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H[t _dlhf jzZajz[hldb y\ey Iky ijhp_kk j_]Imebjh\
"\b® _gby kljhbl ~dvjghghc fZrbgu

P_ev jZ[hluyzajz[hl#8ZIh~"bdbkbgl azZz j ]meylhjZ kb
mijZ\e _gby kljhbl_evgufb “hjh gufb fZrbgzfb

< ijhp_kk_ jZ[hlu Mathgad'[ue ijhba\_"* g jZkqgzl iZjZf
nmgdpbhgZevgh g h[oh”"bfuo we f_ glh\

< j_amevlzl_ jZ[hIWMATUAB&SImulink | Zebah\ZgZ fh"_
ijhp_kkzZ mijz\e _gby j_"bfhf kljhbl_evghc “hjh ghc fZr

Hkgh\gu_ ihdzZaZl _eb jZajZ[hlZgghc fZI _fZlbqg
ZN _d\Zlghklv \hkijhba\_~ gby ijhp_kkh\ k\yaZgguo |
fhr _ebjh\Zgb_j _amevIZIhy_fy [{m_foth~*gh]h ijhp_kkZ

KI_i_gv aZ\_jrzgghklb jZ[hlu bfblZpbhggZy fh

mijZ\e_gby j_"bfhf kljhbl"hjhgghc fZrbgu ]hlh\Z
bkihevah\Zgbx \ ~ _evg_crbo jZajZ[hldZo ih "Zgghc | _1
Wnn_dlb\ghklv ithemqg_gguo j_amevlZlh\

jAhlhkihkh[ghklvx fh” e c¢ jZajZ[hMAGIGABE&SIMUnk" b
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<\_"_gb_

GZ ~Zgguc fhf_gl kljhbl_evklI\h “hklb]Jeh \ukhdh]h
jhklzZ ijh~he Z_| m\_ebqgb\zlvky \ k\hx hqg_j_"v wlh
ijh[e_f >ey bo j_r_gby ijb h]jZgbqg_gghf nbgZgkbjh
gZmqgh aagbqg_kdh]lh ijh]j_kkzZ b i_j_~h\h]lh hiulZ ijbh[
1jZdlbg_kdh_agZq_gb_

Kljhbl _evgu”hjgh ' gu_ fZrbd&wF \uihegyxl jZaebqgl
nmgdpbb < qgZklghklb \uihegyxl jZ[hlu ih mdezZ”"d.
A"hjh guo ihdjulbelb jZ[hlu \uihegyxl 1zZdb_ fZrbg
ZknZevihmdeZ”~gbdb b dZldb ijhba\h?*ysb_miehlg _gb __

:dimZevghklv fZ]bkl_jkdhc ~bkk_jlZpbb k\yaZg
hl _g_klI\_ggu_ K>F IZdb dZd ZknZevlihmdeZ~qbdb b d
kbkl_fzfb mijZz\e_gby j_"bfzZfb \ hlebgbb hl bfihjlguo

Ba ZgZebazZ kh\j_f _ggh]lh khklhygby ~hjh gh]lh KklIj
glh ZdImZevghc ijh[e _fhc Ney ih\ur_gby mjh\g)
bkihevah\Zgby “jhbdhevgh]h fzZl jbZezZ ZknZevlihmd
dzZldZfb y\ey Iky kh\_jr_gklI\h\Zgb_ kbkl_fu mijZ\e _gb

ljb gZibkZgbb ~Zgghc ~bkk_jlZpbb [ueb bkiheva
mqgq_fg§ghlh*"bg_kdZy ebl_jZImjZz klzIvb \ i_jbh”bq_
Jhkkbckdhec N_~ _jZpbb

H[t _dlIhf jZzajzZ[hldb \ jZ[hl_ y\ey Iky ijhp_kk mijZz
kljhbl _evkI\Z “hjh guo ihdjulbc

P ev fZ]bkl_jkdhc “bkk_jlZpbb f_ljdydixiblgllZ aZz
j_ImeylhjzZ kbkl_fu mijzZ\e_gby kljhbl_evgufb ~hjh gufl

AZ"Zqb fZ]bkl_jkdhc "bkk_jlZpbb

\uihegblv ZgZeba im[ebd-XkpjhdPhghrgulo ijhp_kkh\

jZajZ[hlZlv nmgdpbhgZevgmx b kljmdIimjgmx
mijZ\e ;gby

\uihegblv kbgl_a jfhrméglugzf f_th~hf



jZajzZ[h!Zlv bfblZpbhggmx fh~_ev kbkl _fu mijZ\e
ki ~_ 0$7/$% 6LPXOLQN
5)j ZebaZpby f_Ih~"Z kbgl_aMATLAB&SinmtiiK. \



1 H[ahj ~hjhlghhbl_evgiiop kkh\ b bo Z\IhfZlbaz

1.1 JZ[hgb_ ijhp_kku kljhbl_evguo b "hjh guo fZrk

ljb ihkljhcd _ Z\lhfh[bevguo ~hjh] b Zwjh~jhfh\ Zk
kf kb miehlgyxlky Ney "hklb" _gby \ukhdbo i
wdkiemzZlZpbhgguo oZjzdl_jbklibd >ey “~hklb _gby |
ijhba\h~yl fghlhdjzZlgh_ kbeh\h_ \ha” _ ckl\b_ gZ nZiehl
NZgguc fhfljgf[mxsbfZrbgu deZkkbnbpbjmxlkyHKKlLedkg
52156 2003 [15] GZ jbkmgdko_fZlbggh ij_"kld\eZigkkbbbdZpb
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< ijhp_kk_ ijhaBe¥ph\ ih ih\ _joghkZlu\Z_ fh]h

fZl _jbzZeZzZ ijhbkoh”bl mikMgcklbbkh[kI\ _ggh]h \_kZzZ d.
>ey "“hklb” _gby [he__ \ukhdh]h dhwnnbpb _glZ mie
bkihevah\Zggikhegbl evguo \b[jZpbc DZIdb \hafh gh bk
miehlg _gby k\yaZggh]h b g _k\yaZggh]h ]Jjmglh\ s _[g
aZ\bkbfhklb hl nhjfu \ZevpZldhXdg¢upaixl ke _"mx¢i6p Ibih

X lez*dh[ZjZ[Zgqguc

Xx dmeZqgdh\uc

X j_r_lqZluc

x ig_\fhdhe_ _kguc

X "bkdh\uc

X k_]1f_glguc

x dhfiZzdlhjguc

=eZ"db_ \Zevpu lhBrmfhdZjZ[Zdpbebg”jbg_kdhc nhj
Miehlgyxs__ \ha”~_ckl\b_ h[kkik4b\gqgukw khf dzldz dl
fh gh m\ _ebqblv "hihed&dkeAlgf

DmeZgdh\u_ dZldbl.2blknbghdlleZ*dbc pbebg”jbqg_ |
[ZjZ[Zg iZ joghklb dhlhjh]h mdj_ie dwmadildbiu >Z\e _
hdZau\l\Z_fh_ dmezZqdZfb \ g_kdhewdth jKIAbh\edbbc
kehc fZl _jbZeZ hkldidkyg gguf ?]h miehlgyxl gZ hdl
klZz"bb k ihfldssMdh\ k Jez~dbfb \ZevpZfb beb dZIldh\ gZ
rbgZolhwlhfm dmeZqgdh\uwnmdZdbdb\gu lhigvdimiehlg gbb
k\yaguo "hikljgtbl _evfzlo jbZeh\

Dzldb k j_r_IqZlufb \ZevpzZfbh2, JjbkimfgRkd hihjgmx
ih\_joghklv \ \b”_j r Idb < ijhp_kk_ mdZlu\Zgby hk
jZafbgzZxs\ha”™ ckl\b_ G _[hevrZy ih\_joghklv j_r_Idb
\ukhmdxkl_i_dgvZ\e_gby

DZIdb gZ ig_\fZlbg_kdbo rhgZpbfibkihgghtizlbg_kdb _
dhe_ Kz ]JezZz~dhc iplerbbebjh\Zgghc jZ[hgq_c ih\_joghklv

8



klZlbg_kdh]h miehlg_gby azZ kq_| \_kZ dZldZ ihy\ey
miehlg _gby qglh ihal\hey | m~Zeblv "b~dhklv b \ha”
fZl _jbzez

-

JbkmghdKo_fZ mdZlu\Zxsbo jZ[hgbo hj]Zgh\

DZldb k ieblZfb }@kmdHHjm~Ah\Zgu \Zkebihipsbc ba
pbebgrjbg_kdhlh [ZjZ[ZgZ ihdjuA&ckieblldZbbhd hdZau'
klIZIbg_kdh_ ~Z\e _gb_ \_jlbdZevgh highkbl_evgh ih\_j
fZl _jbzZezZ lhjbahglZevgh_\ha”_ckI\b_ hlkmlkI\m _|



D¥db k “"bkdh\ufb \ZevpzZflb2, jbkimghdbkj@lmebqggh]h
"bZf _ljlklZgh\e _gdu h”"ghc KgBqgZeZ "bkdb gZoh”ylk
iheh™ _gbb glh \ky iehsZ”~v hdZaulZ | ~Z\e _gb_
ith\_joghklv Ih f_j  m\_ebqg_gby iehlghklb ih\_joghk
\uklmizlv glh \uaulZ | m\ _ebq_gb_ dhglZdlgh]h ~Z\e _

Dzldb k k_]f_glgufb (\\b&wpgthedh” ) bf_ _JlezrdpLjZ[Zdg
gZ h[h™_ dhldhdlop"ykkyf glu <uklmiZxsbc iZe p ih]jm
fZl_jbZe ih h[h"m [ZjZ[ZgZ Ilhke_ q_]h hg ih~gbfzZ_ Ik
d Ilhfm glh dhglzZzdlgh_ ~Z\e_gb_ ieblu m\_ebqgb\Z_ Iky

DzZldbdhfizdlhjgh]h Ibiz bf_xI \Zevpul2 jkmgh
ij_"klZ\eyxsb_ lpljélxg”~jbqg_kdbc [ZjZ[Z9f\ggd_d&dhgvdh
jy*hgZoh”ydkyeZqdb kbff_Iljbgghc nhjfu IThdkm&@Xgdhbuf
\Zewhg hg bf_ | f gvrmx rbjbgm b f _gyfh\ kbkmebZqdZ
Miehlg _gb_ ijhbkoh”~bl aZ kq_| fZkku dzZldz Z lzd" _ \
\ha”_ckldbye Zqdh)\

DZldba fghl]hm]hevguo “"bkdlt\b|jgEmgZ&kiveaf glh\
jZkiheh  _gguo gZ h”ghc hkb h”"bg lfZ s”pglbd el
hlighkbl _evgh ~jm]h]h >bkdb HAEZabZkKbfgXsb_ b
kfbgZxsb_ \ha”. cklalgpdZxl “hihegbm”™edjgw__ gZ]jmadt
fZl_jbz2e\eyxsb_ky j_amevlZlhf \ukhdbo jZ[hgbdfkghjh
[16].

DZIdb k ]Jez"dbfb \ZevpzZfb deZkkbntblpbgdnbxNZkvglh
ih dhglzdlghfm ~Z\e _gbx dhlhjh \h@ZjZkll\pbarmZévpZ
miehlgy fuc fZl _jbZe b ih ijbgpbim ~_ckl\by DZIdb j:
hk ¢ b \Zevph\

X h~*ghhkgu_ h”gh\Zevph\u_ k ih™™ _j"b\Zxsbfb
dhe kZfb beb;[_a gbo

X "\mohkgu_ "\mo\Zevph\u_ k h~”gbf beb 2\
\ZevpZfb

10



X "\mohkgu_ |Ij _o\Zevph\u_

X "\mohkgu_ lj_o\Zevph\u_ k “hihegbl_evguf \
"bzf_|jz
X Ilj_ohkgu_|j_o\Zevph\u_ k h~gbf beb |j_fy.\ ~n
lh fZkk_
x e_]Jdb_ fzkkz ~h | fhsghklv ~h d<l|
X kj_"~gb_ fzkkz + | fhsghklv + d<lI
X ly ' _eu_ fzZkkzZ [he__ | fhsghklv [he__ d<

KZfhohr"gZldb k Jez”rdbfb d&&kkdibbpbjmxI| llbdm_ih
ljZgkfbkkbb
x f _ oZgbqg_kdZy
X ]brjhf_ozZgbq_kdZy
X ]brjhh[t_fgZy

Ihkbkl _f_ mijZ\e_gby k jmqguf mijZ\e_gb_f b ]Jb*j

Ilhfbfh dzZldh\ k klZlbqg_kdbfibj\Wdvpdfibf gggdbeb
\b[jZpbhggu_ dZIldb ijb miehlg _gbb ]jZ\bcguo
ZknZevlih[_Ihgguo<bkfjiplbhgguc d¥liindZrbhad "bgb\rZy
klZlbg_kdbc b "bgzZfbq_kdbc f_Ih~*u \ha” AXIXmy Ilgg f:
\b[jZpbhgguc dfézdzZz | [henMhba\h”bl _evglbklwybhey Iky
wnn_dlb\guf kj_"~klI\hf "ey miehlgklgilyl "édylguphfZl jbZe
eZlh”~"Zjy \b[jZpbb dZlhd kha”zZ _ | [he__ \h@" gkib\ph gl
miehlgy fuc fZl _jbZe qlh \ k\hx hdghgb v Kdgtb '@ H[oh”b
ijhoh"hKZfuc jZkijhkljZzg_gguc \Zjbzgl Wi jAphhglghih
dZlawlh "\mo\Zeviomakkgufb < IZdhc dhYbdjAdBphbobuf
fh™ | Julv h*bd[ZebZewxpZjZpbhggu_ dzZldb bf_xI jy* g_~"
kgb™ _gb_ mijZ\ey _fhklb gZ mdehgZo ijb \_"ms_f \bJ[j
Ijb gbadhc gZgZevghc iehlghklb fZl_jbzeZz \u

\heghh[jZah\Zbpyki g _gb_ aZsblhc hi_jZlhjz hi
11



| j_gbke_ggu_  ijh[e_fu agZgbl_evgh kgb _gu \
\b[jZpbhgguo dZldZo dhlhju\l_ ijE[b\NZdhleh guo nZaZ
yleyxlky \ _"msbfb b mijZ\ey fufb

1.2 :\lhfZlbazpby ijhp_kkh\ miehlg_gby  ~hjt
kljhbl _evguo fZl_jbZeh\

Ih j _amevlZlZf bkke_"h\Zgby magZeb qlh gZb[he_
dhgljhey klI_i_gb miehlg_gby ]jmglZ y\ey |ky kihkh[ k
b qZklhl ]Zjfhgbg_kdbo dhe_[Zgbc ih\_joghklb miehlg:
\b[jhm~Zjghf f _ITh”_ miehlg_88y jbkmghd

A,-,A [am]

100

80

60 / \

N A

W y ¥
0 2 4 6 8 10 12 14 n

JbkmdBdcOZjZdl _jbklibdZ kbgmkhb”"Zevguo \oh”~guo
\ aZ\bkbfhklb hl gbkeZ ijhoh”h\ ]Jjmglhmiehlgyxs _

LZd dzZd bagZqZevgh ]Jjmgl g_ [ue miehAg_oVhbi__
h[mkeh\e _gh |_f glh ]jmgl bf__ | gZbf_gvrmx Kkl _i_g\
ijb\h~bl d keZ[uf kb]JgzZezf ]JzZjfhgbd \b[jZpbhgguo
m\_ebq_gbb kl_i_gb miehlg_gby ihyleyxlkyA ZjAhgbdb
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>h hij_~ e _ggh]h fhf_glzZ ]Zjfhgbg_kdb_ dhe_ [Zg
aZl_fi_j_ oh”bl \ gZdehggmx g_ebg_cgmx o0Zj203 Ajbkl

< mkljhckI\_ \u”_ey |ky hkgh\g\Zy doZklhjZyx]Zjfhgl
gZklhlu Ihke_ hij_~ e _gby wlbo kb]JgZeh\ gZoh”blvl
]Zjfthgbdb d i_j\hc dhlhjh_ y\ey Iky kl_i_gvx miehlg_
dhebq_kI\Z ijhoh”h\

ljb m\_ebqg_gbb iehlghklb hl ijhoh”Z d ijhoh”™m
agzZqbl_evgh kgb zZ _Iky qglh ijb\h”bl d \u]l]eZtctbbZghx Z
]Zjfhgbd

<oh”ghc kbgmkhb~Zevguc kb]JgZe hij_" ey Iky ih

Ak LU AR cos> mk | sin® mR 11)

N N N ©
] A-ZfiebIm”~Z \oh”"gh]lh kbgmkhb”" Zevgthflhj kB johded b
Kk 1,2; m-ghf_j ijhf_"mlhggh]h |I_dmsl ]h fhllwfZly qzklv
dhfie_dkghc iehNdhkhebq_kl\h hlkg glthkeh ijhoh”h\

Ba nhjfmeu themqgZ _f Zd&i¢djlimPimdb

S0 RA’@,A° (12)

"R -\_s_kI\_ggZy gzZklv dhfie_dkghc iehkdhklb
:gZeh]lbggh hij_~ ey I|ky Zliice pZnpihgbdb

S0 RA@, A" 13)
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Ih ihemq_gguf nhjfmeZzZf b hij "~ ey f kl_
hlghr_gb_fhc&ZZfiebIlm~uhat =

S(K 12
nU— «
S (k) k £§
>Zgguc djbl_jbc hij_~ e gby dzZqg_kI\Z miehl
mgb\ jkZevguf |1Zd dZd bkihevamxlky mkj _~gzggu_ a
dhe [Zgbc \ ij_ "~ eZo hij_~ e _ggh]l]h mqgZkldZ b h
iIjhoh”™h\ fZrbgu
lhfbfh az\bkbfhklb ihd@anhl_eypkez ijhoh”h\ [Zc
kms_klI\m_| azZ\bkbfhklv hl \g_rgbb_ Wthaj® Jokdbhm _fuc«
[ ZjZT_1jIk\.
D \g_rgbf \hafmsZxsbf \ha”_ckl\byM hlgdZXydkhklv
miehlgy_fhlh ]HggtZlhesbgZ keéhy?2 obfbqg_kdbc khkl
miehlgy_fh]lh fZl 4bZe&Zg”rZnl kljhbl_evgh]hEmgzZkld

kl i _gv mijm]hklb ]JjmglZz

D j ]Jmebjm_fuf \ha”~_ckl\byf ijb Z\IhfZlbabjh\Zgg
ijhp_kk_ g _ij_julgh]lh miehlg _gby ]jmglgbkdghikhbkdhyh'
fZrbguVg 2 kdhjhklv "\b _gby fZrbgu & 2qZkIW}2 \bJ[j:

\j_fy miehlg_gby gZ ehdZel@hkbeqzgldlyg k_gby miehlg
m7ZijZ 2 qgzklhlZz m~Zjz JF

Djbl_jb_f hilbfZevghc jZ[hlu miehlgyxs_c¢c fZrbg
fZzdkbfZevgzZy ijhba\h”~bl_evghklv ijbqgbfloegb f Zjédnodh \
h[_ki_q_gb_f az*Zgghc iehlghklb ]JjmglZz

WdkiemzZlZpbhggZy ijhba\h”~bl_evghklv hij_~ ey |
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] B - rbjbgZ ihehku miehlgbg®df f rbjbgz i _j djulby
kf_"guo ihéhk- kdhjhklv fZrbgu \h \j_fy miy‘.h;lg_?gby
gbkeh ijhoh~h\ fZ4bg0,8..0,8¢ - dhwnnbpb_gl bkihevah
fZrbgu

<j_fy miehlgWgdd ijhoh” k\yhdbhak\bknl bM,:

W m e o

Xbg (1.5)

]*"m-gbkeh ihehk mieblgtegbgyZ mgzZkldZ miehlg_gby f
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JbkmdhRdcAZ\bkbfhklv kIl _i_gb miehlg_gby ]JjmglZ hl qb
kdhjhklb i_j f s _gby fZrbgu

15



I, +[M”‘I]
1

10,0 \

8.0

1N

oo g

4,0 \Hq‘h
"

2,0

— -

0 02 04 06 08 10 100pg, [%]

JbkmdbhdcAZ\bkbfhklv wdkiemZlZpbhgghc ijhba\h”bl_e
hl kIl i _gb miehlg _gby

lh ]jznbdZf azZ\bkbfhklb \bAgh gqlh ijb m\_Rbqg_
ijhbkoh”bl kgb 'l gt ih\ur_gb) Z [hevrZy kd¥ihklv

m\_ebqgb\kE, | gh j_adh kg @gbkmghd >ey "hklb™ gt
lj_[m_fhlh agZ4 _ipby_baf_gguo iZjEj_lijdon_Iky kgb ZI

ijhba\h~bl_evdhkilvkmghs Iml_f kgb  _gby kdhjhklb fZ

m\ _ebq _gby _z ijhoh”h\ qglh \uaulZ | \ k\hx hqg-j_"v
wdhghfbg_kdbo ihdZaZl_ e _c¢ >ey mkljZg _gby wll
j_Imebjh\zZlv izjBf _Zjmf baf_g_gb_ dhlhjuo ihalhey_|

agZq_&b_o_ kgb'Zy wdkiemZlZpbhggmx ijhba\h”*bl_ev

16



2

FzZl _fZlbg_kdh_ hibkZgb_ jZ[hq_]h ijhp_kkZ
kljhbl _evguo fZl_jbZeh\

< kbkl frnz\lhfZlbg_kdh]h mijZ\e_gby miebtgflgby
ZknZevlh[ _Ihgghc kf_kb \oh”yl

azZ"Zlqbd kl_i_gb miehlg_gby ZknZevIih[_Ihggh
we f gl kjZ\g_gby

1)
2)
3)
4)
5)
6)
7)

Mijhs _ggh

j_]Imeylhj

]brjZ\ebqg_kdbc ijb\h~

jiZ[hgbc hjlzg

ZknZevlih[ _IhggZy kf_kv h[t_dl mijZ\e _gby
"NZlgbd ey baf_j _gby dhwnnbpb_glZ miehlg_gl|

nmgdpbhgZevgZy ko fZ kKidhlpg db¥

ZknZevlh[ _IhgghlxakfjZb gZ gZ pdkmgd

K e u =b"jzZ\ | & | knZevip K
— sze\—f—gl—> _Imeyri»| ebg_kdiem Jﬁ.[]hzqti [_lhggZ
J£19_9py ijb\h A 1129 kf_kv
ﬂ ----------------------------------------------------------
U :
n :Kn

li_h[jzah\z[ _ e\

dhe_[Zghb

<] dk_e jhf

Jbkm@HidNmgdpbhgZevgZy ko_fZ K:M

|"K.xaz"Zgguc dhwnnbpb_glKniem2gllmdpykdbc dhwnnbj

miehlg gl t+kb]JgZe hrb[db kl_i gb muiethrhdjZ\leyxsbc
kb]gZ& + qZklhlZ \jZs_gby ]b~jRfhthjZzafmsZxsZy kbe

\b[jh\ha[m~blUey+ kb]gZe khhi\_Ikl\mxsbc azZ”~Zggh

17



miehlg_ghly + kb]gZe khhi\_lkl\mxsbc nZdlbqg_kdh
miehlg _gby

Fzl_fZlbqg_kkdZyekwbkl fmijZ\e_gbybfZfbdZ*uc[ehd
hibku\zZ lkyj _~"Zlhqghc nmgdpb_c Fhn _ev 1) _"klZ\e
kljmdImjghc ko _fu 2@Zhkmghd

Ka a \ Kn
S wiy R Wie A9 Wo(9) F5 Woke) F Wi

I+
—

Un Kn

Wij(s) [ W9

Jbkm@RdKlIjmdIimjgZy ko_fzZ K: M

HibkZglbljmdIimjghc KoMfu
W(9 K xtazZz”Zldpdm_ fkt i _gb miehjlg_gby

K o . .
Wis-(9 K —— Ks+i_j_"ZlhqgZy niBgdipmeythjz

K2 K3
(T3s)TZ < 2 "T"s ~

]b”rjZ\ebqg_kdh]h ijb\hAZ

K4 . . . .
W, (9 T4 o ti-i_"ZlhagZy nmgdpby jZ[hq_]h hj]Zg.

W_ (9

I+

I j_~ZlhggZy nmgd

K5
W9 Te o7 * i_i_"ZlhagZy nmgdpby h[t_dIZ

ZknZevlih[_lhggZy kf_kv

K6
W . . A . A
(9 T6 5 1 + i_j _~ZlhggZy nmgdpby \b[jh”"bgZ

"ZlgbdZ dhgljhey dhwnnbpb;glZ miehlg_gby
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K7
W..
S

\b[jh*"bgZfbg_kdbo dhe [Zgbc \ gZijy _gb_

+ 1_jJ _"ZlhqggZy nmgdpby Ij_h[jZ
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3 F _|h~"bdZ kbgl_az kbkl _fu mijz\e _gby h[t_dIt
ihjyrdz

31 F_Ih”u kbgl_aZ j_]Imeylhjh\

lh~ kbgl_ahf K:M ihgbfzxl jZ[hIm ih jZkqg_Im
kljmdImju b hilbfZevguo iZjZf _Ijh\ hI*_evguo we f g
azZ™"Zgqb kbgl_azZz qgzZklb klIjmdIimju kbkl_fu I1Zdb_ dZ
j_]mebjmxsb_ hj]j]Zzgu kj_~kI\Zz baf_j gby b I ~ ba\
yley |ky j_]ImebjmxsZy qZklv K:M AZNZq_c fZ1_fz
yley |ky hij_~ e gb_ hilbfZevgh]h | _ gZbemqgr_]h
ZelhjblfZ beb aZzdhgZ j Jmebjh\Zgby

LZdmx azZ”~Zgm gqgZklh gZau\zZxl bg _g_jguf Kkl
bg g _jghlh kbgl azZz fh gh kgblzZlv aZ\_jr _gghc Kk
h b”rzZ fh]lh i_j_oh”gh]lh ijhp_kkZ m~h\e_I\hjy | Ij _[h\Z
bkdexq_gu kemqgZb dh]*Z \ jZfdZo \u[jZgghc kljmdl
m~rZ _|ky Lh]~Z ijboh”~blky bkihevah\ZIlv "hihegbl_evg
\hafms gby ijhba\h”bfu_ hl hldehg gby bkihevah\ZlI
k\yab \\h”blv dhjj_dlbjmxsb_ mkljhcklI\Z

Bf vy \gZebqgbb kljmdIimjm Ze]hjblf b ]Jh gbke ggt
j_rZlv 1j_lvx azZ™MZopmgbyg kdmx j ZebaZpbx < ih&Z\ey
rbgkl\_ kemqgZ_ \ j ]Jmeylhj kh[bjZ |Iky ba Ibih\uo a\
kbgdahf ihgbfZxl [he__ madmkaZlrdgm _Hibjmxsbo mklj
K:M

IB>j ]Imeylhmkljhckl\h \ p_ib h[jZlghc k\yab bkil
kbkl _fZo zZ\lhfZlbg_kdh]h mijzZ\e _gby ~ey ih~" _j Zgby

baf_jy_fh]h 1 ZjZt_1jZ -j_]iwBeylhj baf_jy_ | hldeh
klZ[bebabjm_ fhc \_ebgbgu hl aZ*Zggh]h agZq_gby b
kblgzZe yleyxsbcky kmffhc Iljzo keZ]Z_fuo I _j\h
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ijhihjpbhgZevgh wlhfm hldehg_gbx \lhjh_ ijhihjpbhi
hldehg _gby b Ij_Iv_ ijhihjpbhgZevgh ijhb.a\h”ghc hlde
?keb dZab[h khklZ\eyxsb] JIiBeylhjZ g_ bkihevamx

j_Imeylhj gZau\Zxl Ijhihjpoghgeglguf -j [IBneylhj
IjhihjpbhgZe®ghn_j gpbZevguf ]meylhj ijhihjpbhgZe
I-j _J]Heylhj Qb |

1) I Aj _]ImeylijhihjpbhgZeyglneeylhjj ~Zlhqg@hgdpby
| Aj Imeylhjz

We(9 K.

ljbgpbi® _ckl\beyZdexqZ \IKyf glhj_JmeylhyjZ[ZIu\Z |
mijZ\eyxsha” cklgeh[t _dlhihjpbhgZadavegbqgbmgrb[dbg f
[hevrhrb[dZ | _f [hevr_ mijZ\eyxs__ \ha”_ckl\b_ <

2) BAj Imeylbgl _]jbjmxgbtmeylhjj ~Zlhqgihygdpby
Aj Imeylhjz

W (9 K?

MijZ\eyxs__ \ha”_ckl\b_ ijhihjpbhgZevgh bgl _]jZe
3) > Aj_]meylH‘jbnn_j_gpbjmxjs_tjmeylth_j_"ZIhquy
nmgdpbAj Imeylhjz

W(9 K s

> Aj Imeylhj ]_g_jbjm_| mijZ\eyxs__ \ha”_ckl\b
baf _g gbpmebjm_fhc \_ebqbgu
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G4djZdlbdZggu_ ijhkl_crb_ I B > j ]Jmeylhju dhf[l
j_]meylhju \b”~Z lIIB>I>bkm@hd

— — —> —_— —
9 TS

Jbkmghde<b”™u g _ij_julguo j_]meylhjh\

< aZ\bkbfhkhb \u[jZggh]lh \bimeylHh | bf _lv
ijhihjpbhgZevgmx o0ZjzZdl_jbklibdm | -bjdli hjjzZketvg e
oZjZdl_jbklibdm 1B Ijhihjplorhrg ZJegpbZevgmx oZjzZdl_
|> beb ijhihjpbhgdvpjtzevgmx o0ZjzZdl_jbklbdm k \ha
ijhbal\h~*ghc AB3meylhj

IBj Imeylhj ijhihjpbtbggdeijgrevguc j_ Imeyhnj
j_Imeylhj ij_~klzZ\ey | kh[hcAbhBAjI1Zmleylhjh\ | _j ~Zlhc
nmgdplByAj JmeylhjZz

W3 K 1L

J _Imebjh\Zglh JmBylhjZ ijhbkoh”bl dZd [u \ "\Z wl
ijhihjpbhgzZevgZy khklZ\eyxsZy hi_jZlb\gh ijbfelb Z_
azZ”"Zgghfm agZq_gbx b mf_gvrZ_| hkgh\gmx qZklv hrt
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hklZlhqghc klZlbg_kdhc hrb[db Z azl_f bgl_]jZev
ijhba\h~blj*mebjh\Zgb_ ~h ihegh]h \ha\}Zd Zza x2jZd g hjith
agZq_gbx Qlh[u bkdexqgblv | _j_j_]Jmebjh\Zgb __
khklZ\eyxsmx Kki_pbZevgh * eZxl f_"e_ggh *_ ckl\
ijhihjpbhgZevghc khklZ\eyxs ¢ \ j_]meylhj_ h[_ki_
j_Zdpbx gZ ihyle_gb_ hrb[db j_]mebjh\Zgby | _ \ukt
AZ kq_I| bgl_]jZevghc khklZ\eyxs_c¢ dhlhjmx gZau\Z:
j_Imeylhj bah”jhfgufA jiBlmeylhj ~Z | \ukhdmx Ih
j ]Jmebjh\Zgby

5) 1> Aj _Imeylhj ijhihjpbhikybemgh _gpbZevguc j_]Imi
I> Aj _Imeylhj ij_~klZ\ey | kh[hc Rhog SZ§blmedylhjh\
| j_ ~ZlhggZy nmgdjpHdwmeéylAjz

Wep(9 Ko Kp's

libf _g_gb_ ijhihjpbhdZernghj gpbZevguo j_]Jmeylhj
\hafh ghklv m\_ebqgb\Zlv h[s__ mkbe _gb_ ijb khojZq
kbkl _fu qglh j_adh memqrZ_| dZqg_klI\h ijhl_dZgby i_
Djhf_Ihlh ijhihjpbhigdbewngh _gpbZevgu_j ]meylhju ijb]
klZ[bebaZpbb j_]Jmebjm_fuo kbkl_f k *"\mfy g _cljZevg
hrgbf g _cljZevguf b h”gbf g _mklhcqgb\uf a\_ghf Ih!
dhwnnbpb _glZ mkbe _gby p_ib j ]Jmebjh\Zgby ijb\h’
klZlbg_kdbo hrb[hd
IB> A j_]Jmeylhj ijhihjpbhgZelwgh ]jAevgh /
"bnn_j_gpbzZevguc j_IBeyAhj Imeylhj ij_"~klZ\ey | Kk
khg_1ZgbA 1BAb >Aj Imeylhjh\ |_j ~ZlhqgZyBranrgdpl
j_]meylhjZz
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WPID(g KD T KDNS

ljhihjpbhgZevgZy khklZ\eyxsZy \ujZ[Zlu\Z _ | \uo
ijhlib\h~ _ckl\mxsbc hldehg _gbx j ]Jmebjm_fhc \ _ebqgb
agZq_gby gZ[ex*Z_fhfm \ ~Zgguc fhf_gl \J_f _gb H
[hevr_ wlh hldehg g§gbh "ghde]lmZe jZ\ g aZ"Zgghfm agZ
\uoh”ghZ£\ g gmex

HArgZdh 1ijb bkihevah\ZgbjihiHhewlddhZevgh]h j Jme
agZq_gb_j ]mebjm_fhc \_ebgbgu gbdh]”*"Z g_ klZ[be
agZq_gbb Kms_kI\m_I| [Zd gZau\zZz_fZy klZlbq_kdZy
|Zdhfm hldehg _gbx j ]Jmebjm_fhc \ _ebgbgu dhlhjh_ h
kb]JgZe klZ[bebabjmxsbc \uoh”gmx \ _ebgbgm bf _ggt
GZijbf_j \' jJ_]Imeylhi_jZImjduoh”ghc kb]gZe fhsg
gZ]j_\Zl _ey ihkl_i_ggh mf_gvrZ |ky ijb ijb[eb  _gbk
aZ"Zgghc Db kbkl_fZ klZ[bebabjm_I|ky ijb fhsghklb
ihl_jyf L_fi_jZImjz g_ fh | "hklbqv aZ”~Zggh]h agZq
kemqzZ_fhsghklv gZ]j_\ZIl _ey klZg_| jZ\gZ gmex b hg

Q_f [hevr_ dhwnnbpb_ gl ijhihjpbhgZevghklb f_
\uoh”guf kb]JgZehf dhwnnbpb_gl mkbe gby | f f_
hrb[dZ h”gZdh ijb kebrdhf [hevrhf dhwnnbpb_ gl_ mkkt
azZ™ j°-_d aziZa”u\Zgby \ kbkl f ZihjdHeglZfHghykyZ
NZevg_cr_f m\_ebqg_gbb dhwnnbpb_glZz kbkl_fz
mklhcgb\hklv

Bgl ]JjbjmxsZy khklzZ\eyxsZy ijhihjpbhgZevgZ bgl_
hl hldehg_gby j _]mebjm_fhc \ _ebgbgu ?z bkihevarl
klZzlbg_kdhc hrb[db HgZ iha\lhey | j ]Jmeylhjm kh
klZlbg_kdmx hrb[dm

?keb kbkl _fZ g_ bkiulu\Z | \g_rgbo \hafms_gbc |

\j_fy j_Imebjm_fZy \ _ebqbgZ klZ[bebabjm_Iky gZ azZ”".
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IjhihjpbhgZevghc khklZ\eyxs ¢ [m”*_| jZ\_g gmex Z \u
theghklvx h[_ki_qb\zZIvky bgl_]Jjbjmxs_c¢c khklZ\eyxs _
bgl _]jbjmxsZy khklz\eyxsZy |Zzd _ fh _| ijb\h”*blv d Z\|
g_ijZ\bevghf \u[hj_ _z dhwnnbpb_glZ

>bnn_j _gpbjmxsZy khklZ\eyxsZy ijhihjpbhgZevgZ
hldehg gby j ]mebjm_fhc \_ebgbgu b ij _"gZagZq _gZ
hldehg _gbyf hl p_e \h]h agZq_gby dhlhju_ ijh]ghal
Hidehg _gby fh]ml [ulv \ualZgu \g_rgbfb \hafm:
aZiZa”~u\zZgb_f \ha”_ckl\by j ]meylhjZ gZ kbkl_fm

32 F_|h~"bdZ kbgB>a% |meylhjZ KM HM \ukhdh]h ih

JZkkfZIjb\Z 1ky ebg _cgzZy kbkl fZ z\IhfZlbdk kdt
i ] ~ZlhgamgdpdIN h[t_dlkhdh]lh \ur_ YhijhjhdZ
j qgmgdp

Jbkm@RKIjmdIimjgZy ko _fZ K:M k _"~bgbqghc h[jZlc

< h[s_f \bA_ i j ~ZlhgqgZy[hndd@pjiihe gby \ukhdl
ihjy”din(9 bIB>j_ImeylWil9 bf_xI \b~

Y(9 bnsS" B, o BN .
Yo %X e 3,97 . 3 3" " S

We(9 Ko % Ky S Kps® :PS K, (3.2)
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]*"S +hi_jZlhj EZiekgk Ky, £+ dhwnnbpb_glu khhi\_IklI'

ijhihjpbhgZevghklb bgl _Jjbjh\Zgby b “bnn_j gpbjh\Zg
ljb ihke_"~h\ZIl_evghf KkhliIBbg_ _¢meylhpz h[t_dIZ

mijZ\e _gby hgb h[jZamx| jZahfdgmkex YWbkxs$ fiim ko MX

W(S V(3 V(B

| j_"ZlhgqgZy n@mgtddgoglhc kbkl_fu mijZ\e _gby k hlj
_"bgbqgghc h[jZlghc k\yavx

W(9
K(9) 1 W(S'

Bkoh?gufb ~"Zggufb ~ey ZgZeblbqiZdqdh]hjhkRb B >aZz
j_]ImeylhjZz K:M y\eyxlky kljmdImjZ IN j_]ImeylhjZ IN [
Wp(g \ukhdh]h ihjy*dZ b aZz*Zggu_ ihdZaZl_eb dzZq_klI\

b \j fy j Imebjh\Zgby

J_rZ_Ilky az9Zeblbq_kdh]h kbgl_aKyjiKjKf B
j_ImeylhaZzfdgmlhc kbhkiijAle _gby h[_ki_gb\Zxsbo a
ihdZazZl _eb dzZgb khiZZz\e gbb WhfimigZ\e _gby k IN \ukhc

ihjy"d\/ﬂp@ fhrZevguf f_Ih~"hf "ey "\mo \ZjbZAglhd ght:

ihexkh\ dhjg_c o0ZzZjzdl_jbklbg_kdhalZfdgpnzigc glixp kl_
mijZ\e _gby
1) *_ckl\bl_evguo thexkh\ s n
"hfbgbjmxs_]h ~_ckl\bl_evgh]h, ilbekikide dkgh
khijy _gguo thexksh\ 5, ], s 2 12 % n I
S n o
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F Ih~"bdZ ZgZeblbq_kdh]h kbgl_aZ igjpgfeljhijzB>
F IhA"bdZ ZgZeblbq_kdh]h kbgl_az -jiZ]j@eyljmjz

\dexgZ_ | \uiheg_gb_ ke _"mxsbo gb " wlZih\
Bkihevamy kljmdImjgmx ko_frﬁ.ﬂ(:NNWB(lgmlg[hngZ

mijZ\e g8y b IBp_ImeylhYW&(9 @G k g_ba\_klguf
dhwnnbpb_&LZKpK, hij_"_eblv IN jZahfdgmlhc kbkl_ft

B(Kp. K, ,K; ,9)

W VWS i

Hij _~ eblv kljmdImjm ihebghfZ b ihebghf azZfdgml
keh _gby qgbkeB(K,&y,Ky,s) k g_ba\_klgufb dhwnnbpb

Ko, K,,Kp b agZf_gZ(gey
D(Kle| 1KD18) B(KP1 K| 1KD ,S) C(S (33)
AzZ~ZIv agZq_gby " ckl\bl _evguo ihexkh\ bkiheyv

gZmqguo im[ebdZpbc > @
AZ"rZ _f agZq_@by feys, n \ aZrljboh\Zgghc h[ez

i b k m BdBZ6].
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Jbkm@BDhjg \u_ ihdzazl _eb dzq_klI\Z

WIlh k\yaZggh k | _f qlh bkihevamxlky dhk\ _ggu
i_j_oh”rgh]lh ijhphkgZ\ti _ ihdZaZzZl_eb ih \b m b jZkiheh
sS,S,..., S oZjZdl _jbklbg_kdh]h mjZ\g _gby azZfdgm

1 2 n

as' g,8' ... g 09Z dhfie_dkghc iehkdhRI®[gjbkmghc

Hkgh\gh_\ebygb_ gZ ozZjzdl_ji_j _oh”~gh]h ijhp_klk
jZkiheh  _ggu_ [eb _ d fgbfhc hkb dhlhju_ ~Zxl| gZb
khklZ\eyxsb_i_j oh”gh]h ijhp_kkZ b gZau\Z»%lky "hfb

KhlezZzkgh wlbf hp_gdZf g_h[oh”bfh b ~hkl.
h[_ki_qgb\ZeZkv

kl i _gv mklhcqbjakdbhygb hl fgbfhc hkb ~h [eb Zci
dhjgy gZ iehkdhklb dhjg_c o0Zjzdl_jbklbg_kdhlh ihe
kbkl_fu

Im(s, )
dhe [Zl _evghklv i_j_oh’\ghl}hghjh_pg_b(jZBa\)QF@

]Mm(s) b 58 +fgbfzy gqzklb b \_s_kI\_ggZy iZju khh
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[eb"Zcrbo d fgbfhc hkb dhfie_dkguo dhjg ¢ o0ZjZ
mjZ\g_gby
?keb [eb Zcrbc dhj_gv " _ckl\bl _evguc lh A

khklZ\eyxs_c i_j_oh”~gh]lh ijhp_kkZ [m”~_| wdkihg_glZ |
S, K:
% Ge", (34)
_keb ~_ [eb Zcrbfb d fgbfhc hkb yleyxlky ~2\Z
dhfie_dkguo dhjgy lh “hfbgbjmxs_c¢c [m”~_| h~*gZ

khklz\eyxsZy dhlhjZzy aZlmozZ | 1Zd _ ih wdkihg_gpb
(3.4).

< h[hbo kemqgZyo "“ebl_evghklv i_j_ohAGR]OECi)hp _k
hij "~ ey I|ky ijb[eb  _gghc nhjfmehc
a3,

t;

1~ agzd 1Z\_gkl\Z hlghkblky d kemqgZx
"hfbgbjmxs_]h dhjgy Z agZd od jXeng&Z\Z dthfie dk
"hfbgbjmxsbo dhjg _c

ljb \u[hj_ gZkljh_qguo izZjzf_Ijh\ j_ ]ImeylhjzZ \k_
kdhfi_gkbjh\zZIlv bkdexqgblv bahfibghgmgblp  gZbf gv
dhjghb dhlhjuf khhil\_IklI\mxl gZb[hevrb_ ihklhyggu_ \
| f kZfuf memqrblv [ukljh”_ckl\b_ kbkl_fu

Dhe_[Zl _evgu_ k\hckI\Z kbkl_fu j_]Imebjh\Zdgby ij_
iZjZ dhfie_dkguosdhjg_¢ , "ey dhlhjhc gZb[hevr__ hig

o [ad
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beb gZb[hevrbc3nilhém ~\mfy kbff Ijbggufb emq.
"Zgghf kemqgZ_ lZdhc 1Zjhc Ij_"hij_" _eyxs_c
dhe_[Zl_evgmx khklZ\eyxsmx i_j_ohVepyhlkyjldp fikek 2d k g
dhjgdbs, >EmdZk@

Highr_gbpP, fgbfhc qzZkEbd ~_ckl\bl_evghc DgZzkl
"hfbgbjmxs _c 1Zju dhfie _dkguo dhjg_c gZau\Z
dhe [Z] _evghklb

< ijZdlbg_kdbo jZkg 1Zo qZs_ bkihevamxl|l dhj¢
dhe [Z] _evghklb

|1Zd"_ hij_~ ey fuc q_j_a “hfbgbjmxsmx iZjm dhfit
ljb \u[hj_ gzZkljh_d j_]meylhjh\ klj_fylky imem@b.DyagzZ

[6].
4) Hij_ "~ eblv ihebghf aZfdgmlhc kbkl _fu \ nmgdpbbhb

D(s, S 8,9 (s 9(s $..( s,p (3.5)

5 Hij_~_elyizjzf_IjK;,K,, Ky Ze]_[jZbq_kdjizAg_db

ijbjz\gy\ \ujzZ  3gbyb35).
6) <uihegblv ijh\_jdm mkeh\by mklhcqgb\hk3b ik \u
gZc”_ggufb iZjzf KpdMhK, = djbl_jbc mklhcgb\hklb J

=mj\bpZz
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33 F_Ih”"bdZ kbgl_azZ pbnjh\h]h JmBeylhjZ kbkl_ft
mijZ\e gibly_dlihf mijZ\e _gby

Kms_klI\mx|l 2\Z ih~oh”Z \ kbgl_am Agb hjhalthj 2 B x
hrghf kemqgZ_ i_jbh” diZgyhé¥gblpcky h~ rgh\j_ f ggh
gbke_ggh]h bgl_]jbjh\Zgby b “bnn_j _gpbjh\Zgby fF
gZklhevdh fzZeuf qglh \k_ hi_jZpbb [m~ml \uihegylvk
lhgghklvx Lh]*Z 7~ey hiK,K _edKgbfh gh \hkihevah\Zlv
ijhp_~mjZfb dhlhju_ ijbf_gyxlky d ZgZeh]h\uf j _]Jmeyl

>jm]hc ij_"iheZ]Z_| qlh 7~ey h[jZah\Zgby i_j_ "z
j_ Imeylh[Xz) bkihevamxlky i_j ~Zlhgqgu_ nmgdpbb
bgl ]jbjh\Zgby b “bnn_j gpbjh\Zgby

KT 2 K (2 1p
z 1 T2z ¥

M2 D(2 H2 K

K 7 (3.6)

KljmdimjgzZzy ko fZ pbnjhAjlimieyhjz ij ~klzZ\e g
jbkmgdh

g(t) g(kt) u(kt) u(t)
ATIII 5 Wy (2) LAII

—

Pl £ZgZehjpbmjh\hc ij_h[jZahRZI zewbnilZgZeh]h\uc ij_h[jZah\ZI
Wp(z) +Abkdj_IlgZy i_j_"ZlhgqgZy nmgdpby

Jbkm@HdKIjmdimjgZy ko _fZ pbnih\Inik yiiB3Z
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Hij_ ~ e _gb_i_j _"~Zlhgghc nmgdpbb phn]meyhhijB>
lib i_j_oh”~_d pbnjh\hfm IBZjbZjglmeylhjm dhlhj
hij " ey _Ilky “bkdj_lghc i_j_’\ZII\Mpﬂz)c i jrh ghdjplb hg Z e v g 2

qZklv ZgZeh]lh\hlh j_]lmeylhjZ khojZzd, | tkah ]jAg¥ZgZ

qZkl% ZgzZeh]lh\hf \Zjbzgl_ bf_SSésZayZi\_bg‘y_lky Abkdj_|

I _j_"Zlhgghc nm%%lécz Abnn_j _gpbg&kdZwW ZgZeh]h\

\Zjbzgl_ bf_xsXy $pazf_gy_Ilky ~“bkdj_Ilghc i_j_"~Zlhqggh

Kp(z 1)
T7Z
pbnjh\h]h \ZjbZglZ j_ImeylhjZ bf_Iv \bA

>SNO %30 LZdbf h[j2dtkidj lgZy i_j ~ZlhqgZy n

K T2 K (21 (3.7)
Wp(2 K z 1 T z

1" 6Ai_jbh” "bkdj_IbaZpbb

Hij ~ e _gb_ jZaghklgh]h mjzZ\g_gby ppnjhé&ly]h;B>

lhemq_gdih&dj Ighc i _j ~Zlhgqghc nmgdpbb p@bnjh
j_ImeylhjZ khhiI\_Ikl\m_ | jZaghKl8yh_mjZ\g_gb _

UkT) Uk 1T alKD) b KH T d k2" J

]* 7 £\uoh”~gZy i_j_f ggZy pbnihj\hieyllB¥ZRoh"rgZy
i _j_f _gog@ynjh\h]lh IBj>]MmeylhjZ hrb[dZ j Jmebjh\Zgby

HL Ko K, T Kg T2
H2 (K, 27K TY;
H3 K, T. -~
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Hij "~ ey f 1ZjZf _1ju pbnjh\h]h A 1B meylhjZ
ijhihjpbhgZevgZy qZklv g_ baf gy |ky Z bgl _]jZevgZ
gZklb [mAml bf_Iv \b~"

w( ST
Wo(3 Ko 2D
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4 BfblZpbhggZy fh”_ev kbkl_fu Z\IhfZlbg_kdh]h
h{t_dIhf mijZz\e _gby \ukhdh]h ihjWnIzAB&Smdlink

41 Fh”_ev kbkl_fu mijZkeggiQyjulguf j_Imeylhjhf

Fhr_ev ZgZeh]lh\h]hjIBweydhjz "ey kbkl_fu il
bah[jZ  gZ gZ #dkmgd _

+5%

-59%
CONST ]
NS dw/dt '
. 8 ST
Derivative
D
+ » -K- +: 3 - 2 — u > 3
= = 0.04s2+0.125+25 0.1s+1 s+1 0.2s+1
Step
P W3(s) Wi4(s) W3(s) W5(s)2
L -K- 1/s
Integrator2
I
1 1
0.5s+1 0.1s+1
W7(s) W6(s)

JbkmdgHdeBfblZpbhggZy fh” _ev k g _ij_julguf j_]Jmeylh

ljb ithfhsb jZg_ _ hibkZgghc f _Ih~"bd_ [ueh gZc”™ _ g
IB> 4 ]meylhjz ey kbkl_f b ihjy*dh\ b aZzg_k_gu \
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42 Fh”_ebjh\Zgb_ kbkl_fu mifZtedlgbymijZ\e3 gby
lh b ]k ihjyrdZ

LZ[ebpZAgZqg_gb_ dhwnnbpbjglmedpbthjk

K, K, K, Jbkmghd «
ihjy~hd
0.5883 0.5004 0.02159 3.2
0.8376 0.6269 0.2322 3.3
1.132 0.7806 0.4742 3.4
1.478 0.9662 0.7512 3.5
ithjy~hd
0.004 0.1707 0.02733 3.6
0.1667 0.4167 0.06333 3.7
0.4093 0.864 0.1073 3.8
0.748 1.601 0.1593 3.9
[\
1- / e e
B 0,5 1
00 5 10 15
Bpewms, ¢

JbkmglRdl_j_oh~gZy 0zjzdl_jbkib®58§%K, 0,5004, 0,021¢
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10 15
Bpems, ¢

JbkmgBcl j oh~rgZy 0zjzdl_jbkib®B3TBK, 0,626%, 0,23

1(t)

1,5

0,5

0 3 10 15

Bpewms, ¢

JbkmgHdtl_j_oh~gZy oZjzdl_jbKibdA33#K, 0,78068{, 0,474

1(t)

2
1,5- .
e e ey e Sy Sy Vo, W S W e — o e——
0,5 :
| |
% 5 10 15

Bpewms, ¢

Jbkmghldl_j_oh”rgZy ozjzdl_jbKibdAIBK, 0,966XK, 0,75]
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1,2
1
0,8
0,6
0,4
0,2
0
-0,2 | |

’ 1 2 3
Bpewms, ¢

Jbkmgledel_j_oh~gZy oZjzZdl_jbKkib 04K, 0,170/K, 0,027

P
4

S’
—

L e e B e e e ——
0,51 |
OO 1 2 3

Bpewms, ¢

JbkmgHdtl _j_oh~rgZy 0zjzdl_jbikib®A6GHK, 0,416%, 0,063

—
T M S A B T O At T B ST OAT rpmo ommme——
0.5 ;
| |
O() 1 2 3

Bpewms, ¢

JbkmgBdtl _j_oh~rgzZy 0Zjzdl_jbkib 74008 K, 0,864, 0,107
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Bpewms, ¢

Jbkmgl®del_j_oh~gZy oZjzZzdl_jbKibdzZ748K, 1,601K, 0,15€

<u\h” ih i_j_oh~guf oZjZd\bbkibd ZKhij_~ e ggh]
fhf_glE m\_ebqg_gb_f kl_i_gb mklhcgb\hklb gZ[ex”.
\j f_gb j_]Imebjh\Zgby gh \hajZklZ _ | dhe _.[Z] _evghklv

43 Fh”_ev kbkl_fu mijZkeplgmph\uf j Jmeylhjhf

BfblZpbhggZy fh™ _ev pbnjh)h]lmeyhjZ ij "klZ\e g
jbkmgdO.

+5%

1 >0 ]
CONST ST
| 2.7572-4.9062+2.159 3 2 0.1 3
+ > > - > ——
= < Tk 72z 7|C‘ 0.0452+0.125+1 | |0.1s+1| | s+1 | |0.25+1
Step Zero-Order Hold Discrete Saturation Wi W)  W5(s)  W5(s)2

Transfer Fen2

1 1
0.5s+1 0.1s+1
W7(s) W6(s)

Jbkmghd+BfblZpbhggZy fh”_ev kjppmelylhjhf
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Bkihevamy jZg__ hibkZgghc f_Ih”"bd_ [ueh gZc”™
pbnjh\h]h IB>]meylhjzZz ey kbkl_fu ihjy*dh\ b aZg_k_

44 Fh~_ebjh\Zgb_ kbkl_fu mijZ\e gby h[t_dThf mij
1h ihjy~rdz

LZ[ebpZagZq_gby dhwnnbpb_glh\ pbnjh\h]h j_]Jmeylhj_

T H1 H2 H3 Jbkmghd ¢
0,01 2.75 A4.905 2,159 3.11
0,005 4,908 A9 22 4,317 3.12
0,007 3,675 26,756 3,083 3.13
e s U A S
0,5 |
OO 2 All é 8 1|O 12
Bpewms, ¢

JbkmgHi+l j ohrgzZy 0zjzdl_jbkiHd® kjb
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L mmcmmmesfemons s g o R R
0,5 a
0 \ | l i I
0 2 4 6 8 10 12
Bpewms, ¢
JbkmgHlAA+l_j oh~rgZy o0zZjzdl_jbkIdjQA5kb
Jizornen ban e Sedri b e S S P e e e
0,5
) . | ; | |
0 2 4 6 8 10 12

Bpewms, ¢
Jbkmgh8=+i_j_oh~rgzZy o0zjzdl_jbkIWiQ07kb
<u\h” ih i_j_ohAguf 0Zjzdl _ jbklbdZf fh gh kA ezl

k mf gvr_gb f \j f gb ~bkdlj, |IBazZfybbj IJmebjh\Zgl
m\ _ebqgb\Z Iky
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5 J ZebaZpby j_ameviZIih\ jZ[hlu
>ey mijhs _gby \ugbke _gbc b \hafh ' ghklb \ [m~n

f IhAbdb g_ihkj_~klI\_ggh gZ f_oZgbaf_ ;ueZ jZajZ[h
W<F \ ijh]jZffghf ijhMatlab&Sinulinkjbkmghd

JbkmghAdBgl jn_ck j Zebah\Zgghc ijh]jZffu

Ebp \Zy qZklv ijh]jZffu khklhbl ba ke _~mxsbo [eh

1 b ;ehdCanstant hl\_qZ_| aZ \u[hj iheva
jZkkgblu\Z_fhc IN

‘/F ;ehdR@np? ithalhey | gZkljhblv gZqZz

agZq_gb rz] ]1h m\ _ebqg _gby
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;e hdSusystemt bkihevam _ |ky *"ey mijl
\brbfhklb b bkihevah\Zgby

< j_amevlZl_ jZ[hlu ijh]jZff [ueb gZc™ _gu ke _~mx:
I N b i1hjy*dZ b aZg_k_gu \ |Z[ebpm

LZ[ebpZagZq _gby dhwnnbpb_glh\ j Jmeylhj_

K, K, K, Jbkmghd «
ihjy~hd

0.5631 0.4879 3.540e14 5.2
ihjy~hd

5.4569e15 0.1653 0.0263 5.3

0.0556 0.2427 0.0396 54

0.1224 0.3446 0.0542 55

Jbkm@Rdl_j ohrgZy 0zjzdl_jbklib@A63K, 0,488, 3,540 1
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Jbkm@Bal_j_oh~rgZy 0ZjzZdl_jbkib8A5E 15K 0,165, 0,0z

Jbkm@Hdl j ohrgZy 0zjzdl jbKpbd®Z 055K, 0,242K, 0,03

Jbkm@ldl_j_ohrgZy 0Zjzdl_jbKLbd®13B;K, 0,344k, 0,05
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<u\h” '\ ijhp_kk_ jZ[hlu ijh]jZffu [ueb gZc”™_ gl
agZq_gbc dhwnnbpb_glh\]mM8ylhtZ BkihevahtZgbhguo
agZq_gbc ihddbhz&hkl_ _fzZ mklkKegb\Z\Zzl _evgh ijh]jzff
ij_~eh” _gghc f _Ih~"bdhc \uihegy | k\hx nmgdpbx i
iZjzf_Ijh\ j_]mewhj¥ ~Zevg_cr_f fh _| Julv Dbkihe:
g _ihkj_"~kI\_ggh gZ khjhbghexghc fZrbg _
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A:DEXQ?GB?

< Jj_amevlZl_ \uiheg_gby fZZbklujkigihe ~ g ZgZ¢
"hjh gkljhbl_evguo ijhp_kkh\ b bo Z\IhfZlbaZpby

< fZ]bkl_jkdhc jZ[hl_ jZajZ[hlZgu nmgdpbhgZev:
ko f&kM >KF

>Ze _ [ue kbgl_abjh\ZgmidBylihj~eh  _gghc f_lhi*bdh
ijbf _g _gZ k ihkljtbfoghegbhgih evk:M |j_ "bfzfb >KF
g_ij_julguf b pbnjh\uf jiIBmeylhjhf \ukhdh]hbifhjys*\d&
h[jZlgmx k\yav

>Ze_ _ j_Zebah\zgz ijhljzffz ~ey W<F \ ijh]jZz
MATLAB&SIimulink k ij _~eh” _gghc f _Ih*bdhc kbgl_azZ g _ij_jt
j_]meylhjz B ijh\_~ gh bfblZpbhggh_fh” _ebjh\Zgb _

>Zggu_ fh~_eb k Ihqgdb aj_gby kj_ ~u 03$7/%%
Z™ _d\Zlgufb 1Zd dzd izjzf_lju ih j_amevlzZIZf fh™_ebj
Khhi\_Tkl\mxl j_ Zevguf

< oh”_ih”~]lhlh\db fZ]bkl_jkdhc *"bkk_jlZpbhIgielp h
\ " mjgZe_Lbohhd_Zgkdh]h JThkm~ZjkI\. ggh]h mgb\_jkb
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Dhkl_evh\ >hjh ' gZyKZgdbdz[mpP005 +K 44,

43 Dhkl_evh\ F Miehlg gbx ZknZevlih[_Ihg
h[gh\e _ggh_ ihdhe_gb_ ~hjh'guo dzZIldh\ >Rjh g2Zlykl
| ogbdaXZgdl | jImpP003.tK  82.

44 Dhkl_evh\ F | L ogheh]bg_kdb_ hkh[_gghk
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Bgkljmdpby ih ijh]jzfy W<F

Jbkmghd+taZ]jmadZ "~Z

<\h~n bgnhjfZpbb h I
ijhbkoh”bl gnjtaZce jbkmgh

Bkoh”~gu _ NZggu_
aZibku\zZxlky ke _"mxsbf hJj
STN_S ct | A + kIl _i_gv
jZkkgblu\zZz _fhc | N Kh” _j

agZgq_gb_ qgbkebl_ev Dbkoh#
STN. I, ]*n-kl_i_gvi_j_fsgghc
ba bkoh”ghc IN <ur_i_j qbk
NZggu_ aZibkulzxlky @k h
mijZ\e_gby I _ IN [_a mqgZKkll
j _]meylhjZz

ljbf_gqZgb_ ko _fzZ jzZajzZ[hlZ
jZkkqgblzZgZz gZz h~bg we |
gbkebl e ?keb \ qgbkebl e
hrgh]h agZq_gby Ih jZkqg_lI
\_jguc
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GZ jbkmgd_ ; bah[jZ g bgl_jn_ck ig]jpgitar ZFEZk
gZebqb_gZc”™ _gguo agZqg_gbc ?&kebq[ughwoBbopbglylh)
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bkihevah\Zgby gZc” _gguo agZg_gbc gm gh aZ]jmablv

Jbkmghdtj amevlZlu jZkqg_Ilh\

GZ jbkmgd_ ; bah[jZ _gZ 1Z[ebpZ j_bBmemlZIh
kljhqgdZ ihdZau\Z | \j d¥Yc™dhg”"Z amevlZl ihke_ gZqZe
<lhjzy 1lj_Ilvy b q_I\_jlZy kljhdZ ihdZau\Zx| agZq_gby
ithjy*dmKP,." khhlI\_IklI\_ggh [1Zd ~_ 7~ey m~h[ghklb b

imlZgbpu wlh hlh[jZ" _gh \ gZa\l\Zgbb nZceHllIh[jEKE "g
agZq_§y ijhbal\hevghc wd\b\Ze glghc IN
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