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DETERMINATION OF THE ANGLES OF OPENING AND CLOSING GAS VALVES WHEN ORGANIZING
INTERNAL MIXTURE FORMATION IN SHIP LOW-SPEED GAS-DIESEL ENGINES

E.V. Belousov, 1.V. Gritsuk, V.S. Verbovsky

Increasing requirements for environmental indicators led to an intensification of research in the field of creating major ma-
rine engines capable of using as main gas fuel. Internal mixture formation in ship low-speed engines operating on the gas-diesel
cycle can be realized at various parts of the process of air-charge compression, as a result of which the schemes of the gas-fuel
supply systems can differ significantly. The duration of the compression of the gas-air mixture greatly influences the occurrence
of detonation processes in the cylinder; therefore, the choice of the optimum moment for the supply of gas fuel is an important
aspect when choosing the operating parameters of the gas supply system. The time at which the gas enters and the duration of its
supply determine to a large extent the pressure in front of the gas valves, which, under given conditions, must ensure that a prede-
termined amount of gas fuel enters the working cylinder within a given time interval. The above study is devoted to determining
the nature of the change in the angles of opening and closing gas valves at various pressures in front of them, taking into account
the fact that the process of gas-fuel outflow under conditions of varying counterpressure is of a variable nature.

BU3HAYEHHS KYTIB BIAKPUTTSA I 3SAKPUTTS T'A30BUAX KJIAMIAHIB ITPA OPTAHI3ALILT
BHYTPIINIHBOI'O CYMIIIOYTBOPEHHS Y CYJHOBUX MAJTIOOBOPOTHUX I'A3O0IU3EJIbHUX
JABUI'YHAX

€.B. binoycos, 1.B. I'puuyyk, B.C. Bepooscovkuii

3pOCTaHHsI BUMOT JI0 €KOJIOTIYHUX ITOKA3HHKIB MPHU3BEIH 10 iHTeHCU}IKAIil JOCI/KEHb B 00JacTi CTBOPEHHS TOJOBHUX
CYZHOBUX JBHUTYHIB 3JaTHHX BHKOPHCTOBYBATH B SIKOCTI OCHOBHOTI'O Ta30Bi IajnBa. BHyTpIlIHE CyMilIOyTBOPEHHS B CYyTHOBHX
MaJ000OpOTHHX ABUTYHAX, IIO MPAIOIOTh MO Ia30M3eIbHOMY UKy, MOKe OyTH peali3oBaHO Ha Pi3HHX AUISHKAX MPOLECY
CTHUCHEHHS HOBITPSIHOTO 3apsily, B Pe3yJIbTaTi 4Or0 CXeMH CHCTEM IT0Jadi ra30BOT0 IalnuBa MOXYTh 3HAUHO BixpizHATHCS. TpH-
BaJIICTh CTUCHEHHS Ta30-MOBITPSHOI CyMiIlli B 3Ha4HIl Mipi BIUIMBa€ HA BUHUKHEHHS JICTOHAIIIMHUX MIPOIIECiB B POOOUOMY LIHITi-
HZpi, TOMy BHOIp ONTUMaIbHOTO MOMEHTY HOZadi Ta30BOTO MAJHBA € BAXIMBUM ACHEKTOM NPH BHOOPI poOOYHMX mapaMeTpiB
CHCTEMH To/avi ray. MOMEHT MMOoYaTKy HaJXOKEHHS ra3y i TPHBANICTh HOTO IMOjAavi B 3HAYHIA Mipi BU3HAYAIOTh THCK HEpen
ra30BHMH KJIAITAHAMH, SIKE MIPU 33JaHUX YMOBAX Ma€ 3a0e3MeUnTH HAIXODKEHHS B pOOOYHI MIIIHIAD 3aaH0] KiMBKOCTI ra30B0-
TO TanuBa 3a 3aJaHuil MPOMDKOK yacy. HaBeneHe nocimimpkeHHs HPHCBSYCHE BU3HAYCHHIO XapaKTepy 3MiHM KYTiB BiIIKPUTTS i
3aKPUTTS T'a30BHUX KJIANaHIB NPH Pi3HUX THUCKAX Iepe] HUMH 3 ypaxyBaHHSIM TOTO, IO IPOLEC BUTIKAHHS Ia30BOTrO ITalUBa B
YMOBaX MiHJIMBOTO POTHTUCKY HOCHTH 3MIHHHH Xapakrep.
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EVAPORATION OF BINARY ETHANOL-BUTANOL MIXTURE DROPLETS

This paper presents the results of theoretical and experimental studies of individual droplets evaporation of etha-
nol(E), butanol(B) and their mixture at 60% ethanol on mass (60%E+40%B) in the heated air environment in the
temperature range of 350+700K and atmospheric pressure. The appearance of effective technologies for the synthesis
of renewable fuels from biomass opens the new possibilities for the use of these alcohols as alternative fuels. In prac-
tice, alternative fuels are used as components for mixture with fossil fuels. One of the main problems of attempting to
increase part of biofuel additions into mixture with transport fuels lies in difference of biofuels thermophysical prop-
erties and ones for fossil fuels. These features substantially influence on processes of drop formation and evapora-
tion, ignition and combustion of the modified air — fuel mixture in a combustion chamber. The fuel drops evaporation
as the initial stage of combustion in the engine chamber determines efficiency of all other processes. Therefore, the
studies of biofuel drop evaporation and ones for their mixtures are relevant.

Theoretical modelling of drops vaporization process of these liquid biofuels mixture has been conducted by the using
discreet-component approach with the system of thermo- and masstransfer equations for each component of the mix-
ture. So, this system is including (i+1) equations. For evaporation kinetics experimental study the suspended drop’s
method was used. There are the received dependences of the droplet current diameter and temperature on time which
demonstrate the availability of the staging of the mixture evaporation. On the first stage ethanol as the liquid with
lower boiling temperature evaporates more intensively. After that there is only butanol at the droplet as the liquid
with higher boiling temperature. The second stage is the stationary vaporization of the leftover component of the mix-
ture. The analysis of dependence dz(t) allowed to estimate duration of droplets evaporation both for single-

component biofuels and for their mixture. The experimental values of evaporation duration correlates with calcula-

tions data.

As is known, one of the generally accepted ways to the segment of motor fuels, (E) - ethanol (CoHsOH) is
reduce the negative impact of anthropogenic factor on traditionally used [2]. At the same time, with the advent
the environment is the gradual replacement of fossil and improvement of new effective technologies for the
fuels with their renewable analogues [1]. As the last, in synthesis of renewable fuels on the basis of biocom-
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pound, other homologues of a number of monatomic
saturated alcohols, such as (B) butanol (CsHsOH) and its
isomers [3], are becoming increasingly common and
have a number of advantages over (E). But, as in the
case of using (E), one of the main problems in an at-
tempt to increase the share of biofuels in a mixture with
motor fuels is the presence of a significant difference in
the thermophysical properties of biofuel additives and
mineral fuels, which must affect the characteristic time
of droplets evaporation, formation, inflammation and
combustion of the modified fuel-air mixture in the com-
bustion chamber. Taking into account that the efficiency
of fuel combustion in the engine chamber depends large-
ly on how evaporation occurs at the initial stage, includ-
ing its relatively large droplets, the study of droplet
evaporation of biofuels and their binary fuel mix is defi-
nitely relevant.

Theoretical studies of liquid fuel mixture evapo-
ration process in a heated air environment were carried
out using a discrete - component approach [4], accord-
ing to which a system of equations of mass - heat ex-
change of a fuel droplet was laid:

m =nd-Sh-p, -&,D (L+B,,); 1)
dT, S, 1_.
¢—t=ofT,-T )L -—>mL

plldt a(oo |)VI V,Zi: i (2)

where the indices i belong to the i-th components of the
mixture,
g,l - to the gas and liquid phases respectively;

h; - steam flow;

d - current diameter of the drop;
S, - current surface area of the drop;

V, - current volume of the drop;

T, - current temperature of the drop;

D, - coefficient of diffusion of fuel vapor in air;
p,, - air density;

L; - specific heat of evaporation;

€; - Share of components in a mass flow;
Sh - Sherwood number;

T, - temperature of the ambient gas;

o - heat transfer number;

¢, - thermal capacity of the mixture;

By i - Spalding number for mass transfer:

BM,i = —X Xg’;(s
1i g.i,s
The vapor mass fraction of the i-th component near
the droplet surface X, ; . is determined in accordance with

the Raoul law, which relates the composition of liquid mix-
ture and vapors at its surface:

MP,
. MIP(x:
where M, - the average molar mass of a liquids mix-

ture in a drop. The saturated vapor pressure near the
droplet surface is determined by the Clapeyron-
Clausius law:

ol (22
b,i d

where P, — atmospheric pressure (1 atm),

Xgis =X

T, — boiling temperature,
T, — droplet temperature,

L — evaporation specific heat.

In the presence of a gas, flowing on a droplet, it is
necessary to take into account the mass transfer due to
convection. This is possible with the help of an effec-
tive Sherwood number, which makes it possible to take
into account the speed of relative motion of the drop
and air:

Shy, -2
Sh,, =2+—2—

M ,i

where F,, ; —correction factor:

pr In (1B+ Bu.)

FM,i = (l+ By i

M.
and Sh,; — Sherwood number in the absence of evapo-
ration:

Shy; =2+0,6Re"? sc’®

Then equation (1) will be:

%:mpgsmx,,i D, In(1+B,;) ®)

Similarly, the convective heat transfer between the
liquid and gas phases is taken into account. So, the heat
transfer coefficient from the surface of the drop is equal to:
NuA
o= ,
d

where A — the coefficient of thermal conductivity of

the surrounding gas, a Nu” — modified Nusselt criteria:
Nu* = NUIM .

where B; — Spalding heat transfer number:

Cp(Tw _Td)
B =——7—.
L
In turn,
Nu, = 2.+ o =2

.
is analogous to Sh,;;
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F =8, —'”(1B+TBT)

— correction factor, which is also analogous to F; .

The Nusselt criteria is defined in the same way while
evaporation is absent:

Nu, =2+0,6Re"? Pr'3,

In addition, in the heat transfer equation, the liquid
mixture specific evaporation heat, which depends on
the composition by the additive law, is used:

L:ZX” L

The equation system of (2) and (3) is nonlinear
relatively to the solutions of the equations: the droplet
temperature and the mixture components mass frac-
tions, since the thermophysical parameters of the mix-
ture depend on the whole. Because of this, droplet
evaporation dynamics were carried out numerically
using the finite difference method, taking into account
the following initial conditions:

t=0,R, =1mm,T, =295K, X ; =0.

The droplet relative velocity was assumed to be
equal to 0.1 m/s. It should be noted that in the bounda-
ry case, when the concentrations of all components are
equal to zero, except the one whose concentration is
specifically being varied, the model gives an oppor-
tunity to get a picture of the evaporation of one-
component fuel.

Within the framework of this model, the calculat-
ed dependences of the droplet current diameter square

d2 (t) of a binary biofuel mixture with a mass fraction
(E) - 60% against the time, were normalized to the: (i)
squared droplet initial diameter dZ, for the air temper-

ature range 440 - 675 K (see Fig.1a), and (ii) depend-
ence of the droplet temperature on time (see Fig.1.b).
Futher on, similar calculations for a binary mixture
with a mass fraction (E) - 60% and with a mass frac-
tion of propanol (P) - 40% were carried out (Fig.2).
The analysis of the data presented in Fig.la and
Fig.2a showed that the evaporation Kinetics of the binary
mixture droplet is basically consistent with the Sreznev-
sky law, except for the short-term nonlinear dependence

dz(t) regions observed for the whole temperature range
considered, and this non-linearity was expressed the more
strongly, the higher the ambient temperature. The reason
for this dependence d 2(t) behavior becomes clear by
comparing it with the results of modeling the dynamics of
temperature changes of the same droplet during evapora-
tion, — see Figs.1b and 2b.
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Fig.1. Evaporation kinetics of binary biofuel mixture
droplets E 60% + B 40%
(1) —440K, (2)- 500K, (3)— 605K, (4)— 675K.
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Fig.2. Evaporation kinetics of binary biofuel mixture
droplets E 60% + P 40%
(1) — 440K, (2)— 500K, (3) - 605K, (4) — 675K.
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The presence of a nonlinear region d*(t) while

t/dZ <2s/mm? can be explained by the drop heating

process, and as a consequence, its thermal expansion at
the beginning of evaporation. The moment of appearance

of another non-linear region d?(t), characterized by the

phenomena of subsequent droplet evaporation corre-
sponds to the moment of a sharp increase in the droplet
temperature. All this suggests the existence of a staged
mechanism of evaporation of a studied biofuels binary
mixture, according to which, at the initial stage, the evap-
oration rate of the more volatile component - (E) substan-
tially exceeds the rate of evaporation of the less volatile
component (B) of the binary mixture. And this will contin-
ue until the first component (E) of the fuel mixture evapo-
rates almost completely at a temperature close to its boiling

point T,F =351K . During the next stage, the drop will

evaporate already as one-component, passing along all the
stages consistently, including the stage of rapid heating to

temperatures close to the temperature T, = 390K , and the

gradual evaporation according to the linear law.

It should be noted that for the mixture E60% + P40%
there is no second non-linear region (see Fig. 2a), although
the reheating of the drop after evaporation (E) is present (2b).
This is explained by the lower difference in the boiling tem-
peratures of the components of this mixture, and, as a result,
by a smaller re-heating of the droplet after evaporation of E
(approximately 25 K for a drop E60% + P40%, while a drop
of E60% + B40% warms up to 50-80 K).

Experimental studies of single-component biofuel
droplets evaporation kinetics (E), (P) and (B), as well as
binary mixtures E60% + B40% in heated air in the
temperature range 350 + 700K and atmospheric pressure
were performed to check the correspondence of the
obtained results to the actual course of events. The
research was carried out using a suspended drop method
- a drop of fuel was placed on a mobile P-shaped metal
wire harness with a junction diameter of 600 um. After
that during ~ 0,2 it was placed into a heated air
environment. The current fuel droplet size was
determined by video capture at a frequency of 5 fps
using author's software development for capturing and
processing the image. The experimental data obtained
for one of the environment temperature T =500K is

shown in Fig.3 in comparison with the corresponding
theoretical dependencies.
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Fig. 3. Comparison of experimental data - (1) with
the calculation results of the evaporation kinetics
of single-component fuels (E) and (B) and their
binary mixture E60% + B40% - (2) at ambient
temperature T, =500K .

Dependency analysis of the studied fuels allowed
us to estimate the magnitude of the evaporation rate of
droplets as single-component fuels and their binary
mixture. As can be seen from Fig. 2, the values of the
evaporating constants obtained by experimental research
are sufficiently consistent with the model calculations,
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and the absence of the features (nonlinear areas d?(t))

of the evaporation process of the binary mixture droplet
in the experiment can be explained by the thermal
influences of the suspension, which was not taken into
account in the model. Certain confirmation of the
existence of the revealed features of the fuel mixture
droplet evaporation process can be found in [5], which
presents the results of experimental studies of
evaporation Kinetics and the measurement of the binary
mixture of ethanol and acetone with water droplets
temperature. Namely, the qualitative behavior of the

S. A.Miersand S. McConnell // Journal of Engineering for
Gas Turbines and Power. — 2007. — V.131, no.3. — P. 129 —
139. 4. Zhang L. Vaporization modeling of petrolium-biofuel
drops using a hybrid multi-component approach / L. Zhang,
S-Ch. Kong. // Combustion and Flame. — 2010. — Vol. I157. —
P. 2165-2174. 5. Tepexoe B.U. Tennomaccoobmen npu
ucnaperuu kanenv OuHapuwvix pacmeopoe / B.U. Tepexos,
HE. Hlwwukun // Hcnapenue, kondencayus: co. mpyoos V
Poccuiickoti nayuonanvHol KOHGepenyuu no meniooOMeHy.
- M., 2010. -T.4. — C.302 — 305.
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droplet temperature in the evaporation of water solutions
with a significant (> 65-72%) content of ethanol or
acetone, and the temperature of biofuel binary mixture
droplet, presented in Fig.1.b, coincides.
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NCHAPEHUE KAIIEJIb JBYXKOMIIOHEHTHON CMECH 3TAHOJIA M BYTAHOJIA
A.K. Koneiixa, 10.A. Onugupenko, B.B. Kanunuax, /].C. /lapaxos, T.A. @yoynei, JI. Pacnasuuyc

TIpencraBieHsl pe3yabTaThl TEOPETUIECKAX U IKCIEPUMEHTANBHBIX HCCIISIOBAaHNI HCTIapeHNsT OAMHOYHBIX Kallellb STaHOa
(E), 6yranona (B) u ux cmecu ¢ MaccoBoit fnosneit stanona 60% (60%E+40%B) B HarpeToii BO3AYNIHOH cpesie B JHAIa30HE TEM-
nepatyp 350-700K u npu armochepHoMm narnenuu. [losBnenne 3(h(HEKTHBHBIX TEXHOJIOTUM MOJYYCHUST BO30OOHOBISIEMBIX TOTI-
JIMB U3 OMOMACCHI JJaJI0 BO3MOXKHOCTD UCTIOIB30BAHMS STHX CIHMPTOB KaK ajJbTepHATHBHBIX roprounx. Ha mpakTHke OHH HCTIOJb-
3YIOTCS KaK IPHUMECH K TOIUIMBaM, IoJydaeMbIM 13 Hedti. OJjHa U3 INIaBHBIX MPOOJIEM NPH YBEHMUYSHUH T0JIH JOOaBOK OHOTOI-
JIMB K TOIUTUBHBIM CMECSIM, UCTIOIB3YIOIIMMCS B TPAHCHIOPTE, 3aKIIIOUACTCS B OTIIMYHMHY TEIIIO(QHU3NIECKUX CBOMCTB OMOTOILUIMB OT
CBOICTB MUHEPANBHBIX TOIUIMB. DTH Pa3INuus 3HAUNTENHHO BIUSIOT Ha MPOLECCH 00pa30BaHMs M UCIApEHNs Kamelb, BOCIIIA-
MEHEHHE U TOpPEeHHe MOANU(PHIIMPOBAHHON BO3JYIIHO-TOIUIMBHOW CMecH B KaMepe cropanus. Mcmapenue karmens TOINIHMBA, Kak
HavajJbHas CTaJWs TOPCHUS B KaMepe CropaHus, ompenensieT (G(eKTHBHOCTh BceX OCTANBHBIX IporeccoB. [losTomy Hemao-
Ba)KHO M3y4YeHHE HCIapeHHs Karellb OMOTOIUINB U UX CMeceil.

Teopernyeckoe MOACTUPOBAHUE TPOIECCa MCTIAPEHNs Kallellb YKa3aHHOW BbIIe OHOTOIUIMBHOM CMECH IPOBOAMIOCH C UC-
TOJIb30BaHUEM HPHOIIIKSHUSI OTJCIbHBIX COCTABIISIONIMX HA OCHOBE YpaBHEHHH TeruioMaccooOMeHa UIsl KaXJI0ro M3 KOMIIO-
HEHTOB cMecH. To ecTb, cucTeMa BKIIo4YaeT B cebs (i+1) ypaBHeHue. [Jisi SKCIIEPUMEHTANBHOTO N3y4YeHHsT KHHETHKU HCHapeHHs
MCIIOJIB30BAJICST METO/I MOJBEIICHHON Karuid. [IpencTaBieHbl MOMydYeHHbIE 3aBUCHMOCTH TEKYLIEro AMaMeTpa M TeMIepaTypsbl
Karuid OT BPEMEHH, KOTOPbIE TIOKa3bIBAIOT HAJMYME CTAIMHHOCTH UCTIapeHus cMecH. Ha mepBoM 3tane HHTEHCHBHEE UCTIapsIeTCst
3TAHOJI, KaK )KUAKOCTh ¢ 0oJiee HU3KOH TeMmneparypoil kunenus. [locie 3Toro B Kamie octaeTcs TONBKO OyTaHO, KaK )KUAKOCTD
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¢ Ooee BBICOKOI TemmepaTypoii KuneHusl. BTopoii 3tan — 3To paBHOBECHOE HCIIApEHHE OCTAaBILETOCsS KOMIIOHEHTa CMeCH. AHa-
U3 3aBHCHMOCTH (| 2 (t) I03BOJISIET OLIEHHUTH NPOIODKUTEIIBHOCTD UCTIAPEHHUS Kalelb Kak Uil OJHOKOMIIOHEHTHBIX OHOTOILIUB,

TaK U IJId uX CMeceH. 9KCHepI/IMeHTaJ'[I)HI)I€ OLCHKHN MIUTCIBHOCTHU UCTIAPEHUA COOTBETCTBYIOT paCYCTHBIM JaHHBIM.

BUMMAPOBYBAHHS KPATLJIMH JIBYXKOMIIOHEHTHOI CYMIIIHN ETAHOJIA I BYTAHOJIA
O.K. Koniiika, I0.0. Onigipenko, B.B. Kaninuax, /[.C. /lapaxos, T.0. @yoyneir, /1. Pachasuuyc

IpencrasneHi pe3ysIbTaTi TEOPETUYHUX 1 EKCHEPUMEHTATBHHUX JOCIIPKEHb BUNIAPOBYBAHHS NOOAWHOKUX KPAIIMH €TaHO-
ay (E), 6yranony (B) Ta ix cymimi 3 MacoBoio yacTkoro eranoiy 60% (60%E+40%B) y posirpitoMy HOBITpsIHOMY cepelOBHILI B
niamasoHi temmneparyp 350-700K ta 3a atmocheproro Tucky. I[TosiBa epeKTHBHUX TEXHOJOTIH OTPUMAHHS OHOBIIOBAHHUX IMAJTHB
3 OioMacu a0 MOMJIMBICTh BUKOPHCTAHHS IIMX CHHPTIB AK aNbTEpPHATUBHHUX ManuB. Ha mpaxTuiii BOHHM BUKOPHCTOBYIOTCS SIK
JIOMIIIKY 10 TAIBHOTO, SIKe OTPUMYIOTh 3 HapTH. OIHA 3 TOJOBHMX MPOOJIEeM NpH 301IbIIEHHI YaCTKH JOMIIIOK OlomanuB 110
MAJIMBHUX CyMIiIIeH, sIKi BAKOPHCTOBYIOTECS HA TPAHCIIOPTI, MOJISATAa€e B BIAMIHHOCTI TEINIO(I3NYHAX BIACTUBOCTEH Oilomanus Bifx
BJIAaCTUBOCTEH MiHepanbHUX HanuB. LI BIIMIHHOCTI 3HAYHO BIUIMBAIOTH Ha IIPOIECH YTBOPEHHS W BHUIApPOBYBAaHHS KpaIUIUH,
CranaxyBaHHs Ta TOPIHHI MOAN(IKOBAHOI HOBITPSHO-TIAMBHOI CyMillli y Kamepi 3ropaHHs. BumapoByBaHHs Kparieinb majanBa, K
MOYaTKOBA CTAJisi TOPIHHS B KaMepi 3ropaHHs, BU3HaYae epeKTHBHICTh YCiX MOJANbIINX HIpoLeciB. TOMY € BaXKITUBUM BHBYCHHS
BUIIAPOBYBAHHS KPAIUTMH 010IaIHB Ta IXHIX CyMiIIeH.

TeopeTnyHe MOZEIIOBAHHS MPOLIECY BUIIAPOBYBAHHS KPAIUIMH BKa3aHOI BHIIE Gi0MalMBHOI CyMillli IPOBOAMIIOCS 3 BUKOPH-
CTaHHSAM HaOMIKEHHS OKPEMHUX CKJIAJOBHX Ha OCHOBI PiBHSHB TEIUIOMAaCOOOMIHY Ul KOXKHOTO 3 KOMIIOHEHTIB cymimi. To6To
cucreMa BKiodae B cebe (i+1) piBHAHHA. [ eKCIepUMEHTAIFHOTO BHBYEHHS KiHETHKH BHIIAPOBYBAHHS BHKOPHCTOBYBAaBCS
METO/] MiJBiNIeHo] KpariHy. [IpencraBieHi oTpUMaHi 3aI€)KHOCTI TOTOYHOTO iaMeTpy 1 TeMIlepaTypy KpaIuIMHU BiJ dacy, sKi
BKa3ylOTh HA HasBHICTb CTaJIiHOCTI BHIIApOBYBaHHs cyMimi. Ha mepmomy erami OUTbII iHTEHCHBHO BHITAPOBYETHCS €TAHOJ, SIK
pinuHA 3 HIKYOKO0 TeMIepaTyporo KumiHHs. [1icis Hporo B KpaIuIiHI 3IHIIAETHCS JINIIe OYTaHOI, SIK PiFHA 3 BUILOIO TEMIIepa-
Typoro KumiHHs. [[pyruii eran — 1me piBHOBa)KHE BHIIAPOBYBAHHS KOMIIOHEHTA, IO 3AJIUINUBCA Y CyMilli. AHAJI3 3aJeXHOCTL

d 2(t) JIO3BOJISIE OLIHMTH TPUBAIICTh BHUIIAPOBYBAHHS KPAIUIMH K JUIS OJHOKOMIIOHCHTHHMX O10TAaJMB, Tak 1 JUIA iX Cymimici.

ExcrieprMeHTabHI OLIIHKY TPUBAJIOCTI BUIIAPOBYBAHHS BiAMOBINAIOTH JaHUM PO3PaXyHKIB.

VJIK 62-977
A.Il. Mapuenko, A.FOQ. @eoopos, O.10. Jlinvkos

PO3PAXYHKOBA OLIHKA TEIUVIOBIABEJAEHHA 10 HABKOJIMIIIHBOT'O
CEPEJOBHUIIA TEIIVIOHOCIAMHU CUCTEMMU OXOJIO/J’KEHHA /1B3
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/s usHaueHHs OCHOBHUX CKAADOBUX 6MPAm Meniomu ma ix onmumizayii, 8 pooomi ymouHeHo MemoouKy OYiHKu
mMennosuoinenHs. 00 HABKOIUMHBO2O CEPeO0SUYA MENTOHOCIAMU CUCIIEMU OXONOONCEHHSL 8 3ANEHCHOCE 8I0 PEHCUMY
pobomu [IB3. IIposedeno ananimuune 00CHiONCEHH OYIHKU BMPAM MENIOMU 3 OXOA00NHCYBANLHOIO PIOUHOIO 6 CUC-
memy 0X01004ceHHs 08USYHA BHYMPIUHBO20 320PANHA. 3a pe3yrbmamamu nooyo0oeaHo anpoKCUMO8ani Kpusi sminu
Meniosudiienus y menionocii ousens muny ST/D @ 3anescHocmi 6i0 WBUOKICHO20 pedcumy pobomu ma Haeanma-
Jicents. Jlna po3pobKu MemoouKu po3paxyHky nobyoo8ano cxemy eHepeemuiHo2o 0anancy cuiogoi ycmanoeku mpa-
Henopmmuozo 3aco6y 3 dguzynom muny ST/AD. Ymouneno memoouxy usHaueHHs CKIa008Ux meniogo2o banaucy. 3a
VIMOUHEHOI MEeMOOUKOIO NPOBEOEHO PO3PAXYHKOBE OOCTIONCEHHA CKIAO0BUX MENna06020 OANAHCY 08UZYHA, AKe 00-
360UN0 BUSHAUUMU BNIUE PESYTIOBAHHA POOOMU BEHMUNAMOPA CUCIEMU OXONOONCEHHS HA eKOHOMIYHICMb Ou3eis
npu pisHUX pieHAX Hasanmaicents. Pesyibmamu po3paxynkoeo2o 00criodHcenHs 003600UNU GUSHAUUMU WTAXU 800C-
KOHAIHHsL CUCIEMU OXO0JL00NCEHHS CUTI080T YCMAHOBKU OJisl NIOGUeHHs T HAOIIHOCMI 3a PAXYHOK RIOMPUMKU OLTbUL
cmabinbHo20 memnepamypHozo cmany demanei J{B3.

AKTYyaJIbHiCTh
Cyuacuuii /IB3 11e BHCOKOTEXHIYHA i BUCOKOTEX-

KOMIUIEKCHOI OIIHKK €HepreTHYHHUX mapamerpiB B3
Ta HOTO CHCTEM, a caMe BHU3HAYECHHsS BTPAT TEIUIOTH 3

HOJIOTIYHA CHCTEMa CYMIiCHO TPAIFOIOYMX CHCTEM Ta
MexaHi3MiB. OHI€I0 3 TEHACHIIIH PO3BUTKY JBHUTYHO-
OymyBaHHS € BiIIMOBA Bif BTpYYaHHS JIIOAWHU B Kepy-
BaHHA POOOTOI0 MEXaHi3MiB Ta CHCTEM, UM 3BEIACHHS
TAaKOTO BTPYYaHHS A0 MiHIMyMYy, TOOTO BHKIIOYECHHS
WIFOACHKOT0» (haKTOpy, Yepe3 KU TPAIUIAIOTHCS Hal-
3BUYAKHI CUTYaIllii, TOJOMKH Ta He e(eKTHBHA poboTa
JIB3. O6’ennyroun 11i TEHAESHITIT HEOOXiJHIM € BH3HA-
YeHHS1 POOOYMX PEKHUMIB CHCTEM, IO 3a0e3IMedyIOTh
ontuMaibHy poboTy JIB3. AKTyanpHOIO TOCTa€ 3aada

TEIIOHOCISIMU CUCTEMHM OXOJIOIKEHHS.

Meta pobotu

YTOYHEHHSI METOAMKH OIIIHKU BTPATH TEIUIOTH 3
TEIJIOHOCIIMH CHCTEMH OXOJIOJIKEHHS B 3aJIEKHOCTI
Bi pexxumy pobotn [IB3 mia BU3HAUEHHS OCHOBHHX
CKJIQJIOBUX BTpAT TEIUIOTH Ta ix onrtumizamii. st mo-
CSITHEHHSI METH HEOOX1THO BHPIIINTH 3a7ady po3paxy-
HKOBOI OI[IHKMA TEIUIOTH IiJABEAECHOI O CHCTEMH OXO-
JIOJUKEHHS, TPOBECTH aHANi3 MEPCHCKTHB DPO3BUTKY
CHCTEM OXOJIOJDKCHHS TPAaHCIIOPTHUX JU3CIIB, OIICA-
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