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ANNOTATION

Janicki Piotr, Stanislaw. Improvement of stopless bookedge trimming
with eccentric disk knives. - Qualification scientific work on the rights of

manuscript.

Dissertation for the degree of candidate of technical sciencesspdbalty
05.05.01- Machines and processes of printing production {i}8oduction and
technology), Ukrainian Acadey of Printing of the Ministry of Education and

Science of Ukraine, Lviv, 2021.

The dissertation is devoted to solving of the relevant scientific and applied
problem of improving the technological process of-stwp bookedge trimming.

The solution $ based on the development arsihgof a new method of threside
trimming of book edges with eccentric disk kniviswill ensure the effectiveness

of postprint processing of books due to higher performance of automatic flow lines
and higher quality oftrimming. This will create prerequisites to prepare
recommendations for the design of new cutting sections of flow lines.

The introduction substantiates the choice of topic and relevance of the
dissertation, formlates the purpose and obgof thestudy, highlights the scientific
novelty and practical significance of the results, their approbation, noted researcl
methods and personal contribution of the applicant in joint publications, quantitative
indicators of published scientific works and stuwetof dissertation.

The first section"Analysis of paper cutting processes and areas of
improvement of technologies faronstop threesided cutting of book blocks"
analyzes modern technological processes of cutting book and magazine blocks. It |
establshed that modern production of paper cutting machines goes by the maximun
automation of auxiliary operations, but the principle of cutting remains unchanged
for many years, which significantly limits the productivity of theéed cutting of

book blocks m flow lines. The analysis of literature sources and directions of



development of technologies of thrsided trimming of book blocks revealed
unused reserves in the process of improving the proceassnedtop trimming of
book blocks and confirmed the &hility of further research obookscuttingwith
eccentric disc knives.

In the secondection "Research of kinematics of processdasook blocks
cuttingwith disk knives" detailed researches of laws and features of kinematics of
process obook blockcutting taking into account influence of process parameters
on changes of actual speeds and cutting angles are carried out. It is established tf
the kinematics of the process of cutting with a disk knife differs significantly from
the kinematics of cuttig with a knife with a flat blade. The influence of processing
parameters (direction of rotation, speed, eccentricity, knife diameter, feed rate of the
book block, blade sharpening angle, etc.) on the reduction of the actual cutting angle
the value of wheh affects the value of cutting forcéiscussedStudies have shown
that depending on the selected valagsccentricity, angular velocity of the knife,
the feed rate of the book block, the cutting process can occur in two different modes
They are:intermittent (pulse) cutting, when the knife blade at a certain stage of
rotation of the knife comes owlf contact with the book block, anmbntinuous
(permanent) cutting, when the knife blade is in constant contact with the book block
in the cycle of fullrotation of the knife. A algorithmis proposed that allows
determiningof the parameters of the machining process when selecting a given
cutting mode. The results of computer modeling of book block trimming processes
have shown the possibility of the ete@sce of characteristic cutting sectors on the
blade of an eccentric disc knife: the sector that cuts the block to full thickness;
partially cutting sectors (when cutting incomplete block thickness) and the sector
where the knife does not participate ie ttutting process. The size and positén
these characteristic sectms a disk knife bladdepend on the selected geometric
and kinematic parameters of the cutting process. Analytical studies of the path the
the point of the blade of the eccentricaighife passesluring book blockcutting,
showed that th&uul cutting length (conditional traces of the cut) in the intermittent



mode is shorter than the cutting length in the continuous mode and significantly
depends on thealueof the eccentricity.

In the third section"Description of the laboratory stand, measuring
equipment and research methodolothe original laboratory stand designed and
presentedon the basis of theoretical researdfhe standallowed to conduct
experimental studs of nonstgp method ofbook blockscutting andio analyze the
impact and quality indicators of the processing process. The experimental stan
allowed to carry out research of cutting of book blocks up to 240 mm long and up to
30 mm thick at feedateup to 2 m/ s, kife rotationspeed up to 3000 rpm, change
of knife eccentricity from 0 to 3 mm. Registration of components of cutting force
and processing aksultswere carried out by means of the strain gauge equipment
with analogdigital conversion of signalsising modern equipment and special
software The quality of cutting book blocks was evaluated by the optical method
using a digital microscope, and the blunting of the blade of an eccentric disc knife
was performed by measuring the wear of the blade with aaspaecrometric
indicator. The obtained results of experimental researches were a criterion fol
assessing the reliability of the formulated scientific conclusions.

In the fourth sectiorfResults of experimental researchesbobk blocks
cutting of with ecentric disk knives" the practical possibility of application of
eccentric disk knives faron-stop threesidedcutting of book blockss established.
Becausef the research, it was found that the greatest influence on the component
of the cutting force ave the feedateof the block, thespeedf rotation of the knife,
valueof eccentricity and the thickness of the block. The experiments fully confirmed
the hypothesis of the possible occurrence of pulsed processing in the expected ran
of selected cuttg parameters. The obtained oscillograms of the cutting force record
show that there are cyclic fluctuations of the cutting force from the action of the
eccentric knifan the continuous cuttingnode but due to the higher feed rate of the
block from thecutting speed the knife blade does not cautof contact with the
cut stack of paper. In the mode of intermittent (pulse) cutting, a drop in force on the

knife is registered to almost zero when the blade comes out of the paper, and a
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increase in forcdrom the moment of new contact of the cutting edge of the knife
with the block. Cyclic oscillations and a decrease in the average wdltessactual
cutting angle of the knife, as well as the dynamic nature of the interaction betweer
the knife blade ah the stack of paper lead to a decrease in cutting forces. The
intermittent nature of cutting also increases the efficiency of processing with a disc
knife by reducing the temperature in the cutting area due to the periodic lack of
contact between the keifblade and the book blocBased onthe carriegout
experimental researches of cutting of blocks from different types of ,piaper
established thdiy antisynchronougutting, theforce of blockfeedis less, thary

the synchronous oneExperiments a&ve shown that pulse cutting, as well as
continuousone, does not allow to procebsok blockghicker than 115 mmwith

disk knives For practical use, when cutting blocks of greater thickness, the concept
of placing several knives on different sides and applying the principenief
synchronous cutting with eccentric disc knives with cutting parameters
recommended as a result ofeasch.

The scientific novelty of the obtained results is that on the basis of analytical
and experimental research in the dissertation:

for the first time

- based on theoretical and experimental studies, the feasibility of using
eccentric disc knives farimming book blocks is established, which ensures the
achievement of the effect of vibratory cutting while reducing the cutting force and
ensuringhigh quality of the cut surface;

- detected on the basis of computer simulation of eccentric cutting, which
hasthe impulse action of the knife blade on the paper, reducing the actual cutting
angle and the trajectory of contact of the disk knife with the workpiece, thereby
increasing the efficiency of the process of cutting book blocks and extends the life
of the cutting tool;

- research has determined the optimal characteristics of the parameters c

disc knives, which relate to their diameter, sharpening angle, cutting distance fromn
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the axis of rotation of the knife, speed and direction of rotation, the value of
eccentricity and ensure proper processing of book blocks;

improved

- technological process of continuous cutting of book blocks due to the use
of eccentric disc knives and determination of alternative conceptual solutions for the
design of threeided aitting systems as a component of production lines for
processing book blocks.

The practical significance of the obtained results lies in the development of
rational, in terms of reducing cutting forces and high quality indicators of the cutting
process, gemetricparameters of eccentric disc knives gaxhnological parameters
of the cutting process needed to develop newtanchprove existing production
lines for processing book blocks. The results of the work can be applibe
educational process diie Institute of Mechanics and Polygraphy of the Warsaw
Polytechnic A test of the process d@bok blockscutting with eccentric disc knives
was carried ouin the printing houses SkletiéKrakow) and Pozkal (Inowroclaw)
in Poland It is established thahis method provides accurate and heglality
cutting of book blocks made of different types of paper.

Key words: continuous cuttingmpulse cutting, synchronous cutting, anti
synchronous cuttinggccentric disc knife, book block, cutting speed, cutéingle,

cut quality, block feed speed, knife rotation direction, production line.
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ftod OdzOd' L' €' dzgj BOJdCd o redshyg tasdizs.L O d
) edfEmMS O yd, "t beOdhfisedkOy ¥ CkkO
9 ' HBEOO'Is! M (H Bds HE StOdRREEEdGBEYD |
Wsttdwkedd (2.12) O (2.13), w8ydifdsH dt
fsfklsdsects (ttdm. 2.2),0¢ ' Hd&" Lbkfmlst'

t " LOdzdzy § Y kzlsdzj :

| M1 0 OOCXEE (2.12)

it LOdzdzy L EMmlste’ ydzj:

| M1 G OXEE (2.13).
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s' dzgj BBOIsdC O { torsdyfij Shudatcigly 3O dedzH to* L dzv * Is
LOdzi ydets © " H Istseoh ddzd tsBtotsB dzt atOrls e &4 KO
f'H t'Ldddid SCEkZORd ¢ dzgj BZOIsdydesets L Oa
WOCIsduyudese s CkIsO to' L Odzdzy BO° & Myd o Is
sBtotsB dzt 9 Odzts Gusts RO Isdpdc ' @drdz' L 2° d3gs € ° dzj d3C
ssyy'" tc' L Odzdzv , H'jdz! P IgfaR ts tolif O CQsIs dimy dzd &0 268z Is
fsfzdsdiz to' L Odzdz Y4 BEZHJ] GCtO2dz? Istsy
ftcd LEMmlste' ydesdglz ' L Odgdz' ywvw Issyc O BIEZH
BOIs j te* Odzlz .

skls o tsteldlacddzyCGs i3z dzj L s desy Q o9 n
CsdzlsOC sz L BOIjto' Odzsd3, o dL dzgOYyO' Is! Mw L

HiHilsso M gdzO0Odzdzy (tedfm. 2. 10) .

-
> T
X i
4 S I
'} N
\ N
~ t
~
-~

tdm. 2. 10. ufj B0 HdMs do LCAERRE] dadz™ OB IECG Isat) v
sy O L CddySCtsoatsets BdzsC Iz,
H-Istso h o dzO ODlEdaY ,0d3j Istc datsy O

10 shdss ' WYstktdezd (2. 12) O (2.13)
CklsO L OctsMmilstej dzdzv |dzjH dzWH diin'Cusdedfi=  foddstg © A3
tc' L Odzdzv .
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Il tjLizd IsO' 0O0dzOdz' Lk BERdzs o dwoe dzj dz
f OcOd3j stc On HdMSC B drORtizBEsSB € d, th @ tdg dg g
C' dgj BOIsdydesets L Octsfylstcj dedg? desy © BERZHEIS
o' L Odedgv, dz 3 Bk t©OL’ LkMmMiste' ydzesets to' L O
o' L Odzdzy fted LEMmiste' ydesdzsz to° L Odzdz' E st

1 028" dz "d2 ot dzdlzg dz@J 82" gegzdgOIs§ 7SO L
BOE " Od3j ste HdME Sotsets detsy ©, hodHC  Mmis!
SO Istsoh ddzO to' L Odese-R.14BOIsj o' Odzz (ted . 2

] SteWH L LB dzt h jdzdgw d3 h o kOtshieo d v B
L dzOydzj L d3j dzgh j dzdzv OC L @§ 3@ s 6 ) detzy 5 dzf5800 o
3000 tsB/ re (tedfm. 2. 11) . ltcd fBHOd h s

‘dalsj ded o dz' Mis! eoff dzdeokz y! séts f OtcOdR] Istc O
fsHOY &BOjtk' Odkkz §'H YOm t' L O0@EkEnNEE]
' H yY!' Bet fOLOR|Istc® (tdm. 2.12).

Il dwodz dats ISOC sy L dzOydad 'L dz@ ) fzdzdizy daizl d

sy O D (tdfm. 2.13). Kj L dgj dzh j dzdgw
200250 d3cs. ) SHOd hj Le' d@ " jdede" H" @R |
o 4 dzd wd ded

10 Ghdsse' tskteddBOdds tjLikd Ok 9

Citsdkjlstedyds §OLOdBjlsted HdMSsodrn dzsy' o
oHO Is' Mw Ldsjd" dlsd WOSIdyuded?2 Skl ©' L Od
hts Ldsjdz" gls' fipd kR B L OezdzsC € o .
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tdm.

2.

11.

1§ dzq o

n (obr/min)
b
Y OnfrplisAs Isid of3 j t<oih j j tadiso@vozdAY *  odg iy

L OC tsfls tej da@ar 1 dg] BP0, Q dzekp”)

alte' L Odzdaw

{5 z@dagzy blmlste' ydaj

17 H=5 0 d3idH] = R0 dsictH = 230 dsiclyd = 140 i) = SBdszH =2, 5 Bd;
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a
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250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000
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t dfm. 2.12. 1 dzd o hodHCBMIs Vo dfOsH Ougj dzh§jdd
C' dzj BOIsdydzse s € ks On=L3@McODdetjDdaddykbdzj L O

aitc' L Odzdz? s zZ@degzy bEMilstc' ydzj

17T H=5 0 dsidH = 30 dsicH = 230 a3t = 140 dsidl = SsdzdBH =@ , 5 d3d3;
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50 100 150 200 250 300 350 400
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b
tdfg. 2.13. Jlfdkde H' DdPlstchj def fnztzy ts € s dzflzte
L Oc¢ tsfls to j dzday= 145/ ufig3%0,0 0 tEl15% o
a-tc' L Odadzy  §ts'f Iz@dimjey bk Mmlstc' yda
1i H= 2 5 dgidH = 220 gt = 130 oEidy) = S4B H= 5, 5 d3d3;
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o (®)
3 1
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2 //
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/ e !
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a
o.(°)
3
2.5 //1
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1.5 2

0.5

N
\
!

H (mm)
b
t dfp. 2. 1s4s.e h itiatf Heez@ts € @) dzh j dzdzvy € ' dzj d3OIs d y dzt
dzj L Ovo= 1 df/SBE 2 0 0 U<k
a-tc' L Odzdzv His'f zGdigjgy bEMmiste’ ydai
1in=500tBl =00 RER/=RHD00FX/=J;D,00480/=5H,0 058/ |
6in=60006B/ ~9;
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22. MmO OCIsjtedMmMisde O €' dzgj BOIsdSd sy,
Bdzs@H'dd S sl d3, o MlsOdetseo dzj dzed d3 J§ € My dzls e d

t SMyd delsted ydzj o MlsOdetse dzj dzdzv HdME 59 15
ftesyj Mk eBtesBSCd ' H YO i jdasctsH duyufde dak
ojdzdydded IsO dzOftew ZC &z o jClststcO hodHSC Mis
¢ tsdzd & Odg L dzOyJ dz C' dgd BOIsduyudzdrs S kzIs' 9
HddzOd3' ydetsets off dzdoz to' yEyscet ' dzffls, &z d3j
1 0 todfm. . 1B8) 1T sC0L O& Hisfpdz' HY j dg A Jd
ZOf tew i3S ' o  Hsd fj fots diAEzEA® , o MisOdets 9 dzj dztsi6 s
fsffgasdm. 2. 1ddsB ) ouskdidadpdy. yd2. 16) .

tdfm. 2.15. w0jk0 §sfkldsdss d] dPdd S fqjnd
RitcOH' kM) otzsg ®HC ' fyls! §sHOY CHRMsesOstsds

5B J tolsOdzdgV=mdds O dz' 2 2O h o dHSC " Mls! Istsyscd dz0 dzj L
JTH" 2fdzd?2 t©OH' M B j tols Odada”

tdm. 2.16. 4fjdkO L khnlst judss cdash ks SziDaizizz sz di
RitcOH' M otizsg P ¢ fgls! fsHOY (it cstszds

5B jtols Odzogv=pddts O dz' 2 dz@ h o dHC ' fls: ktsySd dz0 dzj L'
JTH' 2fpdzd?2 t©OH' kEfp B j tols Odada?
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10 todfm. 2.15 * 2.16 { sSCAL0dEs, | @0
L Sklktsetst hodHC' Miss v, dzj oz » 5RO, 0]
dzsy &z L hodHW Mistr dJimEHsS@ 2 dz' tcOH "' Iz

jCMyj dzeteq qatfimpg.dz [ dz 2dz@ hedHS' Mis! ky

CdasOC sk L G dafm O dids s ddgw sugr ' o dzv dzdz®
I jdzd ud dz0@ h o Qez§ Hffls! o' H CklkO ottt

H' Of OL vz, = vEFRHEH B4, =WPR+e). v Jd3 B oz h 5%

d $ MyJ dels teaf i dsisfjds zB " hdz! Ofd@ly s5'dz L &3 ded  dy,. dz' 2

[ “ 2Mmded 2 t©OH' kM t5)8lsiGs IO dadz"? deliz) H TS Jdeily 'datg 1S

AdzO dzj L' (dzsy O ks dz® seydfddlsd L d&Ofmlstk

tdfp. 2. 17.{6LEOnkdktsoa 0 Maj BO HA&v) odL dzOY

led2 BjdBs L O fyOkStej kOC] QY.
tesL ISOh soOdzd?2 BjLYBMjtejHd s PUEG&ZRBY 0" @)
o' HsdBBd 3. | j dzd yd dzlz ¥ O Is doudletsiz@sy A Qigts b1y Ols
AOIO LO IsjBtej diiss Mddezm’ o :

e N singa +arcsir%eiecsllqn(a 8'3
b :arcsirgeGMS r =RO—E : ¢ -u
c R +; Sln(a) , (214)

OBfts LO It iidss Csmddzzm’ o :

R2=r2+e*- 2r @(osk); r =el@osh)+ e?cod(a)+R?- & (2.15).
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stsdzd o' HsdB WOSCIkdydzed?2 t©OH' Ef BB 6
Bsy dz0 B yYdmdzdIsd dz' #C I dziz dsds@de S L ‘) Isdzts yp @ +
L fHOd hda HBMd HY J ddewv 7 [k d3tso dzts

Mo jdk, Ctdd SddyStsed?2 BdsC * djklDdds
fsfskf Od dzd?2 O 5B jtelsOdz dzd 2 .

[ BLEdvwdzj Bs kO Sltste' ' kil syt
Mojd (tsdm. 2.18a i 2.18b) .

o(R-e)- v,
r !
N7 N
v ,
P
\\ Vo - (0) : S
Vo N\ XXP R
7
@(R+e)+ v,
a b

tdfm. 2.18. {(tLORkdkEss' MmMaj BB HA&Y odL dzC
zO0 dzf ¢ Hasfr o, oMlsOdetso dzj dzgd - J € Myd dzls tod ydzts

a-tc' L Odzdzy His'f zGdiafzy bEMmiste' ydzj

RitcOH " EMwizsg Pu ¢ Mis! fsHOY rIitkisSs0cEBdB
SBJtolsOdzawy=wteyd® ,dz' 2 20 "N oadH G ' MiIsy Itsyscd dz0 dzj L

[ BLYBH' d " oysics sdg® j &j Us's dtey @ FA8E OL
ltejHMIsOodzj dzd?2 tkrn dcY O o' Hftse HO' Zz
Bdlsls add3 yj dzlstesdy Po dH Qs y j alzdzs ts W3 Is Is
hodHSCBMIBSY J BRISd odL dzOyjdzj L tod Mz dzs
oP=Y.  tkn dsy 0O By dO tetLEdvHOI], W

& d2 ’, "'t fEesoBHGde0 i’ s Ut sty
dzsy O,  odHBoaYj @O ydSddzts' HO.
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10 tdf. 2.19 §sS0L0d bkttO Cltte' ~ t
iChyj estedfEtE j EsRzls stz (tdm. 2. 19a)
2.19h).

\%
AU P 4
R
,/"_---Z /"-_- ...\
Y N RS
A a
/ .
I l“ % ‘1 ® —— ——
I I3 CO\‘ | X X
‘\ \\'} | J
v \ )Y/ DY 2=
\ \N-—" A -/ N
VAN a'/
= N = 71
a b

tdfm. 2.19. vKO SChist'  ygboss deiissiCls RO  dzj L
a-t' L Odzdz" §ts'fiz@ailzy bz flsts' ydzj

0O Chste' W kol kesySd ¢, s oLl
ofMmlsOdetso dzj dzgscéts L jJSMyjdestedmdlsjlssds, odL

it LOdzdzy Y E2lsdzj :

X, =-Vit- r,Bint+a); y,=r,@osut+a).

(2.16).
" LOdedzw L EMiste’ ydaj
X, =-Vt+7,Binut +a); y, =r,@ospt +a), (2.17),

Hf o J dzd yd dzQ O 'disimz o " H  ff S dztsy j dadaw
odL &zZOYyoO' Is+ mMw L te' odgWdzdzw (2. 14) .
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10 9" HAd3" dgz o' H dzesy O BjL JSMmyd dzlstedf
dzj LO HdMECBoatset dasy O L d SMmMyj dzlstedmdis g
WOCIsdydetse ts tc OH SO @ ' wiEdgsts |g Qebaley dz' dz' 2 dats”’
ViHiB o dHSEtSMIs® fsHOY wWlddy SCtsoatsets BdzisC O

sdz' Hd bt Ckiste’" ' twkrnk byttt djL O
ftoJ HMSOoadzwes Is! H"  dvWdeCd oadHBso Y Jdedrm yYddE&c
o' Ldzedr IFBEC datsy O

10 tdfm. 2. 20 d&O9o jHJdts {tcdfaO@ d dzthxk
JSMyjdstedmdlsj ssdz dzO f tso j tcn dz’ Lic' L Iz
2. 200) IO LEMmMlste’ ydeses (tedm. 2.20b) t°

tdfMm. 2.20. wd H] k©O Chtte' 2 Ak bsysst
aitc' L Odzdz? (Y @degzy bbkflst' ydzj

lteso jHjdzd2 OOz’ L €' dgj BOISd ' L
oMsOdzso dzj detse s L jSMmyjdzstedmdlsjlstsd3, B
fOf jtok o SddyStotsBz Bdsy' o yd¢§ dzdzO®H d
CsdediztsS dzj kRO Is! Mw (tedm. 2. 21) .
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tdfm. 2.21. uRj®kO oL tOr kdS kdzjcsds qi tsdizls ©ek)
HdMSC So 5C 5 Mdidtsy Qzj dc'zimdesis e s Cdzdy CBotsEts B dzsSS O
a-t6' L Odzdzv ' z@Gdizy bzt ydzj

CS odHdzs L twdMmMkzdktO 2. 21, & Myd dO
sy © 2 Cdedy S sod?2 BdzsC (o6 syaddiLdis dzlstOedg! tals(C
9 HBEZoO' s! Mw o byy' CtdsoOSlkz, WO Ld
o' HMIsOdz ItsySd dzjded®,. dzsy © o' H M' B J

l jdzdyddz®@ "tsHEZz IsySd desy O o | (CfsialsEE(
dztsy ©) dzj L Odzjydls! o' H dzOftew 3¢k tsB j tolsC
2.18:

| =J(R+€)%- & - |/(R- &) - a2 (2.18)

1 0 todfm. 2. 22 sC0dBgDOdz PHzisS f * Hi SE
jChyj dEstedz@dej s@J- o' HMlsOdW DLH s JEIFPY ' e
o' Ldedr dOftew BC ' o B jtolsOdadzy detsy O tsH dzOC
o' Hikzls dgv .
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tdfm. 2.22. uvdifses’' CcwOW' Cd LPAd >y GBS o
Bdzsy® ©' H totL 3 wifzted Cth)yy dizbdc Jan'dusfjlis@dzv = o ' H 5T

(L tcOR SR=0 dAD 0f telgds)

lia= 65 idgeR8 0 2dses 9 B d3cis

bdzOdz" L. cteOW' €' 9 YCOLE' ,lof B oy dd ted
dz' dz' fijtejodhizf od dzduyuddzz ef'tsH b O zflzip 4 Is!
“HfMls Odzg' " H f sB J tols Odzdz" . s sYyYyc O ¢
H' 2 Mdes * -fusdntistiztf ©dkas dzd 2 ks & d) ) ®E O
9 dqHGSC " Misiv, id tavQisliaGided ¥ W OSIsdydzsets t©6OH
LB dz hjdedgw OBt L d3jdzh jdedew d o ftesyj '
HgMSCsotse s desy O (tdfm. 2. 23) .

[ " d2 20 hoadHC 'vinls! fdiitafQ@ dzie] § @ dzvv tc dzts ¢
o dH Svs(mdzd f 56§ ©d B EARS)HEZ0

ljdzdyddzze S klstso sy’ higpld @ &tstnls ' Is dzaly OC [z Is
J =@, HijyOMm. UBH' 9 4d dzd yd dzgz dztste 3O dz! dats

Cdedy Ssod2 BdSS ssq\qm%%q,dpm[,gsmcqmsmzﬂzwdm
2. 14 ‘o @LdEGYGOU L @kLjdzdashis o' H CkkO

(©)

> -

=
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1
T
Yy i]\
A Y
\ Ui
‘_vN| )
=N
] 0
a b
tdm. 2.23. (LEGOREdE 00 Mnj O atdZVvL G didzdzO
dZsy © o9 BASE (BJjL fHOY' Cdd)§ o
a-to' L Odzdzy s zGdiafzy bikzMmiste’ ydaj
AOCIsdydzO (tojLlzdz sz yO) heodHC"' Mlis! i
M ZOH O Is! Mw L sStc! 5n C i3 tsded Wdels ' dz! dz' h2e
hodHCBMIs' wiRPL GzdetezPEz’ dotm ( et iHdH Qs BB ) .
0 e | e
LN v LN
| N VR | N
tL\ \ /4;!
® \
| VR IA \ e\
S Vo P \.,0 S V) = p\\~0
= —VN
\\ F—X
\l \
\ Ve
Mo —
a b
tdfm. 2.24. wnj BO tctsL tc @8 tiz'daC @ dztlz© € dz g 0y @zts dzts
fis'f zGdafy bEzmlste’ ydzj

a-tc' L OdzdzV
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) Odzj Y dets o H 9] dzd ydedz J Sfipisjsdzlssts oy dsc
hodHCtsMIS' f sH Oy lsOdzd ORI saizy slaRtsQFO dz!
(hoadHCtsMmMls' LB, dffteswPR BMOOdzdzY By Jd o
6N ddBOR: Fitjtedo yoOmsy (" Bfzd Mdaj) &1L
Sptols Odzdzw dztsy O odratHdIs! "L CtdsOCIk
(fsmls’ 2dej ) ' L Odgdzv, Ctdzd ' yE2yd?2 StO;
Bd&zsCsd3 9 ydeédz' (oodzsets 5B J tols Odzdzy  dzts Y
L zdssodafg'da@tss dzOf tow Hiflzlz G € 0 S B §f € O dzdgzy dzts ) C
MS ZOHWHAL Isd ydzets® hodHS M’ ' L Odzdz” .

t BL C &ZOH J B35 9 j SvisltOte chsded[H IsiliplO'dz: dzlz (¢
o jtlsdCOdz dzz (oL HBOY M y) M EZOHBO
sfixodL dzOy0O*' Isdf t' L Odzdzw : wC ftsfMmils’ 2dzaj

10 tedfm. 2. 25 fC0OLOd ttLtcOnkzdi o
detsy § d3, o MlsOdzetso dzj ded s L J Sy delstedmdlsj Ist

@ € e
. ’ |
R — P
@ R )
| Vo / o | V0= fo) |
S vx\%(,o S |Vp Vi 0; o
| KN \= = n B
I Kz P
Si== %
|
|
vre_ vy
a b

tdf. 2.25.u0] RO &dOZOEERH®BYS | M tipn | O
BjROd LBz LOB hjdadzy (b) Hdv fsfbkldsets ' L Od
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[ dzw My tetsh j dzdzw tesL tcOn 2dzC Iz CtstedL B
tc' L Odzdz” , LOd dzd dzs  J S Mmyd delsted S sod2 HJT
Ctoed o sh-Jdlstisdzdzd d3 B j78],Odzb L s dZtczr 2 f tso L 2 dz
htsHis s’ BJ ttlsOdzdzy O figh dF 02 BAD) o j dzd

1B 20 ~OttOCIs]j tokz tc' L Odadav 9L dzZOYyoO’
CstedL Bdzls Odz! dzgts’™ MG dzOHvso 'C OV andk HIEEO IS ‘Is
fBHOY welBE8OdzZ] L O dsY 0 o HAdtshHds B S O
tcrlz f oL 2AZD2 B -Odz" L 5 ftod ¢ &zOH-t5 03
h Olsz dzdzts G t5 B rOdz’ L sz Q@ Is Go Iz Astidztisse d ds f 5 td
(HjLOSCM Odzsdz) . [ OH' M Ctcdoesh df O § digO Is i
Hste' adz¥ " ©RH (IzMmEApHaEHEcOy O° o HiMisOdz d
sy © ' o jterndzj® Cdzd)y CtsotsGts BAZBEC O. st
Histc ‘o dszIstse " 2 N ayd HO stfststc GztBIBO- O° Is! fpv L
M'H ftsoLkzdd ' & k' ¢ dzgj B3OIdSCEZz dzjL O dzt
teOL ' LiEzMmlste' Yydesets to' L Odzdz? fn j BO teisL O
RZOf tew BSC B J tols Odzda ts 1€ dedf o isdzf[d§.O B EZH J

1l tod 2 3O d3ts o jtolsd ¢ Odz' dzj f tsdztsy j dgdav
teBLtcOrlzdzSC " 8, O ' i3 L O0dzOdz' Lz IstedS iz
W s tc a3z dzd :

b=a+eQ®@os(); sin(/,) =b/R;

X, = Rcosf ;) +esin(/ ); r = W

] ydn tc' o dzv dz odL d&ZOy0oO' dis cEBtedL s
o' HdzbdetsB sfigls Odzdzv Ctcdo tsh df O:

[ dz2v s kzlsdessets to' L Odzdz" :

(2.19)

_da+eC@osf) @
e

X, :esinQ')+Rco§arc5| (2.20)
e G “u

[ dzv L EMmiste’ ydese s to' L Odgdz” :

% :-esinQ)+Rco§arcsir§a§%(m% (2.21)
e v ~u



70

t SLEdzvdzj d3ts tokzm d3j nOdz L i3z L O3 " j dzdk
hodHC" ' Mmlis! fsoLkdzO Htstc' adzt bdw{ €iglistcdzl 3
f sz Odz! dzsE 5 wslz m iz o dfHsSo s fiplsizO W S WY,. 1

[MS dz ¢ &Oftew BsC tBBS o jCltste' &8 *° G5

LOR dzdlsd Odze jBEO yYdets® Mz BEs . zB t&°

(BdLjteigB 2desaslz) oy dads, BO° BRISd 96
V,=V,,+Vv,2 0 (2.22)

I dhjLOLdOyYyj 20 Ediisceo O o dddzO o d¢ 5
5B J telsOdzdzy dztsy O. v oL Lo Stetslsdzts G By tolz -
BO zOf tow ditCdzd 2§ tdalsffHdE t&fnils © § S H CO'Msdzé Is
fijtejodhiz' L dzOyJ dzdz" hodHC MIs® fsHOY'
1 " HMmMsOoadoehd k WsttdRizdzz (2. 22) t' 9 dgVv dadz
=, xs@+vttslsted BO' afftc BLOK

 dzv fsfzlsdzse s to' L Odzdz” :

X = esin(ut) + Rco%arcsiwg+ Vot (2.23)
e G U

rdv LM ydses ©' L Odadg” :

X =- esin(ut) + Rco%arcsirggwa‘g+ VAN (2.24)
5 :

¢ R =

1 0 tdfm. 2.26 IsO 2.27 dzO9 jH] d& G 1o (
sksySd desy O (wCk "d& k' fseoLbkzd 2 dodj - Oc
BdztsC Iz A" H' OGO BlRzdzd fsBERZHtSO Odz' I
] syoOlsSsoatsy IssYys st t AOO WY &) oo ' ©B W Cd@Asdz’ d3ts
ftcOotsets fodztsy §j dzdgv Itsy¢d CtsdzZsOCIsbkz dzj |
fsCOL Odgts dz0@ BOdzs=eeSelz @ 2O &b, € gdzd tcd f).
' LddyYy o fjtejd3 hjdzdev s bLtsySd tzisy Odzeztz
dzd L dzOydetses , Odzy otsdzgO LB dzt hz' Is! mMw L
2@ d Mzl 6 sCOLE' ftesyjm BjLY jtoj tco dats
CteOW ' €d 2 * 1 fsCoOLksly ftosyjf §jtcjtec
Cdzs Mistelz® IsYdzde " f ‘Ofgatizy : HEMW G dzj dzdzv  § & MIsT
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sL&ZOYO', hts fesyjf ' LOdd" Bko jtj!
SL dZOYO' , it &t ( Wez®H Wiy’ L oi5' dzt *©
dzj f jtojcodesets o' L Odzgdzy f 5’ HzdzO W Iz dzC y'
d
1 Pdh j iBs § seo dzkz Glsth{LtSdzlsOdzvxﬂzg)i—.hac{HQ‘

1 tledvdy (2.23) ' (2.24) wkteddk'
[ (sfklsdscets t' L Oddz :

v _ewﬁcosm)+s,ln(wt)CQa+e(Dos(/ut))fl ny

JR? - (a+eCospt))’ § (2.25)
[ dzv L EMmlste' ydesets to' L Odadav :
_f Sln(l/l/t)CQa+eC¢OS(/l/t))P
V, =ew - cos(m) + (2.26)

i \/R (a+eC@osmt))? y
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x (mm)
40

35, ? \
30 2 (] ~ ¢
25 N ’

20 4 \

15 "

10 4

5

0
0 0.01 0.02 0.03 0.04 0.05 0.06 £ (sec)

tdfm. 2.26. wnojkO0 cttdLtsdsOd dsets fjtejd
Cdzdy Stsodds BAzsStsd3 Hdzv  to' L dzte’( ot tiz® % § BeIAAG0SHBniY
a=85 k3,200 0 sw? 5,94 d3/1f)) e= 5 B; - e= 32Bd3; - e= 13Bd3;
Mzy' dz dd tsifid szlzy, tof & @ddafite dz@)Isde'” dg'dej to* L Odzdzv .

x (mm)

300
270
240
210
180 2
150
120

90
60 4

30

0
0 002 004 006 008 01 012 014 016 018 02 f(Sec)

tdfm. 2.27. wnjdk0 cttdLtdsOd dsets fjtjd
CdedyCtsodds BazsSsd HAY o (LUdss tc OF & G@ASMdsOgS thtgH C
n=2000teeBReases, to' L Odedzw s zlsdzj)

1-vo=1, 4 d&3/vB5;0, 9 20, 5 d~=0, 2 43/ m;
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10 tdmikzdC kz 2. 28 zO©o j H j dg CteOW ' €
fJtej &3 M jdedgw IstsySd SCtdzlsOSCIskz dzjL O dagtsy O
hodHCBMIS' otc’ L Odadzv ) . A CGtecOW " €d BLEd
(2.25) sO (2.26) . cSChts wh odg[jHRCO dff ls.* d3lzls
hodHC Mis! oL lkzd@) L Glssy ® pdH&EEIs!
tc' L Odadzy IsddzyoOmssets ff jtojtcdo OF Isv i +y,20 ) toC
sO¢ O:  tjydd3 BJLYJtjtoodzse s to' L Odad

L d&2OrndRdlsodh j dzf d2@° 0. Av Ed@itsea O O tedf
) 3. [ " dg" di3Odz! dzgj L dzgOyj dagdz" whtptef s dzgdgtls ° B
HSHOLddd, It BLd&OYyo', ittt o' bySd y

CtedL sdzls Odz datsd (oS hifdn ¢ s B dTiE@ &'dg® s Ry S d
o' HO' dBdas¥, ks, Nhwse Lisedlsd fesyjf

" BE s, Le ' d hdlsd L agdOyjdedz® M odHCsMmls'

b dzOdz' L ¥ yd ctwOW ' ¢d dz0 tedfy. 2.28,
~SHE fYsoLkdzO (dzjL O detsy Ofedz dzv BLEfdds B
fsfblsdses ' L Odzdz . Aj BL&OYO', "t

o' L Odedz? fted L EMmlste' ydesdzlz to' L vojdssds d dzdigd d&
B' dz' htsv, dz'y k odfOHCE t' L Odedzy s lsc
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v, (mm/sec)
3000

2000

-1000

2000
0 0.005 0.01 0.015 0.02 0.025 003 f(sec)

tdfm. 2.28. | oW  BOdodimdEtsMip] to jods'tcfj dedlyy st
iz O L Gdpdop@tsal § s zlsdzse s ( Mkzy' dzr dzO dz' dz' v ) |
dz' dz' W) HdzW ' Ldzs’ o jezd ud dpd f)dijSBES 9 GelgaRE Mgz L
200050 d dBfefip) 5 dzdse = 3 dz@se = 1 d3Bke = 0 &3 d3.

1l od MC stej dadaw fsoLbkzdzO (OBt Istsycd
tcsLtcOrtsolz Is! Mw w¢ ftsn " Hd2ZO o' H hodHC
HdzW to' L Odzdzv Y s kzlsdzse s
_ we e S a2 €GN (ut)(a+e@ospt))’d
ax_\/RZ-(a+eC"aos(/vt))2%COSW)QMGQOSW)) e@in’ () (- (a+eGosgt)] 5
- weBint) (2.27)

HdzZw to' L Odgdzgy? L Efmistc’ ydatsg ts

_ w'e é W a2 €GIN°(ut)(a+e@os())®
T \/RZ - (a+e@osm))’ %COSW[) Qe eGos))- eain [R*- (a+e@os(t))’] $+

+w’e@in(nt) (2.28)
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zodHC " Mis! REE OWZORBE L O dzad ( stsysd
Cdzdy Ctsoddy BAzsCsd3) dz2O0 LotteslsdeasdZdz =~ tSH '
f sH &Y' dzOB zo O BOC M BOdz! detsets L dzOyJ o
Histe' 9 dg¥ ° 0.

10 tdmMizdS 2 2. 2B N§JOdP ‘o3 oS elzrdglz’ € to d
[Me" dz2 € WkdkSy' v hodHCBMIS' f soL kzdzO
BOCMd BOdz! dets™ o' HMIsOdz' o' H M' desy O,
(fsLdlsdeded? yd daj 6 Olsdo ogg 2dp". 32 die df) L tsofryusty
ftcd HD ' dgdz" 2 hoadHCtsMIs'

1 9dh j MC OL Oagsoctttc qR® ' dits,: B jtoezyd HB |
(225)-( 2. 28), tslsted BO' dits:

we e e@in?(ut)(a+eost))?
@ Gi
\/Rz s oot :cos(wt) Ga+eQ@ost)) - eGin®(ut) - (R (a+eCos()’] ;C
@eBin(ut) =0
?S|n(2m)CQa+ecaos(/vt)) cos(/vt)E<O (2.29)
\/R (a+elospt))? §

L WtedBzdz® (2. 29) o jEGCBilzlsdztzBR Jicd [ O ¢
iLkmilste’ ydats 3z .

g " dzt degd?2 ttsLeo oW L C ' oadgvda (2.29)
CostedL sdzZsOdz' dzO 9" HdegsMdzO h o dHEC " Misve * ots’
BOC Md 3O dz! dats ‘ M oW d3ts o O dz@. 1HdEAIsy{d N Colafk
hodHS" fifzisy @OH " RINO das'yHOMIs Odzt M  des»>@O 9o
oditcdmlstsolze yd odteOL (2. 22), dBsy dzO tot
Vo, fted w2 LOBjLyJyk' s mw BJL Y jtej tcod
(2.29) L H" 2Mdzt 9 OdAfstyts ¢ telO@ZdzE ¢St s BOBEFGE {f J
[7980], hts HOMZs LdBsclkz ftosotsHdlsd trsRid@=- zd

tdLrkzdz O sLOAkdS 9 ftoj HiNISOO dzj C
&ZzO ofmM'n cGOW' COrn f BdzOH A pdb Jvtds dzts & t5 dAO
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tc' L Odgdzv IsStsH' wWe H dvwdSd ' H L dOyy
9 HBERZoO' s mMw {fjtjtedoyOmlsy (' B zdz fMydaj
fsfkzsdtz to' L Odzdz’ LR=1 Q6 @digizR © O GeiFs 18 wHsF
s@®@=4 &3d3, o dHitafs1000 dBWR/ M, tc' L Odedg? o  HB
(4t tedo yOMmls s d3tz p\d~teli H0d0dgizdz/ fis HfdESy J ) ©° L
BjLYjtojtcodss (Hdoe. SCtdelkz 2). lted L kzf
fsCOoLlk, " ftod LOCHESHPURE - O oL ts fig l6
BB/ FEF1L500d3d3/ I, ' L Odzdzv o' HBERZOO' Is! Mw o

GbdzOdz' Lz yd cwcO?.  8qd) (tcdzgigy dzD. 2 ®&tsB d Is
LB dzt hjdzgdz" &3 hodHC BMIs' f sHOY' Bdizis¢ Iz
‘B Edz Mdzf i j CGezadels £ BJjLYJtjtoods o' L
o' L Odedz’ otsdets '  HBEZ9o O Is! Mw Htod osj dz" dn

Vg (mm/sec) Vg (mm/sec)
3000 3000
2500 2500
1 1 —
2
2000 2000 2~ ~
3 3 —
4 4 ~
1500 1500
1000 1000
500 500
0 1 2 3 4 5 0 1 2 3 4 5
e (mm) e (mm)
a b
tdm. 2. 29. I * 06 tc©dzd H dzw o dL dzOyJ dzdzw tc J

B zdz P eiERs ot H Mo C b ls2d i Had O\ “Ceff wpid dzldds o figlz
o' HiNlsOdz ' daetsy Oap eyl lpdir@®HPE s ds0d@n Gdixs) .
aite' L Odzdz" sy z@degey blkflste’ ydzj
1i a= 9 0 dzika= 85 (Bika= 75 3= 6 & o3
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vy (mm/sec) vy (mm/sec)
4000, 400
3500 3500
1 1
3000 2 3000 2
3 3
2500, X 2500 4
2000 2000|
1500 1500
1000 1000
500 500)
0 1 2 3 4 5 0 1 2 3 4 5
e (mm) e (mm)
a b
t dMm. 2.30. [ " OGtcOdid H dzw o dL dzOyj dzdaw tc

"B zdz MdzsE ) L Odzj ¥ dzbwo ‘e ' aij dzdpufdHdRdis fjisSefif i jakomlEa L fryir
9' HiNlsOdz ' dzsy 0 ap e yq izdirGR® DPE Bs d50dB o) .
aite' L Odedz? sy z@degzy bkmiste' ydzj
1i a= 9 0 Bilka= 85 Rika= 7H Ren= 645 BB

Vo (mm/sec) vo (mm/sec)
1400 1400
1200 1200
1 1
1000 2 1000 2
3 3
800| 4 800| 4
600 600
400, 400]
200 200
"0 1 2 3 4 s % 1 2 3 4 s
e (mm) e (mm)
a b

t dfm. 2.31 [ OcteOd3d H dzw o dL dzOy4 dzdzw tc J
"B kd Mdses) L Odzj x dztso ‘e | e cedprddhdgdis jsSeft v ddpledl fiyt
9" HMNlsOdz® tM' datsy O ap e yY§ tdyr@® OPE Bs 460ds Cdixi) .

aitc' L Odzdz? s zZ@degzy bEMilstc' ydzj

li a= 9 0 d3itka= 85 d3ika= 75 d3elp= 65 B
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1 * H yom "B 2dz MdesE s tc' L Odzdgw 9
LOSC dgyjdedg" / Lz ddzC d to' L Odzadgv, Ctsdzd dzj L
Bsd3j dzls  sdetse dzj dzdzv ftetsyj Mz to' IsOdztzy § s ¢zt
L Cdzdy Stsoddz B dzs € 5.

ltetsyjfm tof L Odedzy BEHJ] fJ to] tocoLOREH 2dzdate
B rOd2' LB (sYS O CtdsOf lpzOtzd iz deOY @
ftoslsddzj yded?2 dzOftew dzdCz hodHC sMIs’ f sHOY
tc' o dzd d3d 35 3 B HytsSB WESO B S +v,=0. A MlsOdzj Is+
yofyz Stsdzd Ctedo 1 "2 ZO ctoW' o8 |
fjth d2' 3y Ldzsolz fMtf OHOIs(. ltesyjm " L O
dzj L ©O) dzj (YsHdrtopg)dzdzviny ] t6° L Odzdz? B Iz dzts
ZO ctO¥ ' COR, w¢ MikmS Stdedi odalL
HsMwedad todzsy jdedzv, HJ ' L Odede L ¢ ddzqd
(2.26) BB ftejHMsOoddis s dMOded?2 ftotsy

Ldiseo O ff jw] tfdeds@pdglz to' L Odadz (dz' ¥ o
Cdedy Csoddi B dzts € tsd3)

el cosq) + SN Ga+ eGostt, N
i VR - (a+eGosit,,))’ §

v, =0 (2.30)

L o9dtOL (2. 30) 9 jtorndzs 2 L dzOSC " dzt
dzd y dz2' 2 L dZOS L ffjlsigs ‘dalpdgts d3z o' L Odlzdzs, . $)tsod@fy jted
fJtejedsy Mw (dz' dz' 220 heoadHC' MiIs! dzsy O Mls
fsHOY' BdzsClk), sy dz0 B yd mdad lstdd3’ Ldzste * I ¢
L § J tc2ofevH 53

 dzv  Istsg ts, hsB totsLtcOklzo Odzd L §z20 1§ }y gzt
o' wmaalzs * Is! Mmw (dz' dg' 2dz0 hoadHC" " Mmis! dztsy O
hodHC' MIsy fHOY BARSCO), M H {tc' o dav
fjtoj &3 M jdedza" fsoLbkzdzO (dzjL O detsy O)o L f tscC
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fa+e(os(,,) 6@

X, = €sin(nt,,) + Rcosarcsirge +V,t,,
t %‘a ¢ R 4™ (2.31)
X =°esint,, )+Rco%51rc5|r’- +emosm'”)8'i+vt (2.32)
¢ U

Ld3so s 9o Hdatso dzj dzde? to° L Odzdz? (f solsts
CzdyCtsodd B dzsS 5d&)
g2 emssw'”)gj+vt —x. (2.33).

° esin(ut,,) + Rco%arc&

L odtcOL @@= 38R2. P tocndz 2 L d&zOC " f dz m"
o' L Odzdz®t , dad ¥ dad L2z iy lsiBO o detBigllzlr " 1 O e d ) lz dza§
ZOo jHjdzZ cteOW' Cd cttedL tsdalsOdz! detsegts ff j to
BdztSCsd3 o ftesyj m' e’ L Odzdz” , hts BsSP2#®Pnt
PtcOrzo Odzdzv &3 Edzgse (2. 30 Is© 2. 33) . 1 5
ftoedp Iss o jtlsdCOdz! dzgj ftsdztsy J dedzv Ctedo tsh di

] ByYyOlsSCsd3 CtstcH d d2OIs d3sod3] Els’ C wwO®Hz «
fodztsy j dgdzy Issy¢d SCtdsOClskz dzjL O dty O L
odL dEOYOdzd L Lo bdbwWL Sk doH®DAY dedgt 9o 02 L A
(2.33), otcOntso 2. y3l2) zdi3tso d s £ 3110 dzdzw
ficsotsHddzd LO HSYB®RsEE { tots (80 d3dets @ t {f LO
BJLYjtjtodatsets to' R2O0&BY td2jo dgOdzdgy (H2 .23nCkz
OontSHEMREY ® O Cddy Ctseoad?2 BdtsE ' LtesMmisOs
Ctcdo © 3) . L tOL fjtojtcdoeo yomlstsets tc' L O
(edfm. 2.32 O tedfm. 2.33) 8C0OLEsIST |
f°"H yYyom Lotklsdse slz@®iz.~lz dzj L O desy O ( § ¢

O dzOdz' Lz yd ctwOW "  €d, dmsydO LtesBdIlsd
Gted L 5dalstOjoide jdals'cltlzj dzd@y H dzv (Y sfElsdesets O
dzj © j dzd $ ©, Odzj ' Ldzdyw LtesMSO" L' LB C
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x (mmy)
60,
54
48 /
42 1
36 2 \ / \
30 3 \
24 \ /: \
18 ] :
" AN 4
6 :
itom Etin
% 001 002 003 004 005 006 007 008 009 01
t (sec)
tdfm. 2.32. JO%¥' ¢d cdEipd LdxsjdelsOD drzeasd o 1S dad):
WEdS Yy S uofmkz Hdw ffkzlsdset ' LOdkygy (HEEc@S S

HdzZR=100a3B,5 B2 000 tvE N R d di3/ M) SL dz@U4® s Jico st tsls dzd 2

(B4 L to) Li @czdet3tlzre = 2Rie = Bdsde = 0 d3d3
x (mm)
60
54
48 \
42 1
36 2
. 3 \
N\ 4
24 :
)
18 N ;
12 N\ 4
6 :
itout itin
% 001 002 003 004 005 006 007 008 009 01
t (sec)
t dm. 2. 32. JteOW ' €d ctdL sdzlsOdz! desets  j to]
WEdCy'® yofmk wHdzw L EMiste’ ydetsets to' L Ofzdz( {f thstisdd - ts's

HizZR=100a3B,5®WE2 000 v 05 & a3/ ) ,L dgORdRS Is d & 'tsis sz jdad @ ¢

(B4 L

t6): 1i © daliti3ifys = 2 dsite = B dsidse = A 33
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[ BLEdEVdsj Bs L B dzk cEtedL tdzls Odzt dats’
(fjtejtedo yomisse ) o'tk t® dad® dzdzv vL Iytsgdgipvdzlsis +
RO 'MW E Lokl dshReh 20 dY BFEj L 9 ts

ssySk, diLts dty0 fssyddd' wkzrOldmhwy E
o' 2H] E CtdsOCl L CdzdyStsodds B dzts€ ts5a3.
4t Bwk

1 0 tedm. 2,34 IO tdMm. QRadz! 3B " § & CoQfLr
tc' L Odzdzv, tofSL tcOnRtso Od2s 2 6L) 0 W is tddgdzxGi2GAzdgdo did

fesyj Mk ©' LOdd" L2033sttkDdPsdts (8 80 ¢k

JteOW " €d fsCOLkzyls! L3 dzgz hodHC M H
tc' L Odadza" .

v, (mm/sec) v, (mm/sec)

3000 3000

2500 2500 !

2000 2000 / 2 /

/

1500 15000 , A 3 /

/j 4 /,/ 1

500 500V /

0 0 ;
/I . N/
-500 \ -500
-1000, / -1000 / \ |
\ \ W
-1500 ~1500 \ / v
2000 180 270 360 450 s40 630 720 20 90 130 270 360 450 540 630 720
p° p°
a b
. 34. J oW ' €d cttedL sdzls Odzd dats”’ hodi

dztsy ©

"Ldzd R e © By p QB s 8Os dsdizB dpes2 0 0 0 tsB / A

vo= 0, 4 3/ M) sL dz@d® ‘ls Juco stotslsdR 2L ~th 'HL @afpdz'©O: datsy O

L O dzdzv

f 5 iz ® dzgz?
1i e= 5 d3di,e= 2 d3di,e= B d3di,e= @ d3d3

bkflst' ydzj
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v, (mm/sec) v, (mm/sec)
3000 3000
1 1
2500 2500
[ 2 / 2
2000 | | 2000 / /
1500/ | 3 / 1500[ | 3 //
1000/ 4 1000/ 4 K/
500 500
U ~ / 0 [ i
XN \ 7 N
~ 500 \ / \\/ / — 500 \\.7) \ A
— 1000 \\// \ _// — 1000 \\ // \ //
L \
T100 00 180 270 360 450 s40 630 720 %% 90 180 270 360 450 540 630 720
° @°
a b
t dm. 2. 35. JteOW "' CéhMms stcdpl s @ldzztzy dzt€” Whzalaf |

sy O Hdzv ' L ded n e ( © Byt QL t5 F-MIdASQ) dsdléizB dpes2 0 0 0 sB / n
Vo= 0, 78/ M), G Ekdlilsdte tsL dzOpQ'L L@ St@dsddrd:?2 " H dzj
aitc’" L Odzdz" s zOGdegzy bEMmilste’ ydzj
1i e= 5 d3dj,e= 2 d3di,e= B d3di,e= G d303

OO Lk yd cwOW' Cd (ttdfm. 2.34 kO
hts fsfbklsdy t' LOdzdz" SOwOSIjtedL k' ! Mw

o' L Odzdzv, dz' 3y LbEkMmst' ydai , Cooyw  te' L dad yw
J My dzsted mdlsj Iskz.
10 ©2M36 IO todf. 2.37 §s8C0OLOd ¢

tc' L Odgdz?, toLiORBo Odzs’ Hdzv o' Ldedr Mf°
ziL® desy O O heoadHSCBMIS® § BHOY vy=mRfe dz' :
Hie,=mR+e). J}tod WL OrkzdiEz ctOW¥W' ¢ o fjtcj
dz' dz' 2 dzs’ hodHE BRI | B QPdsdzf Bz dz' H ' dzv C
L dzZOYyOs !, s fesswetsd Y! séts jte' BHL
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tc' L Odzadz? 9o ' HBIIzo OF tisdzdnw L ddd\} jjdzdy' s HE St d L 1S dz
fjtejodhb' dazdz .

O ZOd' Lk yd cwo®' ¢d (tdhm. 2.36 O 2
E ydSdz ©BjtlkOddy ksy0 L 02 KO t' L Odedz"

100 ted C &zOH, Hdv §§bklsdte s @ oLddgde
Valv, =20, ftetsyjfy to' L Odedz?" L O2BO° BddL' Cts
dzts ) O. r dzv M §.7vep=a0C H dasO fj lsfd® YOk t' L Odz
sy © MsOdeso dIs+ dzj B' dz' h j 20 %. 1 KAy J
LEfMmlste” ydesets to' L Odzadz” .

v, (mm/sec)
3000

2500,

2000,

A WN

1500,

1000,

500

0 90 180 270 360 p°
t dm. 2. 36. 13 20 cttedL tBdzls Odz! dzgts” hodHECE
fsflsdesets t' L Odede? ftod t' Ldedrm MY 99" Hdesh j dadz”
f 5Oy (58 BRefIeA)aiaB,5 e 0 0 0 =B 4 &),
1 - VrIVo=20, 2- Vr/IV0=30, 3- Vr/V0=50, 4- Vr/\Vo=100
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v, (mm/sec)
3000

2500

2000

1500

1000

500

G0 90 180 270 360 Lpo

t dfm. 2.37. 1 i3 20 cetstedL sdzls Odz) dats’ hodHECE
LEfte’ ydesets to' L Odzdz fted to' Ldzgdn fff " o9  Hdsh
hogdHCsimls' f sH OYRs 1(0mER] kA0 Of e &d),

1 - Vr/IV0=20, 2- VrIV0=30, 3- Vr/Vp=50, 4- Vr/Voc=100

yOf el dsy O BjL to' L Odadg"t, dgs>]deO
tedfm. 2.33) L te20 BB G E @ jotazwitdr B2]. ta3l90(
T=20/w, IstsH' YO toct +TOUzeaY,), H ©tc ‘08 dzédsts fr) dad 2
BlzHj tBYdmdzsTe Olsd mw w ¢

10 .38 s OL Odz H' OGtcOd3d o' H datsT
M " 99" Hdzsh j dz dz' dz' 2 dzts’ DydHCtsBPIs" 9 j d
J Sy dstedmdisjilskz. | ' HdsHiizl LszOdm@ wozy, Yy
tc'Odzdz? o' HBEZOo O' Isichifw oeBdjHLdfY to| tcocdsOW * € Iz,
fOtcORBI stc® * BdzdL! SdiBd wWE HAv §sfEklsdtsc
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0 05 1 15 2 25 3 35 4 45 5 55 6
e (mm)

tdfm. 2.38. J©OW'C o' HdzsMmdzsets YOME ' L
LMt ydesets ' L Odzdzw (h stedRtse O dzf dz'ew)zy L @&dzj ¥a
My o0' Hdsh j d@ 2 dz' 2 dafs 'Ve= & R d HSSO fifiss d HIS tsdpdstfo  djtis
( 5B Yd ) dzR=ditD OffaER]5 d3ek2 00 0SB/ R o) .

1- Vr/V6=20, 2- Ve/Vo=30, 3- VrVo=50, 4- Vr/\V6=100

tdfm. 2.39. (GLEOSEdSBs' Mojkd HEY odL
aitc' L Odzdzy s zZ@®degz?y bEfilstc’ ydzj

ltesOdzOdz' L 2° d3ts  Is to O defrisiidstda apizests o B & 5 O
oMisOdzgso dzj dzgtsegts jJ Sy delsted ydets, & 9 j tgn dz' 2
BdzsCtsd3 (k2 btz &' My’ , Hd WOCIsdydsed?2 ¢
99 0)0Isd, hts dz2Otepy Gezsyg ®' ©Oddgitso " H O d
tcOH' MO b QtcdzOdztzr 3¢ Wy ("todffy.C sAIs39) . 1 ¢
dZj L O desy O o Ibtsyy' to' L Odedz?y Cdedy CtsotsaEts
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hoadHGCEMIs'™ fvisH @Al 'dz' 2 diAsVds O o das C D dztg,” N
stsySd dzjL O dzsy O.

1 B3O dz dzO Wieeffdadk S Anfls‘o toj L 2dz sOIs’ L
r (Hdo. tcd M. 2Vo 2 49 | H b dgtelzd y d dedzh MG &zZOH &

sBUdhd ' & Leuwie-etiyl . | ] ddeudiidezo ud dsts
sted S kzlsdzed ¢ & d2O twdm. 2. 39.
é . 3a+el@ost) o,
iR Cao%arcsngei e@m(wt)u +a? , (2.34)
i
19" HEd BGlsted &3z dzts:
vR:WC'i/iéRC'Ezo%arc& a+e®os(/vt)8'j e&m(wt)u +a?
i e ¢ =U y (2.35)
v, _dr _ w@Qesinut) ° R R coseQ) ° [a+ecospt)]sint)}
dt R.a® +[esin(ut) ° R’ . (2.36)

H jR, =R’ - [a+ecos@t)]” .

1 O f syoOlsé eSL OR 2dzS ' o ftcd2 d&ZO° ¢
Citsdijlstedydeseéts y,j dzlste Stwckzetsoatsets dzsy O
L&ZOSd E WsdizlB&EOr B(j 2e.j3IAS H dzW - Hfdy{f & Idzdpdsdets
6’ L Odzdzv . 1 dzOyJ dzdzv H tsils d Yy dzts dztsls O N detd B @ & dg!l
slstcd dzlz ¥ Is ¢ hdzw s sd3 tetsL © dzOH O dzdgvdzOo JAEOY tdcte' @
94 ¢ bwtan(otedm. 2. 39) :

V, =@¢- V,Sing ,); V.=V, +V,cosf,) ,H J, :arcswg@f— (2.37)

) 9dC dzOH J dzse 8 Slted BBz d3ds W OC Isd ydzd 2
o Mils Odztsty dzj dgscmyd dzsted md Isj Is tsd3:

|-GDO

IO o

a. —arctﬁan(ao)
(; V2 +vl‘2

(2.38)

) HMlsOoadoh di2n.dATOL dz (RS8R &z (2. 38)
WOSkdudsets SklsO ' LOddz? Hdzw HAMSBoBEtL
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t dfm. 2.40 JtOW" ¢d L3 ded & OYld§ daizts ¢ftds o Ydisls
HdME e tsets dztsy O, o MisOdzs o dzg etststs tc Qr 5 H KBzt jOddfistise
N~F2000m88 % avelzd3, 0, 5 T g/ MPdzaded iftds'f LzAsdzale, bz Miste’ ydad

liee5 e e=2, 5&de= 1 3l e= 0 By

Or

3

2.5

1.5

0.5

0 . 90. 180 270 360 0. 90. 180 270 360
° p°
a b
t dfm. 2.41 JOW" Cd LB dzh OGS Gagdetsdf 50 &zl &
HdMC e tsets datsy O, oMisOdzs o dzHdidy ¢ e ' L dzg & M Wig/dzle to d f
(oL tcOn SREA@OMWBOI0 O mB 8 5 odzd3, 1t8'=L Odgdg) ifds §fLzAsdizEY,
L zMmls te ' -vrllegkS; 2- vrRivo=8; 3- Vr/IVo=20; 4- Vr/Vo=80



88

1 0 tedfy. 2.40 kO 2.41 {sSCOLOd ¢
Cdedy Csotsets BzsSkz L O wHddz  tso dzd? tsB
HdgMS Sotsets dsy 0. J©OW' ¢d { tek.HIS®)Odsts diz
' LdzdS §OwO®Rjlstc’' 9 (s mds' o QeztzedhlsC
CklsO L Olstay€d dspdsds od d'° §kdslsdids
9COLEsIs! dztsy jdzdzy sy O fted o' Hdatso dzj
detsy ©, Hd&w wednmn ftosyjf to' L Odedzy o Fodatso
233).1 tsO0dzOdz' L o Oah d cGtOW' €, By 2O Lt
LMt Yydesets to' L Odzdzy H' 2fdzd?2 S ks t6' L Oc
K sL &zOyo- , hts ftod LEMmMiste’ ydesddz ' L (
sy SkoOld HJMNB 3 dthded  Sysfedzffr teB dztOCzd®Y. H C

23.00' CEEEOUAY dzj L O H § tpf &5 & thir tiets vets ¥ ¢

lted to' LOdedz HdMEtsoaddy detsy jd3s, hts 5B,
sy 0 o ftsydf' BtetsB ¢ do fCHEs - el Wls ' ff teHts ©
f dzsmMG dd3 dztsy 4 d3, hts By | LO §4odedn z
L detsh zo Odzdzy dzj L ©. r dzvw Istsets, Nhtse sy ' dac
dzj sBR' Hdzs ftesOdzOdz' L z9 Olsd stc@ Cltstg’ &
tcsLtcOrRlzo Olsd hdzvw 7 ,L W Sd A totfstayg S H dels 'L Oddgdzw
1G '  Hdets L OdzgOdz' L tsdz €' dzgj d©3OIsd ¢ d HfdidLysjofipfiz
dztsy j O3, btcO' ¢ gz dgharlz degtspnE df " H YyOfm t
Hsf st s f OtcOd3j Isted yded = to' o dgv dz

lted sfkzlsdsiz tof L Odzdz'

X (1) =- gt - R@in(ut); v, (t) = R@os(t); (2.39)
lted LEMmMite" ydzts 3z
Xa(t) =- Vot +RBin(nt);  y,(t) = RGosm), (2.40)

HJ :
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Vo -nPodHCC"' Mis! fsHOY" KA k§rGsa®Oc 9 Hd
HdMC Boatse s datsy O

tif slssydzd?2 yom.

J ftosyj M’ o' L Odzdzy C sy dzO Itsyc 0 dac
odHBo Y jdes™ yYyqdqeddzs' ' Hd, wCO BBYdmdzt * Is+ M
lted odL dzOyJ dzdz sStcO* CIstste” tcrlz Istsyt o
tesL tcOn 2 dz€ Iz, ftod wW&C' 2 CdzdO CHschfdR s eBdd2ts & d
sBj tels@’ Is+ mw tczrn O Is! Mw  dzOL k2Wis teh 2 B digs
Mftesh 2 tByYydmdzj dzgdg? HEsMdz' HYEZo Odzs”™ IstcO
dzsy O f syd dzO’ Is+ fywr O, 3% ddes sy QH@ dzsy O L
9 CtcO? detctEditr sz AL dztdizjdd@dls d e s 3 dzO to d f
IStcO' ClsstddzO HAFYUSC d detsy © fted s zlsdzsdilz Is(

a b
t dfm. 2.42. vt Cltstc’ v mBIk tcls 6 QUafizy A € dizg 3 &

liHdmMS o dRC adaf S sRd?2 B Az E
a-tc' L Odzdz" His'f zGdigjpy bEzMmistc’ ydaj

MOLOCIjte L3 dzd O Skt ok It
5B jtolsOdzdz", N odHESMNORGEYGE Otzdss &ty O,
fsy® Iktsoh ddad € dzdof € B9 wmdts Ortalzts BlezsC 2z 9 * H
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a1 0 tAfMm3 §sCOLOd ROLOCkjtd Mo HJ
o' L Odedz’ Cdzedy Stsodm BdZSC ' 9, o flsOdatse dzj dzd
HdMCsotse s datsy O.

[HIHIRNNE

a b c
t dfm. 2. 43. ldedzvH IstcO' Clsiste’ tcnlk byt
Cdzdy Csotsets BdzBC 2 2O o' L dz2' 2 o' HiMMlsOdz o' H M’
ai a=0, bi a=0,5(Rb); ci a=R-b;

CS odHAMR . 43 L OGO d&zO HBo ) ddzO IstcC
B dzsy" (LOGCOdz dzgd?2 hdzw i Iyttt dzjL O dztsy
RO dzO" Iszo Odzdzv, "8 af dzdo ©O' d&O "hdzwr O 1L
sBtetsB ¢ d. vtsdzz HEtsYy' dz des HEBMdz' HdIsd B9«
dzj LO detsy O ' H YO to' L Odzdz?" o L Odzj y datsf
tc' L Odzdz™ .

1" H yofm t' LOdedzy Cdzdy CBBOotSets BdzsSC 2
dzts y O, &ZOoff ted ¢ ZOH OB YSO stz C@ ®
LOdzdh 0 yd fmMdz' Hd d&O e jtends Lt LBk, W
mMtsB t5¢ (ted m. 2.43) . la*"H (ot' L OdadzV)
Cdzdy S s9ad?2 BEZBES d&O tsyoOlsCizi,tc’'Q OCuaflZz v °
(fJte" sHdydel L Oo-jtehlsjtdpdgv. OelzdLh Godzdgd) o * H e
tckalz dzjLO E oadedzwH' ida Hh48). 2O f 59 j ton dz'

£i2 ftesyjm toealkstes ‘' Is! v yd&¢ dz' ydzts,
CYdz®O Lyt djL OO0 ftsrntsHdIs! f°H YO
sCtcj d3d = PHK! dzv dzts €
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a b
tdfp 2. 44. vtO ¢btste' ' kAl O fMd Hd by

liHdMC B dRC daf S s5&d2 B dzisC
a-t° L Odzdz" §ts'fIz@aimzy bk flsts ydzj

z2tsB twLicOalzoOlIsd L OcOdz dgd?2 hdzwrom, W
ftetsyd i tc' L O dzdzv Cdzd y € s aft€ dsts  fglsitss tlzg O Isdt
Wistcdidz dze Hdzwv B yYydmdzd dzdzvy Htsey ddzed H ' dzw dz§
[81]:

tK [} ~2 [ ,.2

_ ~fadx,. 0 . ady,0
L=pn/e—20 +a&=20 dt

!Jg dtg gdtg ! (2.41)
HiXOIOM)-BJLY jtoj tco dz WikdCy' o, hs Y

L o' odgv dzdzy 3 2. 39t s®s B BOd, , faHkpEe HY & o
CsdzsOC sk dzjL O P'Ka des[Shifs d3 20 448y S OF ' fdzw
st s Wsttdkdlz Hdv Lss ydfdj ddy " &v ok

tk
L = FV +W?R? ° 2vuRcost) dt (2.42)

v oadwOL" (2.42) 9ojtends 2 L dz0OC A dzs
ded » dz' 2 - A dg'dztc oy dzts a3tz . [ dzv B ydmdzj dzdaw
LOMlstsmMtso o Odzd ydmj dz' dage * tlasyg @ @dsxizy u
Mathcadls © ticL cOrtsoalzeo Odzd cGtcOdzd Yy Codpldt) &t Iz
stsyPOPRo dL dzOyoOe Is! Mw L e’ Hdzes ted M. 2. 44 .

[ dzv s EzZlsdesets to' L Odgdz” :
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Ya(tp) = R@os(ut) =-a.

ya(ty) = R@osit,) =- (a+h), z odfOHCEZ, wWCht d2 x5

stsoh ddgz (tedfm. 2.43a i 2.43b),
ya(te) = R@osit,) =- R, z odfOHCE, wWChts dz' 3 dzgj
stsoeh ddzz (tedfm. 2.42 ° twdfm. 2. 43c).
o' Hind Gbted B3z’ dBts:
to —Viyarccogse R(.j ty —%/arccoi a—RbS OB, _7’/ (2.43)

[ BLEORBo ks yd fsyjfl LMt ykscs
HgMC e o2 fsoddej dz Lu' 2Mmdedlsd h 5dz02 dgj dzh |
ssets, “C obHREDIHI LR SsdsOCl L OtSkh Oc

to _322,0 arccoae _OU OB tIS-p _12210 arccoée %gﬁ (2.44)
U

we ¢ we ¢
v e, htse odLdOydlsd ' d ¢ fls!
WC' BEjL O dizsy O bdhtods L OdkdM dls!  d®' 4 da
Yyofy t' L Odadzw , 9900 B, h ts LT@%?HSI-GCISdZ
CstcdL sdzgls Odz! dzO § sHOYO o ¢ 5tcdd=EHzls Outs HiZl
LOCOd &z® C' d €' fyls! o Hte' LC' o ¢(dimde ' dr
50 j o0 dz B dzi8,C Of st Gocpts af ftdssh B j :

A 2.45

“ o (2.45)

Il sodzed?2 (LOGOdz dzd?2) hdzw i o' L Odadz” ,
dZsy O o CdedySCtsotdigz Bdzsy' , BB RMdS)Is: fyv

sByYdmdzj dzdzw ted?2 3O WSO Husse )  targ  fofs o P ideizdz
B Misd s ftod dzO2 d3dz’'©) v o 'L OHzd iz dg€ d Is cfgfztsH
tc ' o dz¥v dzdaW (2.42) Bzdzs tslsted 30dets ydmy
LOBjJLYJjyjdedzv Mat hcad, s HOGs Ld@sclz
hdzw oz IstsySd dztsy O Lk Bafdswyls @kw,dzvy JBERL dzd = L
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tdLbkd sOIsd ttLtOrkzdlE dOo jHJ d dO
LOGOdz! dzO0 Htsoa )y ddzO h dzw Zkz B {6 L ic @ dzdgV tolifizts §izim
Hso Y ddzO B dzs€ Ol teldR0IO drlppw W €

Il tjLEzd kOIs® OdzOdz' L & B EZ Azt t@ duv®ddgpd
Hijhts B  d htss Htod LEMmlste' Yydesdzlz to' L Odzadz
CteOW ' €d, hts HBLOBAYE ! Yy’ ddilsd dzO2 Hs¢

710 \\ %s
8 1 6 1 /
AN
2 2 /
6 3 5 /
4
4 ~
o, T, 2 / L~
4 oy ‘-\
W 160 280 400 520 640 760 880 1000 00 20 40 60 80 100
v, (mm/sec) e/,

a b
t dm. 2 .94 50 9 diHfSdfmls * vistOH @\ 'H dasdztg Tzy  dz' dz' 2 dz

dsyweHts hodHCSMIs vozeBH Odg® dzk dzis § DtetsL a3’ ety " L Ozl
f s klsdzj .

{BuUudMmdzj dets f ted ISIOL d2-0 Rt O B Isizeyd -

a (&t dEBF3000 2B+ 25M00 e~ 15000 358/ Do ;

b (=8P 00 ftsigar 25 ) dsals @ g 0 3R
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tdm. 2.46. Ifddes o' HMsOkRakO&EEO " d tizezO B fipt

L3 dzz B j L tetsL o3 toddis/]. H S aOfisdzl tf touf Grdgdd=. 1 Of Ots Ldgxi§
1in=3000 BB Z0MW00 28BR71°000 3B/ ~ ®

ailf tcloF 1 0 wvesd3,, 2lk/fficd=6 0 welsAB,, 5 d3/ M

b dzOdz’ Lz yd ctwOW'  €d dzO ted . 2. 45
Hsoyddzz h dzUFl@zOBB L @dztlzy off dzdo O o' Hdesh §
dzj L O vgatss] @ o dH G tsis ' volf B H®OYH M iB @zz< OB dzs ¢ O
H MC tso sd[B2]. datsy O

[BtcOdzd ¥ 3@ tdsB j tels Odzdzy dzsy O ' H yC
LMt ydaj ) Mmklls: ots dzj LB  dz' hz* hczwi o
LdzOydets LB ' dz2 hlz' Is: v Htod dzedL ' Sdr N"NoadHC
BdzcC O o' H ' Bj tolsOdzdzy dzthy Qzdzvh o destipiz)
dzj LO HdMSEBoatsEdts detsy O. 1 S tsdzOdz’ totsL tcO~R
f'H'  BteOIsd ¢ dzd BOIsd ydz f OcOd3j Isted f to
otcOnrtsolze yd Htsoyddzk hdzwrlk dzj L O detsy O o
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2.4.)1 f dzd o d € Myl delints Pdatzts aias dzdzw HdMC s
TOwOSCkjte kO Chite' ' ok 2BE t° ) kYt
BdzsC " 9o

10 o' HAB dzz o' H detsy O, o MisOdztso dzj dzts ¢
ez t' Lddr bys¢ djL0O HIMEBoBEB dzk
L Odzj 4 Ols' 2 frpdétsHe sSH 6 OH ' MO 5B j tols Odadzy IsOo j
9 ' Hdstsh jdgdzgw dz' dg' 2dzs™ NodHGCBMIS' dzsy O &
Bzt 2.

10 tedfm. 2. 47 fsC0O0LOdts LAEBI CEB®tctz] L
dzsy O, oMlsOdeso dzj detscstc O’ § B R tfids ¢ Y & isvj Cls@s
dzj ¥ dIs 2O dzj L ° dzsy O, By 20 s dMOIsd
e odgwdzr k2 WhkdzCy' ~ yofmz t (99030 i3s, h
sy © f sMmls’ 2dz ) :

lted fsfkzlsddisz tof L Odzdz

Xg =- Vot - 75 Bin(ut +a); yg =rg Gosit +a) (2.46),

lted LEMmbt'® yeslsz to' L Odzdz

Xg(t) =- Vot + rg Gin(ut +a),  yg(t) = ry @osit +a) (2.47)

ri o' Hfls @ ' Hissayfif'd fs8 d tctzO@uzaw Is ' Upy L
ZOY tow BC & B j tols O dzdzw

rs =eCos@) +\/e2 cos’(a) + R? - € (2.48)

l " Hfts9 " Hdzs HEts ®©dmM.MdmMBJjBd, CHEsigOH @zC
Y4 dzlste 5B J tolsOdzedzy dztsy O dzO § syoOlsikz iz
Fdiiso dzO Mrj BO tetsL cOn kzdz$ Iz, Cesdzd Cdzdy €
HdMS PR sedils! ff B O ftddzda ddzd 2 L W d dHC
sBJ tcls ©Odz! ded 2 . 1 OMftcOoH® 9" M+ dsy O ° ©
Ltk ' dzJ G3OISdSd tsSBdHO® ' Maj dB3d tSL tcOR I2C
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ltedf Emisd s, " o oS B dZbsieROsE tz0 bt
ZO2HOd hj o' H sf)’ 5B j tols O dzdy 3lzdztson jOG = da
fsdsy j dzde (wdfm. 2.47).

tdMm. 2.47. uvEO Cltste' ' tkok IktsysS A, B
jSMyjdstedmdlsj lstsds
a-t6' L Odzdzy His'f @Gy bkt ydzj
1THdMS so RS dlal HS s5€2d2 B dzis¢

L ftesyjm ' LOdedz" Sty dO LY O dzj L
Mz’ H t' L Odedzy dzO  ts9 j tc8 dzH ts aspjtedss dzy de® dz
sf gk’ Is! Mw tc' o dzv dzdevedgey dfj ARts4 6z’ H2[., 4 ™)E.°
CLOzdh O ls1 & dz2O o jtendsd BASCEZ. 1 " H
C'dz2 €O tOL"' 9 CtsdlsOCIskzoaOlsddzj L' Lt L O
cdz' H'tseeé L " 9, ttsL sO" so Odzgdrn dzO tisH dgO CHis ay
Coydzse s o desets SBBeslsE dzsy O (twdm. 2.
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tdfp. 2. 48. wdz' Hd LKO Cltste' 2 to' L Odzdg?y Istsy
a-tc' L Odzdzv Hts'f zGdigpy bEMmiste’ ydzj

A, B,Cilon" H IssyttB,isdBiH Bsyst L B AsC Iz,
linHdmMEsod2C dial S 22 B dzisC

L ©BOL dzts y O, oMmMlsOdzso dzj desets B j L ]
mMdz" H' 8 ' LEdzEdALotgotc~ da dzv ¢ B8z’ & YS
L tdmda8, HdAzv dty 0, oMmMsOdsedzj dzsets L J
Mz H' &8 ' L Odedg" Hd&zW to' L dzgdr Issys¢ A, B
C dzjLO desy O dgj fjtejtc’' L O BdzsC f tsodz Ml

AStBO kO Clste' ' t' L Odzdz? L Odzj s
8§ tols Odzdz" dztsy OR, e Q HiZ2d g Qzd dztg e yg “daisfipls] @dp
o' H M asBlpEbOdedgd MBaafsH IztsMis® B j tols O dzdz™
fsHOY wW.Bdze®©0O' BjLijtcjtcodzsets to' L OdzdgV I
dztsy O day 4 teHls dul@dry Iste ‘v O difdzv Odzy ' dz dz
Mz HOBBd) L A3 dg¢ " s mw (tedm. 2.49, 0O),
fesyim i’ sHdudes fjtjtedo O s! mw §° H
Mz H' @8 MM Hdg 7 byt d) L O f jtcjlsddzOs I
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a b
t dfm. 2. 49. ldedzvH IsteO' Cliste’ 2 tkzrkz byt

CdzdyCsodn BdsC' & ftod ©' Ldz 2 o' HiMlsOds Bd&sCE
ailBjLY jtojtcoddjf jotb L OflmiayOfMmisi to' L Odgdgv

] J Bd3) Isted ydz 3 H J dz¥ 9 O dzdzW ftesyl Mk
oS tcdMisOdadz" s ftesEtcORdesets L OB L j Yy da
©6jOd LOy" fitcjtedo yomssets t©jyddz
9 HOzs9 dzj dzdz" t6° L Odadzy 9 " Hizes demimvty Is! fignO I
to' L Odadzv

1" H yYyofm ffklsdtsets to' L Odedz?y bk f sdztsy
BidzsCk ftesyjfMm to' LOddz" §jtejtedo O Is! fw.
dzd 3 dz° 2 yOMmisd dz BdztsCHz 2@ dazj ffj ts olslis G2ts, 9 do
f tosHis's YL d3j dzgh o Olsdmw, o tdztsy jdede 3 to°
"HHIS LOwBtejL HJWEd2 yom ydeédadzk djLts
(2 dz 220 hodHS Mls! dzZjLO dsy O HBE' o dg

BdzsC k), * fHttsyjm to' L Opadsys dfds y deddds Cldz fif wif
1'% e LO st vk BdSS, Odj L& i {t
(fsdztsy J dzdz? 5) . yjtjL HJwed2 yom o 1y

ZzO (o dzla( Y g ytsippdzdzy 6 ) .
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tdfm. 2.50. | j tdj sfasfiuddzjn tso3teied j-dzs fotdistzvj dz d
fsfZlsdetsets to' L Odzda¥

l sdztsy jdBzY flj toj tod ©@ Odedz? o' L O dada®

) Sdzsy j dElzY o 4H dzs e dzj dzdzv  te' L O dzdzw

] OOk bktcd BOFj &4 &OHEhdds,3 0a=d3ds,0n=05d2,0 00 8B
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tdm. 2.51. | J tdi Isfexinodzir sdtszdj-dzs fotOotisizgvj dz'  d
LEMmlste’ ydesets to' L Odzdg™

] sdztsy j 0By f1j toj tod @ Odzdzw  to' L O dzdaw

] sdztsy j dEdzw o "4H detso dzj dzdzv  te' L O dzdav

) OOdj Isted EBR] &4 &OHEhER,3 0a=Bd8,0n=d2, 000 B
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lted LEMmlstc' ydes gz te] te Pagtaizdzy ff ls@ v o1 'SIE dat
BkH] ' d&"hdd (tedfm. 2.51) . g syoOlClz dzjL
yofmlsddz (te' L Odgdz? o y' 2 yofmsddzs L k¢ ddzw
o dMmigls’ t6° L Odzedf ts detioyfjo2RdzY 1L ' H dzts o dif jt=ledgvdzOe “IsL
LdzdL Ez BdAsC O, O sl dd ftshdtes ' Is! Mw- dgO
f tsdztsy j-Glzdzy @ tod M. 2.52 ' 2.53 fsCOLOdz
Mz’ H' & t&' L Odadz? sCtej 38 bkoysS djL o
fJjtejtedoyoOmlstsc O fife * fL Ofdiaty dzts GIs' His ' w O dzdzv  (
MfsyoOlsClk o' HattHdI! ©' H 9 jton dzllstsyYyts§OMHlsc
fsls-fdptsyjfm to' L Odzdzw 5o dz fMilss ff jtoj X0 O

fsls' o Histe' L Odzgdzy 9 j tof dz 5'ls s @G e QLB] IS
o' L Odedg?y dzO o fMr Ikseohddzz BB EZ (HJo. Ist
1 ' H YoM LbkMmlst' ydscs ' L Odzdz?  ( te

Lo Sl diss Wl GE ' H dzj L O desy O o' H Bd&sCE
o' Hdzso dzj dgdzy B BIs@dzdzy SEGHGS .0 1BEB®&s O Is
Cdzdy S sotseEts BAasC L.

Z

AN

tdf). v20O53Ttste' ' Rk §omd Hsoddn ksysS o
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JR - (a+e@osi,g)’ |

emf ° cos(t,,,) + +v, =0, (2.49)
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Hj ojtends 2 L&OS "fdzsfM" o HYytso ' HO®
-Ligls e’ ydzts A3z .

] Z0 Y j dzdidiu oV @ffise " HO* L Qo jteh j dzdz 1 tots
stsyy" , ‘ sBydmdzs * s mw L Iste Odzmyd dzH J ¢
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dzsy O dzOLedBS S dz) to' L Odzdz?" o' Hdzso st Mmw,
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CstedL sdals Odz! detsets f jtojteg M j dedzy bk  Btsd3j dzls

82+ eB0S(ity,,) 37
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¢ R 0 : (2.50)
Ximp = eSIn(thnl) + RCOSEarCS rra“a+ eQ;S(thl) %4- VOtlnl ' (2 51)
¢ gl
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ftesantsHdIls! ftod to'lLdfydedd JHEIME]QIZISHCE§ISG SG t
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L, = ﬁ\/vg +WPrg° igw f,cosft +ag) dt (2.59),
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Hder B2t 8" Hfts9 ' Hdzs, yYyoOm e POBHEzBhZSEHG- 6

ssy¢d B1 i B2)). L " adeWdadz (2.59) 1L
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YOm omntsHEZ d&jLO © BAEsSE odrtsHEZ d
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Uy = Uyy + Uyx + Uyz (3.2)
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1028 ' d2 hdAn LdOyjde k ftsyjf' shtEssCd

a b
tdim. t BLilsH" dz LEMddzr ' L Odedgy ftod tc' L Odzdz

aitc' L Odzdzy 8 z20degey bhkMmiste' ydad
liHdmMSso dRC diaf WS s2d2 B izsC
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T

t dfm. 4. 2. vted MC zZOHtso i Sz@tc j HEf Hid “5LIO
CdedyStsoadnrn BS99 HdMOBoadd3 detsy j O

10 tedf. 4.3 ftejHMmMsOodzj &z Isditce’
kg Fzs®y, h 5 H' 5ls! HEOO tdsjtfisan fu®l)ls dz z i ls tc
4.3a) kO fsfbklsdsets (ttdf. 4.3b) t' L Oda

] tjLkd O Hfd HYyjd Bhkds ol
(fsfzlsdzséts SO L EzMiste' ydats @ 5)KIS@] Y &BD [~
LdOufled 8 ' 7 o jdzduddz® L Odzjydls! o H 9" Ht
tc' L Odzdz" .

] tjLbkd O HBMd HYjd BEds oMo
Hsfw @ O FRS d*OMHGs o fiPls O dzts eHdS8r- 5 O S M H Bis g5L &z dz
L dzOyJ dzddv (dz® Y BZdidzelzd y § dzdzt OB 'ZAASS O H yOMm ¢
o' L Odegete)sd C Odz' dzB o if edkOOtso ®@ O o BSC &z,
f 59 J bdedz’'L ® dztiz? O, 9 WJjLEzd @l YO thdityHs
fOf jtok (oL &3 B didy) to (EOdED dztsS Bzs® 5o j t
Cded ¥ St oBsEts S 2 B B azststs desy O, hts tsBj to
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l twjLkzd IsOIs® ftotso j HIj @2 F* fnldstdgwip|j GidpgiOd;
L dzOyd dzdzv FyS dz@msted solzv dets L " dzh dd&3d MG dzO
shdzs o dz0 bk oD@ o eidedzsdzv mddz, hts o dded € O
Cdzdy Ctsoadnrn BdZSC' 9, IstsBlsS dz@zy EaddfiFz IO @0 dzn
fMzd@f O "O.

1 Odzj ydes ' H tsdzsy jdadg? HIdME SO Es da
(9" HMlsOdz 3" ¥ o' WiNSB totsm jdig lo@REEY sSdetey GlzOt
sB jtolsOdadz? datsy O, o j dzd yd dg®ls Bz0 zGf ta¥ dztis?
s tc O dzfmlif SsQotds jdds & 3" dgs & Is! fyw .

1 0 tedf. 4. 4 ( a, b) ftjHMIsSOs dzj dz
M ZOH o B TMaz tcj L zdz sEf g’ L gdded atf Otc O
O oW 3C 2z tsB j tols Odadzy dztsy O.

g ¢ dZOH ts9 O Fx dzdndfcfldsy o dzOMdz' HSC BGifssclz
MssmMkz O jtck ° H' ' o GOfcigdEiiesttizRz &
l1ted BGHAdyYyOMdsdBkkz ' L Odzde Cdzedy S so @ s
o' HMisBsdpedZsy dzdo j © " H' ' d3gdaj L dz®xy- jlzdzday' gkt
o df OHC BX"HE[fOBO e @ otfcEmd B EZSCO ' H YOf 2
4. 40) . l tets9 j Hj d&' d Sy Jj tod d3gd dzls ©Odz' dz
oL O dffSHZOH ts9 dzn  ffiedfsdydj M o' L Odzdz? GCdzdy &
sy Od3d, HtojHMsSOo dzj dzd?2 dzO tedfm. 4. 4.

10 tedfp. 4.5 {toj HMlsOo dzfjy datizls BAny f dzts & fc €
2O bttOEedstz yOMm LEMmiste' ydsets to' L Odac
(ted . 4 . 5b )Yy QS o dFdzdzs dzt€£6dz o HIJ f) Geg a dzdiz! |
HsfMdz' HY jdza@ Bldzs oMmMlsOdatse dzj des, P s dzOf to!
2O L 3 dzz dzOff oW BC z Fxng@zts o Al teff ¢ dif Ot tdzolsodats
L Olsd mde] GOt Sdgd y S s d A BdztsC ' o sl olnls @aC
BOC Md BOdz! dzgz o' HMNlsOdEdZESC b ' Bz Bzdy O5H STy
2O oW B3¢ &M< ®OHushits.” 4Mdsdd) , L OoaHwWSd Yt
B¢ O L d3jdghz° Ist mw .
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tdfm. 4.4. Jfdde ftdtsyjddy odgafaedsms ks
MRkl GzsO tojL zd' Beuly Y bk dssAiin Kbk to t Y dz® dgliz' (
1-HdMS S50 d2C dlg WS s2d 2 B dzis €
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tdf. 4.5. [fyddscicOdo

L Otej ‘ Mistc s o @A M dLdzt
Fxls 6z, ¢ sdzd dz'

o flsOdetso dzj ded 2 2O BOC d GOz dz' 2
o dcectlstse dzj detsFOE B FBY j tokz
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1 &3 20 dzOf tew BC & Fpd ezsa B dd) @ (rEmieGgstoy'
B Iz dzO ' HL dzOyj dE s H dinlf ts fiftisefliz Is dis * L O dzdz .
smyd dzsc tc Odzd , Bzdzs o MlsOdztso dzj dzts, hs k
o' L Odzdg? Hdzw CdzdySCBBoadrm oMlsOotse dady yo
FLeHYEZ  Is: mMw L tjLizd IsOOBd €' dzgj d&30Is(
o' L Odgele?" HBflZBB OB Is' Mw o HttsyjMm ' L Odada” H ¢

s' dzgj BOIsdydzed?2 OdzOdz' L fff gD oH tdf' 8 dEIx
J My dzlstced ydzs o MmMlsOdzso dzj desets HIMEBSoSE TS
fsCOL Qo , hts LOdzjydets o' H tsBteOdzdr L dzO
5B j tols Odedzy  dzts ) O fo Is Qig@lifvtg W dsts © d HECB' ji) Iste t5 L fists b6
JEMyj delstedmdisy sz, dels stitsy § (s mdsd L B dH

-B 4L J g efglep) 2tel2j 1 COlpdef' dzj L 5 desy O § tsMyls
CddyCtsoddy BzsC sz 9 ftesyjm' wBtotsBSd,

-fititedoyoOmisy ( -t dzdiz' dgpiaj & dats ) @ dadlaf - |
L §O0fjteseodd3 BdzsS sSdp jziclf Qdpdiiz WP @ a3ty df f didiz
o' LOdzdz" f jtojtcdo O Is! MWite' 'L OdigsL s \jub)i® Oaif |
ftoeslswetsds y! sets yomk.

ldLrfjtejtwodzsi t' L Odedey (tedfm. 4. 60) o(d
e zOw,ted @& 2 dzts’ tM" a dorifdymig's j CIsstedzO® Mk 3O |
L IsO dz dz' 2 dz@ d'ME ESEdsf 5 ¢ sted D B dzlst®'dB dkO ,:
B' dz0" j Isus=®vlsts,? 0.

U ©BOL" o' L Odzdz" o -C tsodfdlz o o figfelsls L) IeEC) ty tafvd
ftotslsddzj ydzed?2 hodu CtsMmis’™ OB @RS sdaj L daC
LdzOyj dedz? hodHSCtsMis® YsHOY , bH' ey
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tdfm. 4.6. [fMydhsctOoRd 6y b M=o dzfhs dz
fjtjted b @Obllsjjtcj teodzsj to' L Odzdz?y HdMEtsod g datsy j o3
ailBjLfjtejtoodsy t6' L Odzdm= 0( Bozdpi§ O3l r'dz' ff) def O tg”
(hodHGC  fMisz0 f2d/OMY $). 1 OtO®RjIsted GBtOsB8 GO tHOM
e=1d3d3; H' OBFBGO dztgesO o' HMls Odz G097 OHRAYS ) 'Is Sto B teld€
h=10 dd3; H B9 lFddO dEiikzss O
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10 9" HdBE dzz " H to' L Odedg?w IstcOH d Yy 2 dzd
o ils Odzts o dzj dzdzv dzsy © Mftedyddaw® L d3 dzz =
fjt" sHdydedr € SpdgdorO dgdizvlss' o &' lscdOdzdzy f * H
odSdzdS O ydedz' ydee L 3 dzgz L zfddzdzv to' L Od

v tejydds BJj LY jtoj toco dats dotyf dztf & Q@tetr ¢
C tsdzd o Odadzv FemiSddefOwdsdads® Mddzd ' L Odadzy j € fi)
Y teg ) dzd O H ¢ Ml dztiffleay Ot' detsy O dzj BN o (
L fOfjsdk, ' SOLOCKkjt L& dd fmddd t' L
ssets, N fipstsjifizd dse 6 tzdzts .

L tejydd3' Hjtejtcdo yoOmssets to' L Odaday fr
dzzdzv, Ctsdzd dzjL s oadrtsHdIs! L HOfjtk,
o' M EyYyRcdwmsy 0 1L B dzts CAE dz( tqdzhy. Sty difffla
L d3 dzh j dzdzv M oj Hdz' =~ L dz0yJ dz WOCIsdydsts
Hd 203" yded 2 EPHBYAY tcf QL s els:  H sy dudeiy
tc' L Oeghzw l jtejtedoyoOmlsd?2 R OtOCIsjtc to' L G
sBtotsB i tdataPdg &3 L O tcORkzdesC L dedy j dedev s,
YydtejL Hjto" sHdudzz o H fniddsdeOfMflOf jStadiris O Chidsz

421 fdzdeo §OLOdBjlste' © sBeseCd SddyC o
HdMCsodds detsy j o5 dz®@ M kOHBo ' Mmddd t' L Oc

(S jteddsj dzsOdz dz odtetsBlzo Odzdzy, 1 tof
HiSL o Saffded s fMiskf " d2 ofdzdobk to' Ldda
BidZsC £ dz0 odi@Edmpdddzd fipkdz SO tej L @899k y
[ Bfpdz" Hy j dade?y HtosotsHddzd L EZtoORkzo OdadaY o3
off &zdo Oczd O o j dzdyddzz MS ZOHBedR Mmddz Is
I3 6% 0 Odedz? ftsotsHddd ' shd wiey da dasa
fOtOdijste® L SeBtOddkd §sils' 2dddd L do
6’ L O dzdz" . (v ke, htse B dddcsd 2 fzg
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dztsy ©) &0 o j dzdyddzz ' ykydes Mdtzls s igg n (
C sy dats e detso s M toH S dz' evdydg o t@das@ids L fz @2t B B
odd3 tc¥ 9 Odzr sy’ dz¥ 9 Odzd, OdzOdz" L 28 yd tmy:
ftod L d3 dstc' pOtwOElgtsB Cd € dzd 5§ tdz9 ts cosf dzB tizts
ftesotsHddzsmw hsdzO2 3y dzh § ' wis! tcOL ' 9,
Otcd W d3d As d Yy dzp y Jj dz slsted Z3Odzd» o dd3 tc¥ 9 Odz
f Otc Od3j Hstiefydz' H ¥ 2t OtHatp  fislz dzO L dzO y J odzdzw s Gn
tcjLiEzd skzs yts’ fd dzd ' ta (Cirplizods€. @ cdzts f S H e dofigX
P deW stedzOyt v ftets f OOz sted BBtetsB S d HdzW

Il o) HYyJuafdL dz2Oyffdzdeoz H' O3 Ste O dzts
mMddzd t' L Odedzv, Bzt o MlsOdetse dzj dets, N 5  to
te' L Odzdzy Isdd3 d3d dz" * ydgdz B dzr " j H' O3,
Htsfpdz' H Y § dz& tc' L Odedz?y B dzSC ' 9, dd§ C dzQf totf tel3F
sB jtolsOdedzy desy O, f8COLOdzd, hts L L B dz/
Bz MSC ZOHtSO mMddzd t' L Odzdaw L d3d dgh 2z Is4 fr
L dgj dzgh j dedzvy Mmddzd to' L Odzdzy RBsyszEBz f1jHs'j d2'BX
H' Od3j Iste Ou Ozt OL d3j dzh j dpdirO fjddzmdifslsd, fMmJ
L dgd dgh j dzdzv d3 W OSC Isduyudese s SISO ' L Odzdgw f °
HOM3J Istc © [ dzEzP® ., Ctsdzd H' OB st desy © L Od
Isj ndz ydzO  tetsB dzj dz08 dlisfiflsdej detiefty Cso S @  dzt
f o jton dz¥ BfdzGdy,c OFf 5 to° L Odadz® |, hts dBtsy j
vstsdsz Hozv tlsted B3Odzdzy o dMBEBW L' Mdesets L 6
HIMC S tsE B dZtsy O Hd&z" odftetsBlzo @ddg) BO&
H' Ogj Istc HdMEtseadms LEZBYyoOMmlsdr JjdBsy ' worn fifls
Ga&8mmerler

1 0 tedfm. 4.7 tB8C0L0O0d Isd{f tseFxls@®mnyd:
hts H' 8! d@COEPiRERfsgPiE L kMiste’® ydese s o
fsfzlsdzsets ' L Odzde" (tedfm. 4. 7b) Cog@mstse
2502 tas o dav dzetO dgd , ¢ tf AHC ' OL O dzd oz ( tdZOL @ dfpdizy s
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f Of JBOENBO 25/ BodHdes, Nt kdf §0Ofjtk kO
o jd&zduddzk Mddz ' L Odzdz" .

b
tdfm. 4.7. uvdfte' thyrkdee tt®&d HME &zOH HaDJ Fls
COtjfist€dz t6' L Odzdz’ HdMS 59  d3 odrise g laits of ddgoP iz 856 s B
G /2d3
O L kMmiste" yYdzj-fis'] zGd" o' b O dzdz™




























































































































































