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SUMMARY

Slon V.V.Increasing the durability of power units of transport vehicles using
oils with additives based on geomodifierQualifying scienfic work on the rights of
the manuscript.

Thesis for the scientific degree of the candidate of technical sciences (PhD) in
specialty 05.22.20Maintenance and repair of transport méaf2y¥4 i Automobile
transport)i. Kharkiv Petro Vasylenko National Tealkal University of Agriculture,
Ministry of Education and Science of Ukraine, Kharkiv, 2021.

The dissertation was performed according to the strategic priority areas of
science and technology development in Ukraine for Z20, namely the latest
and reourcesaving technologies in energy, industry and agdustrial complex;
according to latest scientific researches of the Central Ukrainian National Technical
University (CUNTU) on the topics: "Improving the reliability of vehicles by
managing their témical conditm ™ ( " DR0116U008055) ; "1 m
of trucks in norstationary operating conditions by modifying motor and transmission
oi |l s by fluxes of matter and energy
"Forecasting the operational reliability of veleE to ensure the quality of transport
services" (DR0116U008110).

The aim of the work is to increase the durability of power units of transport
machines operating in hard operating conditions, based on the changes of patterns
working oils and modes ofperation of moving couplings of parts when modifying
oils with composite additives using geomodifigry [ -@".

The object of research the process of changing the characteristics and
properties of working oils with a composite additive based on the geomodifier
"s | [ <&" and increasing the durability of transport vehicles power units.

The subject of resedrd patterns of indicators and properties change of the
modified working oil and a resource of the power unit of transport vehicles during
operation.

Research methods. Theoretical research uses methods of systems analys
hydrodynamic theory of lubricatmp theories of reliability and technical diagnostics,
theories of information, control and efficiency of technical condition of systems and
machines units, theory of probability and mathematical statistics, mathematical
planning of the experiment. Experintal studies and the formation of a diagnostic
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database on changes in the technical condition and level of durability of power units
of transport vehicles were carried out on the basis of methods and techniques c
diagnosis and reliability. Physiazhemicé parameters and properties of engine and
transmission oils were determined according to generally accepted methods
Mathematical planning of the experiment, calculations and processing of researct
results were performed using PC software.

A physical modebf the action of a composite additive based on a geomodifier
on the working surfaces of moving parts is built. It is determined that thesndace
layer of oil with a composite additive shows the properties of aNematonian fluid:
the kinematic viscsity decreases, the shear rate of its layers increases. It was found
that the motion and heat exchange of such oils are based on -plastic
deformations and rheological properties.

It was found that the actions of the components of the compositavaddit
initiate tribochemical reactions and phase transformations with the formation on the
surfaces of parts of secondary structures, which under the action efgead factor
are triggered and restored, providing the formation of a surface layer of atanmbs
and antifriction protective film.

It was found that the composite additive should have components that mutually
reinforce each other, according to the synergetic concept.

The equation of lubrication modes is constructed, the formula for Sommerfeld'
criterion is obtained, which makes it possible to control the lubrication modes in the
system of moving couplings of power units parts. It is shown that the processes
occurring in oils can be described by a set of individual diagnostic parameters anc
performance indicators of their properties. The equilibrium condition is obtained. It is
found out that the regularities of the rate of receipt of wear products of parts of powel
units to oils and the speed of operation of the applied additive are exparidsiinal
the laws of wear of the working surfaces of the parts of the couplings and the
operation of the additive, the equation of the dependence of the amount of wear on th
operating time is obtained. It is shown that the residual life of transport esluah
be estimated by the rate of flow of iron into the oil of its dielectric constant.

The rational and optimal composition of the composite additive for motor and
transmission oils based on the | [ -&" geomodifier has been determined. When it
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is added tdM-1 0,§" engine oil, the wear rate on the M T1" machine decreases by
23.5%, the critical load increases by 29.6%, and the welding load increases by 27.4%
When adding the additive to the tramssion oil"TM-3-1 8"¢the wear rate decreased
by 36.2%, the critical load increases by 18.4%, and the weldingi |da8%. It was
determined that the additivg rR [ 15" is less effective on the average wear
parameter by 2.5...4.0%, and the addit\®oil Gold" i by 1.5..2.0% than the
composite additive based on geomodifigry [ 4".

When lubricating with base fresh oil in a continuous mode in comparison with
dry friction the initial maximum value of the moment of friction decreases3in. 17
times, andat running ini in 3.5...50 times. In the "star$top” mode with lubrication
at each of the intervals of laboratory tests the value of the initial friction moment
decreases and after a few periods the peak of the friction moment disappears. It |
recordel that when the additive is added to the working oll, its properties are restored,
as the moment of friction decreases, but it is happening in the continuous mode an
the "startstop” modes according to different patterns.

The improvement of the quality ¢iie working surfaces of the moving parts in
the continuous mode and the "ststidp” mode is revealed. In the first case, almost
parallel lines of scratches are traced, and in the sdctrete are traces of setting and
blurring of scratch lines.

The exernal speed characteristics were constructed with the addition of
" R J 5", "Roil Gold" and"s | [ &" additives, the increase in torque favi-

10,6 +1 R [ F5" oil was 1.2...1.4%; fotM-10y ,§ + RoilGold' oil i by 2.6...3.0%;
for "M-101,6 + "s | [ 4" ol T by 3.9..4.3%. Diesel power increased by
1.1...1.3%when working oroil "M-104,¢ +1 R { {5";1 by 2.5...2.96 on"M-10y .&

+ RoilGold' oil; by 3.9...4.2% on 0il'M-104,§ + "s | [ -&". The reduction of the
specific fuel consumption after adding of additives to the oil wWa4:10),¢ +

1 RJ 95" T by 1.24...1.26%M-10y ,.€ + RoilGold" T by 2.73...2.77%}M-10y .§ +

s ] [ -"7T by 3.95...4.15%.

It is determined that the ash content in motor'bil10) .¢" becomes the limit
value at the service life of 250 motor hours, and when adding additives Roil Gold and
"s | [ 4" 7 300 and 310 motor hws. The coking capacity of the base fresh oil
reaches the limit value at 200 mdtours, and when adding these additives it does not
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reach the limit at 300 motlhours according to the operational tests of density, flash
point, alkalinity, dispersibility, kinematic viscosity of base and modified olls.
Mathematical models of the dependence of the values of indicators on the operatin
time of transport vehicles, which make it possible to determine the operating time
when reaching their limit values, as wedlta make predictions.

It was determined that for fresh oil the density acquires a limit value at 280
moto-hours, flash pointi 230 motehours, alkaline numbei 245 motehours,
dispersing abilityy 250 mote hours, kinematic viscosifly 250 motehours. Wien Roil
Gold and's | [ -&" additives are added to the oil, the limit values become higher with
the operating time increase: densit$60 and 390 motor hours; flash poin840 and
350 motehours; alkaline numbér 335 and 380 motbours; dispersing ability 280
and 310 mat-hours; kinematic viscosify 290 and 310 motbours.

The linear dependence of the dielectric constant on the concentration of iron in
oil has been established. When adding additives, the value of dielectric constan
decreases: Roil Goldby 23.5%,'s | [ &" 1 by 3.7...5.6%.

Limit values of iron concentration in motor and transmission oils were reached
at 225...250 motehours, and with the addition of additivie290...330 motdours.

Resource assessment of the studied transport vehicles in open pits an
enterprises of agrmdustrial production of Kirovograd region showed that their
average monthly operating time on the base oil is 101 amators, and with the use
of oil modified "s | [ &" T 132 motorhours, which is 30% higher. The average
operating time on'M-10y ,¢" oil was 7530 motehours, the standard deviation was
283 motorhours, on oil modified withiRoil Gold" additivei 8716 and 2252 moter
hours, respectively, on oil modki with"s | [ <" 7 9250 and 249 motbours. It is
determined that the service life due to the Roil Gold additive increased by 16%, anc
"s | [ &" by 23%, compared to fresh base oil. The economic effect due to the
reduction of the number of maintenance amtease the resource, due to the use of
the proposed additive, for one unit of transport vehicle is 13686.4 UAH. The results of
theoretical, laboratory, bench and operational studies made it possible to formulate .
number of generalized recommendations ifmreasing the durability of transport
vehiclesd power uni t s, taking into a
vehicle and the characteristics of additives for oil modification.
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The scientific novelty of the obtained results is to solve the soteaind
practical problem of increasing the durability of power units of transport vehicles by
modifying working oils with composite additives based on geomodigey [ -&",
which in contrast to the previously known operation.

For the first time

i the mehanism of action of the additive on the basis of geomodifier
"s | [ 44", reduction of viscosity of composite oil in nearrface layers and increase
of efficiency of its shift that essentially reduces operation of working surfaces in
conjugations of detls and provides necessary level of durability of power units of the
transport machines working in the mode "st0p" are suggested,;

T it is theoretically substantiated and experimentally proved that when adding a
composite additive based dg | [ &" geomodifier to the working oil, its state,
internal energy of parts coupling and system entropy depending on the content o
additive components and mechanical impurities during operation change, which
allows to improve indicators and properties of motor aadsmission oils, increase
their service life and replacement period.

Improved

T systermoriented and synergistic approach to the modification of working oll
with a composite additive based on geomodifigr) [ -@", which allows you to
control the composition and particle size of its components in accordance with the
operating conditions of transport vehicles.

Received further development

i regularities of change of operational indicators and propertiesodified
working oils of power units of transport machines with operating time that gives the
ability to control a technical condition of conjugations of details in nonstationary
conditions of operation: both in a continuous mode and in asstgrtmode.

The practical significance of the results.

On the basis of theoretical and experimental researches methods of diagnosin
a condition of motor and transmission oils and increase of durability of power units of
transport vehicles with addition of compositaldides are developed. It is shown that
composite additives based on geomodifigr| [ -&" improve the performance and
operational properties of motor and transmission oils, prolongs their service life and
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increases the life of power units by 1.3...1.5 8mBecommendations of transport
vehicles operation services at the enterprises on increase of their resource b
reduction of wear of conjugations of details of power units during-spara way of
express diagnostics of systems of greasing, changes obrati ng of tr ans
maintenance in connection with prolongation of service life of motor oil are
developed. This is confirmed by the received patents of Ukraine for utility model:
74249, 74645, 74646, 74656.

The results of the work are accepted implementation in technical operation
of transport vehicles at the enterprises of PJIC' 'tctso tsG t6,0H.C tc O dz
"mEzls' BQrCe'g c totsw * te di@ndSits dddofgsed in the educational process
of CUNTU in the study of disciplines 274 "Road transport"5 27ransport
technologies(on motor transport) "and 208" Agroengineering”: "Repair of cars”,

"Cars","Technical operation of cars™Diagnostics of cars",Operation and repair of

internal combustion engines™Reliability of cars", "Reliability of agricutural
machinery","Information technologies on motor transport".
Key words: power unit, transport vehicle, operating oil, durability, geomodifier,

composite additive.
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a4, +0pg_g,
dx%L ax2 Vo (2.10)

HipilsdmShodHuC® Mmis: 9 HdzsMmxzs ' W {f tog ‘d3n
Hsoy ddzO IsO Istseh d dzO AiGite(ldzO(dyf dg' dads b)' wis dzd
o' odgvdgdzv s (2. 10) f° fdzv f sH as'Y? dagdsty Hsdf
fd oy tdkdod LO ¥ sttdkdss :

p:GZH;/X. (2.11)
10 kdtsod L OHOdE MkSkfdshmks' §Otod]
wedn ‘ o' wLC" Ml , h ts ~n OtcOCIsjtedL z°
CodifsLdy’ 2des’ Gted MOHC dic st lsdzj to,z R @ dsth D ¢
HjlsOdzj 2. 1 Odzj ¥ detsv 80" HAzshdzF d S sfifflsj to j d3' N

fsojternttdy Mftwyjddrs HJjlOd] 2, dOo OdlsO
t6j Odz' L' 5! W CctOddydzd?2, L& "Odd2 OBt
[44,46, 5].

Il dRatsHw yd JLeditsH dide@®dg’ ydats’ s j totds'L ‘tcts A d
[ . N.jbtetsadd3s, MY zOslpy toly ', . HAEDe * I jdms Isswis ¢
Feu=d @stg/h’; fee=d ¥pO , (2.12)
h@/p=/, (2.13)

HJs, i dzsh O 9 j ten dzg' Isj tolsw .

Il L dzOyj dzts, h ts My " 99" Hdsh | dzdgw (2.
CsdmistezCy® ° Mtewy jdedew HJlsOdzj 2. | OWodz
"G dz L O-fusdedzr'dafptotg© ¢ ° dz' yi " o dL dzOywWOoOw g5 ¢
[128:

S =d ¥pe. . @, (2.14)
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Hib. TodMtslsO f steh dzpg g j €] wxzjydzd 2 Isdm
' &z Lz yddodHEO ;Mis! f jtoj di' M j deldzw st st d
h Otz tsdzded, otcOrtsolze yd (2. 14), HEStL' 9 cC

h =Jd &P =h S (2.15)
vtsoh ddzz h Otz sdzdeod dhBtsy dzO@ tsy' ded Isd

h =c8/G, , (2.16)
Hi G, T jdzjShtetftese Hd Misic 1" QLB

jdzj Chesy oo ' S idf dgds™ O tszpdds’ o j R dz' C
lteOatelzs yd s, RS jjdzfCCslectefa m o i iz dz
sdzdod oL O BE6E R Jak0 s dizd ud dzd

R &b QS /68, . (2.17,)0
lted Yy sk SsjW' y' ' dzls IsjtelsWw HBte" o dg¥
flStG:q@/F—)Q-GCbKQ/g' ( 2. 17 y

[ dzv OdzOdz' L 2 toj MORlR & mcdz@ s pzdpdey MY tow y
odCtstedmistso z¥ Is! -zHS ta@fcstg A dglz VSt w9 dzw
LOdzd Y dz'Sfiplg W " y' “ dzlsO Isjtelsw OBt Istseoh ddzd
1 BARRBJ oW j dz HO.

rdzv  myftewyjdzdz? HJIlsOfseh dzgd glz2 €O dzvyd gk
1 BARBJ oW Jdz2 HO iy dz20 sy’ dzdIsd L O W tstec 3z dzt

S = gez%géL 8 8p[’)’2;” (2.18)

HJDTH' O3 e idL; OL st 9 tolz n ts d3BidIzo dnH Gc' Wity Is
sB J tols Odzdzw € 5 dzh ideydCdp@sds cusdz® Codzizy, L & Mis! 5z

ABtedgde dzO (2. 18) HO By &zd o * Mis 21 tc
mMdMmisj ©zOR  frpd ke sy df g HjlsOdzj 2 MmMddtsedr Oc
CBRYf sLdy' 2 dets” ftedmMOHSCd d20 thdetso’ G J
Bslsstedzs” IsO IstcOdzmd3 M' 2 dzgts’™ tsdzd o .

rqdzods” ydz0 o' WL S Mmis! HdMyjtemddr Mdh
sdzd o O, hts & Miswis! dzlsy @ MmisY Haiiff ts L Y3 d3t watzj
YyomlsddzS d Ldesmiz LB dz hz* Iss Mw L LIBsMIs C
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AJ2 L' wiLtsC odig@dd Islg2fizO L OC 5 dzts o3

N e h, . . Vi KV,
(ut; )Z:kF1@1+sz@2:k”f/—2, (2.19)
0 0

Hin, ' h, T o' wiLCsmiacd g dztsfls’ yOMlisd d
YOmls d dzts &, k idfsdipleils Odzls §, B di3so dzj &2 ¥ sted

] dz,lsfljjllz\'\//i“; /2=\</_Ld i sB' sz wOmSd  Hd MYy, L ds

L dzsh Iz ovQlzday O Odz! dzsdzz tsB 6 V3" tdzd o dzts’™

] tOR tso Pz Y jJRDY Bis:
hq s hLdz_kivq tG+k2VLd

: y (2.20)
[ dzv MW tedydd s YOMIls dkdzk S=25[tBd%] QH CdgO " * i3t
hy Fh,1+25,); h gh1+25,). (2.21)

I dwe dzj dets, SE®I® fifdsmisj e’ ¢ O st fqw  toj ¥
L BONM j dzedz'Q<10% e Oz’ L 2 s fqw iy dds §itej o
L 3ON j dzdz"S>1000 teffjtoidf d3 6 ° HtesH d dzO d3' Y digs =] dglzck
L d3ON j dzdzw Bsy 20 sy’ dz¢¥ 9 Olsd LO L a3 dat
G' HisBH d dzOd3' Ydzj L BON j dzdzv dzj M shisjtc' &
Csj%' ' y' ‘dalsO Isjtelsw L B' dz' h jdgdgv o' WL Gt
l eslsddzj ydelz H' ¥  f oW edgdwv':  ffotdats dgjj drH@ ol
HdzW toj Oz LOY' S ' HtesHddzOR yYydesets Isj tols?
HS HJWEt™ ojdzdyddd ftedeosHdls! HEts JWjC¢
zOo Odzls Oy j dzdz? MEkzftesotsHyEZ' s+ qw LB dz h j o
BOIj o' Odzlz.

2.3 uvittejlsdydsj tsB tekzdzlskzeo Odzdz? L OC tsd
f OcOd3jIste' © Bdzded Mddsedn OcCtjcOl' o L

2.3.1. 1 B 20 MlsOdzz ftedtiso jtorndzj ©dn
stcOdzdz' M' 2 dets’™ tsdzdoe .
it sLedzvHO8 yd ftcOyse s y' B ls ts tc dzlz OB
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Codif sLdy' 2dzz, Ky dzO 2903 0kd, "t o §tof
flsOd dzjfils' 2¢5° ' odetso Ocd, o dzOMdz HESC

d3d X ualpised@iz$ 0 € s i3 tsdzj dzls ' o ftedmOHCd
ZOH d&zdh Csodi Mddz o] Stor' &Hz0 ' f dOf ' Ist &
L to s ls O dzdaw L L d&3j dzh j dzdzv d3 Mjtcj Hdz! BGE 1S

CsBfsLdy' 2des’ HtwdmMOHC (.

1 g ftetsyd Md, hts ftesls' C O¥ [s 9 B
Bsydzdos SrOwOCIsjtedL zo Olsd dzOBBtesd3 ' =~
s 0 JEG4Q@x - 2 dzd - o zOMmMisdo tsmisj 2. J i tots
Flso stes 8 s+ mw CdMmdz, d&kxd , o' wLC' ot
My tew y § dz HodekdzO IsO IstcOdzmd3’ m' '[107ks [ ,
[JHdtsyOmdzs o© Bdzdoe 9 HBERZoO' IsidfifsL Pifyte @ d
ftoed MOHBC OB s o d Is tc Oy O dzdz" dzd o3 f tod tot
ftosls® COdzadzt Isjtedisn ' d3' ydadddy dis O dzOG Lotk i
GJ dzt ")

l dzzlste” h dgvw  j dgj oG ' W Bts s ts tc dzd ~ ' Is tc ©
Ld3" dgt ‘" Is! fqw 9 toj L dz Is Olsy O MiisERERC ® dztizts dzg dzk
CedBf sL dy' 2 dets’ ftedmMOHCd O L dsmikz tcss
H]lsOdzj 2 :

du=dU, s+dU, zw, dS +w dS , (2.22)

Hdw, w T 0" dze dg' fylst ftso jtorndzj o t5° J dzj oG
so j Hs, MO WPMIsddse fedmMOHSd 5, WOMIsdd
ojJ dzd yddz©0 (¢ tso jten dz f sHisdafzeo O"yOMmls  dgO®)Is
sdzdo ®" , o

Il sodz ftojtemndzd yYyde fH' dZ 89 By dzO

dS =0,25d; IN, ; dS z0,25d7 QiN, , (2.23)

Hidg,d TEMjtejHdzj d2 H' Od3j sted yYOMmisd dzS d
s dzd © Ny, NG§;C " dz' €' Mmilsy  Ise j toH d AL dynigds, d ds€.

1 3" dzd MisOdz' o, hts o' HBERZOO®IS! MW, )
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By kls: Bl odtOyjd Ek o' HMBkC s sdi
jJdgjtee' ' LOLAOyYyjddr ftesyjm' e, OB L &
tdzlsj defnd o desist W Ldydede fjte)lsetste] dz .
1 O Odzr dzO L3 dz©@ o dzzlste’ h dz' t5° Jd dzj tcG
ftesyjm o RO odcdvH:
dUg =0,25w, g7 @N, ;0250 gdN, & fo (dU, & dU, +dU;), (2.24 )O
Hjf, iSBjW Yy “dals Isjtelsw.
1 tod HisMY ¢ dzj dzdz' a3d 1 ftcOYjLHOIdsT
tc' 9o dzso OG O:
du, =dU, gdu,. (2.24,
[Isyyj, dzgjLOdzjydes 9" H "  HatHE, B' ' ¢
scOdmds' M' 2ded s tdde &ty 20 slsted BOIsd
sjteksn' & ydeds KO Y OLsaQBAENE] s st ) d
[43] . wdzls j dzimd o dz' fgls’ Is OL d3ff WA O L fidd © dz'o wes
steOdzids' M' 2des’ Gsdzde L &ZOSBHI! v o o
g dksoscts Octej cOk uf: to' LSt L dg dzs* Is!

sdzdotsé, MO & Lk' k! MY o HEkesdz ' 1§
ltod)! Sk o MsOdsods s s MW HEsfkmisdd o d
L 2Oy j dedz" §OwWOdRjlse’ & ' wCwshmk', shsE
sBdj kY Is! By dzd o ' fls! fsHOd® hses o

stcOdd ' 2ds’ tdde.

2.3.2. zoadHGC"' Mis! dzOH i Oyzizzdzy | fStOEHZ] 2
mMddzscedr OGtjcOIls' 9 HEts Bdzde L dzOftcOYs o C
I 3" Mmis ftesHEZCIS' o L dztsh Iz 9 O dzdaw ( dzd tots
(steOdzmdz’ ' 2 degk) Bdzdeokz odL dZOYO*‘ Is! Mw 9o dt

C. & %"m% . (2.25)

1 OC sdats &' dg'datzdyls ‘o BLMisk § tetsH kzCdgtls tstodzlz
(Odhd ' 2dz 2) sdode' o YO OftwsShdec
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C. £C a0k, T/V,), (2.26)

HiC, T fsyOlsStca® Cwdeyj dzstcOy' v HictsH
(C.g=cons);k, T CHBASO hodHC M 6j OCy"'

L dets M z o Oldzeiaswii. da@f O y¥ o O tgdivts sBasH;2 B' * 3
MdMmisj &3 L BON jdedzy HodcElzdzg o,

l syOkStso O L OBtolzH dzj dz' ML o PiHBdsIs dzts "t
StcOdzt Bladb s a @detc’ e Odzdz IsO L OfttOoay' L O
fslstcOf dzwels! ftod Lol Mdicstsets OGHK,
[134].

] 8" Mls fsHEZSIS' @ L detsh zo Odgde” L 3" dg* “ Is
Cow © lstc Oy O datiztizd afseh Is 8e® dzts D18 dzd © O dzdz® Cfpe * N t
CcSCh s HBdzd 9 Odadzw me ' y &’ sdzdod o' HBEZzO® O
(2O teOY®s 0 Ocdzdz” ) , Ov, f s5HHiIsC 2O Bl this'ze
s 5 BBE WGO dzOf tc Qi adDdzde"

Cez Vi T/V, =k L, (2.27)

Hdv=v, T "NoadH¢" ' Mis! Hisdzd 9 Iz (9 dls ¢ toH);
ke gV /V TSt W y' * dzls ' dalsj defd o detsfyls' Msdztso dzj «

CShts ftod2 e s Ozl tlzed 7 EdBtso OR  j € MY dzlz (
ftiesHkzCIs' 8 cCdasd dzte @diddzv v twOLtsd3 L o dIlsts¢
HiWECeO yYOMmisddz® odHOdv " I MW Iss O B OxDddzn
C'dz Ssfls’ YO isty teASE Y dtkdy) B s dziy 2O Oy s
sfdmiz* Is! Mw ' o dzg¥ dada" d3:

C. £C 20Kk L/V)-C KT-C JuTepk T/V)+C kI, (2.28)

HjC 1T ftslssydz® Ctdzyj dalstcOy* v YOmls d dzt
{50 jton 5dz Hils@dzji? S sdapj/ddstcOy’ W yOflsd
o dlsteOYOE Is! Mqw ftod YOHY C ,BE5 EHAE s Tls s dzd @
odqHOdYs Is! Mw W' dzr OB L &8 diardzy jedsls ts@
YyombddetsS Htsd htsC fslstcOfdvels!® ftcd HBGdz
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lo Oy O yd, Nt Ctsdpyj desteOY v ftetsHEZS IS
V, B3tsls tste dzts sdzdod rOLOCIKjtedLE' Is' Mw B
fsyOlkSsotsets o3 Mlgeo y@Mmib dedztiztlz’ L ZBME 8)
YjtejL tsB' " d3 fleswgCls' o L dztsh zo Odadaw

V. &V, 20K, TIV) -V, £T-V, . TepKT/V)+V, kTI. (2.29)

Il jddydded St W" yk * dziiisdz § 4 dafz'L DGy O'ls -
CBJ W' y' ' dalsO ° dzlkj digfis e telzlzth)’ls ©° s gz sk
BrOOCIsjtedL 5o Odz’  Sdassjis’ y "ts' dzlslo izl dzdztzls jtedsfip
lted y' sz fted?2 BO" d@3s, fks=k kg dzdzv € 5§ &

1l Jtejlsatstes ¥ yd o dtOL (2.29), tsistc d d3C
L desh 2o Odzdz? o BB yYysdkz B ' ' d3 dzzOddoydss ':
é‘ka 6_VL d-Z!-(VL d%u- VL dzkﬂsr)-r
i 2 e @30

Yy Ofn, LO wed2 CtdzyjdasteOY' w ftetsHizC
BOS M BOdz' detsEts L dzOyj dedlzv o dL dz@QyOf dg» fwy!
dzj 5B R f zzsc Ol ¥ RzOO L ' ok (UDME @ Kz
L dzj @lf sy j MO o dlstcOls ,dzO iy Hdz! ' C dW ' " d2' L
dz L dzO0y dzO

o

v y
T =k_z|n%%§ (2.31)

HJS T 239 " tedz’” Mis! Cdzh d A Y ssiap] M Btsy .
ZOH - tSHY jdadz? ftesHEZCIS' 89 MfteOyYs o0 Odzeddy ' of ts
vl .

L oadtOL (2. k3AQtc@W®EIg NG dyL 2 ‘dzlst OC ts dats d3'
tsB BSYS’ B ls st dats sdzdeod o L Odzj ¥ dats fiy k
OS5 duj dedz? G sHESIS' o9 L dzgsh bz o[EB&dzY s B¢ &
o j dzd yd d&z0 L QREIOIISBO dzo das” o d5' flsk  yOfils d
wesE s Bsls s tc dz0 OB s ISte Odzmd3’ M" 2 dzO s dz
S kEOOY' > §' d C' Mkt HBE "sC LB &
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hodHC " Miss "h ZOHAaBHY Jdzdzg" HEB tdzde d, f
J W jdSeldlz’ Mis! twBBlsd W' dz' Istc’ o, C"dzr CsMls’

Hodabkdy ' bk§. ustsgh yyf GsCk BGsy kO 6]
VW
=y (2.32)

b dzOdz" L 28 yd od@R2 d32(0)2. 30 PL dzOydfaxs,
ofdzdotsodddd JSMf zEOIOY"' 2 dzd di3d yd dzdzed ¢ O d3«
Miskf ' dzz BGdso dzj dzgdzv tcBBYBEB BB' ' BBz Bdz
[136]. 1 W o dzj dzts, hts o tj Odz' degdrm EZd3tso On
BB - Odz" ydzdr HEd' h BCH jd&s'Owiz] ] to O ydst® IOtz 2
Bjdehj bitstjlsdydts ty SkzeoOdts’ BjL LktcOR
L Odzj 1 dIs¢ 9" H ' dzlsj dzmd o dztshidsdzts ous@isizz Cdgticly (3
MlsOB ' dz' LOYy'" ' Hsyjmkz EkEbeotstcj dzgdzv dztso d n
C s d3fus L2ddzts * csBtsy® Cwdzyj dzlstcOy' W 3tz
sdetso dzj dadz® tetsBtyssets tB' ‘ BBz tsdzZded fted +

«

2. 3. 3. g tcOy¢r 00QiEpdE] dAfftE d MA@ sBEs s ts tc dzd =
sdzdeo, L dzOfteOyY® 9 Odzdz?" B3 Mddzso d~ OGtj G OL
]l sSteWH L dzOC sH Qg 'dadzy d3dztf teltse O dzdzv  f * H

Bslststcdzed » stcOdeids" M 2 dedn tsdzd o ©OF L dad Y
fted MOHSC 9 HBEZO O' Is! fw ‘dzls j defpd o dzts @
jCMfzzOlOy' °, LOoaHwWCd " Hodhjd 2 BCd
fMls OB " &*L Offjtetsyj iz, Csdzd o tsdzd o tckz 2

MistczC B¥ed I cslsteiBO o OdesdBC dmdze 98 Odz! dzg' -
Yy! sz L dOydets L dzedy k2 Ist mw . stz L dad y 4
dzj sBR ' Hdzats® Lkdiisotss L O ded tsdzd o d.
1 Odzd » dz' fls M tcOyBg ©dzdiz'tc OFF tz ¢ PEzelAS € H (&
sf dmMOIlsd t' o dzv dzdzv d3:
Cy =Cy o@PC Kk TIV), (2.33)
HyCo T T5YOISS s d?2 o 3k Mis ¢ of defgfln@dzl€ Q@ ; " o
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MftcOy! sokzoOdzdzgW, C G/ GSH.

1 BB dz20 fslssydesets L dzOyJ diday O yg o3 Qiglst®d d3
FPtcOrRzo Odzdev d©3 o dlstcOlsd dz©@ YOH, odlssC " o
L OC sdets 3’ todz fMmlsk :

Cy =Cy o®PEKTIVY +Cy ok, T- Cy kT - C, K TOXPEK,TIV,), (2.34)

HJkHE:VlTQISJW‘u“dzIS yOoflstsisd Hsdkde kz d

L ;3ON j dzdzv , @ tsH

I dzd yd ded ¢ 57§ dz" lsyte O q2léylsdz f § dal, L @ tizgeef O I
Cmj¥ Yy ' dzZsO  dzls) oty eyl | s Pk, S
BT OEOC,jtdL 5o Odg S W' ' * destsdg * dghs dzfi
Vo Y SBE fd2 B0 ds, Nk ekzOald dzdzr € 65§ 4

l1 jtojlsotstet 8 yd odtcOL (2. 34), slstcd B3O
ftedMOHBE o BGYtsdiz tB' " iF'uv: MdMmilsj &3d L C
Ciw __ 8 kit0
TR ¢
vJ Btej Isdyds L Odzj 3 dztsfls MftcOy!' sekzo

Is tc O dzfy 3" sShigzdddzdsAs e f B3O dz" § ted dz2OMiskzf dzd~ ¢ to

TeBd W y ‘" dzls tsdetso dzj dgdzgv tesBtSyYytsets B
fted ofMm' 2 Istedo OdkfSsfigdast); 2 sets B SIsd (

I HBdzd 8 O dzdaw e ' ) ts° tsdzd o d LBJjtc' gO*
HEMdz' HY o Odzsdiez ;f tetsdz” ¥ &2 yoO

TodlssCz 9 BBdzdeodz 2 MmMdMmlsj &3 dai HEY &M

K J MftsmMlsjtc' cO' Is! Mw ftod t©OL o sz
LdzOydzdr L O GeBMwetd sty 2 Mo ' e C
Cdif sL dy' 2 dzs[138]. f togf ) Genj SOflzr dzd - Zdisso On J
fose g smdmis ] B3OS ydzts, dgj o J dzd & dd3d § 5t
Cstej SIsdod o ftwesyjifm dtso dzj dzdzy Bslsstodats’

1 kZtcOrlzo Odzdzy d3 Md Misj BOIs d oy s & 1§, =K. 15 dzd
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B dz B3Oz dzaj Mls Okjs e sdz@ wejOdzddyj, oHiES M f tod
tcsBsls' Bdzded, HBK' o dzgt

Cio _ & kit
SRR R VA (239
yOom, LO wCd2 od Mls fwLdMOHBS HEMW

odL dzOyoO‘ s+ mMw L eodtOLEZ (2. 36)

- O:00

V, & C,, @
t=t,- EIn@& 1= 0.
kp gtqm(l' S)+

l 90y 08 yd, hts HiBW Mils dfstsdsiip@z’ 2 2 tsdzd o'
sB' ' d3dzts s YOMmisTst , sy dz@L s {BOL dIsd vy to
ftedmMOHC

(2.37)

Vie _ & kitd
i A (23
yOf), LO w¢d2 od Ml ftdMOHBS HEMW

B 2O odL dzOydoOL z:

~

T:T-\ilnw?
Tk, Tyl 8,0
L 9o dtB@p-(239( R W' Y, - @BOSCIsjtedL 2° L Odzj
wetsfyls® sdzd o d md &zse d A Octcj cOIs’ o U [
MftcOy' s9 29 Odada” ftcd MOHBEC ftcd d QA izlz’
Ctsdzyd dzlstcOy* v fted MEABMSE A o3 atzh kB s @WIis! f
hodHC' Mis¥ dOLsMIsOdzdzy * L Odzj ydls! o' H
sdzd o dzOo Odzls Oy j dzdzv d3 ©® H o d G kzkfgb , e ts b
odf OHC L dgthplsd®® dYstdj £ o dae dzv v
Ve
v
[ Isted @30 dz' odtcOLd HBSLOBAVEIS! o Mls O dat
LOMlssMmMizeo Odzdz? RBslsstedes’™ dzded € tsdzyj dzlsts(
dzdy ud HIVWEBGEt L dzOyJ dzdzv, tsB EZ d3tso dzj dgtdse s
sdzd o d .

(2.39)

k (2.40)



86
v odfOHC o, Ctsdd od Mls fedmOHS
MOy sobko Odedz o Gosyjm' JjSMfezokoy"
o' Ml PO HzOYOE 5! MW o JLOL t5d3:

C, =i [(v o v Jr/m)e@eifioo- ¢, Jiioddoms,  (2.41)
HiC, T f jteo’ tdedj dilstcOY"' W v ,fvg i OHGSH S 5 ks
BZOHRBBHY jdadza" HtotsHEZCIS" © L detsh lzo Odadgy * M
1 s9 dzj MOy sokzoer@® ofwgiAOY T MW
j S z OOy’ fd s o it doiE ez @aRSAn Fuel © 1 j t
e . B .
ng-% ﬁ;@ f—g (2.42)

Yy Off ftsodessets MfteOys o Odzdz? §todmMOHTE
o4 zd uddz0 f sYOI¢ sons” Qddg' Bpbpb] &gzdd uyd
My eOys o Odzdzy, § M CaOX dslYf df daty Lizda| G| Q)

v fsyj Sy &z Ol Oy" Cslif sL dy' 2
fJdoded?2 Bsdgidzls oudfiflels MIsO’ o' o dzss o 3" Ml
L detsh o Odedzy o jterndzj odr Mftowy j dz HJ IsC
o3 MEMPHCd Ldzdyk' i mMw, O od Mis ftesHIEC

tdojdz

T~
_—

| teChigf

1 sy tafifHCd IO tdHELIso
LOE oQ@iZY t i (b 1)

Ucte

1 @tep oQidy u, diddscH

tdf.2.6. lfdde kttdeo Odsfls' tseslsd &
lifed GO BsHECIS o L3Wsh ko Odzdzy |
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{ Mdzse dzd 3 fteduddzOdzd MlsOB " dz' L Oy" °
st Odzmds' o2 s skl O MdMmsj &M Ty 8 yd & gdz
yom jSmifdkkzokoy' ~ . JwOosoksyd odhjod¢
fjoded?2 Bsdkjdeds jCSMfdkzzOkOy' ® o dBslststd
ftosHEZGIS & Ldetsh Zo Ocdzdlzy o o8 fls fistOtezlfif O t
fsHOd O jCMfdkkzOkOoy' v MmMddssds OctjcO
oMtk 2dtse " todz Mis! o dded € dzj dzdz? o ' H dZs 9 C

2.4 1" Hodh j dadgv Hise et ' Yydesmlis'’ nd dzt
BOhddz ftsCtcOn j dzdev B3 o zOMilsdotsMmilsj 2 dBilssiscC

{ Istc d d30OS dzts 130 te dzts My ls ftesyj M o dzOHRA S
My tcOys 0 Odgdzg? YOMsddesS todMOHSd o 50 C
Hdd&zOds' €d 5 §Rdrde sy’ . ©jA0CyfCt kO W
ftesls' COsIs! o dslstedz 2 ° Istc OdzfndP BHO Q Il
A L d3 dzd d3tsy kzls! Bklsd BkzdBteodzjdz2@ wW¢C
OBts H' Ocdzsisdydzd 3 Ot O34 Is te ts 3, IsO¢
ojdzdudded f§jodesets H' Ocdesmisdydescets 1 Ot
WEdCy" "8 h' dz detsfls® @ MmifzgzZofgdOdz’ dztsc s

fQ )=/, expt/,1), (2.43)

HY, TY OtcOd3j Iste " dzlsj demd o dzsmis® MPeOyYs o C
sdzd e J1COs B th O detsflsodapddzh s& fMls O dzlz .

[Mdeso dzd 2 o 2@ dzj o tsHjjofy[ 2 ML@O Hdzday st
' Mistslsdzd = L 3 dz, O btz &Ods of dzde O
Bslsstedzd 7 stcOdzimd3" M' 2 ded s tsdzde L dzO ydat
Hsdg" h ¢ d, o dzOfMdz' HisC MPteOY® 9 Odedz? totsB 51
mMd dzse d A OGteg c®IsS 9 filsy [,, dzlzy dzj sO ¢ dMmc
L dZORSHWIS! Mqw o ~Attesh ™ 2 Cttoj dzvy' 2 dats’
feslsdL dasmdedr ° OdesdCtstesL ' 2dzdm f 5¢ OL dac

1 B3 dzz 9 dzOMlsdotsMmisj?2 dslststcdzedrn *  IstcOd
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ssyds e dzfL Lo Od LO wjLbkd sky ydd S ted
LOf Offz f ttORr g L H@ls dftedjler fils O dzv ©  MESBBY H T
LB dzd to' Ldedn Stodzstesd so Odzdn H' OC dztsfy

skzdod ' owORGolk ' OlLGH dd budssoll juezf figste s i
odfOHSE ftjHmMsOodzj dzgd?2 E odcdzwh'
K oF1 Kl o (2.44)

Il dSstedmssobks yd Slted®BO0de odOLd L &
2.46) Hd&OB Sd L& dd S tsdayj dzlsfidsp ZC Ist
L detsh zo Odzdzy, M tcOyY® 9 Odzedz? ftedMOHBSE SO ¢
LOd3" ded tsdzd o d:

T=T, 1- k O)Dlné' G-hN, &
= - K e U,
! 6291, (Vsgrast Vi o) ]

HJT, T dzOdetse j dzOf tcOys 9 Odzdzy fd dzso sets C
G SH.

Astod3sz dzO (2. 45) lsus@a|jdct jv Qs isdsts dits s tste d
Cstcedezo O detstcdzZOIsdo dzgy dzOftcOy® 9 Odzdz”w H-
btcOR ko Odedzg? 5 to' LdedR Edsse ' 0 jS M dzkz OIs
ftesHESCIS 8 L desmikz 1O i) O MO dadas L af tdeddWiy C
C stizsdzs 9 Ols d ‘dzls § dzfnd o dz' Mis ¢ Ld3" dzd § 5CC
C' dgj BOIsdydzz o' wL C' fMlsy, MOy’ 9 lzo Odzdz
Hsd' h ¢ .

wdzgls j dzgid o dz' Mis' MfteOys 9 Odedz? HtedMOHBEC
hdzw atsdg L O o j dzd yd dets® L d3fn) diz] Is diztiz of Hzts g by dz@

(2.45)

Vi &V ol od? wa)r OB, o0 cof? ¢, (2.46)

Hi oo 1. TWOCIsd yday L dzOyj dadzgv dzz y g8 ¢85 ud

L 2Oy J dedzv dzzy e @ yygdipdz® wdzdzo ', d&c s {1/
1 =) wo@PEbyh); 1o F1coq@PCht). (2.47)

wdzls § dzfnd o dz' Mis dzOC s d ygJ dedz? d3j m Odz’" yc
odL Oy 20 dzj fteWw dsddz h dzv ntsds L O 9 j dzd yd dat
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V. ZV e, s, o), (2.48)

Hda, T WOCISdydzj L dzOyd dzdzv € tsdzyg dzlste @y,'T”’ i
Ctsdzyj delstcOy' v ftosHEZCIs' 9 L datsh zo Odedz? 2

1 3 ded Ctsdzyd delstc Oy ftedMOHBC ‘ 34
BjLiBMjtejHdy 2 of dzfd ydas® §hts Cdd Lddisofifls © s §oi3
] " HftOy' 8o Odz HdmMOHSd ' &j-Od ydz H
f5C 0L dzd ¢ tfldyds’ ' d dshs" :

} oy ™V dfVy = Velthy /8, o (2.49)

Hilogyo I T B8COL Odzdz?y ftoddzOHEZ L O o dL dzOy,
tsdzd o

1 FtcOrzo Odgdz" &3 o dtcOL "8 (2. 47) ' ( :

Yyjteesots L3 dzd Blststedets’ tdzdead o dL dzOyC

& (h-h)V, ®

: > 8 250
6 B st -, a0 (2:30)

T:thdEUq'

l1tcOYjLHOLd Mls! dsltodes™ dzdeod o dL

fmls O dzlz h s Wets tadidBdits®y O( B! H6 ) |, weo o
WOCIsdydz viLsQdg delzddzddss s stodats tsdzded *°  fftoj H
9 qdGcdzwH" Is OB dzd y* H dzw ftcOCIsd ydztsg ts o d

fsCOLddS' @ €' d Ctfls’ HBE hsC, dizyds
(¢ dfdg@ts’ ) o' WM 3qsMmls® dzded |

wdzls § dzid o dz' Mmls OS¢ st d UJ dedza" d3j - Odz’ Y«
Ldeslkz LOd&iydlk: o'H jWjSkdedtsmls® * s
Bsksttds’ sdkded. JOyddoadd L Jjdj &gj dzls' o
L d3ON j dzdzv rsalaffoHaE@ W' dz ste, yjtejL wECd?2
i sBslsO Mdmlsj B L BOH jdzdg" HodGEkzdz® L H'
ZOMtsMO dzOHAtSHJIs! E eodzzlstc’ M dz¥  tstetsy dz(
C zOf Odz, HsAitsHdk! W' & ktetsj dj &k dzls
Y dzlstcOdz! ded?2 hbkzyjte. | OMd3" yg dedgv W' dz' Iste
sdmMS" e W& O0,05...0,06 [10, fted w&d
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fosfmMC Oy yd sddobk oL W' d steks yset |
) 6d bktedoOd 2 ek’ 1200 f§ 09 6f dalz
9j &S0 ¢ d ¢ ! YOMsddsS L & Lod t
fjtejfOH IsdMSk dg® jdzj Bj dals’ LesmsO’
BElEtsH o HBRoO' s fMw fjthj o HCtdllw

o J dzd € YyomsSd §f cazg &8O ¢ezls ' fjwdzj ozd dzls ©  f tsls
9" "  HGtedIsd?2 CdzOf ©Odz o BOG " Mistc ©dz! , h s
fshCHY jdedz" HjIlsOdzj 2 HodgekdzO.

1 © odmMsl YW stcmiss Odzd n HdL J dzv =, o fr

ShtsdzsHY j ddY tdde diyjodlets d'W¥hsdids.” AYj dis stk
Atstesh j tydh jdedgw tsdzde o' H yYOfMmlsddase ¢
€' HEEOo ' Yzt Bz st , ksdkz ' 5 LOMsshis:
o € dz¢ yJ dzd m 9 sdzd o dz' 2 fmd milsj &3 . 1 te
' HSCtoj dgdzs s Is* MW dz@2B' d h h ' dz' Q' d o ez i’
o &zOMmiIsd o tsmlsw 3 , stsdBz L detsh zo Odadzg? totsB 51

sydh jd MCsEetsykz'3: M o 3...4 wOoLd [1
s ZOMd ydz0® Mnj GO sdzdo dats’ fpdMmisd B3d o
fJte' sHdydets o HodGlkzdz dOHABHJIS! dzj sy

CteslsC sy yYtodzCtsd HtsMisOld 5, M sB L
Hd MY § eMdats’ fnd Mmis J d3’ " -gts B ts g @O-fiff JisteiggfHetEedzf
BEZH] t©jOd LtsoOdzd2 Idf MmdMmlsj kd, © Ctod
fjtc' sH JSMfdkEOOY' W HodcEkdO KBOIsddj Ml
viMze O Is! Mw yYyj2? daj Htsdz' € HEsSY ts9 dzj dzdav
Ctdzlstetsdzs L OBtelzH dzj dzsfyls® Bisls ts te dats ts dzd
fJt' sHJydats, yJ tej L 4o dzd 2 ftosdz" 4 €
tesL totsB dzj detsets OdzestodIsdsz o d L dzOyj dzipdzd & dz
Hs htsC ' H YOfy L detsh zo Odagdaw s j ton 5 da
CtsdzCtojlsdedn Ediktse JjSMf OOy fddkss ¢
HEHOCSots ofMlsOdso dzs ‘ Is! Mw o3 dz' W' oz Iste
CdzOf Odesds ' tod L dzOY | dad 2y @figatpts 'L Otetg B & I iy J H
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o' HCtodstsdlz §jtjfeMSddd S &OfOd . J1d¢
L 5ON jHiasave sdzv ' o d S dzs ydilsd f 5§ On Odedz®  dzj
ftso jencdbisHfEw 3y jdz HjlsOdj2 mddssdi

2.5 1'Hodh j dzdzv tdr Rizisdgulgige 32 S iyl j s O dzj
Octej O’ & kttOdnf selsddn &GO ] dz

Lid tej Hdzj dzO o | dedzq dsalff~tcw dgt$ fodr HJlsOdzj
Octej GOIs" &9 U L BsHdW ' Ctso Odess f tedtih OH
Hitste' o dz® °

u(t) =a,(t) +a, (), (2.51)

HJOa®), G, T Lds Mywwyjdzdg HJjISOdzj2 9 B

sdzd 9 On
ut) =a,(t) +0,t) =4d,_,, (2.52)

Hid, T LOLBte o' ¥ MmMftewyjdzddsd HJ IsOdzv d3c
LicsMisO .

l S tstedmMlsO dids dz@2B " dz' y' Ysh &Y oz B b d
sO "7 Mfwwyjded L dz2O0f cOys 9 Odzdz?40,(l4fltlcsB ' ¢

u=K ", (2.53)

Hisel S W " y' ' dals, hs L Odzj ydls: pa,H 6]
fsCOLded$ L d3' ded ' diishj am@deddets.mis) 6 @ 5q5s d3iz
Histe' o dg® °

du(t)/dt=a, &K g™ - Ky t), (2.54)

Hj fjtehd?2 HBHOMSS ~OLOCIkjtedLE‘ had
BOLBoO' 2 WMBlstedz' iy tefdzafisds’H 0o @daddclz ¢f 2 MOH €
BOMd fdmMOHSd o0dsdidd ' Mls O diEOa el Yy o

my {£)=my copl((- wv, r, )d), (2.55)

Him, T f sYyoOlsS s 0 GOMOSH't'ddgOsgOls d dz! dzts G

rp TezMmisd dz0 B3O MmIis d dzy dlzts dzls j dzi® deigtlz” APixizdey  H j
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ltcOosoaks yd (2.55) o t' sdgWdede (2.54),

=5 % - t@”‘i;l exp@ t8 (2.56)
I I -

t t é LU
u(t)= pys £ dt- b umyepEg
0 0 (O Iy

J sted d@zOdzd 2 o9dtcOL WwWodzw mMtse s dBOIj d3
HjlkOdzj?2 Mddsed: OCkjcOls' s ftod odS i
Bslststedzed n  °  Istc Ozl &G 5y 8 ded B3 ts 6zt ez ts &Y, dzls O
hts LdgsMmismis 26" M HJjlsOdi MY @ d W iedid ddzds
H' Ocdzgsmisdyded s § OteOdj Ists' © ' o &zOMisd o syl
fjt' sHqUdetscts Wistodlzo Odzdz? 2@ ' ° tetse syd
@B Wtedizo Odzdz" f todtf 5o j ton dzj o tisais dzd @Hn ISV dodkz
fjtcjlso tsBO) dzdz™ o5 |

tjLkzd kO MlsjdHisadr O jCMmf kzolk
OGtej GOl 8 uvf dzO HEsMdz HY EZolBWzd3f CHEAEISS
Btsy dzd 9 * Mls+ tcsL 90w Zroqd dz®© Y bz dzdz’E (e .f
WistedBz dzz "o dH S MIs' L dzsh 2o Odzdz M tow y § dz

v, (£) = Via (1)~ Vi)~ 0 (8). (2.57)

H JVu gt), vu), v,t) T hoadHC sfMls® L detsh zo Odzdzv o
HtSHO9 Odzdz" ftedmMOHSd dC yW Btztglz o @diztizo ¢ @ dzls
L dzgtsh zo Odzdz? o ISOCdr EZdiiso OF HEstc' o dzs

v, (t)=a expl- bt), v,(t) = a, exp(- bit), (2.58)

Hja, a | fOteOd3j Isted Mlskzyf ™ dzyOmists’ L d3' dz
a=V,-V,, 8=V.-V,, b, bi f OtcOd3j Istc(, hs " OtOCIs] t
LBJ toj >y J deda” 20 dzj Mg dzts’ OdzgsdWted € y* 2 dats’
o zOMisdotsMmisj2 BOLBot  tddsd.

ltcOrntsolze yd (2.58), odtwOL (2.57) dzO

v, () =V, (t)- & (- bt)- & exp(- by). (2.59)

} 5L dz20udoh d g=wted &=v,/v, T SBJW" Yy ' dalsq
nOLOCIjtedL s s! o' Hdsfdzz L B dzz h o dHC s
sdzded fdmoOnCss ' y(pwObtss -y, SEO° &is:
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v, ()= V|8 - (1- g)expl- bt)|- (1- &)ex(- bt). (2.60)

1 ed2 kO yd HBS bkeOed Isj, s f'H LO
Hy Otz BLEZdR s 1s! 2tets dzOftcOys 9 Odgdg? H s
slstcd 3O° d3ts :

Voo Vil - (1- 8)expl- bitg)- (1- & )expl- bity)- (2.61)

[Ms Odzdz' 6 o dgv dzdgw  jHEOE | Is distsdptzd o dfifiisj! dz-
GteOW "' ydzd dzd B stsH Odi3q sy’ dedIsd L Odzd M ¢
LOd&d"h Ssod?2 toj Mkte dsyddet L H' 2fMde o C
YofmsddzesS L dzesmMkz o dzdek SO L O L B detss

t, :%@: £, (2.62)
Hjt i dzOf tOyYs o Odzdz" M fs Bis dgj dzldt d H & fn bk
BOHARBSHY jdzdz?" L Odz L O L yYyOfmlsddzS Odisd L dats Mk
Ve, =d(Dm (t))/dt® (D, - DML/ (t, - 1), (2.63)
HJDmn,, Dm_, T 9 &BMls LOdk LO o dlststedz’ 2 (&
dzO {f tc Oy #;6tO dzdz’
ltcORtsalzs yd HOdZ o dd3' to¥ o Odadaw H' j dz
Odzdh Ctso W @z’ dzdlsd L O W stedlz dzse
te=(& ¢ €)/ up, (2.64)
Hie, 4, T GteOded ydzaj L dgOyJ dedz® H " j dzj Sugfcd yd
o dd3 e 9 OdzO ' dzlsj dzemd o dz' Mis Ld3 dzd H ' J dzi
fjtc' SH.

C

ldmdeso € d HB L H' dzz 2

1. 1 Of tetstf sdztso Odz® ff ezofiotHBHdED ddgts R datz” o
M&OHn ' wWese | Bred?2C Ol sts, 9 dzj Mg dzts”’ )
tczrn sdi3d My tew y j dz HilsOddg ROdand s s dad = C
I dwe dzj dats, hts CodiRf sdzj dzlsd Jaed@OBREH" b dgtsl
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e, bBhomtlss LO BkHtsty ' ke d
LOdzj 3 dzts o' H OXtisdfw jdedlStc Odgts dzjd Y stz @z®c £ 7 dsf
[Mdeso dzed i3 yddegdzd S sd3, hts odL d2Oyo' ftetsyy
ftedMOHCd d©@ o jtids Isjwkw *  Ofsy'
BOMsddz' dgse s MjtejHsadh O.

2. Jldwodigmalrd L P stefptsyts®™ o jtendzs HJ
ftotsw o dzv s Is! o zOMiIsd o smlis" dzj dz' ¢ stsdz" 9 ! ©
C' dzgj BOgydzz o' WL C' Ml kO ' Hodhk' s f
1 O jHJjdzts o' HUY SDdz neidgp dav didiiz) tc JsdY 2 56 ' teftpa

hts o thdatso tczrlz Is§ § dzts 5B A3l dzB fr) ldsdng ¢
HyWBted3Oy" ® ' toj sdzse' ydz' o dzOfmisdoe smis”’ .
3. 1 ' wWintse Odzats, h s YJjtejL MstczC Iskztec

CoRfsLdy’ 2dets® ftedMOHS s MfsMisjte’ cO° I
BiL . A8 o dkOMisde Mis! &syddets o
sY' d2$d FOLOCkjttdmisdS 1O o d&OMmisde sflsj
CjW' ' y' ‘diskz Yo jtndzjotsets dzOGBaEsLISC
ftcd MOHAdE OL Odzts, hts ftseojterndzgj oz OCIsdo
| BBk &y ddots OftesSmddkze Old d dz' 2 dat
Csdzyj dzlstcOy* wa Offtsy’ Olsd st ‘ dalskze Is' mw

4. ' wiLC ' fylst CHBfLdY' 2dets’ tdzde d
Cdzyd desteOy’ ° ftedmMOH ¢ d, dzjiy demifnlshz fi jOd jteus
. 2dhlsj2desds. [B tekdzlstseo Odets flsOdz § tsds
s dMOIsd HBSH j-kZiztze O@PHISOOH S SdBsctss  fMistok
HjWtsttdkz Is: qw fted LB ' dzt h jogdg' hodHS tsMls"
Cdif 5L dy' 2 ds[tSls dasdzdeotf dZdfg ©° B 60O dzOH BisC
blso stoj dedz?y OdesdWtedSy' 2 des’ a2 oS d-clg @ tb
o fteditso jtendzgjotsdBz h Ot CtBftLdy' 2 ds’

5. [B tkdzstso Odats L B dzz twjyddz o Isj tols
Codsf sL dy' 2 dzoddds dgghisls) ofedz! Odizts df3. A Stc d3lz 9 O dzdz
tsBYdn o jtendwa tobznisekdm dzth)y ot d dzadal 4 Lo
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sf dMOdets MdMisj sy HdWjtejdy Odz dedt &
tj2dsd HiMO. 1 dSstedmisOdts ¢' HissHd ZOEB' Y
1 BB Qd [stedBOds yj2 Ctdlsjte' 2 Hdw
Ho d Gl &z@zO* dctsy dzd 9 * Mis EftcQodwiIsd tjyd
My tew 3 j dadzv HilsOdzj 2 mMd dztse d A Octcj gOIs"
ftedmMOHSd d0 Ghdkss' cjtdsHdY' $OkB@O,
steOdzids' M’ 2des’ tsdzdo .

6 . [B  tckdzlstso Odzets L &3 dg MlsOdzze ftedy ¢
Bslststedzes” ° IsteOdzmds' M 2 dedr tsdzde. 1 B8C0OL
we' sy dzdets wmfdmMOIsd MbkS bk dz itk O dgsiida
i Sy zz Ol Oy 2 dEpOfis@LsdadsSi'2e Aj §jtejHE
dzlz 3 dzd & o' WL CdR fsHECK" 9, ftetsHEZSIs
MftcOy®s 0o Odzdz? HtedMOHSC . 1 OoaHWEd yddz f tot
tsdzd o . 1 sCOL Odets 7 LB dzz L O HEtsf sdiscets
[P R0 dRso O ' o dzso OC d .

7. IMmlsOdtsodj dzO0 L OStdtsd tedzg Mls: h o
L dzsh o Odzdz? H jlsOdzj2 Mftewyjded MmMddzseda
sOCtsy MftcOys o Odgdzg”" o dzgj M dets’ ftcedmMOHC (.
BOs 5! | S cdzj dete's@az' &d T Ote@ds jitco 5 | tOW * -
LOCdzs s tedetsflsj2 HO' dBsydde' fMls! ©y' deg |
GteOdzd ydzd2 ' 9 j dz' .

8. [B ttbkdstSoOds, hts kjteds dz oad§ steq
sdkzdo By ddots CtifdjCMmds otAPEOHY 156EF k
hodHC' fls! dzZOHABHY jdzdzw ftesHEZC & L desh |
HijkOdzj?2 Mdksesdr OCkjcOl'  a, hoadHC' fls!
‘CdMmdztsis dgtize s Oy gzd & ) Py ‘e s sdeso Odats toj L Iz ¢
E odedzvH' COflit" fcOdpskzH OBEsMIs' tsdzde Is
sy &Sd bjtd bz LOK dd sdkded L EwOLEks
W'dz stcOy' T tdzde (.

9. Il dSstedmlssozs yd L OCtsdetsdz’ toedz fls
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HilOdzj?2 Mmfwwyjd' ° MfOyr o Getlzlipls' { & fipg
L desfMlz o' H 4O RctOdgeE » OfdAflasw 4 j dz@ fd dztse d A
BO"N ddzl] tOR 59 Odz hodHA SEBHzE 2L Wash @ 8 O dzdzv
HisH OOzl s L diyd RiP@ROS fsdzso *© ¢ . 5 dpEHCIENL " Grda
LOdzdM Stsod2 o] Mz Dz MY t3tsy patp'e 5 H Jsls* dzd Is d
dZOH R SHY j dzdzg" IsOdz" L OHS |z Bl d ydets™  {f tcts dac
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tdrrwf 3
frofrRwlrmrysel (Tt RIC1LBOP1LRM [ [ &) wr

3.1 1tocctcORBO O MmMdseodz L OoHOdzdz"

( $MY Jj tod d3d dzls Odz' dz' H Sldyddyvw 3 § de@vy  f lots
OB Bt OIststedzed », J O] deiz O PH|§ @setm[ B 5O @@L dzd &
o ZOMisd s s s 'O dzi Bsid d @ B @ 2§ gskkkf s dy ' 2
ftod N OHSEIfdzsd® G j S BsHESE € OIspde On ls20 i d dzts o

[ dzw tcj Odz" L OYssL o Gy us@dzdz" , d AN ts tadgrddr!
HdgMJjtelsOy' 2dz" 2 totsB sisfi)m jLd§lze H Oz' o detds'L Mejtsdzdd
ftescteOBE HBsMd HYyjd , wWCO 9§ ds yo' dzOfml

1. 1 tetso § H ] ldziz¥ dz'OqaREas(t, 2 iflstO dfete Oy & ¢ Is
dzj Mis Oy’ t5dzOtgdechn o i@ EMR fsts'tzy j dz' M jdds® df j
Octcj CMPIst®Y® 9 Odadz" IstcOdzmdy’ ' 2 dats’ ‘ dBts |
W LGS R 1 dzf DL dadd€O frpls d d3ts Iy ts {ifls@@] s to O dzfrfigizcfip’ 2L
dZzOf Oyt 9 Odadz" d3.

2 . v jtstej Isdydaj 5B~ tclz dzls z 9 Odzdgw o dzd
6y d 3" o toc BT dsfC Is dsedas(fgls ‘M d dzs o d -, §f @Efte §
CARsH W € 2o Odzdz. J Istictd fiHP@EIE O d3* O G dets fyls d y dzts
s ndz’ yded2 MisOdz Mddzse dr B & © gt s dd BdzOd
[y &€ O " " Hoeadh j dzdzv H 5o codselz s Mfstc d maf dids
CeBf sLdy' 2dzd s toe ddnOsdstEH  #zO ¢ Blisias® * o l
Bsls stc dzZOF s dzd o

3. [B tkdidskzo Odzdzr SO odB ' t6 dBjIStSH'
Hisfmdz' HY J dz ofdzdoz CoBf sLdy' 2 dets’ i tcd M
fsCOLdd&q o smMtzOfRsIsstedets’ * IsteOdzefpdz’ i)" 2
Hsfdz' HY jdadzy B9 jternds tozrntsdiddrms My tewy j dz
fdzv B3 CdElsOClsk ftsojterndy L©GOLS & 9 Mj
ftedmMOHC O] . l dB " to BjIstsH " 9 OE e Ols ts
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steOdefds’ M)’ 2des’ ©dkde L ' Ldddisd kdf Odq
sjtldvsly 5O &GO ddz 2 s lgvzj & F £ s dzdzd dgO | izt

Bsdzd dzls ©  Is[jjtddsH € O Mmilsjdzinsoda odff tetsBzo
5B § Olsds@dizsdz’ o dzts Bz 27803 2zHj s B HES O | S M dkzkz
odiftcsBlzoOder O HEsMdz HY ko Odzdr ' HY tod ‘ «

1 @Bt jujdei Htspas \plkss fryfdisod- @tgjctse uf o ¥ tdih - i JCf dizAsay”

Y
A Y \ Y
i v A I Lerioritpreriso Lt
B off defol ‘9" dy . . .
boma bt uemsl | ol o1 S bt Troch joy |, Sl
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