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ANNOTATION

KuropyatnykO. A. Providing of the sea vessels ecological exploitation
Qualifying scientific work as manuscript

Dissertation for the scientific level of Doctor of Philosophy for specialties 271
I River and sea transport (Part of knowledge i27Transport).i National
University "Odessa State Academy" of the Ministry of Education and Science of
Ukraine, Odesa, 2020.

The dissertation research is dedicated to the solution of a scientific and
applied problemi definition of exhaust gases control systems optimum modes
(from the point of view of maintenance of the maximum decrease of nitrogen
oxides concentration and bthzation of the reached value at the level
corresponding to the requirements requested by the international qualification
societies) at simultaneos minimal decrease of energy and economic parameters
internal combustion engines of river and sea transgssels.

The main motivation for research is the current availabilityegfuests for
practice:

solving the problem of minimizing the emission of nitrogen oxides from the
exhaust gases of diesels of river and sea transport vessels;

the need to ensuredlenvironmental efficiency of the seagoing vessel.

The main task of the researchis to develop and determine the modes of
operation of exhaust gases control systems that ensure the environment:
parameters of ships in accordance to international standards.

To solve the main task of the study, the followailiary tasks are solved:

1) determination of the gas recirculation system operation range, which
provides the maximum reduction of nitrogen oxides emission while minimizing the

increase of fuel consurtipn;
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2) determination of the criterion for evaluating the efficiency of the exhaust
gas recirculation system;

3) determination of optimal (from the point of view of ensuring the ecological
compatibility of seagoing vessels) modes of exhaust gas bypass;

4) analysis of changes in static and dynamic parameters of diesel engines o
river and sea transport vessels during gas bypass.

As a result of solving the main and auxiliary tasksceentific position is
obtained: the ecological compatibility of marine s&ls is ensured by integrated
control of exhaust gases of internal combustion engines through using the
recirculation and bypass systems, herewith the optimal operating modes of thes
systems are determined by fastving or by load conditions modes oiesels
operation.

The scientific position is substantiateddmyentific results

first installed:

optimal (from the point of view of the maximum reduction of emission of
nitrogen oxides, at the minimum decrease of effective power and the minimum
increaseof the specific effective fuel consumption) the range of recirculation of
exhaust gases whand inm which thd &qicbi@nmetkc, ratio is
maintained, that provides straight hypergolicity of the fuel;

criterion for evaluating the efficiency diie exhaust gas recirculation system
(for which it is advisable to take the area as a fundN@x=f(d=cr) allowing a
guantitative and qualitative comparison of the modes of its operation;

optimal (in terms of closer to the maximum reduction of nitrogellesx
emissions with a simultaneous minimum increase in fuel consumption) mode of
bypass of exhaus t% agdavehiehsprevemsdthecobcurrerce oft é
thermal overvoltage and surges;

the possibility of using the exhaust bypass system is limitecaliyap(in the
range of less than 3% of rated power) load modes and increased (in the range of
more than %) bypass modes.
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The method of determining the concentration of nitrogen oxides in the
exhaust gases has beimproved, which differs from the exisig ones by the
possibility of estimating their relative value (in terms of power and operating time
of the diesel engine) by the final oxygen concentration in the exhaust gases.

The method of load distribution between paralleining diesels taking into
account their ecological indicators (content of nitrogen oxides in exhaust gases
wasfurther developed.

The practical significanceof the results is as follows:

for the main operating ranges of the main and auxiliary engines of river and
sea transport wsels the mode of operation of recirculation/exhaust gas
transmission systems is established, the use of which increases the ecologic
efficiency of the vessel with si%ult
power deviation and prevention of therm@gss;

the technology of complex control of exhaust gases should be used during
steadystate operation of the ship's propulsion system, and recommendations fo
determining the optimal modes of its operatibnduring the design for the
installation of reciculation/bypass systems.

Key words: river and sea transport vessels, ecological compatibility, emission
of nitrogen oxides, exhaust gas recirculation, exhaust gas bypass, exhaust gs

management.

List of published works on the topic of the dissertation
Articles in scientific professional publications of Ukraine (included in the list of
scientific professional publications of Ukraine, which are recommended by the
Ministry of Education and Science of Ukraine for publication of the results of
dissertations fothe degree of doctor and candidate of sciences)
l.sztetsy “plstdag{ €ed % § dzd § + BdMiNdd BEMdeEEg dz
B IssHBR fjtojfzMs O o .sfizdLdy IssdzdcCOL/Bo |
dzOy . ddAc2018k Hzd #(57).1 & 98-108.



13

2. Kuropyatnyk{ .A.The use of bypass exhaust gases to ensure the
environmental performance of marine diesel engines/ [ .A. Kuropyatnyk//
dkzudzse ' jdzj 66 Isd ytle] n tzinBOEBdEH o3P 7 © 210201z €
227.

skttt Wplspda ftcOo dzj dedJ o'  Zmbhtsm rdstf L.
Hdzv B MY Judddv 1 C6dsdduzdid-ls g cal da
I ¢olstsdBOIsdL Oydw MmizHtsior &6 sy &.dzd MRehE ded ¢
i1 §24.7 ¢ .72-80.

4a@duwz [JfIsddzdL Oydw toj ) d Btso tcOB I
orfEmMCedOEtso mMkuHtser QA Mtcj Hdz) BB OE datizn
b Psktesfwisdeds [/ / ¢doalssBOISdL Oydqw mMeHtser
IsJ ~de.7T 20698.7 1 " 25.7 [ Hj MMO 1 0 ¢ .c f80.6DOL:
10.31653/181829320191-25-79-89.

5.5 ztots i Whlsidzs[ € &3 dzP¥ M yJ dz€ O tej Y d di3gs o
fdmilsj d3r ey ydteszdvydd o fkm¢dr 4 fpdafise
[JHIM CBets dZ2OY' SdzOdz dzgse s diIs ! O RERGI E dzf
~ 1(61).7 & .106120.DOI : 10.47049/22248932020-1-106-120.

6.5 Iz tc 5 WhlsddzgitEdzf dzj € fdats § § cOo dzj ded § )
mMeutseora HdLjdzj?2 C0¢C MmMfsmtses B M j Ud
tcOBBIS" ¢ s/ztefisf Whkdzadfdzd ¢ [HiM! CBEeB d&OY' B
dz' o jtemdIlsi sk 1 B.T ~ B0 .4 . WYEIOGY DOl : 20 -
10.470492226:189320202-142-159,

Articles in foreign publications included in the international scientometric
databases Scopus and Web of Science
7.SaginS.V. The Use of Exhaust Gas Recirculation for Ensuring the
Environmental Performance of Marine Diesel HEeg / SV. Sagin,
[ . ¢.Kuropyatnyk// OUR SEA : International Journal of Maritime Science &
Technologyl 2018.7 Vol. 65.1 © 2.7 t.78-86.doi.org/10.17818/NM/2018/2.3


https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/index.php?show=toc&id_broj=16155
https://doi.org/10.17818/NM/2018/2.3

14

8. KuropyatnykO. A. Exhaust Gas Recirculation as a Major Technique
Designed to Reduce ND Emissions from Marine Diesel Engineg
O. A. Kuropyatnyk, SV. Sagin //OUR SEA : International Journal of Maritime
Science & Technology.i 2019. iV Vol.66. 71T Iss.l. 1 1.1-9.
https://doi.0g/10.17818/NM/2019/1.1

Articles in other foreign publications:

9. SaginS. V. Application of the system of recirculation of exhaust gases for
the reduction of the concentration of nitric oxides in the exhaust gases of the shij
diesels / SV. Sagin, A.A. Kuropyatnik // Ameican Scientific Journali. 2017.1

15.7 Iss.2.1 P.67-71.

100 OB dzsyd d2ser M j dzd 4§ Istsq dzd o dzts 2 1 ¢
L Csdzsedyd M dn f OtcOd3j stetso tcOB SIsT mMizH
fticdMOHBSE § IsisPdzdzss I Ws?izote . v IAdztfi&scidnde i
2017.1 - PRu.8388.

11 KuropyatnykO. A. Reduction of NQ emission in the exhaust gases of
low-speed marine diesel engines /A Kuropyatnyk // Austrian Journal of
Technical and Natural Sciences, Vierfdl 8.1 = 7-8 (July-August) 1 { 37-42
doi.org/10.29013/AJ1.8-7.8-37-42.

125 ztets § Whlstdae dzd 3 4 dzd 4 Ctsdzyd delstcOyd d s
orfkm¢ dz n GOL On Mz Hise Iz 6 ts § W ds kphiieysih / /

U Jonded yd MSCi2018.040z13(48).7 ¢ 63-66.

13. KuropyatnykO. A. Ensuring environmeat performance indicators of
marine diesel engines O.A. Kuropyatnyk// Materials of the International
Conference fnNnScientific research of t
Part 1. August 31, 2019. Beijing, PRC. P. 146153. DOI.10.34660/INF.
2019.15.36259

14. KuropyatnykO. A. Selection of optimal operating modes of exhaust gas

recirculation system for marine legpeed diesel enginesQ. A. Kuropyatnyk//


https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
../Литература%20Куропятник/Vol. 66.%20–%20Iss. 1
https://doi.org/10.17818/NM/2019/1.1

15

Materials of the International ConferenéePr ocess Managemen!H
Developmenh s (Birmingham, United Kingdom, January 16, 20Z%art 4. i
t.203211. DOI.10.34660/INF.2020.4.52992.

15. KuropyatnykO. A. Reducing the emission of nitrogen oxides from
marine diesel engines / @. Kuropyatnyk // Materials of the International
Confe r e nScientifiéi research of the SCO countries: synergy and integration
January 25, 2020. Pag. Beijing, PRC 1 P.154160. DOI. 10.34660/INF.
2020.24.536809.

16sztesy "olsgzl & § MY J ud dzedd  EBdZsedud MEdn
MzHtce 52 L dzj e B GIMCAcd Emld@dsdz: L 59 C
ted ydteSzdzwydd orfkzmédz » eOLBO HL J dzW
1 dzj € Istets dz. dzO z yidz. 20203 kztcdz. = 4(73). URL:

http:// 7universum.com/ru/tech/ archi ve

Articles in collections of m&rials of scientific conferences

7oy "olsgzfl & § MY J ud dzdd + Cdzsedud MEdn
mMkHtse ™ QA HJpjsdzjte2dst ¥ Isdpd.¢ ROBESI[~Qls ] t6¢ SdaW |
ct ' yS¢sod?2 sO d&stem! ¢ d2 W dzts Is : J § MY d
24.03. 20170 J wjoh@ d.dzO Oy’ s5dzOdz! dzd 2 kdz 9§
OC OH JTdB01W. ey . -123.0

18sztosy “olsglag dzd 3 J ded § + BBdMMId BSECMdHBe
| s ktes] VisdefiWzts/o © Jjdzjtecj s O: Mmls@lzu IsO
[ ') dzOtets H dzts-Is g dizOzd@ts o tsC & dpWdjStdsjdd@y "o . 1 Oy
Fdz' 9 jteidlisj s ¢ tedd B djHediz HI ROOAICRIESES.O .

19sztesy "ozl & MY J W ddd 1 ECdscdU)MEda
mMzutse " 7  HHL judzjy20 iydz' " deW sted3Oy ' 2 dz' Is ©
Is tc O dsfilstf ts [ Olsjte’ Odzd m -ff tbQ WOdctpdetEzts ™ ¢ tHz
MINTT-2018,293 1 Istc Qo davm j2tdfjt8dz t&. Mmj teMmsdz! € O
O¢ OH J 2918 4 325328.



16

20s ztotsy Wplspdde d MY J ud dedd Istcj BsO Odzed 2 € t5¢
fts tetcOded yj dzdNOyx thlzlBjedgmoj toj f EMC O Hr L
b.p.s Ztestf Wisdedq®©OMdze® Jdajtecjlsdyds EMmMisOdatso €
SO tsB dZOH dzOdzdz? H dzw ° 7 5B’ ddz ¢ sde@te ©iatiaY
ftcOCIsdydets® ¢ =ldaw § 84 tz)y Mzl m 2@M©Odz MJ to
Hjtoy O dz0 RBsL.Mf2000 O QWP B W

2l.s ot whlstpdzf € j Mt J ud dzd 4 Ztctso dzv L o3d iy fi
MeHtser o yYdisrtejnls@Csdertets frvlsidgdez] S so ¢f2 Is
W dzts s : d S$Mf z2oOlsOy" w tcj] s dzls s j J d@'Isy de
CsdeW jtojidzff ' H] MO 1 Oy’ sdzOdz! dzd 2 dz' o j to
OCOHj & We, -288.19.

skt Wipdy EMdz' HYJdede" wWixd o il
mMzHdsoadr Ha RGeS oY BdzfTZzH dzso O j dzj 66 J Isd € C

[ Olsj 6" O s mdzf ' pde@ Hf 3 aids 0t dp¥% jstdziodzg
1 Oy’ sdzOdz! dzd?2 Edz' 9 Jjtemdilsjls € tstcDBOMYjimtlzH Iz ¢
73-79.

235zt "olsgdzf{ & § MY § ujdedy {SCBdsedyud Msdn
Ldzgjteejilbdyi MSdn kil O detosstEte ol eidpgdels y &tz o
Bstem:! Cd2 Wdtsls: J SMf z2 OOy v tc J e3ts dzls
IsJ mde’ ydes®™ ECsigifg@j:dey Oy’ sdzOdz! dzd?2 kzdz' 9§
OC OHY 2820% & . -112.8

24.s o tstf whls¢pdzgd § Oc dzts s d tcts 9 O dzd J 1 Ctsdztse d
OB tsilsT MkzH o "{h.0 leftc gt IB/dLIE j td 1/ P dzdf dzOte s H d
dz0 Iz C-tfste &S Is d Yy dzts Bstem! C° CtosdgW j toj day’
ZOyY' sdz0dz! detsc s  d3ts to IMPR&OLB20 1 Aiz'ine HowenRjastg Is Iz
and Operation Co'"Isjden  BO20. EOyhs&d@adz' dd?2
Edz' o j tdfg RRORE.

25.5s o st Whlsddagl €zd ¥ j dzd J BOC Md B3O dz! dats 2 Is j
tcOBBSYjets yYydqedz@ MmMEuHtser' s HJLjdzj?2 M yj



17

fsCOLO§.dstes Wiskzd Bz yOfdz ' dgf stedsOY " =
s fdoes ' 20 beOdmy stels' [ Ols jfitad O deoff e
C tsdzW j MINATI2020, 2729 IstcOo dz¥i MjOfipsdas.: mj
Hjty Oo dzO® dsts te i) 20000 4 @S0Q@54,) d3' W .

Of the scientific works published in @uthorship, the author persomwall
owns:

[3] - providing the technology of experimental research, processing and
analysis of experimental results; [4] conducting experimental research and
processing the results; [7}setting up experimental equipment, improving the test
program, conduag experimental research and processing their results: [8]
development of experimental technology, conducting an experiment and
processing its results; [9]modernization of the ship's exhaust gas control system,
conducting an experiment, processirte tresults; [10]- development of an
algorithm for conducting experimental research, modernization of the system of

monitoring the environmental performance of the vessel.



18

1 [ we v

brtrfws YtREYCYRMQOPESEeéééééééééé. 22
lduvlééeeeceéeéééeeeceeceeééeeeeeeeéeée. 25
tdryrwgr ¢f wy Jwugptrpoptta/rm 3t Lo .
19401ty cved Eoduy wwy s [JRew? sRIM
L[ [€l€ééééééeececececeeééeeececeeceeeéeéeeéeee 33
1.1.[ fdets o dz' | C 5 dzts )z yigZda § 56 O ®z§ G 3
stc Oz dssdcdsdze e e e éééééeceeeeeéeéeéeeee. 34
12l dised [ ' Y &zOtesHdzdn O dzOy' sd&zO
LOBjLY jujdedzw t' ode" hC '  Hdzdoda HIsd
' YStsotsett SO REhHeetdtebEOdhE GElk37
13f jrOdz L3 Elsoatstej dzdz? tsCfMdH' 9 é OE 540
1.4.0 z2Odz' L g s ded § sz’ § 1 j dzdzy  j € 5zt
tesBBSIsd HdL jdz" 9 MEHjdz ' yemeRE® el 44
15.0 dzOdbydets asdzd = M stsB ' o L dad 3 § dedav
GOLOR HdLjdzZ' &8 MEHj d o' USELoébeéts éls C 46
1517 O Odz? dzO ~ OISl jozeld-M N Ss@tsB " 9 L
SCMdH ®@e e dsdsd&ze ccccecéééeeceeeeéeée. 46
1.5.2.1 d S tsted f)ls Ofddzrd sodscids jlsd Rddztipiztde * 120
BjLYBMjtejHdY SCts of SteC z6 ©ézélzé é 6 tsH 48

oo 6o 6666666666666666666666. . 50
154.0 S sted fiply Coapuzsg§ 8C Zdzv ' =~ éoédéféz fiy 53
155] S stedmlsOdzdz" §tedMOHEBS IsO é@déls 54
1561 ¢ ts te  fdsjOlizteigsdz) Qlsd o dzsc s S Ols @k 55
16) didzso C L @ éét6I616'6dzBd5 6B 666666 6. 56



19

tdryrafrol{rdff4wc 1 ouvpléfwrrrri1cw
1001y ryrirvecvoeddpbuyaf ]l RMvE? SRM
HU[[Qé666666660606060666666660666666. 58
211dHels j dzPEZC so s 5 HEBBdéy pdzdeé é . . €58
22.{ B tokdzlslzo Odzdz?y dBBjIsd ' L Oo H CGdEé .H 62
23udMlsj dizdzd?2 § HR ' H Hts teLttsBCd Is

///////////////////////

HeMdz" H&lgj&ddAvé é e eeceeeeeééééééeeee. 65
24.) oddayd 4 S MY J ted d3d dals O&d2 edifé-é enéscrpdé 68
25l dmdzse € d L @ égBce' éRBB e ééééééeé.T71
tdrr3uffefwrrriic 'tdAruaud] cAwy
I'rRYves 1T RM L ohfudfce wOI[1IrY[LLC

////////////

31 Mdeso dz' sds'jwpddets dinm j i3 tej yd o€ &z dzw
MHjdz o' YSsosets OéEREEHEEEEEE EEB (72
3.2f Olsj &3OIsd ydzj BB HJ dzt 9 Odzdzy dzj MisOyY
hts 9" HBERZO O Is: mMw 9 yddz' dzhtc® HJE 77
321[ SH j dzelzy Otfetesyj Mk ko tstej dadaw € My
fOzgE@éééééééééécééecééeecéecéeeeecé 78
322) 5Hj dzv 9 Odedzy  dzj s Oy ' tdz@tedeE® étfts 81
323[ SH j dz¥ 9 Odzdz" ftetsyj Mz L cdcdcéd @arizvé 85
324  SH J dzt 9 Odzdzy ftisjottsj dztgfigig telsj f dz @ € &) d 86
325f sH j dzt 9 Odzgdzy flectsgpfgéd ée@EBBREG. 89
33.0dz20dz" L. BjIstsH' 9 odL dzOyJ dedzg? =~ OtcC
HdL jédz'ésbé éééééééééeéééecééeecéeéeeéeeeée. 90
34020z’ L. My smtsB' 9 o dcz@ugy dptlz Mgl 92
35 SMYf jted dzj dels Odz dz2' HtsMdz' HY j dedav o
Moo sets HdL j dzv dzO | § s dzts g€ éygds’ ém k 93



20

3516 j ndesdzsg ' v ¢ fsfd Hseds fls! o
COL' 5 MEHdAOHEE@Ee et 6666666666 05

3521 jLbd sOlsd HsMd Hyjd' , odSsdo
HdLjd' 7UECBO0LSéBéEdEEEMcEESEBicEéi 98
3531 jLbd sOIsd HsMd Hyjd' , odSsdo

BOsB jtelstsosdidz HdL j dz 7 SBOV[EG . W' ét 111
36l dMdzso Cd L @ éembe'éEBd éP ééééééé. 118
tdrraffefwrrryric 3IYdArbvwdsov 1 RIU
Lor1ws 1o fauv Youcer1bBYET L WYy £8P R
HU[[Qéééb6b6bééébbbbbbbeéeééddééeé. 120
41.0dzOdz’ L Mrd B3 JilteifBIHC F dzb d§ 6 LY &etf
Bsteh! ¢ et dsdcdamnd ddodsdré 6 666666666, 120
42 S MY jtocd d3j dzls ©Odz! dz7 HBMdz' HY J dedg¥ ©
2O fsCOLddSd tBtlsd HdL jd o MmEkH.j123
4210 j ndesdzs e ' W fEd9dzda s OdzOfids L Zo
fjtejfEmMCE o J&f &édn& &A]&é 8é0aé dé ééééé. 124
422t jLEd sOd HBsMd HYyjd, od¢C tdzO
MjtcjHdy SsBjlolstcotsRBzéadégatéb6eadé)lry
423t jLEd sOd HBsMd HYyjd , od¢ tdO
fj toj HdplstsmEsBE H AL j dB é 64.&&6¢ g & &6 .1 136
431 didzso Cd L @ éemIe'édEBd 4L 6666666 . 144
tdryragdfiJrserr st tiwrllonese RfR L ¢
gur 1 I RrRMm T RYTHEWI cBOI [ IstdY Nl ce v
[sul [ uvdudAww Mf [HUHISIR 666 6¢E¢EE 6 S 146
51 S sted s Odedzy OHOflsdodetsets € jtolzo
jdzjteejlsdydzdn EfMsOdatseo 5C fkH j dz écd .\ 146
52.0 H Of Isd o dz'$ j tijzop diEfigv dietsdgdn ' S dn ' y¢

mMzHgadr éeééeeéeéeéeeeeeceéeéee. . éeé 149



21

521) dB ' Isd ®8@Pdz! dzsets oy Jdsz MmdMmisd d&3d

CGOle'éegéeéececeéeéecececéeéecéeeceeée. 150

COBEREEEEEEEEEEEE66666666666666. 158
5231 dB' tc SflsdBOd ket t©jydkd §sd
CjtozoOdzdzy oY EREEREBE cEOLORG € 6 6. . 162

////////

//////////////////////////



|
11
11
101
r 1
rr
el

ford [

FAr
g[ U
C
CASS
CEMS
CWI
DWI
EGR
(&
EPA
EWG
HAM
HLP-EGR
HP-EGR
IMO
frte
LP-EGR
SCR

22

lrtrfws T RBUCYRMLES

odifzmMCdz cOL(

o sH S Ojdaflp iz ) °

C sdzRaded{ ¢ z dz

CGOL BlskteB 5dzOG dzj IsOY

Hodelzdz odzzlstc’ h dz' SGts L G steW dzdz

H s tsd3 moeddde z dz

CJ W' YsStoddgdzs™ H

[ 7 dzO@Cssidde WifdmyOl 56 O dadz®
BO ks | teflHspL j dz

Mk H Ggsdz] tc ¢ QPEIs T2t o

fd tej B ez tshHshL] dz

Combustion Air Saturation System
Continuous€EmissionMonitoring System
Continuous Water Injection

Direct Water Injection
ExhaustGasRecirculation

Emission Control Areas
EnvironmentaProtectionAgency
ExhaustGasWastegate

Humid Air Motor

High and Low pressuréxhaustGasRecirculation
High pressug ExhaustGasRecirculation
TheInternationalMaritime Organization

The Marine EnvironmentProtectionCommittee
Low pressurdxhaustGasRecirculation
Selectivecatalyticreduction

LOBtoclzH:



Go

Ke
Coc

23

CsH]ddzO odltcOO §OdkdJos O, Cc/ st
sjtstejlsdydsts dzj 8BS Hd&zO €' & €' Mls-
Ceg/ Cg

Cj¥W' y' ‘dzs ' Bfkd deshls' cCOLGSo
MjtejHnd fdksdO ' LsBOEdO® Isj{f ds’
cOL " o o &' dzy' { tetsyg figlen di§I<Odshisdejdztz
Cry/e)s e

fnj toj H dgv fdlstsdBO ‘'L tsB OtcdzO Isj 4
Crn/Q)s e

9dltcOISO cOL " 9, Mt dzZOHBBHWIS!  dal
9dlstcOIsO fso Istew * 0OL 9, Mt da

o lstcOISO ftso ' IstcwisalZOls 8 dgcf Xz d& 6 d3ff t
9dltcOIsO eOL'9 YjtejL cOLBOEZ Iskzt
ydmaazs yddz dzHte' 9, BGH

OH' OBOIsdzO B BIsO M dfide§ dzdzv o ¢
OH' OBOIsdzO twtsBBISO totsL h dtoj dadz? o
BOMtse j Mmilsjrn' tsd3j Istesdiy dzjS dfis daiz!/ € ek
CjJW' y" “dals LB d M jdedzw d@ZOMd L Ot
fsCOLdd S Ytsdz stesf d Mmisd Mdzaj dada” ¢
YomlstslsO B telsOdzdgy C sz’ dgyOmilstsat
fslskydz Mls: o' stewdesets § s toj fi
fslskydz Mis! cOLBoats’™ Iskztes' dzd, €
Mdted Hdz' 2 dzbdMOIs st6 dzd

BOC Md BOdz" degd?2 IsdMmME eOL & o €' da
dzd Y YO Isjff dztslso stedzO® L H@D)s dz' Myls+  f ¢
Fdz' 9 jtemOdz dz0O ¢ OL ®90  sfyls’' 2 dzO,

Isj B j cOlskztc® dzOo Ctsdzd " dg' se 5 M te



TEGR

SRR

S S

N

24

sj B jtcOkte® Mkd' h 'S feto " lotewdz@ I
fls d fdzj dzdza' @zz  B@EEicdzs® H'® OC te O dBC
sj &3 j OO o C¢' dzy' ety fHblsihE
H' OcteO®Rd) , s

sj BB j eOlktc® ¢OL 9, hts oW ks s
sj B j tcOktc® LOdkJh SCsoadan cOL ' o,
5j B jtcOktc® o ftosHEzo dtsBE toj idce
sj B j @OISFtedzy’ ftosyj Mk L ¢ stew dzdzw
s5BO' d3 yddz' dehtslz 20’ f syOlsCk Mmisdf
sBO d3 yddz dehtclz dzOfted S dzy' flsdf
CjW  y' ‘dols lsOSIsdetsfyls®

CjW' y' “dols dzOHzdh Sk o' Istew

Mk BOtedzd Q' ‘Cdslg YdzOH dzdh S 2 59 ' Istew
CjW' y' ‘ dzels dzOfi'dad b § @i ¢ by ls B gtz 1
tcj ydteCzdzwy' ' odtfkzmSdzds cOL ' 9
CjJW' ' y" "dzls LOdzdh Stsoedma 6OL " ®
sy ' d@ toj ydteSkzdw y"

fiskzd * dz@ Milsd mdzj dada™

OH '  OBOIsdzd?2 ss1 o IsteWwdatsets € 5¢
@1 OBOIsdzd?2 ssr GcOLtseats’ IskztesB ' dzf
BjROd yded?2 CtsjW " y' * dzls Ctstod fdats’
Mlskzf ' d " Hodh jdedew IsdmSk ' wH 1
CjW' y' ‘ dals o (¢ tste'ddgis @A ts ts ot ‘tzOH
¢ Iz s ¢ 2O

Ckls fsotteslsk CBEIGBZYUOMssEt 9 Odz
Cojyd " dzls fesHizo € d



25

l ool

dCIskzOdz dz' ikt Yydsgagff2 O dBstem! ¢ d2 Is to
M ZOHtso s jOBdesdg" € BEH! WwWCts'™ CtcO’ dad
otsHdddBBd hdwrOdRRd. sttedmdzO IstcOdzemy tstcls dzO
fJted oL dzdzgV (foomEsOftlz" oQB S so 6 WL OdzO L (
hC' ' Hdzdoadr odSdH' e L odfEmMCdeddsd ¢ OL Oc
fjijhndL jdz @, WG MORBIr ttsL ftsofms HY j dad A
omMlsOdzso dzt 6 Is! Mw dz2O0 ' YySsednma IO disdedye €
L O9 H Odzg htsHts LOBJLY Jyd dedzv J Ctsdztse ' ydz
Bstem! Csets bteOdhf stelsz " H yoOfp j Sy dz2O
(rl17y) odL d&zOyoO"' Is! MWl MARRBIS ¥ Qs ( tdzH OldstE ddiz
Bl k¥ Is! MW ' o j dz d B um° [ ntgdipf H * e
f " HiIsted 3O dzdOy 9] BBMHMY O~ , h 5 9 Hf B9 " HOH s
odSted MisOdzdzy MdMisj d3 ¢ Jjtekzo Odzdzy 14, Ww¢
hdwetsd " » tjydteSkzdkzvy ', OBt fjtejfkzme
tesBtslsd MkHj zielc Coeets stk stclskz  {f ts¢
ftse’ toh jdzdgv &3 j dzj ecjsdudedm (d2O MO
d S sdztsd3’ ydzd n (fdlsiBs’ OBfts GBH(Jdzdats’ s
1 " Hodh jdedgy j SBBdzse ' ydesmls® Bstems € da MEH
L stz L@y dzdzv B3OS ) d dgogrsietsicitm © 1o dzgy jsdzdzv Is
HsMWegdzzlstséts L dzOyj dazdaw dzO0 ' o dz |, 9" HY
B Y dZOtcsHdzd 3 CoOdz W' COwg)] Rdakdzgl Istsp Ol
Cjtozoa Odzdzy 1| ftod tsH dztsyOfdatsddiize ¢ g3'ls dfy digd
J S sdztsd3’ ydzd - fcsCOLddC" o r 1) e’ Y& tso tsc
OClszOdzr dzgd d3 .L O 9 H Odzdz" O3

19" WL sC tsBBlIsd L d&OkzCBsa ddi3d {ictss IOE:
odCtsdzzo OdzOMWY o' Hf 9" Hdets HB  sSdztsy j dg



26

fjte' SH ties b2 EfO0620.1010ts. 2174 : fsdsy j & vt
MseOlsje' ° LSO didtsWO §fg 880.G818tc H B30 008 0
5OC Y bk t©OKRSOR d&OMkY ded A-H tSHIHE B Y J
10Oy SdOdr descts bkdz ojtemdls sz L odddipss aF)
BjilssH' 8 EHSMS SdOd ddz? Ikj fdz ydets® S
Ll Odztso ts € z0 f' HMlsOo " flz 4O fded 7
" 10110U005910 (20172019tcts. ¢} s c desL o Odedz®  j § M
sjAode ydesets MlsOdzz MbkHdse s’ ot bsdels iyt
o' BloOyt&dusOd dzdm 7 Ofe MLIBYOGL G502 t5. )
bv C o Ooelstte HJMjelef@ys ttdmifp & - zgOMis! dz' o

[ i 180 HBMdzY 4isisdzdzVH sMdz" H Y § dadev ° f ' He
iWjSkdodasmls' MkHjd Bsth’ SEs ISttOdnf st

[fdzs e dzgs® Ok Stsoty o' fRlsjbkE O HERQE
f  Hodh jdgdgw jCtsdzse’ ydets™ JWjClkdodzsmls
CjtozoOdgdzy odfkzmMCdzddzsd e OLOBI Hodelkzdz o

| sdzts o dzj LOoa HOdzdz" 2Oz tsazse® H &&de L
oddOyj ddz2' wixdd' o JECMfdzoksoy' ~ MmMdMhilsy
COtcOdzlsze Isy L OBJ LY Jyd dedew Jj Ctsdzse ' ydzd n
Hts o ddise 3 Y dzOtetsH dzd m fMisOdzH Otcls ' o .

[ dzv tosL 90w L Odedz? cCtdzsodatsets L O H Odzdz
Histf sd3' Y dztiz2? L Oo H Odz

NodL dzOyjdzdz?" H' Of OL sdek tseBlsd MdMls),
LOBJ LY jykz' s mMw &BOSC M 30dz! dzj L daed ¥ j dadaw
BB dz' BOdz desdBz ' Hedh jdzdz® o dIsteOIsd ¢ Odzd ¢

Do dL dzOYj dedz? Ctedlsjte' ¥ Yy dSd jWiSCl
tjyduegbd odifbmSdds c¢OL' o;

odL dzOyj dedz? tsflsddzOdz dedn (L ItsySd |
Bsem! Sda MEzHjd) i ddi o filwjfzmMiiz odf



27

HNOROE L L& dd MsOkdudedr SO HddzOd -

fMHjd 6 YScotsets kO s e S skt bs teadk | ds.t
[BO'Cls HGHdfomsujdpzd  Hodh j dzdg | S s dzts «

' YScotscts kO &sth' Ssct beOdkh]f stlsk.
JtejHBj s HEhfiotEyjided® j oo Odzdz o df S c

HdL J dz' 9.
[ JIstsHd HBMdz HY J dadzV :
MinHEzSy" " (' H YyoOfm L HBRINUY dadzr ' da¥ stc

Mdmlsj ddzgsets Od&zOdz’ L2 (§f' H yOf odL dzOY
sOSCtsy " H Yo ttsLtesBCd Ijndtdse' ydas’

IBOIs | BZOIsdydesets IsO W' L Jydzese s dtsH J dz¥
5BO' SO HMd HY jdedzy SO o dLiszOYY dEds % @€
20 ftetsyjfm kZotstj dzdeW BEMdH" @ OLBIsSkZ)

MMisOIsdMmisd ydats”’ sBtotsB ¢ d HOdzd n (4" H
d Sy jtedd3j dls™ o) .

1 OS50 0 WwsdElsdEO f stV 0’ bk bsdkkz, s
OL sz HdL J dz' o mMEHjd ' YyStsetset 9O  d:
LOBjL jyk Is! Mmw Ctdlf dzj SMdzd 8§ j tolzo O da
LH' 2fdzs " s v hdwaotsd "~ 7 MEzd' mdats’ toj Y
sflsd B3Oz dzj totsL f sH ' dzj dzdaw (hsHts L Odz' dz
tjydeSbdvy' ‘s 1O fjtjfbmCsdd LIE@®BEH (L
o  Hf so ' H dzts.

VU tojLbd OIS HEsfd HYjddey of jteh j oMl

sl ®RELd ssYSd Ltttk &OCHdBOdR dscts
OLtslkk, ftod & d2 BOdz desdBlz L g dzh j dedz' W
f " Hodh jdzdz® fJdbtsdss’™  j W J SHIs doofdants{des: ety @
o df EMC dzd,m “eCOLEE2?, 565G o  wiC tdiAs d dskz ‘|
Mlsjr' sd3j Isted ydaj My " 929" Hdzsh | dzdzv , h ts L
f Odzff & ©



28

Ctedlsjte" 2 Sy de€d jWjSlkdoedesimls® MmdMmilsj
wed?2 HBY' d dzs f tod 2 FOEHO, f sl §° H 5L O
odSBsdzzo Olsd ¢ ' dzt ¢ " Mdzy IO WC' Mdzaj B’ ac

sflsdBZOdzr ded?2 (L btsySd Ltttk Bdd)y yscet
sCMdH " o oL slskz L SHdtsyOmded ds d3' dz' d30 dz!
eindds §iacdfilizimEded - cOL%oOlOWE qWC BB ethtsy
odded Cdzgj dzdz Isjf dztsots’ f jtoj dzOftelzy j detsfls”

Bsy dzd o * dnlsts te d figls O dzdz” fnd mlsj &B3q fdwed iz
sBRjYEZ ! Mwv yYyoOomsStsaddd (% o O GasteEiz'd
fslsizy dzsls 'd) deOjoOfizls@dy 4 dzdzv SO " Headh j dzd
9%) iNdBOBRd fijtjfzmiiz.

VHEMSC sde@dzlsdge d S 2 o dL dzOyJ dzda” ¢ sdzyj dal
odtf 2mM¢ dzd ~ GOL Or, hts o' Hte' Ldgv ' Is! Mw )
9" HdesMdesets L dzOyJ dzdzv ("sBEB § ispozdzgsmisO
Ctsdzyd dzlstcOy” ¢ Cdmder E oadikzmCdzdrm G OL OF

[stcd BOZO tsHOM RBIRSHEL O JlstsC f sH " dzj dac
B ¥ §OLOdz)d dzs fwOys* ydkd HJL J dzv d3q
fsCOLdS @ (ods M BCMdH' 9 OLE k& ¢

1 6 OC Isd waljy jsdedpd 3O dzed n toj L 2dz IsOIs' o9 ff sd

H dzW s mdats o dzd ~ J S dzE OOy 2 dzd = H' O
HSf s Ydz2der HOdekzdz ©8 MEHjdz 6 YyStsessaets
eiydd3 tetseslsd MdMmisj &3 tej ydteslzdvy' " /Y jte,
wWeCsets " Hoadhk' JjCtdzse' ydzgz jWjCIlsdoedzg fyk
B'dzh wWC%hQRBPER, Prnddzj dzdzv 3 f tslskzy detsfyls® [
O telzy J detsmls ' ;

Isjrdesdztse ' ¥ Ctsdi3f dzj CSMdesets € j tolzo Odzdaw
yom MmlsoOdzdn tcj YHdgs o scissB st tf ziglzr Md o dzts G
toj Csd3j dzH OYy" ° NP sHB o dL dzOyj dedzv SIS iz
ftoesj Clslzo Odzdgy dzO0 dzZOdZOG sH Y j degdg? MmdMmilsj d3



29

tiLkd sOIsd HdMjtelsOy' 2dsets HEMd HYjC

sjodsdse W odL dZOp dzdgis Iz 6 § tee d3@dzydf to € |
JEMYf z OOy~ MmdMmisj B3 teJiuldQe ¢ fg itz dzts 8 s gl
7JUEC60LS W' todstfavyNridustsiesthdi s his L OB jL § j yd dz

20%-4 L dzd x4 dzdzv j a3 M sCidH" @ OL Bk
LB dz h j@trtrse ydes® jWjCkdodssmls' st
fMkHdeso SR 6 WL j & tcdSulzewa rftie]i |1\ SdBEz B I d
Ldzed ¥ J dedzv S tsdgyj dzlstcOy " sCMdH &8 Ok
(LOdzZjydes o' H Mlsky jdzg tejydeSbdvy ° kO
Isd degsdztse " W o dL dzOyJ dzdz? S lsd B3Odz! dztsG s
d S zzOlsOy" ° MmdMmisj i3 tejiydf@s ¢ gzt dzts © ts dgla]

7S60[C W' todsd KB&WASakes HMAON OL sdz' j S
zOo Odzls Oy j B8 ' 2 S5fylddz f1jqds ¢ &2y tctf v dad n¥j dzdz
9d¢ dH xdEASN.® %;

B ssHdC O oY) Czed Podedets tejd Mls O datzy y o & §) B gz
Haze' L ded 3 d 3" o J € MYidelze@® Is@Iyr dets o t7d§6 0 L JWdz t
Kawasaki MANB&W, hts Mftedw dzts MEC stetsyj dedzs Y Of
tej ydteSC ztek@ ' st j c®IstcO;

Isj rdzsdztse ' W odL dzOyd dzdzv tsff Isd &3O dz' dzts @6 s
MkHdetse d ni de@gts g fdz' © s Bz Is tc O dzfigetintdds dztf dglf Yz +
Bzdzs LOBjLY jyjdes ftsdz fh jdadaw jSCBdzse' 1
~nOtOCIsjtedMmisd¢ fl z5L2BBBI-Bierts, HAdts j EdL dzOyd
L dzd 3 j dzdz’ %200 J8C&y2ZLe tsH daets yOfmded d3 L d3jdzh j d
s &3 j cOlskzted odfkzmEdzdms G OL " 9KTAIOW s @836
Cummins hts odCtsdzkze Is! WikdCy' o Hs sd3' Y d
fotwy std frrrf s mifvedw ddaislz8 éLldad ¥ § daede’
sCMdH" 9 OLBE IsO " Hoadh jdadzs Mils' 2 CtsMls

Isj ndesdzse ' W o dL dzOyd dzdz?y i ilsd BZ3Odz! dzts G t
CjtokzoOdedzy odfkmMCdddsd cOL ORI (Mt TfdED HC



30

M J y' CaBkzdisac@iiAfidz H dzts H ts1s 5 dzdzG9580 IHts dzdz M s
LOBJ LY Juddazs%jdi3OR ozd 1 j4dfdzy  j 3" )" sS¢MmdH
f " Hodh jdzdzw JCBdzse' ydesfmls’® dBstem: S8t Ml
o tMBddeadrn JStdte' yddr t©O2tdZOR o' Ist
Is§ stej Is dolgddgls zmBOdzdzw  J toj 9 O dBBj IssHEz €
L dBilsss " Hodh jdzdzw JCBBdztse' ydesmils'® MmbkH,
O OCtsY bjrndtsdtsce' ¥ ftose jizj dz@d yOtzhdzd R
1 0y’ sdzOdz! desets bkdz' o jtmdlsj sz He [uQiffy! &£ de 1
HdgMydydz' dz culzHdzse' Hoeodcekdzy o dzzlste’ h dz
HdL jdzt dedr, fOttseadnrm IsO GOL tslskzteB ' dzded » L
[ M dMmisd? odzj] S sz @Oz o Goy dz2OMIslzy dz
Cd St iROY' 2dsets fshkCE O OdOd L
BOIls § B3OIs d y deig)’ ) IsdPyH jsdZO e dzd ® * 4 & 15 o) D f) [yadfig’ iz
HdLJdzv " H vV i@gORe &atstcy fdage OH j dedz?  § € MY,
Htsfpdz' H Y j dz& L o dL dzOyj dzdzw s lsd &zOdz! dats @
Isj n desdztse " toj ydteS zdzw y' ° N fledzy f 2§ Bd B3O
tetsL f sH ' dzj dzdaw fslstsClk odfkMms dad - GOL " 9
fitejfzmSk §'H YOMm HesMmd HYj ddY flkd
CitczoOdadz" odf kM dzddsd cOLOR]; BEEEBSCO
tesLtesBC O toj §C s5d3j dzH Odpdz? BB®H ® H ) 70 dz® ez j
J S dzE Ol Oy" MdMmisj d3 CJjtckzo Odzdzy odf kzm¢
J SBdzse ' YydesMmils® MEHjdz t6° YyStsotsegts SO Bstef
t tsB pds7f15, 16, 21, 26, 31, 35, 45, 50, 126, 175, 181, 187, 202, 213, 218,
219,226 o S s @O Bstcsd3 MOBsMis 2 dets. v dzOkC 59
M " 9 Qealststemise * , LHSBERZO Oyl B6] 1 deOdzp o ®Oisy §
JSMy jtedd3j dels Odz! dese 5 5B dzOH dzO dzdzv |, 9 H s
ftoesojHJjddgw Sy jtedd3dd dzlsOdz' dzd »  CHSS[BHMA H X
tetsL etsBC O Isjrdasdzse ™ jJCMf jtoddsj dals' , f tot
toj L zdz [K/QI8 'des;H J todz' L Oy W MEHds 5° md misj



31

GOL O], ftetso jHJdedgw Sy J PR delclise | B8 2
JSMy Jjteddzj dzlsOydg' dlzed ~ Is @1 sBzZicBB € © 5is [BIB)AFO dzd
csLtcsBC O Odzestedlsdzz ftetso J H ] dedzgy J S MY J tec
md misj &izq ks dz' Iststed dze Iz J S dzts@ " YOI T f ¢
LOBj LY jyjdedgt Isjrdesdztse’ ' ftoso jHJded®
SO OdzOdz' L tjLlizdz sOIs" @ jCMY jtod d3gj dalskz.
bftesBOY" W oL zdzmdBls'dzw twHEe A ISOIS®™ Ht

HdMJjlsOy' 2 dets’™ twtsBBIsd HtsSfse ' HOdzdM! , GE
B Y dZOtsHdzd - IsO I MjECtO’ dzifp! Cdr dzOEZSC 50 d

[ " X dz0 tc wxOdzts-Is p dsdz' Y dats CtsdaW j toj day ' Ct
Wt Sy z2OlsoOy'' v ' B2&s@Be2023, 03 HZ2 6D

Edz' o Jjtemdlsjls ¢c[HIM! CO Bstem €O OCOHJ B W

Vilw [ 3 dzOtetsH daty '~ delz@QdAlsts o £ szt j toj dzy ' |
MisOdz SO {ftgt€asdgOdzche, |1 Oy’ sdzOdz' dzd 2 kdz' o j t
OHdB3. [ OCOtetsa ©, 2017;

M [ ) dzOtcts H afists O CdEnfdism'ts S tsdaW j e dzy’® ~ v
" dzdztse Oyt 2 dz Is | » dzt& dMNSTT-20180dZ93 1ls tol©tdAM)df dgvis Is 2
Mmjtemtsdz : mjtemMsdz! ©O©OOH j By ©p dzD0 W& tcm: ¢ O

M [ ") dzOtctsH diEs] » ddzOzdgES e 5 tsda j t6d dzay’ ~ ¢ d
sO fesBdzjdBdde, [JE¢tsdkzO o, 1 0y' sdzOdz' dzd 2
[ OCOLsoa ©, 2019;

[ ' Y dzOtetsH dztsls | rde@ 2 §dsm’'ts Ctsdat jJ o dzy’ ~ ¢t
M gk ®SO tj Bdsdzlse, [HJ MO, 10y’ sdzOdz
OCOHj B we, 2019;

|l nternati onal Conference AScienti fi
and i nt,Augustd8l, 2006Beiing;

107 [ " Y dzOtesH et O ¢ @ lp Qs 5 € s dzW § 6 fadete’'c j Is
EmMisOdzso € d d&O IcOdhf stels’ ‘ Isj mn detsdztsc '
12213 o jtcjfgdy APEBHSd, mJjtemMsdzn! CO HJ ey Oc¢



32

[ " dzOtctsSH dztsls | rdel@d n§ds®' s CtsdaW J t6j dzy’ ~ ¢t
JSMf iz OOy, v [H] B BsWOe " SdOdz dd?2 kdz o
OC OHEG 20w

International Conferend@ Pr ocess Management and
16 January, 202@irmingham, United Kingdom

[ " ) dzOtets H dzts tc AEAL KL Ustatdss dBistem: ¢ 57 C'tsdzW
s JHIJM CeB dzOyY' tsdzOdz! dztMPR OHR G fiMartngs ¢ ts
Power Plants and Operation , Co' Isj dz 2020, [H]MO
Bstems Cd2 kEdz' 9 jtemdisjls, 2020;

International ConferenceScientific research of the SCO countries: synergy
and inegratiore January 25, 202®eijing;

11- 2 [ " ) dzOte s Hifdas Q€ lslzPrlpde'tsd s tsdat j toj day

EmlsOdtso $d &0 kOdhf sels' ' Isj o disdse’
0810 o jtej Mdey e®B2AD ) chsdf SO Hj 600 d&zO
ledz SOYO ' sjBss HdMjkOoy' ' ©sfksd ¢

E dOkzSCtsodms WOrRtsodms odHOdzdz" R VSO’ dad
WOrtsadns odHOdM LSO dad, w g tej ¢ tsd3j dzt
GjLEzd OIS 8 HJMj tols Gsys w2 datp@ Iz Ctasosd Nls  fiytsCz 1 |
COdeHdHOBOT azOkGgsy § Bdzd~ o dHOdzde" =, WC°
Oz ¢ tsd3j Is tc d Yy dz§@puds Oleb ofi Wigefe81T o * dzh d -7 * dats
o dHOREE &OBzSsodh NbdOo®OLSBD &Olsjtc'
Codalt jB)Y 9L B ©6COF L O BOLjte' OdzOBR] &' ) dz

HlstekClsktc® kO ©BMYH, wigdny tels Ofgs &OH O° I
Psso dzdn M stesyjde , ofmskflk, §o6wikd tesL
HYjtejdz IsO HBHOIS' 9. 1 OG Odz! dgds O dzsHH) I8 &
st dsC, L 66t &ONststydazs tzd 2 18 HB 'Y 4zE €
fjtejdz ¢ odStstedMmisOded s H Y B2Adnjlsds 6" 1dzC D26 e
211 Is sQe@6de d fi) z,&Els O B Wzd



33

tdryrwf 1. ¢gudfowt R rrrfrfrirl
1osYoyrirlice s Jwwvywustfvl RMm urROM fH{Ut "N S

it uSsothEmMisOdad SO stels ° ME ZOH B9 5
tesLoddzi dzedr SO dz, " 5 d50¢ldstso toadss ' ®CLJHAT:
¢f stedgd CLtod( ke Odz" LOY ZOdzdB 1 Oy"' 2 L Ged 20
Nations 2018 Mariti me Repokx2t0"1)8, tadsBymw
112 dggirtlzelz, tHtod yY!' sz ' M&0 1Ho wistseo " HIS
MisOB ' dz' dzj LicsMisOdzdz?y Mo ' Kisols) [dis|tem: § i

Isj dzH j dzy ' ° B zxt2G19te [0 s | Mk BHH (3]. tc

115
g 112
2 110}

o L

% ;lOS 103
o
2 5100} _
(]
&= 96
= £ ost
8 2 91
a5 90r
e B 87
5 85t 84
\O
o

80

2010 2012 2014 2016 2018
Poxu

tdhly ddzOd3' SO L d3 ded BSBMWGEE Mo ' Is
fjte" s 02081 0sts.

dbCIsdoded? twtsLodlsss MEzHdsf zOs Mlse © MY
HodebkdztsBEZHEZO Odzedzy . 1 tod Yy’ sdi3kz cLEABEoLdfdjdy
tcrn ' P DAy dyS sotsets 1 dBsttm! CseB ' Istc!
"n ftedL dzOyj dadzv , HiHOJ22IsE O sdzlz
JE Ok LY MOy dwmdazizded o dzzlste' M dz.s6 5 I



34

1.1. [Mmdese dz J 9fyasg danlds o oS Ge@zd €
Bsteh! St scOkhYf stk

{ Sy dz2 OOy v MEH]jdz d@steh! Csavs Od® ¢
LOBJ LY Jyuddedgv ds "= Jdzj G jIsdydedrm f 5¢ OL da
tc* o dgw R dSBdzse "t ydes st u | &tsalts ¢l B gedzz
' YStsotsets SO dmsteh! § 66)s] s dst fiezls I§ dazjs
fJtejHO Is! Mw dzO ctejBdzd?2 coddzls, LOBJ LU
Hdzw  jdzj Slstcedydesets ftocdotsHlz HGH A ) dad -
HY J to] dzOd3d to' L dzts doth) ' GitB B 1fc tx &1 COHY Hatzizs eizasd h O |
tsfdats o dzd ~ f ¢ SLHAzE Bsdztd ¢ S 0 PC S dzts@ * & )
odCtsted Mis GUAiaf = BlzHY dzts o d - Hodekzdz o, o' H
(L OB tolzH dzj dzlgO friflsddeftnf w2 fhEe@®@dz W Cdr dzgj HIL O
Of OOz 2 fdzdlsd ' 5 EkfistemMSkzoOddr o €O
¢ tsls dzO) ‘ odtf 2mM¢ dz coOoLd (1y1), Bj LY My,
1 OWIstso LOdzd"Cd (9 ' HatsHd fROMAste(@EP 1s OFC
dzj f sH ' dz' dg' J Bz dzr " otsHd 8 ' MY @dzdal
ZOS s dykzo Odz ded s ‘ dgdzsMisw s ' L GEBSHEBAd L H
OBt Elsdqdz'lyoOydd j 64¢., odCdHOB s Mw B L
zdhj o ftssHddsSdr oadfOHSCOR " HHO® ydm!

10 Mo’ ¥ HtodtotsH &Y j I MiS efrudflzet] ®©tc™ o ,H G
CteOf jdz2 ' Hddz ° yomlilsd dzets ¢ ° B3 Mlswis! E
ss¢mdyded d&3d. 1 tcd odStstedmMlsOdzsds’ o kzcdzj o tst
Ol ditsMW jtocdzse s ffso "lsjtizHzAs o L d fijdzj @ 6 dy
("4 IME dzZOH O 199..199,F0 dzO dzj IstsC¢ Md Yydzd - {f dctsdgtz € diz]
dzj f sSo detsEts L EtsteW dzdg” (' H " ast€ HNYdzGO pfz@ ted) YO
ftse' Istew L' Ldedy J ded d3 OoLdstefipld by 0% fjezs. i vic,
MC ZOH OB Is! Htsd hCd, wEC' Is'O N [BHfdaffo d d3d +



35

1" H yoOfm Cdmdz dedz® CdMmdaj d3 s stew @t
otsHdzzE 1 190 MOwBEPNSIHO Of tss@dz' ' sSE 5 L G5
s lstewdzs’® Mkd h' LH 2fdzs ' s v klso St
okedzj SdMdzse 5 Gz dzdzj®Os H ds € ) gbllZ(adeds axlis 1 ugt] &
fsdz’ yd&dz' yded » ° OtetsdiOlsd uded 56 MmO ye" @
5OCtsy MitsdkEzS 90Cdn &j sAdedoiy. Mis 2L)dzOR

[TanuBo [ToBiTpst
C HSN N O
| I
Herokcnuni ToxkcuyHi
CO, HHO N, O, CO C,H, C SO, NO,

it dBf2.f jROd L& klse stej dzdg” IstsC fiyd y dedeBew fi
LGstew dzdz? f Odzd @ O

vfy' stsCMdyde Ctdi3fsdgj dzelsd, wE° Zlseo stc!
o’ dzdlIsd dzO H o' ctolz d. rs §jtht’ G tc
L G stoW dadz? ff Odzd 9"Os (o [t iz Z3s dets s C d H 9 |z
Pecdzj o8l dz @& * +CHO,R MO O (ko jteHd?2 okc
s sdzj dzlsd Htokzets’ ctezfd Ebotstes v lIs! fmw
3 yded e jdzj 3 dzlst e, Nz 9 a tSiHYls its CHIE HASC
NOx* ' %f©d3.SO

{S$MdHd QL sl ddd L ¢ @ Uezd 82! © =ikl dzj dz
1 Ceste 3O dz! dzgdr  Ols 3 MW | toc dzdidls & 'zdijste Is dLY L2 5 Isc ©
odMsC sz Isdmbl Mk flEL kOB BKtcOr OL SIs O
tej OCy' ¢ ,L fCdeidsjodstcs v LM Is kdz@ 1t5€, f) 1H6d] .

LIsotstej dgdgv h C" Hdzdo e H dptsalzd @ s&@  Izj dE' Jo
Bstem! Cets LteOdMf stelskz  BO* Hywe' sMtsB C
ftocOylL MezBOtdedds Stsj W' y' ‘ desstsdP ,e@rdzdh C
Csj W' y' ' dals dzOHjdgGhCCtlzj Wi t§9 “ HasW ,f tesHizo C d

11 i ©



36

1" d hf sdzsedded o' Istew fotstsed agvis \dih WO gy
2H] d&O0 ftsHizea®Gmhzydag gy g’ a3 Misw s f' H®
13..16%) OCIsdo dzpBitsIlsf Cd2 o OlsdimwW j tdf¢ dzo®2
odMmMtsCdn U mdzso dzgz yoOMgyezzL | £ d mMazpigzf O
ftesyy Mz, Zlso stes 8 yd sts¢ md ydz sCMdHd
MCdzOHtsoddd 1 4 N yds N2, € NiPls! Crydesegts L
dzsC Odz dzgd g EZdzso Odzd : o j dzd yd detss Y7z J to (

v MjtejHddEBsmHqtelgslay 2 (8 1) yYd © HBLEE
YyJtehhadfhBjtc] f ety stcWdzddy cOr kzdetsC ' Hod
sB jtolsOdglzy Is® Odlzj dz" d - (LO tOrkzdtsC B ' dz
odfkzmCz) CjW' Yyols@lszhkzitz@terdsasSd S W'
i sloGa,. 4GS ZOHH W[ 1 1O d [ Z- OO 1. 1

v OB dzd yvw
ZS " Hdzde ' &Sz Rptededyz HalBO - HoOo dGlzdz
1 ©2 d3j dzlz 9 O dzdzv o dt Mmbr etduld
A g fr
[SMMdHd OL tslskz 84¢é86 59é61
[SMdud Mm' € d 18é21 12é14
[SdMmjdz 9azGdzj y! 9é¢10 8¢é9
l Zegdzj o sH dz 2,5é3,0 2,7¢é3,5
lzedzj CdMmdztsls O 31506320 32506330

[ sfdz' HY j dzdz”
ZOB O&OAs h j |
80% o' H
1300...1800s & § t&

B' dz b jtocwlfodD s & ik
fC d&zOH O Is! toth. 0 Ou. ts d3k7 0S¥ dzO
His  dzts te dsOolscifo iz, R

¢ zow@ad 2 o

tjic' Mtk
dz’

dz[24].

Lr &@o@s

99 0)0OId,

[V eis® jazeld " ¢ ° Hdgd o d
" Hd3' dzdztsyls j

Jafs? ik sk O
. a4t tcd Ok® o @Al Q@MHIddzdd
BOC fd 3O 'dz'f dstis Iz ¥ Istadednds@ df 5
o d3 5%, s j £ & dzts dadztsyaa] W °
20 J & d5' disls@i supfcif W °

Coy" ’
Coy'
h 5

¢ dzOH



37

1 OHOdzd 2 YOf ' Mdzlz s Us@ ¢ tyffogisticdsl SO LY s
B MlswAd iy fwr 11, " EOC S MdH okddzj Wy mb [5C fipd
' S SEEMIHJu[RL 28Ik IND o9 jHjdd daj Is'
b odfkMmS dzdus NG OQEEHB@OYj dz2 M jy' Od dg
(Lisded StdastesdQ SHOj oddsed & jydii dff
j ¢ dkOkj[@Mto Odz

121 dd3sed [ ' ) da2@®t'H Haf@ dzis@P A seisc Odz' L Oy
LOBJ LY Jjyjdeda t' odgv N C" " Hdzdodrm HEBA ht
' YSsosEts kO ®sh' (et kicOdmi stk

lteso jHjdg st M "8 'L L On d mibdMangés tc fr) !
Environment Protection Committeg h 5 oA [ HYdzQlic 3is tizfy ! ¢
tstc ¢ O dz' (Th® WgternationalMaritime Organizationi | MO) , odif tctsB
o' Ldedr Isdf ' & MmMkHjdz ¢ 0OL Odzd, hts o My
HL jedc'co dzO 1 Istsdedzk § Q2§ & Q 1 B Y XK, OF 49 b [
3250,i"24S0Ms®OLHdzj dzdz? 50 ' lstew dzgsets fj ts
Mz dOdkzd MCBWOHOY shlskzf Ot LB dzt hlz° Is+ Mmw
HdL jdzw §tslsizy dz Milss B ‘LdBO, 12105 OO fijs tx RO S
Istsdzdzii 1 &) |lo@adg ey Mded ©0 25062

[ S Bdzse ' ydz nOteOCIsjtedmisdSd HJL j dz' dzd !
Yyddetsdz ol3f isisHC IsOR L estoW dzdgy, ©WXMJHL @ 'C
Ists ¢ md ydetsmls L dzOydes f jtojojtehlze Is! todgh
[ SHOISC A VI [ ' ) dzOtetsH dats’ dz's tsidd g tddyH dzj dzdzs
( MARPOL) ¢ Bd3j ¥ J dedr, da©0 f'd§adf+ d2 NIO6 tets
f tso d dzdz' BlzHEzIs! 9" Hf so ' HIOIsld, MD'dzH @ g lic



38

L ded X 4 dzdzv 9 d% d ¢ dB)f.dz® 'dB A IS OdzH OtelsOdzd to*
J Sy z2OB@AY,” " BL dz@wg dzd = WV ¢ L 5q2d,28] s dzls te ts
L a Sk L OYaAIz&BY) dEOtcsH dzd~ BlcOdz L Oy
9 9 tfis mMzo stc* o d diBtsc d, 9 ¢ sdzOdzdzy WS dn
f OO sted totsBBlsd MkzHdtseodrs HL jdz' @8 [ 2¢

18
16 A

14 F=\—>IMO Tier1(2000)
12 _\(

3
<10 \_@% :
x 8 ——IMOTier2(2011) .
Z 6 805
|
4 [ IMOTier3(2016) i
2 . 4
0

0 500 1000 1500 2000 2500

Engine Speed min-1
{dt. 3. IMDBSCE' NG, EME' HiLOy! o Odzd o
HdL jJ d&z' o

LEO dzO fsodetstf cOo ded 3 ydzj desdsz | MO
Cdzo j dzy'®'L.C v LLoyddy JSMf kz2OOy' v MmMEkH,
StcOdzf stelslz L H' 2 Mdzs ' Is! MW o HESBEHHISAEH
LOndMmMlskz d&stem! Csets MjtejHBadM O [MarndzOts t
EnvironmentCommitteefor the Protectionof the of the InternationalMaritime
Organizationi MEPC IMO) : ¢C) Of sB' G Odedzy L ChplaciizjHodz ]
¢ ts dzls tc s dz! w @ BRmdsentiontfof@dzdPell@ion from Shipsand Quality
Control of Fuel') ¢l jtoj ¢ qZrdEHIOIStsEC VI HES s tsdgddj dz
LG HAzsOCHE CtcO'cdzgdes Grntiotsdzz dzQo C sdzd h o
mMited HSBA. N Oe

[Mdzso dzd 3 HEC iy dzZstsdz, W ECd2 tojdpadndsjtede
' H dswm! Cdn IO stlsdzdr MkHJ dz, ° 1t
L Of sB ' G Odzdz® L OB tclz H dzj dzdzs L MmEnid ([ ¢



39

sCMdH' 9 xMOWlcd Bdso Odzs kdstcdzglzo Olsd o " H
fOdzde ', O odSdH ot Yd 1OLIsdhtzz BRIz H dzt
[ SHOIsC VI ot ] (1tcOoaddz® fsOf iV dz
MdtdHBodh O L MikHjd) oMmMlsOdzso dzs ' tc' 9 dzj ¢

fe" 9 j dd ¥bezr M s djyk oxd® Mesds dull
HdL J dz' of siBizHjsdz,Odzd » " Mdz2Odzf Y @0 120 G

fe" o j dal T fiTIs @deH Otcls L QH ezez’ fyb g dskz 8kOo0 , o
MkzndzOr, tBRZHBSO OdzepB 51 § fi'Mdatzy y20 11 HBOYE

fe" o j dz’lll ITiNle®dzH Otcls L Ox Bd&RIRIFER®- N@o
o mMsOodalze Az dzO MEkH d2OR, fYBkHtSo Oddr 1 Mm'

1 HOdzd?2 MRMMOfgazd = telzEfisoSddin Islic O dzff{f s te
odiBtcdmilstse z& Is+ Mw HdL j dzl ) o' IHTHi .or 1 #od’
OodCdHY HNPGzdz' 9 Iel' 9 dzv L ©izg dgtslalzs' dzO dz adatsH
B jtolsOdedzy € tsdz' dzy®@flsssd & 99 O dp@ oH[fladgd dzvin € dz

A 1&/, (4€ tsist) terk130tsB / - 9 ;

A P#c/ (i€ bis) tcd 1<300058B/ R 9 ;

A &/ Ti€ tsist) torf 2000tsB / 7 9 .

r edcekzdzd tel'loldz” §f & cedzdz' L BE § dz¥ | 9o afBls d
o d3 Mislzo PzME dzedr cOL OR:

A &/ 4i€ tist) terk130tsB / 7 9 ;

AnN®¥c/ (t€tis) od 1<30005B/ - 9 ;

A 2/ Qi€ tist) terf 2000tsB / 7 9 .

sdz" H LOLd&&Oydlisd, hts o dK Is dz@stiptzérd dc Gtz
L a3 dzd € ts dzfiyflctddnifCyg HgigBsH oH s W ¢ dzj dzdzv  Itlets to o2
dzj d3ts yj dzEf p L od¢ tsted Mmls ©dadzw mY:j OB ardzizg § y
o' Hdzso dzj dzdzw [ 3 2] ; toJ y cEdhaust@asRecirculatodif &z o
EGR) [33]; {4 tej{ kExRauseGdsfNadeated EWGE [G4; ° o
fitdnm H dz2O Lt HYyJjdzd2 fJtoedtesHdzd? GOL [ 3



40

1.3. [jrOd LB sotstej dgdz? tsCfdH" & OL t

[SMMdHd OLBlEz LO2®KBOsI! fjthj o My
d&ZO0 ofMm' " twjyddBOr ttetlsd HL j dz' o, dzj L ¢
CodeiplS sdodzdr BB dzd o sMisj 2. YyOfMmlse O ¢
MisOdzso dls% L QKGHE . 86 0% L QK5 ' o @ tzls tz iy dz
[SMdHE OLtlEk Ez2dzetls! Ltdsod?2 Bl O
f 56 dzd O ') P s tc OW * sdzj o (36§ tesd3j dz

sjtod3' dz ¢ctsCMdH OL slskze L B' todats® da(
L0 HdzOdzdz? OL Sz ssySdmdzstgz L OBty j ALl upde
d S MY iz lsu@tHL 6 dzW H OF Is tzOEBHAD 'L [N S MdHJ OL t
"Hddd &3d L OBtelzH dz¥ ¥ YW B3d dzjtc | dijtsp b 1620 BH Iz Is of
L3 dzgd Mstelskz f Odzdoa © (WwW¢C vyj B, ddefsd Hd
z02 yomils' " j o tsded azls oz0 tizeizt Is Diusistfdcty S1B dZG - t
9 MCdZOH' ' HE e § 0d&ds ®) L10z0E dfqdsjsds M@ ts
Ydz' deH 67 wH{dMR jjHdzVS) 5 oBY dzj SWMEO dIZ & fNAOH o IsNf@3d  t
weT it o008 Ist o] ©I0H.9U) zIsysRdzudaHis @ dze
¢ dzr € fipldsieo BNE® “ Is MW st dzt € Hted CtsdalsOF ks
stsBlsts ftod Jffitstf CHCEIE I » sl | dgdp” HEN G o O Is! fr
L0 HdzgOdzdz' NO L BL sdesdz, UVisj WL HzDRlss@lE'ls @ W e
OLBlsz NO fjtojlsostes,” s CigMyjadmd Wo ssC dfip NC

Nf +O,- NO,+J ..

] fdzv we® B OOl MW L o S ,dzd tBE  f © 6O a3
blgsotc j dzdz? OL slsdzets” R QpsBd sis D' ¢ d fdsisd

N{,+1 ,0- HNO,- HNO,+{,- HNO..



41

HOd3] OLBIsdZO CdMzslsO, wWCO LEetsHBA ¢
ZO f cogoacrlsiso sets CjOdzz OBB flstc’ o dzlz
odcdzwH' Cdmdztsls ded M dz@ dzlizv 63, WClsddZOaHO'
Htse €' dzdzs O BBtls: Bz L weddz M tcw BB
o' M jdedg? N tsSHB Lodzdy J deddl |6 BAMSE. sSCMdH o

[TapuukoBuii eext

\\ Kucnor Hl
\ JI01

e T

[N

(N+O_>NO “._l.”

t dh4.¢ L SEHAES) dzts Is dzd 2 H b of W dzeztl2aPO  J ¢ My i ofiz
Ho e kzdz o

1 ots’ d3 § sSAtsHY J dadeV o3 to tsdlAds oLtz NG

s fdidgj nOdz L3, OBt odmsStlsj kf jcols!
(sifdawe’ NO

2)hodHCd?2 BjrOdz L3, LOoOdd?2 JHOCtY c¢cnrn'

3)f Odzd o dzd 2 BjOR 0@t 25, jLoAdM e NGO L Sls 59 3’
CodBf sdzj dzls' © fORdo O (fOdkdodzs NO

[ 44 toj &zOd3d sCidH" 9o OL slskz ‘ B dzj €
o dCtstedmlssol' Is! qw o wCwMmls' ©¢dMds o Oyc
CRBf sdzj dzlsd BGtec Odz' ydats’ BOMd MOBsEts {f (
OL fflsjzsjrdsv Mw dz20 o " Istewdy * fOdzdedz .



42

lso ste® 8 Ist Mw s g Qdel ) N2 Hiso d YO) u h
(BjROde L3 wifddr sBd@E s L ttdOd ydss o
blso stes ¥ st MW, (ftOfth.0o dd . IN)O.

Oxcuau azory

|
| ]

[ToBiTpsHi [TanueHi
|
| |
Tepmiuni IBunxi
(MexaHi3M 3eJb/I0BHYA) (mexanizm denimopa)

td iM.5.s zOMdW * SOy v sCMdH' o

viso tstej dzdz s j & tBH B tzd D QRSO t3@drdsik j ¢ Ols Iz
kselsts o k'2 Ltsd §OdkdJodscts ¥ OS¢ | &0, H
ZodHS WOty ¥ Is! Mv ko' W o dz2®'dzj f Bk 3¢ s dzts
fls jBj Mt udzs e s My o0 ' Hdesh j dzdzy o o digiy"
blsotsts s s W ftod MY Od* ssO&dzdr’ §if d ta 1 ds ¢
oddzvIsC sds, (dzf L@ dEpEdsls OLstsdz) [ 41] . | Sd
NOLHdY ' Lded? odH' & (@dfa0O HBGHHMEOS dj

3 a ‘
‘ Z ZW
GOL S BH " tc' HE J ( dzj tc' HEQPNC J

t e BBRBSctcOBRBO totsL fBEZY dzlic* IsdAff - o o €
lilsj f dz8 df 'O, dzddidz’'o;d HE

sjfdses ®CMdud OLtlkkz, h HykOds g s

Plso stes & Is' dnf MR s juBiEP0E Pz’ L @ ko d
Ctdzyj debteOy' °  Cdfmdzs fted ¢ dMdzj dedz Olsd



43

Ui dztso sCMmdHd Elso tstos 8 Is! fyw ftod My G
(ftedtesHdzd?2 cOL Ltc" HY jded?2 dzOWIstse d?2
tej ytso ddzd , kzffdasts ‘dg@i2 Isfh C48OH* OL Bls |

l MBS tslsy i3 j tOskztedzd?2 B ~Odz' L A3 ¢ dMmd
L Of e tsdets19)Ojded'2H to.d yg &3 M j -ro  tdisjSte joH d'dz’ 9 &
shdtso dzgd iz dzj -~ Odz' L BBsdz HIS eHisdag@elipatzdz ST M dgf - €
o Cdzs yo' dzOMmlsizyf dz@ J dzj 3 dzls Otedz' MIsOH '

N,+0O2 NO+N, (1.1)
N+0,2 NO+O (1.2)

HE wCdma HEBHO' Is+ MW 1o jaQ ) "dits,torsyddd dzig t3 3 ts dats ¢
N+OQ 2 NO+ . (1.3)

slzClzf dz' Mis! telj. GBSy "' 2dzOL(dle. A" Is! MW dz'tciusa3ts df
14 dz2 Hise dyo. tdOSy' v (1.1) o {ON o jJdzd ¢k
f sd3' Isdats® h o dHICO PSS R " Jsj B j tOIlskzts. U
9 "GHE O 00 iz ol f ®HBYANSC d = Is Jzagt5ide Ols Z B tc
ZOf ted C dzOH, ' H uioth)e 'cfsSdev fdaddy’ M ff @ dzd o dztsfy s |
OBts BdzdL! Sdd3 HEts dz sets M " 99 " Hdzsh j dzdgv d
l 90O ' Is! mMw, hts "' Hodh jdeda" BOSC fd d3Odz' dat
1850s ftwdLowsHdIs! HB dej ftedf EMIIdBs o dMsEC

zodHGC sCi)d kzd o ®©L HsisIH iNdzOdfow p dzts Gifists o * Is
Bsdj Sk edzsects OLtskkz L YOk dsOokd o
tesL € dzOH O dzdz fOdzdo © dzO© ¢ jtwhdn MlsOH '
fteseo j HY a2’ Bstesdpsay’ 19 TsCOL Odzd, fRts NO
f syObs®Hdd =~ d3 ydats’ tej OCy" . Kj2 dgjnC
(prompt NO) OBAsj didjBOE® L[dHsAd .5 .



44

Liso Stoj dgdz® oN[@ S J o5 3j & @z Odelsts g fiago0§ y '
CH, wCd?2 ftedmkkd 2 k' d ¢d o {syOkst

f Odzd o, dzv teistediafy C@L 1S 5 &&:

g H-N,2 NCN+ . (1.4)

[MS dz ¢€d o hodHStRE d§E PO Ldg o jtezdC
Jodzijte' ‘8 OCIsdoOWyd " H dzsigda® dgiso ddfts ©Od~ Is |
1000s, © ©® BOCEOIdE Mkd hOF (& N@&O H)dzds
f oM j dz0 G sdgyj dzlstc ©OAp48]. tcOHJSC Odz" @ CH |

1 Odzd 9 dz' sCMdHJ OL slskz Elso tstos 8 Is! fipw
to J Yt alzPpdzeo dzff © dzdgo o L sdz WOoO¢j dzo. s s dzy
Bsyd HBMWEOILd L dzOydedr tL &3 69, WwWEChfs
fjtcjodXviz'e " H 90cd [47].

YyYOMIsC O "NhoadHCdr t&ijde ' ¢ ts@dstsdd @3 fijyd mls
fOdzdodedr BSEMdH' o {O LHS S sdeflzidz’ oh 2ff Gdzdne' ©
o d MsWsdz) Czdzv tcdzgtss 9 O 58 . lted y! sz Y
Ldzdy 2° Is49fw [ 4 8

1.4.¢ dzOdz' L i ded 4 sfdz' b j dedgy  jJ S sdzs e ' 1
tcsBtslsd HL jdz'" 9 MEHjdz t68 YySsosets SO ¢

1" H yofm odSttdmlsOdedzy o kzcdzj otsHdzl 9 d
M Odz¢ b gy dz' dzH to° HdL j dzw L dzOH dzd h € &&d3 ©
LOOdz! dzs’™ BOMd IS mdyded - ists Bt o baff - {f
Coi3f sdzj dzls 'x,0 ;xS Pz NJcec' ' H' 8 ' d4p0l. e stc' dzd -



45

[ ts yd fdzO Bj IssH " 9, M v diidso Odzd ~ d
Codif sdigildgls iz Hdetso dr HIL j dz' 9, 2 dEZOdaj QOtsH d :

fsB B ¥ 4 dedz? € " dz' S sMls”’ BOdzj ote" @ | 1
' YySsotsets kO dttf' CHHs StcOdnf stelskz HS

flLodJHjdedg HEBs B dz Bz tesBtslsd BRI s5d

T J o4 HJ dedz¥ frylzf’ j tela) fiA@ls JESEYdAsdzd o ts

fodSstedmMisOde@ds d iz B 8dH 9 fOdzdoa O (HTS
Letstewdzdz? ftod L H' 2Mdzj dzdz tesBtsysets yd-
MisdMmdz] desec s ficdiocsHdzsEts G OUFE-56]. L e HY j dasc

stsdzmistczC Isd o dz SO Isjrdesdztse ' ydz L OR t
fsCOLozdRzHdztso dr H dzdzPigls &z f flzg &2 € OF IsH OR

L o3d s NGz Y glzdeszd dzdz? L O Odzt dgd = °  dzfs
COdgj te° L GBtW dzdzV , L ded ¥ J dzdzv dzts C 10k yizjsdzds!
o d3' Misk OL HflskH ood NfjCiddgve ", 0 d [FEEOINIs® L ¢ stV dz

L Ilsgge L dedy jtetedeg[L Oy v LOCBdE odH"
L G SteW dzdzv 9d¢ sted Mils O dzdaw Odzls d H d d3dzd ~ 1
fjtojLBOGdAplzd r L tsdz

I 3 sts¥ L dad ¥ J tztielr tc ©EAz'H ] @ UcH? alaz © © dzelzlr
G O '[6s62Y

1" H fsd lovjdzda'f R sdzse " ydaed s § 5C OL dzd
teSLEdZYHO Is! MW Ldedy J dedev o fM! sets IseOHJdY'
Elso stos 8 Is! Mqw ' H yYOf fts@dgdaeO dedziO L tds' BHEL oM
okzedzj ye wf, 5§ Mdse jotc Hif Atc SO ifsGES, , tsemisds dizjc
Lo OO ftodH' dvw' Is! My ®CHJHERA SOL sHsHzdzsNG
sCMdHOdd .M tfflgfOdasfo dzv Is% It M8 OydAsan ls 9 '
C'dz Csfls® 1 [68].

1d2btcOdz L Oy w h ¢ Hzdedio dn BH S iy s dzidalls *
Gtezf d d3j IstsH ' o :



46

1-h O B ssHd o dzkzlstc’ h dz 57 dzj 2 stcOdz' L
nOtOS B efrom j L f jBRQddB'EE fd yded »  tGfsB IO S
otsHd o g dx W lwldgvtey ¢ z8dzs © Odgdz &5 f sH OyY'
2260 CleBifOsHI L Bsodz hde ' dzj 2 l§EQdz’OL G
d¢tsted fls Odzde :H iz@POAUs@®Az'0Is d ydzd =  [68) TIs tc © Az’
lted ‘§EBO @zdizO2 B dzr W f jtemt j CIsd o dzd dzd
shdzts o wedn dzjydls dzj 2IstcOdz’" L Oy v ¢
COlOdz" sdydedr dZl-22btc®dg'da @lgtgdaEZY &3 tc' L dzd n
ftoesB dzj BIANL ODREEC © ¢ dz2,¢ " MB' o s @ dzdar
L OC stoH tsdaded = , o C o sPdzyw dz' dzO'z eftyls dsls Iz Is
HdL jdzjBEZH adzdr W' tcd3 [ 73] .

ddz' H LOLdOyYydld, it o yYyj?2dyo@edzj < 'toffc
jWiClkdodsmls' djlssH' @ (LOMBBE' 8) ftd §!

()

HdL j dz' o . 1 OW o dz' B3d IstsHd S HiSL & SdzW & s
JWiSkdodetsfls® L OMtsB' @ Ldedy jdedzy odCedH" ¢
HsMdz' Hdzgd » BGedWdsSLEYG StecOdE® o ° fMlsoste]

sy &Sd fsfsdseOdds &jksH' o skl Ofptss
fMHjde o' YSBotsets SO Bstkf' St IsStcOdhf st

1.5. d(ndidesdrdad nts M smtsB ' o L dzd ) igodddez njSdgzd
COLOS HJL juk'ses tigsH jsd2 thisteh! et StcOdz
1.5.1. 10cCO0d dEdzE ®tz®T Isfi o sef S ® L dzd
sCMdH' @ OLBkE

[Mdzsodzd 3 Isjndesdztse ' ydzgdds L O9 H Odzdzy o
L d3j dgh § dzdzv j 3" ' 7, € iRd ez § dzar s 310 ¢ B d B dz
o ydiz eedic jdzv " H YO Letstewdzdz?  Odzd e O.



47

1 028" dztcBISE tso Mefmptg jdrdzVt j tco d dedzd = d3J IS H
NOxtsIsted d30Odzd dzOMmiskzy dz' :

1) LoBdzsy jdzdew fYtso ' Istew dOHHEO IZ;

2) LOMlssmizo Odzdzy o tsHESY Odzd o dzd = J d3lz dz* f

3) od¢ tsted Mmls O tmia)C Hotavdekleve o toHidzY & yd dz' dz

4) dBBHjtedz LOY' v CwdmstckzSy' ° f§ Odzd o dzt

5) odS¢tstedMmlsOdzdzy MdMmilsj ddd EGR [ 36, 6¢

1 jteh d2 o Otc' Odzls { j ot tute Py © difdap OdésRoty g
dZOH - SHJIsH ) ydqddzt dzHte HJL J dzv , ftc' Mmdets’
M jy' Odz' datss W s tolgfz @a€OmBEs, LaOMIs®EASEtsH Y Z 9o C
ZOHHEZoEZ, OB BJjLYBMjtejHd B8 o twjMmMdoej "
Yyddz' dzhtc Lotdztsy jJdzsets ftso' stew oddBOGO
2t oadf Otecsolzo Odzgdzy, M s Mftedw® L dzd ¥ J dz
feyim LeosWdade" fOdzdoa O [47].

rtczed?2 o0Ot' Odzls L OB §i5o tff jintistsH el dbteny 2 df) 19 o' t
otsHd ' fOdzde © ' { tsH @ RYjdsdz Qadsrfentsjtagvdzts "1 tgjdd
sOCtsy © HBEZOO' Is! MW L dedyjdedz? Isj B j tcOL
Y J dzls tc Odz! dzO0 dagfifiisfcdsd WHOC j &ZO HBH OIS o s
lso steéff 'IsH sy QP o sz HOfizdz [ H dzOCIsj LN 58 G U2V dzilz
f OdzdreCd,sH O Is' Mw o pd @dzdzh ©Js d o o dziizis O 1B €
f sHE@PUsHd (flsdd0dz O ¢ " dz' ¢ At 1 9% s 2
ftcdLotsHdIs! HB LB dz' h j dadgy Islteldh O tizisthlizY dz
oftie M ¢ z 8 O dzdz d3 ¢ yd fmls ts cLdRd3 s of derezy flzdrtzC O
odf jtojH)]jddw ftHOY  § Odzeptp@fn ¢ B otsd Hapipy y J
ftso' sy gj Hsoadh j, Is pdgff | cOdzi@ B PL W iz * |
MOBsL O2 d3Odzdzy [ 74 .

stejls' 2 o0t Odzgs f jteiHBOYO' Htowdsyj of
LH' 2fdzs " Is! v OBt L OGCOdz dgdds ( Stsdzd f O
WstemizdzC ) , Osafc M€tizloHO'datlzvadlg] &g C sdzd o tsH O



48

o dulz' dzhntc yjtejLr ‘" dzHdo  HEOdDz dZ Wtttk dS d
dzj MisZ2 CistesWidgddzd o © [ 58] . skls odf jtojHYJC
sy B3 J Okl o &' dzy' Mmisdmdsj dzdzv . | dzOn 5
fstey’ = el ftstesh jdsj Mk Hdded B gafzy § d BY
yqadz dzH e HL J dzw H S Ctedlsd ydzts e ts tc' 9 (
MOssL O2 BOdzdz? § Odzd 9 O,

Yyjlso jtolsd? 9 Otc' Odzls LOBj LY Jyd dadz¥ o7,
fJtcoddzded d&3d Y is @ ez Baf H W fifsCots dzO dzj dzdzw d3 € ts dzf
Of OtcOlszted W twdgy deticstsL f Jdzt © OYO W istemlkz dzl
ofstemMC zo Odzdz?  OdrdoG@lzd? Is. HBOH J tcdzf SO Y
mMdMmisj &dd oedMmtsC¢tsets IsdmMSk [ 75, 76].

10 Isd 2 9i0ded Omidtsd Mis Odzdzy MdMmilsj di3d EGR O
HOdzd 2 yOfnp * ®&BO' {tshiyxfds@deddad 2dz® tsdpmts i L O

djtojH obttoddedzadrn 3§ Is 5HAzZB2 BL' deg yN jidgdEy it
OB Edzs odBBteyj (MJjdzj $Isdoe dzjS¢lectile@dtaytdz’ Is d
reduction(SCR) [78, 79].

1. 5. 2. 1 d¢ ttefd@dsdoedeldzfl~ o jtsdj BSddzERz 26 Is O
BjLYiBMjtcjHd Bets o steMC zo Odadg? o sH d ¢

1 " H yom o d ¢ tstculsfi&/@etz&Emiulsion ¥ (FWE] |, O IO
BJLYBMjted Hdz BGEts Difets Waiel jectOnizd2Wl) ® sy d &z dzr
HLJjJdzv L O ttOrbkdts¢ ¢cd3 CtosodBlzT " aé od ez ¢
odMmMBE tsEts sdm¢ Is © Isd BB j tOIskztcd) L H
f so ' Isftedddgio dzts "4 jMAdes fif Yty teifipf’ 2 900 dzdzy d elzts Hzd tc
LH'® 2fdzet 8§ Olsdmw wC yjteddL sCted dBd2 tosL ¢
fOdzdo dzz W stemMizdzC z. 59 ez lg dzts 0 $ {5 18 M A Esan@zlzdz
s @oftteMC o Odzdew  tsH ' 2w s Bs@ ¢ @O P [BEE O L dz



@

t dfhz.r o W Oa) dzJ @ OG K Is W AsLtedp]S (o O dac

17 Odzd o dzed 2 dzO s i, f Odiw[ ofdzdHRS @A) sl 20

31 C sdzls o sazOm " §f (IAddels@s s ddj tc ff SwdmsS | todzs®

otsHd 206, M §° HEC Oy stite o figfdets S aste Hs
otsH(d

1" H yYyoOm HotWOL dztsce 517,01 s isklinde @@ L C
off stcmMCzo Odzdz?  Odzd o © 'MmapfgiHdd. Y Ay HIEK @&
fOdzdots, fBHO' fOdzdets Hts ff Odzdo descts dzOf
ZOcdz sO' Is' MW HB teLfddzs 8 OYyo WistemlkzdzC
yqddzt dzhnte HJL J dzv o' Mdes™ otsHd dzOMtsm 6
MO odMmMsitsets IsdmSkz 7. s' ' dz ¢ Mmlst {to
sOC Y Mddemtetsdzg L OY W off stemMClzo Odadz?y o tsSH (
Csdzlstetsdzj e © 4disj N s g ®RMH IzZd2B Oy v HJL j dzv
ZO i ddBBOr Ho W OV dzfs GHEgaf) df SdeHEE @ o I© dziipy
otsHO) , Odzj ‘ dZO0 tj Xy ddBoOn, Ctsdzd HJL J &
fOdzdodedrn Mt jdz &GO’ L Odzd M Olsd mqw  dzj L &3’
yqdqedzsolkz §tsHOyYykz - Ouxdfe Odddcd dzlstpHfndzdz dziz & @
Cli3f dajEdsz tetsL f Jdzt 9 Oy WestehmizdzgCd HEBSHOISS
LOBJj LY jykzs Is! off stemMSCzo Odzdzw 1 94 V\lHHL dD He
CodelstezCy' ¥ f Odzdodes™ Of OtcOIskztcd .



50

1" H YyoOfm BOGCOIStsY OL dzBle7B) o ff Bzd)§ & 9 O dzdf“k
o steMC ks ls: w o yHhddz dzHigsiuiOsj L A jL OGPE S
tesLf ddzs 90 Y0 (btsdzz hts dzj ftslstc’ B dz s
of stemMC kY Bazifs © otsHd), Odzj LB' dz "z
L& LSE L Isdd3, Mt yjtjL foMmis' 2ded?2 fjtcy
B' dzRh dsey to' Hddzd) . lted yY' sz o ddzed ¢ O°
odif jtojHY jdeda" off stcm&ige Oelzdzy j $OHzd 0 ®, H 5
L dzOyJ dzdz® Isj &3 j eOlskzted o yddz' dzH tc* 9
Mftcdwisd dzj Mis' 2Ctsdiz MOBsL O ©IO dalAf ts tf IPLAL &
o yd ddzOgHitg tc jaBH &fsd v Is! f Odkéh&ee, h o s@WO’ ™ 7 &
tojelzdze ‘" Is! MW Codzlstesdzj eORB o ff tcliySBlz o O dztlz
dzj Hisdz' €' @8 HOdsEBs BjIssHEZ ISOCBY Mdz H o
Hs totsL f Pdettean@ i@ d L o' Ldedd3d Isj B j e Olskz
sjtf dzso 2 dzO6%clzy j dz' Mls+ |

10 ' Ldeddidd sy dz2¢ Odsd HOdzed® MY st g4
Csdzy) dzlstg®ydo df MBS dzedr e OL On. [ HAOS Mmdz' |
B' dushdz'tstg o d € tsted Mis 5o zdzdsy jmdedzvH dvtsday j dzlste Oy

okcdzj otsHdz @8 ' (&L MduBSC B8 ¢ dzg k| tz0 {ig§ &
DWI 8 d &30 c O BsH j edz" L Oy* Ho dG kzdzO, Is ts A3k
CodelstczCy" " Hodeckzdz o.

1.5.3. JdStstdMmsOddzy IsjRdetsczisltb Gzj & t5H C
{50 Istgw

b 2O dzts @ * ydad 2 5 2 to df sz cp dzO dgOy dzL dzd 3 j dzdzW
fOdzdptas' stcw dzs@P sPdg® M} L dedy § dedgw Isj a3 J
dzOH O° L o tzCusy I dzdeis ¢ s tBWj,L fQHRoy tcodzj off stoMmC



51

i tso AWM (ContinuousWaterinjection.v H Odzs gz 9 Jf OHSC E o

wed2 "My Coi3ftej Mste® Y sHO Ist Mw o  {t
Letstow dzdz?" f Odzdeo O, of stemCk' Is' mMw  to' MdzO
tesL f ddzs ¥ Is!  ff o' Mdzlzz' & e, ®wEY BIS'H GIOEIZ L
(edB09 , IsO0¢ ' BJjLitMmjtcj Hdd B1.&B). JtctsSH z9o

—

II]]H]

\‘
& R

=

B

[ dh8u j ndzsdztse ™ ydz'® M~ &3d L defoqd) foaidy ¢ ded
hdzw tsd3 L otsdztsy j dzdzy s ' Istew

17T yd dz' dzH to THoddLyjlzdity'S; dzd2? K ldskoig & tsQstctgi 8]

4isndizsHy o Oy § 599 IsHow * dizOH @ gt tizts dz5 & «
tcj Md ol jWits;tc Az dz€ O o {f ts tc MiCdzIAEPZV] toHtON ;
9T ydMmilsj tcdzO® ftc' Mdes™ o SH(J

1 jteh d2 o Otc’ O dzlsCorshsstian di©3aturda®n Sydtem (CASS
H te z gidHumid Air Motor (HAM) [ 36, 69], dessdat@v:
f " HodhdIlsd otdktsec Nk Oz izztsy 98l dh j
RZOHHEZo BYydes Bz f s9 " Iste” Ltc" L O ' ¥d ok s5d3
o OHC E8,QtodpmMis  sHOY' B ftdc® ‘MdassS H b BH dy



52

f SHO C HS WotehkzdzCd 7, " REOc " dnfiplec@di
szteBtsSC B toj Mstesdg 3. 19 IsteWw GrtdsHYEZ®
HSHOISCtsoats o MisOdztso tkiztkd Y &' HH dz¢LoG@B j L § |
9 jdzd S dna CtoQff j dzOH - st HEdS)H Iz 9 dzd 2 telj i o jJu®d |
odSCtsted MisOdzdzy Mmd 1.8 zd ¥V HaNkz @ M7 o f tstcf
BjLYtsMjtcjHde 5 © fJtesHizodzed?2 tojfmdojtc 6
CBdzH § dzl Ols, oz g e HicdigtH d 35 Lo " HEd L OB (
f sHS@'Mw Ht WtstthikzdScd 7.

I ¢ tsted fls O dzdzw H Odzd B IssH%o L detbL ¢ It
Cdzyj dzlste Pl f MOH dzso d - HJL j d2° 9. [ HdzOC
BilstsHd Bsykzls: Mftedwisd dzj Mls' 2 ¢ 5B LKERS
L Is d d3, hts fOdzdets oHtstefRSlz 'jlszwmwL oH jW
ody J to] Hpdjtdglgvdels(, Ctdzd §tsteh jdz@ N J dzj Lk
ssyy"' ) , o to]J Odzt desdzgz yd € dz My sMmisj tc' 6 C
ftetsyd Mk MmMilsdMmdzj dgdzv o " H ftsH®  Bdese 5 L dzO"
yd ¢ dzz. pati®- vHyddz® dghtet HJL jdzv " HeadN §
(hs 9" HBEOO'Is! mMw HYted odC dzOH jdedr MM tsM
ftso  stewdes™ Mmkzd" " ° LB dz' hjdade" o tsdztsGt
Ldzed ) J dedzy Isj i3 j tOlslzted o ydedzoddavtc'  Hizf LOBjiSC
fsHOd htséts MOBSL Of Odz¥ 9 Odedz?  Odzd o ©. | {
HSHOISC s tsets L 9 5HZS YSfdBZS@ sy & iIs@ fizllsdcty EZMC dz
CsdzlsteS Yy~ WwWC MOBBEs HILjdv, O kOS5
GOL " 9 ,] LW ylzs @B 2Bt twsBBIskz.

CWI o dweo dzv 282 W dz! h J Ssdetsdy’ ydets Jwgsls
dzd L' Cdnr tc40%) NC BB Y] doatzy NBOdzd2 HBMe
Yy' BEt BjssHE s d®BOCO' 2et fSHOR hBds



53

1 5. 4. 1 dSstyEdiapkosdide® C it iyS dzd ® d¢ OL ' o

10 HOdzd2 yoOfyp w¢ #©Odagddizlzd ¢ Mfztezxd h 1S tc o dift
ftesHEZCISd LEBteWdzdzv, hts LOBdOs Is! Mw |
mMdMmisj sz tej ydteS &z dzv ' ExhaustdsgstRigdraddtion EGROL ' ¢
1 Jteo ' Mmded 2 tetsL ojddedesc d3j loofHic SBEE@RI ) tsiIstc d d3O 9
stcOdzmf stcls' SO L OMissmMseazo Oofmw HdA&zv B J dal
O IsOSCBY HJL J d dzd 7 B686]. 10 Q OAq ~te \HE@J EALds d
oditstdmisso zo Olsd MW dzO to'. Y Sstdsodefrs tdiy{Qfrjdsitfjtedkk:
EGR tjOdz' LE' ' v L O Hf s Bzl 5o daif Iz

Cdzj SIsste ficsHikzodzd?2 tojMmdo ] tc. 1, ]
SArSizBHYy EE IS Mw [ 87] . Ad LOBJLY Jjyk dzd
semMwelk MmMEzdg' " ° Mo "exdis dstO * st dn'wis tifws 0 ' Asts W ded
ftocsHEZCIs' o L G SteW dzdz" , hts dzZOHGRBHWISH f s

f* " Hd3 o Odzdz? HEts Mo ' Ytsets fso  IsteWw dzsets
dzed L' St Isj B jtweOkztetsr ) Htod yY! sz By dz
Mz d3' h ' dzd dsizicieds s d3, wed?2 o BMmdtseo dzsdzsz M¢
CO,' Ot 900.otfH] fHesHEZCIsd dBOE IskPH R E
9"  HBJtcO Is! Isj f dzts L Ltsded toj OCy' "’ G s
ZOMdz'zZH S L d3j dzh 2° Is+ Mw € sdzgyj dzB,ic O Us j™e difs §)
BjrOdz' L3 kZlsotstej dgdgv wCdnmn ftoj o Odzs 8 y
yddzt degrntct 1.

[ dzj 66 j Isd ydzO JWJdCIlsdo dz' Mmls HdL J dzv,
Ldzdy 2° s thpwlz'ttlyj datiz' ¥ Htod fsHOY o' Istw
sM¢ "' dgzdg] tec ' v ftowaddf Is' wOMis€EsBts 859 jtolsC
stdmlstez ¢ y* W Mo’ z'fls Ozl dd&30 (3 s tof t©H:
LoBdtsy jddzvw 89 Istew) Mftwsh iz’ s+ mw, sMm¢
oL dzd , h ts LOBJ LY Jykze Is f sHOYk L 59



54

oMlsOdzso dz¥ 0o Olsd ' HEBA@AStcSdz] tod, h ts ' H
M "' @99 Hdgsh jdadgW d3' ¥ otSHB® IsO §f Odzdo sd3

I sMlsOdedz’ HIMWIsddz Isisv MmdMmisj i3 Hpid yd
hdteh j LOfMbsmsoaksls: fw w¢ 9o MlsOyY' tsdzOtec dz
Hdzw Ldy §edzyj destc Oy’ * , IBEdHffEH S dddi. sds@L @
it BLitsBC O H G- Hydisditdy € O alalk® tsdplyf tols!' §Ys t
MHjdgdiesS et HBMe HE Isj - de dz@®dzd 2 € igiPd
" fdzlz © O tj Cd3d dzH Oy"' °’ h & dzts Q32 = B @ L] £ Eisldc
sd stedlsdudedn HEBMdzZ HYJ dedetsmyd M o Bt HY) Saiz¢ B d
® HBRERo OB IS Mw [ 90].

r s mfsmse " o, hts LOBjJLY jykze Is! L dzd % J
od¢stedMmls Odzdz” o dzOshfa dsodathyfifchl2 ' Yfijej ¥ M&, O
( i d M lEx¥hagd WastegateE WG) . AW Isjrdsdzseg' w L Ofp
C'dz CsMmis” cGOL " 9, hts dzOH A BHWIs! HtS G C
Ldzdy 8 Ist Mw yOMmMlstsls® B jtolsOdadzy J v1, Isdf
o yYyddz' dzgnte ftseo " Istew. 1 jtojfzHEske O py'L@
CdzOf OdzO, iy teviplapadigeef dzlz e OL " & dzgj HEBS | U
COL o d{ &z MmSudzlds ¢ Ipedmidz. d3d EABG dzs s O Mvw  dzO
mMjtcjBelz tssksodn ctsdzsodzdr ' HEGfSA Y dzdrm H

1.5.5. 1dSttdflsoddy dEd @t ® |4 G dod

] ded X § dzdz®  JEBOMEY MPdw ' o dSE sted Mis Odzede
fesls] HOdd?2 &jlsH B' d hiss & sy Nfww
LesteY dzgdg" fOdkdo® [91, 92]. whdzkzsls: s
SCMdH' sco@fEHE B L @ OO L dzsS o dCstedmisC



55

odH ' &9 HfOdzdoaO. 10 fMm! sétsHds hdg 2 d3stsdzj dal
Oolssd3tsB ' dz! degse s IsO L Odz' 1z dgd ymlisshigz s b @pdz
o' YSsotsets s tg i ldfs dsts o i tiO@ktEkRitdstodsdels y © dz!
s &Gt j y' O mMixed DA, 95] . 5 dedrm ©° H
ZzZOW Istso sOdzC jtod, WwWC° o wWCtmils® f Odzd o (
9 Odzls Oy , hts fijtcjotsLdls! v (eOLBoaL) O
zj eS¢ okcedzjotsHdzgjo' WwOCyYy' ' (lsOdeS jted) .

15.6. IdSttedmlsOdadzy Isjmdatsdztse ' 2 fj dzj S

[ WJ SIlsdo dz’ MmisSelectidgj Gatslytiz Reduction i1 S CR, W CC
oS tedmlssolz’ Is! Mw  H dzw, tsdgE>f i daezs ) YglO'lssd H
Yodnd ¢ stcffplO@atzdz s d&3j stsHlz o (ts)O€) dzlg, ' D
Od3' 0¢ OBt MjuyusesddzO, ' MmMkzd3' h dZOH~ABH(JIs!

SOlOdzZ' L Ot LOBJ LY Jykz* fJtedB' G dz0M
fodesodzs “ Is! My HB Bdz] Sdvicdtsets OL BSlskz:

Iz odf OHC & ZH 5 H O dhE @zl

ANJ +4NH, +0, - 4N, +6H,{
6NJ , +8NH, - 7N, +12H,[ ,

Tz o d fHOsH Uz K dgidz)’ U s dNHeeGO

4N[ +2(NH,),CO+4H,0+0,- 4N, +6H,[ +2CQ,
6NJ , +2(NH,),CO+4H,0+0,- 7N, +12H,[ +4CO,.

cS COlOd LOkted LOMssMmMtealze ls! Mw ¢
Btsdz' BHjdzz OBB otdz WicOdslz; yjtsdz sd; sCHf
LOWZ L O OB DEWYgygtso PDdzo d 6 dz'6He'O dAR clalztf G J/ b ts 9
lteddzydy H' ' MdMmlsj BJLHBOR L tetsL 2d3" dzd 2



56

OuuiieHi rasu
H,O+N,

Biok NO, cencop
KepyBaHHS l
SCR peakrtop

Hacoc-no3arop

Peareur

AU3eJId

tdBhodnj BO H' MdMmMlsj dBd SCR H &V, Y

L HOdd?2 yOf fMdMmlsjdd SCR jWjiClds
Oolssdse ' dz dzts B8] . Is e\ OQAMlY tsfipiss O dgdgw M d fyls j ds
odfkmSddn ¢OL' o MkHdseods HJLjd& o dashy
o dMBC Y o Ol [Py, WODsEdE' &5 sscs, o
tj OCksEO dzj 5BR' Hd fMls! et bkflsC
BjlsOyjdstedydzk o dmislsk MbdidzO L it OKSE H d
Bstow .

1.6. JldmdetsoCd LO tBLH' dzsdy 1

CS tjLizdz SO Ms@dzdHY ) desegdzZf B3 ISO O
HY J to] dz, z wednan odoeyo' s+ mw Is © odme’
J SBdztse ' Yydesmls® dstem! Cda Mkujdz, odL dzOyc

1.] J dzjtstac@slsi3 B34 =~ Odz" ydats’ d dzd 6"’ w g C
LOBJ L Y Jyd dzdaw tclzn iz Bstem: € dn mizH § dz,



57

mMftsydeaOy &« ° HdLjd, LH'2Mds dadz? L JjOBEC
BJL odH@dpdddwdY odfkzmCddr cOL ' o, detizts
hC' Hdzd o lejgbsyp ddkf . Myj (1L ssySd L stk
Hse ' dzdzv ) Mj 6 P s FCFHZd® RS sadr O B
fteOCIdydets dzO o' 7 tjyJd&BOr ttsBtslsd HJL
tetsL 3" o' 9 G sdzMmis o ZIOR dzdzds? s B dedfo ©f Iis ]
2 jtojH B EOdsciElzapdH 8« OLlkkz dO2sB"
L Odzd h O dsytWisls § o3ff, J ol lolzjtairzo?0 dzdzv 2 s NG, 9
ftsoowWL Odzts L Lakdyg Adavdz'Isiylsisf j cOlskztedzed mn  § °
f" H YOf LeBvYa" ' HCBE ff Odzq
3.1H " 2 fdzj dzdzv "W stedsOyt 2 dese s f shECE
LOfMssmso s yd W' dshs¥m' ¢d2 §'HE' H Mot
YjtejlL YyomilsC tso j HisL 9 5 dzq dzis d3@d IS0z tsipls] Is

Mfedwe s L dzd 3 J dzdz® d a3 ts CCfrprfCHfr] lsof G
odSCtcdmlssa zo Olsd “Hddzd 2 L Oc Odz' dzd 2 od
Ciydd o 8 jCMfdkzOkOYy' . usdkkz Sty do

mMd Mmisj d3dats tesL totsB € 5182, Y § @3] Ha Owyls !
~nOtcOCIsjtedMmMisdSd IsO tsmtsB dzd o sfls” .

4158 BHz L " d@Xe'Sdsdoe dzd nh tsls j 1o @z piEst | 1
J Esdzse’ ydz' Mmis!  tetsB sSte@ dz] BEfigsiy iz © @ dedeimfiy & dedia
GOLOMd, wCj LH'2Mmde " Is' mw hozwatsds "~ 16
Yy! sets i3jlstsHEz oftcsoOHYyE' st Mv dz2O s tej ok
fifflsj dddetsets f " HAtSHEZ HB odL dzOyYj dedz? 2GS
dzi HEME 52Oz’ Mls! Ctedlsjte” "8 By de¢d 2BGt
Hsfpdz" Hy jdo2, Pt Mftew dsso Odz' dzO totsL totsB €
J S dztse ' ydas® A3t IS dfen datzfinisis gizdz S tc iz 9 O dzdzw
COLOBGE zead<.zd o



58

tdrraffrofrfffrwec v oupldfwrrprricwld A

111t ryrwrvcvyrdépbuyw [ I RMB®? SRM BUT [
21.)dHels j dEPZC so G5 HEsfdz HY j dzdzw

1 OkzC s9 " Hisfdz' HY j dada, O Y s dz0 dirs Hatizjdiifis o b
c[HjM' CO &' CO OCOH[R &L ®8 j L §f § Yy 'z dH D
Yy dz' mdz' mis fMls* 2¢ " Mmis! sO ‘' teOtcn ' ydzt
B SBHESERZEE" ¥ SO Isj n dzsdzts G "o¥H tsdp@ sCaOanrijstiizGHd
ECte® dzfy’ § didy teosWjjoliglsdp. | sz’ Ctsoddg, wEedad
tesL GifstczCIskztcdzs Maoj B HdMIlsOY' 2 dsEts

BOLE Is! Mw dzO LOfdl' 1§ tcO&ls PUafizy -gaotz
ftodC dzOH dets’ ff ot r @fzBd L B 6 s dzOdzj dzdzv d3
SO distefy! Ctistgldslz ;ls tc O dzfy i

fodL dzOYyo0' d&Bjlskz SO L OoHOdzdz" HtsMdz' HY §

Wiz dzé * cBdzsodzj L OoaHOdzdzY HdMJ 6lsOY
LOOHOdzdzY, WwWC' HBGHSHREZOE s/ 26t L O

o dw o dzw ZOkZC tso j L dzOy j dzdzv Is © f tc C
Hisfpdz' HY jdadz? L ff sH Odz' 'Cdedy W tiste df @i so Q diatiav

lted yY' sk ecdzso dzd d3 d3j IssH sdztse ' ydzd d3 1
Hisfpdz' HY jdedg?" ' MlsteOlje" v, hts Mftew ddtse O
o doyJ dzdzv o dz@lslEf® tstfinjistg j2H BEBY @ ‘tsSo B B O 2 O
Atséts MEzEE"[@Fm L o

JHddd3 1L B IssH' 9, hts Mftedwesls! - tofs
HiSfdz Hded ' C ddgd lshe HPUMY J tolsiaite dyy " flasd L
Bd IssH 9 j ¢ MY Jiteusjdzd 8 d LsdgO wigtsdedzy * dzH d 9 * H b
JSMf jtls' 8 ° VWi Rijlhzs © tztlz 6 defzfsdzdzy . [ j IStSH (
sy dyg tttcOdz L Oy' 2dz , -MdBls  igldzd ydz' d3ousty



59

My tew Bsso Odz’ 20 Glied BOddz" o' s @Y OF Oalzy 'dzg
Hdzw ' HetslksaCd ' ftod2dgwislsw j% jCIlsdo dadr

1L dLd sz " dzd By dzd Oy " W BgdQdin HisH) dz’
dzj HisMils Ols dz' L dzO dzdzv  Us@ wsdzl alzO Y @& st ts L dyJf st
shdets o od¢tsted Mmls Odadz” j Sy jtelsded R sy
sB tolzdzlstso Odets s fted2dawIslsw to' h j dg Lk
9 C dzé YOO o fidp jiRIMY j clsOk fescdsL dds ¢ fsls,
Csydedds L JSMyfjtels' 8 ° o dL dzOyJ dzdzv d3° tc(
L OcOdz dzj OBy Sy’ dets€

skOMdY " COYy' W djlssH' s jSMijtelsdds B
CdzOMd¥W*  COYy' 2dedn L dz®C 3 Stgf felsgo s d sy &
CjLbd s@B) o (tedf.

Knacudikaiiis METo/1iB €KCIEPTHUX OLIHOK

Y Y

Meroau onutyBaHHs MeTtoau ekcrepTHOro OLIHIOBAHHS
: besnocepennporo
I'pynosi Kom6inoBani PanxyBaHHs _
by Y MOPIBHSHHS
Y v
[Tapnoro

[HuBiyasIbHI

TOPIBHSHHS

tdfy. 1. sdkzOmdW¥ " SOy v o IssH ' 9

) 56 dzvw de@o jdBQ dz' f " HattHd HBS toLOOWL (
fted ¢ dzOH dzd,r a P 'HIO dalzOf v BS £ d2Oizs sy datsas0O dp
dz0 fHejsdz'j?2 JjSCMYf jtelsds 2 sy’ dzy' Btsy dzd © d A
LOBJ LY jJuJadzwe® ydesmipzH jtalise e d ¢ soatsets Is
Is tc O dzfy fhisdeiszigtlzdz’ 3" L Oy' ° jJ i3 M CMdH' o
HodGlzdz 9 o dzzlste’ N @ EHzO®) ISz Had WizdpdzC ted s j o'

1)S Iz Odz! dz' mis! ;



2)dz0EZC 59 © detse d L dzO;

60

3)d Csdetscs’ Yyde® jWJjCSlsdoeds s ;

By dzde ' Mis! odCtcdMisOdzdzy o EkZd3se Or ¢
5) o' Hdz Mis! thdeseo dzd 3 dzOf tew dz¢ Od3 ¢
h ¢ ts fiof-104.
BSEB tijLbkd! IsOIsd d&Oo j HJ dz' HE kIs @ssdzdus o
sy dz¢d o " HfBo HO' L &ZOYSO ¢cter.e, odf OF
v OB dzd yw
1 sto' o dgV dzgdz? sy dzd o d - 9 Otc 'H@dylslZ' a1 ) tg tsaday
sedbjte’
AENE
= 8| E¥F g
B8z o8
| O P Iy = O -
t' Odgls tesLo oW B | 5|7 | T ol N N
_'g o | Bl ool BO o)
o 89 lTalls. Tg
N | ¢ B 8 s =738
P N | @ X.N:"::w-—b-w"é-’
O |lu | 8 O =ul N
B Bl 4w PeleBe e
lLOHBME sdzOdzj dzdzw mMdMml 7 | T | + + T 2
2.] ftctso OH Y § dzdzv Odz' Is|
+ | + I I + 3
tc' HECdr OB GOL S SH
BUHBMSE 8dzO0dzj dedzy  § t6 .
+ I + + I 3
yde¢ dziz
4. ¢ stedMmilsOdzdz? HSHOI
+ |+ | + + 4
odifemMCdzdr G OL "' 9
S5sts3f dzj S mdzj ¢ Jjtclzo O
+ |+ |+ + + 5
GOL Odzd




61

Il S sz j elsdzO tsy' dzC O B IstsHbkz oHESM
fOdzdo © Mo " HAYd " e dHsds dz S sdefmistczC Isd o dzj
Of OteOlszted HBMWEdzs BOCMd ZOdz dese s to' o da®

[ iJlssH offtctso OHY J dedz?y Odz' Isj tedzOIsd o dzd =
odH" 8 fOdzde O, JAOsg@RIgY ydisdaaigs giso  cso Ot
(udtedf sCd M Odimisftzdz@ls dlazdzd s o dH' 8  Odz
20 dBstem! Cdr MkzH&OE SB®Rjykz k' v 2 OLOS k
SOC sy oHRAAsA'tsotsets ff jtoj 5B dzOH dzOdadz? M d M

[y dzC O L dzOykzh sfls '@ LoCpd1 206z @ dzj dzdeyf & ff j
tesByYssces adRazkzls dzd dzO 2 tsc6Cus zOmx! il grelsdzds’ ¢
JWiSIsdd@stsdzd o ° Mmls oS stedMmMisOdedzy . 9 1 O3
¥ 0dz' oftctso OHY j dzdzg? Y’ Bets BB IstsHlEz dgj
(yudtejL oduyy toffjOdz Mis! YyHisdREHz' 202C 5o Bz
o' HY cffjdat®Os dzgd i3 dzOf W BS O3 dzZOkzSC s ts’. MY j

(S jtolsdd d Syt diflfOdzdz? HESHOS SO BE f5°
odMme " sdzddzd dzOMlskzfdej. ¢SGlskzOdz dz' Mls+ y!
sgh jddzdy odfkzmMSdzdn GOL'®@ o' H hdusltsets
dzts o d L dzO LOBj LY jykz' s mw BBtsy dzd @ * Mls s ¢
sjfdzsodddd cOLtsoaddiBd slssCORRd IO d )y @
LOBJ LY Jyksls: " ndz tsudh jdgdevted gz f 52
LOBJj L {j Supleiztdscz] WX Hyflco ddz Lo 6wL Sk L odMmts!
tcj ytse d dz, LO HBYfB®RscE wedn odCsdzlz” Is
odEtstedmMisOdzdzy L tesMmlsO’ GOL BH d dzO 3" yded 2
o Mils Odats 9 dzj dzdzw s Y O Ha0@zizw dzts if t5 o 6t B d2 dzts L
ftcso jHjdedg" HBSHOILSCtSoadr dBsdzlsOy dzd= totsB ‘&

10 tojLizd sOsdy jSMYf jtelsdedr By' detsC W
f sdz' § " j dadz J Ssdzse ' ydzd A fsCOLdzdC " o
d $Mf zz OOy ", Mdz His o diaj GO dafdedp! & iR @
LOBJ LY Jukz' odCtdzOdedzy of' n Ctedlsjte’ " o,



62

LobwLClk L yddz MOy dzO 26t o deo yd dzdzv,
RZOkZC sy HBMd HYjddew SO IsjdBO HIMJ LISOY

c¢=s0 ¢l HEmdze Wy da@dgy dets f oy MJ S drsecd
BJLYJSCd MEHjd 6 ySsotsets IsO dsteMm! Cs6ts

CSted Ha3d Is HESMAs diydeddsiay fesyjm Cjizo
GOLOMRRd MEHdzsoades HIL J dz' o

t sdva Odzdz” L Oo HOdz , odL d&zOyd dzd n Iz H
flotsHiSo ) j dade” o5 totsL tots Bis@ n HiE®liz § s g 6" dzAs ¥ Gts d2q
SO 2ttt kydz o D I =Chdsls azls p diol QIO C Is 20 dzS
s tsdzsHtsaldg C. 59 tctsL tcsB ¢ BOL E¥ Is! mw (
Isj stej Isd ydzad Hismdz' HY J dzdzv -, hts M tow d3ts+
f ¢ OL dgtf e SefGdziggdtStclsmzrn jdz " v yofm "7
cO2 5dz0 A H9 IstseoftsGts ¢4 Odzlz L O Edstso s
MstczCskztcdzsegts IsO [0y 2 desets ME dzOH Iz

2.2. [B tcbkdzlslzo Odzdzy dBjIsd * L OoHOdz +

1 OS¢ 859"  HGUnjdz W' jlstyd WS de dzO09 j H ] d2
BOL k¥ Ist @ d 20 1, tc QigCIS  Stafs@ dedz? L O9 H Odzgdz? 3
sCMdH' 9 OLBlk L o df{ ipHdedflakde ' cy@us® dgds tSH
stcOdzMfistects e dzs yOMdzd d3 L OB j L § j uJj dedvdgdy ydzg n
fcsCOLddS @ SO LOfBB' cOdgdgv a3 Isj f dztso 5 ©
sOCtsy dgj sBR ' Hdz MiIs! LOBj LY jyjdedgw J € tsdzt

[ jIstss HisSMd2' vy decde] M j dedzv j S sdzse ' ydzts’
Bt CsEts kseOdhf stelskz.



63

[fdzso dzs® o WO € Blsj L 5% * H skydz & ¥ J dzdzw
f' ' Hodh jdedg" jStdse' ydets® jWjiCldodasls:
CJtlzo Odzdzy odffiiMEdzdd3sd cOLOd3d Hoadaelzdz o

| tdzts e dzj LOO HOdzdzY dOkZzftsaz8e®’ H &&Mdo L
o dL dOyd dedz’ Mozl GE30M" ' SMdMisj B3 € jtelzo Odzdz
GOwOdzlsize Is! L OBJ LY Jyd dedz? J Ctsdztse ' ydzd m |
His odse o5 Y dzOtcsH dzd s fMlsOdzH Otcls ' o .

1 1 Odzed?2 yofm dzj " Mdzez® BHdses L O Odz' d
iCBdse ydsfls'  dgts tden) IsOsks , ) EyOidsle. s dzv Is Is w
f'H MBSk ¢ & ¢ fls! §SOLddS o,
L OB tolzH dzj dz o sHdsEe s 2 ftso' stew dztse s
COLtsftsH Bdeddzsd toj ysoddzOdsd. [Hdzdds "L M
o dBBsE EUIH OB S ) dzOtc s H dzaSMARPOIS bizés ji ey "L Off 5B °
LOBtozWHzp alzflz dzdzv t5CMdHOB OL sIsiE,j telzo @ dfc
odfkmMStddBd cOLORB] (tjydteslzdy’ |
MMl Bdzsets ' HEBHE, ©jOd LOY' " WCBEH:

LOBjLYjyke OO B MidShistjddy OB@ Yty Is dydf@ dz!
tesBtslsd (L stsy¢d Lbtekz dOSCMHddzOdz datsce s
B3 dz' BOdz detsdzsz L B dzr M j dzdz j S Bdesdy ydzsfls

HEL o 5dzv dzO 3 y gz d ig R bs ikt
H' Of OL tsdz d M dzz Ols Oy ' 2hdadd-H ¢ dzGedfdls Gy Q) talk
Bsteh: Ssets MkzHd&O;

HMEfMC OO B jCMfhk@sOwdE QF8 0 this
sCjOdgz, o©Cdzt yor yd wsmtsedzde ' jSCtdasc' ydz

ICOtcOdzlszo OdzO B BJLO8 Ot 2dzz j S M dzz O
r her s€tej i3O.

[ dzv  totsL 9 0V L Ozdzt O @ s Gztzdelzts H sfydz' H Y j dzdaw
Hsf sd3' Y dz' : L O9 H Odzdz”




64

DodL dzOyj dedz? H' Of OL sdzz ttsBtslsd MmdMmlis
LOBJj LY jyk' s mMw &BOCHHd B3O0dz! dzgj L ded ¥ j dadav
3 dz' BBOdz desadzsz ' Hedh j dzdz® o dIsteOIsd ¢ Odzd ¢

2)o L dz@yj Cadz] Is j tc* sy  dSd JjWJjCildoe dasH
teJ ydqteSzdzw vy odfkmSdedr cOL ' 9;

odL dzOyj dedzv tsflsddBOdz dzgdms (L Ibsycd
Bsteh:! S8 § ek H Sdedzs yOMmdes s o' dz' BO dz' dats o3
d2Of telzy j detsfls® HdL jdzv) Mg FiReOL g fzme

4)0dzO0dz' L L3 dzd MIsOIsduyudzd~ IsO HJ O
fMzH jdz 6 YSsotséts SO distef! Ssets teOdzmt st

1 Jjgh s @3 o @0 H Odzdzw fjteiHBOYO' H s f
tcj ydteSzdzw y* -’ odf mM¥ &z = o § Gudid ez dzQ & & ztkz@
jdzj e j Isd ydzd sO Jj ¢ tdgd Ydefr yff oCdp dzd;
ftetso jHjdedew JEMPJjtedd3jdgls™ @ Hdzv MdMisj o3
sd M¢ k.

i SL OOV HBUEMS S tsdys tyLddso H O dzdzW HiSL 9 sdzw *
Cedbb vt€'d®@028B " dzv W fsddzr’ ~BOeRfIsgzte JWJCls
"dgh ses jCMf dzE OOy 2 detse s iy ddBz MdMmisj c

ltodtetsL 9 OV @ fdds e ts  cHiELOsodp Ojddesy fjteH
odL dzOyj dzdz?y dzO@2B " dz' b t©OY' tdzOdz! detsets toj !
Y sz O ORgeugf o Ols d iqw o' HiMkzlsdz" Mmls! f tsd
L Of twedavaf@zd Cwdsjj dediztso =7 f j toj o @arlsOoitg ki d Yyl

Y jlsojHitsl sl Pelzn @ dddzy Ddz o L dzOyj dzdzv d3 o ff «
fjtejtfikzmMC ik agf@lz's datf® | o3, MO8 SOC fisfH dad @ I

Isj f dzseo iz O telzy J dz2' Mis! HJL J dzv .

] todetsL 9 6O CILSO|dddtE st Sd3F 9 @B H OdzdzY lsted @30 dz
ZOEZC s tc jt Ltz da' OlsvQdsBsfdiatiz s dzts ¢ ts L O9 H O dzdz”
Htsfmdz" HY j dzdzv o  GiEOzGdist® 5 d dEsjjLLz dz! IsOIs” 9
hdzV ntsd3 " = ff O tetfdig dsds dLy@ars’



65

2. 3. uwdMmlsjdgdzed?2 " " HAa'H HB teLtesBSd Lk
HisMmdz' HY J dzdzW

4 lzyOmdzd 2 J sOf tesLoadlsCkz Isjtste’ ’ Is ©
nOtcOCIsjtedL 2 Is! Mw f ' Hodh jdedds tc' o dzj O3
WOr" oy IsO § toj H fiplsi@fondzd § 6 s Wig 'L’ d2ts d3©@ 2] to L
mMdmisd ddded 2/ Ssad3f dzj SMmMded2 " HA ' H, & 5O daog"s
ZOkZSC sodnrn f totsB dzj df tseOd ro dtied 19 Q dizdzy  zOhipls ) dz'
Mdmilsj d3dese s/ SR dzf SMdesets "  HaBBHEZ od2h
' Misd dz dz@ ez Y O2dzdr SO L Ge@UD dAsd lisiH @ gz
o' HsSBtO)y g dz§ 8 HtotsyjMm' o twsLoeadlkSE
me " Is, Wistcdi3z o Odzb s d th ‘dae - o[Mfl@kdizaizd & BB

1 " H yofm ftese jHj dedaW Zokz¢C s dn Hts f)dz'
to s L' d ¢ Ff stcWHC S0 Odzz Mk ¢ BYWdS ‘fds! ( jdsjsd
58 HAZOdzd BV CHEBH & L € ® R ( iBj m Odz' yded &i3q ,
ftedL dzOyj dzgdm HdzW HBMWGEdzj dgdz? 1 j o dds’ tc @3 'l
By dzd o sfis’ ) wyddesd3. 1 ted YSusdffzts dziddals iz d
O MOjilr) i3 dsldG O LY IOy "

¢ dMmlsj iglz, h ts o' Hfis9" " HO' Isj d3" T HJf
¢)10OBJjL YT jyj dzdaw d Ssdztse ' ydztsfls J Sy dzz O
9 HtsBwOLdIkd E oadedzwH' twWdMm. 2. 2.

lted vy sk Sk sdj desgemyt ] ™ Mipd dxtsg dsc
odzzlstc’ M dz' sE s L GtoW dadzV € & LldfOF .Is' v jHrbds flpd:
Bste’! Csets MHAH@EAD ts dad] ) Y ERE s MjsD fiptfc dzbis® lbd ) * oz
sBlztoj dedzgv dzO totsBtSlslz HodcekzdzO o dzzlstc’ M dz
Gjdgj oz’ Is! Mmw Hedcd ¢ Halztsdsts o dzly stcW dzdzv |, L
WEdzC y' sdzzo Odzdzy diistem! Csets MbkzH dzO.



66

Mopcbke
CYIHO

Y

Y Y
JIBUTYH BHYTPILIHBOTO Exonoriyni

3rOPSIHHS MOKa3HUKU
A

Bumnyckhi
rasu

tdh. 2. 1 tedd@ifeePith-4 GedL 4 yd ddy |
B! Cdr MkHjdz

Y

[JHdzdds e dr Hdzedmr H OtcOd3j Iste’ @ (WEC Hdzw
IsO¢ ‘ H dzw wgEYM! C ot sigkd ' ydz' fsCOL dz
tesL Gdzv H Olsd mw h JtetsC d 2 My j CIste o J dzd ud
HdMJ telsOy' 2 detse B dg'sfipd! Hip§ ligde ' @ OL slsiz) .
fsCOLddCd L BSCE HodekdzO odzdzlstc’ h dz t
¢ J tolzosOfifgRvdzd d3d G OL Od3( .

1 kO kzoOdzdz" &5 L Oc Odz! dets’™ 3j StsHBsdzisE
f " HARtSHE HtsS f tetsB dzj d3d BJ LT Jydets’ J Sy c
CltiozoOdiflrMC dzd d&3d c OL Odzd sy d20O EZwe dlIlsd v
mdmisj Bz AW MdMmisj O  HAOQBOAE Isyjdesd L 2B
Cdzlstetsdz 59 Oded A3 ' tc] Gzdz' 59 Odzd o3 f Ot
CodemlstczC y' 2 detsets o d ¢ 5dzO dzdzv ) Bts Y J ¢ dz
r sfmdz' H Y § dedaw ftcsyJ M o, hts ©" " HBEkZo9 OB [s!
Y lsd BOdz ded =~ & jusjpdugidyd My flej 3Od3d ftedL o
tctsL 8 6V L @dzdz® dzdzW h sH s LOBJ LY Jyd dadaw J
Bstem! Cc8ets MEzHdO L SHdsyOmddds L OBJL
J S Bdetsd3’ ydats® 1 Wi € G aldBdgds’ d3 f ted dzyd § o,
MdMmilsj Gddetsc s 0O dRO da) d zdz L O] jdizlss@y ' 2 dzese s H t
ftcjHMIsOodzj dzd?2 E odedzwH' Isjrdesdzse’ ydats’



67

s H 9996935200 OSA035 0N 999w = faclgh )

BHIA 010%90dow |IneLeALLIoNs 1LOOHALIOLIONS
BHHOhaLEAQRE BLIT 8ILSENT XMBOHITAD MIWBER] MNMHNOALNE [&—

BHHESAdo) 0JOHONALILINOY 1LIOLIOHXaL BXgode0d
BHHETaee 0JoHAOLOl BHHEEK 9€0d "/
« BHITAD 0J0%90dOI ILOOHKIIOLIONS BHHAKaLEAQRE AQOJ0LD
1 i gieel xuHioAuva Avofuadau uwaLono sHHelondowme [
BL 0JOHhIWOHON .o_wpﬂﬂwﬂmmwnij__ﬁmﬂwozgm WBHHEHO)ME AN UTIONI0 O WUSIS NRRINE M -y eieel oAuedau
¥99 S\A.yoznmomm aiLioEi XEORTAS Vineses HDoRLME ﬂ « oeh iU ALdouoHedL oloxqodow eL 01080%h(d HaAD lLBeEnT
: 11090d BINMHERNOL XMHhIWEHWL BL XUHRULELO UHIWE EILIEH! iy
BHHeaAdax oJoHO¥eLLWOY ALHeldes oJoHaLeWmLLO digng (mves T o0 B OHENAGEN 1 90C : e SiERY w 9
. 1080ULAL WBHHRWUALTIU BL BSULE spmaprm WEHHBMSUIQE J
igquiced v SmOv_>_w_|_ 8 UHSUBIHIN WAHOBHOHTO € 1052 GTHONO 10D z::mx%:m 7 u gieel xunyoAuma AxoAuadau aiwmxad (HOTAD XuNgodow [LOOHKLIOLIONS
« OJOHSLIBINMONEW O 0J0RXULUQ AdOE WAKOL €) BIER XUHNOALME A ! g : g X
fooAuadaL MAMKed IHSUBAMLLO MALIQUEH OHORBHENE £ e BHHahoLEAQRE AdOE MNhOL €) XMHIALIBINMLLIO BHHOhBHENG €9
VWEER] MWUHYOALME . 3 K
BHHEaAde) 0JOHONALILINON AWK OJOHALIBNMLUO BHHOhEBHENG d
gieel xuioAuna IieLeAuLoNS |1 8INMKad BHHBHEIAOU SHOMK BL SHOMALIN aiees xurxoAuue ihuindunad uwelono
Avokuadau AWnkad 0JOHILBINMLLIO BHHOREHENY —— wiesAHoxva JKL0gEO O ‘sices xuHxoAuua IiuAduhad e I BHHELOoMdoyme LLIOHEN e MIHINO olide1ndy BHHahEHENG  2'9
gieel XUHXOAUUE MINBLOMO [LO0HENLIBS WIHINO MidaLndy oHeheHeng  ZdH g K
1InsuAxdunad Awnxed 0JOHILBWNLUO BHHOKBHENG o eauueu uiediva IHHaMMETU AWOHILBNIHIN AWOHOBKOHTO ndu ALoge
N 8IT1ONO I0INS BHHOXMHE SHILBWMONBW BO9L3AhaLIESQRE AWONE 8
1HON SQQ_._OV_N 6 (eauurey uredive JoHEMLIBD 10WOLUL X ‘aigel hsLirduinad nwalono niogod AHoeeueID BHHORBHENG  |'Q
1LOOHXALOU |OHENLIB]S
« L—{  |HHOmMHaWe AWOHALBWIHIW MdU ‘ALOEE BITUONO 101N | v a
Adoe minoL €) gieel xuHxoAune H
VWEER] MAMHXOAUME € ALOER BITMONO |1DINS BHHOXVHE 18-0401 EHHONHE DJOHTLEIMOIEN ! X
OXUEN FKROLSOQEE XS ‘SILBSHY XHEOHLIAD UNEEE) MWMHYOALUS Insw/xduinad HoEBUEIT WMHALIBWILUO OHBREHENE | dH BHHETgee _IvX_S_O_._O.D. 9

BHHEaAda) 0JOHONSLILINON O11JOLIOHXSL OHBSOHOLOdUBE b

q10INMhEHE BEOYARH "0l

1 alLdelfHeLO XMHITOdBHXIW JOWNE OF OHIIgoLTE

P — HoAD XMN90dOW SINMHERNOL XMHALIOLION® BHHBhALESQRE
BHITAD 010%90dOW JINELBALILONS 1LOOHKLIOLIONS BHHOhBLESQES G o ioes AN TG Gheeakday

010L8IN € MINBER] UWMHYIALNE BHHEEAAN OJOHINSLILINOM

WaLo1d |ineLeALLoNS aiwvkad BHHOREHEUE L exgodeod
el gieel xukioAuma AwoAuadauiinsuixdunad Awmxad Hotka xviaodon
0JOHALBINMLLIO BHHOhEHEME BLIOLIOHXSL BHESOHOLOdUBE BHHETaee aHA0 Lo | ‘G NLBALILIONS |LOOHHLIOLION® BHHhALEAQRE
QLOIHHIN BHRMLYEd]] || t
¥ > BHHBdOJE 0JogHMIdLAHS aIHAInal BN | c
alueent n10god uwewmed MIWEER] INMHXOALME BHHEBAdSY WOXBUM KO9L3BIKO0L 3

MINMHALIREAXEBLHRERH 008 MWVHOMIVEM BOILOIBhBHENE HoAD Xi30dOW LLIOHEMLIBEHS |0HALIOLIONS BHHBMMMEIHL|

WaLond xuh nwmxad IHyineLeALLONS (HaLewnLLo Awosh eeaLoul | ¥
ndu ‘Avohuadau el nsuAdunad x| WeLouo BHHELOMdONME =
WoxsLm BHHBAO.E 0J09HMIdLAHS 8IHAIMEY nweee)

BHIAD 010%90dOW 1L90HEMLIBMS |OHKLIOLIONS BHHAhBLESQRE
heLeALuoNs X| Oeh TiU [100HaXAdUEH jogoLLaL
WEHHEJIQOLBE BL BMMHEBNOL XMHRINOHONS BL XUHENLI]S

uwuH¥oAUME WiHHESAdeY WiHONBLILIOX BO9L3khauiEages < A1rdouoHedL olovaodow Hatrho « X| WEHHOhBLIESQEE WHOBKOHTO € BILI9ENT XMEOHTAD
HaAo xundodow |ineLeALLoN® qLoIHALIOLONT 1L00HEU143(HS |0HHLIOLIONS BHHBMMENI|| WUWEER] MNMHYOALME € ALOEE SITMONO 1I0IWS IINEEINIHIN
BHHOXOLIOL og0¥ARH  °Z| BHHOXITILIDOT Blo winedu 1Mueg 1




68

2. 4. 1toddydfd jShMfjtddj dsOd ddr HEf

1 OCOd dz0 BcOd L Oy' v v £ dpSder quig’ dzls © d

fsBkzHtsa Iz BtsH j dz sB' ‘' ClsO, f dzO dzlz & O dzdk
odCdzs yjdgdz" OBt B ¢ odfOHSSadR H'
L sy & f§eBdess 5 fMkSkfdscs o

fdtedo bl Htod?2de'isodzsigl®’ " ©j L'zdds JstOf toj Is O
slsted BOdzdr HOdzdmr © Lk tstew HC SHIAdzsBE IsO ¢
l sBzHtso O Is © W st dilz o O dzdaw k0Is j &30Is d y
J S sdzse ' ydetsmls d S$Mf z2o0lsOy" Bstem! C 6
HdzOd3" y' L d3' ded tlstylsitdf S o0 sz toglzf{dz’ dzH tc' H L
odlstcOIsd ftseo  stew IsO 1, o mMCte' L ] U
tSMyfdJtedd3j delsd ¢t o dL dzOyJ dades J Ssdzse ' y
odSCtsdzzo Odzd ! B JH Y M toji Gfdd dRE OIs Oy’ "6 &zt
Csisf dzj € MEz. lted yY! sz HtsMdz' HY j dadaw Lt
f tedL dzOyJ dzdz” (M jy' Odz' L s9 Odzts Bz d3ts tc i)
Isj rndesdztse " ydzed?2 ftetsyjm odHtsBERZISCE 9 k36 dz
My dgisem: Mizdgidz’ ftiodL dzOyJ des dzlz  jHdiye =t j de

dz' 9 J tmOdz! detsdslz Mz H dz' ; mMikn dz' |, f tod L dzO
o0dzlsOy " 98) O 11y, s oadCtdlzt Is! W EdzC y
(teg 2Mse L O9 H O dzdzv |, LG Hddzs HEts wWCdn ¢

offtcso OH Y j dadz" toj L HaR'GlsO I3 ofy da dfifiy jj tedsld® y " d20 o
¢ IsO 1) .

1" H yofm odL dOyd dzdzv SflsddzOdz dzsgts 9o
LOBj LY jujdeder jCdse' ydetsms' jSMYf dzzoko
Hsfdz' HY jdo@ o dStdzzo Odzd v dz0 2.0 dze tsted Is AIts C



69

KepyBaHHsi BUIYCKHUMH ra3amMu

Y Y
PeuupkyJ/isinisi BUNYCKHUX ra3iB Ilepenyck BUIYCKHMX ra3iB

Y Y Y

Busnauenns | | BU3HaueHHs iHaukaTopHux ||BuzHavyeHHs TensioBoi
eKoJIOriuHuX | | Ta e()eKTUBHUX MOKA3ZHUKIB:| [ HANPYKEHOCTI:
NOKA3HHUKIB: | | IHAUKATOPHOTO TUCKY p);; TEMIIEPATypPH OXOJIOMKYBAJIbHOT
KOHLIEHTpaWil | | IHAUKATOPHOI MOTY>KHOCTI N;; | [BOIMU 7,,;
OKCHIIB a30Ty | | e(peKTUBHOI OTY>KHOCTI N,; TEeMIIEpaTypy 3MalllyBajJbHOIO
B BUIIYCKHUX | | UTOMO1 €(DEKTUBHOI BUTPATH | |[MacTuia 7, ;
rasax NOy najuaa b, TEMIEpPaTypHu BUIYCKHHX T'a3iB 7,
Y Y
Bu3HayeHHs1 ONITUMAJIBHOIO BusHauyeHHs1 ONITHMAJIBLHOIO
3HAYEHHSH CTYIEHIO 3HAYEHHS CTYIEHIO
PelUpPKYJISALisi BUILYCKHUX ra3iB NepenycKy BUILYyCKHHMX rasiB

Y
Bu3HaueHHs ONTHMAJIBHOIO BAPiaHTY
KepyBaHHS BUIIYCKHMMHM ra3aMu

t dmd . 2:BGURO ftetso j HY dzdz? J C MY Jted d3jc
odL dzOYyj dzdz? B lsd BOdz desé s 9 Otc’ Odzls |

1" H yom odftselzo Odz |, hts o d¢ tsdzlzo Odzd
Mmdmlsj B by ydteCzdvy' "/ fijtejfkzmik o d
o eO U J dzdz" :

14 Sizses mdlaFfdzlftc Oy’  "NOsE Mo df B MOpEB Zc O

" dzhn d C Olststedzd » 1§ GlzH J % PE s dGaigizd &°  dsHddiFCCAs
fslskzy dsmpW¥ j CIsdo datsNe; fttsdsldztsidgs sy ¥ § € Is d o dets
b) (COLdS © wBBISd HL J dzv



70

MM sCOL,dd ' odL dzOy O IsH Is j flslgsdtz o @B |
SrRtsdzHY 2o Odz'tylgSIS | 3P fSiB Glsd Zo Odzy dztse 5  ABC
Isj B JisOI$ sO rOwLOSIjtedmlsdsd ttsBBls(d
fdedfzmsciz 1.

[ dzW HtsmMWwedz) dgdzv y' B Isd odCas@dimls s
MdMmlsj i3z Cdzlstesdzsr SO tj " MisteOy' ~ tshdzaso
MdMmlsi &3d H' Oc dztsMis z o O dzdzw :

flcOL s0dzOdz' L Olststed, Mt HBLOtSdYdzd odL d
sCMmMdH" 9 OLBIsk o 1] ;

MdMmlsj & H DE&®rdz®ipBaiverd " s L OB j L § jj w0

sj &3 j tOlskted, sdMSk kO {flsky dsfls' L
f sCOLdzdC " 9;
fodlstcOlssd 6d §o' lstew kO I, o)

SrBdizZcHYy o Odz! dzs™ o tsH(.

1 sadBC O f " H yom o dL dzOyJ dzdzv ofm" A
fJtej o dmPEHO®EO

Il df tctsB z o Odad@vdzdofipf ¢ tddefl) | 2 dz0 MlsOdzd r  toj
fosfzdz mMdJo desets C i dzj S Miz: LO Ekdiise s
(" Hodh j dzsE s s stolz Ctef Mz Mz H dzO
LB dz! hjdadgW / L d3j dgh j dedz? Ctcjdzz OBt HAWJ to
' Ho sHE] dzdy Gk H de@)L ftcso JHJdzdzg" HEBMdZ
Hodcelkdy ; LO Ekdiseotss {tsMmis' 2deséts dz@dzO dzls
teOL ' ftotso jHJjdeda" HEsdz' HY j dedz?" dzO HBH s



71

25l dmdzse € d L O ttSLH' dzsd3 2

10 tjLbkd O' odetul, Isj GflssHshd:
iCMmijttbdsects Gy ' d*oOddr LO WOCkttOrd
jCtds® ydd jWiSkded Ml , sy dde ' fls:

MzHdzO, o HYiBo' ' Hdg Mis! Mdsedzdd3 dzOf toW o3
hCsdzd, o' Hifizka “ H 2B & @ toc Ol sSRIF&, cfyf
50 dsth' $d2 NEcOdy@dcEs®dz0 sj GO, MY v
jStsdse ydes® JjWjSIlsdodetsmls' fkHjdz Bistef: §

[BO ' Clstsds HisMdz Hyjdedz? tBOdzs ftetsyy f
fHjd to' OUCdspUFFE U5 ISt Odzhy Stels iz .

ltej Hd3j stsds HEsMdz' HY j dgdzv ¢ ftesyjfm ¢
MzHdsodn HL jd o.
2f J st  Hfd HYJjdd ° §°Hodhjdede? j

Bstefm! Csets IsteOdemf stelslz M dzZw S sd3 L dad 3 j dzdz
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GOtOdzlslze s+ LOBJ LY Jyd dedgw JCtsdzse’ ydzd »
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7 | N+NO2 N,+O 7 | NO+NO&* N,O+O 7 | NO,2+M2 O+NO+M
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82

._,HOOV:HE&E NINUEOTRIND stmm_ﬂmomﬁ%ﬂ

ee UMHOheHeMd ‘IAdueH XMHIHOUAQAL xuvdogordronpad doemor — /yy'yd
i o o % % = 1
— — (M T ‘Mo M° e e — Md-

BOI9IrOHNR J ewdod

~
~
~

(e , € o ‘x .%+.‘%|@| 1q
: o do - Ma

d

enwdo eHITXMY

1 N.\K.Q 1 ( (< ¢
y+m|@|.m =% M="] ‘M=
(eod0L)-3,gvy BHHEHAI)

AXAd 11003911 BHHOWQAJ0€E BHHEHEI ]

', 'xp xo 10

. - " X
i ®'49) 3 =(0'#9)—-+(d)— < °g +(ppes’1)ap HAG&QV% +(pd)—

& S

10
<

EHHEHEId 0JOHAIRITHIAO(PUY 0IOHIHAIRIREA UNITRLINE TWNOANO ME BHHOXKAADQE dIHONRE BHHEHEI

eorqroHudd mdod g 1 imdod uiHrIXNE A BHHMNIAIQE dIHONRE BHHEHEI ]

¢ € Bnuroe]J,




83

ewdo enrIXNg

- 'xo 1
0=('md)—+—
0 A& v 0 n_@
BO9IroHUdJ ewdod
. D
() 2, 0=
OIA M v o do |‘0="1 ‘0= (1rooHaudsodon)
ewdo@ eHIIXUY | MOBW  BHHXKAA20e  BHHEHAI]
~ !y 1wooNTHam
1meAwiArg  ototowouor ee | y9d nudrerHd oowddon ymHIHOKAQAAL — 4 rd 7o
SILOOMITHEI SILHOHOLINOY WEHHORBHE WHHOHIAAdA
¥ :
ee YUHIheHENd ‘JAdueH XUHIHAUAQAL XxuMeB d dOEHAL — | _ o :li kJr k n=
e ‘Mo Mo —
\R.Q M.R.Q \.R.Q R.@ PQ PQ A_,R.m\u ] @ ]
d I3 i r z + M+
O+ Iy, I —— |—+ 1)—+——+ =——-od by
pg T O ML (4172)5 do ' Hd - ¢
i eoraronnag ewdod |+ u'o+( ' m™ #|©+wl *g
Hod ﬁ v do do
1 I3 4
o xo \'xo ., .. X0 190 17 d
+ M+ — —+ L)}—+——+ =——d : D1 Sy —
“ho o ENIE AA\_VQ do M= Hd —=%1"H=0

A/

1IdoHa BHHMAA0E KHHEHE! ]

7°€ MUIrQRL KHHME0T0od] |




84

(0- W)/ *(AW3,00 IMTHHHUIO & HIHOHOLINOM [OHRINIX HOBW MHINE ILONIHEIT) HOBW RLrdoN(T LOTHENOHILHI — Ul

to/ W “neApurr LHammIpaoN —°7 ‘Adoxonody roammo — fig ¢(zy-W)/1g ‘9arotHTI90dIIONTIAL — Y {IN/K]] ‘ORI OITUHUTO

BH MLOILIAL JOHAUTIHE 91OMIITN — ‘0 (- W)/ ‘AN, Q0 ONMUHUTO BH 1IMNEAd JOHRINIX TLOINTHEN — ‘M {(H[-14)K]7 “ANOHL

AWOHUILOOU MdI 9LOTHWIOIIAL — 90 (Agel 11o0MTHam doLyad — 4 (9-W)/IM ‘“9LOINEK g BHRIWEHNY — 1 ‘Kimewdodar BHW,00

- A &23 vm&i%l "4 SPK]7 ‘BLIdOHY BWOLMUI BHEOL — ff SN/ ‘BIRdLHANMHON — ) ‘LeHUIdOON MWALOMD Jogordexar

TIOHLANOWEdII “X() 9018 ©H ‘ W/H ‘I'HO XHHWD, Q0 MHULOAT KIMNo0dI — ‘0 ‘B[] MOMUL — d { W/IN ‘A€e] BHHIJAI — d 'EHHORRHEO[|

!y 1wooNTHam INTeALNAI() 010I0WOLIOT BE ) 0IONK

KIed LHOTIHOY ‘BLHOHOLWOM MOBW doHadon yunmeAgur yuninarkodAr —/ 4 ')

! !
we| o -—q | == 2
— == 00 Ve Da

<

BOr4AIroHud J ewdod

o, e g
wr|—'q|—=
oe e Da

ewdod eHIIXHE

d
mh..&\”ermg nQ.uQ”Qu.IM nlv”e

(rmedLHATTHON) HEAPHUT BHHEHE] ]

7€ MMUIQBL BHHORHINEE




85

lod Y BhEedOdhmdmlsj GO0 t' odv dz' § j tsj dats
M| dss to' adg"dg' bk Wisteds j2desdz HMO (
sdCttedMmissolzs s Mw to° L dZ BSH jakE Hs ji®os & dz,
140 1 c[128, 48, Mls OdzH Otls dzO d¥ 5 te d§Qs oy " de®  j st
fesyjMm' o kkteBldj dzsdascts f jtoj dgj M j dedgw o

_ _ s .
r“_k+rv\/j“_k:p+(3-e_ + M g“_kg

It HX; HXJC} j =
bl o bl o bl (36)

_ UW _ . m ur
) R Wi—- = . G=-
HJ ¢ dzOR=ts YW | 2n,S; - (mSKk+k)SKk, g = Py

9COLEs I8! &0 c¢jdzjteOyY' ¥ (OB Odezlsdatstylay
COREdsS HjUBLEOYy' ' (skssChk O ©BO6' dda
®ZO28' dzh YyOMmlss Lk yoO' k! MW c©Os' 5O
Wehs L 20 (MlsteOldi COY' w) MmjtjHdd 5
5j B jteOlskted ' €t dayf jisdzlistE @y ' 20 B(tste M5 e o'

. uwW, @
Ctodzyj dzlste Oy 2 dzs & 15 mscﬁ,@%$+—u—0 iy &7 dzLo teit

—k?
hachsmBJQ;mg%mﬁwmmmgtm;@b@o pOwWL G fMls

3.2.3. [GHjd oOdd" ftsyjmkz Ldstw dd

1 etsyd Mmdj ifjideeigvdz © € Od3d t6° L GtW deda" [ J
oLO Lo OWLSEE L A" &3 ydzs’ C ' dzi sdS s .



86

fOkdJo O Mytedw: oddedCdzgj dedz® GteOH' * dzgls' &
ofdzde O dO ftetsyjmd {jtc] dl@nddt ¢ sdzygt
ZodHC' fMls! 0" & ydes® t8j OCyY' L CEBEY ddg
LEBteW dzdzd -MOBHREMMAE@&I] . | HYfte Hds HTS
M " E LOCOd dsksz 9 df OHSE MS &ZOH O s+ f
50 ' dzj tledzd EOLEOeE) , fted yY' sdBz &EOMd 1y
U4 dspls . Isie.low 8 HY SO ' Hdats, f 5o d dzdz'Cj togj tn lsizfv
hoadHGC"  fMls! tcj OCy" "’ L G BteW dzdzw f Odzd & O
MOlsOE jtc® [144] LOfdMmE' 5! v o dzOMisky c

~

My .9
1+, 9

m. .
L,

— B- . &
Wy, =—T mlngnq,
t, g

Hloi BOMBe O Misjn sdjlstedyd® $' d& ¢ fMls! {t
t,=k/leT BOMh IsOB YOMkz IskzteBlzdzj dzlsdzsc s 1 j to
L,ui jsf tedyudse CHj% y' ‘daisd, "t otOD ¢

f OO®RjIste' 8 fOdds O O h o d HeSd Hiphes, oh &l

(oS tojlsdzscts odfOHCE otdd odEOcOs Is:

J Sy J tod dzd dzls QldBl.dzd = H Odzd n

3.2.4. [BHjd o0k fjtjdshiz Isj{dsst

LIso tstcj dadaw ¢ MdHE 9 yddz'tsdgHzte® NOH d L § dzw
tejLEzdz sOIs' BEHQER BIs | B LG 2 ftoesyj Mk
stedlsd ydatss o900 Isy My kK J &B H tc QsdAreQs dz] &
ftcdLotsHdIs! Ht odded C dzgj dzdz" dzQdzy® ctsots’™



87

[OCHdBOd d&zO0 Isj B j OO tcBBYSETS

codHdBSE e TLdeES|gl dafzy )o dL dzOyd d&zO© o tejL Iz
Isj ted3tsH d dzO 3’ ydetsects to' o dgW dzgdz? L ¢ stoVW dzdgv

o deOL T,8 Wkt jHdy 5° fdktsds’ ' LB Otodts’
Cpz
,\eT — (mT_ 1)32de+ (Cpﬁ]+RC(a\F 1))Ufn
1 m;c
! 01274pz° 012985 (37)
1tcp2:o,9727+ ~2 1, 58997- 5 Bao a,
g -

) dz20yd dedzv, Pt enatHWIS! HEB MdMisj di3d:
miCsiW" y “dals LB' dz hjdgdg" BOMd L OteW H L
%=0,9.095 CtsjW' y' ‘dds odC el nNGOUasd s § dz
Qi dzd Y YO Isjf dztslso stedz® L H®O)s;dz' Mis!  Odzd «
Coo R To 1 M tej Hdgw fdstsdBO ' LtsBOtddO) , Is.
Edz' o9 jtemMOdz dz0 cOL @0, ] Pd@Iszt €,/ §
LOzdh S soadms cOL' 9 o €' dew’ defi S QB dzgls d f
liflskzy ' dz@ ' Hodhjddzew IsdmMSk §' H YOf
aiCsj% Yy ‘dzs OHdEGNCLE o' lstw,
ftcd?2 308 Is» Mw OB totsL OOz Is! MW o dn SHV

m, =1+ ( BF14,280 5o ' Isfie®@dzdkscOs j Stej Isd Yy

1+2)UG,
C'dzr C  fls! o lsteW Hd&W LeEEWdd" 1 CG
Qr 38000. .. 480060 LDy Hdsls® o' H R OO

fy, =09582+0883440°®,, Cr @) (S c

a:%,( Hi IsdfWds' @ sydddeg’ [UOSEY dzdgw € ° dz

C

Po f1 0O, odLdOYOtIs: Mw hdvatsd "dHdy' ¢ ocC



88

5B jtOlskte® o §° dzy'T, (tzte tslayfg Wdgh i Idshtsdz
H' OCtOBd) odL ZOYO' Is! MW Codf dzj SMsds o d

&T, =T,0*

I

fr T +DL+9T,
e 1+9,

O=

<|<

1
+ = 3 )
2,339+3,07800°T, (0 1 +1)

n =1

—_) =) =) =) —/—)

o WQdHYIso'n & dzOyJ dzdzv :

T.ilsj &3 j cOkztc® MEzd' ' o' stew * L Odz
Misd mMdzj dzdza’ ez d E@EPEFicdzs™ H® OcOB]) , s;

Ts T Isj B jtcOkztc® o ftosHizodesdse tj mdoej
sjnd ydzts’ i Sl Zz Ok Oy" flz H dzts © ddgdz" H -
f'  Histed &3z Is THP10...81Fd3j; % On

DTs i mMiskz{ * dz f°"H Gtc’ ak  tseo Dig.WlbstsBe fr
LOdzi ydetsils® o' H CodfmlstezC y' 2 dzdr tsMtsB dzd ¢

T 7T Isj 3 j cOlskztc® L Odzd T,€660a.dbs d GDLdzjoy,dzts ¢

StecOdz LOY'® (o ttccOsO§tsy 9 H
gi StsjW y' “dzs L Odeef0 SBD.JA. 05,008 oL @dzj ¥y ¢
ftesyjfm' @ fesHEzoSd * odfkmSk, O OC Y
V
e:f1'm5EU‘&J ésd B dej dede? (@ L O dgjtofzdayf) k

yqdz' dgnted ydaets® WNLEESG ' B3 yfJdzt dzHtclz dzO f ts
fls o f) dzjxzdzy , o3

MmifsCOLddS ftd stesfd Mmisdmdzj dedz?y o
f sz’ Htso dzd &n=dzBa. HAYH[14812149].



89

3.2.5. [BHJd&oOdlgledzllf esyj M' © 6 OL SEEB

1 SHOYO (e ' Istow ) ydadz' dgnte HJL j dzw,
Lettowdzgdzg? (hts LOdzdhddzdmw o yddz' dzHte' r
¢ d Mmdzj dadzv , lsotstej dedg? ftotsHEZCIS' & L cetstew

fso ' Istew GOL "' 9 ff jtooglt] jLtad® Isdizdidd= ‘L diEO Ul ot
MsOdz o' steW ' GtesHESK & L Etew dzdg? o
mdmsj dts s ' o dzv dz' | hts M &zOH O Is! fw

Isj ed3tH d dz0d3" € d (9 dtcOy J dztsG 5 ) HWj te
M 99" Hdztsh j dzedz? BB BRBEE IY'tecdsG ZEIs” 9 L o
o' o dzg¥ dzdzv Mils Odzlz .

vsO0C 0O MdMmlsj @O HBO° o dc dzv H :

/ Il 5
(C\/,G/+ ”G”)d—_T+u/ d(_?“ +u” dC-E :dedgx L4dQ,  pv, ap#
dj dj dj dj dj 360 3
G' =G!- G,g, i
I " d > L (3'8)

G" =G/ - (G, +1)g, i
_(GR+&'R)T %
p= v i"

Hdcd,c0 T M tOo ) dz' fdlssd3 ‘L tsh Btedz Is J § ozt

cydmlsdre ftosHiEZCIS'®) ;Lestewdadzy, S/ (S¢
GG UVuiome, ¢e¢, kO fdstd eodlzlste' h

fso Istew ° c¢cydmlsdre ftosHEZCIS' 9 Ligtstew dzda"
jickl tcotstetslslkz CBERIGZYUOMstsets o OdzO,
1 BOMO LEetste’ dzse s f Odzdo O, €6 ;
Qui ¢ " dzr Cj B Isdls h s "  HotsHdIs' MW/ 9" H ot

tcOrlzdetsC IsjfdzstsBd3 dzgz L ° Mls® dz2€ Odzd yd dz' c
V,Viif slstsydzd?2 ' tsetsyd2 BO' df yddz dzH &



90

uiT OdzOzse h o dHCsMIs' twkAak  steh dgw ;

tgui f slstsydz L dz0Oyy dedzv Isd i€ter  * H dsLj joglfvj, to O

GGy T BOMd cuydmlssetse Yo' Istew ° ¢ ud fr
f syOlkSkz Mmisdmdzj dzdzv , ¢ & ;

R,RIGOLBe" fMis' 2d2 c¢cuydmbsese o' ls
Cry/&)S.¢

3.3. 0O L dBJjIlstsH' 9 Co ¢ Jdz@ M fF diziplE & Ot C
HdL jJ dz' o

1 0 MEHdkOr &ttt Csets * ' YySsoatsets Istec
f OcORBjIste' 9 tosBtslsd Hodcelkzdz 9 odazlstc’ h dz
fcsCOLddS &9 odflmMmCdeds cOL " @& L By sss
fJtcj sostsj dedzisls o tstedats”’ L HOIdsMmIls' f Odzd
odStstcdmissolz’ Is! Mw cOLBoad?2 OdOdz L [ 150]

v fjtojoOydz 2 B' dz h sfls’ odifOHSC " & L
fsdzv g O E o dd3 tcs o Odzdz Ctsdzyj dzlstcOy* t
mMfsdkzzCd o MC dzOH dz' 22 B OGO ET B diitkddy’ dzls d
BBtsy dzd o d 2 Is' dz' € d stsH ", ¢ tsdzd ¢ s i3 s dz.
9 ' Hto' Ldgw ' Is' Mw o' H " dzhdr Coif tsdzj dzls’ o
Wi LGE s ydesr o9 dzOfmisde ' Mmlss weO dtsyJ B
o jdkzduyddzO [151, 152].

] OLso d2 OdzOdz' L we' mdats e ts o dw o dzj dadz
Cofi3f sdzj dzls' © cOLtsodnm M " j2 fHftesosHdIs!
so¢ LO &OBtstOIststeded d3d B stsHE O3 [
w'Ldydztse ts f OtcOd3] Istc © B3J IstsH d (SGHO LdJols[G ts



91

B o Odz ydz | OCkfmisdyds , sjf kse' , -&Oc
M jSChtes®j sted yds' , Jjdzj Chtesn' &' ydz , dzOf"

[ 5 BB ~0Odz ydzdrms RBjlssH 8 o' HdesMwIs! f
OjtesMsOlsduydzd?2 kO OJjtetsHd OB ydak? . dz®
o dd3 tcs o Odads i 56 dzd dzO dzdz” OB s hodHC
bz ktcOLobkCtsodE Roedd bk cOLBe' 2 Mmed n
odd ¥ o Odedz sjf s tctse ' HdasMls' GOLBos’
GjlksH) OBt kjfdsstset | Wsjdklss Ot j G O O,
o dL dzOYas(lds jijedstsn* B ydzd?2 RBjlsH). v  KROE
WL dydg TOEOSIkjtedMmisdSd c¢OL L, L &' dz
o ZOMlsdosfisw g odL dzOYko Odzgscts § 5Bl t5dzj dz
B IssHOR odd3 tor 8 Is!! S(fAsedfrysiaize ' ' 2ddz’ dz' dg)jlsls st

odf tesd3’ dz¢ o O dadz” (4B M 2dg Bj stsHd) ,
(e WtcOSIstsdgd stedydzed2) * HJIJWEC' " dgh' 5 Isc
L Ofmdzs o Odz dZzO ttsL M’ ¥ 9 Odadz (toj dz' * afMm! €t
tcsLodlssCdL @O jtodz 2 Isjrdzg y' [156, 157]
odd3 to d d&zj SIsted ydzts”’ fteseo ' HdztsMmiIs’ " s dzf

LH' 2fdzs ¥ Is! COH' S5OCIdoddds odftetsd dzs o
fokbd@ov di, Lo stcOW' tsdjlstssdd o@lf Gd'ds dz
OClkdodz'" 2 (o jidRCict®B btcd J M d3j IssH

BOM ' tsdz LsoaOdedr Ctdi3f sdzj dzls' @9 OdzOdz' L ts9
d3d IstsH On odd3y to¥ ¥ Is! f OtcOd3] Isted md Mmls j d3d
ko jteHBGEE jdjShteBdl Oyl @itk et 8 sasf s dzj

OBts ftesHbkCIs' 8 26t wf&@Ey" L Jjdzj Clstetsc
H4jtejJH BIJBH 9 ccOLBatsegts OdzOdz' L &z ' dztst
dzd ~ 9 Hddzsmw s+ mw d3d stsHJ, h s 9 Ht' L

4t lsotste] dedzv tfdetis@Y' V( - o'SIIOBSY dzj tsL 9
fs° Hdzzo Olsd mw L o 3" to¥ 9 Odzdz”" 3 t&° L ded ~
BOGOLBSY OtcOd3j sted yded 2 tsB-1pf§]fdz¢ & Odz' ded 2 3



92

3.4. o@OE L MYsMse' 8 odL dzOyYj dzdg® flsk

r 19 L dzOr BHW IS! Iz oBQjde' dz' iy B @dBls'Ms~ 5B dz(
Jdzjtcejlsdsd. 10 t' ySsoassdgz ° d@stehm! ¢ sdikz
we ftestflzdz mde dz Hodcebkded ' WwWEC Jjdzj SIstot
MO®Bdr ' L dzsdB3Odz sdedr § Odzd @ Or we  tg" HS
ftdodzdz’ o' Hfse ' HOId  j o dzed e§68]. ¢ s dzts e ' ydzd o3

Il dL deOyj dzdzy Mmsikzf jdzv wWiydeSlzdvy" ~ odt
o' Ldzddzd BB ssHJSC OB, LOdzjydets ©" " H Isdffkz
tej ydqteS zdzw y* B3 Myvw EmMsOdets € ¢ sadBucts@a
sOCtsy rmnOwLOSIjtedMmisde odd3 ts 9 Odetse s f OtsC

v BOL ", Ctsdzd odd3 ot o Odzd A3 ff Otc O3 Istet
ftseo ' Istow ‘ odiEmMCE cOL o dicd BEH J Bk E

odLdOYyjdd?2 ‘L odtOLkz

aT-T,8/84 T-T, 0
d - s 0 + s 0
o %EGR_ng ? TEGR'TS§
HiT. T Isj B j@OIEDOE s 59 ' Istew dzgts’ fkds' W *  ( yc

ftow gz Is' dz2O toj ydteSCkzdzwy' ¥) o ftosHEZzoO datsc
Toilsj B3 j tOlktc® &OoSCtddh d BEs MjtejHEo
Teri s j B j OO ¢OL' 9, hts oW ksl d
sl d@ tiydeSlkdvy' = o deiddyS dafdiL de@dy

L dzOyj dzdz?" 3d o dlstcOlsd fftso  Istew * cEOL " 9:
G.-G
dEGR: s GSEGR’
sz&GiodlstcOIsO ftso  stew * cOL" 9, hts dzOHATS

Geeri 9 IstcOIsO e0OL " 9, s dzZOHatSHWIS! dz2O



93

COhs Codzstesdz tso Odzdial Yi@E Qrogv syt 18 o3 oticftdf oz
o fls skedzj CdMdzsets ¢OLE, It Misky' do

_ Hs - HO
dEGR - ’
HSG

H Jbs Ho, Hogl S B2y dzlstgOoy HYf s@ [ Hdzs o f totsH Iz ¢
zZOo C sdzdh dzt sz MjtejHBsSOodh ' SO odf zMm¢C dzd -

CJ QT jsmiez” HY J dzdg" L oatsHdIs! MW tcd BdzopLdddts
Lo zydls! o d mMdztso dzt o O dzda" , wed, we  fted?
tctsH 5dzOYyOdz! dad € ' o di)lslpityte Cdedylz [ Iday j daj ez
z 5B odftcOoaHOId ty' ¢ ko Odadaw L Odss o dzd € °

odd tos o Odz zO odh sdikz tc' o dz' , hts ff s
HisMdz' HY J dzdzav . [ dzw B' dzi h CdzdetsEtsets o
BEkHIEIs! f slstc’ B dz' | Cte'" &3 L OGOdz! dgtsff ted 2 dzv

B' dz' N h JiesC O desd3j dzg€ dzOlsztc ©.9 * tH jeO dz'dalz'ls d 1
BBy g Blzlsd Hisfhw e dzz Is 15 L O tcOn z dzts € od
COLBYtSH Bddrn StdRftdjdils e [171, 172].

3.5. Sy jteddzj dzlsOdz' dz'@ HEsfydz' H Y j dedzV &
Mo sets HdL jdzv O J SBdztse ' ydz' Mmilss

JHd ‘M dzdeosMisj 2 J M dzEOOyY" Bt te f
B Y OsHdd B3 ¢ dzOMdWw ' ¢ Oy' 2 dilagdsiRepsertefd M ls
Shippingi England BureauVeritasi France DetNorskeVeritas& Germanischer
Lloyd i Germany The American Bureauof Shipgng 1 USA) . ] tod yts 3z
Bstem! €4 MEzHdes d3tsy J Bkzlsd " H d&OG&YWHTEB
StecOdz' L Oy' °’ zO BOL J B cdyudetsets HisMo



94

Hsfmdz" HY jd2@ L tesB Ve Is! Mot o dzOMmdz |
9 jHLEI MMt j tirtco dese s Ctsdalstetsdzs  dzOH  H &
CdzOmdw " Ctso Odzdm MEZHAdZOR. Aj] BGBARIYEZ' &6
Ld3" dz 9o Emistets”’ MHdzseo se 8  j dzgj G j Isd ydz
BB - Odz" ydzedr Hodckdz o, so¢ mMd mlsj o3,

o' HiBBo Hdzse s YSESHY jJdedzgw L yddid dzOc dzv
fted od¢ ts5dz0dzdz Mot n WEdS y' tsdzOdz! dzd =

MOtsMmis' 2 desets ff jtoj 5B dzOH dzgOdedz?y W ¢ MO’
hts 7 wBMdzEeso k¥ Is! . audadilzdsjLrCrde Gdzdaw, d&3 *°
ZOkz Cstefipdz’ Hdzd m e Odz L Oy 2 ° odL dzOyj dac
MzHdzso t5° jdzj o jIsdydats’ iyl Qs o I£ 1 ts fres jisLdz
BsHjted LOY' 2 o °° SCwdflstekzSy' & .

[ Ols j &30Is d ydzj d3sH J dzt 9 Odzdzy  f tetey J fif " oH
odStstedMisOdzdzy MmMdMmisj 3d EGR ftseodwL Odzj L
weodh fJjtejdzj Mjdedew Isdf dzslsd 1O &OMd [ 17
otcOntsolze IS/ Isjnrndz ydzgd?2 MmMlsOdz W& MOBSEts |
md misj d3d EGR. @ dz f3dzdzv o H fig dhff s dalzd ERG
sflsd zOdz’ dzd - toj ¥ dd o o J Sy &z OOy
JSMf jtoddsj dels Oz dedr HOdedr, wlstcd 30dzdr B |
EGR, ZyJ oMmMlsOdesodzj dzgdr dz2©@ 117 MEkHj dz 1
[174].

L LWk L yddz odoyd dedg? ot dzdoeoz Mmdmils ] c
2O L3 dzz j Ctsdztsc ' ydedr o (Y tkdz§ pathlsS tc G PL OF N
(fdistshts’ JWwiGlsdodztsh) , o dbtwPled ] Istff Qaafs: O
fslsy M sCOL dzd ¢ 9 tsBBIsd [dtlsddEdds @

ygndd o M dzOosOy ~ MmdMisj Bd ttj ydtes z
MHdtsoadr HBOtstsBjtelssodr HLjdzvrs 7UECSGE
W otedzd K MAN2B & Wi hts ftOys 6 Is LO HoBl

5B ZOH d&zOdz " ks Olded B MdMmlsj OBy ERG.



95

3. 5 .Rldzts datgjc © W fsmdz" Hisa dz' Mis! o d¢ ts5dz0

GOL ' &8 MEHdzsoedrmr HJL J dz' o

CS LOL&OYjdts o . 3.3, dBsd ssted dzc !
odfemMEddr cOLOR dO2B' dz@ Htsy' dz! dzts o «
CGOLBO®ROIK L Olstste® @ [ 175] .

1 O3 §° H Soydy dedete  J C MY J od gJ(di " ds OGS

Ctsdzyj dzZlstcOy "' v Cdgh d A ¢ zOHtse d -
CGOLBO®ROd&Z" L OlIsste® Test 0350XL
CdeyJ dzlstc Oy dzO M ls iz 4 bhad MO, L, UHCo HQzH,S & [ ©
IsO¢ sy lszdgtizj tc O o0 sdzse " Mls! hodHC ' Mis:

odd3 tcs 9 Odetsc s MjtjHBsadh O, [ Mdzts o dz’ "

1)
o dtotsB dzd yls ¢

Testo350XL ftd odL dzOyj dzdz’ f OtcOd3j Istc” o
v OB dzd yw
I Mdzsoa dz2' R OtOCIsjtedMmMisdéd 6 OL 850OdzO
1 OtcOd3d Is 1" Of OL 1 sadB¢
' sL9 | ZzodHGT
oddy‘tds: | o dd3 tcv g add3 tekt o
v B JwO| -40¢é 120 °0,5% °0,5% 2é¢30
0é25 0,1
' o ’\0 4 1 7
l d3° mls O 5B 5 1 tSBO/Od:ISB(A)‘(%ﬂZ 5¢é2f)
l d3° ls N 0é25 0,1 )
o A D <
5B 6" 1 TSBO/Od:BBG‘(%dZ 5¢é2f9
] &3 fMmls N[O é 3 0dedz °5 0 1 ddzdz 1€30
1 3" dnfs 0e75 . - 0,1 ’
5B 6 1 BBOA)CEISB(“)‘(%CIZ 1ée1f9
1l o3 dnfls 0e75 . - 0,1 ’
5B 6 1 BBOA)CEISB(“)‘(%CIZ 1ée1f9
1 d3" \inds 0és5 . - 0,05 )
5B 6" 1 ISBOA)CEBBG‘W 5¢é2f




96

] OLsead?2 OdzOdz' L 1| 9o (df RdzlzdgC@® 'fifiyIs tee® das C
10d3 o' H & Myw odmaBBHEZ cEcOL " & L ] v, h
CsHy Mk LO NO

glskzyf ' dz ted ydtet zdzW Ydecr § 'oH H ~y OHNdzd & ¢ i @
cSLicOrtsozo OZOMY L O o9dteOL B3

~ — aEGR
uEGR_ D ’

HAaTY slstsydzj L JddOyy ‘dzdatzls @ sdzOH dzdh S 2 59 Istes
ager | S BJ W' y' ‘ dals zOH dzd h € 2 fse ' Istow t
tcjydteSkzdzvy' ' odfkzmSdedr cOL " 9.
sSsg W'y ' dzls dzOHadzm f € dzO WOwofjWstew EZtcOr k2o
Ctodeyj OO NE odf kM ddr cOLOR (odd3
COLBO®ROI& L Olststc® Test o0350XL) LO oadtOLt

1

5—
1- 376 2%

2,Gas

U=

[z fjtejtcOikdSlk odd3 tewdzs® L O HEtH sd
Codzyj dMOg (YW SC O odL dzOU@Bls' fap m) dgcdzalzj 5B A
o qBsEOBRd [ ' ) dzOtctsH dzts * IntaiptstimrgIMdrite Orgdmizatiod dz' L
il MO) totsL o3 todd thHs) t€sLcd QrSEloldz o Odzts W L da
o dlstcOld) odBdMCUA/fcEOL Mts sadoBHWIS! L

GGas = L‘]—ObeNJ a’

H JLo=0,495C 3sdzf B § stcj Isd ydzs dzj 5B~ ' H dz® ¢ & tc oz
f Odzd 9 O;
jol Sty W' y' ‘ dals fftetsH zo Odadaw .



97

rdzv " HIse jtoHY J dedgy Istsydesfls’™ J SMmtfJ tedc
odltcOIsd odfkmMmEddms cOL © HBSHOLECSOB o(d
B ssHBBdR oalkzedzj yj otsects BOdzOdzMEz (o' Hsse ' |
odSdH"' 9 BCdMdz' 9 OLtlkkz L MmMezudseadrs HJL
L tcORzdzC 2 BOMse 5° odlstcOIsd odf§f kzm& dzd n
fOdzdo © ' Ctdzyd delsteOy’" ‘¢ oadfkzmGdzedm G OL

lted yY! sz d@zOMtso O o d thig O SO /o] HE, iy §attaf[ Lt
9o JteOL B3

% ™" 1,4Wger ®VBET . 8 g
%EL °T +0,08936per - 180+ iy Q o
S f. 97,293 02 H &
Omew = O (Bé r + 0’08936NBET - 10&4. a 0,
aee f. O, oC 100_0
& 8 8
¢t s o

HPnl ©JIstcOIsO tc' HESe f Odzdoa O, €6/ GfsH;
Weerl 3OMEtso d2 ME dzOH o ke dzi ye o § Odzde ' ,
HaT OB Mtsdzt sdzO@ o sdzts g, Hlgas off leds’wistow , ¢ ts.
fgir s W' y ‘" dzls MEdzOHE § Odzdeo © Hd&zw MmEk=ar d
fiCsj W' yé dzpass o Iz
stsj W' Yyl Qs tORsolzs ls! Mfw L O o9dteOL Od3q

f., =-0,055593v, . +0,008002v,_, +0,0070046\v_,,

C C,
f =05441c.. . - ¢ +_cad 4 “How
c icoz" Coza“) 18522 17335

Hvarl 30Mtso d2 MEdzOH otsHdzr o fOdzde ' , %;
Woel 3OMBso d2 ME zOH OL sk o fO0dzde ", %;
Wepst d3OMtso d2 ME dzOH Cdmdzr o §Odzde ', %;

Coog 1 SBdZYJ s 5B YS ff BHS dzd 7 ¢ OL OR,  %;

Coooc | S B dzY | dzls 5D Yz®o @i dzd h dz' 15 d3lz, =0[08%)! s t5 '



98

e I SBd2YyJ dzsteOYy " v uf E "dfkmSddan cOLO

Co, | S B2y j dzls te @'z MSHlzdE ''c OL OR, dBdzdz

t sLB' ydz Mis! bk oGhkldERMdEidzdd j ta jdeCddj e O dzO

 Odz odSCtsdzzo Oafmw L Qe lertsS € sdzyj dak
N[, G

— M ppm—Gas
Nc[ MS G/ GBSH

imNg

HJlimNOx T 3OS Md B30 dz! des zsy dzd o § L NER, Y 4 dzdeO
odL dzOyO' Is! My’ L @is s ds QRS SA ARG MK L O (izj ¥ dat
9" H BBOMsets H' Of OLBdzkz o dd3 tcs 8 Odz' ) .

1" fpdzv  yts@ ts, L BEtwOrkzo Odzdz” d3 L dzO Y\ dzdz"
Codzyd dMOe®O ytetsL &3 tcdasthls) &dy O BEOZzOMw w¢

_Nc[M(;G/G
NIM——Ne .
3.5. 2. s0jdL wdefydz' Hy jdz, odStdzOdedn dzO

HdLjd' 7UECBO0LS % tdd Mitsubishi

dL j dzj B zH ' o dzBlitsubishicHpavysl@ustriesLtd. S Hdz'
fjtehdn Mo sseadn W' teds, w¢' (tyoOdd of
odfzmMCdzdn & OLH dgO d401 Wwsje.! ¢ Miz

[Mdzetso dz2 R OwLOSIjtedMmisdSd HdL jdzw 7UECE

A H Odzj st6 Q¢ dztlzdgH tc O

A o' H i2=tOh0dzvd3d3;

A ¢ d ¢ M7, yddz dzHte' o

A dzs 3" dzO dz' dEGL 24600z 3SdE Iy Is -

A yOmsslsO B jtolsOdzdz", o' Hf B8  BdzOR datsC



99

l b 590 MEjBO HdLjdkv T7UEC60LS W'
tjydueSbkdvy' ® odfkms ddrE GRIL 'fas Cdad LO dEOs ait

4

td®. 2. 1twddydfse O Mrnj B3O MdMisj B ]
BOdzstsB jtelssotsédts HdL jdzv TUECG60L

1,31 v SRtz yd2 ¢ dz0f Odz mMdMmilsj d3d toj
471 ¢ oz Bijotds;H Wodzd 2 Tde®A®dz0 6 d BB BddR
JdziClstcduyuded s etk sgtikzo Oy BBOHHEZO T
10if so ' Istew ded 2 T g fizqd deyjiecf jdoddi® &z < dad 2 €
TKicOLts9 0O IskteB' dzO * {ftso ' Istew dz

ANzdzC y' 8 9 Odegdzy MmdMmilsj &3d tj ydtes zdzv y*
Il df 2Mm¢ dzg' cOLd L yddz dzHte" @ HAL Jjdzw 11

Cdzj CIsste 12 HOdz' Htyj eyt EOL so3d i zf
OodHOdzVE st w ) OlsdizsmW j tolz . 1 U1l 1 ‘ 3
& HH' dzj dgdgv ° ' fdzv MisdMmdzj dede" MY W Bso

fso Istewdzgd?2 (ftotsHlzodzd?2) tjmdoejte 10. 1
tej ydteSkzdzv yrn' cOdfbbmHCddc O MC EZOHO' Is+ Mw
mMCtek JtcO® ydh jdzdzgw ccOL ' o9 4, CGOL s @ TS



100

otsHY dzse s dzOMsmMO 5. L oL odSsted Mis O
GOL" "9 '°n GC'd ¢ fls! tcjeolzdze * s mMw  C'dzOY
fsfjtcjHde 5 SatsdzcHy ks Is! v o MCtelkzB o' ¢
fsHOsIs! Mw HB o IWvdktects (Rt MO
MsdmME Ot Is* Mw ' ROH-BSHWIS! HB tSntSdzsH Y Zz9o |
yqdz' dgnte HqL jdzv 11.

[ $ MY § ted i34 wiAsSQdiZ' Wiz j dedz L o dL gz dedz”
odSCtdzzo Odzd v o ' HYfBo" ' Hdets HEBs oddtse v j
9dSdHOR] BSCdMdz' @ OLtllkz L MEzundseds HJ
odff tctsB z9o Odzadz™ ftoctso tsH d dzd iyw L O odtf tets
L OfMlssmtse 6 tsizlyy dadHits His sd3' 3 dzd - Ho d¢
Coddzstso s R OwOSIjtedmlsdC tse ) . td1ddid fto
sBjtolsOdadz?y Ctsdz' dgyOfmlsséts a OdzO, wWCO odL

(S jtedd3d dzlsd odCtsdzzo Odzdmw L O EkgBo d
dz0o Odzls Oy j dz'@ HdzvW dzOfMmlskzf dzdr hoadHC" " Mmdzad A
55 B/ no9, hts o' HYtse' HOzs L dzOyJ dblgigs o
0,7Metzs 50, MNetzs s Metesd N dlf t6d 2 BORZOMY  dets d3' dzO dz
o' Hftseo " HdzO Mo W iyl tz@zlk Pdzdz® BT C 2 § s ° |

l df tesB Iz 9 Odadaw ftotseo SH ddzd MW f' H yofm
f syd dzOs yd BOSC Md B3O dz! dets Bsy dzd o t5° L C
(9" Hfts9 ' Hdegs HBs #jJ7OGdg), dzH Pdpd R J dgdadv7 8 4y O
LH' 2fMdzs 0 Odzs mw f tod B dzd LCdsts) dz'dzO ff GsHIs['dz  Ases
LOBJLYJyko Odzts to' adesdy’ todze L d3' dzz Isj ff dzts ¢
O Ctydatsdsz L HBMdz HYkZeo Odedmr tojydd3" o |
30.. .45 2o ddd dz, hts GOOdzlslkzeo Odzts tc' 9 dat
fslssC' o, {¢ hddro Ods@fisy oW ¢ MOy W dgj sBR
HisfMdz' HYy jd2@ HdL jdz2 Oyt 9 O dzO tsH dats dzlz
BOMIs d dzO. SONNR DY fsmis' 2dedd3d " HiIsted 3z
mMitjHtsodh dzO orntsH' / 9datSH' HdL Jdzw (9 tStH



101

1 dzOyJ dzdzw dWiClIlsdoe dats’ N;{fosdsLizdz@as@asts W H o
"deH " ydr o Odedz" HdL jdzv L O HBftsdBsets MmizH
ftesyj Mz Doctor, s HBLoaBd' odL dOyOls:
stsdsz yd mdz® L 2Oy dedew fMj tep)H da' tses'tsH - cffzlz jd dadk
1,0%. [ Odz' L Op g ddy@yass © OCEYy L koo
HdLJdzv ° tixddkz 268dB €estls dsts L dejOoddsy ddrd

V.niz
N, =-S5 h_,
d 60 p| m

HMitsBO' o8 ydimz' dzHte®,
fiyomlstslsO tsB j;tclsOdzdzy, B/ =9
Tudmdzs yqddz'® dzH e o ;
ZiSjiW' y' ‘dals sOSIdzsfls' z=)H dzv tetsL G dzw dz
piMjtejHd 2 " dzHd S Oltstedzd? IsdmS, [1 O;
hmi Bj R Odz' yded?2 CjW' y' ‘ dzs Ctstedmdzs’ H'
jCMfjteddjdzZskz o  Hftseo ' Hdzs HBs ' d&ZMBEERE §iz

hh=0, 903. . .0, 924 LOdzjydets o' H tjyddikz ftct
YOMlstslsO tsBj tolsOdadzy |t L OHO9 OdzO8PO |
Governor System Codzlstetsdzé 9 OdzOMwW L ©

sB J tols Odzda" .

1 dIs s d30 dWiSIlsdoe dzO 9 dIlstcOIls O f @zdPa B 3
b,=1,/N;,Hj GisHddzdzO 9 dliste @ls @zO f @atAg O L O 9
ofMlsOdzso dzj ded 3 dzO0 § Odzdo dz' 2 dBOG ' Mistc Odz'
Il dd3" to¥ 9 Odadzg™ L dzO0yJ dzdz" odIlstcOIsd ff Odzd o C
001¢ 6/ e 8H, sy dzd o pRPL ' Isidisy de'o PIsz o3 1o’ .

stsdzyj dzlstcOy* w sCMdH" 9o OL sz 2 13
Testo350XL, rOtOSljtdmMisded wWCtsets dzOH C



102

) eslsWetsd ki sets jSMijteddj dsk Hodak
Mstcls' o203 SCscEs §OdkdJdo O € O ORMG L3 SIBO fiyfiy
MlstelzClbzteded d5 1) CidBO% 8%, &aMIbdz M1 GRDB,
¢ dMjap2%, O 0,688%0.

sz ' dod 6 ydtes zdzW yteer § 5 f § fiEfiyizd g ¢ ipYQ
oL dzOy0Ooe mw fodzsy jdgdgv &3 € dzOf ©OdzO toj ydte
L dg@ dzdzv @; 9,8%, 17,6%, 18,8%.

{iLkd O HEBMd HYjd d&Oo j-35 d o IsC

1JHBdZ Csd3 od¢ stod Mis O dadzw md mls j dzd tc
iWjiChkdodss® by dtsmis' HILjdv. Aj o' HE
LOdzdh Ctsodryda®idzias’ 7 L dady jdedzv" s €' dzt €15
fsc' th jdade" &5 ftetsyjMmkz Lettew dzdg?v 5O 2 5¢t
L dad % J dedz" d3 Isj ted3" ydztsc ts SsT ‘ 9 Hf ts9
j¥iClkdodzsfls' LOBS gklstsets IsjtedssH ddzOd3 1
sy dgsfls” Blsd sy’ djdzj bk o' HdzshdasBE

MQOQ%
N b

Hd L dzOyd dzdzv § sSlskzy desimis® BJ L 9 Y.C 5tod MdsEn
Neeer L Offlstsizo Odzdzy o dL dzOyOs Is! mpw  j S j tod
Hdzsfukz' HY ko Odedr toj Y dd3" © dz@o jH jdets o IsO]



103

v OB dzd yw
1B 20 fsCOLdd¢ &9 tBElIsd MEZHdsSe sSEB H

LOdzj ydets o' H YAflssBHT 565 @lsHiddaf | diay %icj y

lslz§ " dz 6] yddedk Bbdz" y-
0 4,7 9.8 14,6 18,8
Ctodzyj delsteOy' v 5§ Mef A (=®i)) le
vy Ot s 55 9,5 8,6 8,3 8,1 7,7
sB J tglsd 65 9,9 9,4 9,1 8,2 8,1
¢ sdz' day
5 O 7O 75 11,4 10,4 10,1 9,7 9,3
sB/ ~g 80 12,7 11,3 10,8 10,3 10,0
fdlssBO jWjCldodiy ocdHstEd)
vy Ofls s 55 184,3 188,0 189,2 190,5 192,3
sB J tglsd 65 181,0 184,1 185,3 188,0 188,8
¢ sdz' day
5 O 7O 75 176,2 177,0 178,2 179,1 180,2
sB/ ~g 80 177,1 178,5 179,5 180,0 180,3

v OB dzd yw
N.- N .
]l " Hdzsmda L dzd y 4 dadzv ;%ﬁi@ﬁ%@oaﬁ@,mzmmsmﬁm

HdL jdv 7UECB0LS % tdd Mitsubithissy @d

SO Mk j dv to]jddgd & zdzwv y' °’ GOL '
glskzy " dz' tej yddeck Bodz¥ Y-

4,7 9,8 14,6 18,8

vy Ofls 5 55 1,52 1,71 2,48 3,43

sB jtelsq 65 1,17 1,33 1,97 2,95
¢ tsdz' day

> O (20 75 0,76 1,11 1,56 2,06

sB/ Rng 80 0,36 0,54 0,82 1,26




104

b

r

e

kBT -rox
190

T

185

180

T

175

55 60 65 70 75 80 n, 00/xB
td®. 3. 1 &0 fdssds’ jli Cdid(shdpls Mkt
HdLJdzw 7UEC60LS W' ted3dd Mitsult
yomistsisd 8 jtcHs/OedzvH dzv  te d ite @zt eizs ydigds Botfs J
OTtesB SISO B J L degk=Qu;tdt dzgzt, Pb; 21, decr=9,8 %;
371 decr=14,6%; 47 decr=18,8%

NOy,
r
kBT1Toz1
12F
11
10F
9 |
8 2
3

71| 4

55 60 65 70 75 80 n,00/xB
td®. 4. 1 & &0 ¢ day] dalsde O g ka{shHy & fipd o' daf ¢
mMeHndkzseotsets HdL jd&zvw 7UECOMG) $db6° & ¢
Yyomilstsisd 1,8 JtcHs/Omdz"H dzW  to' L dztsG 5 dpds Boff
OitctsB SISO B j L degk=Qu;idt degle, ; 27, decr=9,8 %;
371 decr=14,6%; 41 decr=18,8%



105

Ne_NeEGR -100,

%
3t

55 60 65 70 75 80  n,00/xB

N - N ..
t dB5.1 ' Hdatsdzj L dzd ¥ J dzdz¥ Jwﬁﬁmo&%:

MH izt sSeURCAQLUEY W' tcd3d Mi t subi
Yyomilstsisd 1,8 JtcHs/Oadz"H dzW  tc6° L dzts G 5 dpds Botf |
OTtesB SISO B Jj L degk=Qu;tdt dzgizt, Pb; 21, decr=9,8%;
31 decr=14,6%; 47 d=cr=18,8%

) BBFls L " MisOo dzj dedz? BOS Md 3O dz! dats” Is j d3f
5j B jt6OkEteO® o TS ' dzy'S Sz eksded?y’ » d N©dzlz -
Hisfydz' H Y j dzdzW NQ, ) detgfyles™ L dzd -~ Mo dH S ' Mmdzd.

HdLjdv ' ' Ldses MK dy sy aprquss iz dzw y
JSmMY jtod d3j dagls Odz! dzse s 3, Lydp@ay jL dzdz™ dzj LtedgO 1R jdz
o tcs o Odzdz sj B j ©Okted ho dHS BT d

fsHOd htsets COLGSB® dz) o dzdyd dz® BOS f
slstod BORO h dzv § &htBH jdzi g Rtzdzt ¢ 8 L OR o Odzdz
ftetsyj M’ o fMisdMmdzj dzdz® *° L ¢tstew dzdgw  8.2.4). Iz to
{jLkd 5OIsd d3sH,j dz5 o Ocdgdzg dzOQo jH jd2 o IsOE



106

v OB dzd yvw
] &3 AL d B3Odz dzts’ s |TEK. O ddse b 5d & delz | dzv
W' tchubishic Odzy Y dzts o' H YAMmlsssHn 58 j tok
HdzW to' Ldetsets Miskzy jdiek %ted ydte$ &z dzv y
giskzy j dz2@ t6] ydeds Rz Yy’
0 4,7 9,8 14,6 18,8

55 1794 1781 1748 1733 1720
Yy Ofmis s
sB j tols( 65 1786 1768 1735 1710 1692
¢ sdz' dzy
5 O (0 75 1784 1753 1732 1696 1681
sB/ ~g 80 1767 1743 1714 1678 1651

10 twjLbEkzd IsOlsOdid, ZzOo jH)y dzdd3d o IsOB
( tcBfy.6) , hts o' HtsSBtcOY O8 Is! Ix dzd | Jdedzf * K&
L d3j dgh j dzdzV Tp dzOnu@QCdlay o ' HL dzOyd dsts, d3@ds dasd
Isj B3 j Ok Hg[Ea®@’ Is! w wg LB " dz' hj
odf zZMC dedflzsr, G BOE 0 ° L LB dzt N j dzdzv d3 QW g €
[174, 175, 180].

LLOGCOdz! dzgj dzO H' OGCttORO, hts o' HESB GO
Isj i3 j tcOls z tdsd it pdtdrTsHEdlaw j dw’ L detsec s flskzf j d
o df 2MC dzgddecr Iw Ol * @ OL tsdz J S z2 Ols Oy " 2 dzd
HdJL jJdzw 7UEC60LS W ted3dd Mi t subi shi dzO 9 J



107

NO,,
r
KBt'TOI
10 i
5
4113 (2
0 L .
1650 1700 1750 1800 7, K
O]
NO,
r
KBT'roz
10 —
5
41| (3 2
O I
1650 1700 1750 1800 7, K
B)
NOX)
r
kBt'rox
10 ]
5
4113 2
0 L 1 "
1650 1700 1750 1800 7,, K
9)
NO,,
i
kBT'rox — ]
10
5 .
4 3 2 1
0 "
1650 1700 1750 1800 7, K
)

tds. 6. Jfdde «KOC d deOur tizs ¢ Hs jyigy S

Flso stcj dadz?y CHfHH oy ®f stis'zL dddP= 6 1 d d
HdLJWEC60LS W' todsd Mitsubi

OF Njie j50,NjdzsioB T Nite j 50, Njaasio® T Njie 50,7 Njtzsio T Nje j 50,9 N arsias
07 decrm0 %; 11 decr=4,7%; 27 decrm9,8%; 3i dear=14,6%; 41 Oegre18,8%



108

T,
18001

1750

(=
]
l.J>|
(0,93...0,3)N

1700 =

1650} B

0 5 10 15 20EGR%
td®. 7. 1 Of Ou3®dhd dgPxuizi daz” tctsg e 3 O |
HdL J,zOdzj ydzes 9o ' H Milskzf jdzWw tjdydftcC Iz
071 degr=0%; 1T degr=4,7%; 21 degr=9,8%; 31 degr=14,6%; 41 decr=18,8%

udflsj 30 EGR LOBjLfjyk' ftddehmselk 4
HdL j dzv, ftcd yY' sz o yddz' dzHte' L 3" dzt
Codisf sdzj d2sORBd § Ozdo @ (obkedz yj s, otHd
hts &' Misdls: M o o' lste' ) Okedo ®F tolfts daf &
ydd' dzite) ¢ ehbk' ftsyjfl L cstw ddaw,
yddz deHte' ' L dBjdzhk* €' dz €' Ml ¢ljf dzts:
ftoj o Odzs 8 ytss ' H YO L G SteW dzdz™ te'x HG S
L 2O sHdls! v o dasdfstctslodzH? fus@dpjjxzy ] ydt
vOCBBY HEtS Ldzdy Jdedey C' dz2 Ctsfls’ CMdH" o
tjydeSbdyy' ~ W. ydd dHte HgL j dzw

10BJ LT J uj dzdaw J Ssdzsc ' ydzd n fsCOL ded €
d dzj e jlsdyded 3d 15O JjI5is@asd ezl d ¢ iy
ofdzde MmdMmlisj B ECGRH deisOy Ojfndgatsih ¥y @ L dzd
f slskzy desmble” HOBL jodzwh j dzdzé § dIstsdits’™  jhd¥ J § 1©d



109

zOh & HE®S Iz, L dzd % j dzdz"N. fff tisolszwLdfsdgds * L 'H d L
¢ dz CtsMls” 1, h ts dZOH - SH W I H S 1] U1
LB " dz h jdgdzv 5 C ' dz CsMls’ ], hts dzZOH AR tSHW
ey ydteslzdvy® ") . 1Jjthj Nded Pk'H sz dsdhn
Ldedy J dzdzv GC5iW' y' ‘ dzalsO dzOf tso dzjldgdzy I v t§ Bzt
odtf OHC OR ‘ ftiow Bsftosf stey' 2dz0 L Odzj x dz' |
N~Grls Qj~hg, Nt 2 GBE®BSods "  OH' dadzv jWJ
LicsMisOdzdzy Mlsizf j dzv EGR.

N ..
Il “ Hdetsfydzj L ded ¥ j dzdzw JW;‘—%@@%O%BU' H Si®
o d¢ sted fipsf@aededsd EGR dz0 toj ydddOR BdzdL ' §

¢ sdz' dzyOfls BEE097MQAFON s o' Hfe ' HO jCf
ZO o O dzls OV FEEMN ks MIs Odztso o 186 (& 1636 .0.' .HIf, 2
' od" EGR 18,8...4,7%) ' L G@GybkdtsoHd Lv!
csBdls! Mk’ ssets afddolk dzO hodHS' fMdz
1" H yofy jCMfdzokoy' H (] 0sjs09Nggd0s & dackf

NJts;ﬁOJ?Nszs)ds nts;ﬁo’791dztsd3( ¢ Bdﬁ}iiﬁofa\lcidzts)ds ntsJﬁO’Gmdzts@( ¢ tSqu
Nje ;50 Njasks L dzd 3 § dzdz”  t§ IS Cdetsfplatzts a5ty § WM M @
A+ sz, dzO0 dzOh f tsG dzv H, mftedw ftsec' toh |
f“ " Hodh jdadzw ' dzlsj dzffd o detsfls’ -®»OLHDasE 2 fiiply df
Mis' detsC ydadz' degntce© fted L dzdy d dzdrs YOMiIstsls Or

1 B ddzdgvy € ° dzr Ctsfls’ odfemEdds cOL ' 9,
ftcd " Hodh j dzdz mMskzyf jdv toj ydqteSClzdzwy' °’ l

o yddz' dzH 6 sO¢C sy s fdats o dzts 8 i tod yd dzt
odlstcOIsd fOdzdo© " H YO 9d¢ B MmizO dzizw
f ted yd dzts & Yy! BsEts ‘ L3 d&z0 MmMisjrn' tsd3j Isted

L' dz " jdedg" olstwOld Isjfdslsd o'H dzj f s9
LB ' d " jdedz fdltsds’ jWjClkdods’ odlwOls
HdL jdv L 8 d2 :s0dz @iztzy y O fglezs lezs O i lists g tio |



110

tcjLbEd sOIsd OCBY BERAd tlsted 3O f°H 2
tecsBsYyd?2 ftosyjm HdL jdzle dzjojdzdSts’ § Bist

SBlif dzj $ MdzO dzesd3ts G 6 © BO, hts "R OLOLls ] toc
odfkmCddnr cOLOn, f° HsafcpldgsdedzVe (Ysdcibisdfts * {f
Ldzd ) j dedzwv W J Cilsd DNz H detsdstrg lztsialdL j dzv 7 L
Mi t subi shi f'H yofm tsetlsd ddy ;59 9Mdsdzlz ©
LOdzi ydets ©° " H Mz jdzv tjydteSbkzdvy " 3dJHY
[36].

{ . 1BB8RO ¢ 5 dyzlsotef Uz fiS dzd m ¢ OL OF

JWiCldoedzs’ o Dplsucdadsy(i dpadzdpWOj € Is oDNdzts

fMHdtso st HAL jdkw 7UEC60LS %' todzq

dz0 0 O dzls By ;5008 sl Odzj  dzts o W My j devd fo
cOL' o EGR



111

3.5.3. tjLbkd sOsd HEMd Hyjd , odS ¢
BOdsse jtelssotsds HL jd' 7SBEWV C %' tedsd

[ dzv  tetsL h dej dzdz?y dG3OMdokz HEMd HY J dz |<
ftcse j HJ dz Odz0 dzts ¢ * ydz J ¢ M g EBisdelisdilz dze
7S60[ C W' tci3sBlANKBEW.a s a k i

ltcddydftsea © Majd&BO HL jdzv MASB&WC L W
mMdMmlsj d3s® toj ydquesSlkzdvy' ° odf zEGER)r foXLOL
&0 ttdfm. 3. 9.

td®. 9. lwddzydfse O Mmnj B30 Mdnls i day
BOdstse jiclssotsets HL jdzv 7 SB[ C W
1,31 v SRtz yd2 ¢ dz0f Odz mMdMmilsj &3 toj
471 ¢ oz BijotdsH Widzd 2 Tde®AW A0 G d BB Bdz@R T
jdzjSltcdyded s et gkzo Oy BBOHHLEZO Tt
10 s ' Istew dzed 2 T g @z d ézy te¢f THodd ] iy S; dzdl22 ¢

ANzdzC y' 5 9 Odedzy MdMmisy d3d g ezsiBo O1 Yyfgisc
ydadz' dzHtc" @ HdL jJdzv 11 d&ZOHASHWIs! HE L OG
HS Jul 1 ° 3, ' mMdzw yYytsets yYjtwjL cOL SO



112

] U 1 3 LOBdJtO® Is! ftso' Istew L dBzOh d c
mMf cwv Bsotkegts: CBYy jdz yYjtedlL Mo " 2 tsSh BdzsH Y
fso Istewdzgd?2 (HttsHizo dzd2) g mMdejtc 10. ]

mMdMmisj d@3ss  toj ydteCzdzvy' ° odiEkmCddrs cOL ' ¢
2, Mtz J©® Bydh jdzdzw cOL " 9 Vd MmisejAadfo |
o HY dsets dzOMmMsMO 5. L oL’ odCBtedmls O
GOL "9 "~ Adw C'dz € Ml tjcekd ' st Mw € dzO
tej ydteSkzdvy' &, ydhbksls: mw * s jtejHdz |
Ysets HBHOLS oy df AOEHD bISIOUYNY dz2O0 L d3' hize
dZOH A SH W [s L ] U 3) ‘ mMf cw dgso z& Is! Mmw
tcjMmMde jtc® 10 ° H Odz' ® yYyda dzHted HJL § d&2

oJdzZsddzvisste L fsMmis' 2detsts ¢ jtsdzi Iste’ * 8 f tot

1" H yOfy dfdiytsojjSHint jted d3j dzls' ©¢ HdL jdzz €
90y CtsBz Y OAJBIFO IFOB®DMszy dzddz MiselzCIskz
okzcdz) 86, 3%, Td8H A7 %,1 0OM4BPJ TOd §&%, T OL t
0,07%. fJ1ddd ttsBtslsd HJL MAN-B &\8 60 [dEM dat
f OOz sted 2ABBets tsBtslsd dzZO ydr tJ >y dBO~A

v OB dzd yw
[Mdesoadz sCOLddCd tetsBBlsd MEZzHso S
Kawasaki MANB & W dzO@ to' L dzd = toj ¥ d &3OR

) 5C OL dzqd S I j dzd ud az0
| Oo Odzls Oy j dzdzv , % 258 | 50,7 | 756 | 100,7
) slsky dz M’ , Gl 3536 | 6940 | 10360 | 13799
YOm0 fBj tols Odzdz , | 655 | 82,7 | 946 | 104

djtejHOE 2 jWJjCIlsdoedsd? 0714 1,110 | 1,449 | 1,755

[OCMdBOd ded2 IsdmS | 6,27 | 9,31 | 12,54 | 13,70

1 6RO jWjSisde &z0 o d

. 191,2 | 178,4 | 170,2 | 172,0
¢/ (@)

vjBY j cOkcOOD Guf £ MGC of 308 | 314 | 322 | 369




113

U ndesdzse ' W ' fsmdz" Hise dz' Mis! o d¢ dz
9 HfBso HOEZO 9o d¢ dzOH j dzts” 2 7. 3.5.1. |
COLBOROMZ L Olststc® Testo0o340XL L rOtOCIsy
sOBdzdy® 3. 3.

sk ‘japdeezdzvy" ' odfkmMCddr cOL' 9
L d3° dz¥ 9 O9 MdcrD...249%.5 O~

tdLbkdz sOIsd o dL dzgPyj dadgf'f & &sdzf disd NMOL O
zOo Odzls Oy j dzdz" = HJL j dzv 7 S6 0B &W WdzGeadzdH j K
sOBdzdy® 3. 8.

v OB dzd yw
[ B MO NG (WidH) fMkzH dsdBEas] G dL j dzv
W' tcdsd KawaB&WiL MANBse d to' L dzdr dzOo O

jydteSkzdvy' ~ odfkzmSddn ¢OL
1 O Odzls O sz dz@ tjydteSClzdWwder % o (d
% 0 3 6 9 12 | 15 | 18 | 21
25 10,22 9,38/ 9,26 | 9,18 | 9,12 | 9,00 | 8,81 | 8,68
50 11,63] 10,74| 10,26] 10,08| 9,83 | 9,74 | 9,62 | 9,48
75 12,97| 11,87| 11,22| 10,51| 10,17| 9,82 | 9,67 | 9,57
100 11,97| 10,87 | 10,22| 9,51 | 9,17 | 8,82 | 8,67 | 8,57

LEOW " YO ' dzsjefjlsOy v to]d@ dB.4SPIs ' o



114

NO, _
Soze =10,12 SN+ =13,19

.
| [

. i L
0 3 6 9 12 15 18 2138...,% 0 3 6 9 12 15 18 21du4%
o) B)
NO,,
I
kBT roxg
12

NOy,
I’

kBT -rog
11

SN% =22,47

A NO.
\’ Sio”

ST | I
|

| |
L | I | 1 7 ! | | 1 I
0 3 6 9 12 15 18 210,,% 0 3 6 9 12 15 18 213,5.°

9) &)
{ d 810y d3° dzO N3 Ohgiz] 'y dptls &l tg jdayd tc ¢ degltf "YyH
to' L dzd » dzOre OLdFSR @ Wdz' tc KagiasakiMAN -B& W:
O 25%; BT 50%:; o1 75%; T 100%

(WiSkdoadz Mis! odSstedMisOdadzy fMdMmisj dzd
HL j dzv  dstsy dzd o 5" deffa "dzD u ¢ kezth " BsNOf=f(dcr) 9 te d ©
B'dz hs” L O LdzgOyyj dedg” a3  dztsh ° 9 Hfts9" " HC
LOBJ LY Jyks yd LOSdd3 uyddesdz g deilz yoO'mdz &
f Odzd 9 O. 1028 " dz2h HEtSY' dz dzgs Hdzw ! tSGTS



115

(189, 190] . [ jltsH LOMssMsokyls! Hdv ¢
BjLfjtejtodedn WhkdzSy' 2, HENOS(hs. o Wzt
fojHmlsOoadvsls! bk sdedvu' Mmkdkd §dsh st

At 0k 001 )+ 21 0g) 421 (x,)+ 1) 3.16)

HJX)TBJd LY J ] tco diOtc & lizalgfkdzls 8 d3 L

abidsj ' ° dzls {ae selidby O dzdzw

h=(b- f)niCtess ' dals;j ¢tclzo Odadzw

Xo, X1 € , X1, Xn T L d2O Y Jj dzdzv Otecc kz d3j dzls z ha disS st WOtsix
" dzls § ¢ & bb];© dzdz"

ntyd mdzts. § dztsh

1 BGEdzWHE dzOyx, L dz@y joztadzwj HN,0Oz & lotc dlaiths’ dizts 3
L dzOyJ dzdzv " dzlsj ctcOzO (3. 16) , NGO, df@:cr)d d L «
Son, =1012 S =1319, §95 =2247, S\0* =3072 { 5L &' tcdz' fls!

. . e .8 .
s j GO0 (Bl f=tdsdy) i mcg/oﬁﬁﬁg@m N ¢

Hdzw  fsdzj gh j dedgw f 5L dzOyd dedzv  Iskzls HOd
L dz0 Y4 dzdzv .

I S stedmlsOdedzy fdMmisjdsd EGR fdLotHdls
NOxL odfbkmCdeddsd cOLO®R], Odj OSBY '

[ 191] . A o tsbBfuL Ohs fsHOYO o yddz' dzH te
L3 dz¢° Mmilsjn' tsd3d Isted ydzitf dpf ' loteW .H ditstd df dagia” t
mMiskzf j dz¥ EGR o' Hftseo ' HOHE Is! tc' L dzg L dz0y
d Wi ClsdodzO o dlshiOls P jiABdfcbod@D Nl s Idsizj Griielz) s -
odfzmMCdtftF1e®L " 93] . wr LB dzO HMV %' LC
Gts dz09o Odzls Oy j dzdz" H L j dzv MANSB&OW Cdz@e jelzdd
sOBdzdy® 3.9 [187].



116

v OB dzd yw

1B 20 f OtcOdgj Istc’ © ttsBBlsd MEzHdse

w'tedsd KawaB&W i HdADE- EZdiise GEERSISd M
dlskzf ' dzZ% EGR
1 8C OL (
0 3 6 9 12 15 18 21
be,c(/ S @y 172,0| 172,6| 173,0| 173,8| 174,6| 175,5| 176,7 | 177,8
Ne, C ]1]13799|13731| 13703| 13621| 13593| 13552| 13490| 13427
ty, 369 373 376 381 386 390 397 407
st dzj C MO BERSAIBdE o' HESBILOY O L d&3' dzlz

tc' o dgv

400

s O¢ 5y » Y gt dzif Gxd

380

GOLOB dzOo j HJ C

NO,,
370 r

KBT1 -4

fr,°C 410 390

r12

F11

13400

13500+

13600+

o1, | S ——

138001

. 72 193 194 195 156 177 1798 b, KB;'q
Ld®. 11 1 & de@ Jjodd (g S dMQBd ¢ OL O, 1 «
§ Odzdhpj@ j € Is f 5 bgls 3 disisjlstsy j 6 Ols 2 to d L 8 telftckf
100%ts Bz dzOo Odzls OF $ 6ztz] CH Y L fp gy KBEW & sizy

6’ L dztsc 5 teff Iy ek deti” Q1€ 2o}

N,




117

dbdzOdz' L ®jLbkd OI' & HEehd HYyjd' , od6
KawasakiMMAN-B & W, HBLotsdw' LtetsBdlsd dzOfMmilskz{ dz

o d¢ stedmls OdfdeE GiRd Mfiptj telxf v ° L dad 3 § dadz® | &
odfkmSdddd cOLOB] MeHdssds HdLjd o.
KawasakiMAN-B&W o H' Of OL tsdz J S dz2 Ols @4y " "2 dz
sz j dzv BGR dif.y.j.d&ld < Odas29 SNO15, 07 . .

o dfte d ) ls O dzdzW md Mmisj d&3d EGR ¢’ tghik®
fsCOLddSd el MkHdksobets dda Qddsoy
H' Of OL sdz' Milsk% jaZvH EGRO‘Ols. w2 1L B * dz! " j dao
9 dlsteOlsd § OdMp O ( deled BJ &dz¥ J W] ¢ K Edats2
1 OL dzOy4d dzj ftso 6w L Odzgj L fstelzh j dzdzw a3
fso fOardots ftod odCstdmlsOdd Mmdfhlsj id
sj &Y jOlskted yd¢ dzkz:

f'H Yof odSttdmsOdsdzy MmdMmlj kd EG
sj &Y j wOlsktcd o d{§ Eifdeditj YE QL' oL, dzOWS jdz' T
fjtejodh koOlsd ®OSMdBOd dts HEfEhsdd L
7S60[C W' ttdsd KB&Ws aROIC MW&Ad dzj L dzOYj «
odfkmSdds cOL' o B Ak s'figyd Lydz@uslzdzdar
flsky j dzv % GRBA 6  Is' MW  § jtojodh j dedz? H Odets
L d3d dzh § dzdzw ftesyj delsdetsets o 3" Miskz o yd dz'

e ydteSedzwy'° odflkmCddr cOL " 9) ftswde
dz' dz' ¥ twtsLhdtej dzdzv ' o ddzd S dzj dzdzv d3 MG B ISt
GOL " 9;

ode' 6t jyqdkk wseslsd MdMlsj dd EGR (W
odBsc [VEHOBED hsHEs jSodsd' ydkshls' &t
LH' 2fMdzs o Olsd MY &0 BOL' S&fdjshnds 6
HdL J§ dzv: LB Mdls s O JBEOsd o dftOdzd & @,

fslsky dsmls' HdLjdv, IsjdifjcOskicd odflkf
Bsteh Sets MEHBO O jSMf OOy ~ flkzH dat



118

36l dmdzsoa € d L O ttsLH' dzsdz 3

CS odmdzso Cd HBMdz HY J dz , h s dzOojj.H j dz'
1.1 " H LW dzgdz? § Odzdeo © o yddz' dgnte® HJL
ftesydmd f(itjdshmkz IIsjfdslsd, Jdzj e’

hodHG Mdedn ' &ROMsSedr ROLOCkjtedmsds Lk
BO j BOIsd ydzj BsH | dzs ed@izdz s SHffefsiy jof 2O L ksdsolzts |
' YyStsotsgts Bsteh! Csets  bteOdhf stelskz
LBjtojyJjdedaw €' dz2 CStsfls® twkrlz, LBjtej ) dadz
HdgWEZL " . [JHdsYyOMmdzs L yd ds, o dL dzOyJ dzck

LH' 2Mdz] des j L s Rt Hde' S5 o d 3 tor 9 Odadz™
CGOLOR hdzwatsds o dSstedMisOdadz?y MEzyomded s o c
2.1 Hinkzlsdz' Mmls MdMmlsj Bdetse s " HABBHE HTS
ey dd3’ o j ¢ MY ZEGRSPH dzts ofgichf sk 3. § dz' o sy s
HSHOIsC 59 Hisfdz' HY j dadzv M cw dzs o Odz dzC
toj clzdz' s9 Odzed A f OtcOd3j Istc’ o md Mmisj dizq EGR
JSdesdz’ ydz' O jJSMif dz2OOy' 2dz fsCOL dzgd €
3.1 d ¢ sted Mlis O dzda” Isj r dzsdztsc ' 2 o] N Yk oz
f " Hodh jdzdzte JCBdztse' ydesmls® twtseBBlsd MkHJ
SHdzOC LB ' dz' hj dzdgw mMskzq j dgv tej ydteS z dzw
Isj &3 j e Olskztedzd =, d CBdetsdz’ ydzed2 ddzj oG jIs
s56 dzW H Iz &zO0 y4 ., ftesyj M d e ted ol Hz'd2V fydzs o
FtcORzoOdzdzv &5 L OB j L f j Yy dedew dzj sB = ' H dzd -
tesBtslsd MkHdsotsets ftotstf zdz Mdo dzese s € tsd3lf c
4.7 toj C sd3j dzH ts 9 O datfetdss B did' Ctedg$Rfdzd H ' Of OL
toj ydteC zdzw y* -’ odtf 2mM¢ dzd = GOL "' o ( fools L
sflsdBZOdz dedds (L btsySd Ltz BOSC Md zOdz dat
3" dz' B3Odz! detsclslz L d3j dzgh jdedz j Wi SIlsdedes’ (s



119

fdlstsdits’ dJWJClsdoe dzts’ 9dIlstcOIsd % Oda 9 @)X ts
f " Histed 3z’ Is! v  Misj Ashigdggaited ybzfs MmPBga Y
MOoOdi3sL O2 BBOdzdz?y § Odzdo © ' BOSC M BBOdz' dzj L dzc
SwjlCldeds Mis! MdMmlsj i3 ) ydweszdv y’

f dztsh je " H € tedo txf(dedr)O dzd HlizE@Y | OGOy "' W
OLtslsz o odftdpbfdddi2t cddL OB ydteSzdzwy* ° .
o' Hftso ' HO' ' Hodh j dzdzs JWiClsdo dztsmiIs’

BOSC Md B3O dz! descBlz L ded y J dedz® J o3 '~ tCMdH" €



120

tdryrwf 4. 1 fcafluwr{rArpismwd 3 IRA VLB R M | ¢
Cs 1¢8fJ1u0 Tovuecr1t8ffll1wy g@pmmf Gpr [

yilso jtlsd?2 GoLH' d&z HdMjlsOy 2dSct HIET
stcjls' sets kO yYjlbo jtolssets HEfsd yddr L Ot

o dL dzOydJ dzdzw s lsd &30 dz' dzd n (L stsySd L
Bt Cdn HsHg d jejliemMCk odfkmMSddr ¢OL

OdzOdz' L L B dad MlsOIsdydzedr O HJdZOB ydz
' YSsotsets kO dseh! St SOk stelsk § '

fiLbkd O HBMd Hyjd', "t odCtdOd
HY J to J2d3@5D], [126], [190], [198], [202], [211], [213], [218].

4.1. dOdE L Mojid fittijfmMSk odfkmC da
Bt St stcOdMf stelsk

ANzdzS y' s o Ocdzdgy i S &z Ol OY" 2 dz n Ot
tc' yS sotsegts Betem! Cets SOk slslZ ‘OB
Hotsn SCSORTfHdepdstcs dzddz CRBftej Mstesdz G

wjydkd tseslsd Ju] [J] FOLOCkjtdLbkyls
skteNdzd § S50 ' IsteW dzts dNg NS T=NBftdgidhn SO Bz ¢ &1
fslskzy dzsfls

N, - N,

Ay = 100%

d2j ) 6PBU" L



121

[ Olsj d¢30Is d y dz' tesL tOR 2dzC d dzj oG JIsd ydz
MkzHdztso d - H d L MAtik Diesel &V Turbod$ dzO f§-KE L tetsL d3' ftc
yqdadz' dzntc' odZdB 0 9@ QOIs! |, hts o' Gzl @3y L @'
Fdiicod GSHAEZOCto ™ o] dzdyd diyf L dz@ Btsuzls! vy Is
2, 38éRi16@B dzd yv 4. 1.

v OB dzd yw
MOwGOSIjedmisdSd Mdflsj g dZOHHESO I
[ O©CO Ne Cl| GuCc/| G, ¢Cd S Ss10m0, o4
6S30ME 4480 6,74 6,92 2,60
6S40ME 6180 11,21 11,50 2,52
6S50ME 9960 18,% 19,% 2,48
6S60ME 13560 23,21 23,85 2,46
6S70ME 19620 39,10 40,05 2,44
6S80ME 21840 4358 44,65 2,40
6SO0ME 31620 54,13 55,66 2,38

sOC qdfdesds, ' H YO MsOdkdE tijydd o
Zdh j BOdROdN {(skkzydshmksj2, Odj 2 ' Hjd
CGOLtsoakz IizteB dzz IsO 9 IsteWwdzgd?2 Ctsdi3fte,j fr
LBjte' ¢O' Is' Mw ' H YOf YOS etE dstm b jlstdzjtc

IstsB Ists z odtf OHC Iz, ¢ sdzd Yyomilsddz0 acOL°
cOLtsoadfzmMCdzz IstezBlz, BjL od¢Ctstcd MmlsOdzdzw
lJjtiB' @G s yYysets syl miz, wed?2 L H

Bstem:! € dn L OfftsB L 820 nlste@jdish fiivtc Is lz,  Is * ) dzts A3z
fjtiB' ez ftesy Mk § so ' stdOf|sfils Oy Odzdzy |

rdzv kZLEeBHY jdedz? (fjteiB 6k tesBBYSets
C'dz CsMmis’ fseo' stevw, s fBHO' Is v € tsd3t
Qo Ists 30 Is d WrztocOizdy j: ¢ Iz



122

fiteifzmMe yofmsddzd o' HftcOyY! Bo Odzdr G O

Mo stesls Msf Zcose s dzsf Obsydsets Of Ot

ILd3 20 ftetsn  Hdese s f jtejlsddez dz©@ o - tSH

1 02B" dz2 hsets LOMstsMizeo Odzgdz? o HtOE€BdY
tcjolzdzt 90dzdzy L fjtejfEz2Mitd 0L E di3d dzO¥ yc
HodGlzdz dzj sBrR ' Hdes® ¢ " dz €' Milst s ' Istew
BOSC Md BOdz! dgz yOMmlsslskz B jtclsOdedz" o OdzO Isk

l e tstedMisOdzdzy  jtejf Mk cOL ' 9 )dgd dzp
Hdzv Slsi@kzsH e sMiskzy j dzj o d -  fid fills j)d3  dbO Hte Hzdetiz
MdMmisj i3 d2OA@)e £ "(Hed O G jtej f Ml B
f slstcOff dzw E eodfkmCded?2 CwdzjClstste 4
RZOf tew BEC 2 MY v d3lz o O dw " dztslsslasts BO fdRfte Qs G20,L 15(
(WCO 9o CodmlstckzSy wa t' Lddr odtc®® dzd ¢
fjtejMftcwdksokz' s Mw BjLftMjtejHd B HB ¢
CdzOf Odz0 f j toj EWHC 21 .( S [dzOdfdosizOy Zo Oy 3 L OB
dzj sBr ' HgAsOLBE @ s " IstcWw dZOHHEZeEZ E tj Mmd

rdzv Hotsfiskzy j doj o dn Ageh)ls jidf tedp@HzHLe Iy (fr
GOL "9, wWCd2 ‘L yddz dzgHte' © HL jJdzv wERO
sd ¢ z, BsyJ LH 2Mdzr 9 Olsdmw OBt HB MY t
Juvl odmsitsets IsdmMEk 2 (LO HBYBEBBesE ¢
Hef CREE B CzOf Odz® 9) . 10 HBH CBSE:E
sj B jtcOlskztcO® ftso Istew " Mdzw CtsBkBftcj MscO
EmMsOdzso € d LOBjL Y jykey d2smblizdzg dzj o, 2 O dz@ dgt
1" H yofm fjtjfezemMClkz {flstsCkz cOL' 9 LH" 2T
B3 dzh sets L O IsdmE cOL " o LO Ul . K ]
COdz' BBz o Odzdz? tslstsCkz c0OL o, Y49dd0O0y PE gy
o jdzd S d?2 il gedzdfretsj S jtoddzj dzelsOdzt dgd = H &
Ho sMiskzyf j dgj o s MdMmilsj diids® f sHOY' s IsteV
W'Ldetss ISjteBBSEOL SH 2O ydzse s §f slssC 2.



123

] 4 4
Csll L
5 5
L L
v/2 w/2
— | T
|
O] B)

tdm.v dedesdzse ' ydz' mMmaJ B3O fJitei f 2MEE ¢
1,97 C dzOEW@Ez2, 71 | v ; IBats&HY o Oy o
4iodf 2mC ded 2 ECusdinp CdzHstted T Bg Mg azy tc 6§ s
OisHdtsMiskzY | dzioidd cdgB8ilkl Faz] o d2 dz

421 Sy jted d3d dzels Odz! dz HtsMdz" HY j dzdzv o ff dzd
ZzO0 ftsCOLdd¢d twBBlsd HdL jdz' @ MEzHj dz t

l" HfB9 ' Hdzgs HBB OdzOdz' L & dz' 5] E&RkE tdzd &
ZO0 HOdzd?2 yYyoOfm MmMjtjH Codstesdz soOdzgdr ff C
Bstem! Sttt btoOdhf stelskz * v jffz2d ¢ B OLLBRE O j §
fsCOLded € Iz, w ¢ ¢ tzdzylj Jdzlstc @y ' WL dAOQj dzdzv
9 d B O 3 Y dzOtesHdzdn SCtsdzo jdzy' 2, O 2t
sBtsodovWLSEBadd " H yYyOMm JEMf dzEOIOY' ~ d[ L

o IbjtffbcEtP@r dd3stem! Cdr SO dz2 (2 It
Ctsdzyd delstg@yl | NOMW O’ Ist Mw ;
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A L3 dess CtsdembtelzCy' > * §OwOdjIste’ o
sdfMSk [199];

A ojodjdm i3 toj OcGjdzls' @ E odf kfMm¢ dz cOLd
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fjtitflkzm¢ o d{HHpUsias\Wastegateé EWG) [202].

gdMmisjddd, " LOBjLY jykesls: tjydts kzdzvw
we ftwOQoaddzts, LOMbtsmtsoalzsls! Mw Hdzw [ [ . 7
1] Bts Y § LH' 2Mdzt 9 Olsdmw hdzwatsd "= §]t
odf OHSCEZ NOMIEdw zv dBOHABHWIS! BjLYtsMmj
BOcE ' Mistc Odz g dzzs yd cOLtseolz IskztB' dzz | ¢
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l Jetstcd MisOdzdzy MdMmisd i3 EWG L OB j Lxtlzd ykz
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Letstewdadz? ) Ldedy k' Is! v fslskzy dz' fis: HdL J
odlstceOISO  Odzde O. Stc'" @3 Ists6 &z ¢ =P d3° © @
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ax
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fitjfemMCk) f§odsyjddy ¢&ZOfOodkO §jteifzMm
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EWG
—_ ft
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fijtjtikzmMCkz) fdschO ftesn' Hdesets ff jtoj Isd dzlz
LO o9dtOL Odzd
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Ce/ M@ ¢ OL 57 5 HGewe | J o/l M(©S dz

Aoy = GCE;WG A00%.

S
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St Odeff Stelsk, o HBLZo O k! MW LO HEY EESEE:
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tsetyd? fsyim 17 MzftesetHy k' Isi fi
sjfdzsoedr §BIStSC' o
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9 ¢ sdzOdzdz J B eduyded~ tBYdMdzjdzr ) o w¢
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HdL J dz' 9.

4.2.2. (jLbkd kOId HBMd HYyjd' , odSisc
fMjtejHdy SBj tolsBOVadsita HdL j &z 6L

[ dlstss HEGsMdz HY jdzdz?" BRI o dL dzOyd dzdzv
l ] MmMeHndtsosc®auwpi l6d.20)ld Yy sz L BGH
LOBJ LY Jyd dzg dz02 Ctc Oh ° Hdzw tetsL G dzVv dziz Ists G
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f Odzd 9 O ftcd s H dzts Yy O fn dats A3z " HIsted &30 dzdz’
2O telzy § desmils® yddz' dgHnte® ® HdL jodzw [ 211] .
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H' Od3j Istc TYd ' digf tc O
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YofmistslsO ®BQ @k OHmz" - o ;
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 sdz' HY j dedzy ftotse seddes B § daP- Bisd S5 dz¥ -
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9" H (BOSCMdBOd dats’ yitjiL odmsSk o
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odd3 to¥ 9 Odzy dzdin 9 dulAdHsBE dp' tc O, o MisOdzts 9 dzj ¢
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HB EBHddedz0 odltcOO® §Oddo O, CcE/ ctH, W

o wWCMsidszmMv e fOdzdo O, hts ftesZhdise yYjtejL ¢
ricgkmMddzd §Odkzde 0 ftod o' Ed/fsag' Hdz 2 Isj
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hodHC' MdsmEzewyydd
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sz " dz2 ijtejfkmMCk 0L 9 ttBLicORBo z9o (
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s
HJGy1 ¢" dz2 €' Mmis odfemCdds cOL" 9, wC° ]
Ce/ M (o9ddg to¥ 9 OzOMW o Issyy' 9 L O HEBYSC
GsT Mz BgOtedzO ¢ ' dz' €' Mis! odfemMSddrs GOL
BOG " Mmis tc ©dz 9" H | U ftcd fsodz nBdz ,L OF
(odd3' tc¥ 8 OdzOMW o IBYY 1 LO Hft®Bse s
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Htsfpdz' HY z9 Odzd ~ e dd3 M3 Odists ¢ EzOISf, BRI 8z
890¢ 1 Is, €U0GsL0 hts 9"  HN.EHY 6MNOHS, 740 wsPDBNe @ s
1 8rdBCO 9 L3 d2 fslskyasmls dai ¢ jtejodh
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dzO o Odzls Oy j dzdz' . stc' &3 Istsc@ts, f " H yofm f
f eaedizzo Odzd Mw  sMmils' 2 dz' Isj B j tcOls Iz tc dz' tc
Sh SdztsH Y § dzdzv . 1" H yoOfm fJteso jHJjddgw JjCM
CsHddz fttOyer 9 s dz2O0 HMmils' 2 detsdzsz dzOo O dzls
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GOL' 9 (mnOtOSCIsjtedzd? dzjHBBdZ € odlstcOIstd
weda o' HdMdIs! MW odlstcOIstsd3 6 MT100S)
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fdtejfmMS desats ¢ zOf OdzO (wastegate) G383 &k
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Isj B3 j cOlskztcd OQdgd LHA tyyjdc] dgH o8 © Odzdzw W C ts5°
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o d ¢ tsdzO dzdzv
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d &My

tdLizdz SOIsd kL OcOdzd .ddj dz' totc jlsHOMIKRoyd? j~dz' 4

v OB dzd yw

1 &i3° dzO NP g ha(stHl) Is iz H desGL2EMartsilad L j dzv

L Odzj Y dzts o' HW dZO o PlsiAsOMN devdzddl j toj § EME 2
1 Oo Odzls O) ulskd ' d@ f§jtoj ] kmSdaedd( k1
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v OB dzd yw

JWiCldb,deth (EEbtcOlsd o
Mk H dzts 9 5 ¢BE20M\MErtsifa dzW

LOdzy ydets 9o H dz09 Odzls Oy § dzdzV mMiskzy j dz
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NO, dzO 1, 25 . .L Gfplstsmlz o O dzda” mMdMmlsj &3d 1§ J &
H' Of OLtsdzgz dzy ° HtsYy' dz' dzd df3.

4.2.3. tjLkzd sOIsd HBMdz HYy jda , o©dCtsc

MJjtjHdy stsBjtelstsotsdzz HdL § dZf 6L26 Wart

] BB Isss LB dz M jdedzw BOMdok JSMmfjted
' Hiso jtoH Y j dada™ tejLEzdz sOIs’ o f s jtej Hdz
odff tctsB zo Odz odCisazdkadgi® o |y 1 dz®OL Iz H ¥z tc B3]
CsdemistezCIsdodzdd3dd R OwOCIsjtedMmisdS OB IsO
ydSdzze " Hjdalsdyded?2 HJL jdz¢ 6L20 W' ted3d
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U] ndesdztse " W i tctsHoY JHdR' dzdz® © HHSHEpdz H OdzO 9 «
o dCtsdzzo Odzd v O HL jd& 6L20 (f§. 4. 2.
MHdtsotsets HdL jdzv 6L26 W'  tedsd Wartsil a

1 " H Yyofm ftetseo jH] dada™ HisMdz' HY j dzdaw ¢
fOttOdi3j Isted, Nt @usd lods dgvds'isitf dasdiddlz j W j CIsd
fOdzdbg © © IsOCtsy JjWJiSlksdoded. Btz detizils tf
odtf EMC dzddawe ®PL &ZOYOoaMw L O odtOLtsdB (4. :
0..10%. | dzO3y'iCdaiaf df3* o 9 Odzd MW L O HBY SBWBSEEE
ssyc ©a 9 1 (tdMm. 4. 5), " and sty f) ¢ diafs
odL &zZOyodzomw o Issyy" 2 (tedMm. 4. 5) L O
stc' d@g Istsgts, o dCtsdzzo O MW ¢ tsdzls towdg! W S Is jHdis
sCtcj Bdr yYddz' dgntcOr, ' s®@C H' M) tc] HgzsE5H Y
yddz' gHeOdBd) . tiLbkd sOkd jSM@yed i dsk

2

ot =

.
I > S
\ I'asu Big I'TH
8 Coe = = 3

N
\e \s

tdfm. 4.5. lwddydfseO Mma]j B3O MkH dat
6L26 Wartsila L MmMdmlsj d3dss Ekf tcOo &
1,9TIssy¢d Ctdzstetsdzyf j tsff detzdndetdzts’ o d |
2ilstsys 0 C sdelstets dzt «;BSayg dsfiigOdz”’ ~ BBBDO'
feslstsClz TddQus'jd zm& dzd 2 ¢ dzOifeCddy KA fiyCadz't edg
fJtedf MG dzse 5 il tslsiisGelts dgg @L 'ff ds;dztsB) § dzdzW
8if dzd o ZOIsdyded?2 fHtcdo ' H it L
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v OB dzd yw
I L dzOy | dedzv,, J &B3afisH))Is N®) bz H dzts o atsilan L j dz

1 O9 Odzls © wlslzf jdz §J4tw]§zmsdwsdd ] 1
% 0 2 4 6 8 10
55 7,41 7,36 7,31 7,22 7,18 7,13
65 7,62 7,52 7,38 7,29 721 7,18
75 7,93 7,77 7,53 7,45 7,32 7,23
85 8,46 8,10 8,01 7,68 7,57 7,31
v OB dzd yO
Il dL dzOyj dedzy f dlstsdits’ W, pSCldda@dps o dlIst
MkHdztso s 5 MVdrtsilpdzv 6L 26

1 O9 Odzls © sz " dzt §Jte] f kzMmGdans 8od f ]
% 0 2 4 6 8 10
55 196,6 | 203,0 | 204,0 | 204,7 204,8 | 205,3
65 195,3 | 200,5 | 202,7 | 203,2 203,3 | 2034
75 193,7 196,8 197,3 197,5 197,6 197,7
85 189,2 190,6 190,9 191,2 191,3 191,4
v OB d&zd yo

] L dzOlgjjdBtp" £OlsktcO o tf T lxfglSL dgd2Wasala2' 6o |,

1 09 O dalsay wlskzf " dg' (4l lzmidaeody iz
% 0 2 4 6 8 10
55 283 285 291 298 308 315
65 276 277 280 285 298 301
75 276 278 279 283 288 297
85 273 275 277 281 287 292
| dzd > J dzdz¥ LJfdsTH) T YWOM Oo d ¢ St d Mis O dadz”
tedfy. W4j.C6lsdordz Mis: odCtedMmisOdadzy MdMlsj d3c

tctsB tsls
®Bd IssHI Y’

HdL J dzw

dd®B.j H j dz' 2

sy dz¥ o OdNDiFN(dewd) O tzPizs § * o
b f.




7,64

SJ‘%‘N{ =3,00

7,44

7,21

td#. 6.
dEWGU t.Gq e’ L dzq:

4 6 8

1 BNGO O fizdz ™ fdgts'lzdf *j relz”
o HO RSO Oty & stz dBvaRL | clzv

10 8%
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NOy,
r
kBT -rox |
iy _':\ Soory, =1,80
| [
t f
I [
7,3 1 | |
| [
715
0 2 4 6 8 103.y.%
B)
NO,
r
kBT-ros - |
8,34 :
11
I
8,1 :
| NO, _|
T : I SO,SSN‘, = 5’39
704 1 |
| |
11 |
| |
7,7 +—+—
| |
I
| |
7,5 - | |
| |
- | |
| |
7,34
0 2 4 6 8 103.u%
f4dtedtflzmC

O 55%:B7T 65%: 91T 75%:GT 85%
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1 tedzvHEZ dzOy, L dgGsy j dida j HNiGlz' 9 IsOB dzd
@ZOMsz§ dz' L dzOyj dedz” ' dzlsj OO (3.51),
NO,=f(dewa): S'sar, =138 S'ex, =180 %5, =300 S's, =539,

i LB tedg Mls! y! e ' dzlsj ¢ tcOGE(debrl & B Is s
%ﬁ;%%ﬁom Haw fdzj gh j dade  f 53O, da
LOdzd M O diids dZd M j de@q fndediz? dz

1 B dz' M dzdgw f dztsh NO=ffdewt)  Ct6d ous@Mm f * H e
dz0o Odzls Oy j dzdzg? 2O HAL j &r deb3 daO @ {dds ts dzlf
o' Hydl!' fs B ' d hk jStdse ydkz jWjCl
HOdzd R t©jyd&kOr wseslsd [216, 217].

1 B dz0 s d lsjsiki SIsd o dzs’ I f st Olstg" L B disko (
i ydteCdewk™ yto' L dzdn dzOo Odzls Oy j dzdz? & § toj H Mk
E we' 2 o' HtsBtoOY j dats DOpetdftisuej dzlsizizjdztsL B dig t98]1
BjL odStttdmisOdadzy fdMmlsj 8 EWG.

v OB dzd yw

1 B dz N jsdsas T f & d s ORISH, fO'dad e QOM o d ¢ stedf
fitejfzmCz odfkzMSddn cOL' 9

1 O9 Odzls © wlskf ' d@ §Jtdfkmnidacsedy
% 2 4 6 8 10
55 3,25 3,78 4,12 4,17 4,43
65 2,66 3,78 4,05 4,08 4,15
75 1,62 1,88 1,95 1,98 2,07
85 0,75 0,88 1,07 1,12 1,17

1 BBRBctcOBRBO, s o' HSBtOY O H' Of OL tsdz |
Db L Odzj y dets o " H dz0 o Odzls Oy j dadz™ HdL j dzw |
odf EMS dzdewe, CPSEOL OO 2O tedfm. 4. 7.
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Ab,,
%

0,55Neyy, 0:55Neyon, 0:75Neon,  0585Neyony
t M7 Of OL tsdz LB"' dz' " j dzdzgv Dpdtisds dzts” L ¢
dzOo Odzls Ondgdar'e 6L 26 Wart si l
17 dewg=2%; 27 dewe=10%

l S BstedMisOdzdzy MdMmisj &3d EWG fHtedL o 5H (I
odfzmMCddr ctPL ‘hots, H eGP dazOh 2 HEZBSEZ, §e
fdtskts’ JWjSlkdodess' odlte®lld MfOo&taes® 'L ¢
dz' dz' ¥ twtsLhdtejdzdzr [ 218, 219]. 1 Bd@EsctcO
L dzO Y jodztetizj y degts o " H Mmlskztd j dz2v o' H Gleed s v yio,
o' Ldzdr dz09o Odzls Oy jdz@ HL jdzv dzOo j HJ dz'  daC

cS¢ GtOdzd ydz L dz0 y J tiddody C disfjrd3f g @LO' Isdz tc d dz
HdL jdzv W' tedg®O Wartsila tjSCtdjdHE® dzO
100% 7 305 & ;" L dzO9 OdzB5@N PIds",'d3 dzO0 9o O dzZE6@0y | dadz
2954 ;7 L dzO0 9 O dAd @y 3PalaezY oz dzO o O dA® @Y JObzelz o3

1 ©9 j H jlHaz Isjls,d Mo HYyOls! ftots tBAJ Y J O
EWG dzO HJWwWECedrm tjYddOr tsBBlsd E L odwl
O telzy j dzesls ' (fjtejodhjdedew ds Isj a3t j 6 Olskz
B4 A ) -
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£ =300°C £ = 300°C
O e 3()() | PP i U PR, _|

290 Tl

290

2801 M 280

SIEE

270

290

280

270

280
20 m Dm 6 8 10 8yp%
0) )
t M8y di3' dzO MJ e H dzj &3¢ § LOE g dzez( I firg
o  H Mmbkyjd" o HEted s lblctiejdte jtof b figh
ZzOo Odzls Oy j dzgdzgv = H L J dzv 6L 26
O1 55%; BT 65%; 91 75 %; GT 85 %

O ZOdzse " yYydets HtsMdz' HYy jdzdgv di3 L o d o yJj dadz”
J Cdztse ' gglstfls Bstel! Csets MzHdzO (L Biz I8
Csdi3f dzj SMk ftetso j Hj dad = Hisfmdz' HY j dz 9 n S
odL dzOyj dzdz? d©3 BOC Md ZOdz! dets’ . B j ez |
' HBBtWO)Y O Is! LIRY tdze o  bpd wed dzdizts G ¢fL jdEDYD O
H' Of OL 5dz' Newfy 55 . o', d8xEts Miskzf j dzv ¢ J tod
dews=0...10%) , dOo jHjdz o IkOBAZJY' 4. 9.
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v OB dzd yw
1 B 2O BOSC Md BOdz dats T, Ksfy 3 detteedtisdztts g H dyud £ diztz

1 O Odzls © sz " dzt §Jte § ziFdEwe 80d ff 2 f]
% 0 2 4 6 8 10
55 1946 | 1938 | 1906 | 1886 | 1874 | 1862
65 1903 | 1888 | 1873 | 1856 | 1830 | 1808
75 1866 | 1846 | 1822 | 1792 | 1771 | 1752
85 1834 | 1822 | 1801 | 1768 | 1734 | 1717

ss®Rf &Yy ' v tjLbkd kOl o, dzOo jHj dedR
edM. 9, dOCBGORE ' B dZdo &GOS f)d &3O Tzdzdets’
d B M " MO yoOf ' Ldtsects Miskf jdv (itiflzf
HdL Jdzr . [ltedd3Odz kOSdd3z yd=dgHd figec O Qs
oLO BLOOWLEBS HORIE (O0wLOd) Sy tthko Off

jCdse’ ydz flsé Bseh' Sscts MkzH ZEWEO oLt

NO,,
r
kBT ron

8,0

155

|
|
|

7!0 1 |
1700 1750 1800

1 I‘ 1 |
1850 1900 T,K

t d®9.) fdzde BOS Md BOdz dzts ' T, dsQ d3fcf’ il Is*lz

(Z H OfOLBd §jt]tah@&®d dfzmns
ftod t©' Lddi toj ) dBOn tcea2eWEGilank - dz
17 55%: 21 65%; 3i 75%; 47 85%

( SBdzse " ydzO© J W JjCIlsdoedz Mis! Mmdmilsd ad3d ¢ J t
odH" dzj degse s Mj SbsstcO (1, 2, 3, 4),
Csdzyd dzlstg@y'odf @S dzdr G OL O LB dz' hj
fiz H d&zO .
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431 dMmMdzeso € d L O teLH' dzsd3 4

cS odMmdeso Cd HBMdzZ Hyjdg2, hts dz@o jH ] de

JHddds L mMf smtse ' o LOBJL Y Jyd dedzw J S
CltokzoOdgdzy 1| Pdwessd "= (jtitflkzmCiz, i
§4dtwd i v BsszZBdls20gadzy i3 | v1 BJL SNt Hd
ljtojf2mME Oz @ Is! MW HEOOBGE RIS EOL o 5°
w2 o MisOdztso dzt * Is! Mmw C zEW@® dz st jdais 2 i3 figho
MdMmlsj B3s® it fmifgd pld FWHE dd- cOL " o

( WJd Clsd oadd Sdde d M Is © dzdAWG fRdidyls § T3y dese s L
tcsBtslsd HL jJdzvw L ssyséd Ltk LOBJ LT J .
fMzHdzO odL OO’ Is! MW  NESH(UvS) , Yoewed T myIsClzolfi” o
fidtejf MOk IsjhLdzoydets By dzdo sets H'X OFFPL (S«
odtosBded S OdRBd HIL jdz' @ L OBY L 'jrylkzl B¢ @ez' dat
cOL " 9) &zO2B "' &z h tflsddi3Od dddid (L Istsys
L dzd 3 j dadzv j d&3° " ° sCMdH" o OL slskz L SH
9 dlsteOlsd §Odzde O O ¢ Hzsitgfas@sdz") &3 " Is jdfjdat
LOBjJ LY jyeveg2myY j6gGEzmMC cOL " " 9.

1" H yom CjtizoOdedzy 14 Pdweatsds "~ 4
Mftcdwe s: e’ th jdeder (tsMisOyOdedzr ftso' Is
Y4 tec lz, ftoedL oatsHdIs! HiS L i3 dgh JLdzde'tc W dizgz'i3t
ftoesf stey' 2dzsets L dzd ) J dgdzv Ctsdzyd dzlstcOy'
dlssmtso dzs MkzH RO d -1 &\ Htsila & * HIMBSIsC S50 § L
BOC Md B3Odz! dats”’ Isj B3 j cOlskzted Lcetstew daldG
(90" Hdzsfdets tosBBlsd HAL bgztkdB Jy tcg f EREGHE M
4,3€%, 3fted yY' @Bz HBMY e WO fipvd i iy dgcdegz
Hts 3, 33%.154AR Mmdzj dzO2B " dz' h j L dzd ¥y J dzdzv
sO J®WOMpP "Hfse' HO'7 5t B 5@ Odzls Oy j dzdzv .
ey ddi3dd dz hdzOBBdO Odzd d&3d § tstc' o dgW dats L
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oy ddBBORRd Mkzudesodes w1 " H Yyom "~ ° od¢Ct
' YSsotskk kO dEsteh' Sk ktOdhf stcls ' .
[HdsyOMmdats L f sCteOh jdadgw 3 J S tsdztse ™ ydk
CjtekolOz®@ H Y &S ¢ BYGY ekl lojsBd s’ HE LB d
odlstcOlsd fOdkzdoO 85O " Hodh jdedg? Isjf detso s
LEzdBso dzs * Is! Mw fs¢’ teh jdzdz" B ftesyj Mz L ¢t
MdMISEWE (L O tORbkdtsC Lddyjdedzr hodHCsk
ftoesyj B dedzeso B ¢ totsL h qtejdadzv. 1B dz' b j
Yyofm o d¢ stedls @WEzy dzGthHsd lsidiy 325 d3435HaT
0,7% 1,17%, H J B' dz! h° L dzOy jUsalz o dz® df Gdels @ >
d3j dz" ' 55%-ts d3lz dzO0 o Odzls Oy j dadzs dzO HdL j dzt .
ZzOf tclzy j dets s’ yddz' dzghtc' @ HdL j dzv M sfylsj
(0, 5580465 UOMc&®EYQtojfkzMSE. 10 Ydn
fitcjodhk’ &HOSHdEOd dats HBfbkMmlsdd L dzOL
mdmis Fd@g ¥ ¢ MY smselz L Obg Lydpuf]lsizdzy d3tg t&fifs' d
sBdBR Yz Is: mMw Hoeat®BO yddzdzd ¢ Odzd : f'H Yo
55é668H7 LB " dhjdda"d&3 odlstcOIsd  Odzd e O; i
H' Of OL s®W)iLBedzOh jdzdzv d3 Isj f dzso 5™ dzOf telzy 4
1 ' H yoOfy odbBtsl sg@EDE dscts tjy Bz ot
ssBlsts §¢' & SMmis' ¢OL'a, WwCO Mft" kss bk
Ctdsf dzj Cfydej tvy' dz o Ocdedz® jStdetse' ydeda s
HdL j dzw . 1JLoOYOs yd dzO L B" dz' h jdadaw f d L
Is ifdj tOdgtcdo dS stedMisOdedzy MdMmisj i3d EWG 3t
sfsedzdo dn ©O2EdOS so ksotscdts 6§ j 0dk,
i S OOy &steh: €5 fMkHjd MlsOsls: A
100 jHjdd tjLbd SO ' Hiso j tsH yie jlsdsd
EWG Hd&zVv L dzd ¥ jxdzdz] H §lzBC M dz02 BOdz b tcOY' tsdaC
Bsyj Bklsd w¢ HSHOSBod2 MmMysm' B o ¢
odfkzmSddr c¢OL' @8 EGR, HdA&v yset dzgjtsBn ' H
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tdrrwf 5. sf$stfeoserrc JR}IVHGRIR R
guUr VI RrRM rRYT O CcBOI [ Israviriudcy oA wy
fLte?8RrRmMm "UT [

) owlsd?2 SLH' &z HdMjlkOoy' 2dsets HEMd

Cdztso dets G ts T Lte@ssL HicARdE IS n dzBdztsG * C i3
¢ J tclzo Odgdz" o df zm¢ dzd di3d G OL OO B i lAH]jdzsioc
JSdztse ' Yydesfyls® JCMf dz2 OOy’ W dstefy! Csets

[Mdzse dz' tjLEd O, "t odL dOyjd o
[31], [187], [211], [218], [219], [226].

5.1. I1dSttedMisOdzdzy OHOfIsdodzsets € jtolze
j dzj tec j Isd ydzdiflz Hzjids Oezsy st e ts 5O dBts te iy

1" H yoOf jCMfdkzOkOYy' ® MkHjd ' ySsets
ZOf cOo dzv 8 Is!  dzgO@ o' L dz Hddzj &3, BHAZO L
jCdsd ydz §sCOLdkdCd woetlsd Isjf dsddr
BjyOR OBt Ldzdyj dedz? L zOYj dz' f t6OC Isd ydzt
(i ' ©SMdH' @ osbkedjys, M ©Sd O OLt
Hdqdi3z) o dwL ©dzO

OBt L SCtdhistckz¢y' 2dddidd L & &2OBBd HodCE
WkdS y' tsdzkz o Odzdz” ;

OBis o9dStstedMlsOdzdzgv &3 B ' dz' ' HEBstesednm (
jJdzgjtee' ' (dzOfted S dzOH, otHAz, ftodtoctsHAzsSEt

OBfs L LOMssmkzo Odedz" &5 Isj mdesdzse ' 2 fyts da
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1 OL 8 Odz mMf smtse d o ddBBOGC O Is! tctzp ¢ dls’' &
JSMy jtod 3] dels Odzt desets o dL dzgOyj degdg? s Isd O
W' dzOdzlmseadr o9 CdZOH jdz2 20O "= offtetso OH Y J daC

stc' d@3 Istsgts, ' Hodh jdzdzw JjCtdztse ' ydatsls
BsteMm! St kcOdMYf sStols i dadgy d3tEYJdBdeQils dB jiLO dzd|

We His YOMk wEBskEd( ctumy zBOS ' Hei f sl
be ) OB HB iS22 H] dzBy 66 HUpE &) . ( 20 &J d
Oy dzdodds sOCEwy * k2 WOSCk, hs jSMfc

MHjd ' yY¢ colttceetts Kds@e OdelpEflgtclslz diisy j  ydd
f sfmils® 2 dzts, ® HBEkoOIlsdmw ) smtse dzd o d = J
o tsH dzd n h dzw 5 On , O tj2HOR sO Isjtdlst
ftedBj toj ) dzd m OCoOlstste’” W) [ 220] . 1 d¢
RZOy' BdzOdddzd A sHiES L OB J L § 4 yd dzdaw J S sdztsg
Jdzjtcejlsdydedr EfMsOdtseotst E OSdr EdB@tse OF
nOtcOCIsjted Mmisd ¢ Mz H dzO, hts IsOC 5 ftodL
M ZzOHtsots™ (d2OMORBY jtejH yYjtejL LB' dz M j dzac

O Oz YydzO Hddzj BZO o ddzd ¢ O ? "' H
' YyStsotsets IO B! Ctsets teOdhf stelskz 1
Cdtolzo Odzdzy o df zZMSdzdd3sd cOL Od3d (WS¢ MmdMmisg
Hso jH jdk @Bz A tesL H dzOR ' H WP defBL a @
HdMJ tslsOyY"' 2 dzgse s HEMdz HYJ dedgw , L dad ¥ § dzdzw
LO tOrnbkzdatsC odCtstcdmlsOdzdzy dzOL 8 Odedr MY
fdlstsikdts’ odlstcOlsd f Odzdo © * L dedy j dedzv j W J

t " Ldedyw JSCMf dzz Ols @ plsY dzdhnd L t§ fz¥ d o3’ tof) st8 18
MkHdsosets ftesfzdz Mdo dzgze SR dzj SMz L O«
dzj 8B~ ' Hdz' MiIs! o dCtsdzOdzdzy Ctsdzj ey’ 2dzdr L C
fJjtej oL J dadgw fOMOydtc' o L Zdzts o dz¥ OHOf
LOBJ L { JigErdse ' ydz fsCOLddCd tBBIsd 7
stcOdzmf stelslz. [ dzv Ctsd@3f dzj S Mdes®™ M MiIsj dizd
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f 5COLOdzh .20 tWdfy. §sdvislswds ¢ OHOYf Isd o dzj
CsdEB ' dzOYy' W MmdMmlsj &3 t6j ydtes zd@ imdzs ' o dfifiz
ftod deyd fFSER HEPEGR)P ° MdMmlisj B3di EWG ) §f 2MC Iz

"\, ﬂ% —

. —

/

/

idm. 1 dBddydifseae © Mnj B3O ¢ B dzj ¢ Mdzts
lirlyif2He ' H tesBBEldRIspBDIJEWCS 4
5TmdMmisj GBER; & RMdMisj E6R HP

1 " HojH jddprr ct®B HdJdz (9@ HJ, BOMls d dzO
LH' 2fdzs * s mMw 5 dz' dzg' ° 2 . 1 Yyttt oy
9 HBERZoO' Is! MW tojcekdzt o Odgdz" 2B8ets NoadHC
OBt dzZ00o OdzlsOy zo Odz' dese s (2 o df OH B & tsIsds.{
stsd3f dzj $f 5B d&ZOH Oz, "t LOBjLY Yk
fsLdeOyjded?2 wW¢ 3. 1C¢  Hdes L HBsMdz HY j dadz
weddid dzOe jHjdz o twtsLH' dz2 4, Mmbsikzf' ' d
sy j L A3 dz¥ 9 OlsdmMW%e o HH OFf QL mddc Oz dzasE ts
5B dzOH dzO dzdz" |, LO HBfBRsets:H wWCOEsEts L OB
tej ydteS zdzw y' -EGR] L' CasEisERPeldsd iHEPz, f tsL dzO
6. {JLIEzd sOIsd HtsMdz HY jdg@, dzO8 jHjdg o
Mk jdv tjydeSiezdvyy' ' odifi®BmMCddr cOL " o

sO0Cdd3 yddesdz, Hdzvw St dzj SMmdedm MdMmlsj
fMdMmisj &3 "= fdtejflkmilz ° tjydteblzdyy' ')
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CjtooOdadzy . 1 ted Y’ sk &y dzde R i ®Bsp dG
fijtejfzmslz CjydeSzdvy' (L Odzj ¥ dzts
ftesfzd Mdodesets Ctdsfdj SMk). | dL dzOyj dzdz
Ctdsf dzj SMded s MdMisjds CjtekzoOdedz” 14 BOLE

fLOoBjLjyjdedew WEkdeS y' tsdzz a Odedzs ' ¢ O gzdzL d
wedR, dOo'lk' C(stskCshmktesStsodn, Lisdo
fslssS' o [222];

fMlsOGB " dz' LOY' v jOCtdkzce' yddr ¢ 0L dd ¢
H' Of OL tsdg' L sHdtsyOmddds fYtsijtcj HY J dzdz
BOS Md ROz dets WY HAylsd i3~ L dz

3" dzg' d&3' L Oy w dzy o3d dzlz u d ~ 9lstcOls 4 dzj t
f s teh jdzdg? o dgzlste” Ndg! 5 ydadz' degntesoadrm ff tot

ILOfsB' cOdedew Isjfdztsodds § jtoj ©o Odzals Oy j dac
Mlsjh' Skjsedudzse s M sod Isicdzs P &del  § Odzd ¢

M  Histed &3O dzdz™ Isj € Bt Rls y dzs L j dzv ;

Mo d € ts dzO dzdzv jCdse’ ydseé s  C tsdgls to s dzs
Sy &z OOy’ 2 dzdr §sSCOLAC' @ HodckdO

5.2. ¢HOfldods twjyddd Cjtko Odedz? HAL

[ dzw o dL dzOyJ dzdaw sflsd 30dz' dzese s Wo O] O
mMzHdsodr HL J d&2' o, fted wWEBBdRBEz LOBjLT jA
sCMdH "' o oL slslkz 'L SHdtsyOmdzed s od&3' dz' &3O d
J S detsds’ ydzd ~ fsCOLddS" o HL j dzw 9 d¢ s
MzH dtseo sz o [t 16V3Qul W¥'etetlzgd YiEtsrdt B Ozl a
odistcdmlsso zo Odzd MW ) Mm¢ dzOH ' ftotst zdz'
Bstem! Ccses MEzudzO HjHO j2Istsds 60800 Istsdzad
(OSdmn, s fijtejHOBIsH sk dz Mis! dzO Gt
hts LOBJ LY J wkefiszh detslpjitccj dzj CIstetsMmisOdzy’ ¥ )
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