p233lgs S5 58
Y et
FA LY dio
oS S5

VoY b O i




o) prjlgs

W@@

i 300 -1 -
(kTg) 1yl Cewd &y 5y, Al S (0 5> V G LS o2 b o oz (65
K=l m v
Loy N
) (m/s)
voe QLS
\ y ) y ) Y Y . - o 6
AK=K‘.—K\=;mV‘.—;mV\ =;m(VY—V\) et (850 Ol yess Al
voe QLS
Ky _my Vi
_— = —X(— :LD S ES ‘ - . ’
K\ m\ (V\) (ST (S P e E#
Onr
[
voe QLS E'
3
I o > (i (655 Jloged (0]
v C
— <l g9 buwgi oadplasl j8 -P - 2—’1
n
N) s d,F ool T S . :
( )STX“ sl gl s s 4y 59, Al 515 luie g
W = Fdcosb ‘B
1 J
J),5 (m) plal>
voe QLS
[ |
90" <O <VAS° 0=1-" <0<’
~
W <. W=- W>. S cwde
F
F F
d e J5id
d d
i
voe QLS
Dgdgod Gl prins 950 Plae pans ;0 515 5 (59 ped (98 (oS Jlue
F=ma % W = F dcosH
\f‘l,)ﬁ D D) ~L
ma




o) prsjlgs

voe QLS

- = - @G bolop o slal> g g5
F=Fx1+FyJ P P 99

YVl W=Fd=(F.d,)+(F,d
d=dxi+dyj} (Fed+(Eydy)

soe AUSS
d .
N 1039 So S
W =Fdcos® = W,,, =mgxhxcos(:’ L1A=")
d
F
soe AUSS
F il als e g5 3500
JJogad 5 rlae = ol IS E,
s | S - W N
| d e“
soe AUSS ‘E:
-
( L R . )
(W) sabsplosil JS' )15 dulms slagivs, .
g o 6,5 2l g0 SGSG ) duloxe eSS P WED %’
=
W =Fdcosb W= W+ W+ W, = AK = 2 m(v] —v)) L) &
t Y A \ c
w
- )
oJ..LJ)bL;ngﬁi@Lowalﬂ ‘.\ipb)lglv.u.qd.,gﬂj.u.?)ﬂ t
4 S 2 SIS sl S @l 50 J
— Juiliy gjpl 9 )5 - -
() (kg) (m)
N N
U=mgh il S el (55,50 €
\2
(N/Kg) s 505 ol .
-3l s sladiged (slo S (6551 b Sl 555
Ug=|q|Edcos6 (5o S il (55,
F8 el 6551 @
ool ol S Sy (i (653 By iy (555
AU=-W_ 1039 9 )8 5 SIS Sy (6551 Al
( \ J




o) prjlgs

AU <o o) Conw 44 alzall>

£, Jondliy (555 coodle
AU>°QLQ..»TWAJ‘SAI>AJB}W)SM et

— Swl80 §jpl Siunl -F -
(1) stz (555 98 oo (S (655l e S (phiz 5 Sl slacs) Sl gee &
T
E=K+U
{ N

(0) SSBasipl (1) el 551

K, __?(_‘_’____ U, 5 OleSs blas ales jo (SlSe (55,1 carils (B slagys ST 1 SilSe (55,1 (Simnly
MY |, ol Ay
42 E,=E, = U,+K,=U,+K, = AU+AK =-
Kv “? """ Ur
Vy hv

AR

:&5] C»SP )J al&.b‘ d)Lb‘ R
L4 0 1Lcosd
h=L—-Lcos6 = h=L(—cos6)
~____hin
-

—99)3 Sirlg )8 -0 -
oz S 5100 S5 3 slas) il ggezme gy (55,

E,—E,= W; L AK + AU = W; to il (65 Al
b @essait g1 <

@ S 5l Ladd g oo v w5l g Wl s 3529 4 (651 ilose atunly sl JS Egemme «soiie Aol SO 48 185 (Sl 03
Pedse i Ko -

Do —03jb g ylgi -% -
owpel

0 s e oL ) IS bl Kinl a4 (glos i waS 1 (P) s

1fo60 <or6(S rroyfg e

o |(o6

o6

)



o) prsjlgs

iles S 5,138 6L (W) &g a5 %to‘aﬁ' s

Vhp=vfs W
\f
plET
d . s
W Fd ~=Vay HEE SO u‘y Alagl)
Pav =T=T t—) Pav :FViV

e C55> bawgile gaB=Cul gas

A5b ol Wb e g0 Vb dlal) o S35

69933 55 4 >0, 55 Cond :(RA) 035

(S 955 55

(3o ) (75,5 55

ool (65l L 9955 55 2l
(o ) ol IS8

R < (e e s Pos

X\°°= = X\oo
) co S|
(J5) Vs PRI 3959

((XPRWERY

21 S1aSl plase 53 Giad bl

0l Uy azg 55 55 (Giie 5 Cotte slob (il cely (2 )5 (S Sl e
5 S e 5 |y Ll 31 58 2B e oyl ol 5l ol s a5 s b
Sy i by 310 3 I S S

518 Sy ity By s 53, 5 1o Ll oo

Uluy oS58l )b adouw B2

Q > (O) s s 1 53 397 90 (Sl L
A— (m‘,)c’:"ﬂf‘-‘%“"ﬁ""\:‘c’:l)‘ﬁsoidb)l:‘456”'"“’“"‘“"

(/M) gope o 1 I35 iy b i JE <~ G =

o= Q Bl 8,5 1y (oS b o JSx

Ul adbouw $9) 138Ul jU &ijoi 693

Op >GB.‘:~»|J$.>JoL&.;jl)z..i.ﬁ.gUL.;)C.E‘J}".JJ@LBPJL,@‘SJK?j)l{pSI;
ol iy bl by (S aSl o Slail ase (o 5 S0eSTye s LS o ‘sii).:SﬂOl%JosJaé

0 <or6(S rronlg

(6o |06

)



o) prjlgs

* odppln  «

b..b)Lw u‘)é LS‘M ‘5)).3‘ lJ WLAM c‘bLm.‘>| 69; 9 (8O Q‘ﬂ.n BMQQLHJ ‘Q.':'La‘ G:.._J :hé

Rt 2 b pems ] s 5l g 808 (g pSejlaih Sl 5 aiS e iy Les b a5 glaasiine towlos CI*AS
Los slayuliio

ol 6 F s C ol K
fisses R e \AASALLS Ch LS ol Oy g

T=0+vVY &Ky ol L g SI jo Lo 16 «(Ty (pols

F=%6+\‘\‘ CFoy bl ol «Fy ol

AF = % A, AB = AT oo slopolidio ;5 Lo &l i dlay]
gl giles 1Bl penles wms plas X 1, B gles g Xy 9 Xy s al, B) 5 0, lales mivles S
st gk
X, 0,
( ) 0-0, 0,-0,
X, 0 X=X, X,—X,
S 0
f Zawled CueS’ Tled w
dJ,J [SIJR} @Lo &lﬁiﬂ 6'&” 9 6'59—:-?
56 isSsas
oSl aglin 5N cglie
8 les b jitg
S ke &) J
Juo slaaiwlos
( IS gl gwled pb )
G HLes b x> Sy o5 sl 0gl 31
5k 51 (Ko sl caaglie ol s 5k aglia
b8 b sladasin 5 8ol s B
J19590 )i

3 ol 00l oolitul izep i G5 e 30 5 ol GlaBle 50 05 e ojlal 1) Lo s Ly s Lelely a5 iwles
B0 0,8 siolosw 5 ol )F hlug g Coio j0 5 WS oo (S0l m e |y pe Slod 0580 cod Cgmne Lo slazisles

0 <or6(S rrofg e

6o~ |06

U



ol pasjles

— lob bluwwl -
(K)ol (S alis 4y 45 J5b bloil gy
L, S R
E o abeJsb st AL =Ly a0 AD —> oo b 0ol o pled Sl
LY’
adsl Job
sl Sy ol (B AL 5 Ly oLy ol - as
oS (o0 (Sopeiter 45 ol dly oo 4 (Sl Job blusil o po angs
L Job bluuwl jlages
bs cwv=al,
L\
0
voe AAS)
J#MM)°=%X\°°=QA9X\°° J#MM)Q

\

) WS j3 £9490 93
o
N e T I ' P .
L — ‘ (Slge ) Lo (1]

Gl 1 50 Lles a5 (5 lae Jlasl b lgi oo b .oiS o lowg (5 yinion (Job Ol s dod s Lo ls (6 i Job blucsl a5 (518
Rgbioe JyS oo g 25800 Jog b alab

(Vo) 0590 gia g

Loo s Sl 50l Jaie luyie a0 ol 508 slgl g sl coll ojligs Sl cpl s SO

S oo 4 9 00,5 kS g sl

b bluwwl

Los i3 . hw colue st AA = A, (th)Ae

b
a, A, t,JDJ’ Llos! e
ay

sl ol AL = A, (1 + (Y AB)

Colus s MJQ:%X\°°=(YG)A6X\°°
\

oole o AV =V, B AD o2 blul
(]
\
(B=Yt) o> bl 5

osle :\_syh > VY = \/\(\ + BAG)

ooLcwMM)J:A\/—VX\°°=BA6X\°°
\

0 <or6(s rroyfg e

o6 o~ |0

8



by arsjles

s (B) (porr bl w5 i ol (58
228l Gl el AV 5 ViV, s, e

voe AiSH

AV s = AV L — AV . 6,0lls blu]

Los yaasti b B2 yausti Aol

S i Ap=—p,fAO

S s M)O:%X\OO:—BAGX\OO
\

voe AiSH
20,0 YX o] J&> g (il oo 10 YX T pom cduo )0 YX )] Cobune el (i3l o j0 X comaz b copmro (slos Lial33l 51 o 51
Ahee SRS
ol $ale jus bluwl
([ A
0>f°C 0=¢°C -'C<0<¥°C Lo
b Gl s Gl | eS| b G0 s Gl | e
Ao phals b b3l L ke G2 i Ao bl bes bl L = J
\__
S >
¥ Lo ": Loo

. @)&Qgﬁ %

((J) Js5 15 05800 Jiiie 5iml slos b g a0 5Yb loo b a5l a5 (6551 293

LoyS sleo il 3 Los puusss
o J . _
NLF (KL Cles &l pss (g S sWS5
0 0 0
&Le;&»ﬂ).lo )‘ obL&.Lu‘:Q=€XA9 o9 ‘_gLoJf)" ooL&.L»‘:Q=I£lC><Ae
(J/K) ol oo ls (kQ) pazr o>
[ (©) o329 koS (C) oS b
s3ge 0315 e 31 5lS S 08 Lo ke | 3,8 p e o oS Jlada |
b Gl VK 0T los cdlo s 09 b |l il VK o glos b | 20
.))l.)é:.mawd.lw 3)'-‘;;(7-“‘(’)’9&“’4-’ #
J J
— L J/K =
kgK " kg°C
. .

0 <or6(S rro g e

o |(o6

o6

8



(S)(%Laj 2lo)S e
=Px txRa
Q L !
(W) olss el

SN o'y ST 3 L I
285 oo Joles gleo (LSS oles slos (sl 4y igd co Ledped Zuled jo il po b wled jo ST glaie slos b ez 0

Loy (V) o 0 LesS (V) o
6) &gl slo ¢ By 4l sles Q,+Q,=- = mc,(6,-6,)+m,c.(6,-6,)="-
BF_/ _v—/

by 1, Q) sl s 3 l)Q“_gLa)f Laéd:.,g]}é‘ Lcéui.mb’
S e DB o Cawd

» M &

o?‘“‘gs" oalazw! WL@; 9 LS’L")? JOL:) (5&:&&)1 5o as 3] L}iw O OM(SM‘}»LC (5‘4.1.»..»5

les
o ) sleo e gl slos gile,F eyl gloo
) 0 0 0
<! Q;.,T_'_ QW + QG,MLA]? =m_j CQT (ee_ e\) + mw CM (ee_ e\‘) + ?(ee _e\‘) =
Tl ol cdl

ol pasjles

0 <or6(S rroyfg

(6o |06




ol arajles

— 0gigs CiS ) Guilgl —

(&) p (soeS) F 4———°L—°’—-—

kg.m < L S00Ss 2 S0o b 90 ol 5l e 90 S1ig 00
N osd 635¢b i 49) = 65

9.4 )T
(SQ}QLSV‘)""’“‘P‘“}“ 3)|..\.a|)w......'>&.cr.4).:...u.?(u.”

- ogigu Jol poile -
255 8yly o a4 gy b LAl soym AT Ko i o Lai |y 093 Sl Gty b S5 o b (58 S cemr S

Sosbed s,

Ol o5 Aol ol ce b

S J ol Sl (25 51 {6)5@5 Sar =0y S
Ceaglie (59508 = ol (5950
039 S9x

— 09igs P9 yeIld —

WCMWAJ.))‘S‘)GJ[J- (_gjﬁlauud‘dso};duusﬁoiﬁbMwawo)lgks.all?gggﬁ swa.aolf}m

)13 09ly S e 02 b g Sl Al (6958 S y0 9 000

Fnet
Fnet (m/s")b’,L:_:,
- E B 1 )
/a a=— = Foet =m.a
m
: . . net
(N) 9 (kg)i")’? (F—a))loww=_=m
" a
voe AAS)
0SS slaylo
955 5105 PYRTSIRY
- N o= §=+07 ] = [3]=yO +
F T+ = |F 5 01+ )j = |a|=yO +
F=tAizxj = |F|= A"+ ) N
ol loy ol 55l

0 <or6(s rroylg e

o¥6no |06




ol pasjles

— 09igu pgw (oIlo —
99 (nl 4 oS oo 8)lg g B jo Lol Ll jom g o5lasled (02955 Jol e 4 55 90 e 0iS 3l 915 00 e A (oo o5 0
2sS o0 STy 5 S ey S e S
: / Y E, Ey=-FK, = K=k,
-9 o—
q dy
STy g SIS oy sl S
s Lol oo (o lojlaslen (I
(o b gbline g0 ;0 b SGaSTl g0 1) ailesinn (O s o Sy B> 8 (o

i (5,500 BB g gl o 0)ly aliZee e 90 4 (&

~ 0ol lag i jl L3y 90 -
(W) 039 S9xu (&I
D9 n 3lg e 4 oy By 5 aST 2518 (6950
(kg) ooz o>
_
W=mg
! N

(N) (55 55 (NVKE) iymo LS ol
voe AiSH

el Cyany 35 y0 Bl 4y 0 lge g Cnl g

voe AiSH

oS clis rals € glas | jiol5al

(fp) 0)lis Croglie (90 (v

g oo Oylg IS > g AW L0 (B L mle) o)ld o oS > b )0 g 4 45 g,

voe QLS

(90 b poins dlal)) o &8> (G055 ) . .
-0yl Coglie (5950 F5e Julge

(9525 b poiione abl)) o 851001

0 <or6(S rroyfg

o¥6ln o |(06

=)



Ly AR3jlgs

o

-
9o Cuaglin (59,8 979 b pur LS, Ll duuwlone )
m—!w“eprw-?“?ls)i L}awdl’ﬂprm’.
S e S b
Gges JSKi
mg fp mg
o =8 _,, > aome—fp . fp s 551l
= = g = = T
m m m
-
1GI> (AT
iy fp
(all) () )

03,9 69)-:3@3‘[0“‘". Oxsla, db 55 o)ls cuwglin (59,4 e (S5 ol L aalsl Sl B oyl cnglin (59,05 Gialsdl
Lol 039 (59,0 .,\.‘L;,so k):"»"l)'ql ) o e el 059 (69,0 L as J.S‘sa I

mg = fp
+

g8 o0 (69> (60l Ay g8 oo Cull g (60T 5 00D ro &S > Ol

bsdw Jl> 0 pz sl oloj = (g0 logel

G5
mg > fp mg=fp
fD:T, vh | fpiet, view
a: a=e

ok

& g oS (glala]
Gt (G (G

0 <or6(s rroylg e

-

o¥6no |06

=



voe AiSH

WS oo 5k |y 093 i (gam (guS A ol am &S (G3b i lp e - (g0 jloges

obs

S
a5y a5 lalad o S5 Al
Odaw D93 (Gu> (G =
Gz 50553k Ggs)

(S5
mg>f, | mg=fp mg<f, | mg=fp
[T, 1 Vet v [V
ol b == ba=e gl a=
s Yooy s
t\’

a
& bz a5 slabd
Sduw 393 (SIS (GO
Gz o955k 5haw)

N
Fy=mg
1
)] mg
.qﬁ —
d f
-
It = FN =mg
% VL_F
mg
Vi
Fy=F
. FN N

clbce,w=a=-=F;=ma

(Fy) abbaw s390c 59y (@

D 0 Ol e 4y S908 55l &y imhans Bk 5l aST g5
sl (S Ls rlans (55, ez (]

| C,SP st‘o éé‘@am‘gj)p—w-?(&é

g 09,88 F 59,0 b w58 mhans (69, > (2

— i sy U jouniluwl @S po (WAl -

LSy gz Az e

0 <oré(S mroyfg e

X600 |(o6

g



ol prsjles

- Gyl Gl b jguill iS)s (u -

YU G a4y jgmili] i

psl]
Z
)

F=ma = Fy-mg=ma = Fy=m(g+a)

oml Bk 4 jpuile] Gl

Fiep=ma = mg-Fy=ma = Fy=m(g-a)

o]
Zi
—>

la|=¢ )
l mg — Fy=ma ﬂ_)mg—Fszg = Fy=-
— P —
1l \‘ P
%
039l dulie abyl, sl OLb Cz | el Oy g8 | sl OS> Cus )
Fy > mg Fy=m(g+a) W s 45 s
Fy <mg Fy=m(g—-a) oml o & 435S
FN <mg FN = m(g - a) b o 03590 15
Fy >mg Fy=m(g+a) ool Caow 4 S J
\__

0 corslS oyl o

f

-

U'rsrqu\"




ol pasjles

— () SBbuol gy (W -

S o0 5T sl mhe Ko 69y e eSS 5l g 0sb e sl mhan 50 G slaslgenl ST s a5 090

( S Shuol (55,5 ilie Y n

(f) iz Sl () i) S Kbl

sl £S5 )5 pan AT (053 28> 0 (2 595w dlacl b g ol S Lo g ce‘b;ﬁ
(N) ghas (59908 (5355
0
fi = By fo=Fs.. )

s *-i(-‘w‘ e
- )15 Ky el i 4y oS )
oS Al o 5 andly (alil bl ol 5508 ez 3 3)l5 S SR L USS Gl aiitny gli] Sl 50

(N) s (53505 (59525 s o0 D93 i 9> 4 )]

. 0
-
\2

voe AiSH

F> fs,max LT 39 Sl fs’max < S b ol oSl PONE PO PN

by i gyl Sl

voe QLS
1S e So > p Sasl (595 loged
f
fs,max =usFI\I
fs,max S
fy
fx =Py
f.=F
F
F<f5’max F>f hax
; — (R) abouw giuiSlg 9w (& -
N R 1‘:N
X SKho!l ¢lag s ol
f R = JE + " v (sog0s 5 sy ol
f

0 <or6(S rrofg e

o¥6ln o |(06

)



ol arajles

— (F) 238 iluwiaS 930 (2 -

—m&—g} (1) Jolss b & e 55 s s
T

2 F,=kx

X !

MFE Dl (K yi3 iz 4y a5 (N/m) 28 ol
}m

(&)

2 e 5 5l soleJsb 3 (Al
aBondS 128 (o cansl Jolas Al
Jolw dasi 4y g, (SlaetS (69505 9 el
Sl 00800 723 138 (A5 o0 Oy > &
bk e 5 (SLatS 59 5
WS (o0 0y ez 4y Jol

F 78 Job et e ;8 SlalS (59,08 851l Jlaged

(S

ogei o=k

- (M lb lwis s9)u (2 -

= . Slr gl o)l b S1a5 v Sz U (5955 50 e b Sl 2l UL sl Al jo 55 a5 (o9
)

— el 5L oadio )l Ceond 5o rilodSs po LS

(J&m &ua.a) S &_:LA.IG J).Ioéatg.m’)‘ o)"o& 5),«.1 ‘J.»‘CAP

0 <or6(S rron g e

(6o |06

5



ol pasjles

(P) ailss

Ol Sy )3 e p 2 o po ol

voe QLS

e QLA‘M\Se' o)|9.o.® ey g Gl (k:‘-ﬁ)l;) (g

Ap =mAv (Pr2 0392l U8 L) WIS Wil paasts
5 _Ap (S glj @ pgiss P93 wIld
net = At
So Sl <J I_> Oleje
e 2 )l 955 S

W‘W)Job)b dsﬁabwusuﬁbwﬁ S d LIS &.)‘]:.A.'j &.Q‘i d?s.i

oy (g ey

o¥6ln o |(06

voe AAS)
( . . e . . AR s )
[ SS,> g9 Sl g Cuspu Sy 9785 9 WS Candy
YRR av > e gzpn P-Fret > wzpa &
0159058 av <o g s PFpet <o wgzr s J E‘
c‘
( lA)L),.oJ h
Oloj — 9,0 Hldea5 Oy = alSS Hlagas
P P
; a
t - t
[ Fnet U“L‘V’ bs ol net
t
t\ tr p
S5y &b colus = AP (1,6 ) Sl 554 ,5) E >ot b
L B =ert bty
t\ t\‘
- »
p \ s §jPl 9 wlss &bl
K=— , K=_pV Ca 3
Ym Y
voe AAS)
¢ S D)3 & (S (555 5 SIS Ly
K=P_ £=(&)Yx(ﬂ)1(=lpv:>gzp—"xk
Ym K, ) m, Y K, p v
( \ J

()



