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ANNOTATION

Lomakin V.O. Decreasing Of Speed Fluctuation Of Internal Combustion
Engine By Improving The Flywheel Desigii. Qualifying scientific work as a
manuscript.

The disserton is for getting the scientific degree of the engineering sciences
candidate, on a speciality 05.05.03The Engines And Power UnjtdNational
TransportUniversity.T Zhytomyr State Technological University, ZhytoniyP017.

The dissertations dedicateto solution of scientific problem of decreasing of
speed fluctuation of reciprocating internal combustion engine by improving the
flywheel design. Design of internal combustion engines used approaches fol
reduction mass of S 0 me sme Whemmakeas £ompotind ¢ r
motion, to simplify further calculationddowever,it makes equivalent moment of
inertia of enginebds crank mechani sm mc
oscillating processes connecting with engiNeverthelessthis approachdid not
present a complete picture and sometimes leads to large deviation of experiment:
and analytical data. Especially it isportant for cranks mechanisms of internal
combustion engines with quantity of cylinders up to forth including.

There was build mathematical model, based on known approaches, of
calculation equival ent mo me nt of I ne.l
mechanisnbe function of desigmassgeometrical parameter$here were analysed
all possible values, which recomnued during designing arteterminatehat which
makes maximunmpactto equivalentmoment of inertido decreasing and increasing
direction.

Here presented results of experimental, computer and analyticproposed
mathematical modetleterminations of quivalent moment of inertia on example
engine B3, which shown great correlation

Also here present results of mathematical modelling impact of-gexssetrical
parameters to equivalent moment of inertia of crank mechaarstyas proposeto
estimate chaging of equivalent moment of inertia of crank mechanism by coefficient

Uy andchanging of position of centre of mass by coefficignt



1C
There were creating hardware and software complexexparimental research

of speed fluctuation of engines MeM2457 and FP10@t different operation modes
There were build regression neds for them and check their adequacy.

Design of variable equivalent moment of inertia flywheel during one réaate
i nternal combustion engi nes, and lwaycdf
determination ototal torque for internal combustion enginasany operation mode
were proposed.

Design of variable flywheel foone cylinder fowstroke internal canbustion

engine FP10C was creatingvhich give opportunity to compensate influence of

changing equivalent moment of inertia of its crank mechanism.riDigiate that

proposed design of variable flywheebkesdecrease speed fluctuation and improve

fuel economy of engine.

Keywords: equivalent moment of inertia, flywheel, variable flywheel, crank

mechanism, speed fluctuatidnternal combustion engine
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ststef' sdkj stcOnR o dd3 tos o Odzda” Ctozlsdzts G ts a3t
ojdzdydded HJjWBtLdRZzOY' ° ftozy desets J dzj d3j dzls |

steOCls’ fJjtejHOyY BB dels z), slOd Ble'CEEOHISJ Y
sOCdd jdzj Bj dzZlstsdg fdzlzy d ' H o G dsdds's izt © Grgh
HjWstdOYy' ', ctkzflz bttweh 2ddn §ted dzG% " o
Ctoklsdd dzf btsth tsijlsted; IsjdL s®j sted ydz |

] bt sBjlstOr fjtehts’ ' Hetekzfd odd3
J dzj i3 dalslz B ¥ Hoe RO I|odfdeAaitded 3G 9 sdtsfh]
f' Hetekfd odd3 W' Is! Mw & MyjeO HjWSdRC
j dzj d3j dzls O.

10 tsHBS®R odStstedmlsOdets’ jdzjtee' ™ Ctkzlsd
BjROdz ydz', G HtgOrn &istpdiy,dz ts4skOd ydek', h Odz .
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Isj dzL s d3j Istcd ydz ststef' sd3j Istcd dBsy kzls! Blzls
(9 Odzkz) , hts BBJjWlO' Ist Mw, OBts ftsL O dgd d3
bstef' sd3j Istc" thtc wPsHQ deflsidsds o S sted Mistsoa zo O
fjtcjlsoste 9 OyY"' o, dzOtf jodr f T d | del3C, ' MdgO ¢ dz' Wist
[89].

ste'" @3 f jtoj tcORBso Odzed n odh J ftedmlstcts’ o
sstef' sdedes gz J W j Sls' , ‘ fJtwmtf jCilsdoe dzd d3d
L &3" dzd § 5§ ] to f tedzts desfg fdzaBskes@ @6 " v 3 Y ste
Bsy jzisdg kM " hdes L OMmstsMmtse 29 B U dzgts H tsizvdzBDtw o
9 jtelsdSC Odz dzts oL SO s Odzdr 9o OdzOR .

lted H' OcdesMmiskzeo Odzdz’ ISOSCBY h st od¢
BjL twtLBdteOdzedz?" Mddzso séts Octej cOlslz [ 69]:

- BjLGOdz &3 o dzd 2 BB IstsH ot IsizON OB sBpi'e Iz dic
( Qo lssdstsB ' dzv ) L O L dzOyj dedzv d3 Cfftdedd frp@usQdry stz
[98];

-3 IssH o dL dzOyJ dzdzv dzj MY tcOo desMmisj 2 Ho
Csdz’ dzyoOmtE®clisfis OdzPdzd = tcj ¥ d BOR B SIS ;]

-9 ' BtosOSEMmMlsdyded?2 doi3j stsH & Og esfiplsd C d
Ho d ¢ kzdzO.

LOCEEY GStejds Moz H LEOHOId 'didydtk
sdme" " k yddz' dzHtcOr HBLotsdYs s/ o dL dzOYO
"deH S Ol tstodzz f slskzy dz2' Mmls! Ho d ¢ kzdzO, sy’ dzt
ftetsyj Mp @dz' ydig oltcOIsd dz® Isjtelsw E Hodc
IS &3 j tOlskztclz ttsh.sywmdzsd Usd telle O'dzdzs . o df ZM¢C
HodelkdzO HBLoaBRY®, d&Ofttds zOH, odL dzOyOls
h dz dz' Ms'EcOL b dse®@bts L OfHfHydedAiseo dzd s o
SHdtsyOmdests Hdzv" Hoetsn ftod2deviIsdr f jtojlisddz s

rdzv " dzHdydtekzeo Odzdz?y " odHCtSn "  Hdz2dm HOoJG
©dzdz’ Mmdz Isj dzL s d3d Iste d ydz' s ' dzh Isd i d
o dzOMisd o BiglztsEgd © Is | d3de iy dzd 3z dz§ dsg dzlsts d
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B BBELORZO dzj Lo'WLOdO RBjhod ydes L § ]
o zOMmIsd e sMilsw d3d BOE s Isj dzL sH Olsyd ¢ d L
fitcjlsostecs 9 Oyo dzO d3j 3B O dz' .
1 jods IstclzH dats N ° odCdzd ¢ O dzj sSB R " Hdz Mls

jdzj CBedouydOmisdosmis®, dOftedC zOH C o Oteytso ¢
L3 dzs 9 OQlsdmw L' LB' dz h jAlzdzls® 8] diff J 1§ Ols €
ftcOCIsdy’ " dHdydtokze Odzdz® L Ofistsmsolz@Us * w

SrBdzsH Y § dadzV d3 o34 3B tc O dz( . 10CGGED da! iz 2 frisdas t dists
hts ydoStzlnds OB S dztsH ) j dzdzv B BB C O yddz' dzH o' o
#4' tSG Hdz ftesdizd Mdzseo ' Mls odizmC O’ B '
odm HdddBd ~OtOSIjtedmMisdSO®Rd. 1 tod S dzOH 53
20. 0 W' ttddd ADZ Nagano desmbdd; tesCod@RdzdasO ‘0
(I sndBGCO o dd3 tos o Odadagw 0,5 %) , wed?
"dgH dydtelzeo Odedz’ tsBByYtsets syl o yddz' c
Il tjLikzd Ol 0O0dzOdz' Lt H@OER&Y 5] de@z' cd s
ftcdojHj dzBe s BsRdz t©wdejadsyZ "1 19 B lzdzs
dzj sBrRro BAzStso o Ofstdd oLjdg' jddAs 6 5  d3ts B J[ dzlsrlzl ' dyfj te
o dtc’ hj dzdz' LOHOY f§tseodwLOddr L Ctsdzde Odz
ftede j HjdzZ dgtsupdeH juda’cdad dptszfj dglslzy :° dzj ey '
-0 fted B dzd ez a3y H Dezth?  Bsay @@ 5'dfye yf S
-odL d&zOyoOs Is! mw dzdh j Hdzw BCtj B oL wWisdn
-otcOntsokze Is! BHdz] d&O290f dzdetse ' h j  tsdzts)y
-ftosf sdzlz® Is HisMdIs! MC d&zOH dzd 2 BOIsj BBOIs
tetsL o 6w L Odzd 2 dzd M ud fmjsdesjdadiatsd 2diyclstds H i t
ftcOSIsdy" .

16l Mdzso §d HE L H' d&k 1

1] bd@so OF fthddy ddz? odBse HE § OO |
LEstew dzdzd SO BEHGSMEBdzOdzj dzdzv " 7 Ctsdzfmistclz!
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Bsy dz20 99 O3 Olsd L d3j dzh'jydiedais ' dpBuzdzydfits:d3’ totelzssy
- b de zdzO.
2.1l MlsOdetso dzj dets, hts off dzdo L d3 ded fftedoe j H
h Ols Iz dzdzts ¢ Sz Hdpj RcOEzQ dp dzz Iste’ M dz! sG55 L G tsSteW dad
OGC0OI! BBO OolsstdYPdgdz Isgso OE&ZzISRIGE s o0 9.0y O Is!
3. [ BBz dzZlstso OdzO dajis@mE eH@zlzdgis ' L 3" dzd § ted o
tdej oy’ HoedekdzO e dzkzlste’ h dzt sets L @ steVW dzdav ,
fsfmis’ 2 dets® o fedfdsundiziztsi$) g dizfiz O dz' ded.-f s © 8y Oidd
HodGekzdzsdz SO ©® L OHOYOr H® OcdetsMmisd S d.
4 . 1 OfBRfzisdz cisL tetsB dIsd iy ssHdSC 2 odL d
odcekzdzO o dzzlstc' h dz' sets LeBteWdzdg" SO  sCto
SHAG O SOz yd L d3 dzgz 2tsets ftedo jH]dese s 3

(o9)

I
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tdrr &
srd{trovrRYyLw rfeafwrrriic Yfwirr FERITT (N
wl (tAwwy srRUFZovsvr v JFd morunlut zr el 41 d
rdrRqpov1r ¢ Jrovstwzr?{4f 14Jtcrrc

Il MEzyomdz 2 Iitte"’ Ikjfdkteadnrs &ONdd { st
dmisj sz § dzjrdgj HiglsV Bt Bz ¥slo' MW s Md Misj iz M g d
HyWwstedakzy by My W< dydiiylsvjsdpailz ° d3ds  {jtagjndyy ke d
tetsL tcOR zdzS 5o 58 fMn j d3ts® L s H dzdzds & dgls istfc jsdiz,
Ctsdz' dzyOmls sE sy 0 OWDO to jjQleg dgig izl EP s tglatien w 30
dzd ME ' dzyd dzdzi yd fndzts Miskzfydz" o o ¢ 6 tz] datefls'
~nOOCIsjtedMisdS HdzQuds iusd@flssdz! 8 d 'Hdzw 6 OC
L tcORzdzC s " 2 M J &3 Bsy dzO@ 5B A3 ¢ lisd
otcORtsolzs Is! Mw . 1 Ot OL zO2B' dz h Gt tofsL
tesLtcOrzdzS 850" Mnjdkd, o wCdm ®&BOMdoeds j dz
L O H dd® dg' MtsB 58 dzj © Oc tsd&3d d3d f telzy dad d3qd
ptcOn ko Odzdzy B ' dzr h8° €' dz S’ SCodifsilk!
B'dzh MCdzZOHdedr tetsL tcORkzdzS sodms Majd3d L H
Jdzj 3 dzls' 9 tLtORkdS sodr M~ jodglzvifigddrO Hf OB dst
ww ttsHE (HdY HdMmMCtejlsdedrmr Jjdzj d&3j dzls' @) OB
J dzj d34 dzls ' o L tetsL f sH ' drjdded dzdfc ts L oOdvQLdE ] s to @
odSstedmMistso z8 Is! B dz/ h M¢ zOH dzd 2 dBOIsj BZO
odCtsted MisOdzdz" dzO0 6 OSCIsdy” .

1 Ewg © @BOlj BOIsd ydz©® dBsH j dz ZOBOG O Is!
ttj Odz' dzed? fJttsyjfm L HIWCIJhd Jodyfzh j dzdzv d3
w¢e¢ MmOz &isHj dz sO¢ C tesL tcOn Zdzts €
Hsmdz" HY J dg' .

{14, fted totsL GdzWH' 1 0 s2 e Y dzj dgg
HyWtstodslze Is! fiyw .
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21 1 &3 dzO0 { tygztdzp jo @rdz'd3O M S t@dsolzxiadetsicdas d3j -
SHdsydd dHtcsotsets HodekzdzO o dzzlste’ h dz' ts@ts

JHdz "¢ L MC zO K todzdstzs§ Isdp/dfp@3y ‘dzlsHz W d3ts 3
Mddz Iswy ' dddf. 1 gz2 [ bsets,ntsbEs OlodcOyj 2 o dzd
odoydilsd L mdtdvilz] B3’ .BOIs | BOIsd ydzze dEsH | d
f sdztsy ) fedelt o ° FOBBGEEg s d3j Isted yded r § O@Od3f Is &
wedn dOojHjdd2 o OBk 2. 1.

v OB dzd i MAsdsOd) &aj s 3J Is to dBidedez] O B4 [

] 5L-(
OL 9 © ) A S te dzlz dZ O OL s
1 wj dz 3 [ ] dz
s ' dzj BOIsdydzd?2 | & ;=R 0,210,3

L

] " HdzsMdzO 9 " HMIsS
f stoh dgjfo=s® syw HY{ x [x=(0,708L, ¢ i
ZOM M Olskz dzO
M H f tsteh dagw S S=2TR, T

[ " Od3d Iste ff steh dzw| Dy i Dy =607 100d3d3
] " Hdztsh j dzgdgv R SH
DSGts HDOM] stcO
1 d&zsh O f steh dgv Fy Fi= /D47 i
[ OMO f steh dzj o 5°
Odzst d3' dz' " 9 sG55

S/Dy i S/Dy=0,7 1,5¢

my i my =(80i 150)Fy, C&*

m. =(100' 200)Fy,

OMmMO h Ok dzO M |
[ Of C i

[ OMO dzj otc’ o dzts9o
Hdzse s Ctsdz' dzO { m i me =(150' 200), € ¢
ftcslsdo Oc * *
ltod i3 sCdgzv COteB® wOIstsStcdetsEts Ho G kdzO;

"Hdzw MlsOdzj oses (o Odzsets 9 OdkzO L Mmky' d
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) ts0dz0d= [, s &O' o Mo’ KRE it dOOMl

o Oz@H Odzts ¢ BR HGjOH ' O OB dz, § steh dzgj o 2 ¢
MRjkO "Csets LBhicOyj &0 dO tdfh. 2.

g

Ueump mac KIUM B3

A b

{ didpe®di e n d BO szf 1 1)

] " Hs B84 [, 195 ¢ Stpjedzlstd@ GOfH i3 BOlsj e’ O
(Yj delstod josOOTzj 2 szf) HEGE odesIls! o' Hdgsh j da
C 5 ts il jdalzls 6 @O BBBME o' HEsSo ' Hdes' (RO’ Od

md misj i3d .
sseH ddz0lsyj dds sl Cds@ffz® O §sh dzj o 5°
Ltgdzs ¥ Is' fqw ' sy k! BElsd o dtOyjds

£x, =R@oy + (L, - x)Q/1- /*Bin?/

lI'yc = XL O an/

) (2.)
£x, =R@oy +L, Q/1- /*Bir’y

1 ]

Y, =0

HiiTCbkfsso steslsk Ctd dyOmsses o O&O
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s st H fuylgQiidsic © s B @' dzyOMmMEEE B BOM® 5 ¢
" n dpjEEGsiLd B § © dzln d @B fipd dzlz M Iz .
l cOr o lzy ' HOdzl) ,Is OBHIE. t6 Y20 dis 9O dfj 2 .Mlis o t
Yj Zs Oz BOEC sd C ks O i oz ® th) B bt RH oz .
s ssteH ygQlsdtc @ z BRMYc By 2O o dL dzOydlilsd L dzC
CSBH @tk ) O] 2 sagf (2. 1),

b R - 0m aT  g

“ m +mq+mk§nq RQ@oy +L./1- /ZC"Sinzj']+kaRcos/§ 2.2)
_ 1
_m +my +m,
HKT o ' HAtMmdzO 9o f f§ilz0O day® ds@iiOGEAs c®@H B HE ¢
9 OdzO B Jj L, k=i B &RI§ J .odfDzs

Y, (m, Rx / Ginj +mkRsinj ),

4=0,3,x,=0,8;, D,=100mm;m,=1,178 k2 ; m,, =1,571 ke, m,=1,571 k2;R=40mm

y A=0,25;x, =0,75; D, =90mm;m,=0,732 k2 ; m, =0,945 kg; m,=1,133 kg;R=40mm
201
¢ ¢ ¢ g e s e
2] NO Lt OO€§>C¢000<;O_O-QOOO
124 I . ODO °p "+ %
o . e o . To
81 (\,}O - (%) < .- OO
. O o . o
47 o S p -
< o <>: CS. - X
0 10 % 20 30 % 40 50 60 70 <80 20 9100
<41 o 0 o &
[ . C ? . ®)
21 © P % o° ) o°
42 % . o ol
o - 0 < * o
16 Cog Tt P00, 108 L0000
00005660’%°O'00O

00 4=0,2:x,20,7: D,=80mmm, =0,402 ke ; m,, =0,503 k2; m, =0,754 k&;R=40Mm

it dMkz @BT1 tsdztsy jydegddis tc G 2z g0 fiy 1 ) H dzvdz Ot s
Gtz stedydzedr f OtcOd3j Istc’ o

1 H2.9dHds, M yFOdzlyfiaAsHQ fielztizl o f dzd o O |
fdlssd’ BOMd ¢ tngh elp miz® O ¢ € W Rifaz@zy Of s § & t5
foslsdp 06O L ¢ j sdjlstcdusdt@in kiis SCORGRIESS Pl @
h Ols hzOo ' HodztHifplE@ dzr o ' H ' W jsdel el @ EsREO
o' HdzsMdzO o' K figl® digy O ) ls g ORI OHER
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BiL f olHd® Odzj BOId ydzse s §/Ots Qa3 sts@n zsozQ dz
o' HMMlsOdz o' H C i dzip@® fj letisizdzs OERE, GO T I
s sdkz' 5! GY o d @Y WOIs d

_ 1
m +m, +m,

r \/Z1+Zz+23+z4’ (23)

H J

z, =m;R*cos’j - 2m?Lx_ +2m, L’m, - 2m, x m L+ mfR*cos’/j +m¢ X7 + myL? + m7 L* + m{R*k?
- L2 +miL*/?cos’j - mpL?/? + myL?/?cos’/ ;

z,=2m L’my/?cos’j - 2m L’m,/? +2m x mL/? - 2m x mL/?cos’j +2mfLx /?

- 2nfLx /?cos’j +2m x /mKkR- 2m, x /mkRcos’/ +2m, R°’mkcos ;

z, =4m RmlLcoy 1- /?sin®/ - 2nfRx_cog /1- /?sin®j +

4m LmkReoy +1- /?sin?j +2m R*mycos/ +2mfRLcoy +/1- /*sin?/ ;

z, = 2mR’mkcos’/ - 2m x m,Rcog -/1- /Zsin?/j +2m’RLcoy /1- /*sin®/

- 2m, x, mkRcoy +/1- /?sin?j .

I tjLbkd 5Ok'j dZOdRPRO W jxz ydof) H s Odzj 2 o
¢ sdz' dzyOfis g Ezls @O o Mls Odzs o dzj dzs, N5 o &
LO LOCtdtsds CumgdizR Oy tf A BB Oestiggizd 2 L o d c

r=acog +b (2.4)
Hy aTOBf dz' szHO (9" HMisQdzg'dz’ alZyid Mis figg tsissmc(OdACY
szi 1B
Gi C kfsso stetslslz € tsdzf dzyOWlssets 9 OkzO
bifpj tej Hdz" L dzgOyj dzdzV o @ 50 deq &) is ) gzl tc Ot B
szf 1l irgBdse J ©ls

1 Odzy ydz' dnls ' slsed 3OO Of tetsC mMddBzOY" * L
sB j tols ©tizdz" dzy O fn) IsHst) $ dzls @ERE J3OfiT I L HisMistse ' todz
Of ¢ MAIBOY'
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I ste" adgvweoh d (2. 3) sO (2. 4) Ldzsy dzGoc Oaifg
117G’/ Odzy o'  dz fted of’ -~ B3QsEg 634 B te dLuc
fOcORg e ply (OB 2.1) WOCIsdydes HBt
Ldzj nlszoOIsd. [Isyd L (2.3) &G (2. 4) dBsyc

a 1 3Jm?RZ+rn§R2+m?L2/2+m§L2/2+2mn L*my/? - 2m, x m,L/?-

:m +m +m

2P Lx, /2 - 2m x/ mkR+2m R2mk +2m, R*m, +2m R*mk
- 2mPLx, +2mPLPmy - 2m, x my L+ mPx2 + gL + mPL (25)
1 2
b=~ 3 FR’Kk® - mPL'/%- mfL%/% - 2m, LPm,/? +2m, x,m,L/? + ,
m, +my +m sz 2 mq " -
2myLx /< +2m, x / mkR

t sLfdifOedzjd3OIsd wdzed 2 $HOY@&@BI) BE Q[ § jte]y
z o oigEy H’

R2 |

a=-— "=
m +m+m |

/(m +m ) - mnxLi(mn +m, +mkR+mkRm, +m),

(2.6)

b

= - 3 2
m, +m, +m,

1 S omeLx (m +m)+ lm e m ] e mi -
Rz[(m +r%)2_ meLkz]-I- 2m, X'—lT_(m +mﬂ+m(k)

1 ® 2.9 dH dzts, h 5 L dz@wlgj dzdevO dx) dffOdslz jlsdgis{g y «
f OtcOd3j st @zHHYBIsof dzdo dzO dzij '’ SECORE' MmC
l JteOL d (s2@) (dzj sy zIs Blzlsd ftcdojH]Cc
sMisOlstsydats, 9 dzOMdz'4H K ts 1R&harSlizB alZsl)ls ' § e d ( &

tcOH d S Odzts’&n’/ . [ OCMd &30 dzr dzO o ' (RARt Mida®D), ¢ &

otcOntso 6) ud . o i dsO Mdsmpsiiolsfted Y ded s Z[O 6 O
(1] MSC &OH O Qs d %izy @ lssg s lso Odk0
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[ sfdz’ vy § deda30 fpefepitf dgfzis te d W dzd » 5 Zf[O P Iste ™M
pNBHYIS) B® (@D o dzd ydas® Qd & yladmmyd BH'
bdzOo j Hj dgs 2. BBl |

] tjLbkd kOk' o jH]jdses OdOd Lk o f
o j dzduddz L 3 del§ O O3tz [stizelzd oL btg® o gy o tsde’
f OOk Btz PtRELEBS@®OH ' ) SRJosh df O

[ dz¥iis ) dzd o fstipts * o dz'Odgdets f S dztso Odets sy ' dz¥ 9 Ols
Yd deste®z B3OMI \ S ®[24° ° dzlstsd

r r

dr :w’ (27)
fts

H fmed BOC fd BOd! O o Hinks Odyj dels BOZEHP M6 J o ls
rmini 03" dz2° di3Odzy dzO 9o " HMIsOda | BGES@BzHM® deB J tols Odz
piMjtejndzy o' HMmlsOdy yg dab LOR HOMS § jots Omadz” '+

v fiteis’ 6ld B3Ol PBOB Y dptizts 1§ tsthisty @ JiddatzC(
Hisfpdz" HY J dedgV  § tetsyd izl dalsds' Qdzdfiz Ofptsidats > 1 @zdzA ts ff
fMdmlsj & sS3PMB[BSH, o WwWC*' 2 Bhkdts fmlse ste] dats
SHdsE s Qs ddaPOMs OISz @O SO  steh dzj 9 5°
f slstsydz yjdeloggd @zdfsOMml 1 L O oX§, dedZyHf dizO dzaff) " -
f so sl dzy O fls sEdsh 9 CaA®O - &z o @l dizls tof gDz js o i
Gtezd d dzy dziydls: Zz0 M fsteh dzj otsets ff O
o' Hfyls @ztsB jtols, totsL tcOR ts58)Qdztfij$ dzGH26H ts Ots dBSTCY

2.2 1 HBodkOjH] Eset &b oS dabdzs " 4 Gelize gtz ¢
R N Odssn dglry d dz' deHotaftsolt<iEs dpdaR éste ' L G ste W dzdzV

ddzods” ydz0 Mmdmlsj &G 11y ° HsfMdls! M¢ d
LOdB dz“vls! jCo' 00dzj delsdets® . [ & y! SEB
fslsj day'sDd n C' dzjsdydedn jdzjtec' 2 ©BEH
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odStstedmistso 2’ Is! Mwd df'teddd ro JSEHrfiadOOD fis t5 i & 2 dzC
[1,4,66,86] Is © dz. rfipfwtetsh j dzdzv § sSHOdz! W' odC dzOH G
ftedyfzh j diderj 34 dzlsd OBfintsdzé Is dath’ X dzje ) ie S gty d3k
sOCBYH]j MBS 000y0BdES ' dilfiajg Ok ° dzjvls ' g 4
Htste' adzt* €' dgj sdydz' 2 Jjdzgjtec' ~ H' 2Mmdes’™ Mc

v Btej BO s Ld3 dzz €' dzj sd ydzts® d dzj &G
9 OHSCdR L OcOdz deséts L OCtsdzz LB toj ) j dadaw
fJtej lsoastes ' Iss mw o " dgh " Wistedsd GJ dzj tccdzh d,
fJtojlsoatstes ' Ist mw o C " dzgj sduydzz J dzj .6G " ¥ . toSE
- OCWAL dydzed?2 L d3 Mis dzOL 9 Odzts® Isj stej d3d .

[ dzv #igEwsy d3j ~ Odz' ydzs™ MmMdMmilsy fi3d Isj tstej d3C
‘delsj et Odzt dg' 2 Y BO' o dc dzvH

T-T,=aA+a A, (28)
HdTo, TT €' dgj S ydzO j dzgj tecg ' W mdmisy &3d (td
f cyOlsC coatsets fsdzsypdedzr o €' dzyg o J
AAAATME®RO twsB'ls Ltsods hdz' » O odzzlste’ h o
ssdkz % 7 TfitHdB " j dzdz

V adfOHRko OB E(S OBMtsdzt sdets Iso jtcHESGE S
B » Odz" ydets™ MdMmisj B, ROl BOISdyded?2 L,0¢(
I

T8 A, 29)

OBt k2 HdWjtej,dzy >R dz' 2 Wisteds

2 =1 Ne .
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HJANST Mz 0 fslskydtsMmisj?2 Lisede hde' 7 fMddz,
1 Is

V oadc2aHO0O (sjttcj BO s LB dzsz € dzj Isdn
L OMilssmstoday sy dirjwh 3 j dzdzv tknlz to' L dzd - e3@" dd
tczralz ftstohdzj odr Ho'de.zdzf dzw ' B 'Cdr'd3Y tisff li)'stc* d
ftso' WL Odzd m L Hisfpdz' HY j dzdzv d3 tsB | tols O dzda”
dzOL 9 Odz BjmnOdz" L &3 tetsLEdzv"HOE s Mpw  wC &
Mk jdzgj i3 Mo tsBHJ. [ J W3Oy " HJlsOdzj ?
otcOn tso ZeJI€ dfAmy.j dabizv MisOdatso dzv Is! ff dIs Odgdz? o
Ctozlsddz! dzgdr SO LeddzOdz dzgd - SCtsdzdo Odz' o Odz
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(n- k)s? o2 (n- k)s®
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268,599(10* 0,014 -1,30610° -4,96930° -0,012 &
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Q=1, 689A10



11€

|  &zOh sk keS5(Hls@BSHz 4. 1), ° ftod2 &) B
slsyj o' H(dAsh1joddz"iC zOH O 1, 1 9.

s 9 Odzls d dz tetsL f SH ' dzz ANh jteO ftcod L
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Hst' odg ¥ Is!  dalz s ) .

] Yy Bz sdfOnHCk | 40Ty ed A s MisHb .
wCtshls' Y A dLePRBHttRsy ' Ly * disj e Odzd
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Mq = Fvgk, + vk (4.17)
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