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Introduction

A Magnetohydrodynamic (MHD) power generation technique is a nonconventional electric power har-
vesting modality in which the electricity is generated from an ionized fluid flow under a magnetic field. The
ionized fluid moving under a magnetic field worksaamoving electrical conductor and the MHD generator
generates electrical energy according

electric power generation was first time introduced by Michael Faraday in 1832 [1]. The MHatgense

t o

t he

Far a

many different working fluids like Plasma and liquid metal. Here in this review we will focus on inert gas non

equilibrium plasma.

Fig. 1. Fleming's righthand RuleWikipedia
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Fig. 2. Principle of a MHD power [2]

The performance of the MHD generator can be illustrated through many indicators:

Enthalpy extraction ratio (EER): which is defined as the ratio of the generated pativertteat in

put [3]. The practical target is 36.

Isentropic efficiency: which measures the increase in entropy (the unuseful energy) away from the ideal
process (isentropic) through large friction, seitited Joule heating, shock wave armbandary layer in the

disk MHD channel [6]. Practical target is 80 to%5

Plasma Uniformity:The current streamline spacing becomes uniform in the entirety of the generator,
which identifies that the plasma is uniform [5]. The current streamline beadostsred, meaning that the
streamline spacing is narrow in the high electron temperature region, indicating that the plasma structure is not
uniform [5]. When the characteristic time of the variation in the electron number density is longer than the
resdence time of the working gas, the uniform plasma is maintained [5]. A nonuniform plasma structure ap-
pears originating from the development of ionization instability.

lonization degree: The ionization degree that is adequate fexparimentakcale MHD generator is

of the order of 10%for seed free plasma [7].

Plasma lonization instabilityt is well-known that in alkali metadeeded plasma, ionization instability
occurs when the seed is partially ionized, resulting in a nomamifdasma structure in the generator. [5]
However,in Xe-seeded plasma, the ionization instability is not always caused by the partial ionization of the
seed [5]. According to linear perturbation theory, plasma becomes unstable when the critical Hatigpdsam
smaller than the Hall parameter [5]. The ionization instability ofeguilibrium plasma decreases the con-

ductivity and the Hall parameter of the plasma which decreases the performance of the generator [6].

Next Factors affecting MHD generator performanbéagnetic field, Plasma velocity, Temperature,

Swirl.

Magnetic field

According to the principle of Faraday©o6s

el

ectroc

will be proportional to the magnitude of the magnetic flux density. If the velocity of the fluid and the magnetic
field density are denoted by V and &pectively, the e.m.f. inducedddracross the MHD conductor is given
by Ena =V | B, and perpendicular to the direction of fluid motion and that of the magnetic field.
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The increase in magnetic flux density leads to the increase of EER and isentropic efficiency but further
increase in magnetic flux density doesnb6t i mprove
The enthalpy extraction ratio seems tor@ase with the square of the magnetic flux density [7]. Plasma inho-
mogeneity depends on magnetic induction intensity [6]. For seed free plasma, plasma stabilization is achieved
at a low magnetic flux density even when the inlet total temperature is Jot [ low magnetic flux density
(B =2 T), the static pressure is almost the same as that at 0 T because the Lorentz force is wedKkT At B
the static pressure at the end of the generator increases owing to an increase in the Lorentz forceasehe incre
in the static pressure implies flow deceleration at the downstream region. However, the deceleration cannot be
so strong judging from the fact that the enthalpy extraction ratio increases with the square of the magnetic flux
density [7]. At a high magetic flux density (B = B4 T) and a low inlet total temperature, the plasma is
inhomogeneous and unstable as described above. However, the plasma becomes stable and homogeneous at
low magnetic flux density even when the inlet total temperature is Iaswvill known that an inhomogeneous
plasma structure with ionization instability is enhanced by a strong Hall effect Thus, it is implied that the
inhomogeneous structure with ionization instability is suppressed by the low Hall parameter under a low mag-
netic flux density [7]. High magnetic flux density inhibit the increase of the pressure loss which indicates that
the high MHD interaction caused by the high magnetic flux density will not decrease the generator perfor-
mance [6]. The increase in the magndiix density does not largely affect the flow velocity and electrical
conductivity in the MHD [7].

Plasma velocity

The amplitude of the generated e.m.f{Ewill be proportional to the fluid velocity and perpendicular
to the direction of fluidnotion and that of the magnetic field (Eg 1). Power generation experiments utilizing
nonequilibrium supersonic disk MHD generators have been conducting to demonstrate a high isentropic effi-
ciency and a high enthalpy extraction ratio [4]. The disk MHD geoewith a supersonic channel had better
transient characteristics and a higher stestete efficiency than with subsonic channel [6].

Temperature
To take into account thermally nonequilibrium state of the plasma,-getwperature model is used, in
which all heavy particles have the same translational tempergiure wWhi ch i s call ed figas

the free electrons have a translational temperature, i.e., the electron tempeyaliifer@nt from . High
temperature is used in order to obtain high electrical conductivity, high power output, and hadpyeei

traction ratioFor seed free plasma, the enthalpy extraction ratio increases with increasing inlet total tempera-
ture and magnetic flux density, but saturates at a high inlet total temperature, this is because the thermal input
also increases witlng inlet total temperature.
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Fig. 3. EER vs inlet total temperature [7]

The inhomogeneous and unstable plasma due to ionization instability at a low inlet total temperature
changedo a homogeneous and stable state with an increase in the inlet total temperature [7]. For seeded
plasma, there is three zones of electron temperature (seed partial ionization, stable seed full ionization, unstable
gas partial ionization at a high electrtemperature) [6]. Both low and high electron temperatures will cause
plasma instability thereby inhibiting the improvement of the generator performandéé is a range of
electron temperatures at whittte characteristic time of the variation in the electron number density is longer
than the residence time of the working gas (the uniform plasma is maintainddjdfsg.is a range of electron
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temperatures at which the plasma is stable according to [eearbation theory [5]. The high electron tem-
perature causes the Hall parameter to decrease [5]. The high Hall parameter is resulting from the low electron
temperature [5]The ionization instability is very sensitive to the inlet stagnation tempei&jutas difficult

to achieve full seed ionization at lower gas stagnation temperature K206

Swirl

Vanes are installed in the nozzle upstream of the generation channel, and positive swirl is produced,; this
results in a flow combining radial flow and rotational flow. In this case, the Hall e.m.f. is larger, and the Hall
current Jincreases as well as the output density (output per generation channel volume). On the other hand,
the Faraday curreng ih the negative circumferential direction decreases, and the Lorentz §drd® (which
decelerates the flow) weakens, so that feetacal conversion efficiency improves [3]. The introduction of
swirl provides a considerable improvement of enthalpy extraction and isentropic efficiency [3]. With a low
seed fraction and low load resistance, shock wieeflow could be obtained. lak been confirmed that such
flow, as compared to shock waves, results in higher isentropic efficiency at equal EER [3]. Although the in-
stallation of the inlet swirl vanes influences the structure of the plasma, the quite homogeneous form can be
achieved uder the optimum seed fraction. Moreover, the discharge structure of the swirl generator resembles
that of the radial generator in the symmetric appearance. The introduction of the inlet swirl providing a high
Hall parameter and electrical efficiency [4}vifl blades introduce circumferential velocity which enhance the
flow against circumferential Lorentz force, decrease the stagnation pressure loss caused by Joule dissipation
and keep the static pressure in the channel at low level [6].

Conclusion

Throughthe review of the performance indicators of the MHD generators and the factors that affect
them, it can be concluded that:

1. Power generation experiments utilizing nonequilibrium supersonic disk MHD generators have been
conducting to demonstrate a higlentropic efficiency and a high enthalpy extraction ratio

2. Introducing swirl has a considerable positive effect on the MHD generator performance

3. The Temperature for both seeded and gemgiplasma has range for the positive effect on the MHD
generator prformance

4. The magnetic flux density increase improves the EER and the isentropic efficiency to certain value
and then saturate. On the other hand, the plasma becomes stable and homogeneous at a low magnetic flux
density even when the inlet total temparatis low.
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Wislstst dzj Slsted yj MC e dadfiytstiadz@izg 2 aVdzjdzClaytsiyS d &BOSC d 3O dz! dats2
ks tOdzj j), Ut tLetsddls tBjMmfjudls! Htshiskzy ks toJ
Hizdzj 2. CIO tjL jteo dzOVY diBsh dztsfmlsy dmf sdz? L 2J Ismw o Mmdzizy
BSG OjHSE fatagOIsdIls! Ctsdzj BOdzdw yOfMmlstslsr . 1 tejHBEZOGOJ Ismw,
Hisdzy j dz sz jMlseodzwils! fMw ) fsdiish ' & Wslstst dzj Clstedyj MG 52
Hi dzj dedzr 2 BOC fd 3O dz? dz" 2 ftetsyg dzls s h dats iy ldzddzd tegsiprStH Wis GfLt
fted otsLddCdzse jdzdd BIsCdztsdzj dzd?2 yOmilstslsr , orf Hj dzw j dZOW
dzj dzgde . 1 GStHy fjtejrtsHde » sy mMmse wCu tjOcdlkzjls
dsmis: o LOsadMmMddisMmisd s ftsistcj Btz k2 da Bl 2P &k tc 1§ Mz
cdrn wOCBYdIsjdzj?2, Cbtster j ttOMmMd3OIstedo Odzdfm: f jtco sdzOY
Lo Odedy twWOLGtlzy jdzdzr = MdMisjd3 ddsd i s ey ddi3zh j mMlsets o
fMdzj Htse Olsj dz dats, didg j dr'tcdetB & ¥ UsO B sH Isdizdz

18 HOYJ BkOCOwW Cwdayd fydw i deszd piels ot dgtisfdds 2 alzj dets dz® )s
ftotsB dzj BO ZOG IV Hdzs1l.dL 5B.Oy j 20 dz2O tsd f

BbipaboTka C3C, KBT*y
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[dzj 5 Mdzda) udz' j § Ofdzf Eadp of ssdislzsfde] ¢ d ¢ s dzdzj Ydgs 6
Ldzj Sbtes! dzgj e dd, o bt otjd" COC desy' *® fesdLoHMSs &
Gsfis' ¥ fjStOhOjlkfw. | 1ltd CodlsjCMmlsj Moslsdsh j ddj
dr o Lz SRS Qlgyd T s ©ID e dzii @V dRER $Q 1 OS5 o
O 0] Isfyw ihjddj o oduHj dMisd LseOdd" IktOHdyd s dd

ZOctlkzL S d.

1 OC dz8 yJd ded §

] tjLbkd O] dLEyjddY tOLd&dyde » 90tdOdidstse toj ¢ lzd
ktesMisOdzyd?2 tjh OjlMmw §jteo sdzOyOdz dzts § sfls Oo dzj dzdzOW 1 to
Bs) dzsisd odzj Htejded® wCuw o ftetsyd M MisQeljddL Oydd vof

10detsdzj j {WWjClkdodyr &3 o OQtodOdzlstsd, L ofjn ftojHMmlst
Yyofmisd c6jdzjtedtolkzj &3ds?2 dBsh dzsfylsd. 1 j Mislstew dzO m;smqs 0
sy’ ¥ (ftojHMmlsOo dzj dzdzr 2 20 todMizdzC j j ) n Ode@B ji j zBIs [ b g
BtcOdzdzOW Ctsdzyd f ydw EHsodzjlsotstew jils IstcjBtso Od:wdz, ftejH

T10OHjYdtsfls: d 7iglstsd dBPo tefjle'z zd tetso Oded W H i dzy dzO B .

MsOBddz detsj] WEdS ydodedtetse Oded j ¢ dgy pdesind @b Qg 2 dztf jo

yd.q

T CWWiClkdoadesfils! d 1 deigdby BOEe@GE zdzg igiso Odzd v H s dzy &
o dmMftsd LseOddd toj Mtemtses d tBjMfjyude Ot filsdd
T utsBdzs Hj dgdj L OF tsdgtsH Oisfij i Idnjlsdg GD otaf) deffits Dty Hz2©o s sls o |
LOS SdesHOIsj dz Mlsez d destcdzOIsdo Oz & B dZOMiIsd 1 dzgj teG
Bso Oded?2 tojceckzdzdtockzs h dr tteeg Odetso .

vOCHYd, & Httecdd 90ttdOdzsOd3 B dzd Y SHtSBteOdzr Odz! Isj

iSbdody j. 1 dijMmsts dmftsd: Ltso Odzdw jHddzdydeséts Srs, o
dikd BOLOLjYwdRBd d MtsLHOL! cdBtedHdr | &OSKY dlsj dzd .
Ajdz2 HEsMisd e dazls Gizd jdz@0y) disidts jdzQdzj\dgts 2 § tetsB dzj d3' MY S
sfls: YOMmistls' o 1 dzjtectstsBi jHdzj dedW n fdztsy degs?2 flstezS Is
iNdidzr 7 kfmdsesdwn dn twOBtlsr, o Ikt ydmdj d o O Ot

o d dSiSy &dz L tso ipleaezy &d € ts 0

1. Esram T., Chapman P.L. Comparison of photovoltaic array maximum power point tracking techniques. IEEE
Transactions on enerdylEEE Transactions on Energy Conversipr2007. 17 Vol. 22 (2).1 P. 434 449,

2. Xu Z., Guan X., Jia Q.S., Wu J., Wang D., Chen S. Performance analysis and comparison on energy storage
devices for smart building energy managenteliEE Transactions on Smart Grid2012 7 Vol. 3 (4).1 P. 2136 2147,

3. Kakimoto N., Takayama S., Satbeh, Nakamura K. Rampate control of photovoltaic generator with electric
doublelayer capacitof/ IEEE Transactions on Energy Conversipr2009 7 Vol. 24 (2).i P. 465 473

4 vu]. [UjwOBffpzg) et it df fus@asdzjdalpdejc josdCJ . (Jekzdzdtetse O
OCIsdodets? dsh desmisd © [ d dLtdzdtotse Odzedzgs OB SIsO8 h d5 1 dzj
sfmih jMisedzj dzd® Jtetsyd MMO, birndduyimMédd Mtei HMIso Od3: wlilsOdzH Ote
dzd 2007-11-01 / [ oL cudMmisj MizkzR cBdzj @O seed M j sy M5y k7 tcOo dzj c
dmisjiBred. [Wdud@d d6]. ¢cr Cu [ IEdife, 2007.

36



{11y ft efltrfriri3am trzreire YL vlitolf 1RO wR[ ]
Yttty fdouvrfcfrR 10 furflr JTRtuwuof?210 40 wrRYME [

lEmMOLtse RrR. 1,
U s B3PS Is | - datidedj omiStaffiPd Is j Is, Rz Cing8@pl@, S5¢f 31,

lodHjdi

JHdddB dL o jClktstetse twOLodlsdw Mmtse toj d3j dadats 2 U jdrjp jC deticdsd
1L dzgjteedd, o' cOBOIsr 90 dii3s?2 oL tsB s dzV j 3" iz dMistsydzed € ©
wodw jlsfmw dr ftHGCds yjddd ¢ 1 dzj Slstedyud MEts2 Mmilsd yJjted
Hsdzd 1 RC ftdoetsHdls € dL d3j daj digdnds JEO M JjHsfdzO &MY P dd LY

Il yomlbsdzsmisd, dmMitsd LsoaOdedy Mddzse '™ = ftoj sSBcOL 59 Olsj d
qLdBjdv jIs 9aCdzOH o Wsteidtetso Odzdj bsitse Ctetslitsets L O
odw Hdzv dztstc 3O das EAs s otc Ote jsdgj 2 detdds L Oh dIsr d OolstsdOIsd ¢ o
sjrdduyj MSdr tojhjded?2 wodzwjlsmw dMftsdz L soaOdedj Odzetsted
sMmdztseo " 9 OW ! dzO Yo jHjddd Mdzrtetsdzdzse s 6 j dzj tOIsStsStcO.
odtdlr dzetse s fd dzn tetsdzdztsets ¢ j dzj cOlstste® (J )] ) © ©OHRS OR
dedw (adv) .

[ Mdzse dzOw yOMmlis:

[ Odgdz 2 t©WOLHJjd&z fsmMowh jdz s dmMOdads teOL dzd ydz" = tej " j ¢
stsdzyj fydqw dmMyftsd L so Odedy OdzetstedIsdBO J#HHBOWH ] o G
fsH M2 dMitd Lo Oddj tMej ddshisj?2 e jnjddy Md
10 dfiftsdo j HJ dzO BB tsBfflg tedfOy Iz QWO tehPAsjdatsO, BlstcOx O h OW
ftoc] sSBtcOL B89 OIsjdzv ¢ 1 dzj Slstcd yde@Csdzhg sdl dny Eyilssds 24§t

VHBepTOp LCL-punbTp CeTb

__- = — = — — — —_

| |
l |
| |
= |
S |
Bumm
YcTagku BCT -HFEEE:H{EHMH abc

t dty ¢ Oplouskifisls o dzO" M5 j KO Mddseotscts fioj SBEOL o

sOC odHdesl , dLMrtgdFY Msmistsdls dL dhlstsyded ¢ O LCEOY tow 3 §
Wddz: ste© d BESCO Jwy. 1 tsdkd dhssyddtO 1 djttedd o
dMmlstsyded ¢ ¢ sMmMissY dzdzsc s dzOf oW ¥y § dad W, 9 tWj Odz! desfilsd
Ldgj ecgdd. | Odzde" 2 dfmlssydeds §dlsOjls WplhH VIRt & e |t
Cts?2 Wddz Iste wodzw jIsfqw sSHdzdd3 dL dz0Odetsdzj J twOMf esMistcO
cOLBOOIsjdzj2 ¢ 1dzjSbtedyj mMéts2 Mmjlsd [3]. 1dzs¢C lwy o
Cdzs yo|d, %BHJWd&E““dJBU$@M G2 5t @ o dan tizfs teezB G H q 37 | H
9 jtelsstc® d 1 dzj Slstedyd MEts2 My q’

vyIssB' fsHttsBdzj J tOMMBslstejls! Idftseots?2 Odzetstedlsdy Wi
90l dzv 3 dzO Mdese j Cdzyd 7y o[o[ la)] dgjtsBatsHd B tOMMd
te d. B)[4].
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{8 ubtkClbtdOw MIjKEO wou dhd khidseF § Gizgs Q0o

[BhOW Cwdyjfydy Mojd EfttOodj dgd¥ L OC dzs yO  lsfw o
OB ster IS¢ O, dOftwyjddw, &Bshdshisd d yomsslsr ,
tOLtso Odzd?2 d dzO@ or StsHj wdUL o' HOJ IsMw 5RO adfudzshe jsjc tso
tOL o Oljdzv, Yt foLotdvjls dqidlsdteseo Olk: Hd&ZOBISE Mmd
s dMOdzdj OBl COYHtSE BdzsS O.

) dztsS o dtelskzOd dets?2 ddzjteydd d tjebkdvistste® OCIsdo das?
Nd dzgdv tetslststeO:

0..0- QO .11 ~¢ QO .7~ YO, 1)

CGHY TEMsOeC O 5 OCIsdo dzi2 dafpts sdptisidOF dddds dzOW dBsh desfls ' d
Yif shlstsw dzdzOW iz oy dzj ded j] ko R8BI HEguEHEE, MsOldL
Mss®IS L W dydjdls HJ dstiW @€ tsaf AQdzd)¢ OV 1 Y Off (OBB sls®y , § t5dzk
BOW s BdzsCO WOL o 52 0o isdstydscfidg®de'ts2@WY (R EBO. v OC
BdztsC of ydmdw jls tOLdzdykz RBjyHEZ EMlsOs 2 &tsh dsfilsd d
LdOuyjdedj HJjdzdlsmw dzO fMmistswdedzz ddzjteyds 1wy4 d ftosh
Bjdzaj dzdV¥ kZedzsoats?2 MEBtesMmisd d W OL tseo tsBtdsH dzls dals H j5dzd to z5aO&
WiClO HjBfWdleseo Odzedw toj Odz! des?2 fd den tetsdedets 2 d3OM ddz" , L
9 tBtKOIsdzs?2 MmeweLd.

[ kG 527 BRAEARES toj e dzv ststc O o] O st dridatst2 j sz dasdgls do dzlz Is to
tcj GV Istste® dzOf toW Myjdlzopvdztaf jls thfte@@ o did oHOG dedgw  toj OC Isd o dzOW
jBOW tojOCIsdoe dzOv Bsh detsfyls: , sz yjets, tsdizyj ddzow
dZOftewy jdzdw d or HOjlsMw EZfteOodwesh jj dOftewy jdad] .

1 OHOYO BIESSCO WOLBots?2 Oolstst tsHdiislgsRdted0 dag@ffn ldsSjIsC Iz ' 1Lj @
ZOf oWy jdzdw fjlsd HdiY BESSO odtelskzOd dats?2 ddzj teydd d te
dzd B30 j Is dz0 o rRtH Istj W OL detsy dz@fptyfylg @addew vifj dsid , d §fipJ fsts de
ydd GBtOldEdEES)diiki@nhy ctod ®jdWu.kz reQdr st QdEO 1| dac
nBHY yjdgjeLlz dkWRIstste, ftoj sSBOL EZE sy o L dzOyJj dzgdw W OL 59 B¢

1 dzsC tjckzdvIssteO dZzOftewy jdedW dagj sBAatHA HAY W istedd
odiclskzOd ds Fo dgjsdede? Ju). 1 dtlbszOd disj Msfteslsds dzj ded j
dzj dzadj bOHdyUdBsddtsets Mddamtesdadesets 6 j dzj OO, | H O
90j 3 n bt o tjLbzd O], dOfteddjt, L dZOOdsjsd& detsag
OBl Odketstedls RO.
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r Odzj § sfistteds J L dzOyj dzdv IssC s ftsHOE sfqw o B S to]
v EZftcOQoedzweh jj oetsLHj2Mlsadj HdAv lsCtrisdw ¢dzs yj?2
[ Odzt dzj 2 dJ dmMmdzi Hse Odzdww © MWL Odg'B Z@MIBIOL IO K2 d
fsmMstesjdedw Jw) d fBojHjdzd] &3 toj Odzt desets w SH dZOC t
Wstcdzd totso Odzd ¥ EftcOo dzw s h d A oL HJ2MIse d2synchrpnoverted d3j te,
fsHicOLEZA] 90jls MOBshdds teOdzed L Oz d dzp | B §f s H 1 dndztis dz/fiuf EHz:
WOLBsots?2 OobtftsHMistes?2¢d yYyofmlstsisr (ndd)vy). [ Odgdztsy [z oz
tcOBtSlsT EfMsOdtsorst M Httkzeddizd OdetedlsdBZOBd 1 ua) o + dzj €
StcOH d yd sdzdets?2 Md dzn tc s daflds® g Q digg fipdPdgAftgts dedprd@ey=sital § tsL 9 ts5 dzv
sOC yJ ey h OjIs Hicze dJ ftesB dzj og" , Mo w L Odzdz" J fm B dzt
MORsmMddzmr tetsdzdL Oydd Jlu)y ftsetsHddzdm! dd o wWO®RBEOR HEkzc
[ ke 52 f SHABH ¢ tej OdzdL Oydd O dzG tsto d¥s BB § d . Mmwidzd diL
1 dzj Clstesdzj mr Oded yj MSdr d {1 dzj SlstcsdzsOcGdzdIsdzr » kZtcOo dzj dzd 2
lted {Issd3 ftcd OBl OdzetstedlsdZBO Jluy §O0LOd] Ister dzOMIste
Code jtelsdets? toj OdzdL Oydd Mmd den taiaiids 2 |G dddgz s B €0 LA, Iz Isy ks
dzj sBrtsHd B 2 HddZOBd YU MEd2 tlsCdds c¢jdjtdtekzeh j2 EMlO
gL dzdhdzi HJIlsOdz dz' o3, Yybsts bkMmdzsydzdls §f SHAtSHT ¢ dzOMmistet
Odze stcdlsdigseo | vy dO wHLfwde j] oL BBzh j ddw

Q—.

1 0% dz¥ g dzd §

tOLodlkdj bkjndsdkscd? Jluy ftojHmMsOodvjls Mses? oL
o dzw j d3s?2 1 dzj e jIsdSd o ddi] , O O¢CY ] f sdzdtsyj dzdz 2
Hagv h dzd 2 Hjde Mmkh jflsekzjls dkdzsy jMmisots § sHEMWSHIS®, So off thipk
fdMlsj &5 OolssdkOdy)MSBEt bkftOodzj dd” Mmddzser & o) S8
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]l kEmdzscedwr sttO2dicet wjojttd ftosBdz 3O BBKOL 59 Odzd
d dziHwdy » ftesBtsC o MmdMmilsj BOR MO d foHEBlseCd ¢
dzjtcjhy dzdgr » ©® GCOLBHBBN 908 h j2 wlstcOMmdzdy [Hltg j2H ifld O o dgwdiCle
fMdzsy dzk¥ L OHOYkz, O L OOl dO0 Bjtesftedwilsdw 5 Jjets t

fMjejfMssddsmisd HEsB' yd ¢OLO [1]. 1 Ikt yj oK) &Y SLOH
Hsfsdu! EkddojmOd dse s @ jdp@agdils j dz Odztisdnszstpig s &y dipdiso 1 G
By des fejHfsdsydls: , vyt fkh jfmsokshdj &jssH', o6 &

teso Odzd j, 5B EZOHO¥ s tscteOdzd yj dedzts?2 + WW j SClsdodetsmlst 6.
Lso Oded § Mls Glgjdisidsidisp, M C4dBY dted uj MEdr dtsHj dzj 2 d d3OM d dadz
Btsdzj J {WWjSClsdodatsy tjh jdedj 1 IstsD fiftdatssjdeffsiizils toldjtais o QSO d
Isdo detsfls! ftedd3j dzj dedv + BYdteduj MSdn dBBsHjdzj2 d B3O ddzd
By ISsH Hdzv tejh jdedw L OHOYd tcOdedzj 665 tsB dzOtclkzy jdedw d €t
ftesetsC o MdMmisj BOE MO  fsHEsksaSd GOLO.

rdzv toj OdzdL Oydd Y ssMmisOo dzj dedets? yJ dzd dzj sBrtsH dBs t6] "

Aommdsslstejls! OCkkzOd d §j fhgFdBHT (5 B! Bj M shd

AfetsH j ssdefistedtetso Ols'  dgj t WW jSIsdodetsfls: ¢ teddsj dzj dad W
dzdv ftetsB dzj B

Ats sfdatse Ols' § jtefmijCldodesfls! Odkctsttdldtse d ! &f ded
yd?2 fskssdf  BfdtedyujMés? &sHjdd. 1 s8S0L0k! §jthf
ftetse dzj d3r .

[ iltsHT ftojHBloteOM jdzdw tsfydztsy dzj dzd W
I1ts sjd3dy dmMmdzj Hiso OV dzfjvis tists tieeO L ffiste Ol t8 d Hic Ols s d
fcHeBBIstoaCd cOLO dOSBYH dzj des Bdz s SCtdzdyd Mlsets f kB d
[ d&zv Btste! B ) GBtOLBoaOdzdjd3 6JHIOIstse ftodtoesH dzgsE 5«
himbolzesls WdL d widigGdni€.d jis jdr @tsfodgsf Wy MCdj KBjbtsHT fejHiET K
9 ftosdd Mzsotsdys sBtstckzHso Odedd [ 3] .

1 Odetdjj ‘HWjChdods &sd d MqesCs feddjder jds dsd dsg |
B Uud MEdd dBIlssHT . 10 &3 Miststetsy Hj dzad W ~te Ayt ddf) dgfsy J uifn e
cdedlstste, O d&J dedztS O EOdgBdRd]jJ, { WW jSIsdodz 2 d Hisfls
l MmMewrLd M {Isdd3 Btsdzr hddzmlseots tOBBI 5 ftetsBdzj A3y
o0des dz20 " IsCOn SfldBdL detse Ols'  tc OfiyaidsH) dilgj. Is G ddvdz@
Yyd izd MmisteswWismw -ddasdiag ¢ did,L JE€stedssH d dzOBd ud MSCdy d &3O
r Odzj j ftesosuwismw fsdmMéd bkistejlbdud MSdr EfmMdazsed?2 d L

fted HzZOG OB Isfpw  tgjh jdzedw 5 LOCOYSy d3J IsOdetsdzO.

~ q
d dz
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[ctcOgdzdeflv B ssHBe tWOdedzj 65 B dzZOtclzy j dzdvw d Bsdzd Iststed dze

1d Mdsslstey dz0 dzOCtsf dzjdeder j L O GsHT dMidzj Hiseo Oded 2 tSE
Sdzdz" § dJlstsHT d Iittejlsdud M¢d4h ddgrd @ d - s dzts 9 @dgdzt o dad
Yjlbon, mMBOdS Ja®Bledh BOKR] o bmdasesdwrs §ttd kO
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Uiktetse j dz# dzOfftewy jdedw o MmJlisd;

Ugs b dats &3 dzO dz! dets §  dzOf tew y jded § T Isd;

Sifslstcj BdzV j B3OV Bsh detsfyls ;

Sesd dzs B3 2O dz' dzOv  Btsh desfis! StcOdMW stedZOIststcO® [ 6] .

RL OdzOdzdL O ftejHMIsOodzj dedzr = o7 N j orttOyjded?2 MmdzjHE
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( Havano )

[pousBodumcs uzmepeHue mpex napamempoB:
AanxHeie o napamempax - akmubBras u peakmubras Hazpyska kaxdou TI1;
3nekmpuveckou cemu Bo - HanpsaxeHue B ysne kaxdou TII;
Bcex moykax cucmemsl - HanpsxeHue Ha CeKYUuU WUH NodcmaHyuu.

Pac4em nomepb
xonocmozo xoda B
mpaHcgpopmamopax TI1

Pacyem Hazpy3o4Hsix Beidop Hanpaxenus Uonm
nomept 6 odecnequbawwezo
mpaHcgpopmamopax TI1 MUuHUMYM nomeps B cemu

Pac4em Hazpy3o04Hsix lpuHumaem

nomeps B nuHusX
3nekmponepedayu

Uonm = Umax

lpuHumaem

Pac4em nomepb
xonocmozo xoda 8
mpaHcgpopmamope [1C

Uonm = Umin Uonm = Umin+ alU

|
Aa
Pacyem Hazpy3o4Hsix lpursmue peweHus o
nomeps 8 Bsidope N® omnauku PITH
mpaHcgpopmamope [1C mpaHcgpopmamopa [1C

Beidawa ynpabrswwezo
Bo3deucmbus ycmpoucmby
PIH mpaHcgpopmamopa

tdfm. 1. odestedlsd sflsdddL Oydd kise dv dzOf Wy j dzd

Onpedesnenue cyMMapHsix
nomeps 3/1€KMPO3HEP2UU
8 cemu
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HddB' j] fOLOMijster . 1ty Mg sBkyjddy o SCtdbsjShms) &sH,
fsHBStE §OLO®R]steses HAozY OfftesSmHdBOYd(J LOSdhd%BhBJ?,
fesyj MM . v0C2 fBHABH Lo sdviysdz OH Cdfjlscfch ddg’ ARz d3its Hj ext
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r dzvw tsftejHjdzj dzedw MCter Isr a osaLOddsMowL j2 dBiyxHE ]t
fsiistetsd dzd Ststetej dzw ydtsdadzz BOBtedylz, ftj HflsOs dzj dzdzlz s

78

KT
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]l Mot i3] dedes s MlstetsdIlsj dzr Milsea j o tsif ol dzpfaltsttstdj@di%@mﬂ:
dzd j &3 dcetcOsls 90y dez® ttsdzr o fwsorh jdadd + WWJCSlsdo datsflsc
hlsOBtse MistetsdIlsj dz' dz@ » BI jCIstse E)lSLtGOfI’]lSOJIS f slstcj B dats
Zsecdyde" = tejh jddwan, St | { cdpisdvddddd st d 1§ jshflsdets dig jtds
otcj d&3j dzd, i jtcOlsdodes tcj Octetso Ols! ZzO 0o Otcd?2dzr j Mk
Misd + MY zz Ol Oydd + dzj € Isfeddfig Ji8 d ~( Sudpielsrivds. s oS GADRo nt r o
LOdzd 3Ot Is dzdHduekzs A lsf Bdgdgge dMicj M s dgr = toj h Olst 1

Ajdz HOddZs B OW@BRssL jIs! tsitse j dzdzts iyls - dzg g3 B dz§ s teas (
QolstsBOIdL Oydd + dzj ClstetsmdzOB Y jdadWw tsBI jCIstsa COf dlsOdz' dz
hjMmlseo O 5 McOo dijodds sa3df MAfdylsly jB3OdKYls IsOCdd ¢OC PLC (
di3d yd mMSzs d bjrdtsdatedyj M¢ zs YyJ dzi MssptcOL detsmls+ .

Yists IsOC ts i dSrdsh) DO

SCADA-Md Mis j BO e HiNlsOo dzv j Is M ts BOSY CtasOlidfdrigii¢ Magthj) dfdtgits
Yj dzdztsj Hzw b eOoe dzj dmfjvH jodzjoRisodedds ttesd) dgeSOs Moo fipf te j 3 of B 18]
des?2 fteddzgydti t©OBBISr SCADA L OCd&zt yOjlsmw o MmMBBtj, GBI
fj dhsttss d Ctdsttdd) ttss, bkflsOdtss dzj dzd' ° o tOL dzd ydz'
S5 j Oz @O &2V ls' BBtk Odedj &3, fesosHdls! Odz
CdztsL qictso Ols! OoaOted2dzr | MdlkzOydd d ftodded BOIs! Mmotsj ots

[fdzse dzm j € &Y Sia) asg SREBCU@MHALS

- RTU (Remote Terminal Unit$)iz 1 O dzj dzdz" j ' [sj lgese/@@@ P j HOdzdz' § M
HOs hdj df o vyjdeste ftcOs dzj dzd ™

- PLC (Programmable Logic Controlleiisy s dzls tots dzdzj ter , o' ff tsdzdgw 8 h d j W &z dzg€
ZftcOo dzj ded W dztsC Ozt dz';dlsd ftetsyj MmMOdsd o Mmjlsd

- HMI (HumanMachine Interface) d dzls j toW j 2 M) " Hdzw 9L OddisH j2Mlseadw s
otsdzws h ] Ctdstesdzdtctso Ols! tOBBIE oaMj2 Milkd o toj Odz? oz

-y dzZlsteOdzd dg'idr Y mazfdis § dzf dz 2 yJ dzlste, GHJ fsdmatsHJIS

fsmMszfy ©0s hdn @ RTU d PLC [1].

SCADA tcOBBIiPgfisls sOdzdgmid s Bsdzd sstced dzc © §f Otc O Istctso
sEtc©) , d fted BB dOWKEY jddd BISC dtsd]j dd?2 sl dtsttd' hdhnl,
oL BSYyde" j] Hj2Msoadw Hdzw dMfteOQodzj dzadw MdllkzoOydd. 1 Oy dz
dz®& O dzO dBdfisf{fflsfj B3O OdzOdzd L ez jIs MtsBtcOdadz | HOdzdz" | d Bis:
gdzd Oe Otedd, vyl fsLeottdvjls LOLOdzjJ fteddWls! d3gjter H

vinmnddud Medj ~OOC dndupsijlagf¢d SCADA

- OofmhsOBdielp gZ3EHEYJdo Ojls or MsClzr hOMmd @B tc&th dzistgts
10 000 btyjS§ dO tHdsdHB B jSIsj. Clkts HJjd&OjIs MmdMmilsj &k
tOMy o HJdzf dedzg” B { dzj Slstedyd MEddsd fMmjlsvdd d d3detsyj Mbsets
C kojdzduyd dd¥ ydmdzo dMdOwqisy A Hazlstists dft d3g faj dzdwv Ote~dlIsj € Is

- Bydaetsmis!  feEBign fHjOWdde Ge:ls o MsC k8 Istsydetsmis! MO
01%, vyt HtsMisdeOjIsmw L O Mudl dMftd Lo Oddw Issydz -
BOYdY H BdgLdedz” § IS ted3ddzO0dz dzr § EMmlstets2MmMlse® (RTU) . ClIs
Btstesdz Hdzv MdMmlsjdz M or MsSCdd3 ketsodzi &3 Mdztsy detsmisd, GHJ
otcOh jdzdw MmBtsjo d OoOttd?2 [ 2].

-ltey B 8 OCydd dzO0 Oej@@dis g ¥ nidderRE@gd d dze fMite | H
yJ @3 10 MmdCkdzH, Yylsts telkzmdztse dzj dets yJ dzZlstcOdzd L 59 Odzdets 2
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6] Odz detsds otej oBj dzad. Clts BB iMYjudoOjls Bf filstes o sMmilkC
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B fjlstts § jtoj HOoOls! Bd hdj BBl jd& HOdd & o tjxddj
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Institute o 2MMHsegBHEZ NMBBE&PAsdD EMlstcOdzj dzedj ©Oo Otcd

30i 40% [3].
sdzt yjor dd fftej daszh jmlsoatsdg SCADA WwWodzw jIlsfmw o tsL dzgtsy dets
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PLC-mdMmisj a3 : oL ddsy desMmisd d ts6teOdzd yg dzd W

ltoscteOBBBtelzj 5" §] dzsedud MSdj S odalstetsdzdzj tor (dqRLAG) Is (
ydd ftetsyj Mmse EZfttOodzj dzadwv 1 dzj ClstetsmdzOB Y §j dzd j d3, ©HAZOC
fts MtcOodzaj dzds -MIBEABA. yeL L oMmjets Hfteddgj davs Ispw dz0 dzj |
Z§tcOo dzj dedj  dzj Clstedud MCdasd Mmj lsv 3dd ofj disQdnihslszqisls teolz j figsss
dzso degtsy GSlsdzdydd PLC tsIs SCADA LOSCd&z¢ yojbsmw o Issd3, yls
sects ftcOodzj dzgd™w ftslsHjdz! dg" i3 EyomlscOokdd Mmilsd [5]. €C1Is
Cdn COC EYtOodz ddj dzOMEMhgetedsg 3Mmls O elzte@C 8 § G dzd dzefpfgs - s
Ctozf dzr 3 twWOMY tej HJ dzj dede" B MJ Iswdsd PLC MmlsOdz¢ do O4 Isfyw
btcOdzd L 5o Oczdlzts s 5 Bsdzd Iststeddzc © o tEtOdzd U dzdzr B o 5L Bisy

1 4 HOo dzd § d Midzjdzdts o Qdsdsy Mfetg H@zjQ ot i3 fesMissw tsBfS
PLC fMtMmMlsOadzwjls 5,6 yOfmtse o ctH, Mgt gz 3HhRo y@iz®) B
LOdes i Ikjds, ybts o MdzkyO] GICOLO BHdsects L Csdbstttd
o smlsOdetso dzj dzgdv tcOBBSIsr, IsSEHO COC SCADA dByjls Ooalst
dd ¢ d fdlsOdedw ddzd tsBBtckzHe Odad J .

DCSdMmisj dsr : ftej ddBBzh jilsoa O d dzgj HsMisOISC(

t OMmyted Hjdzj dede" § MdMlsj 3" EfteOodzj dzdw (DCS) dMmy tsdz' 1
Bl j S LIOOCdR COC dgjWilsjfjtojtcOBOIr 908 hdj LOotsH" ddzd
tesMmis! 6 OSydd dzO Qo Ottd?2dz § MdlskzOydd dd3jjls tgh O h j
MdMmisj 5" ddizd®¥ls HJ Yy delstcOdzdL so Odgdzlz® Otcn dlsj Otz Olsis ts
gL o3j dzgj dzd v o tcOBfigdefyls ME'ls M s RCSsB j M j yd o Ols+ o tcj
mMiSkdH, yYylbts Hj&kOjIs drn dzgjL OB dddsr ©3dd Hdzw Ctedilsdyd MEd

JHdZOCts DCS dd&jils tWH ecteOdzdyj dzd?2, tMmtser d=as jof -C |
sOr. 1" MMt Ow MmistsddtsMmis! odzj Hicj ded W (HB 25 dsdzdz telzB dzj :
DCS 1 Ctsdesdzddyj MSd dzjor etsHdzr d3d Hdzvw BBdzr h Jdzmlsea © Mistets
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LS ZE Ol Oyd

vjd dzj Bjodzjj, HA&w Bl jCIltse f) ftsorh jdedzr &3 Istej B 59O
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Ld3j dgj dzedv o f OtcOd3j steOR tcOBtsls’ tsBtstekzHtso Odzdw [ 8]
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s sd3f dzj ¢ M dats SSCAPE RLE dA)CEdEY MistetsdlIsy dz' dzr = BI § $IsO~R
1 OOz Ists SCADA PLC DCS

[OMh kOB dielk j Bsfl ' Ms|[ cteOded 1) r Mt
ltej By OCydd &0 <10 10120 fy <5 fy
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Il 8L dBsy detsylsd Bsdaz Jies!f ctcOded \z d tots
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vindduyui mMétsj BMutejH 1dLes|lr its
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vOBddy0O (sHojEym@hs,) dylstse SHEAPAJo O ls flsdBOd
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GOH jy des] EfwOodzj dadj H&zw Cwbkfder & flstesdls  d s sk j

88



Zzyh dj §sSCOLOLjdkd 5 otejdsjdd ftesmssw, O KOGy Mmdad
ktcjBlkshdn or MsC 2 dOH j ¥ dasMels § dgfj S Is & spaz®s 3 6§ dzifte j H DC
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©Osls 2 Bjdzjj §SHOSHWh g HdY dhMicsd Lss OddY o Mt

( Mdzd Eud Mis! ofMmd birdduyulmMtdd oL Bsydshmisd, f§wjdo
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ddL Csotsdz! Isdzg" 7 1 dzj Slstetsfpjlswin (Cu) or wodzj dzgO L Qo dMmd df3ts
Bjdelstso (ftoetsd3 " dzj dedz" 2 fyj Clstste, dBdesetsC o Otclsdtods 2 X d dzts
ssys 0 Mmdwlsdw tsfdetsoladz HR. ArOdO S st Ikeddp@df' Cdztzfc 5 f sSH Qo dzj dzd
1 dzj Stetsjswn, dzjtsBratsHdhits tsftejHjdzdls! thdseds j ff OtcC
ftoed wOLWOBBISC | -COGfzydeief Gz W o zT slefMisOdeso 5 (AsUL) . A j
or wo dzj diydj Bl dzd ydzr » { dzj ClstesftedBtstotse Bl Ehdzse d2 !
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B hdzj dedztsiyisd g o yOMmlsdesds MjChtstej. Jted {ltsd ko jddyd
& B ROwLOSljwdmsdSOdd: COC o Swddyjhssej ddsd, kO
&j2 o w©wOyjddd. vOCAhshEdEEOBIY @y s ftedosHdls ¢
Stetst dzgjtecdd o Cu. [fMdzd o Htosd " dzj dedetslsd ftoj sB dZOH O5 |
ftj 5BLOL Sos,j dvtssde [UOMsdsd MjChste] st fjddkkzh jils
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1,8 8,21 6,54 5,63 5,10 3,58 3,15 2,8 2 1,85
19 8,13 6,49 55 5,03 3,42 3,07 2,75 2,1 19
2 8,05 6,44 54 4,96 3,31 3 2,7 2,2 1,98
2,1 7,97 6,39 5,32 4,86 3,25 2,92 2,7 2,28 2,05
2,2 7,89 6,34 5,25 4,80 3,2 2,85 2,67 2,37 2,1
2,3 7,81 6,28 5,2 4,75 3,15 2,78 2,6 2,46 2,2
2,4 7,73 6,25 5,15 4,70 3,07 2,7 2,55 2,53 2,33
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4,5 6,04 5,45 4,25 3,89 2,28 2,04 1,86 4,48 3,89
4,6 5,97 54 4,23 3,88 2,27 2,03 1,84 4,55 3,95
4,7 5,92 5,37 4,2 3,87 2,25 2,04 1,81 4,6 4,02
4,8 5,89 5,34 4,18 3,87 2,24 2,02 1,8 4,68 41
4,9 5,88 5,33 4,17 3,86 2,24 2 1,77
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Pacuer n Banngaums npogykTos cropasus npupogHoro rasa|

CHd = 933
=04 [mwer=q [{=9 [epeuswee nposepul

2= 1_} fkoaddmupent nabeitka soagyxal

Npoeepka cymmil cocTasa |

Proverka(CH4,C2H6,C3HS C4H10,CO2, N2 .y, Answer) = |y« CH4 + C2H6 + C3HS + C4HI0 + CO2 + N
Answer « "Bepmo" if y= 100

Answer « "Hesepno" otherwise

break

[Proverka(CHZ,C2H6.C3HS, C4H10,CO2, N2y Answer) = "Bepro” |
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|.—‘a.ll <« pmHa( Vse component) = 6 | |Uglevodomd}-' « pmma{CH) = 4 |

5'. 114 5'. 41 H2 = (]
2 6 —

M= . N = CO =0
3 § HS =
L4/ L10) 02 =

_\:D‘. i _\:1‘. i N, { N.
Summa = || MD+ — .-CHD +1 Ml + — .-CHI + M, + — |-CH, [+ || M, + — |-cH,|= 190887
\ 4 ) d AN 4 ) A A e A Y

|\'D = 0.0478-[0.5-(H2 + CO2) + 1.5-H2S + Summa — 02] = 9.508 |
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GOLtsBBtOL dzse 5 Iststf dzd 9 O

101



tdf. OdzdL OYdV

ttOMmyd Isd
qzls j cteqielzj Isimw
fts OkO&scdd

HiE s dzdzd Is j dz' dzOw

) e d

tdm.

5.

[DEbemnbIii cocTae npoaykTos cropanms]

[na azoTa

VN2(V.N2.a.y) = |y« 001-N2 + 2079V,

break
VN2{ V). N2.a.y) = 9.023

,D,J'IH TPEeXaTOMHbBIX ra3oe

Summ = (M-CH) + (M;-CH, | + (M,-CH, ) + (M;-CH,) = 99.58

VRO2(V().H25.C0.CO2.y} = |y « 0.01:(0 + CO2+ 0 + Summ)
break

VRO2{ V. H28,C0.CO2,y| = 0.997

[nA napoe Bogsl

(Nog ) [Ny ) (M, ) (N )
Sum = | — CH |+ | —CH, | +|—cr|+| = cm |- 10848
L2 0 ) 1 L2 2 ) 3
2 0 2 T T e )
VEO(V,.H2S,C0.C02.H1y} = |y « 0.01.(E2 + Sum)

break

'\"I-L),O[\'D.H_’,S.CO.COE.H_),.}-'}= 1.983
[ns kucnopoga

VO Vy.a.y) = |y« 021(a— 1)V

break
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break
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s MBS dmMftsd L 89 Odzgdz" = dMmistsydzed & ts9

1. AOdgjo w.1. 1ktetse 1 .., tjdBjLtsea ¢.1. 1 OLlskztes ddadz j
yd2: dasyj ff sfmsedj Hozw.dlzL #0.d2] RIOBHO Istg jdu .MisH5s8 4 Cfig., 200 2.

2. KopyevE.P, Sadkinl.S., ShadrirE.Yu., MukhinaM.A., Kuznetsow.A., MinakovA.V. Combustion of liquid
hydrocarbon fuels sprayed into gas generation chamber with superheated steam as low emission technology for energy
production// Fuel i 202571 Vol. 381 (A).i P.1333441 DOI: https://doi.org/10.1016/j.fuel.2024.133344
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TMOCTABLIMK W WHDOpMALMA O TDAHIAKLWH BNOK [aHHB0 XDAHKTCA B BapHUUMPOBAHHEIA GnoK 0ba cTopoHsl
MoKynarenk ofibaguHAeTCA ¢ [BUBHTPANMI0BARHOR OGBRIUHABTCA £O BCEMM NoAYYaoT
COTNACYIOT YCNOBKA MHEpOpMALMER O ApyTHX rnofansHoR caTh, OCTaNBHBIMA paHes NOATBEPHAEHHE
TPaHIAKLAK. TPaH3AKLMAX, oliecnevmeatoled 3awmTy o1 BEPHMUNDOBAHHEIMA TPaH3AKLHM,

COBBPIIBHHEIX B TEYEHHE NOCTOPORHEND finokamu, coapasan
TOMD %@ NepHofa, AnA BMELLIATANLCTRA, & TaKum ofpasom
CO3AAHMA BNOKA AL, CNBJoBATENEHO, OH (NOCTORHHD pACTYLYIO)
BEPHDHLMDOBAH, Lenauky GnoKos.

tdfl) sy M) OB ¢BdsS yj 2 dzoe

g dgj dzgj dzdj BZSCYj2dz © bkfMdsedws MOdS yd?2

CCtdetsdBdud MSdy MOdeS ydd, dzOdztsy j dede’ §j dz20 t smmd2mME iz
o' B jndsdscdvd, SCtdBftd] disOoR  LOwks jydr & ddgo j Misd
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H dd¥a CH 0,068463 0,06629 0,064354 0,069012 0,066973 0,066244
v Mmils 7 0,057646 0,055078 0,053926 0,055932 0,0547 0,05326
v M 0,055123 0,055057 0,053805 0,056424 0,054508 0,054259
v Mis 0,068462 0,06629 0,064353 0,069012 0,066973 0,066244
vd Mt 0,062027 0,059783 0,058038 0,06294 0,060363 0,060058
vd Mld

1 sGtej N ( 0,06436 0,055078 0,053926 0,065821 0,283393 0,064758

H da¥b_CH 0,050387 0,283393 0,057453 0,083913 0,283393 0,056865

0,55414 0,283393 0,053577 0,058469 0,283393 0,056697
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0,6436 0,283392 0,064398 0,065821 0,283392 0,064758
0,057975 0,283393 0,058289 0,058964 0,283393 0,058316
1 tsEted N ¢ 0,066967 0,066921 0,06622 0,284657 0,067082 0,066588
H da¥c_CH 0,05945 0,08322 0,072728 0,284657 0,060758 0,051407
0,056452 0,056808 0,056429 0,284657 0,056692 0,055463
0,066967 0,066921 0,066219 0,284657 0,067082 0,058316
0,060308 0,060595 0,060104 0,284657 0,060612 0,059675

JtejLkd O] Mijttdd {CMfjtdddsss HEY Gf'sO0 S
wWded, ftedojHI dafler 4. dzO ted M

Loss Over Epochs Loss Over Epochs Loss Over Epochs
0175
0200 —— Taining Loss —— Taining Loss —— Taining Loss

validation Loss Validation Loss 005 Validation Loss

0150

0175
0150 0125 0.04

0125
0100
£ o0
0075
0075 002

0.050
0.050

0025 0025

0.000 = 0000 — 0.00 I

Epoch
P Epoch Epoch

) ssfris M 10 B) tfrls f 8 d 9) BYrls M 6 <«
9 MSter Istsd3 M o MCter sd3 M« o8 MCtrIssds M

t i, e®Y dSd tBEYj ddY &sHj dd dj 2 tctadidzs? Mg lsd
10 cCto@mipSq teBlyjdd) djttsdds? Mjlsd L0C0dyuds o]l

shde¢d BBbkyjddw dof d3jdzv jlsfw dzO Moty d3 fteslswy j dzd d .
HtolzG tsds. [hdBC O tBRYJ ddwy Misigkgsi@esdzyigslsz ylj,ddd0j0 7.8CE. © dgu@f o
Lfsnd, ftd {1 Issd3 Stede' j 90dzdHOydd d tBEZYyjddw Mtsef O
CoOWtHUP3, o odHdets, tBlYyjdedj daj2tetsdedets?2 Mjilsd L OC Odeydo !
sBEyYj ddv fte f OH Gsdis ) sEfisdoseSd® jiists dd , 10D 01002 7.

Loss Over Epochs Loss Over Epochs Loss Over Epochs

—— Taining Loss 0175 —— Taining Loss —— Taining Loss
Validation Loss Validation Loss 010 Validation Loss

010 0.150

0125
0.08 \

0.100 — 006
v

0075
0.050
0.025

000 — — 0.000 0.00

o 10 20 30 40 50 o 10 20 30 40 50 o 10 20 30 40 50
Epoch Epoch Epoch

O) sfrl M 10 dzgjttB) Gl M 8 daj 2t o) Bsfrlk M 6 d
fy dzts § fi) dzts § o MCter ssd M

t L teOWdSd tsBlzyj ddwyw oBsHjdd dj 2 teigead? Mmilsd M

10 C@ffPcd tekyjddj djtsdes? fjkd LOSO0dkyuds 0]l
shdesd telkyjddY dj ®jd'jlshy &0 Moty & ftesswy j dad d .
Hieketsds. [N dBCO tBlyj ddw fisias Blesdwigdskz 1y jodzd0j0 0L9GBR20 dzy do
LRy, ftd {Istsd Stede' j 90dkdHOYydd d SBEYjddY Msef O
CloOWtddg o tBEYjdd] djtesdhkdas? Mjlsd LOCodyuds 0j s do
Mo f OHOY s, ©hdeSCO ftod | Isd fMefmsOodvjls 0, 000313.

146
















































































































































































































































































































































































































































































































































































































































































































































