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3.21. 0zO dzdsq d GEBIBHSOF ST L O ddds OdL Oyd ' O
[B OMded  © MsOfCOLO 0 feddjtce ot Hoj H

tOLot Bl ot uj dstse wHI(XBP sUH&ls O ¥
sftcjHjdzj 20 des 3 dzOdzdzO o tcj Hdetsfls j ®HtcjHj d2O fts

d d?
y=g® =% 2 (x 9 L& (x 9-.. (@21
dX|y=y0 dx? N
1 OC dzsdztsls o ts OB SIS EZOKO Iyt o
a=99 (32.2)
dx |x=x¢

i HBBE®O OftsCMdBOoyd O &O Stedo OSOH L @ dgP dzO

ZO dzdzOls © X ® HlkE(midDX =X ¥. 1 OO § ted M PdgEzdd OO Of tc
LO tcOo JAiAdsiGBMlsOozoO® L tOL Bls:

d
y=9(X) 4_%():9 (x %) ¥ dx % (3.2.3)
x=x°
d dzd :
y-y =Ax X) & (3.2.4)
d dzd :
Dy =abx (3.2.5)
y4l Kpuna
yzg(x) MNpasey w3 Touxara M
VM fo e Y A
(pamHoTeMa) EAy ” A
Yl N a=~t = lim 2
1 ij‘ x=x r—x” Ax
1 t
I |
i }
L R
0 T -

HdB8210f S M BOYd O dzO0 CtedoO® Mt fwLOojy (lOd
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3220 Od&dlsdyusSd d debcdsj edyuSd §sMsOfSd L O dzddzj O

[ ddzj OdL Oyd OO ftojlsmsOoko® jHdO SH {{
dzj dzd dzj OtedzdIsj MmdMmisj &3d yd O MEehlsddO Mmji Mhistc
L O3y dzko @ Mt | C o [B4P dzjfdal)iCiiz stz jdBDe jodg Bisy § HO
Bj" kZlssO ofs dzj CfsHo Oydgzia® | de@ drefi g Ote L d L Odzd 5ls
Celsots dHjddsdyudss s SHda Mo OF jlsts dzO dzj dzd dzj C

d

JH f(6LdOIdly ®&ilssHd L O dddzg Ow{RdOyd ©
sSoHjCO | ®H ddEsjtejf RBijlssSHOIO d2O IsOdzé j dzls dzd
ftoj stbtEPs@® HJjCO o0Oted OBdzdljy O MsMsts BO (I
MdMmisj &3 ot Isj Csls dzO atGJd34151s BO &€ & ISHfr]lsIzljlzaG
LOHOH jdzts ddzd dzsd3 dzOdzdets HodX 4 ¢ 4. wtfjyd Odzdets
BdH] LORjdzjlsO Mts LhOHPH | dz® stslisay® OL G drdsdzPOted
cOBtslsdzO Issys 0.

St M) fejsfsmMsOod HJCO BHMsOf ko OF OO (
dzj dzd dzj Otedzd tsls MdMmilsj &g Mmd 30 dzd O  dzts d3d dzO dzdzd |
COwLOCIjtedimisduded Ctdod fmj dzjfte] Bydd Hsa@Wj
dzj dzd dzj Otcded sls fMdMmMlsj s By j HO Mmj dddz OedL JtcO
dzO  dzts 3d dzO dzdzd Is § ISTGOJQIS tsq’o[. [ ddzj Oted L JtcOded s
dmMf dskzeo © Mts HtsBEKS § S5L d&ZOISdI] &jlssHd dzO Isj tste
MiCBcOn HO HgH desOC szr]lj nsls 20 dzd dzj Oted L Oyo
sHMsOf zZo O OISO (9 0Oted  Oyddilsj) dO o Oted OB dzdIlsj
HodXJ®J ®©H ddoddlsy dzsdsddzOdzded otej HdzsMisd
dzj G599 OISO L Od3y dz0® Mt dzd dzjAGdde@. tc Odz BsHjdz HO B

1 sdzOsOCO > M ©OLEdZjHEZO OO HoO Isdf © da
dzj ddzj eyd Odzded) d HJdzOdBduSd (HIWJtej dyd Odzdd,

dlsOlIsdySilsy MdMmilsjdizdd Mi fdh kzeo OOl Mt Odej B

y(®) =f(x().1) (3.2.1)
COHYM R"-ojClkste de@i RL-dzjjiClstste &OR"® Rzj R™ ¢
-9 j ClssteMC O dif Hatka Pt dz o toj &B5j S d §ed3j dedzdo

[ d 2O 3g yShigdsmis j dsd MmJ fdhkzeOOl, ot Gfhl
HaW jued dDdzded ©00 ) dzC d, GHdzSMdS ©08 j dCd 2O s

X(t) =f(x(t),u(t),t), x(ty) =Xq, toCtet; (3.2.2)

COHjXMY:R"™- 9 jClstste dzO u(thisMybsesj 8Oste dzO0 EftcOolzo OF
fshissiddy.t;]JER-at6j Bf:RFR 3R- R-9jCIlsstemMC O WkdSyd"
fMstsHe jIsdedIsj Q¢ isdzalag dztse tf Stk j Is Gats dzg g flatzj o 6P &3J
Ctsy M dOB? EHko O BHda Mo OF jlss dzO MdMmlsj B3BIs.

J ddzj OtedL Oyd OO dzO® Qo jdeS dlIsy (3.2.2.),
sHdzj Mo OF j dgO© dzj dzd dzgj Oteded sls d dzj MlsOyd sdzOtej dz
RO jHdts fOtelsdC zdzOtodats to jd2Q dzif§ 20 st wak@)fids] Ho S H
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| zOD POIs j BOtsigsCE @GO  H d dzO di3d Y €185 fd Mls § d3d

bteO jChsted O HsEjsd® 20 ddzisizE WO 0 ls®H dzts fezts,  dzj f t
dzj ydgs HJW jtej dzyd * Oczdx@) du@). Mj S © o Oted OB kO

1 4 € Oult) dats 3 dzO dzdz® (L OH OH j dzO, toj W jto] dals dzO)
d e dzeufdzsasd dzOdzdzts toj " j ded § ( desd3d dzOdzdzO d dzd tej W §
LOHBoasdzzEOo O 0o j dz€ Ols O:

x°(t) =f (x°(t),u°(t),t), tyctaet, (3.2.3)

yjfMsts &g sPsif§Osd HjCO Mdmisj ksl WikdS y
g BdadMSd dO dsdkddodddls), xS st @y oo ‘tgjj s
ut) BO0dz¢ 2 tHMIsOf 2o OO0 tH  datfzd{daREaizPEO@Odzdds ts @ | €
EftcOo BBN@& N j CIsdodets. ) StOHd IssOB6ESYy ] HO M L
u(t) =u°() +Du(), tyctet, (3.2.4.0)
X(ty) =x°(t,) + ax(t,) = X3 + g%, (3.2.4.8)
¢ OHD(t)d DX(ty) =Dxo M fEO dEOtc 2 M (o0 Wikztsdzed ) 2O o dzj L sl

MMt BO iU IEE o esud ®dz0 dzs 5 dz0 dzdz@ MtsMists ' B
LO (3.2.3)).

OOz dats Bsyj HO fj LOYdh
X(t) =x°(t) + gqx(t), to¢tet; (3.2.5)

COHIX() BIsC dzsdz dzO toj O dx@®lsiO dasstels0f ogiidsiz®Ods 0O

St MjutidsOe( B x@sH )( H. 2. 5) ot HdWjtejdyd O
mMemMlss" BOO (3.2.2) >j MmMj HBBdJ

%°(t) + DX(t) = (X°(t) + Dx(t),u’(t) + Du(t),t), t, ¢t ¢t, (3.2.6)
4t tcOLodo O | fthd ({EBEES yg2pPkoOts vj dstetse toj |
M+ R(t) HxO@Mu@)t) +
+JIX(x°(t),u® R(t) F'(xt),u°(t),t) ud) (3.2.7)
+h(x°,u® B, WDt)
COoHjIHI'-mOSCsBdjod d&3OIstedhpds dEM diAmzSde@()e0ds] * OB
qut) tjmfjSlsdallzk, {saBshigzEde Oyd il Go &0 sbn&OBP* C
X°, HedYjjCOfteo® Hjtedo Oy (Gu ods® I ekx{ECQe@-@ls B

' Ako se Dx(t)=0 i Du(t)=0 za "t>0 dvi'eweto na sistemot se narekuva

neporemeteno, vo sprotivno se raboti za poremeteno dvi'ewe [57]. Ravenkite
(3.2.3) go opi{uvaat neporemetenoto dvi'ewe na sistemot.
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dZO E°,u°,Dx,Dut) j MO0kt Cts° LOsdMmd tH e dit
yd st ftojlsfsmMs0oc0O | A BODRAO] D@ dzj B3 20 o 5

[Ootd k' cs dBOOI Mdzj Hdzdsls 5B dz § :

SO, MU

0,,0 é (2] X, U
7% :% ¢ @ @ u (3.2.8)
€ u
éufn(X",U",t) o ufn(X",uO,t)L:J
e HXq HXp V]
gllfl(x‘),u",t) 5 Hfl(X°,U°,t)g
o ,,0 4 M, Hu, N
! x°,u°,t) _é u
J :M:é @ @ O (3.2.9)
H ef, (<, u°,t) W, (x°,u°, 1)U
& —— 7
é MU, MU, u

0SSt M) L Ode BOLES SHBE@B SE ] d3d dzO, ©H (3. 2
DX() Du(t) f sdB dzdy dets ¢ d L OHGo sdzzo OO dzd dzj Otedzd Is §

DX(t) = A(t)Dx(t) +B(t)Du(t), t,¢tct; (3.2.10)
COHY J:

A =m0, =1 (Xo(t&;(uo(t)'t)
L (3.2.11)
B(t)zJu(Xo(t),Uo(t),t)z Uf(x (t)!u (t)vt)

SOCt hilsts fj cdzjHO, - taifjodiddds Clsaizd (53s. 2f) d2f)ls j LD
sBdzdS (3.2.7), Mt tOBogp Okt ®JzwCdidl OBy L
Ydzj detseo dlsj fts fteo OO MBxsdp Puzyd M tz@zoHsjlsrpsizs Is
6Oo jdzC . [HBOO | Mt dzj zddzj Otedz® W stedZ3O ( 3.
HodYjSj, O HttkzcObO | Mt dddzj Ottdz0 W tsttdkO ( 3.
Hod3d®d dgO© MmdMmlsj ii3sls (3. 2. 2) ofts BHdsm dzO dat
(3.2.3). .1X01j0}s Ofyiad deB @tPEEOO Hd W j toj dzyd * OdzdzO
fMsMists. BOIOYjIsjd bEMmdass dO to@=DR)p jz&s 0 j

f sUd IsdzOls O X,fe(fy)astsi’ B @G d3d dzO dzdzO s © X8 5¥°KgO o tcj H o
[ Oltd{lsAl) Bf) ot (3.2.10) LO LOHOK|WE dzs®Rd dzC
EftcOo LS@EMjj HBsBJOo OO0k MOBEs COCt Wkdtydd dzO ot
AdBLOsdMOl H datsd3d dz® ®dad B%t) ©ted H dpHEMi¥dz dzS yd g
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ptejdjlts d ot MizEyd® @O MkOydsdkotjd daj dd
%) =f(X(t),u(t)), dzd dzj OtedL e Odzdsls BsHjdz (3.2.10) >

10 CO sl bttjs® HO fMj dOfsdjd HJjTO Of
Mmdmisy &3 Mt dzddzj OtdL d tcOdx(t) S tdgsd@s ( L BOE zp O W
ZOf 0o d Mt fsdL o sdzdzO ksydshls, L jE&PEOd 6 o
fOteyd " Odzdzd HJj todp@ydfls §dz0x{IsPY@EctslssH detsfy  dzO
dets i3q dz0 dzdzd Is § X°edtalf H dztf izl [t Qaz®ls | Cs5dOyjdz d Yy
slsC ity d Gls¢ dzts dzts DU(t® Oo dgjiL Hls B j o OIS6)H 5o 5dzdzs O

10 HfteOCIsduydess dLo jHEZoa O] dzO dzddzj OtedL Oyd

BOwLOOl §Otyd Oddedlsj HjttdoOyd ftjdd (3.2.8)
fsjHdGsMs0s j 20 § sMlsOf S O.

1 iCOOHjdBO Ode jBOEMCO ddzd HAW jtej dzyd  OdzadzO
y () =f(x(t).1), (3.2.12)
(' O ¢t SYdhkzoO toj Odzdeslsts H o dW=[Yi.d..y,qB0d dzj € &

dZJal@fr]dzaUs[JXl,...,Xn]TaGtsq"Odecfr]q’ﬂ;@Jdga@tsJBO HO M4 du
Ledte dz20 ddoddlsy otcjHdsMIsd o dzsd3d dzO dzdzetsls 5
S H dats i dats :

X(t)=x° (t)+ Dx(t) (3.2.13)
y(t) =y°(t) + Dy(t) (3.2.14)

g4 Nls 09 03B213)dz@R.(4 8&KL)( Md HEtSBJO O
y°(t) + Dy(t) =f (x°(t),Dx(t),t) (3.2.15)

uts MejHkZO O )], BGHdMds Mt dLotth ke O j dO

ydd L Osfffmdis fsslssO Mts L Odzj 3Otlzeo OF j @O Mdlsj
ftesHESCIsd d2O0 ®BOdd ctdj B3ddd (Sl dzsded ddzd 1 to
tcOLHoatsd dzO Hea O MmMdMmlsj kB dzO twOo j dzl d: J Hdzd BIs
tsls € dzts dzd tSH dgts iy dzts :

yO(t) = f(xOt), 1) (3.2.16)
Dy(t) = K (t) Dx(t) (3.2.17)
COH KU)iBZ3OIstedyo ydd Jdzj 3 dzglsd Mg WekdCydd dzO
Ho X J ¢ d
K17 Kphg
0

Kt)=¢ | i (3.2.18)
é Kml Kmng

sdMmlsj dsls d&zO ©OojdSd (3.2.12) &syj HO B
(20 § ) wt)) ddd HdWJ ] dyd XX tzt))(.dzOR fifldcsf d3 &
5OCO, &O®BjMsts L OodmdflsiEOd®tcq 308 dqd 2 Xz0 dirj 61k
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dzj degf Otedzd W lkZzdzS ydd. s MmMdly ®oady MmMEyOjed d1
LOYyd 0 90y(d.

1 5C©0° Lo GO O § sf)ls Of SO HAg dfj jte d |
ftod 3j def BHted yuc © Y sMisOfCO dzO dzd dzj Ofe'd@QEI YA~ O ( ¢
fSH©GOLBqELEO dkdsjedusts fjMmMbjlskze 5] O mOS s
SH

dshdes FEBEBUGRE ] dddzj OtdL JeOdzd sl BsH jd (3. 2

10 ftojmMd3jlskzo OF j dzO | dzj d3j dzBY g oizC € 58
MO ISz dzS §K) Bsy § HO Mmj Sttedhisd dzO yj dzlstc O dzdz® to

a =Hi (x°) o fi(x® +Dxjey) - f,(x° - Dxjey)
J

K] 2D
COnNDX, | {dEOnEsofls® Cs6EHdEOL0 &GO »jCksks

e =[0,0,...1,...,00 - Hd ded Uj dz 8 j € s tsjs OdR@ 1€ U scde H I EERYS O .

JtejihCOO fted HtojMmMdzilskzoOt | dO Jjdzj &i3j dzlsd s,
Wt dzOIsO (3. 2.20) MmMtsHteyd d&iltsHdys O- C sl sdz
BEzOISO d dbkzdjtedys o dajsisyy g fids@ HisdeOY i Md3j Iskze
ZOdRo OF j dzO0 [KtafejidsOdlafisust Ols O ¢ sdsf sdzj dzls© dzO G e
O dztdzj td YUS OO Sl sdzj dzels©O tOMIsy. 1 0 HBBdO O §
4 HO fMmj dLBjt] IOC tsoc W jihdGe@ fdsj dp@& H G ° @) O daC
G sdzj d3d dzO.

Jo0O dzj J bihe¢ts HO MmMi i cflsdddzizsO WO L Wb dzy
BOWGO® OO L O Istydsaylin i jf fjddgj@zjdsod@ HIG Mj L OH
20 fudDORBEESE® dJuokjfgEke® Of Msdkisddlsj ot Hdsisc
dedlsj CtststeH d dzOIs( .

P stedls OBl L O dzdkjtdyuSO dddj OtdL Oyd 0 &sy,
{sHfttscteOd. J[ofs' fosftesctweOd, BJHJj >d BJF O ftojf
NS OO VW E@Xoys Bz y0 sk &0 MmdMmisj isls (AXQ), 2), Hd
dzi sfrtsHdes YHO  fpstfticly sMisOo d tc§ @FEGIs | oz] THBEAdS ©dz0 d M s M

X=[x",u']". [H f&ihmdils0dols 0oL 8 Gy o Ot KEOR EI {UBS C 6 O d

fls@tp ftoscttOBnNsd Ky Od )M dB()»E: 0k Ok ted

10 CO ' Bls tSH HO0 bysSO btjsB0O, fottOHd ¢ sdif O
fsMisOfCO L O ,dddd Othg L O ©dj dzj Mdzj H dzsSlsts. ¢ dzO dzd ks
OdOd&dIsdysSts HWjtej dydteO® j d@ Mmdtsy j ded daj dzd dzj Ote dzd
HodYj jlbts dzO dzj sOdzOO. [ BdoOf jlsts dzO € 5dzl to] Is dzd
sdlsj &0 BUbEBU)dHsco o fi sthd Mt MsHe jisdd f§5iH
SO Cd dzO detsdzsd dzOdzdatslsts Hody j S j. 1 teOHd IO, B dzOI
otejHd OdOddlsdySd HBBdj ddtls dddj Otej dz dBsHj &z daj J
fsoldssted® Mmj dMyfdlsize O. moOfmdzs § HJCO fsteOHd oo j |
O] Clststed * O (Ms yjdz HO M tdjMmdd fsmMsOofcOlsO d H
BOlstd Al)sg B(t)>] dzj Hisils OMkze O0Is d dzfc§ ©dzdzis dzff teitielsf OB ¢ s
ZAEDIsO kttOjCltsted O | (tdsyj dd. It dzdkjttdysolso

ij=1..n  (3.2.20)
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ftesBdzy &3 daj G sMiss’ Ols. | sdi3d dz0 zdzOls O b @R CCsidsfeod® O  d3
o9t BHdsM dz0 Ct5° 0 M tHE] sk QARIUR(IDCdL JOdd sls &S|

3.3 [flrrtfrtoénr 1¢ frmd1rRYSR H#REBU[[R

331 [fMdzso ded §sddisd d L OCmded dzO@ € zOMdydzOlsO s 7 «

I BHidd©eOf jlss d2O RBj~O0ddusdisd Mmdmisj dsd MM
LOCddlsy dzO® S OMdUudOO &jRO0dkdcO Mt Ctd Mj
Btets'® d&drOddutd MmdMmisd oi3d .

{ mdatso dzd Is jdz@ OXdsQhyd Y dzOsO ddzd nkzlsdetse OlO d3j
0O M eothfshudpdd wWide@wdd s oJ dduddd 54
sojHJdJilts d&O djkodkslkss CO0¢ts d dO HiEzedlsj
dodetslsts Hadxj ) oB oatejd@Bibts d fosmMsttsls.

It Mtotej Bj dzOISO WistedkizOyd 0 wtcoadj L OC tsdzd
W stedBO dzO0 Mdzj Haidlsj f sfls©o ¢ d

H
i
dz

D) tco nkzldspL 0OEddaz0 ddzj etyd " O)

4jC 0O BOjted OzdzO LtsyscoO (ddzd Isj dzts) il
90 ] ddzd tORdes B tedes fteso sdzd dzdmMSCts Hoadxd Sd MmJ
MddzO® dzij BdH] fJtoddzH j det SO0 MtsMmMiss°"BO HO O

I L dz@HOM jde@  OdzdzOls O IssyC O &0 Ct° O dzj HJ
CodmlsOdas dzO 5 BsHEzdsls d dzOMmsS OlkOo.

vOCO, MjSt° 0 MhsssHBO &OkjEd Oddd sy C
COCod dOHottjNdd Hj Mlsoad O, owhd fshss Isc
u

Had»duﬂtsOedisdztd@dem@%FM) (ddzd, MYJjyd Odzdets, M,
Bq ko &F=j0). (

2)l stste nkldEsnizBofHd L OCsd 20 HJd&zOKIS Ok 0)

l tEdi] ZOO d&2O0 HodyjS il | sy stydsdoddo
GOl tod OdzdzOl0O kYOO ,jd Mg HgwPsds o

Il s sots” LOCtdz Mj LBBtcza® L O Hoadyj il
Csdzdud dz®@ &0 Hod j j, O LsO | okt o sH dz® &C
dzj cts9 OlsO BtoL ddzO@ dz©O Hody j 4 1. RLOtSHBIE dzO ¢
BOljted OkdzOlO ktsySoO 5 otjdBjlkts j JHBGOCO O dzC

&K _dmv) _d
dt dt

0S5 BOMOLO dzj Mj rdg)=dzirend , s SEO) B tdsOo | (dzS
(33. 1) dsy4 HO Mj LOfdhj of ¥ stdO:

(33.1)
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Y od u
m%zF d dzehd=F (33 1. 0)

cofid, L oBELEO OS] O BOjtd OddkzOkO lssyso.
dt

| BtedzO0 tj #OYyd O §5CO4Eo0O HJjCO OCK O
Hjdkko ® OHo k)" 20 Md &odV jis kicHako SLoGs talzGz odat di@s, s
at

ftesdLdzickzo® HjCO ot tSoats® MzkyO®® BtL dZOIO j
Hody)yd tORdsdg] tedzs d f ttOo sdzd ded MS d . sl stejH Ist
feddydftsls dz0 ddjityd O0. [H o000 L Oaigdesmils
Hy Msed "  © S8 " O dj dzko O0OIs MMists  BOKO dO Isj
dmlsO fMddzO HJj dZko O dz© Ha3jdd3 ,sj dz®c s HcjOL dzdf y Bz H
te O dzd y dzd LOB LG O1Gsd stsO Fotenjar=dqn,a, d dzq

m/m,=a,/a, "kt fECOEo0 HJjCO BOMdIl] dO Hoj
MddzO Mj GBtOldts s steydsdOddd Mt dzdededilsj L

PCts BOMOO dzO bk j dzslsts fj oiBj dezoa © ot Isj <l
ftcl sBteOLEZO O ot MdzjHdZOO O 9 jCIststeMC O tOo J dzf O:

m—+V—C=F 33 1. 8)

Cs'" 0 | (LB 280 dBFibBBsd) 4 i o@® [tcjOwvj jdi iIPC ot
HO Mj fdfoxyjy d ot ¥ttdO:

d\\f d d

mE=F+R (5.2.1.09)

COHj @O dzOH o BR jsh GZG)I&H(?dz%Q@OdzO Istg joBIslesq oz js OH 5 |
N @ OHd §tsdj Ok O mv%tgmoso @O Isj &eskt:

Jutcjls nkldEe OCBERSARO OCyd 0 d t©j OCyd  O) :

[ o) O] ted AQREMR HsosjuSlklj &zO@ Hj dzko OOl j H dzO d
Csd M) jHAEOCed § BSHEEsl, d&jy0ls &0 §Ldsjyt
fj ot Mitskds dd dOMBSd, 5. j. :

u u

Fo=-F, (332)

Jots® LOCHd ftojlsf sMisOalzoa® HjdzEea O ] dO HO
RO &KOljted Odzdzdlsj IsjdzO jHdes dzg© Hiskets dO 0O
14 ° stsadDIsO osj - Oded € ©

vtejlsdtsls nizlsdese L OC sdz IEisy qHigCOh daid tz0 | dfO IsfOs ¢
fsoth JdzOO &O 1jd OlO. rRMCEMsotslsts §sCOyko O
qdzO S0 | 6L dOkO fsH Jhjbs cOodksOydmns o
5000 MddzO | o jdelsyE@dy tgj dls @O0 1) & OkO.
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| ZOD POIs § B3Otsdgsutss @EHFO 1 d dzO di3d U 14l fd Mils§ Bd

Mdlsj IsjdzO, BjL BGEdjH GE fdofifEo D wEfig®, 0 LLGBstda
iy 0lO, O fH Ikixddd &O Isjdslsts, MfstejH ol
ftoesdL Gemgsls C OmMBOMPO dz0 s dzsIsts. 1 OBtsL o O° jIsts
Bj Misslsts dzO 1 jB ddzOlO fwsotehddd dd L O dzjctsefs
BOIj BOIdYUSd dLteOLd. | ttei3dtcOdzO o tgIoBeBGMIs dzO
ms, O fwu0Clsdydsts fjg=%K8brsy flsd ptej HdtsMls O

4)) OCtsdz L O dzgjL Oo dMdatsls O( f20d dzy diAdlz o @O j ) O] ] a6

¢t dz0O BOIjted OdzdzO IksyYys¢O©® HJj dzko OO0l dMmistse
sH Idj Mddzd HJjdEZEo O dzjL O dMmdes tsH Htekedlsj d d
JHdZOC o 5 dzO BOOUWMmHQMQmmB 4dfQdj O IO,
BOMEA j &zzo © fd Mi&jfs,..d60, Mfted O L OBteL o OF jlsts ¢ 5
SO0 IssycoO >3 BdHJ:

d d
a=

1n
1zsF (3.3.3)
mlazl'
[H ©900 VYSkdzdd MdjHd HjCO j:
d nd g .d
=AF dr=3F (33. 30)

i=1 i

s. j. fdmlsj &sls ngk_-)z,...l]’Fﬁchdeg'lzaﬁ@ddda’O B0k jted * OdzdzOls €
jH&z0 Rg&aoto o dféﬂ%lzrdwé‘no [000 sMmdjHdy0 §&j
fssfhlsjd LOCd dO f§O0wOd) sctoOdrsls &O fdddls] .

I sHsdzke >j MJd dzOe j HOI dzif¢ Hd L O ds@pyf dzd st s d o3
dzj Bsy Ol HO Mj LOBBdSBdzZOI fted dLotHESIE dzO HJd

1. ssdzdyddz®@ dzO© Hody 4 4 @ O Id]dddd LGdxrO Isda0 Isdzjy
BOMO d BteL dzOISO dz20 HoadX 4“4, . J.

'u‘

u

u
K=mV (33.4)

sOjSktsted ' O

sz, 3.3.1. [tGkjds d&o

ROl jted OdzdzOl O Ist #dB3. 2. ro(
dz0 o3ols,;ts

J

)
q’
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2. [ s5dj dz2s 20 € t5dzd W d2OS @ dziti©d wlodd Y BE g dzls) dzO
ksyC O ot BHdEM 20 daj St of BEsGAfuksyS O [,

I:fo 293 k‘:r3 m\7 (3.3.5)
3. sdzdyddz©@ dz0 Hod 4 4 dzO MmdMmisigOR o BOIg4 t@eHD odgdic
MC OO MO dO SCtddudddlsj d&O HBJY) S jls.dgP. BO
d d d d n d
K=K +K,+....+K. =3 mV, (3.3.6)

goH;\Z',qu: 1,-Df Mskzdzdzo BtL Mdkds 2aaheys dis |
pdugt>d g
V, =V +U, (3.3.7)

V, -l ddz0 20 vy dzls O teli L dedzO d3aHEM) sy 6261 O dzO
Yyj s Otesls 20 BOMOO, dLwOLKl (5.2.6) fshlsodz

d » d dp " od d
K=& mV +u)=Va m+3 mu =mv,

i=1 i=1 i=1
qd, Seys0j M Hd:
K =mv (33.8)

{H (5.2.8)¢C dhpddjuidddzOHsjos GlzO Ho gy j ¢ j dz® fd Ml
ksuSd j jHAZOCoO dzO@ CtsdduddOlko dzO Hodxj S j dc
BOMOAS[O) ot S° Mj MBIlO HICO j Sodayj dested tcOdz

0

[
4, v j st 3 LO ftsd3j dz0sO dzO ¢ 5 dds\ dedfO OQzdz@® O H
EsYcOsO | LOftcOoats oalststedtsls nikzlsdatsea L OC sdz

&K _dmv) _d

33.9
dt dt ( )
6CsF30, bSOy {shisOdbe
aK _d(mv) _, (33.10)
dt dt

RLEOBEBIL 00 §icjslyipcQeatilo @ © sykolke OF ) dzO €t
HodygSj dz0 &Oljted’ OdzdzOO Issys O.

5. s jstej 3O L O fisdj dzOlO dzO dytodg)jydgstsjls s walts § sz
Yy dzlsOtetsls dz@ dB3OMOIs O.
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| zOD POIs j BOtigsCE @GO  H d dzO0 i3 Y143 fyd Mls § d3d

[ sd3j delssls &0 StsdduddzOsO &0 Hodyj j (§dda
Yyj dZsOsls dz@ BOMOLO j SHEjHjd Mt dL©OL Bl

d 2 d, d
=a ri*my
i=1

RLOBHBI 5 atcj@Bilss dzO@ Sddzj sdus dls dBsd3j dz
j @0 ©jiLbkdlsOdk0ls0 &0 &OHe sk h ddls] dssdj dzlsd
Ctsd Hjdzo OO0k &O §sjHdded BOljted Oddzd btsysSd d

(3.3.11)

1 @Qtelzlsts (ddgts § a3 d3OIsj tod * Odzdzed IssysSd ydd tecC
otej H]:

u
H=1W (3.3.12)

CONW | Offsdkildko O¢sddko | slisj diide RO Isq dststd * ¢
BOIstedyoO ot o BEAWYisIs MdMmlsj ds

é, Ix _Iyx _szg
|, =f2dm=5 - | | |4
s = sdM=g -1, y -0 (3.3.13)
" 8 _Ixz _Iyz IZH
COHJ J dzj dgjadgiafys]j’ QiAEZO(IsPEBEHEOIEY QOO Jgz0 M dzj tyd * ©
~ 2L 2 2 L 2 2 L 2
=y +z)dm I, =fx“+z%)dm |,=f{x"+y")dm
«=fl A == fl 33 130)

Ixy:Iyx:ﬁ(Wm Ix _sz ry(zdm Iyzzlzy:ﬁyz-‘jm

fod hss[6y.Z", x@dzij SostHddOsd dO njdep ij dzs Ot
sj skt o BPmERMs | Bl
10 dzj kOO Mt Os dtdzinS Xzjh jeDdsdzd dg0 Sds@ ) ceojcls

fsteHiZCIsdIsi I, fifidzjitenpfOC®» d dz0 dzz dzO0 B3I WP Isted YyOls
fsmisOdzzo O:

& I, 0 -l.0
_e u
=g 0 1, 0y (33.14)
@ - Izz 0 Iz H

0S5 dZOMGS OBOC O JLBLEORO HO flghifzl sl da
hsko ®, Nhlkts j ot fwddydyf MmjCtscOh sy das,
i Mi ¢ dzoedd sMCd.
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10 tdtshddgj sted ydzd dzj s O zO (te OCjkd) fEBHE
dalz dz@=1,£1y~0), 0 BB dzlsdlsj dzO0 ¢dlzfnte yd H @GOL WMQOICUSJ
hsts BOlsteqd yOls @3 diB )d dajByh @D (5] Hdzsfls Oo 2O ¥ 16 dst

e, 0 Og
_é N
lg=g0 | Oy 3.8.15)
0 0 Iy
6. sddzj squs O jdzgjteed O
liH] NS00 o OBPO H HSEEENDHsdd ) d 51 1 Mk
St Hj dzjFlADts dn fizle) dzlz Y O ‘H Glgfsis j L 2 dztiz@rizsC@igaidz
[0 0 tjtzj el @R © o LOSHSID O (Aiz0 | dPdfiaiz § Ol
dS=Vdt.) j O >d HjCO |

d d v
F=ma=m—
dt
BEAHO M dzOfdhj U v U .
AA=F @S=mv @V (33.27)

UG OkOtdd d BEAN 6 5@EE s  SdVEEShBYHS dRjAlsi0  dz0

5 Chuémls ©ZOMESO GOMVNEd®IME Baoissls L 0 | dj &) d
cOBtslsO ffsMmisOdzlze O

-
dA=mVdv= dgn\/_o dE (33.29)
1 j &duq Ok ©
V2
E=m— (3.3.29)

feinmsOokoO Cddslsdus 0O | dandes O Of) H0H sug ik diy®1s
V.

Sqdzj sdysc O jdgjtecd O dzO MmdMmilsj sl dzO d&OIsj te

2
E = mV— (3.3.30)
J CddZJlSdHCDIS@Id@tGTIﬂﬁJ@dW ( BOIs | e d OBIRED sty C
Vv, ftej HMisOo o O fr]lzd3® @O CddzjlsduSdlsy jdzjtec
E= aa a mv2 (3.3.31)
i=1 '1
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| zOD POIs j BOtsigsCE @GO  H d dzO di3d Y €145 fd Mls § d3d

¢9u15 My Ljdy MdMmisj s dz0 3G j W@H JO dzmiad L dsdz@E (
UiMsdY @@t sl 0o j dzO COSCE Ledt dzO® BtL ddzOls
fdfis MBlse L d 20O dz0 wjMsdyoko o, sbdsh dzO vy

u

V=V +G,
s ¢ O L ts@R33) GeP L O 1§ SO

E=—a m(v? +2\/®5’+u )=—amV2+ amu +VC§0(§;@&

i=1

3 H Y iz o 1S 6t L Q1 @ difdizd 1 (3.3.12)),
L O C J GrsiBHjUSEE i F@50 s j o d * Qldzded i F QS ®

n
E:%mV2+a%mui2=Ep+Eo (3332
i=1

n
COHp m=g m jisL dzO of)fiERo fda@) d Mtsls o3

i=1

1§ ZONEB3EY)  fisjpn O, dafBls | 50 @E izO R kg

Y Cs@) dzj Baz@BO S § te d s B dzliplyj 03 daGEL fAfMS O CdzfCizj B4 Q6
J dzj et SPY detslsts HEdH Y BiJ 6O QAYAPY feBisdTiz0
RO @ CddPs@uf BaaPhd islsdstsdg csotslsts HodxyjJ ¢
Ui s Ottsls &0 ¢OMmOsOo.

uts E, § BL 2OUj 20 s daj s ez ) s [odsy tS @ Istets

HodXYd®d LOjJHds Mt yj dzisOttsls dO0 GEEROK ] ( IstcO dzf
SduUc OO jdzgjteed O ot teslsOydBdeslss Hoadyj ) BEE
tj ZzOoyddlsy :

1

Ep= 5 mV? (3.3.33)
N1,
i=1

7. sqdzj sdusS O jdjted O &0 Stklsts Isj ds
sddzj sdus O jdzjteed O Ot cidkBEs@sG; i kO

(5.2 32): OO | JjHdOC90O dO MkzdkOlsO dzO0 ¢ ddzj Isd
Cddei sdys OO Jjdzgjteed O ot twlsOydtsdslsts Hoady ]
Ctokzbtslsts Isj dzts.

10 Ctklss Isjdzs dLtwOL sSlIs L QdSapedg s 6 @y Jj ‘Tz
(3.3 34) d3ts>|4 HO fMmj &sHdW q’uq’tso QOIS d dL tcOL BIs

j BGLUGUSE yihsdyoso nismidy,d, sHsoiiaapere
kOEOd) tso O ¥ tsdlk &zO
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d=we 7 (3.335)

COMY ] OcbddzO BtL kO 0 Figt SOl O dago Istj tzsdsusy

Jdz] B] dzls Ote dzOIs© BOMO o ts tsHdesM dzUs oEOlls Ot tdsO LdEs
(5.2.34) disyjJ HO fmJd LOl]’cch ats WtstcdzO

E, = n%uzdm—— }j) dm (3.336)

IdH] “>d CoOHEObEEsHY BOL gREOSOOY dh j, (&
BOtEd YOO W6 so H b il ldg ) JBERIN,, Vi, 2)

u? =uEuB, (3.337)
O LO 9jSChtstemMSdsls ftesHECI otjHd
=b"ug —we P = fa s -b's0 5 (3.3.39)
o] ZOYy@3P)soBEyj HO M HjlsMsOoad ot WistcdzO
E, = rEuzdm——ﬁJBqum——mBqB) (Fed g)dm
q dzd
&1 81 8 gdM (3.339

I dH)  FH=-Ts I 5L Okt Mot Misets O ¢ sihshdd]
dL 60338 , ( Mts oPHEOHo 2D SH Jdasj ceOdtsls, f smlsod

_1 Tée ~—2 0
E,==ag&E iy gdm (3.3.40)
2 "& Q
¢ m -
IdHj ">d dqLtOLBls ot LOGtOHdI] | dBOlstedyC
oteL Odzd sls MdMmilsj d3.3.d80, CgfSstcH OB MHdzj Hdedtse dL to
Jdzgjteed O dzgO Ctokzlstslsts [fzts ot totslsOyYydtdeslsts Ha g

1
5 :qu sl B (3.341)
) Ste@HAR ssls hsts (3.3.12) dtsyj HO fj dzOfdh
=DTHB=9T|BQB=IW, (5.2.40)

dL©BOL 5l L Qdf azd Pud® toisls Q.3 delstisis) HP@ MG jL QY
ots WisteBO §
1

E, —Eq Hg —EWCH (3.341)
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| zOD POIs j BOtigsClE @GO  H d dzO i3 Y147 fyd Mls § d3d

RLEOL LO oSkidOkO SCddzjlsd560q dzbEeseg] &GO
(33 32), LO € tokdsds dowji@m, 3RO, (>fsMsOdzke O

E:ED+E0:%mV2+%QEIBQBv 33.42
COHg j oCkf dzOlsO &OMOV dads Hilztellz Isdads 5O tisfi tslzislz Is dzO Is ©
Yd dzZls Otetsls Q- dgOds ) dz0 o j Csstesls dzO Of Msdzzls
eslsOyd 0 &0 ¢ tohkistlos Clsjsded, dbieReifddlsyiCtteds® Is j dzL s
2O ddzj teyd O ot MmdiBlsj dtfls ydOEEEgsteH d daOdHj oteL O
Mdmlsj &3 dz0 KsB.icH d dzO1Is d
10fted®B@%ts L O Ctoklbts Isj dzts Isj doL stetsls dzO® d dzj t

glx 'Iyx 'szg
lg=¢ by 1y ~ly0 . 3@43
8'Ixz 'Iyz Iz u

0 Oc cazezOdsd@O® d&z0 Ik j deslsts ot oL Odesdd sl fMmd flsj o
WB :[Wx1Wy!Wz]T :[PaQa R]T
L@BOLodj dzOIsO W sted3ZO dz0 dL @Q42dsi LHAs BYdpdd:Isd yS O |
E:%mv2 +% LWE + 1T )WE + 1 WE - 21 WW, - 2L WW, - 21, WoW,| - (3.349)

RLIGOLtSIS LO Cddzilsduyuco Jjdzgjteed O dtsyj HO

tOo jdeS dIsj dzO HoadXjj dO dzj sOzOBO ot G j dzj 60O
[4]fRpteOL Cdzj HEO O Cddzj sdUS OO jdzjtecd O dz® Isj dzis
Ho d ‘dgj sdrsfsts@" &H dLEOL sl LO Cddzj sdys O j dzjt
w
w

A d
StedzO dzO [ OctcOyBodlsj tOo jdeCd tsH oltstc Isdif.

8. [ OdzO 3B tiedsde (WAl embert s Principle

I 5 Y% bkdzH ORy msoé@mngJm@m@dz&@ LOCtsdz) o dzdn
m-% M) @&OLjCko0 Mftslsds O j%jcldevds@d g 2O d
effective forceor inertia force. | O dzOdizB j totso d OlH A tedndzed f) 6 6Mjpr i nc
BOLJiO dz0 olkttedtls d dzO ktjlsdtls nklsdss L OCsd
ZO 0 ME@EAslsgts O Mt @OHo tStejh dzOO fd dOn, ddd

|¥+m(3) & (3.345)
{os’ fwddydy JdiO JWJo0 et ciddEtag) & do
zj 3 ots fiyfQdsdf COS® Ists* dstsy § HO BAH itsdzjfjds
f tod dzy d isles sdzQ dzdz@irtt@bw))Las * " Ists j oM tsilsOo jdz

MsOkdyS O thBfBdss Of ENBDE dh st MKENVG § & g &0
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dzO0  Ho XUl s dapo o & fizf i@ ogsd tsd ¢ B dzef 5 gzz o OOs o

ud m\lfdu@ﬂs@@ﬁmci Is© ( dzO Hrodtiejd?Odz@x0 fxcdp@dstzaint iz o O ¢ j

forcd f.utsc O ©0Oo jdzC OO dz® Ho dy j ¢ 1 O@AEZOY jSIPLsY S O s
g % d (3.3.46)

1§ dzg qo[d&cilseq Is fi) ISAotdAmIsAf & dzO | W [révéss eftadive iy d dzO
force) fr]lj’ISd34dzOlsO fsctsie]o d EOF ZRGEGEEE g YA 0dz0

¢ w@lzo OFcprstmintforck  j o8, sduif i dgtes
dzts to BOldafite(ls 2 | zdzOl © ©OB O dz® Mddzdlj Std Hj dzo

d <
[Fi-(%)] & 0=( 12z.n) (3.3.47)
O L O Mmdiusidfis ds€ d ( B3OIs,d tod * Odzdzd Issycd)
n d <
atm- (o d o= 12.n) (33.48)
i=1
[ ez dzOyd dz dzO Loq’q’fr] ZO o OO0 ttlo jdzC O |
d
a[F m( )] ¢ o=(i 12..n) (3.3.49)
COHj ojChktste dzO 5L d wdj@s® dzO0 yj flsdys 0lo.
M e dt " dt
qRO Hddj deL dd  dz0 Oy 6 idrifdsfofPEO € OF tsH j dziz o C
ZO-s 0P Misd QP dfsls (3. 3. 4lAgrangjan ¥f ©tc ds®@ dag® o OO @O BB
esodtsls ftweddeydy d ftejlsMlsOQokzo O jHAO tH dO° o O>
BJCO.
sk dzOdB § etso d HIs3 .f3edddeyd iy dL OL kOO ot W

AF-mi=0 (3.350)

dsoteHdo HGEOLEMS OO MEzKBO dzO fdIsQ dzatd Hig dsdeg " jzd j H]c
Co O dzO dalzdzO

O dZOdztse dets oatejHd L O teslsOyddeslsts Hadyj  j da
. Y a
aM. -la=0 (3.4.51)

2,jC0 o Ui MEdUS® Hj ko OOk dzj C&Cl Mddd. ¢S5 yjh
5Odls 00 GRABEEO] O] dR=1F 0" O 108 isjOdE® O JHqy |
Mddd j odtelskj dalEs & dij fjlsiaE@NesORED edzlz dzO .
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| zOD POIs j BOtsigsCE @GO  H d dzO i3d Y €149 fd Mls § d3d

U u
COHMW,j dzOHo tstej N |j jz digisdRij dids , dz@a jPdzjstdzdas’ © OB®BL zo OF

9. [ OctcOdpytsod tt0Oo j dzgC d

10 MsMlsOoakzoa O ] dO t0Oo jdSdlsy dzO Hoadx4 J
nNksdsa®Eisdd LO Ctd | ctottjdits ftojlswtsH dzts, d
ytsodlsj ttOo j de4R7,HH o lststc toj H

| OctOdp 5o d B F i Dezis ZH P thse izt OF j O d3j 7 O
fdsij 5 Ctd Mj mMOMs Ok ©H f§soj>j Isjdkd ( dzOf
B BeHdsMNsO M) slEdHOs Istsds@lssipS o Isasd - o ¢ dzkz Yz €
COkO ddd othmCdlsy Ctd (omiss' O §sLOHJ

&so d dz0 M idsyarsis Jdddddde0 §sksejmOso L0
fls j BOagOE d o6 Hikd §sEOHd j dddkddoyd 00O
Medlsj, COCE ot MekyO' Bl dO fcusd@s, s yditdad I
sy 8. 1 dHj " >d [ OcteOdsy 5o ded jogrfeutir]j dzS(df =&y jide c
Okdz® d SddzjlsdusO jdzjtecd 0O) LHYRISESLO s o
Bdzd BIL OO0 (ssjB0OLO LO beOdhistdkdoyd:

dIs
9 0O
H J
fnd
9 to
fnd
yq
(0]

o jds] CttsteHddzOldzd fMdflsj dBf. 1St ftoj-Hdtsfisdls
sdlsjy dO [ OcwOdytsoadlsy 0o J deS d Csd fpj Mbedzj
CroOQlac j(Hj di@lds ] o jdaj tOdzdL dtcOded S tststeHddzOlsd §t
20 O @BARF 5 dzS t6j Is dzd.t5lsy thjdMidsdjlsk dzOf ttOo j fadO o5 59 C
toj L Iz dzls ipPiPisrisithdg o j dzyd * Odzdzd 0o jdzSd S5d sy O
ISdes d3j " EZlstsO difls Qs OB OF dyftgjjSdr dz0 W sy S d sls
fnd dmisi@edy o O

AzdzH O3j dals Odzdz® dHj O dzO [ OctOdptsoadlsy 0o
fod fiyls § cgststs 1 fij p@ g z) tot@tEd d¢ s spH LY s jHdO L O
fd €5° dzj L Oodfj dzOdpd j § g day jJdEO] fs B g fMls j Bsls, Gt
o CUd» OOl BEtOded Yykzo OF OO Mots Miseo jdzd L O s M
Hjdztso dlsj 20 MmdMmlsj &sls. 15 6 j daj tOdzd Lud te Odzd Is §
20 MdMmlsj isls Mj dL©OLEZs OO0l Mt f sish dO0 o dj
fslsjdeyd Odzdz@MION ] [Hdzjet®ddzo © ftojSts & jdzj eOdzdL
(1 slsj dyd " OdkzdzOls O jdzjteed O | WkzdSyd O MOdkt |
d tH JiggddzddOdd o sHd )} SdzO ¥ BGdglesd Y Wk dzC yd ° Ol O
[ Ot OdDc O dz 5o O dtArctiE Quofy WS, Otz) digigd W tsto

L=E(9,4)- U(q) (3.363)
COHJ q=fr|jq'1,q2 ..... q S]TJ‘ Oc tc O daytftdols gl el S wzd " s C Iststc  dzO

CststeH d dHRSqdn o)’ ¥ St jodg C ststs  dZOR B U kA Is
C@dlsj ©OojdSd 2O HodXi®j Mi dqLojHEZo OOk Mt

d4 8—:Q i=12..s (3.364)

dtg | = MG
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dqdzd ot dBOIsted ydzO ¥ tstedzO:

Hew(Qd)e p(a,4)
Me W g g

CoOmiQ(i=12..9)cjdsj eOdzdL dtcOded fddzd (Isj. Mmddzd d
dz0 mMdMmlsj BBsls tsHdOHe st ddzd dzgj Mmj dLoeBHAzds d

U Q=[Q.Q,..QJ -0 jCbtste dzO ¢ dzj eOckzdL queOdzdlsj M dzg

dJCts° 0 tsH HJWJ o] dzind] MBERBESS ) tc O 8.8686 ) dzts ts (
>j BdH] HWjtjdyd OzdzO ttOo jdzC © tsH olstste tGJ H.
Md ftedHtelzy d dZzO0 mMJ St O cg dzfple @ard Ldgtc OtiE® s HSo 1 tdst
Hjtede Oyd O fipdnlsfpis=2sts@af j dzC d dzDls in@idglisjtsi'ds OH j € O
mdmisj dsthilis j ff § ded dz0 ZptefeEH O | f(SH

[MmezRj - OdEyd ffls j &3d Mt [ OctOdp sodlsj- o j dzl
500l d Jdzj € Istets @PT Bdzdfy ud] Mfisdsh Ig jdxsck Iste Fyded fd f
hIsdpd ¢ ststeH d dzQis @  fpw @l @@usdafukd dzd, dzO0 f§ tod di3j 6
Ocdzd, dOSCBoad, Yosotwhddd dlsdz. 1 tcOoOetdzdedlsy (
dmisd &3 i MOBs] odfQ y/tstPRztz tc fydzizQ ©

sddzj sduS OO | dzj tocjd HRAZOR® OF teiOls thjdisk OdsjOdztszO ¢
Jdagjtecd Q detdstsf fiplad 3 j ¢ d S ddej sdyus OO jdaj ecd’
5C sdzk Y dols Gadsls IS0 dpOOH(E3 6Q )zO g dzd Ol L o d j dzOls G
(3.362).

=Q (3.365)

0 M) OBCEEGHEUYdIls] &0 skl d@¥b® &0 yj
ddzj eyd Odzded sls (G JjHIISMS JE&GEX,, Yo 1) P ddf €] Yydls" Ol
T OO kG0 Wiy gz dj l»aspssuss 6 H d &z0ls d&zd 5l T
B(P: %, Yi,2,) S B'Is5 o tsL Odz (ho®axiy] desls cz. 5. 2. 3)

u

v :QTVG :QT[VXO 1Vy0 1VZO]T =9T[RO1VO'20]T
d

w=b"¥g =b"[w, g, w,]" =b"[p,qr]"

(3.366)
conj ghdl§,6,.80"d b =[bbb)” sOLd &0 R 6B i ks j
ey jCldodyeodd sH MnosHe jsdkdls] ttkssd, ki,
jdzj 6 BEE00 BN HO M) dOfdhj et Wtk

E =%mvva +%‘X‘E| g¥p =
(3.367)

N3

1
(Vi +Vy #Vi) + 5 (1P + 1,07+ 1r%)

fted Mt § L jcPuis dwQ CO] diCosasflsy deosfisddpjstg g3 JO o
J H dzoR@,e=diag(l,, 1, 1,).
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| dzOD POIs j BOtigsCE @GO  H d dzO0 i3d Y €181 fd Mls § d3d

) slsjdzyd OdkzdzOl O jdzjteed O dz0 Ctklslts Isjd
CtcOo 5Oy d s jfsEdzj HREZO) nE° §@ dsils 0o dzdsls gL OL

U(g) =mgh (3.369)

COHf=-Zz, 0 dM@OH {(BE" daz ) jAF ©Is B, dadOm ShrAfidds | BEsls
G(0; Xy, Yy, Z,) d20 833 d2OMBYj &0 5 o jtlsdS OdzOO.

v stej Hf Osw@®dz) 50 Ols B3Rz dL Qd CBEZES Isjdzs | ©H
dL ©OL Bis:

_myo 2 2.1 2 2 2
L_E(VXO +Vy, +VZO)+§(IXp +1,9°+1,r7)- mgr (3.369)

0S5 COCE Gjdzj eOdkdL JteOdzd CtststenddzOlsd My & y:
BOMOLO ot ddzj to U,y OZdkd tskis d ) dhplsldds dzO jamds d j dzls Oy d
f,ody ¢j dzj tOdzq L d tc O d&ftists te +o f cxlisdeski 3 gad B Bt Isf dz

a=[%, Yo, 20,7, gy 1" (3.370)

§=[%.Y0. 2.7, 1" (3.371)

sddzi Isd S OlD2.6§)deHdasHidB [ OB @by Fd OlsBtsyJ HO
dLteOLd ot WkdeCSyd O tsH ¢ b.@z0tc Odizda (fe2ddpdizd OL € ts st
g qfantstsq’fr)lsOls tej ZOyddlsjy ¢€td ¢d o jtekzo OOIs

fes) Mg\ dzO0 dsidgid o oL Odzd sls M Mls § ds:

&, 2 &0

u_é&. u
g\/you ey0u (3.372

8.4 L

epra & 0 -sinf of o

. enu
eq eO cos coaysmfuéqL:, (3.373
ér g g) - sinf coggcos iy U

uts Lo tMEBBMOT (3373 o 5(3.369) >j Mmj HBBd) J OctOds
EdzS yqd O ots f sistz0 5§ teB s F BB d d( ¢ @BIQ)dz o &

tddsj dz@ dzO [ Oc¢ tc BE &) d HIEHzOo paz0F Yk dzC yd' O Bt
i dLojHOL 0o jdSdlj 2@ stsif s ¢yl j dadoj C do thys tsls
Shj B E)sd Hj dzzo OO0k dz0 Skt sj ks kiejp O df

0t ftod dLOjHEZD OF jlsts dzO® ©0Oo j &S dlsj dzO Ctolzls
sj k) Mt §odsh &0 nkkdsedlsj J [ OckOdytsedls)
(O fdj ddedod @0 NshMEssE OEEIi s ZBRdgs, >§ O
HsBd Ol dHjdsdyded Mdmisj ddd dzO teOo j dzS d .

q
fy
@
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1 sMsOfCdlsj &0 sfdhkze oS dzO HElsTOddeprEEodss |
MdMmisjisd Mt §soj>j Cwklsd lsj 0 M §iddj O dO
@O HOl ot ddljtOkicOl DL K ks fs azisdB 19 B tdz®@ dz
Ciklsd fMispde®e slsjdd d ot ydrIkO &OO ddls okt

vdB33r9dyjcj dO SCtkzlts Isjdts (djlsOds My Ol dts
O(O; %o Yo: Zo) - s dztsiodjdeiz ey d * Odzj dz € ts SRR oy B,)-dz M d fls j o
fMdMmisj &3 dzO ¢ tststeH  did bodyaxdstarLdO dz LAy jdsjcRs Isits o(ts Yy j o
30 fn @ls Q Bs{t=fudgfP), M (Q; Xy, YmiZm) -C S5t H d dzOIs j dz2 dMisj &5 § O
fsd3j lsjdz ots tsHidgtsh fds@yjfipdsigls j dgtsls dzj Qs 0 ftetsdL

| @4dB.33 jq dzlz s terfolcdgs” § Is slgjdis ety bsO dzts MW Ols o
Ctollsts oldd wshsdss tcs 5 1S to #s dHUEOMSRRI® Xy, Vo, Z,) 4 O ) tizdzlz Is
(ddzd d dgijisty s QQ IS0 dzO U J dis Isy jodgls I M) O I Qf dixfls y § dzls Ot
dz0d dzj €y d @ sl | @z I4SB 1 S F o sl odsidB B QWO ¢ HiEE) &Sy J
GBSO HO "dz Qs dEiiOms S0 € ts i HdREREs, oY, 2,) H O
RO fsyujbss of yjdsOtsls &O EGAEODA& dsfH & i) dikt
dzj dBBtc0) 5 ISM(QRG Yz )dEs] 5 usiCls o B@ > M MdilksO HJ
i IS to O dzh dzQ sty dits offists ds H BP; Xg2D, 2 o M dsSYs f§
5L dzOuj dzd o jCltstedls) dz® dfQsa f ygH @sH @O trist 6 o 65 g
fsdz [ . 1sLdyd OkO RiE0s Yy HzsOiE 560 d40t GEPLIpOEsIRIZ0 Is
SHE) Hj &ZO My, 6§3Bs 8y s 5y dgPdzj B3 dZls O dzOS O 50
sjdkslss yd O fsLdyd O o SPjHtslg) B0 dzq j/lps Os 6 Is ¢
as 5 H dzsf) 2OQ K5 Y§ PEOBE SIS
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| zOD POIs j BOtigsCE @GO  H d dzO i3 Y €183 fd Mls § d3d

3.3.2. [ 6HGEROEZPSEOdzd d3j - O0ded ucd Mmdmisj oi3d

vdf dyjeds 3] ts tc @@ ZOBE®Jzdau S d MdHisgBOy Odz dzO
o B34 b dy Bls fj Msmssd SH &OMOL (Bl d dREEG O
BOMA®O § sMisOo j 2O &0 CsdyO f(d b Bdg usiedd.c j ks
[OMOLO ftjSlk ftkyddd d fkHkzhkzeOy j otL OdzO
Hj zz o G jdzCia® &f).dzO

m - masa
k -konstantanapru inata Di jagr amnasl obodno tel o

K c -koef icient navi skozno pri du{ uvawe
W =
4—
f(t) mi f(t
¢ m cX m
= «]
() () Triewetonatrkal ataso
pod! ogat a se zanemar uva
) X ’ a) b)

wdB34 [ jROdduSd mdfmkjd s &EOMO, §tky dd

| OHo Stej " dzO l¢¥@ Ofgdak® | o © Mt Md kOO &0 dJd
dL o BH dzO d3®fr]OLsOri(t)c1’:mggé§H,tstnq’dz®ljs®tsdzO o dMC L dats
t

fodHkh ko Oyusls Ct° O | u’tststjtstsufq(ﬂ;ﬂ@a%%hz@ s Bt

fnd z0lk© dz0 j dzOMmlis d ydets Mif s tdad of derdrdf@z0fs©® 1 tSd3 O Idf ke
BOMOfs() =kxt). wfttejH nkbdssdtsls LOCtd d&d O0Syd"
OO Mddz0 Mmi kEtOdktslsjiykze0O Mt LBdtsls dO ddz
hzo Oytsls d MddzOIO H (tokzy ddOls0 WWd s PP EDIs
dzOH o tste j h dECES@E 5 jozOf ¢ CBRA@ A . @ tsdwedgH IssO, Hod
BOMOIs O3.310 su dzZOMEEMHE @O0 Mmj fdh ke O Mt Mmdzj H dzO«
Qo jdzC O tsH olststc toj H:

d2x _dx

m—- +c— + kx= f (t). 3.3.74

2 (1) (33.74)

COHP j RO Bi¥dydj dls 20 o d M ksLCdstsizinE ©das B @peo
foky  dZOEORHMskze OF j dzO0 &OMOIO.

0Ct wOBPIH) O §skiskidgi HHsM] &OFdhj ot Wt

md3x ¢ dx 1
—— —+———+x==f(t 337
k dt? kdt k ® (3379
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ddzd , 3B (O f SHM>dgd A fxstse g

——+———+—x==1(t) (3.3.76)
m

[ BHj dztsls 20 &BjoOodduySdtls fdmlsjd ot fteshist
Bdjdij OCt kfMetsddkj COCH oOted OBfAh=xhA Mt
BioL d dz0ls O @ jf sdfdxfBePlsO ss j ossBdyOjdes L O |
B = Oded y<d Mmdmlisj dsd .
HjCGO 1OB8I7THRC AN j( HO Mj LOYIh ] ot W stedO
dx__cdx k1
dt? mdt m m

d dzd , fs oo jHEZOO' jlss dzO o9 0Otd OB dzdlsj- dzO MM
ol dzyd  Odzdzed ®80O®BjeEzEd BH 6

% (1) = %, (1)
k c 1
R,(1) =- —x,(t)- =%, (1) += f (t)
m m m
[ Obted ydzOls O ¥ ts5tc d8B.76/z0 | tcfezj dzz@ls P: (
e (e_ eo 1 & (g €00

(3.3.77)

ot éluf(t) (3.378)
& 00 g - 0l &
qzd, ot SE®RfOSIkdO ¥ StdO
%(t) = A (t) +bu(t) (3.3.79)

COHJ o) Cisttctdsd dEgO ldnesoipissis jsAdzd M d fisls Jedsw l§ ded M ts:

t)a_ ext eo0 1g 800
g((l((t))ﬂ Sﬁigt;g A=¢€ k cU b=élu 8.380)
e N €m mi Emk

sOCt dqLdzjL d&O MmMdMmilsj BBsls sy j HO M EkMme tsd
qdzd St dzj sdzd sls o j stste  dzOy(pgl) ts sE @) @Ots telf fyo t
ddsls LOfdMm dzO O j gl OO LO dqLdzjLtsls >j BJHJ:

y(t) =c"x(t) + du(t) (3.3.81)

COr=[1 04 ®BOBLLdYyO Mt jHdO dEjm§EOE A&6] ©sdid
d 30 o tej Hdesfgls dzlz dzO (
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| ZOB POIs § B3Otsdgsutis @EHFO H d dzO di3d U 1G5 fd Mils § Bd

bS8 d2O HAW | te] deyB3D)zdapBdy MWPoff e dzj e [ OYF dz!
beOdnY stekOyd O ftod deedelsqd § syjlsded Ekmdsed, >,
0o jdzCd ofs Ctdsfd CMdeslsts §BHELOY  §

(7" + s+ DX(9) = F(9 (3382
(s? +%s+%)X(s) =R (3389

JH cttedadlsy ©Oo0 jdeSd Mj HtsBdoa O ftoj desmdzOIls O
¥ 5t 50

1
_X(s) _ 1 _ k
G(s) = = = 3384
) F(s) mS+cs+k M C (5389
k
d dzd
1
G(s) = X(s) - m (3.3.85)
F(S) Sz+£s+£
m m

| stedzd Isj el j daS fded BIBAC yGIBY ( BN J HO M
LOYdh O ot Mmdzj HdzOo O MIsOdzH OteH ZO W St BO:

1 1,7

G(9 = k - k" (3.3.86)
Lo Vg SHavgs+
W

d dzd
1 11 1
G(s) = k = kT? = k “h (2.987)
T%s? +2Ws+1 2.2V, 1 S?+2V ys+uf
T 2

lt6MC OO dj"k OOk stedls] ot cswddls
ots Bj R Oded S o s3.38 I Bstg [ daRO ufgss Mmozj Hdzdo j dL teOL

Wn:%:\/E , T:i:\/E (3.3.88)

p=me_1c_1 \/E___ mc_1c¢ (3.3.89)
2 k 2Tk 2 km 2w, k
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COMY, § WtjCojdyd O O dajftedHizh jTaza 6] d3isdghye @Oy
CdzMbsPRE@BJsHO d2O0 dzj ftedH zh Ydaddsy j % & fiyq d dzBy JdfO
fedHizh o OF j .

VO dzdsd St tojh jdedj @O HJWj@ITHBNE © kO O

Mi Bfdhzoa O HJEZOBJE OO dO IktcOdhNdzOstcdzd sls  d3j -
o | 2O O 2, ssy¢o® 2. 10 o C§8°0 Mj GHEjHEOO
olststc to] H. Il 5 S 00 | dzOs8 O, o UYL o 3.9 d.
ddz. 3at8.f4du [ o .

I mMdeseo dzd sy St sdzj dzlsd R Oz ¢ s J ¢ sz teitzdz@
mdmisj &3 M BOMdhzaf@lLzy § @ sd dzPtogrzd 3. 3-4. [ JjrC
ststcded MdMmMlsjdzdd ot FwwOCIsdEOO sy ) HO ddBioOC
wdz. 3. 3. 4. lcdd3dj tcd dzg©@ IsOSod MdMmlsj ddd dsyd HO
COCts dz2O0 f1R@ & jltdcs svtOB j ZO 3. 3. 1. fMd HOHJdd tsMmdz
9 J dzd ydGdasds j G tsls j Ge@te @Ic O Ols sSHdzj Mo OF jIsts z0 s
C s B tdag@disq, ftokzy ddzO2]ld ftedHlkzh o Oy

v OB j dzOR B tc B g B@OL Fa®eVelocity), fn d ef@ d3j ) ls EFroree |
displacementyfd &3 J H O pddar@ep &5 ISt OdeM ZOIststedeslsts Ho d Y 4 ¢ 4
o dMmC 51 jhde o fOaipOHO

Force- Force- Impedance
Component velocity displacement Zu(s) = F(s)/X(s)

Spring

—I—» x(1) I
%W‘ L T0=K JO Wndr [ = Kx(0) K
K

Viscous damper

P e T
. . d. .
%_E_, o JO=f0 S0 = =) fs
ty

Mass
x(f) 2
A1) L dix(t) 5
. _ . =M 7 =M pr Ms
M e ()

Note: The following set of symbols and units is used throughout this book: f(#) = N
(ncwtonb) x(f) = m (mctcrb) () = m/s (meters/second), K = N/ m(ncwtons ‘meter), f, =
N-s/m (newton-seconds/ meter), M = kg (kilograms = newton- seconds?, / meter).
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| zOD POIs j BOtsigsClE @GO  H d dzO i3 Y €187 fyd Mls § d3d

1 tod a3 tc. (NHse B70, Example2.16) [2]

] totsB dpj@p. j e j @ Mt jHjdz fMlsjf j dzj de@zOM @R 5 W OdzO
HodY djdde. 31 @. ] GHijHd 1§ tc] datsfr)dzORsiPs & s Q@ * 1] i
HO Mj ®BHKjHd d &sHj dsls &0 mMdmisj sl ot ftosfmls

K ﬂ—' )

F(s

1 X(s)
- Y
Ms2+fs+K

—
J

(@) (b)

wdz. B. 3) sdmsjd Ms &EOMO, §kyddd d fedHk!

—— x(1) —— X(s)
Kx(t) - T KX(s) -
L U 0 X6 = M )
M% - L 7] Ms2X(s) -— ”
(a) ®

sdz. 8. BA) OctcOd3 dz0 MzsBsH s Isjdzs L © MdMmilsj o3
ftedHbkzh 2o Oy, B)Hdtc@uznd®dstcdsd tefPpdlass SH dzs s d

l od dsj tetsls  j NigejpfOjEsampleg.16[Z]. s dflsj sls ot § tod

Hjddsdujdz Mts ftojlsoitHdzs OdzOdkdL JteOdzd sls fd fiy
Odeslsts toj N j ded § .
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1 tod d34 to (NHse,d722Example 2.172]

lesBdgj@H jdz § BirOdducd MmdMmisj &3 M HeOA shisj § § dz
zO wdOB. 31 BIstcj Bdats

0) HO O tciaftisfjézdzYug® M d My BEH B X,(9/ K9,

B) HO fMmj BHtjHd d&sHj sl dO0 Mmdhmisj dtsls ot |

50, N0
o= 1

K — K
M, K, M, JOWFL

C T T T T T T T T T TANT T T T T T T T TA T T T T T [
L T T T T T T T T T ¥ [ T [ [ [ T T T W T T T T [ [T

fv,/ ,
@)

F(s) (frs +K5) Xs)
A

)

g 03.3.6.0 uts O dzfn dzQiyj -t ek Is ndg o MPls | Gdg@iaizts Bde® O
Hoyg “,B)B dztBEY * OG tc O 3

tdhJjdady

lted d3j tetsls | Nisejp72j Eramplée2.19 [2]. 1 tesBdzj Isy 4 tod
MOdts Sfssus OIK@H H) j BSHEGjHJ d20 MOdX,(J/ | .detsMdzOls O
I SHjdisls ot ftesMmiststesls dz0 MsMmMists° BO Istej BO HO
Il sHsdze d20 wdz. 3.3.7 d wdz. 3.3.8 Mj HOHjded H
BOMdlsj ¢ @fds CfcdztdsedtsHls j dzO. [ o dJj HWYE O tgjOlts] dZ@
Qo jdeS dIsj .dz0 MmdMmisj B3sls
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| 0z03 POIs j d30tsdgsuSis G0

Hd dzOdi3d 149 md mlsj d3d

KIXI(.S‘) e _. i
foski(e) — [T NE —= Ky X(s)
‘ My le— KyXi(s) | M,
Fls) —=| - ——_f‘ﬂ‘st(.v)
M52X,(s) -— '
(a) (b)
(Ky + K) Xi(s) =—-
7 KaXo(s)
FO) == e f s X5 (s)
M].‘{QX](_\') - .
©
udz 2. 8] GBEOH] Ko d> | i 5E) D ditnfaEmay |
Hodxd  “dIsts MOt MePlsy [ Md dzd dO |
Ky Xo(s) =—
fo5X5(s5) -—F Ky Xy(s) —
: X2 MZ “_K3X2(S) M2
JosXp(s) =— : o 5Xi(s) —=
M)s2X(s) =—
(a) )
(K + K3) X5(s) =—
— fu,sX1(s)
(S, P )5 Xo(s) =— M,
T = KX (s)
MzSzXz(S) ~——
(c)

g dz. 8. 8af)dzd
HodXd  jlgts

vO0C O, 0o jdldlsy

fdh e Od3j tsH wdz. 3. 3.
1 @BOMOIO [ 1 tsH
[Mys® +(f, +,)s (K K]

10 BOMOLO [ 2 fH
-(fi,s #)X(9 S (4,

{w (1) d (2)

15¢

O s § SwLOH(

o dz. 3.

HopBd) X Jif djdEIO dgd f{tste OH d
fiRo Mdisd Mmddd d&o |

ot Sl dzj S Mdzsdise f sHtcOY'
7. MM, 50 @ B9Gy 8¢ Mbts dzO
3.7.Mm) fMmdzjHd:

X3 (Fs W) 6 (D)

gdz. 3.3.8 . M) Mdzi H]:
rs(kt RIX)s 6 @

fdzi v d:
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ngs“(fvl +H,)s (K K] (fzs K+ (9 BFE (3
¢ (s 4y) M€ ¢, s (K Kk B9 GE 0
JH (3) HtsBdo Oy :

eXy(9) g .16F(s) 4

(9 0° &0

S +H(f, H)s 6K ) (fgs K+ 5)
- (fys ) M ¢, f)s (K KK
COMjj] BOwPyd), 10 dz0 ddzo j ekO BOEdYyO C° O It

g™
Q=¢

(53

e

Rdzo j oL ZOS 0O BOISted y @ Shpjkbszusjonzo © MY ttsj H
-1 ad]Q
=—. 6
Q detQ (6)

OH EdedOdzOls0O KOIted Y@ s fzOffGrifsBpd jC1so0Q ) fifts
hlss Mj HBBdO O:

N N T N
ade:adjé 1 G 8: O 021 gﬁqll g az )
&L G: 0 %@2& (q€2 0 "Oé U

[ Ol dzO0 S W OCIststed
lod Wsteddeos jsts d20 BOstdyOls0 dO CsW¥ollkt
Ll e oChSKe jg, LN OC e |

LG, CYWOC Kst jg, LOF OC kst
d hlsts LO fOwddtls dLdsh &0 MO0 dsH ddzH |
), O LO dgj f Otededlsj Mkdd (daPdzr]jdfHfy Mid2s,j k) .L §
(Y OChktsted Mj bOdhftsddte® 4i@).HO fj HESBJ|

vsOCO, tH (5) d (7) HtBdoO Od3j :

ftc
22
dz0

. de:ngs%(fvl +,)s (G K] (f,s Ky ®
& (f,,s+Ky) [MpS £, £)s (K K

#jG0O btejBO HO M tdetsiHd: Hjlsj tedsd dzOdzls Ols O
s kotMmlskzoOf jlsts dz@ (6) d (7) ot (4), M

(Z;Xl(S) gadJQ(?F(S) g_lgM152+( fv1 +fv3)S ('H@_ K5)] g(S) (9)
(90 D &0 U g (fys+K) f
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| ZOB POIs § B3Otsdgsutis @EHFO H d dzO di3d U161 fd Mils § Bd

IH (9) &by HO ¢d fHie)HdBx9IRHe jIsi (1
X9/ (Y, IS d .

6 (9=2a M+l s (g ] (10)
F(s) D
Gy(9= 229 L2 1) (12)
D D

) sdzd desdssls ot 3] ded s dztsls D) s JBIRE §  f o]
ZO EOSBEEOWO M) GHELjHEZD O 5 W sttdkdolso

N 5 -
D =detQ dengs +(fy H)s e K] (f;s K+ ﬁ
g - (fV3S '+K2) [|V|252 (+t12 fd;) s ( P% @}F H

=[Mis? €f, £)s (K KA MS (§+ ) s( K +K] (+(s K°
333f BHj &Zd©0OS ] &0 tslsoydmSd d&jRoddyuSd mdmlsj:

[BH]dZdeOf jbs dO tslsOydtsdd o&jrO0ddysd Mmdfh
ssteded s Mifdpsg dgdlsj | dzj d3J dals dgj o Qsdzd S Isf O figfishgiisfjlsds f
ftokzy qupdg, 6 d M 5L j dz § @iscaugdalppe)od) tetslsOyd g dz® dBZOMC
d dzj tcyiderti® (. lts vOBjd&ZO 3. 3.2 My HOHJ ded dL t
SHdzj Mo OF jIsts dz©O Bad,j Jjdzj d3j dzls (.

v OB j dzOR B tc QL s o j@iAsts dzdzO (B auehrig®@arvelocity), di3ts dzJ- dzls

0Oc¢ s dzdets { s dftpriplsdngui@rtiigplacement, dJdBt j H O @npddar@ke s
eslsOydtdesists HodxjJd L Oy Hac@ydddd ¢dnesd dd. {t
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Torque- Torque-

angular angular Impedance
Component velocity displacement  Zy(s) = T(s)/0(s)

(1) 6(r)
Spring f
T = K J o(r)ydr T = KO K
0
K

Viscous 7(4) 6()

damper
%_':( ( T(t) = Dw(t) T(t) = D% Ds
D

() 6()

Inertia 0
_ Ao _ 400 2
J

Note: The following set of symbols and units is used throughout this book: 7(f) =N-m
(newton-meters), 8(f)=rad (radians), w(f)=rad/s (radians/second), K=N-m/rad (newton-
meters/radian), D=N-m-s/rad (newton-meters-seconds/ radian), J = kg-m?* (kilogram-meters”

— naudnan_matarc_carnandc? /radian)

1 tod d3j to (N&se, B78,Example 2.192]. dwdfMmlsj &5 Mts mHeedy j'Qjo.j d¢ d d

) esB @B M) GHiEjHd f GJjTEEDE0 HistzOyd sadsls fd
ftedC Oy Odz dadd felsly. BsIS . Pcj sMsOokzo O sseddz® Ct° G
ZO HOe OO dd | dL sy jdd d&O Iktsterd ©. |1 OHaftstej "
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