o0paboTku u cBapku. s
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JaHHOM JIeTaad W ee DJIEMEHTOB HAaWIydIllMe CBOMCTBA C TOYKH 3PEHHS
3KCILTyaTaluy Y MEJIKOJUCIIEPCHON ayCTEHUTHON U MEPIUTHON CTPYKTYP.

KiroueBbie ciioBa: Cy0BbIe TEXHHUECKUE KOHCTPYKIIMHU, arpecCHBHAs
cpena, ABYXCIOIHAs CTallb, IUKIIMYECKash Harpy3Ka.

Annotation. Given the range of materials from which ship technical
structures are made, they meet the conditions of long-term operation due
to low resistance to aggressive environments and high operating
temperatures, rapid wear under adhesive loads, and cyclic loads, it is
necessary to use metals of this type. A number of bimetals with special,
special properties are considered as alternative materials.

Two-layer steels of grades St3sp5 + 10X13, St3sp5S -+
10X17H13M2T, BCt3cn + 12X13 were selected as the presumed basic
material for production of bearing elements of ship superstructures. Their
properties are widely known. The main advantages of these bimetallic
steels over steel VSt3PS2 are - resistance to increased heat, cyclic loads,
abrasive and adhesive wear, resistance to aggressive environments.

Therefore, a special factor is the technological control over the
sequence of manufacture, selection of materials, surfacing technology. All
these requirements can be analyzed and predicted using computer
modulation. Investigations of the properties of the transition layers of the
weld and the base metal and their effect on the number of load cycles in
the tests are also key. All conditions will be met with the optimal selection
of the chemical component Ni - Cr, which provide the required level of
doping. The hardness of the materials is ensured by the presence of Mg in
the metal. Also important are the heat treatment modes that provide the
desired final structure of the material for machining and surfacing. For
this part and its elements, the best properties in terms of operation in fine
austenitic and pearlitic structures.

When considering the range of materials used in combined structures
is very large and includes most welded steels. According to the
combination of materials in one unit, it is advisable to distinguish two
main groups of structures: with welded joints of steels of the same
structural class, but different alloying, and with welded joints of steels of
different structural classes.

Keywords: ship technical structures, aggressive environment,
two-layer steel, cyclic loads.



2021 — Ne 43 CyOHo6i enepeemuyri YyCmMaHo8Ku 269

Kozytskyi S.V., Shvets A.1, Kiriian S.V. Estimation of kinetic energy
losses in the crank mechanism

The crank mechanism, transforming the internal energy of the fuel into
the diesel engine mechanical energy, has been considered in this paper for the
purpose of estimation of the losses of mechanical energy on the kinetic ener-
gy of motion of the components of the crank mechanism when friction is
neglected.

The kinetic energy of the crank mechanism consists of the kinetic energy
of a piston, a connecting rod and a crank. Formulae for the estimation of the
kinetic energy of these three components have been derived, and it has been
analyzed that the energy of each crank mechanism component is proportional
to its mass and the squared product of the crank angular velocity and its radi-
us.

As formulae for the calculation of the kinetic energy of the crank mecha-
nism components contain the same term, the calculations have been carried
out using the devised formulae of the reduced kinetic energy of moving parts.

The dependence of the reduced kinetic energy on the crank angle has
been analyzed for the engines with different crank radius - rod ratios. To es-
timate the influence of the centre of mass of a connecting rod on its kinetic
energy, graphs of the reduced kinetic energy of the connecting rod at different
positions of its centre of mass have been plotted.

The calculations of the average reduced values of the kinetic energy for
the period at different values of crank radius - rod ratio have allowed for an
arbitrary internal combustion engine to estimate energy losses for the move-
ment of the crank mechanism and its components. It has been set that energy
losses in the crank mechanism and its components are almost independent of
the crank radius - rod ratio. The maximum specific energy consumption is
due to the movement of the connecting rod. It has been shown that at a given
mass of the connecting rod energy consumption for its movement decreases if
the centre of mass is shifted in the direction from the crank to the piston.

Significant reduction of energy losses for the movement of the crank
mechanism can be achieved when nanopowders are added to the conventional
powders with low density in the production of alloys characterized by high
strength and ductility.

Kozuyxuii C.B., llgey A.U., Kupusn C.B. OlieHKa MOTeph KUHETHYE-
CKOM SHEPTUH B KPUBOIIUITHO-IIIATYHHOM MEXaHH3Me

B cratbe paccMoTpeHa OIleHKa IMOTEPh MEXaHWYECKOH JSHEPTrUu Ha
KHHETUYECKYI) HHEPrHI0 JBWKCHUS COCTaBIISAIONIMX KPHUBOIIMITHO-
IIaTYHHOrO MexaHu3ma. [|Jis 3Toro npejyiokeHa (Gopmysia MpUBEICHHOMN
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KUHETHYECKOM SHEPIrUM JBIKYIIMXCS 4YacTed M IPOAHAIIM3UPOBAHA €€
3aBUCUMOCTb OT yIJla IIOBOPOTa KPUBOLIMIIA JUISl JIBUraTEIed ¢ pas3ind-
HBIM 3HAQYEHHUEM I1apaMeTpa MEXAaHU3Ma M IIOJOXKEHUS LIEHTPa MacChl
aTyHA.

Pacuersl cpenHuX NpUBENEHHBIX 3HAUEHUN KMHETUYECKOU SHEPTUU 32
HIEPUOJL MO3BOJIUIM JUISl IIPOU3BOIBHOIO ABUTATENsl BHYTPEHHErO Cropa-
HHUSI OLIEHUTH [IOTEPU SHEPIUM HA JIBUIKEHUE COCTABIISIIOLIMX KPUBOLLIUII-
HO-IIATYHHOI'0 MEXaHW3Ma W JUIsl BCErO0 KPUBOILIUITHO-IIATYHHOIO MeEXa-
HH3MA.

Y CTaHOBJIEHO, YTO MOTEPU SHEPTUH B KPUBOLIUITHO-IIATYHHOM MeXa-
HHU3ME U €r0 KOMIIOHEHTaX IIPAKTUYECKU HE 3aBHCST OT Ilapamerpa Mexa-
HU3Ma. MakcuMasbHBIH yIENbHBIA PacXoll YJHEPTHH OOYCIIOBIICH JIBHKE-
HHeM mmaTtyHa. Iloka3zaHo, 4TO mHpH 3aJaHHONM Macce IIATyHa 3aTPaThl
SHEPIrUU HA €ro JBM)KECHHUE YMEHBIIAKTCS, €CIU LEHTP MACC CMELICH B
HAIIPaBJICHUU OT KPUBOILHNIIA K TIOPILIHIO.

3HAYMTENBPHOE CHI)KEHUE MOTeph SHEPTUH Ha JBH)KEHHE COCTaBJISIO-
HIMX KPUBOLIMITHO-IIATYHHOTO MEXaHU3Ma MOXET ObITh JOCTUTHYTO MPH
3aMeHE MaTepHualia, U3 KOTOPOrO M3TOTOBIIEHBI COCTAaBIAIOLINE KPUBO-
LIUITHO-IIATYHHOI'O0 MEXaHW3Ma HA MaTE€pHaIbl C HU3KOM YJEIBHON IIOT-
HOCTBI0, IIOJIy4E€HHbIE METOJOM ITIOPOLIKOBOM METAJLIypruu.

[Manarin Onexcanap MukomnalioBuy

apalaginl 13@gmail.com

Hynaiicekuit [nctutyr HY «OMA»

Anotanisi. KoHTponp 3a 0anacTHOIO CHCTEMOIO Ha MOTPYKHHX
MOpChKUX cyaHax. CTaTTs MPUCBAYCHA MIJABUINECHHIO AKOCTI SKCILTyaTallii
TEXHIYHUX CHUCTEM CYyJeH MOTPYXKHOTO THUIY 32 paXyHOK BHKOPHUCTAHHS
HOBOi CHCTEMH YCYHEHHS HAJUIMIIKOBOTO IOBITPsS 3 0ajacTHUX TaHKIB
CyJiHa 1 3HIDKEHHS aBapiii, 110 MOB’s3aHi 3 JOAATKOBOI XUTABHUIICIO CY/I-
Ha.B poOoTi 3ampomoHOBaHi Ta MpoaHai30BaHI OCHOBHI HampsIMKH
BUpIIIEHHST TpoOIeMH MiIBUIIEHHS e()eKTHBHOCTI POOOTH MOTPY:KHUX
MOpPCBKHX cyjeH. lle BHKOHaHO NUIAXOM pO3POOKH HOBHX NPHHLUIIB
(YHKLIOHYBaHHA IX TEXHIYHMX CHCTeM, IO 3a0e3MedyloTh ICTOTHE
MiABHIIEHHS SIKOCTI iX eKcIutyarallii, MiABHUIYIOTh HAIIHHICTE iX poOOTH
HAa XBHJIIOBaHHI 1 CKOpOUYYIOTh TEpMiHM TPOBEICHHS BaHTAXKHO—
PO3BaHTKYBAJIBHUX OMEpalliii Ha XBHJIFOBAHHI 31 3HI)KECHHSIM TTOKa3HUKIB
ix aBapiifHOCTI.
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Karo4oBi cioBa: cyaHO MOTpy)KHOTO THIY, XMTaBHILA, KyT HEKOH-
TPOJILOBAHOTO KPEHY CyJHa, YAapHi CTpyMeHi, OaJacTHHI TaHK, apa3uT-
HUW TIOBITPSIHUI 00CSAT, HABAHTAXKEHHS HA KOPITYC CyJIHA.

Palagin O.

apalaginl 13(@gmail.com

Danube Institute of National University “OMA”

Summary. Control for ballast water system on submersible marine
vessels during cargo operation. The article is devoted to improve the qual-
ity of technical systems operation of the submersible type ships due to the
use of a new system for discharge excess air from ballast tanks of the ship
and reducing accidents, which are connected with the additional pitching
of the vessel. The main directions of the problem solution of submersible
marine vessels efficiency increasing are investigated and analyzed. This
was accomplished by developing new principles for the functioning of
their technical systems, which provide a significant increase in the quality
of their operation, increase the reliability of their work on sea swell and
shorten the timing of cargo load operations with a decrease of their acci-
dent rates. Theoretical studies of air cluster movement in a ballast tank are
made using the differential equations of isothermal two-dimensional mo-
tion, the equation of continuity and the moment of the gas phase. Experi-
mental research was carried out during the immersion and floating of the
semi-submersible type vessel "Target", Dockwise-Boskalis company in
conditions of a wide range of altitude of sea surface excitement. Due to
the introduction of the developed system, the level of uncontrolled vessel
pitching has been reduced from 2 to 1.5 degrees. The time of the tank
topping in comparison with the standard operation was reduced by 2%,
while the ship's control systems OCTOPUS and CARGOMASTER in
cooperation noted that the load on the ship's hull, as compared to the
standard ballasting operation, decreased by 3.4%, as confirmed by the
corresponding act

Key words: semi-submersible type vessels, pitching, angle of the un-
controlled vessel's pitching, shock jets, ballast tank, parasitic air volume,
load on the ship's hull, sea wave highness.
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Hanarnn Anexkcanap HukonaeBuq

apalaginl 13@gmail.com

Hynaiickuit uactutytr HY «OMA»

Annorauusi. KoHTpons 3a 0ayuiacTHOW CHUCTEMOH Ha TOTPYKHBIX
MOPCKHUX CyJlaX BO BpeMs I'py30BbIX omnepauuid. CTaTes MOCBAILIEHA MO-
BBIIIEHUIO Ka4eCTBa HKCIUTyaTallUd TEXHUYECKUX CHUCTEM CY/IOB MOTPYXK-
HOT'O THIIa 33 CYET KCIONb30BaHMS HOBOM CHCTEMBI YCTpaHEHHS H30bI-
TOYHOTO BO3JyXa M3 OaJUTAaCTHBIX TAaHKOB CYAHa W CHIDKEHHIO aBapHi,
CBSI3aHHBIX C JONOJHUTENBHON Kaukol cyaHa.B pabore mpemioxeHbl
MPOaHAIM3UPOBAHBI OCHOBHBIC HAIPaBJICHUS PElIeHUs MPOOJIEMBI MOBBI-
meHus: dPQPEKTUBHOCTH PAOOTHI MOTPYNKHBIX MOPCKHX CYIOB. DTO BBI-
MOJTHEHO MyTeM pa3pabOTKU HOBBIX MPHHIUIOB (DYHKIMOHUPOBAHUS HX
TEXHUYECKMX CHUCTEM, OOECIEeUMBAIONINX CYHIECTBEHHOE TIOBBIIICHUE
KayecTBa WX JKCIUTyaTalliH, MOBBIIIAIOIINX HAJISKHOCTh WX paboThl Ha
BOJIHEHMHM M COKpPAIAIOUINX CPOKH MPOBEAEHUS TPY30BBIX ONEepanuil Ha
BOJIHEHMM CO CHUKEHHMEM I10KA3aTENIEN UX aBAPUIHOCTH.

KuarodeBsble cjioBa: CyHO MOTPYKHOI0 TUIA, Kayka, yroil HEKOHTpPO-
JIUPYEMOT'0 KPeHa CyJIHa, YIapHbIe CTPYH, OaJIJIaCTHBIN TaHK, TAPa3UTHBIN
BO3AYIIHBIN 00BEM, Harpy3ka Ha KOpIycC Cy/AHa.

10.31653/smf343.2021.207-222

Hapmenosa /1.1, Iobepesicnuii P.B., Cnisax b.A. BnockoHaneHHs pooo-
TH CYAHOBOi CHCTEMH MWIiIrOTOBKM MalvBa 332 PaxyHOK BHKOPHUCTAHHS
nporiecy Horo rigpoMexaHiqHoi o0poOku

B crarTi onmcaHi roJoBHI XapaKTepUCTUKU 0araToyHKIiOHATBHUX
cyner miarpumku kinacy AHTS 1 mij yac 1eTaJbHOrO aHai3y BHSIBJICHUN
iX 3arajabHMI HEMOJIK — BIJCYTHICTH TEXHOJIOTIi IMITOTOBKU IMAJMBHOI
CyMillli U3eJbHOr0 MajbHOrO 3 JOMIIIKAaMH BOAM Ta BAXKHX (pakiliif
Ha(QTONPOIYKTIB.

[loka3aHa mepcneKTHBHICTh MOJIEPHi3allil CyAHOBOrO KOHTYpY MiAro-
TOBKH IMaJIMBAa 32 PaXyHOK YOT0 MOJINBE TIOMIMIIEHHS TPOLeCY 3rOpSHHS
NajaMBa B TOJIOBHOMY JBUTYHI CyJqHa. 3allpONOHOBAHE HOBE TEXHIYHE Pi-
LICHHS, SIKE JIO3BOJISE MiABHIIUTH €PEKTUBHICTH CYJHOBOI €HEpreTHIHOL
YCTaHOBKM OaraToQyHKIiOHaIBbHUX cyaeH miaTpumku kmacy AHTS. Ilo-
Ka3aHo, 110 BUKOPUCTAHHS 3alpONIOHOBAHOI TEXHOJIOTi J03BOJISIE MTOKpa-
IIMTH 3arajbHi XapaKTepPHCTHKH eKcIUTyaTamii CyJHOBOi €HepreTH4HOl
yCTaHOBKW. Ha 0CHOBI 0CTiI»KEHb BJOCKOHAJICHO AIMBHY CHCTEMY.
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JM3EJIBHE ITAJIMBO; JOMIIIKM BOJU TA BAXKUX ®PAK-
I HA®TOIIPOAYKTIB, POBOYE KOJIECO BIJLIEHTPOBOI'O
HACOCY; EKOHOMIA TTAJIMBA.

ABSTRACT

In the article were described main characteristics of multifunctional
AHTS class support vessels and during a detailed analysis revealed their
general drawback - the lack of technology for the preparation of diesel
fuel mixture with impurities of water and heavy fractions of petroleum
products.

The prospect of modernization of the ship's fuel preparation contour is
shown, thereby improving the combustion process in the main engine of
the vessel. A new technical solution is proposed to improve the efficiency
of the ship's energy installation of AHTS-class multifunctional vessels. It
was shown, that implementation of the proposed technology gives an
ability to improve main parameters during exploitation of the ship power
plant. The fuel system was improved on the base of the investigation.

DIESEL FUEL; IMPACTS OF WATER AND HEAVY
PETROLEUM PRODUCTS, WHEEL OF THE CENTRIFUGAL PUMP;
FUEL ECONOMY.

PE®EPAT

B crarbe omnucaHbl OCHOBHBIE XapaKTEPUCTUKA MHOTO(QYHKIIMOHAb-
HBIX CyZ0B nojyepxku kiacca AHTS u B xone neTanpHOro aHanusa 00-
HApy>KEH HX O6H.[I/If/i HEAOCTATOK — OTCYTCTBHUEC TCXHOJIOTMH ITOATOTOBKHU
TOIUIMBHON CMecH AU3CIIbHOI'0 TOINIMBA C NPUMECIMU BOJAbI U TSXKCIIBIX
¢dpakuuii HePTETPOALYKTOB.

INokazaHa MepCHIeKTUBHOCTh MOJEPHU3ALUHN CYIOBOTO KOHTYpa MOA-
TOTOBKU TOIUIMBA, 32 CUET Yero BO3MOXKHO YIIy4IIEHHE Mpolecca cropa-
HU TOIUIMBA B TJIaBHOM ABUIAaTECIIC Cy/IHA. HpeﬂnomeHo HOBO€ TCXHHNYC-
CKOE peIICHUE, MO3BOJISAIONIEE MOBBICHTH 3()()DEKTUBHOCTD CYJIOBOM IHEp-
TeTHYECKOW YCTAaHOBKM MHOTOQYHKIHMOHAJIBHBIX CYIOB TOAJEPKKH
kimacca AHTS. TlokazaHo, 4TO KCIIONB30BaHUE TPEIaraeMoil TEeXHOIO-
MU TIO3BOJIACT YJIIYUIINTH O6HH/I€ XapaKTCPUCTHUKU SKCILTyaTalluu SHEP-
TeTHYeCKOW yCTaHOBKM cynHa. Ha ocHOBe mccienoBaHWN yCcOBEPIIEHCT-
BOBaHa TOIUIMBHAS CUCTEMA.
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JAU3EJIBHOE TOIUIMBO; ITPUMECH BOJIbI M TAXKEJIbIX
OPAKIIMN HE®TEITPOAYKTOB, PABOUEE KOJIECO HEHTPO-
BEXXHOI'O HACOCA; SKOHOMUA TOIJIMBA.

10.31653/smf343.2021.223-233

Xniesa O. A., Ilackars O. A. BB npucyTHOCTI allOMiHIEBOTO BO-
JIOKHA Ha TEIUIONPOBIAHICTh MapadiHy Ta CTEapMHOBOI KUCIOTH SIK Ma-
TepianiB 3a (a30BHM MEPEXOOM JUIS TEPMOAKYMYIIIOBaJIbHUX CHCTEM

AOcTpakT

AXyMyIIOBaHHS TETJIOBOI €HEprii rpa€ BaKJIMBY POJIb B CHCTEMax 3
CYTTEBOIO HEPIBHOMIPHICTIO ii HAJIXOJKEHHSI Ta CIIOXKHBAaHHS (HAIPH-
KJIaJl, aKyMYJIFOBaHHSI TEIUIOTH BiJIIPAIlbOBAHUX Ta3iB CYJOBHX JBUTYHIB
Ta CIIOXKUBAHHS Ii€T TEIJIOTH B MEPioj] 3HAXOJKEHHS B MOPTY). 3aCTOCY-
BaHHS TEPMOAKyMYJIIOBAJIBHOTO Matepialy 3 (ha3oBUM IEpEX0a0M
(TAM®IT) ta nmigbip 106aBOK s MiABHIIEHHS HOTO TEIUIONPOBITHOCTI €
MEPCIIEKTUBHUM HAIMPSIMKOM 30UTBIIEHHSI €EKTUBHOCTI Ta HaAidHOCTI
TAKHUX CHCTEM.

O6’ekTaMu JOCTiKEHHS OynM TeXHIYHHWHA mapadiH Ta cTeaprHHOBa
KHCIOTa 3 100aBKaMH allfOMiHIEBOTO BOJIOKHA AiaMeTpoM 30 MKM.

BukoHnaHuiéi OMIsS)T KOHCTPYKINI Karcyad TEPMOAKyMYIISTOPIB 3
TAMO®II Ta po3risiHyTI criocobu iHTeHcudikanii TermmooOMiHy B HHX.
[IpoBeneno ekcriepuMeHTaIbHE BUMIPIOBAHHS TEILIOMPOBIAHOCTI TBEPAOT
(dasu mapadiHy Ta CTEapUHOBOI KHCIOTH, a Takok 3pa3kis TAMOII 3
BmicToMm 0,0285 ta 0,0242 Kr/Kr amoMiHi€EBOTO BOJOKHY y mapadii Ta
CTEapUHOBIM KHUCJIOTI, BIMOBIIHO.

Byio nokasane, 1o qoaBaHHs aTFOMIHIEBOTO BOJIOKA (B KIJIBKOCTI HE
oinbme 1 % 3a 06’eMom) sik 10 mapadiny, Tak i 10 CTEapHHOBOI KUCIOTH
MPHU3BOAUTE JI0 CYTTEBOTO 30UIBIIEHHS TEIUIONPOBIJHOCTI: MPUOIU3HO HA
78 % Tta 80 % mis TAM®II Ha ocHOBI nmapadiHy Ta CTeapuHOBOI KHCIIO-
TH, BIJIIOBITHO.

[TinTBEepKEHO TOUUIBHICTH 3aCTOCYBAHHS ATIOMIHIEBOTO BOJIOKHA SIK
no6asku 10 TAM®II napadin s migBUIIEHHS epEKTUBHOCTI TEPMO-
aKyMyJSTOpiB 0e3 iX icToTHOro yaopoxxkyanss. [IpucyTHicTh anoMiHieBO-
r'O BOJIOKHA B CTEAPHHOBIM KHCIOTI He 3a0e3meuye XiMiuHy CTaOlIbHICTD
kommozuTHoro TAM®II, ToMy BiH HE peKOMEHIOBaHHUN sl MPAKTUYHO-
T'0 3aCTOCYBaHHS 0e3 JOAATKOBHX JIOCITIKECHb.
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KimtodoBi cioBa: TepMoakyMyTiOBaIbHUIN MaTepian 3 (a3oBUM mepe-
xozmoM, mapadiH, CTeapHHOBa KHCJIOTa, allOMiHI€EBE BOJOKHO, TeILIO-
MPOBIIHICTb.

Effect of the aluminum wool on the thermal conductivity of paraf-
fin wax and stearic acid as phase change materials for thermal energy
storage systems

Khliyeva Olga, Paskal Aleksey

Thermal energy storage plays an important role in systems with sig-
nificant irregularity of its inflow and consumption (for example, accumu-
lation of heat of exhaust gases of ship engines and consumption of this
heat during the being in the port). The use of thermal energy storage mate-
rial with a phase change (TSMPC) and the selection of additives to in-
crease its thermal conductivity is a promising way to increase the efficien-
cy and reliability of such systems.

The objects of study were pure paraffin wax and stearic acid contain-
ing the aluminum wool of 30 pm in diameter.

A design of capsules of thermal energy storage systems with TSMPC
and methods of heat transfer enhancement in them has been reviewed. The
thermal conductivity of the solid phase of paraffin wax and stearic acid, as
well as samples of TSMPC containing 0.0285 and 0.0242 kg/kg of alumi-
num wool in paraffin wax and stearic acid, respectively, has been meas-
ured.

It was shown that the addition of aluminum wool (not more than 1 %
by volume) to both paraffin wax and stearic acid contributes to a signifi-
cant increase in thermal conductivity: approximately 78 % and 80 % for
paraffin wax and stearic acid based TSMPCs, correspondently.

The expediency of using aluminum wool as an additive to TSMPC of
the paraffin wax to increase the efficiency of the thermal energy storage
devices without significantly raising their price was confirmed. The pres-
ence of aluminum wool in stearic acid does not provide chemical stability
of composite TSMPC, thus it is not recommended for practical use with-
out further studying.

Keywords: phase change material for thermal energy storage, paraffin
wax, stearic acid, aluminum wool, thermal conductivity

XmnieBa Onbra fkiBHa
JIOKTOp TEXHIUYHMX HayK, Ipodecop
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Hixonvcoxkuu B.B., Ooxcenxo € .M., Hixkonvcoxuii M.B., Kosanw M. A., €s-
cees M.J]. OuiHka MOXIUBOCTEH BHUKOPUCTAaHHS «IU(PPOBOI PIAMHN» B
CYJTHOBHX JIU3CIISX.

B po6oTi aprymeHTOBaHO NOBEAEHO HEOOXIiAHICTH MOAEpHi3amii ic-
HYIOUOIO ENIEKTPO-TiIpaBIiuHOi CHCTEMH KEpyBaHHSA IOAayel0 NauBa
CYJTHOBOT'O MaJIoOOEPTOBOIO JIBUTyHA. SIK BapiaHT, 3allpOIIOHOBAHO 3aMi-
uutH FIVA-knananm Ha «u¢poBi», M0 JO3BOINUTH JOTPUMYIOYHCH BCIX
TeXHIYHHUX BHMOT, MIABUIIUTH IPale3JaTHICTh CHCTEMH YIpaBiiHHA. B
SKOCTI  «IM(PPOBUX» KjamaHiB OyJ0 BHKOPUCTAHO KJalmaHu 3
I1’€30€JIEKTPUYHNM TPHUBOIOM, IO J03BOJSAE 3a0e3MeUnTH HEOOXiTHY
MIBUIKOAII0. MaTeMaTHuHy MOJAEIb AJIs JOCHIIKEHHS OYyJIO CTBOPEHO y
MIPOrpaMHOMY CEpPEIOBHIIN iMiTamiiHOro moaemoBanus SimInTech Bix
TOB «3C-Cepsic». B npoBeneHoMy H0CTiIKEHHI BIepIiie 3apOIoHOBa-
HO BHUKOPHCTaHHS HOBOI'O CIIOCOOY YITPABIIIHHS NMaJIMBHUM HACOCOM BH-
COKOr'0 THCKY CYIHOBOI'O IM3ENs, Ta OTpPUMaJia MOAAJBIINNA PO3BHTOK
iMiTaIliiiHa MOZIeNb PUBOAY «IH(ppoBoro» kiamnaHa. [IpoBeneHe Ha Mo-
TSIl TOCHTIKEHHS JIOBEJIO MOMJIMBICTH BUKOPUCTAHHS 3alpOIOHOBAHOT
TEXHOJIOT11.

KmiouoBi caoBa: DFCU; Fiva-valve; SimInTech; MO/I; ITHBT;
Hacoc 0e3nmocepenHboi il

10.31653/smf343.2021.234-247
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Huxonocxuii B.B., Oxcenko E.M., Huxonvckuit M.B., Kosanv M. A., Eécees
M.J[. Ouenka BO3MOXKHOCTH HCIIONB30BAHUSL «IIH(PPOBOH KUIKOCTH» B
CYJIOBBIX JTU3EIISX.

B pabore apryMeHTUpOBAaHO IMOKa3aHAa HEOOXOJIUMOCTh MOJICPHU-
3allMM CYIIECTBYIOIICH SJICKTPOTHAPABIMYCCKON CHCTEMbI YIIPABJICHUS
MoJIaY¥ TOILIMBA CYJOBOr0 MajlooOOpOTHOro jaBuratens. Kak BapuaHt,
MpeUIokeHo 3aMeHuTh FIVA-kimamana Ha «u(poBbIe», YTO IMO3BOJIUT,
BBITOJIHUB BCE TEXHHUYECKHUE TPEOOBAHMS, IMOBLICUTE PAOOTOCIIOCOOHOCTE
CUCTEMBbI yIipaBiieHus. B kadecTBe «IIU(POBBIX» KJIAMaHOB OBLIM HCITOJb-
30BaHbI KJIallaHa ¢ MbE303JIEKTPUISCKUM MTPUBOIOM, YTO MO3BOJIIET 00ec-
MEYUTh HEOoO0XOAMMOe ObIcTpojciicTBre. MaTeMaTtudeckas MOACHb st
WCCIIe/IOBaHMs ObUIa CO37]aHa B IMPOTPAMMHOM Cpele HUMHUTAIIMOHHOIO
monemupoBanus SimInTech or OOO «3C-CepBucy. B npoBeiaeHHOM HC-
CJIGIOBAHMM BIIEPBBIC TPEUIOKEHO UCIOIB30BAHHE HOBOIO Crocoda
YIPaBJICHUS TOILUIMBHBIM HACOCOM BBICOKOT'O JABJICHUS CYJOBOTO JIU3EISA
Y TOJy4Ywsia JajbHEHIIee pa3BUTHE HMMHTAIMOHHAS MOJIENIb IMPUBOJA
«uudpoBoroy» kinanana. [IpoBeeHHOE HA MOJIEN UCCIIEOBAaHUE JJ0Ka3a-
JIO BO3MOXKHOCTb UCIIOJIb30BaHUS MPEIIOKCHHON TEXHOIOTHH.

KmioueBble cioBa: DFCU; Fiva-valve; SimInTech; MOJI; THB/I;
HACOC HEMOCPEICTBEHHOIO AEHCTBHUS.

Vitalii Nikolskyi, Yevgen Ozhenko, Mark Nikolskyi, Mykhailo Koval,
Maksym Yevsieiev

The necessity of low-speed engine fuel injection electro-hydraulic
control system modernization is proved in the work. As an option, it is
proposed to replace FIVA-valves with "digital" valve, which will comply
with all technical requirements, increase the efficiency of the control sys-
tem. Piezoelectric valves have been used as "digital" valves to provide the
required speed. The mathematical model for the research was created in
the SimInTech simulation software from 3C-Service LLC. The study pro-
posed for the first time the use of a new method of controlling the high
pressure fuel pump of marine diesel, and further developed a simulation
model of the drive "digital" valve. The study conducted on the model
proved the possibility of using the proposed technology.
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NPABUJIA O®POPMJIEHHSA 1 HOAAHHS PYKOIINCIB JJIA
3BIPHUKA «CYAHOBI EHEPTETHUYHI YCTAHOBKW»

HaykoBo-TexHiunmii 30ipHUK HalliOHATBHOTO yHiBepcuTeTy «Oechka
Mopcbka akaneMis» «CyqHOBI €HepreTHYHi YCTAaHOBKHM» € HAyKOBHM BH-
JaHHSAM, B SIKOMY MOXYTh MyOJIiKyBaTHCh OCHOBHI pe3ylbTaTd IUcepTa-
HifHUX poOIT 3 TPO]IIIO CYIHOBOT EHEPTETHUKH.

CraTTsa MOBMHHA BiINOBIAAaTH MpaBuUiaM OQOPMIICHHS HAYKOBUX CTa-
Tel 1 MICTHTH TOCTaHOBKY IIPOOJIEMH B 3arajJbHOMY BUTJISL Ta 1i 3B'I30K
3 BXXIIMBUMH HayKOBUMH a00 NMPaKTUYHUMH 3aBJaHHSMHU, aHaJli3 OCTaH-
HIX JOCII/DKEHb 1 MyOJiikamiid 3a TEMO CTaTTi, OPMYITFOBAHHS I[iIeH
crarTi (IIOCTaHOBKY 3aBAaHHS), BHKJIAJ OCHOBHOI'O Martepianmy 3 HeoO-
XiTHUMH OOTPYHTYBaHHSMH, BUCHOBKH Ta TEPCIIEKTHBH MOAAIBIIUX JI0-
CITi/IKEHb.

Pykomnuc nogaerses Ha eIEKTPOHHOMY HOcil y opmati *.doc 3 marme-
POBOIO KOIIi€I0 1 pedpepaTaMu Ha YKPATHCHKIM, POCIMCHKIl Ta aHTTIHCHKIN
MOBax, po3MipoM He Ounbiie 2 MB, mifnucanow BciMa aBTOpamMH, 3 KOH-
TakTHOIO iH(popmarieto: anpecu, Teneponn. OOcAr crarTi— 10
0,5 aBTOPCHKOrO apKyllla 3 ypaxyBaHHSM LUTIOCTpaIlii, MiIMaTFOHKOBHX
MiJANKCIB 1 pedepaty.

®opmat manepy AS (148x210) Yei noms — 16 mm. Tekcer - gepes 1
inTepBan, Times New Roman, 11 nt; TaGmuil, 3aroJioBKyd TaOJIUIh, Mija-
MAaJIOHKOBI migmucu — 10 mr.

Ha nepruiii cropiHii pykonucy noBUHHI OyTH BKa3aHi HACTYIHI elle-
MeHTH: iHAekc Y/IK; ®IO aBropiB; HaliMeHyBaHHS 3aKiiany, B SKOMY
BHKOHYBaJIacsi po00Ta; Ha3Ba CTATTI, aJipeca eIEKTPOHHOI MOIITH aBTOPIB.
3aroyioBok cTaTTi OGOPMIISITH 3a CTHJIEM 3aroiioBok 1, kernb 11 nT, Oe3
MepeHocy, yci MpONKCHi, iHTepBai: mepes — 8 0T, miciast — 2 1T.

Hanpukinni pykonucy HaBoguTbesi pedepaT Ha TpbOX MOBax —
YKpaiHCBKii, pociiicbKiid, aHriiChKil, mo mictuth IO aBTOpIB, Ha3BY
CTaTTi, CKOPOYCHHM 3MICT Ta KIFOUOBI CJIOBA.

SIKIIo pyKOIUC HE € TMOBHICTIO aHTJIOMOBHUM, BiH CYNPOBO/DKYETHCS
AHOTAIIE€I0 HA aHTJIHCEKIA MOB1 00csarom He MeHine 1800 3HaKiB, BKIIIO-
Yaroud KJIIOYOBi CIOBA.

3MmiHHi, QyHKLii, BEKTOpH, MaTpULi 1 T.I. 0QOPMIISIOTHCS JTaTHHCH-
KM pUPTOM. 3MiHHI BUKOHYIOTHCS TOXHJIMM MIPUPTOM, BEKTOpH —
HaMIBXUPHUM, O3 Haxuily; TpelbKi CHMBOIM — Y BCIX BHUMaaKax 0e3
HaxwWiy; IHICKCH: JaTHHCbKI — 3 HAXWJIOM, KUPHINYHI — O€3 HaxXmuiy.
Posmipu B Mathtype: ocHoBamii — 11 nr, 30insmennii — 16,5 nt, iHgexc
— 7 1T, cyOiHgekc — 6 nT. Y BCiX BHNaAKax po3MiTka (GopMmyn y Komii
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pykomucy 060B's13k0Ba. HyMepyroTbest TUTBKH Ti GOPMYITH, Ha SIKi € TIOCH-
JIaHHS B TekcTi. DOpMyNid BiIJIUISIOTHCS BiJ TEKCTY PSAKAMH BHCOTOIO
2 nt. Yci ¢popmynu moBuHHI Oyt HabOpaHi B Mathtype. Oquaunni ¢izny-
HUX BeiauumH moBuHHI BigmoBigatu JACTY 3651.0-97, ACTY 3651.1-97,
JACTY 3651.2-97 "Mertponoris. Oauauni ¢i3uuHUX BeTHYUH" 1 MaTH
3aralbHONPUITHATI TO3HAYCHHS.

Tabnuui ciij po3TaoByBaTH Ha OAHINH CTOPIHII KpiM BHUMAJKIB, KO-
s Tabuis 3aiimae Outbine 1 cropinku. 3aronoBok — 10 nT, 6e3 nepeHo-
Cy, iHTEpBal mepes — & IT, michs — 2 MT, OCHOBHUM IIPUQPT TadamI —
10 nT. MaJroHKH BiJAUIAIOTECS BiJl TEKCTY 3BEPXY IHTEpBAIOM § NT, Bif
Ha3Bu — 2 nT. Ha3a manronka — keryib 10 T, 6e3 nepeHocy, iHTepBal
micins — 8 . Ha Bci Tabmuili 1 MajarOHKK MOBUHHI OyTH TIOCHJIAHHS B
TEKCTI CTAaTTi y CKOPOUYCHOMY BUTIISAI (TalII.).

LmtocTparii, siki miaroToieHi B rpadiyHUX peaakTopax, JOAAIOTHCS B
SAKOCTi OKpeMuXx (aiitiB y BuximHoMy ¢opmati. Po3mip HanmciB moBuHEH
3a0e3neuyBaTH ixHIO unTaHicTh (8-10 mr). s ckaHOBaHMX MaJIOHKIB
JIOJIAEThCS OPUTIHAN Yy TYIIII Ha OUTOMY Marepi oCTaTHhOI IiIbHOCTI. Ha
3BOPOTi BKa3yEThCS HOMEP 1 MPUHAIEKHICTD A0 CTATTI.

Biomiorpadiyni onucy MOBHUHHI BIANOBIAATH JAit0ouyuM BUMoram. Ilo-
CHJIaHHA Ha JIiTepaTypHi JuKepena y TeKCTi 0 OpMITIOIOTHCS Y KBaJpaTHHUX
Iy’)KKax 3 BKazaHHSIM HOMepa JpKepena.

KonrtakTtHa iHdopmaris - e-mail: ivanovichlzh@gmail.com
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