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LEMPUONRE3NKL

UwbGuwfununieiniup uyppwd £ dGYy dnwnpny U Gipnd Yuwnwywpdwt qdwjhu
nhuypticn  hwdwlwpgbph hwwhwywuwht b wpdwwnwiht puuwywu dbpnnutpp
wmwpwddwuu nhjupbn pwqdwswih wynndwn Yunwywpdwu hwdwwpgbph (PU4LK),
wyuhupu' dh pwup dnunpny b Gipny nt wnwudhu uwwninhubiph dholt thnfujwwwygywsd
hwdwlwpgbph dpw: “Ywnwywpdwt pwgdwswih opjiynubph opphtwlyubp Gu nnpnun-
dwuhwniywwnpubpp, pphdpwlwt U wy  wnbjuuninghwywu  gnpdpupwgubinp,
ghpnywyniuwgywd  hwppwyubpp,  wuonwsnt  pnsnn uwppbpp L wju
[3,4,5,13,62,98,110]:

Uoluwwnwuph wpnhwwuniyeiniup

Uty dnunpny b Gipnd wyunndwunwgwd Yunwydwpdwu nhuypticn hwdwlwpgbiph
htunwqgnundwu dbpnnubtiphu udhpywd k |wyu gpwlywunyentu
[5,22,38,43,81,123]: LbpYuwynuiu  pwjwlwtu  wwpwdJwd dhpnnubiph nwuhu &
wwwwunw z-auwhnfunipnitt ni Gpyqdwihu duwihnfunieiniup, npnup hhdujwd Gu
hdwynyuwhu  wwppbpnd  hwdwlwpgbph  nhnwpydwup  dwdwuwlyh  nhuypbin
wwhbphu: UhUunyu dwdwuwy, wybh phs npwnpnyenu £ hwnluwgynd nhuyptin
PUY<-tph hGunwgnundwt hwdwp, hwoyh wnubing ybpohtuubphu Ywnnigwdpwjhu
hwwynipniuubpp: Wu  wdbup  ywwjdwuwynpnud £ wnbwfununygjutu  phidw)h
wnnhwywunieyniup, npnd dhwswth nhuyptun hwdwlwpgbph hhduwwt nuuwlwu
doennubpp  wwpwdynd Gu wnwppbp whwyh pwnwynwwiht  (wjuhupt' JdhUuunyu
pwuwynypjudp dnunptip L GpGp niubgnn) nhlupbn FUYL-Gph Jpw: Cun npnud
wwbuwfununigniund  hpduwywtu  Jwpbtdwwhywlwu gnpdpp £ hwunhuwunwd
punipwaphs thnfuwugdwu dniuyghwubiph dbennp, npp huwpwynpnentu £ wnwjhu
hwdwwwuwwufuwubgut] N - swihwup (wjuhupt N dnunp bW N bGp niubignn) qdwjhu
PUY<-U N hwuwn dhwswih punyewagphs hwdwlwpgbph pwqgdniejwu  hGwn, npnup
wgnnw  Gu  dnuwnpwihu b Gpwhtu  JEYunnpwywt  waqnbignyegniuubph Yndwtipu
wnwpwonyjwl ut9 N hwwn géwjunptu wulwlu ninnniejniuutiph GpYywjupny: ‘w pny| §
wmwihu N - swihwuh thnfuyuwuwwygyws PUYUL-tGph htiinnwgnunieiniup ptiptp N hwwn
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wlywfu dhwswih punipwagphs hwdwlwpgbph hGunmwagnundwup: <wpy £ upb, np PP D-
Gph  JdGpnnp bwjuyhunw Yphpwndb| £ dhwju wupunhwn PUYL-Gph ulwwndwdp, huy
wwnbbwfununiginiund  wyn dbennp wnwoht wuqwd wwpwdynd £ pwnwynwuwhu
nhuypbin  PUNL-Gph  Jpw, npnup UbpYuwyugws Lu  z L Gpygdwihu (v -
Guwihnfuntejwl) dUuwihnfunyenututiph dhongny:

Ujuwwnwuph tyuwwmwyp

Uwnbuwfununigjwtu tywuwnwyu £ hwunhuwtunw dhwswih nhuyptivn hwdwlwpgbipp
hwéwluwlywuwiht b wpdwwnwihtu hGunwgnundwu dbpnnubph nwwpwdnwip, PPD-tiph
dbpennh hhdwt Ypw, ghunwunbuuhjwywu gpwlwunyeniund  ufuwpuwgpywé nhuyntin
PUY4L-tph hhduwywywu Ywnnigwdpwiht nwubph (punhwunip wnbuph, dhwunhuw,
ghpynyywup ni hwlwghpyniywtwn, wwnq uhdnphly bW wyu) ypw:

LEnwgnundwtu hhdtwlwu fjutinhpubtpp

Upfuwwnnipywu hhduwlwu fuunhpubpp hbunlywu Gu'

1. RPD-tiph dbpnnh wwpwdénwp nhuypbin PUYL-Gph nwpptp nwubph Ypw L,

dwutwynpwwbiu, punhwunyp  wbuph, huswybiu  twb  Jdhwwhw, ghpyniyywiwm,
hwlywghpynyywun b wwpq uvhdGunphy PUYL-Gph Ywunuwywl ubplwjwgnidubipp
nntpu pbpnudp:

2. z U Gpygdwhu &uwihntunieynuutiph dhongny ubipyuwjwgywsé hhduwywu
nwubph  nhuyptizn  PUNL-Gpp hwlwjuwlwuwhu  punipwgptph  punhwunip
hwwnnipniuutiph htitnwgnunniejniup Lwjpyhuwinh, Lhynuh b Pnnbh nhwgpwdutpny:

3. <pduwywu whwh nhuypbin PUY<L-tph z L v  hwppenyenwutph Ypw
wpdwuwnwihtu htiwwgdtiph punhwunip hwwnyniejniuubiph hGunwagnunye)niup, win pyYnw
Ywunuwynp (ns fupunn nwghnuw)) PPD-Gpnd PUYL-Lph |pwgnighs  wpdwwnwihu
htitnwqdtiph  hwuwnyniegyniuubipp:

4. MATLAB oSpwgpwynpdwu |Ggyh hpdwu Jpw z b v hwpenyeniuutpnud
nhuypticn PUYL-Gph  hwbwluwlwuwiptu puniewgptiph W wpdwwnwihu  hGunwadtiph
Ywnnigdwu wignphpdubiph nt pYwjhtu depnnubph dowynud:



LEnwgnundwu hhduwlywt dEpnnubtpp
Wluwwmwupnd npwd  fuunhpubph  nddwt dwdwuwly  oquwgnpdyti Gu

wyunndwunn  Junwywpdwt nwuwjwt b dwdwuwlwlwhg wnbunigjut dbpnnubpp,

punipwanhs thnfuwugdwt dnwuyghwubiph (FPD) dbennp, dwinphgutiph W $niuyghnuw
dtipndniejuu wnbunieyniup, qdwiht hwupwhwodh pywihtu dbpnnubpp, huswbu utwl

dwdwuwlwyhg hupnpdwghnu nbfuuninghwubiph dGennubpu nt dhongubipp:

Ghunwlwtu unpnypep

Lbwnwgnundwu pupwgpnid unwgyb| Gu hGunlyw| wpryniupubpp’

1. Unwohtu wuqwd punypwanhs thnfuwugdwt niuyghwubph dbennp nmwpwéyt §
hhduwlywu Ywnnigwdpwihu nwubiph nhuyptin PUYUL-Gph Jpw (punhwuniyp nbuph,
dhwuwnhw, ghpynywuwn, hwwghpyniyywun b wywpg updbinphy PUYL-Gp): Yw eyl b
wmwihu N - swhwuh thnuyuwwwygwsd nhuypbin FUYL-tiph dbpindnieiniup ptiptp N
hwwu wnwudhu dhwswih punipwagnphs hwdwlwpgbph Ywniuniejwu yGpndnyejuu:

2. Unwownyyt| Gu nhuypticn FUUL-Gph z L v hwppnyegniuutipnud wpdwwwhu
htiinwaqdtiph Juwnnigdwt U hGunwgnundwu unp dbpnnutip: ‘Hhunwpyyws Gu dhwnhuw,
ghpynyywuwn,  hwlwghpynyywun  PUYL-tiph, huswybu  twl  wwpg uphdGunphy
hwdwlwpgbph wpdwwwiht  hbunwagdtph  Yunnigdwt  wnwuduwhwwnynyeyniuubpp:
Snyg L vipJwd, np z hwpenyeniund dhwnpw b ywpg updtunphy nhuypticn PUYUL-
Gph wpdwwwihtu htiwnwgdtiph wupdwywunnunubph YGunpnuubpp gunuynd Gu hpwyw
wnwugph Ypw, huy duwgwd npwyh PUYL-Gpp hwdwp wyn YGunpnuubpp Yupnn Gu
lhubi| Yndwtipu-hwdwnid:

3. Upwswih nhuypbin  hwdwlwpgbph  wnwnwunnulwunyejuu  gnigwuhsh
nwuwlywu hwulwgnyeniup nmwpwdynwd £ nhuypbn pwqdwswih hwdwlwnpgbph pw:
Wn gnigwuphpp npnpnud £ thwly nphuypticn PUUL-Gph punhwupwgwsd ULR-Gph
dwdnpwuwnh nbgnuwtuwihtu wpdtph dtdnipjwdp:

4. Uswywsd btu nphuyptin PUYUL-Gph hhduwywu Yuwnnigwdpwihtu nwubph
Ywynwunigjwu  hGwnwgnundwu U wwwnwunnuywunyeywu  gnigwuhoh  npnadwi
gnpépupwgutinp Lwypyhuwinh, Lhpnuh U Pnnth nhwgpwdubph oquniejwdp:
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Uoluwwnwtuph gnpéuwlw tywuwynipiniup

UwbGuwfununiginiund  unwgywd nbuwlwu wpryntupubipp  hpwlywuwgwd Gu
wighpppdwlwu UL Spwagpwihu wbupnd, npp  htwpwynpniejniu £ wwihu
wyunndwwnwgul] twhuwgddwu U Ywpgwynphsubph punpnuygjwt  gnpdpupwgubpp’
Giutiind nhuypbin PUYL-Gph npdwd npwywlw swihwuhoubphg:

MNuonmwuwunipiwiu uipluwjwgdnn hhduwlwu npnypubtipp

1. Ywdwjwlwu N swihnnulwuniejntt niubgnn nhuypbin AUY<L-tiph, npnug
thnfuwugdwu  dwuwnphgubpp wpdwd Gu z L v &uwihnfunienutuph  dhongny,
Ywunuwlwt ubpYwjwgnidubipp:

2. Cunhwunip wnbuph nhuypticn PUYL-tiph nwwnwunnuywuniejwu gnigwuhoh
npn2Gint b Yuyniunegjwu Jbpinwdniygjwu dbpnnubpp Lwipghuwinh, Pnnth L Lhynup
hwéwfuwlwuwhu nhwgpwdubiph oqunipjwdp: Uhwunpw, ghpyntywuwn,
hwlwghpyntywuwn nhuyptin FUY4<-tph Ywyniuntejwu htiinwgnundwu
wnwuduwhwwnyniejniuubinp:

3. z b v hwppnyenuutpnd nhuyptn PUYL-tph wpdwwunwiht hbunwagdtiph
Ywnnigdwu punhwuniyp hwnynyenwittpu ne jwunuubpp: Fhuypbn FUUL-Gph hwwnniy
nwubipph' dJhwwnpw, ghpynyywuwnm b hwwghpynywun PULYL-Gph, win pynd twl ywpq
uhdbunphYy hwdwlwpgbph wpdwwwihtu hGnwagdtph hwnynyeyntutbpp:

4. MATLAB Spwapwjht hwpbp' nhuypbn PUUL-Gph hhduwlwu nwubph npwyh
U uyniunigjwt pwiht hunwgnundwu hwdwp:

Wuwwnwuph wpnyniipubtph ubpnpnidp
Upfuwwnwuph hhduwwu nbuwlwu b gnpduwlwu wpryniupubpp gynigyt Gu'
1 <NAL nmwpblwu ghunwdnnnutipnud (6pblwu 2012p.),
1 <UNL Yppbinubinphywih dwynyunbunp «Ywnwywpdwt hwdwywnpgbp» wdphnup
ghunwlwu utidpuwnubipnud (2015p.),

1 ‘Undnuhphpuly pwnwph «llproputetHbie HayyHble HanpaBneHWA: OT TEOpUU K

npaktuke» XXII Uhowqggqwipu hbinwyw ghunw-gnpduwywtu  Ynudbipwuunid
(05.02.2016p.):
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UwnbUwfunuwwt wotuwwnmwuph hhduwlwu wpnyniupubpp hpwwnwpwyyt; Gu 8

ghunwlwu wotuwnwupubpnd'

1. Ohwujwu 0.4, “Huypbin  hwuwpwly updbnphy  hwdwlwpgbph  Yununygjuu
ytipnénipyniup // KMAL Lpwptip 80. - Gplwu, 2013. -Uwu 1.- ky 208-213:

2. Ohwuyjwu 0.€,,

SQwuwwpwu  O0.L. “thuypbirn wwpg updbnpphl  wyunndwn

Ywpguwynpdwu hwdwwpgbph wpdwwnwiht hbunwagdtpp / <UNL Lpwpbp,-Gplw,

2016. -Uwu 1.- k9 195-199:
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Uwbttwjununipjutu junnigjwépp b Swywip

UwmbGuwfununiyeniup  pwnluwgwd £ ubpwdneniupg, 5 ginifuubiphg,
Ggpwywgnienituhg, gpwywunyEjwt  gwulhg, npp  UGpwnnWd £ 126 wlniu
gpwywunyeyniu: Ugfuwwnwuph punhwunip dwywip Yuqdnd £ 150 k9, ubpwnyw| 76
uyuwp: <wybwdp ubpyuwjwgywsd £ 6 Eoh Yypw:

UWuwwnwuph hwdiwnnwn pnjwtinwynipyniip

Lbpwényeywu dby hhduwynpwd £ woluwwmwuph wpnhwlwunyeyniup, npwd
GU  woluwwnwuph Uwwwwyp L fuunhptbpp, ubplwjwgws Gu  hGwnwgnundwu
hpduwlywu dGennutpp U bGnwuwlubpp, ghunwlywlu unpnyplt L wpfuwwnwuph
ghpdlwywu bpwuwynieiniup, wWwoaunwwunejwu ubpywjwgynn hpduwlwu npnyputipp,
ptdwjht  JbGpwpbpynn hpwwnwpwynwitbpu, puswbu  uwl wwnblwfununtejwl
Ywnnigwdpp U dwywip:

Unwoht qifunid hwyhpé uwpwgpwd Gu dbYy dnwnpny b GipnY Yuwnwywpdwu
nhuyptiin hwwywpgbph hGunwgnndwu hpduwywu nwuwlwu dbpnnutpp: Spqwd |
hwéwhuwlwuwihu whpnyenwd, htuswbu twlb z L bplygdwiht dUuwihnfunyeyniuutiph
hhdwu Jpw Ywpqwynpdwu nhuypticn hwdwwpgbiph uywpwgpnieginiup, pubwpyywd
Gu nhuypticn hwdwlwpgbph Ywniunejwtu Jbpnwdnieginiup bW tnwnwunnuuuntygjut
gnigwuhoh hwulwgnieiniup, duwytpwywsd £ Lwypyhunh swihwuhap:

Epypnpn. qnifunud nhnwpyqwsd £ punipwgphy thnfuwtgdwt $niulghwh (PPD)
dbpennh Yhpwnnwip nwpptip Yunngywsdpwiht nwutiph qéwjhu wupunhwwn RUY<L-tiph

nwnwuwuhpdwt nbwpnud: 2.1-nid wnpdwd £ punhwuny wnbuph wupunhwwn RUY<L-tiph
thnfuwugdwu dwwnphgubph Juunuwywu ubipyuwjwgnudp udwunipjw
Guwihnfungyniuubph W nhwnwht - Upwuwynwubiph  oquniejwdp:  N-  swihwth
wupunhwwn PUYL-Gph Yujniunygywt  JGpindnieyniup pbpdnd £ N hwun wulwju
dhwswih hwdwlwpgbph Yuynwnyeuu JGpnwdngjwu, npp Jupbih B hpwlwuwgub
Ywnwywpdwtu nwuwlywu wbunyyuu  dGennubpny:  Auuybpwywsd Lt Lwjpyhuunnh
punhwupwgywd swihwuhop: 2.2-nid npdwé tu dhwswih PUYL-Gph Junnigwdpw)hu
wnwuduwhwwnynyeyniuubpp W Yuwunuwwt ubpywjwgnwiubpp: 2.3-nwd nhunwpyyjwsd Gu
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wupunhwwn unpdw| PUY<L-Gph PPD-tpp b Ywunuwlwu ubplyuwjwgnudubipp, npnup
hpwphg wnwpptipynud Gu ybpohtuubiphu wunuwlwu pwghuh oppngnuwnyejwdp:

Eppnpn gqunud  punipwqaphs thnfuwugdwtu pniuyghwih dbpnnp nwpwddwsd k
punhwuntp inbuph qdwjhu nhuyptiitn  PUYL-tpph ypw: 3.1-nwd nhirnwpyywsd £ wnwudhu
Ywuwninhubpnuw gpnjuljwu Ywnpgh Epunpwwnywunnph upuppnt b uhtpwq hdwniuwhu
wmwppbipn punhwunip wbuph nhuyptitn PUYL-Gph dwwnphguiht Yunnigwdpwhu
ufubdwu, npp pbpqwé b wupunhwun dwuny L pnGwywu phdwynyuwiht wnwpptpny
dwunphgwjhtu wnnigwdph: 3.2-nwd unwgywd Gu punhwunip nbuph nhuypbn PUY4L-
Gph  Ywunuwywt ubpywjwgnudubpp, Gupwnpbiny, np wnwudhu  Ywwninhubpnd
hdwnyuwihu wnwpptipp w2fuwwnnud Gu uhuppnt, npnug thnfjuwugdwu Jwwinphgubipp
Uywpwgpynu Gu z duwihnfunyeywtu dhongny (z hwpenyeniunw): Spwd E nhulypbun
PUY4L-tiph Ubpphu Ywnnigwdpwiht Gpypwswihwlwu daluwpwuniginiup punypwgphs
thnfuwugdwu $nuyghwih dbpnnh nbuwuyniuhg: “Hhwnwpydws Gu nhuypbn RUYL-tiph
Yuwyniunypywu gbipindnieywu  fuunhpubpp Lwypyhuinh swihwuhoh dhongny, huswbiu
twb  wwpwdjwd L wupunhwun  PUY<-Gph  nwwnwlnnuywuniygjwu  gnigwuhg
hwulwgnyeniup nhuyptivn hwdwywnpgh hwdwn: Auwlybpwywsd tu z hwppniejwu Ypw
punhwuniyp nbuph nhuyptinn PUUL-Gph wpdwunubph hGwnwgdtph Jupph hhduwywu
Ywunutbpp: 3.3-nd nhunwpywd Gu bpygdwihu SLuwihnfunyejwu oqunipjwdp (w
hwpenyeinund) punhwunip wnbuph nhuypbinn  PUYL-tiph  hiwnmwgnundwu  hwpgbipp:
“hwwpyws  Gu v hwppnyeiniund . PUYL-Gpp wpdwunwihtu hGwnwgdtiph
hwwnnipniuubpp:

2npnpn. gynifup Udhpdws b nhulpbn RU4<-Gph Jpw puniyewgnhy thnfuwtgdw
$niuyghwih dbpnnh Yhpwndwup, wjuhupt' wnwudht Ywwninhubph  nfuwnwns
$niuyghwutipnd b Ynounn thnfuwnwnsd Ywwbtipny pwqdwswih nhuyptivn hwdwywnpgbphu:
4.1-nud nhurnwpyywsd Gu z- hwppnyeniunwd nhuyptinn dhwinhwy PUYL-Gph Yuunuwlwu
ubGpyuwjwgdwup b Yuwyniunyeyuu  Ybppnwdnygjwup  JbGpwpbipnn hwpgbp: Spqwé  Gu
nhuypticn dhwunnhwy PUYL-Gpp hwdwp Lwjpdhunph swthwuhoh ninhn b hwlwnwna
duwybpwnidubipp, uywpwagpywsd Gu punyRwanhs hwdwlwpgbiph

mwwnwunnulwunyejwu gnpdwlygh npnadwu gnpdpupwgubtipp: <Gunwgnunywd Gu z-
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hwppeniejnund nhuyptn dhwnhwy PUYL-Gph wpdwwnwiht hGunwagdtph hhduwywu
hwwnynyeyniuutipp: 4.2-nwWd nhunwpyywsd Gu Gpygdwihu duwihnfunyejwu oguwgnpddwu
nbwpnud nhuypticn dhwwnhwy PUYL-Gph Ywynwingjwu hGnwgnndwu b Yuunuwlwu
ubplyuwjwgdwu ybpwpbpjw hwpgbpp:

Auwybpwyywsd Gu v hwppnyeniund wpdwwnwihtu hbunwagdtph Jupph punhwunip
Ywunuubipp:

<huqbpnpn gntfup ybGpwpbpdnud £ nhuypbn unpdw; PUYL-Gph hGunwgnundwup,
wyuhupt' nhuyptn hwdwywpgbph, npnug thnfuwugdwu dwwnphgubipp wnbnwgnfubih Gu
hptug hwdwnd dwwphgubiph hbwn:  “huypbn unpdw; PUYL-Gph  uyqpnitupwhu
jnipwhwwinynieniup - upw  Ywuntwlwt pwghuh  oppngnuwinientut £ U, npwbu
htinlbwup, Ypyuwyh pwghuph hwdpuyndu £ Yuwunuwlwup hbwn: 5.2-nid vnpdwd £ z-
hwppnigjwu  dby  gnpduwlwund  jwju vrwpwdnd  guwd  ghpyniywunm L
hwlywghpynyywuwn, huswybiu  vwl  wwpq updbinppy  PUYL-Gpp Yuuntwlwu
ubGpywjwgnuiubpp: S8nyg £ wpdws, np hwy PUYL-tiph punhwupwgwsd ULR-Gph
dwdnpwuwmh nbgnuwuuwht wpdtpnd npnpynn  unpdw|  nhuypbin PUY<L-tph
wwwnwudwt  gnpdwyhgp  hwlwuwp L dhwswih  punypwgphs  hwdwlwnpgbph
tnwwnwudwl gnpdwyhgubiphg wnwybjwgnyupt: Fthwnwnpyjwsd Bu nhuyptitn SAUHUL-tiph
L URUYL-tiph  z-hwppniejnitund  wpdwwwiht hbGwnwagdtph  hwwnyniegyniuutipp:
Tthuiwpyywsd Gu v hwppnyentund nhuyptitn SPUYL-tph bW URUYL-Gph wpdwwnwhtu
htwwgdtiph hwunynipniuutipp b nnipu Gu ppdwé wju wwydwuubpp, npnug nbwpnuwd
wpdwwwihtu npn2  hbwnwagdtp wugund Gu  wuuwhdwuniejniun  k  nidnugdwu
gnpdwlygh ybpowynp wnpdtiph nbwpnid: Unwgywd £ wuuwhdwunygniund guuynn
wnpdwwnubph hwdwp k gnpdwyhgp hwaybiint pwuwalp:

3-5 gntjutpnw unwgywd pninp wbuwlwu wprynwupubpp, npnup Wwnpqwpwuynid
GU nhuypticn FUYUL-tph pYwjhtu ophtwlyubph hwadwpyubpnd, hpwlwuwgyb| E MATLAB
Spwgpuwynpdwt  Gqyh oqunipjuidp  dawlywsd  Yhpwnwlwu  dpwgpuyht thwpbeh
dhongny:
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ALNhhu 1.

LunNnu4durvuts sy unhksSLnd 64 Utu LL2N4 +hULIrES
cuvuuurgesrr nhunNnRULUWURPUUL UBME-NALNE

1.1 Lwjuwpwt

Udunndwwn wnwywpdwu nhuyptivn hwdwlwpgbpp, npnup hwéwh wujwuynd Gu
twl  pdynyuwihtu  hwdwlwpgbp, hGunwquind punniudbght npybiu - hGrnwnwna
Ywwny hwdwlwnpgbp, npnug dbYy Ywd dph pwuh YGinbpnw inbnh £ niubunwd npnpwyh
wqnwuowuh hdwynyuwipu punhwnnd T wupunhwwn wwppbpnigjwdp (Ywd fo=1/T
hwuwnwunntt hwéwfunyejwdp) [26,97,123]:

Ywnwywpdwu JdGYy dnunpny U dby Gpnd géwihtu nhuypbn hwdwlwpgh (Jhwswih
hwdwywngh) wwpquagnyu Yunnigjwdpwihtu ufubdwu gnyg £ wnipdwd uy.1.1-nwd:

——— — — — — — — — — — — —

-
(1) x(t) / x' @) || ! (1)

LY.1.1. Yhuypbun Yunwldwpdwu wywpquagnyu hwdwlwpg

bpwlwu hdwnyuwihu wwppp uy.1.1-nwd ubpuyjwgywsd £ hnbwjwywu S (Switch)
pwuwint b W, (9 thnfjuwugdwtu dniuyghw niubignn gpnjuywt Ywpgh (zero-order hold)
Epunpwuwnywwnph hwonpnwywu dhwgdwu duny [38,50]:

S phnbwwlwu pwuwhtu dnunph x(t) wupunhwwn wqnwuowup thnfuwybpwynd £
T wwpptipnyjwdp pwgdwswith hdwnyuubph hwonpnwywunypjwu:

k= o k = o

X ()= xVa(t KT) FAXK) gt kT (1.1)

k=0
npinbn’ ot - kT)-p Hthpwyph dhwynp nbpunw-$niuyghwt k, wyupupu dhwynp dwytpbuny
$niuyghw £ wuybiponipjwu nbwpnid, b t, KT nbwpnd hwwuwnp E qpngh (Y. 1.2):
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x(1) x'(1)

| 1

7 0 T 2T 3T 4T 5T

|

0 If 2IT 3|T 41T 5

LY.1.2. Pdwyniuwht nwpph dnunpwht e Gihpwjhu wqnuawutbipp
LY.11-h x(km)-Gpp wudwugdnd  Bu - x(t) wbpunhwwn  $niiyghwh  nhuypbn
deényeyniuubip, Gpp t=KT: Uskup, np (1.1)-nd X (t)-U hwunhuwunw L nhuypbn
$niuyghw dwdwuwlyhg, npp gnjnieiniu nwh dhwju t=KT wwhhu, npunbn k-Gpp

O0<k < dhowlwjpnwd thnthnfuynn  wdpnne  pdGpu  Gu:  2pnulwu  Ywpgh
Epuunpwwnpwwnph W, (9 Yinfuwiugdwu $niulghwt niup hbunlyw) wnbupp'

W, (9=

1- exp(ds) : (1.2)
S

2nnjulwu Ywpgh EYuunpwwnpwunnpp, npu wujwuynd £ bwle gpnujuu Yupgh
dinwwwhnn uwpp Ywd dhpuwwnnp, S phnbwjwlwu pwuwint Gpnud gunudnn  x(kT)
dwybipbuu nwbignn wuybpy wllupwppwht wqnwuowulbph hwonpnwywunyentup
thnfuwybipwnud £ x. () wunhbwtwdl wgnwuowuh, huswbu gnyg £ npdwd uly.1.3-nw:

Ax*(’) A % (I)

||~t > 1

0O T 2T 3T 4T 5T O T 2 3F 4T 5T

LL.1.3. 2pnjwlwu jupgh dunwwwhnn uwpph dninph ni Giph wqnuwupwih inbupp
LY.L 1-nwd W, (9 thnfuwtugdwt $niuyghwtt ufwpwgpnd £ nhuypticn hwdwlwpgh
Gluybwnwiht - wupunhwwn  dwup, npp punhwunip nbwpnd  dnund £ W (9
Ywpgqwynpdwt opjihwn L K(s) thnfuwugdwt pniuyghwiny wupunhww Ywpguwynpnn

uwnp (Ywpquwynphs) *
W, (9 = Wian( 3 K ¥ (1.3)
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“thuyptinn Yuwpqwynpdwt hwdwlwpgbph hGwnwgnundwt dwdwtwly undnpwpwp
punniudwsd k Eyuinpwwnywwnnpp nwubp hwdwwpgh wupunhwwm dwupt [5,21,26,81]:
Cun npnwd, uy.1.1-nw ubipyuwjwgwsé hwdwlwpgp hwugnud £ uy. 1.4-h inbuphu,
wjuhupt  ubpyuwjwgynwd £ S pnbwjwywu pwuwint b punhwupwgywsé (pbpdwsd)
thnfuwugdwu niuyghwyny wupnuhwwn gdwihu Jwuh hwonpnwlywu dhwgdwt'
W(9 = Wian( 3 K 3 W( ) (1.4)

x(0)) x (1
| \I(,) W(s) AUt

r(1)

LU.1.4. Cunhwupwgyws gdwiht dwuny nhulptin hwdwlwng
Lhnwquind  nhuypbicn hwdwlwpgbpp Ynhunwnpytbup uy. 1.4-nid npdwsd duny:
LY. 1.4-nd ubpyujwgywsd wynndwn Yuwpgquynpdwu gdwihtu nhuyptivn hwdwlwpgbiph
htwmwgnundwu  n. twjuwgddwu dbpnnubpht  dGé qgpwywunyeniu £ udhpqwd
[30,31,43,59,105,114,121]:  Uwnpl  ubpyuwjwgynud £ nhuypbcn  hwdwlwpgbiph
Uywpwgpdwu wdktwhwbwhu Yhpwnynn nwuwlwu nwuwyubpp:

1.2. GSwyhtu npuypbnn hwdwYwpgbph hwwhwlwuwiht ufuwpwgpnieniup

Cwbhwjuwywuwihu punyewagnptiph oqunyejwdp wynndwwn Ywpqwynpdwu gdwjhu
wupunhwwn hwdwlwpgbph JGpndnygjuu nt bwhuwgddwu dbennubpp wdbuwwgu
wwpwoénwu  nwbku  [6,13,32,37,80,105,123]:  hudtubtputpp  swwn  nbwpbipnid
Uwfupunpnud Gu gnpduwlwunwd ogquwgnpdtiy wyu dbennubpp: Wu hwugqwdwupp,
huswbGu Utwlb  wju, np  wupunhwwn  wgnwuowup gnneintt ntbh  nhuypbiun
hwdwlwpgbph J6d dwunwd, hwugbgpt; £ nhuypbin  hwdwlwpgbph  nbwpnid
hwéwluwlwuwihu  punipwagpbph  dbpennh  punhwupwgdwtu:  Nwwh,  unynpwpwn
hwéwhiwywuwhu  dbennp  bnbp £ nhuypbn  (hdwynyuwihtu)  hwdwywpgbph
dtipndnipjuu hwdwp Yhpwnynn wnwehtu dbennp:

Pwg hwdwlwpqbp: LY. 1.5-nd gnyg £ vipdwd nmwppwywu nhuypbin hwdwlwpg

pwg yphdwynwd, npnud  y(t) wupunhwwn bGpwht wqnwuwup wwjdwuwlwunpbu
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punhwwynwd £ upuppnu W dinyquight Yepwnd' x(t) dnunph wqnwugwuny, Giph S
Inwgnighs (dhlynpy) hdwnyuwiht inwpph oqunipjwdp:

-
x(1) »(1)
© H o =
5 7l
S o
VARG
—

S

ULU.1.5 Hhulpbin pwg hwdwluwpgp S [pwgnighs hdwniuwiht iwppny
Cwdwlwpgh Gpnd dphywhy hdwnyuwiht tnwpph dnwnpp hwéwju ogunwwn L
lhund nhuyptiin hwdwlwpgbph uywpwgnyewiu dwdwuwly: Cun npnd Y (t) Gpwhu
hdwniyuwht  wgqnwuowup Juwywd £ y(t) wupunhwwn wqnwuowuh hbGn  (1.1)

wpunwhwjnnipjwdp’
k== k = o
y (=8 ydt k1) =Ay(kT) ¢t kI (1.5)
k=0 k ©
LY.1.5-nd  pbpJwé hwdwlwpgh (punhwupwgywsd) wupunhwwn  dwuh  W(s
thnfuwugdwu $nwuyghwih dhongny tpwuwlyywsd £ w(t) Yonwjhu dIniuyghwt: Pug

hwdwlwpgh y(t) Gph wupunhwwn wgnwuwup hwjwuwp £
k= o
y()=a wt -KT) X KT: (1.6)
k=0
(1.6) hwyjwuwpdwtu Gpynt Ynndbph Lwwwuwtu &Uuwihnfunyejuu  wpryniupnd
[26,62,117,126] unwgynud £’
Y(9=W 3 X( ¥ (1.7)
npinbin’ X' (9 -p wpunwhwjngnwd £ x(t) wupunhwwn wgnwuywuh X(s) Lwuwjjwujwl
duwithnfuniejwu dhongny htunlyw Yepw

* 1 kl:l . -
X(9=3a X(s+j), (1.8)
k= - o
npunbin’
w, =$ 2 ff ., (1.9)

w,-p punhwwndwt wuyntiwiht hwéwfuniyeinut £ nwn/ynpy-ny:
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Wunthbwinl, y'(t) Giph pdwnyuwipht wgnwuowuh Lwwjwujwt &dlwhnfunieginiup
hwjwuwnp £

Y (9=W($ X(k (1.10)

npnbin' W' (s -p ul.1.5-h pwg hwdwlwpgh hdwnyuwihtu hnfuwugdwu $niuyghwu ,

npp Yuwwnw £ x'(1) by (t) hdwyniuwiht wgnwuwuubpp'

W= & Wis+ jug): (1.1)

k= - @&

SYjw) pniuyghwt hwunhuwinw £ ju, dwdwlwlwdhong niubgnn wwppbpwywu
dnwuyghw s-hg: W (jw) hwbwhuwlwuwhtu thnfuwugdwu $niuyghwt unwgynd k
W (9 -hg (1.11)-nd s= jw thnfuwphuntiny:

Puwly hwiwlwpgbp: Pwly nhuypbin Yunwjwpdwu hwdwlywpgh Yuwnnigwdph

wwnpqwanyu ufubdwu pbipdwsd £ uy.1.6-nd, npinkin gnyg £ wnipynwd twlb hwdwywpgh

Geh S $hywhd hdwniuwihtt  vwppp, npp bwwunwlwhwpdwp £ ubipdndt)
hwdwywngh YGpnwdnygjwu hwdwp:

E*(s) |/ |
-

R(s) E(s) Il W(s) - »
L_glj— Y(s)

LY.1.6. Pwy nhuyptivn hwdwlwpg
Pwy nhuypticn hwdwlwngh Giph y(t) wupunhwun wqnwuowuh Y(s Lwwjwujwu

duwihnfunipyniup Uly.1.6-nd tnipdwd | hbnlyw| wpnwhwjunigjudp’

v(3=— M3 15 R+ (1.12)

1+T & W(s +kig) |

k= - ©o

Ujuwnbinhg, hwadh wnubiny (1.11)-p, unwgynwd £
W(s

Y = - R’ , 113
(9= g RO (1.13)
npinbtn’  R(9-p r'@t) dnuwnpwhtu  pdynyuwiht wgnwuowup  Lwwwuwu
Guwihnfungniuu £: Wu Ybpw, nhuypbnn thwly L pwg hwdwywpgbph hwdwp

huwpwynp sk Y(9/ X(3 U Y(9/ R $ hwpwpbipnyentup, wjuhupt dnunph nt Gph
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wupunhwwn  wqnwuywuubph Lwwyjwujwu dLwihnfuniyeiniup  wpunwhwjntb] pipdud
(punhwupwgyws) hwdwlwpgh wupunhwwn dwuh w(g thnfuwugdwu dniulyghwyny:

Pwg hwdwlwpgh W' (jw) gnjuwugdwt $niuyghwih  wdwhwnninw-$wquihu
punipwahpp (UDPF) nwp dh owpp YJwpunp wnwuduwhwwnynieniuubp:  Wuwbu,
W (jw) UDP-u hwunhuwunud b wwppbpwlywu $niuyghw jug wwppbpnigjudp w
hwéwfuniyejwu, wjuhupt W' ( jw) -U hwdwfunigniuubph - & ® < whpnyend Unyuu
E,  pus W (jw)-u'  hwbwlunigniuubph 0<w < whpnypenwt:  Udbhu, pwup np
W (jw)-u updbwphy £ ppwlwt wnwugph Ujwwndwdp, www wug/2-hg dhush  w,
hwéwlunyeniuubph  whpnyeh  hbunwghdp  hwunpuwunwd £ UDP-h  hwybijwhu
wpwwgnndp 0-hg dhusk ug /2 hwbwuwlwuwiht whpnyend:  w= w/2 nbwpnd
W (jw) UDP-p hwunhuwund £ ppwlwu dbdniejniu: et w(9-p wwpniuwynwd k
hunbgpnn wunwdubp (ophuwly' 1/s wbuph wunwdubp), wwyw W' (jw) wpdbpp
hwywuwnp  wuybponigjuwu w=0 b w= w nbwpbipnw [13,22,26]:

Uwiniunipjwt  ybppndnipinii: - Pwly  nhuypbin - hwdwlwpgh  puniyewagphs
hwlwuwpnuip, puwn (1.12)-h, hwwuwp £ (1.14) hwjwuwpdwup'

14W (9 4 %EBW(S ) O (1.14)

k= - o

Cwdwlwpgh Ywynwnyejwu hwdwp wuhpwdtion £ L pwdwpwp, np (1.14)
hwyjwuwpdwu wpdwwnubipp lhutu S Yndwtipu hwppnyejwu adwifu
Yhuwhwppeniginiunwd: <wogh wnubind, np W (9 - u (1.11) hwunhuwund L jug
wwppbpnygjwdp wwppbpwlwu $nwuyghw s-hg, (1.14) punipwagphs hwywuwpnudp
wwpnibwynd £ wluwhdwtu  pynd wpdwwnubp, npnup  Yplugnd B jug
wwppbpnyenituphg dhusl Ytind wnwugp:

Pwuwnnpbi, punipwagphs hwjwuwpdwt wpdwwnubph Yndwtipu hwppeniejniup
pwdwuwd £ juy  wunpudp  wluwhdwlt  obipinbph,  huy otpuintiphg
jntpupwugnipnd - pubinubph pwoujwoényeniup dhwudwtu  E (Uy.1.7)  ((1.14)
hwjwuwpdwu wpdwwnubpp uy.1.7-nud gnyg Gu npwd fuwstph inbupny): Pubinubipp
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- jug/2-hg +jug /2 wnhpnyend  hwéwfu wujwuynd Gu  hpduwlwu, huly duwgwsd
pubinubpp' |pwgnighy [46,62,101]:

LY.1.7. (1.14) Punipwgphs hwywuwpdwu wpdwwwihu hwppnig)ntu
“thuyptinn  hwdwwpgh Yuwyniunigjwtu dbppndnygjuu hwdwp Yupbh £ oguyb
Lwjpyhunnh  hwwfuwlwuwiht  swihwuhohg, nph  hwdwdéwju, thwly hwdwywpgh
Ywynwunigjwu hwdwp, Gpp  pwg hwdwlwpgp  Yunu £, wuhpwdbion £, np pwg
hwdwlwpgh W (jw) UdDP-u Undytpu hwppnyeniund  spungplh  (-1,j0)
Yphunpywlwu Ytwnp (uy.1.8):

w) wuljwyniu p) Yuynwu

LY.1.8 Lwypyhuwn swihwuhoh Yhpwnniejniup nhuypbun hwdwlwpgh Ywpniunyejwu
ybpnonipjwu hwdwp

Cwnpy E U np,  hwydph  wnubny W (jw) USP-Gph  updwd
wnwuduwhwwnyniejnwiubpp, pwdwpwp £ nhunwnpybp W (jw) hGunwghdp dhwju 0-hg
dhusle vy /2 hwéwjuwlwuwhu wnppnypenuwd: Gt w, punhwundwu hwéwfunie)niup Jtd
E hwdwlwpgh pnnwugdwu 2tipinph wjunyenituhg, wwyw W (jw) wpunwhwjnnysjuu
dbg, gnpduwywu hwodwpyubph nbwpnid, Jupbh £ uvwhdwuwthwyyt] wnweohtu bpbp
wunwdubpny’
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Wi =2 8 WCwsik i W w i 9w w: ()
1.3. GSwyhtu nhuypbn hwdwwpgbph ufupwgpnipniup z-wnhpnypnid
Uty dnunpny nt dby Gipny nhuypbin hwdwlwnpgbph ybpnéngjwu bW bwjuwgddwu
hwdwp (wjunptu ogunwagnpdynn dtipnnutiphg tu z-dLuwihnfuniejwu dGennutipp [81]:
dwdwuwyh pdwynyuwihtu dnyghwih x'(t) (1.1) Lwwwuwu duwihnfunyeniup
X' (9 (1.8), unyuwbiu Ywpbih  gpbp wbnwihnfudwu hwjnup giinptdh hhdwu ypw'

k=@
X'(9=4 X kTexp(-ksT), (1.16)
k=0
(1.16) hwjwuwpnuwp gnyg £ wwihu, np X' (9-p hpbuhg ubpyuwjwgund £ expET)-tGph
wudbipg pwpp: Mwwh <nipdhgh U wyp ghntwluwuttph Ynndhg  wnwownltig
ogunwgnndti| hinlyw)| thnfuwpphunwip [65,69]
z=exp(sT) (1.17)

U htiinlwpwn X(2) Ylhuh z-hg unwgynn $niuyghw, npp Ynpnzdh hbiinbywy Yepuy

X(2) = x*ge%m 295 %y 2 - (1.18)

~ k=0

SYyjw| hwjwuwpnwp uwnwgb] £ X (t) dwdwuwyh hdwniuwihu dniuyghwih z-
duwihnfunieniu wudjwunwip [97,114,123]: (1.18)-hg tpunwd E, np X' (t) dwdwuwyp
npnawyh hdwnyuwihtu $nibyghwibiph z- duwhnfuniejwu npnadwu hwdwp hwplwynn
E gunub] wju $nwyghwih Lwwyjwujwu duwthnfuniegyniup b s Yndwtipu thnthnfuwywup
thnfuwphubi| (In 2)/ T -ny:

Mbwp L uobky, np (1.17) wpumwhwjnniejniup ywpgq YGpwnd wpunwgninud £ s
hwppnyejwu s= jw Ytind wnwugpp z hwpenypjwu dhwynp 2wnwynny 2powtwgontd,
pun npnwd, S hwppnyejwu dwfu Yhuwhwpeniyentup wpunwgnynw £ ndjw) 2powtwgdh
ubpunud (uy. 1.9): Wunthtivnl, s hwpeniyejwt we Ytup wpwnwgnynwd £ wju inhpnyentd,
npu puywd £ dhwynp opowtwgdhg nnipu: Ujnw Ynndhg, (1.17) wpunwhwjnniyejwt
hhdwu ypw z hwppnyentuthg wugnwp s hwpeniejwtu dhwuowuwy sk, pwuh np g
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lwjunieintt niuignn s hwppenipjwt Jpw wnlw jnipwpwugnp 2bpn uly.1.7-nwd
wnwwgnynw £ nn9 z hwppnegjwu ypw [38,123]:

i p/ane A Im Z= p/ane A Im

LU.1.9. S hwppnipjwu dwiu Yjhuwhwppenipjwl wpnwgninudp zhwpenijwu dhwynp
2nowiliqdh dtig

Pwg hwdwlwpqbp: “Hhuwpybup Gpyne upuppnu hdwnyuwiht twppbipn pwg
hwdwlywpg (1.6), npnbn Gpypnpn' S wwppp  hwunhuwund £ Spynpy (1.18):
Cwdwudwu &duny y (1) Gph dwdwuwyh hdwnyuwihtu dniuyghwih z-6uwhnfunyeniup
ubpyuwywgynid £ hbnlyw| wpunwhwjnngejwudp’

Y(2= Y%ljln zg-:gny( Ky Z: (1.19)
¢ ™ k=0

Wu nbwpnid, ogunwagnpdtiny (1.6) wpwwhwjwnniejniup, Ywnpbh £ gnyg wwi, np
Y (2 bph (1.19) z- suwihnfunyeyniup hwywuwp £

Y(3=W 2z X ¥ (1.20)
npwunbin’
k= o
W(2=3 WKy 2 (1.21)
k=0

wujwuynd £ pwg nhuyptivn hwdwlwnpgh z thnfjuwugdwu niuyghw: Y(H-h b X(2-h
z-Guwihnfunieyniuutipht hwdwwwwnwufuwtu Y. 1.5-nWd ywwnybpywsd hwdwlwpgp
Yuwpbih £ ubpyuywgytb) uy. 1.10-nd hwdwpdbp Yunnigwépwihtu ufubdw)ny:

X(2) W(2) Y(2)

UY.1.10. <wdwlwpgh z-duwynpnipjwup hwdwpdtp Junnigywépwihu ufubdwu
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Ywpunp £ pungdt), np (1.20) hwjwuwpnuwp qwupwgpnd £ y(t) Gpwjhu
wupunhwwn wqnwuowup dhwju t=KT (k=0,1,2,..) dwdwlwyh nhuypbicn wwhht,
pwuh np z- duwthnfuneginiup Yhpwnynwd £ dhwju nhulypbn wgnwuswuubph hwdwp:

W(2 Ynjuwugdwt  hdwnyuwhtu  dnwuyghwtu  niuh dh 2wpp  Yuplnp
wnwuduwhwwnynyeniutbp, npnup unwgynd Gt W (9  thnfuwugdwu  hdwniuwjhu
dniuyghwyhg (1.11): Wuwbu, w(z dniuyghwih (npnbin z=exp(sT) b s= jw) UDP - p,
0-hg dhusl wy hwbwhuwywuwihu whpnyend wjuwhupt §, huswhupt' kug-hg dhush
(k+uz, nhpnyentd, npwntin k-u wdpnng phy £ W(2 -h wpdtpp dhon hpwywu £ z=1
(w=0) b z= 1 (w=k w/2) nbwpnd, W(2 dIniuyghwu ybipswynp &, tpp z=1, beb
W(9-p shtup pubin Ynnpnhuwwh ulgpnid b wyu: “Ywnbih £ gk uwl, np w(s b W(2
thnfuwugdwu dnwyghwubiph n pubnubph pwuwyp dhon unyutu £ (pund, b win
pubinubpp Yuwwywsd Gu (1.17) wpwnwhwjwnniejwdp:

Quwly hwdwwpgbp b npwug Yuwyniunipjut  Jbppnidniyeyniup:  LY.1.6-nwd

wwwybpwsd thwy nhuypbin hwdwywpgh hwdwp Giph z - duwdhnfunyeyniup, npp
npnond | Giph  y(t) wupunhwwn wqnwuowuh wnpdbpp t=KT dwdwuwyh nhuypbin
wwhhu, nwup hbnlyw| wnbupp'

Y(9= RIRY (1.22)
npuinbn’
F(2) —1XVV§Z()Z) (1.23)

Ynsynd £ thwy nhuypbin hwdwywnpgh Giph thnfuwugdwtu dniuyghw: Cun npnud thwy
hwdwlwpgh punypwgphs hwjwuwpnuip hwjwuwnp '
1+W(2) =0: (1.24)
Lwuh np (1.17) Inuyghwu wpuwgninud £ z_hwppenigjuu Jhwynp 2powtwaqdh
ubpunud wnyw s hwppniejwu dwju Yhuwhwppnieiniup, www uly.1.6-nid ywwnybpgwd
thwy nhuypbin hwdwywnpgh Yuynwunyejuu hwdwp wuhpwdbon £ W pwdwpwp, np
(1.24) puniyewanhs hwjwuwpdwu pninp wpdwwubpp gunuybu wju dhwynp 2powtwgsdh
Ubpunwd, npu nwh Yeuwnpnu z- hwpenyejwt Ynnpnhtwwnwjhu wnwugph ulygpntd:
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z-Guwihnfunpywu  wnbupny  wpjwd  nhuypbnn hwdwlwpgh  Yuyniunyegjwu
bpindniegywu hwdwp  Yuwpbh £ Yphpwntp  Lwjphunp  swihwuhoh  hwwnndy
duwithnfunieyniup [33,45,91]: Qwithwuhoh hwdwdwju, hwy hwdwlwpgp Yuynw k, Gpp
pwg hwdwlwpgp Yuyntt £ bW w(2 htwnwghdp z-h dhwynp 2powtwgdny thnthnfudwu
ntiwpn sh pungpynd (- 1,jo) Yphnplhwlhwt Ytwp (Uy.1.11): Bpp pwg hwdwlwpgp
wulwjni £, w(2 htnwghdp wbwp £ pungpyh (- 1,j0) Yowp npulw ninnniejwdp p
wuquwd, npnbin P-u W(2 thnfuwugdwu dniulyghwih wuluwynit pubnubph pwuwyu k:

2z - 0 Re -3 I 0 Re
. L.
W(z)

W(z)

w ) wuljwynwu p) Ywynwu
LY.1.11. Huypbinn hwdwlwpgh Yuyniunygjwu wwpqupwunwp pun Lwjpyhuwnh swhwuhoh

“thuyptinn hwdwlwpgbph Yununygjwt ywowpubph qguwhwwndwu hwdwp Yuwpbip
£ ogquwgnpdt] nwuwlwu hwulwgnipniuubp' Yuyniunygjwt wwowp pun dnpnh GM
(Gain Margin) W puwnn thniyph PM (Phase Margin), npnup npnaynuwd tu Lwypyhuphwinh
hunwgdny' unyu Ybpw, hus wupunhwun hwdwlwnpgbph nbwpnud £ [13,62]:

AJ

1 1

LY.1.12. Uhwswih nhuypbinn hwdwwpgh Ywjniunygjwu wwownubipp

Ywjniunyejwl wwwpu pun GM dnnnih wudwuynd £ w(z [Yuwd W' (9] ptpJwd
(punhwupwgywd) qdwihtu dwup thnfuwugdwtu dnwuyghwh GM |pwgnighs nidtinugdwu
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gnpdwlyhg, npph nbwpnd W(2 hbunwaghdt wugunw k£ -1,jo Ypphumphywlwu Ybinny L
thwly hwdwlwpgp gunuynw £ Yuyniunyejwu vwhdwuht (Mwjdwuwlwunpbu Yuyniu
hwdwlwpgbpp  Ywpnn  Gu  nGuw]  uyniunygjwu  dh pwuph  wwpwnubp):
Cwdwwwwwufuwtwpwp, PM  Jujniunygjuwtu  wwwpp  pun thngh o pugnighs
ujwquanyu pwquihu wuynwu £, npp nbwpnd w(z hbwnwghdp wugund k£ (-1,j0)
Ytiwny: Loqwé hwuywgnipiniutbpp gpwdbhynptu ubpyuwywugywsd tu uy.1.12-nw:

1.4. ®wly nhuypbwn hwdwlwpgbpph hwéwhwwuwjhu punipwgptpp L
nwwnwunnuwuunipju gnigwuhgp

huswbiu upytig, yuwnwwpdwu wupunhwwn hwdwywnpgbph twjuwgddwt dwdwuwy
lwjunptit - oquwgnpdynd £ hwlwfuwywuwipu puniewgptph  Jdbennp:  Ubipnnh
ogunwagnnpddwt dwdwuwly hGwnwgnunynw £ hwdwlwpgh Gpp, nph dnwnph Ypw
puyund Gu  hwunwwnt  wdyhwnpnd  nt hwéwfunypjwdp  upununhnwihtu
wqnwuowuubp:  Cun npnd, Gebt hwy hwdwwpgp Ywnu £, wwyw hwdwlwpgh
Glpwiht wgnwuowup Yuyntuwgwd yhbwynwd (wugnwwihu gnpdpupwgutiph wwpunhg
htivnn) unyuwbu hwdwpynwd £ upunwinhnw| wgnwupwu, npu nwh dnwnph wgnwuwuh
hwbwfunyeiniu, uwluwju punhwunyp wndwdp' d6Yy wy wdyhunnpnd W pun thnyh
[nwgnighs 2wpdny: Gph nu dnunph uhunwnhnw| wgnwuywuubph wdwhwnwubph
wnwybjwagnyu  hwpwpbpnejniup, biph  wgnwuowuh W hwéwfunigjwu  gqpnjhg
wuybponientt  thnfudtint nbwpnd  (npp wudwudnd £ qrwgpwibnnuiuitingswt
gnigwtip), dwnwjnd £ npwbu hwy hwdwwnpgh Yujniunygjwt ywowph oguwlywp
swih: <wdwudwu quwhwunwywup Yppwnynd £ vwl nhuypbin  hwdwlwpgbipp
lwhuwgddwu dwdwuwy [38,39,59]:
Gupwnptup uy.1.6-nid ywwybpywsd thwly nhuypbnn hwdwywpgh dnunph Ypw
pulyunwd £ A wdyhwninnd b W hwéwluniejwdp wupunhwwn uhununhnw| wgnwuywu'
rit) = Asin( W): (1.25)
Wu nbwpnd S dhywpy  pdwynyuwjhs pwlwint Gpwihtt wqnwlpwuh Y (9
wuwmnnwuhony duwthnfunipniup b Y(2 z- duwihnfunyeinup Ywnbih £ gpbp hGunbyw)
nbupny'
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_W'(9

Y'(9= F(3R(} W (S RO), (1.26)
V(2= RaR¥ s RE (127)

Pwly hwdwywpgh bGph L dnunph T punhwndwt wwppbpnens  niubgnn
wYupwppwihu hdwnyuutph hwonpnwlywunieniuubpp Jhdjuug hbn Juwwd Gu
(1.26) L (1.27) hwywuwnpnudutiph dhongny:

Wu hwonpnwlwunyeniuubipp wnpynw tu (1.1) wpunwhwjunnyejudp:  Unuwnph r(t)
(1.25) uhunwnphnw| wqnwuowuh dwdwuwywynp nhuypbn hwonpnwywunieniup, A=1
nbwpnw U t =KT wwhpu, Yniubuw hbnlyw| wnbupp’

r(kT) =sin( WT), k=0,1,2,.. : (1.28)

b wwppbpniejntt )  dwdwtwyh  wlpunhwwn  $nwuyghwiph,  (1.28)
hwonpnwlwunyejniup  hwunhuwtund £ wwppbpwlywtu dhwjt wju  nbwpnud, bRt
wqnuwuowuh W hwéwlunypjwu bW u, =2 p/ T punhwwndwt wuyniuwiht hwéwfunyejwu
hwpwpbipniejniup hpbuhg ubiplwjwguh wdpnng rhy:

LY.1.6-nid wwuwybpqws  thwly nhuypbcn  hwdwlwpgh  Gph  y(k7
hwonpnwlwunieinwup, tipp dnunpnud pulunid £ r) uhunwnhnw| wqnwuwup (1.25),
npnaynd £ F(jW Ywly hwdwwpgh thnfuwugdwu $niuyghwih dhongny hbuinlywy
wpunwhwjnniejwdp’

y(kT)=| F(j Wsin( MV arg{ ‘(F )Wk 0,1%2,...: (1.29)
y(kT) dtodnieiniup (1.29) Ywpbih £ bwb wpunmwhwynb| F(2) thnfuwugdwu dniuyghwip
dhongny (1.27), tipp z-p thnfuwphtynu £ expGwr y-ny’

YD =| R, wlsin( WT argl (8, ., o}): (1.30)

Gpp UY.1.6-nid Wwwnybpwsé thwly nhuyptivn hwdwywnpgh dnwnpnd puyund £ W
hwéwfunipjwdp r(t) uhunwunhnw| wqnwuwu, Gipnw unwgynd £ (dwdwuwyh t=KT
wwhhu) hdwynyuubph  hwonpnwlwunieginiup, npnug  wwpniphsp  hwunhuwund  §
upunwnpnwi unyuy W hwéwpunygywdp, uwlwiu [F (W] wuqwd nihnfujud
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wdyhwnipny b argF (W thnyqwihu pwpdnyd,  ubpluwywgynd £ (1.29)
wnwwhwjinniejwdp:

Ywjniu wunwwnhy hwdwlwpgbph hwdwp (npnugnud Yupguynpdwt opjtlywunp Yud
Ywpquinpht niih huwnbgpnn onuly) W hwéwtunyeiniihg [F*(j W[ dnnnyh inhwwijht
Ywhuqwénigniup  gnyg £t wpdwd  uy. 1.13-md: M nbgnUwluwhtu  wpdtiph
hwpwpbpwywu  dGdnyywu  punypwaghpp  Ynsynwd £ Ywnwldwpdwtu  nhuypbin
hwdwlwpgh wupunhwwn nwwnwunnulwunyejwu gnigwuhy'

M = maxM = max ’VV(Z)|Z:eXp("W)‘ : (1.31)
ocwe p1+W (j V| o ¢ W‘1¥W(z)|

z=exp(j W )‘

()|
M

| -
L

Q 0

LU.1.13. Ununpwyhu upunwnpnw| wgnwuowuh [F” (j W] dnnnyh tinhwwjhu
Ywiuqwdnipjniup W hwéwlunipiniupg

“thuypbinn  hwdwwnpgh  Ywynungeyuu  uwhdwupt  dnnbuwint  nbwpnud,  Gpp
W (W Jwd w(z hbunwgdbpp dnnbund Gu (-1,jo) Yphwhlwlwu Ybnpu, M
dadnipyniup dgqund £ wuydbponigjwt, husp hbonnygjuwdp Ywpbih £ hwuywuw (1.31)
wpunwhwjnnyeiniuhg:  Nwwnh M nwwnwunnwywunyejwu  gnigwuhop  hwéwju
ognwgnpdynud £ npwbu  Yuyniuniegjwu wwownph swihnd: tw hwpdwp £ wjt wnnwdnyg,
np thwl hwdwlwpgh Yuynwnygjwt wwowpp npnagnud £ dBY wjuwyhup M dedniejwdp,
npu  niup  hnhnfunyeywt pwywpwp  swihny  ubn  uwhdwutbp  (gnpduwlwuntd
enywwnnptith M wndtipubipp gunuynwd Gu M =1.1 -hg dhush M =2.5 -3 uwhdwuubipnid):

Swunwunnwwunypjwt  gnigwuhop gkt hwdwp  wuhpwdbounnieintu  sjw
Ywnnigt;  wdyhunninw-hwéwuwlwuwhu  puniewghpp  (UY.1.14)  Jwd gwub]
wnwybjwagnyup (1.31): Npwbugh hwdwlwpgp niubuw M wnpdwd wpdbphg thnpp
nwwnwunnwlwunigjwt gnigwuh2, W(2 (Yuwd W (ju) ) Lwjpyhunh hbunnwghdp swbinnp
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E dwnth (- 1,j0) Ynhwhhulywt Ytwnh onipop gntidnn npngwlh wipgbywé gninnig ubipu
(uy.1.14):  Wu gnuphu hptuhg ubpyuwywgund £ C YGuwnpnuny L R 2wnwynny 2pswit,
npunbin’

M2
M? 41

. Cc 5 Jjo (1.32)
c

2/

)
D

W(z)
2

LY.1.14. M =const wpgbwd gninhtu Lwjpyhunh W(2 hbwnwagdh hwdwp

1.5. *hulypbn gdwjhtu hwdwwpgbph ufupwgpnieyniup Gplygdwjht
duwthnfunipjwu hhdwu ypw

“thuypticn  hwdwlwpgbph  Gwjuwgddwt  nu Jybpndnygyjuu undnpwwt
hwéwhuwlwuwihu pniypwagptiph oguwagnpdnwip swihwqwug nddwp k, pwuh np (1.14)
thwy hwdwlwpgh punyewagphs hwywuwpnup  hwunhuwunwd £ s Yndwbpu
thnthnfuwlwuhg  wnpwuugbuntun  $nwiyghw:  Nwwph  nhuypbn hwdwlwpgbipp
unynpwlwtu hwbwhiwywuwihtu punipwgptipp gnpdtwlwunwd pwwn hwgqyunbw Gu
Yppwnynwd:  Ujnw  Ynndhg, huswybu updbp £ dbpund,  z-GLwihnfuniyeiniup
wmpwbugbiuntuun $niyghwubipp s-hg nwpsund £ hwupwhwojwwl puqdwunwdubp
z-hg: Wunwidbuwjuhy, w(2 nhuypbun thnfuwugdwt dniuyghwubipp, suwjws hpkughg
ubGpywjwgunud  GUu  nwghntw]  $nibyghwilp z-hg, peny; U wnwhu  Yhpwnb;
Ywnwwpdwt nwuwywt wbunyyuu  wjuyhuh  Jupunp  dbpnnubp, huswhupp
Inquphpdwlwt  hwwfuwlwuwhu punyewgptpt Gu (Pnnth nhpwqgpwdubp):  WUu
ptipnyenup pwgwlwind £ wju dbennnud, npp hhdudwé £ Gplygdwihtu dlwihnfuniejwu

Ypwi [122]
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Z_1+('I'/2)|/
1- (T/2v
(1.33) $nwyghwt z hwppnEwund  dhwynp 2powlwgsdh  ubippht dwup

(1.33)

wpunwwwwnybpnd £ v =u 47 hwppnyejuwu dwju Yphuwhwppnieinttu, huly dhwynp
onpowlwghdp wpwnwwwlytpynd £ v hwppnyejuu Ytnd wnwugph Ypw: Gplygdwihu
duwithnfuniejwu ogqunipjwdp Ywwwpynn wnuwwwwnytpnuubph
hwonpnwlwunigyniup' s hwppnuygjwu hhduwlwu 2tpunhg nbwh z hwpenyeinu L
wjunthbinlk nbwh v Yndwylbpu hwppeniejnu, ubpluwjwgywsd £ uy.1.15-nd: v
hwppeniejniuhg nbwh z hwppenygniu hGlwnwnpd  wugnwp Ywwwnpgnd £ (1.33)
wpunwhwjnnyejwu hhdwu Ypw, (1.34) hwjwuwpdwu oguntejwdp’

, o202
T@+zY

(1.34)

S — hwppmpmu A / Z — hwppmpjmi A ] W — hwppmpmb A ]

1
0_55’ -1 0 1 0
2
-0 =

LY.1.15. S, ZU v Yndwbipu hwpenyeiniuubph wpunwwwunybpnup

A\ 4

W(2 nwghnuw| thnfuwugdwtu $niyghwihg wugnup W) thnfuwtgdwt
$nityghwih  ppwlwuwgynw £ (1.33) wpunwhwjnnygjuwt  oqunigjwdp: Cun npnid
nhuypbin hwdwlwpgp Yuynu £, Geb W) thnfuwugdwt dniuyghwih pninp pubinutipp
gunuynw Gu v Yndwtpu hwppnigjwu dwiu Yhuwhwppeniejntunw: <wogh wnubiny
(1.17)-p, L (1.34) wpnwhwjnnyjwu dby s= jw wbnunpdwu nbwpnd Ybpohuu
punnwunw £ htunlyw) wnbupp’

_3[1- exp(§uT )
T [1+exp(-juT )

5 n, (1.35)

npwnbin’

=Ztg— 1.36
n=-19- (1.36)
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Wu  thnhnuwywup  wudwuynd £ Dphpppyd  hwowhiwYwunientt Ywd  {ané
hwtwpwlwbnysynt: - v Yndwybpu  hnhnfuwywup  (1.35) s= jw nbwpnud
hwunhuwunw £ Yybnd dtonyeniu: 7 phywhy hwbwfuniejwu wpunwhwjnnyentuhg
(1.36) tpunud £, np wyju hwunhuwunu £ wwppbpwywu niuyghw w wywppbpnyejudp,
npp hwjwuwnp £ w, punhwwndwu hwéwfunygjwup: LoGup, np w thnpp wndtipubiph
ntwpnd, Gpp tgwt/2)° wr /2, dhywhy 7 L hpwlwu w hwbwlunyeniuubpp
dninwynpwwbu hwdpuyund Gu, wyupupu w° r: w() thnfuwugdwtu dniuyghwih
Ywplnp wnwudtwhwwnynieniuubph dbe wbwnp £ U2k, np wju hwunhuwund £ v
thnthnfuwlwund nwghnuw] $nwiyghw: Wu hwuqwdwlpp pny; £ wnwhu w)
thnfuwugdwu $nwuyghwih tywundwdp Yhpwnb| nqupppdwiwt  hwwhiwywuwjhu
punipwanpbiph nwuwlwu dbennp, win pyYnw twb hwwwuhdwywnunhy punyewagpbph
dbpnnp: Gpb Gupwnptup, nn z M hww gqpnutpnd LW p. N hwwn pubinubpny, npintin
me n, w(2 thnfuwugdwu dniuyghwt npws £ (1.37) nbupny’

KO (z- 7
W(Z)=M , (1.37)
O..(z- n)
www Ywpbih £ gnyg wnw, np hwdwwwwwufuwt W) Ynwbuw hbinlyw| inbupp’
é_ T ((Dj A m
K, 26 Ev 13 O "(v 2)
W )=—=% : (1.38)
Oulv-#)
npuinbin’
) kOL(te) , _20-2) , 2(1-p)
v = AN 4 == R e . (139)
O.,(1+p) T (1+3) T(1 +p)

(1.38) L (1.39)-hg bpunw E, np w(v) plubinubph n. gpnubph pwuwyp dhown unyu £
wlywju W(2 thnjuwugdwu dIniuyghwiph (1.37) pubinubiph nu gpnubiph pwuwyhg: Uw
Upwuwyn k, np v =j & nbwypnd W) dtdnipyniup hpwlwu £ n ybpowynp:  Pwgh
wjn, N>m nbwpnud W(v) thnjuwugdwtu dIniuyghwtu hwunhuwunw £ ny dhuhdwi-
thnywjhu, pwuh np ntth N- M hww hpwlwt wnwugpny npwlwu gpnubp v =2/T

Ytwnw: b gbipon, Yun n- m nbwpnud, (1.39)-h dby K, gnpdwyhgp pwgwuwywu phy
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£, npp thwunnwghnpbu hwdwpdtip £ npwlwu hGunwnwpéd Yuw niutignn hwdwlwpght
wugdwup:

Bqpwlugnipyniu 1-hu qilup Yepwpbkpjwg

Sntfu 1-nid hwyhptd uywpwagpjwsd £ daYy dnunpny L dbGYy Gipnd hwdwlwpgbiph
unynpwlwtu hwbwfuwwuwihu puniewagnptph, Z- W Gpygdwihu dLwihnfunyeniuubiph
dhongny Ywnwywpdwu gdéwjhu nhuypbin hwdwywpgbph ubplujugdwu hhduwlywu
dubpp, puswbu vwb wpqwd £ zZ- duwihnfunyywu  opowlwipnd  wpdwunwiht
htiwmwqgdtiph dbennh uywpwagpnie)niup:
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QLNRh 2.
ALNREUSN P PNLULSUUL dDNrLUSPULLEMh ULENTL

2.1. Lunhwunip wmbuph qéwjht wuptunhww PUUL-Gpp thnjuwugdwt Jwwnphgubp

“thunwpytiup N - swhwuh Yunwywnynn b hGunwgnuynn wupunhwn pwgdwswi
wywnndwwnn junwywpdwt hwdwlwpg (FUYL), nph dwunphgwiht unnigwdpwiht
ufubdwu ubpyuwywgywsd £ uy.2.1-nwd, npinbin 4 (s), (9, €9-bpp dnunph, Giph L ufuwip
yywnputph  Lwwjjwujwu  duwihnfunieniuubpu Gu (wju  yGYwnpubpp  Ypunnwiybiu
npwtu CY N - swihwuh Yndwbipu wnwpwéniejwu wmwppbip): W9 ={wW, (¥ -pn N N
swihwuh  pwg  hwdwlwpgh thnfuwugdwt  pwnwynwwiht  dwwphgu £ w, (s)
(k,r=1,2,...N) wwpptpnd, huy wn wvwpptp hwunhuwund Gu s Yndwbpu
thnthnfuwlwuny Ynunnpwlw-nwghnuw| dntuyghwubip [13,62]:

40[(6‘) | &(s) W) S ()

LY.2.1. Cunhwunip nbuph qdwjht wupunhww PUYL —h Yunnigywdpwht utubidw

W(s dwwnphgubiph  qiluwynp - wulniiwgdh - w,(s)  wwppbipp - hpbiughg
uGpywjwgunud  Gu  wupunhwwn  PUY<-h  wnwudhu  Ywwninhubph  thnfuwugdwu
$niuyghwubip, puy ny wuyniuwgdwihu w (s)(k, r) wwppbpp' r-pn uwninng k-
n Juwninh thnfuwnwpd uwbph tnfuwtgdwt $niiighwutin: f(s) bph b e(s)
ufuwlh  dbGYyunnpubpp Yuwdws Gu /()  dnunpwihtu  dbyunnph  hbin hGinbyw
owbtipwwnpwihtu hwjwuwpnwiubpny'

es) = A9 - f(9, (2.1)
(9= R/ (9, €3 =5 ()
npuinbin’
F(9 =[1I W(9] "W}, (2.3)

Fo® =1 W)™ (2.4)
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Jbpund ubpyuywgwsd Bu thwly wupunhwwn PUNL-h hnfuwtgdwu Jwwnphgubipp'
hwdwwwwnwufuwuwpwp pun Gihph W ufuwih, 1-U° dhwynp dwwnphg k: (2.3), (2.4)-h
dbo [I +W(9] Jwwphgp wudwuynd £ PUYL-h  yGpwnwnpdh  qpwppbpnypuyhb
dwpinnhg [3,7,20,28,58,64,88], huy npw npnohsp hwjwuwp £

P.(9
det[l +W (s)] =det[l W( )]n%, (2.5)

npnbn' P(s)-p L P,(9-p hwlwwwuwwuluwuwpwp pwg U thwly PUNL-h  punypwgnphs
pwqdwunwdubipu tu:
2.2. Lunhwtunip mbuph PUUL-Eph thnfuwtugdwt dwinphgubph uybYwpug
ubpYyuywgnudp: Punipwgphs thnfuwugdwu $niuyghwtp b juuntwlwu pwqhu
Pwg PUUL-Ep: LPwuh np pwg qdwhu PUY<-h W(9 thnluwugdwt dwwnphgp
[47,76,82] Ywquywsé £ s Yndwbpu thnhnfuwlwuhg Yujujwd Yninnpwlw-nwghntuw
uluywn W (s) nwppbiphg, www W(9-h ¢(s) ubithwlyuwu wpdtiputinp, wyuhtpu (2.6)

hwjwuwpdwu  wpdwwtbpp, Unyuwbu hwunhuwund Gu s hnihnfuwywuhg

$niuyghwubp’
det[gl - W(s)] =0, (2.6)

Wu q(9 Undylpu dniyghwubpu wujwuynd tu pwg PUYL-h  punipwgphs
thnfuwugdwu dniuyghwubip (FPD) [35,40,77,92,93,94,95]: Gpb wwpgniejwu hwdwp
pninp (9 (i=12,.N) punniubup npwbu wwppbp PPD-tp, wwyw w(g dwwphgh
hwdwwwuwwufuwt unpdwynpdwsd ¢ (9 [| ¢(91=1 ubthwlywu Jbpywnpubpp Yhubu
aqdwjunpbit wulwhu U npwughg huwpwynp Yhuph CY Yndwbipu wnwpwdnigniuntd
Ywqdbi N -swihwuh pwghu: Wu pwghup punniujwd b wudwub] pwg wupunhwwmn
PUY<-h Ywuntwlwu pwghu:

Lwuh np ¢ (9 Ybywnnpubpp gqdwjunpbu wulwiu Gu, www upwughg Ywpbiph &
Guqdtp C(9) =[G($ (9 ... G (] ng bquyh dnnw| dwnphg: Uyw puig wuptnhwin
PUY<-h  w(9 hnfuwugdwt dwuwphgp Yuwpbh L ubpluwjwgub]  dwuniejwu
duwihnfudwu oquniyejwdp htinlyw| nbupny'
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W(9 = Q3 diag ) d)s (2.7)

npwnbin’ diag{ q( 3} -p  wuyniiwgdwiht dwwphg E, qfuwynp  wulniiwgdh g (9
wwnptipny, huy c(s) -p’ dnnu dwwnphg [44,102]:

Pug PU4<-h W(9 thnfuwtgdwl dwwnphgp Yupbih £ ubplujwgub twb uwblupug

Jbpnddwu inbupny, wyupp N nhwnubph gnudwph nbupny’

W(9=3 63 >3 2% 2.8)
Wu uwblupw| dup pnyp k£ mw[hul_prpwéthnnb‘u doyuwpwub] pwg W thwy
wupunhwwn PUYL-h ubpphu Ywnnigwdpp: q(s) PPD-tpp Ywpbh £ hwdwpb)
npnpwyh  Ybpwgwywu dhwswth, wjuwbu Ynsywd punypwagphs  hwdwywnpgbph
thnfuwugdwu dniuyghwubip, hwdwwpgbiphg jnipwpwignipp gnpdnd £ pwg PUYL -h
C"  wwpwdnpjwlt  Ywunuwlwu pwghup c(s) dbY wnwugph nnniejwdp:
Swulwgwsd s-h hwdwp f(s) yywnnpp ubpyujwgynid £ (2.8)-h L uy. 2.1-h hhdwtu pw
htunlyw| mbupny’
N N

(9= W9e(3 =6& 3 M) €)se)s &, @sOIs(y (29
gi=1 a

i
npuntin’

b(s)= <5(9, €3 > i=1,2..N, (2.10)
e(s) ybyunnph wpn)yghwubip Gu c(s) wnwugph Yypw, wjuhupt, npwbu pwg FUYUL-h

Ywuntwlwl  pwghuh  wnwugpubph  niNNEjwdp wpdwqwupubph  gdwhu
hwdwygniyeiniu  (Yndpptiwghw): Uw bpwtwynd £, np pwg PUY<L-h YwunUwlwl
pwghuh  wnwugpubpp npnond Gu CY  Undwtpu wwpwoénypwlu  wju N
ninniejniuutipp, npnug Gpywjupny PUYL wpdwaqwupnud £ npwbtiu npnawyh dhwswih
hwdwlwpg: Uubdwwnpynpbu uw deluwpwuynd £ uy.2.2-nid b 2.3-nid ywwnybpdwsd
Ywnnigwdpwjht ufubdwubiph oqunuyejwdp, npnup Ywnnigyl) Gu pun (2.7), (2.9)
wpunwhwjinnenituttph:

Puwly PUUL-Gp: (2.7) Udwlnyjwl duwthnfuniRjwl oquniejwdp pwg PUYL-h W(9

thnfuwugdwu pniuyghwih ubplywjwgnwip nbnunpbin F(s) dnunpny (2.3) L F (s)
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ufuwiny (2.4) hwy wupunhwun PUYUL-h thnfjuwugdwt dwinphgh db9, dh 2wnpp ns pwpn
duwihnfunyeiniuubphg htunn unwunwd Gup (2.11) hwjwuwpndp'

e q.()

F(s) =C(9 dia 9 (5 B3 =C)s dlag—|7 Ei() (2.11)

40 y (9 y

Lnyu Ybpyw (2.3) U (2.4)-h db9 inbinunpbiny (2.8) uwytyunpw ybpnddwu pwuslind,
Yuwnwgyh’

_ q(s .
F(s) lalq(s) L—() &3 (B $¢)51+ 3 ) (2.12)

Plwlwl pwgqhu  YwOnOwlwl pughu POwywO pwghu

q,(5)

: G,(9)
&) [ /7 :

4,(6)

LY.2.2. Pug PUY4<-h ubpYujwgnudp udwunypjwu duwhnfuniejwl ogunipjwdp

POwywl pwghu Ywinbwlwl pwghu POwWLwG pughu

= (s) g,(s) o c,(5)

J=g(p g, (9
£(s) L . L ﬁ% £(s)
— o : Lo

o 10) o ICNOH e GG

LY.2.3. Pwg PUML -h ubipjwjwgnidp nhwnubiph ogunipjwdp

(2.11) L (2.12) wpwnwhwjnnyeinwuutiph nhunwpynwdp eny £ wwhu wubp Yupunp
hGwnuniyeniu wju dwuht, np C(s) Udnnuw| dwwphgp U, hGunbwpwp, thwy PUY<L-H
Ywunuwywt pwghup hwdpuyunid tu pwg hwdwywngh Yuwunuwlwu pwghup ni dnnw)
dwwphgh hbwn: U Ybpwy wuwsd, dhwynp hbunwnwpd Juwh ubpdndnwdp  sh

hwugbgunud  hwdwlwpgh Ywunuwlwu pwghuph  thnthnfunypyuu:  UdLGhu, beb
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g(9 (i=12..,N) hwunhuwund Gu pwg PU4YL-h PPD, wwyw hwdwwwwnmwufuwl
thwl PUNML-h punipwgphs thnfuwugdwt $niuyghwubpp pun Giph U ufuwih Yihuby'

__a(@9 _ 1 g
F.(9) Tra@ (9 = el i 12,...,N (2.13)
npnup Yuwwynuw Gu q(s)-h hbin unyu Ywjujwdnigjwdp, hus dbYy dnunpny nu Gipny

wyunndwunn jwnwdwpdwtu pwg U thwly hwdwlwpgbph unynpwlwt thnfuwugdwt
bniuyghwubpp: Pwy PUYUL-h f(s) Gph L e(s) ufuwiph yGYwnpubpp Ywpnn Gu
ubpyuwjwgyt]  wpdwqwupubph  qdwihu hwdwygnyeudp'  Ywunuwlwlu  pwghup
wnwugpubph Gplywjupny’

N

f(S)=%§E(S) T(3/(3 wh €x ag o(Fs €Is ()s gl (214

4
npintin  thwly PUY<-h F(s) L F_(s) PPD-ubpp npnpynud  Gu  (2.13)
wpuwhwjnnipjwdp: Lnyu Yepw' Geb / (s) dnunph Jbywnpp ninnwd £ Yuunuwyuwu
pwahuh npulb wnwugpny, www PUY<L-h bGpnd Ywpnn £ dwutwygb] dhwyu
hwdwwwwwufuwt thwy punipwagphs hwdwlwngp, huy ufuwih no Gph YyGyunnpubpu
ninnywd Yhubu unyu pwghuh wnwugpny: dbpohtu ufubdwih wbupny pbpdwsd L
uy.2.4-nd L 2.5-nud:

POwlwd puqhuy  YwinOwlwh pwghu POwyw @ pughu
—— ! 1

¢,(5)

@(s) /()

— C(s)

LY.2.4. Pwy wupunhwwn PUYL-h ubpYwjwgnidp
udwunipjwu duwithnfuniejwu dhongny
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Fomlumb pughu Ywinbwljwbh pughu  Fawlmi pughu

r 'IZCF(S) "E"@’— (]I(S) l C](S)

o) |FEWe 96 | e )
oL T

LY.2.5. Pwly wupunhwwn PUYL-h uwyblunpw| Ubpywywgndp nhwnubiph dhongny

PULUL-Gph Yuyniunipjut ybppnidnigyniu: LY.2.1-nid ywwnlbpdwsd thwly PUHL-h

Ywyniwuntejwu hwdwp wuhpwdtion £ b pwdwpwn, npwtiugh
det[l +W(s)] =0 (2.15)
punipwanhs hwjwuwpdwu wpdwwnubpp gunuybu wpdwwnubph Yndwtipu hwpeniejwu
dwfu Yhuwhwppenyeinwnd [55,60,62]: Oquybiny w(s pwg PUYL-h thwuwugdwu
dwwphgh Yuunuwlwu ubpyuwywgnuihg' (2.7) tdwunyeyuu duwdnfudwt ogunipjwdp,
(2.15) hwjwuwpnip Ywpbih £ pbpb) hbunlyw| nbupp’
detgC (s)diag{1+ q( 9} C(® 4o, (2.16)

wjunbinhg wudhowywunpbu Yunwgyp'

det[l +W (s)] =detC(s)detC" (s)det[diag{l +q( $}] é[l % 0 (2.17)
T i=1

(2.17) wpwnwhwjinnyeiniuhg Gpunwd £, np uly. 2.1-nid ywwnybpywsd thwly wupunhwunn N -
swihwuh PUY<-h punipwagphs hwwuwpnudp wnpnhynd £ hwdwwywwwujuwu N -
dhwswih  hwdwlwnpgbph puniewaphs hwjwuwnwubph'
1+qg(s) =0, i=12,..N: (2.18)
Nwwh géwjhu wupunhwwn PUYL-h Yuinunigjwtu hwdwp wuhpwdbon £ L
pwywpwn, np Yuwniu  hubu hGunwgnunynn PUYUL-h hbinn Juwywd pninp thwl
punipwanphs hwdwwnpgbpp: Gpb  punipwagphs hwdwlwpgbphg dGyp quudnd L
Ywjnwinigjwtu uwhdwuht Ywd wiuwinit £, wwyw hwdwwywwnwuwfuwu (2.18)-h

hwywuwpnuip Ynwbuw wpdwwnubp Yend wnwugph ypw Jud we Yhuwhwppenyejniunwd
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b, hwdwdwju (2.17)-h, 6hpnn unyuwyhuh wpdwwibp Ynubbw twb thwly PUY<L
[52,63,68]:

Wjuwintinhg hGwnlunwd £, np PP D-h dbpnnp huwpwynpnieintt £ wnnwihu N -swidhwup
wupunhwwn PUY<-h Jujniunyeyuu hGunwgnunnup  thnfuwphtup N hww  dhwswth
puniewgnphs hwdwlwpgbph Yuwynunggjwtu  hGwnwgnundwdp Ywd, wy Ybepwy wuws,
N -swthwuh fuunhpp hwugbigutip N dhwswth fuunhpubph wdpnnoniejwu:

Punewagphs hwdwwpgbph  Yuwynunggjwu  ybpndnyejwu hwdwp, npnawyh
Guwihnfunieiniuutphg htunn Ywpbih £ ogquwgnpét; dbYy dnunpnd nu dbYy Gjpny
Ywpgqwynpdwt wupunhwwn hwdwlwpgbph Ywynwinygywtu  hwynth  swthwuhubiphg
jntpwpwuginipp: - Wunwidbuwyuhy, gnpduwlwund  wdbUwhwpdwpp  Lwjpyhuinp
hwéwhiwlwuwihu  swdhwuppu £, nph wwppbp  dubpnd  punhwupwgnuiubpp
uwhdwuwywd tu pwqiwswih hwdwlwnpgbph hwdwp [49,91,98,104,106,120]: Npnobup
pwg PUY4<H PPD-U q(9 (=1 2, ....N), Lwpdhunh nhwgpwdubpp npwtiu Ynpbip
Yndwtpu hwppenipjwt Jpw, thnfugbint nbwpnud:  Wu nbwpnud, Gt pwg PUY4<-h
punipwanphs hwjwuwpnup nwbund £k pubnubp we Yhuwhwppenigniund, www
thwly PUYUL-h Yupnunjwt hwdwp wubhpwdtion £ U pwdwpwp, np hGwnwgdtph
dwdwgnygh ujwpht hwlwnwl (npwlw) nipnnejudp 2powtgnudubiph ehyp (-1, j0)
Yphunpywywu Ytunph vywndwdp hwjwuwp |huh k-p:npnup hwdwwwwnwufuwund Gu
q(jw) PPD-hu’ w hwbwfunygjul' - &-hg + o

Lwypyhuinh swithwuhoh gluwynp wnwybniejnituutiphg dayu wyu k£, np htuswbu
L dhwswih hwdwlwpgbph nbwpnd, pny; £ wwhu nuwnnnnginiu wub]  thwy
wupunhwwn PUYL-h Yuyniunygjwt dwupht' pun W(9 pwg hwdwlwpgh hnfuwugdwu
dwwphgh g (jw) punyewgphs htinwgdtph: Pugh wn, w(g thnfuwugdwt dwwnphgh
db9 s= jw nbnwnpbhu dwwnphgp nwnunw £ unynpuwywu Yndwtipu gnpdwyhgutpny
pYwiht W(jw) dwwphg, b npw g (jw) ubithwywu wpdtipubipp quiubp w= w
hwéwfunypjwt wpdbpubph nbwpnd, ubpywjnuu nddwp sk Uwutwynpwwbu,
Yhpwnwlwu dpwagpbiph dwdwuwlwyhg thwebrubpp, ophuwly MATLAB thwpbipp pny|
E wwihu npnobp gnpdlwlwunwd gwulwgwd N -swihwuh pwpn  pwnwynwuwiht
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dwwphgubph  ubhwlwt wpdbipubpp, UL hGwbwpwp  hGunwgnnb  PUY4<-Gph
Ywyntunieyniup [86,124]:
Cwdwlwngbiph  dhwswih  punpwagpbph g (jw)  hbnwgdtph  hphdwu  Ypw

q(jw
thnup b

thny| -

-nwd:

Ly -h
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