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Thuurss UbhuShm yunudurvusv <uwsuruuresrh tlUlUWSonhuy Nk
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Lbwnwgnunynud U nhuypbn dhwunhy b wwpq updbnppy pwgdwswih hwdwywp-
glipp' SISOControlSysCad thwpbiph dhongny: Pwpbep Yhpwnynw E Jhwswih, wjuhupu'
niuph JbY dnwnp L by Gip' wupunhwwn W nhuypbn hwdwlwpgbph ninidduwuppbne nbw-
pnud, tipp dhwswith wupunhwwn hwdwywpghg htignnigjudp Yupbh £ wugub) nhuyptin
hwdwywpgh, punpbiny punhwndwu wwppbipnuyegniup: LepYuwjwgywsd £ Gnwswih dhw-
whw hwdwywpgh ybpndnipjwu pwhu ophuwy:

Unwitgpuypti pwnbip. nhuyptin pwgiwswth Yunwywpdwu hwdwlwnpg, dhwnhy
hwdwywng, wwng uhdbnphy hwdwlwnpg, puntgwagphs thnfuwugdwt $niuyghw:

Swppbp nbluuhlwywu Yhpwnnyeyniuutpnud, ophtwy' wyhw-nhbgbpwlywu
wnbluuhywynud, phdhwlwu nt ynnwwwh wpryniuwpbpnieniund b pwqdwehy
wy ninpwubipnud jwjunpbu ogunwgnpdynid Bu, wjuwbu Ynswsd, dhwnhw pwg-
dwswih wywnndww  unwywpdwu hwdwlwpgbp (UPUYK) [1,2]: THpwugned
wnwudhu Juwninpubpu nibund Gu dhwwnbuwly ghnfjuwugdwu $niuyghwubp:
Ywuwninhutiph dpole thnfuwnwnéd Yuwwbpp Ynon Gu L punipwgpynid Gu hpwlwu
rYwjhu dwwnphgny:

N - swthwuh nhuypbin dhwnhwy PULYL-tGph dwnphgwiht Yunnigywdpw-
Jhu upubdwt Z -hwppnigyntunwd pipdwd £ uy. 1-nwd, npinbin w(z) - U wnwudhu

Yuuwninhubph dhuunyu thnfuwugdwu $niuyghw £, R-p' Ynown thnfuyuywlygywsd
Ywwbiph N x N - swthwuh pywjhu dwinphgp:

r(2) | N .G

UY. 1. Hhuhypbp dhuphuy PUYL-pp unnigdwépught upubdwit z- Shwithnpunyayut
iphpnypenid
Uphwwhwy PUYL-Gpp pbpdwd wupunhwwm Jwuh wnwudhtu uwninhubph
w(s) infuwugdwt $niuyghwubpnud Yhpwnbiny z - duwihntunipyniup’ unwgynid
E w(z) thnjuwugdwtu $niuyghw (1).
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M(z)
D(Z) 4 (1 )

w(z) =

w(s) = wy(s)wy (s), (2)
npuintin 7, (s)-u wnwéht Yuwninhubipnd junwywpdwt wupunhwn opjtijuinh
thnfuwugdwu $niuyghwu L, W, (s)-p° qpnulwu Ywpgh Epunpwwnywwnpp
thnfuwugdwu $niuyghwt’

_ 1—exp(-Ts)

W, (s) (3)

Pwg nhuyptin dJhwinhwy PUYUL-tiph W (z) thnfuwugdwu dwunphgp (uy.1.)
hwjwuwp £

W(z) = w(z)R: (4)

Punipwagnhs thnfuwugdwu dniuyghwubph (FPPD) dbpennh Yhpwnnuwip
huwpwynpnigintt £ wwihu Yuwninhubph juwdwjwlwu N pwuwyny nhuynpbin
dpwwnpy hwdwlwnpgtph hGwnwgnunwp hwugbgubp ¥ hww dhwswith hwdw-
Ywpgbiph hGunwgnudwup [3,4]:

<hduybny punipwanhs thnfuwugdwt $niuyghwutiph (PP D) dtipnnh ypw,
pwg puniypwagnhs hwdwywngbiph ¢;(z) thnfuwugdwtu $niuyghwubipp wnwudhu
Yuuwninhutipnud tnwippipdnud B 7 (z) thnfuwugdwt dniuyghwihg dhwiu 2, pyw-
Jhu gnpdwygnd, npwnbin. 4, ¢ - 1.2...m -pp R dwwnphgh ubthwlw wpdtiputinu Gu.

v | _
i@t T

0 (2) = L, w(z) =2 12,..,N (5)

nwwnh dhwwnphy PUYL-Gph Yugniunegywt yepindnyeniut wyblh wwng £ nwn-
unud:

PUY<L-nwd Juplnp wnbin niubt wwpg updbwnphy AUWY<-Gpp, npnug W (z)
thnfuwugdwt dwwnphgh pninp wuyntuwgdwihu twppbph thnfuwugdwu $niuy-
ghwubpp unyutu Gu, unyut Gu uwb pninp ng wuyniuwgdwihu wwppbph thntu-
wugdwu $niughwubipp'

w(z) W) w(2)
W)= |wE) Wz we) | : (6)

wiz)  w( W)
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Uulwlu N wnwudht Ywwninhutiphg, wywnpq uhdbunphy PUYL-Gpu niutiu
dhwju Gpynt wmwpbp PPD-ubp, npnup nhuypbn hwdwlwpgh hwdwp nwbu
htwlyw| wbupp'

q; (z) = wo(2) + (N — Dw;(2), (7)

42 (2) = q3(2) =...= qy (2) = wo(2) —w1(2), (8)

npnting,(z) PPd-u Ynsynwd £ dhohtiwgqwsd ownpddwt thnfuwugdwu dniuyghw,

hul Juwgwd PP D-ubipp' hwpwpbpwlwu swpddwu hnfuwugdwu $niuyghwubp:

Ophuwy. Yhwwpybup wupunhwun tnwswih dhwnhy hwdwlwpg, Gu-

pwnpbny, np pninp Yuwninhubpnud pdwnyuwiht nmwppbpu wotuwwnnd 5u hw-
dwdwdwuwljw punhwwndwu T =001 J wwnpbipnigjwdp:

Lwup np hwdwlwpgp dhwwnhw b, nwunh W,(s), W,(s) W W,(s)  Ynfu-

wugdwt dniuyghwubpp unyu GU W (s) =W, (s)=W,(s) =W,(s), L niubu hbGnlyw

wnbupp'

7500

L T

)

Jdbpohuu niup twlb Ywwninhubph dholt hnfuwnwnd Ywwbph hGunlyw
pYwiht dwwnphgp'
0.9 0.03 -0.01

R=[005 086 0.5 |: (10)

0.02 0.5 0.86

R Jdwuwphgh ubthwlwu wpdbpubpp Yhubu'
A =1.3675, 4, = 0.8996, 13 = 0.3649, (1)

wjuhupu' pninp bipbip ubithwlwu wpdbpubpp hpwlwu pyYtip Gu:

Cwdwdwju puntewagnphs thnfuwugdwt dniuyghwubiph dbpnnh (FPD),
pwuh np wju eny| £ vwipu N - swhwuh hnfuyuywygyws nhuyptinn PUUL-tiph
ytipinwdnieiniup hwugbigutip ¥ hwwn wnwudhtu dhwswih puniewagnphs hwdwywn-
gbiph Ywyntunigjwu ybpnwdniejwu, dJhwunhw hwdwlwpgbph nbwpnwd PP D-tipp
Yniubuwu hbnlyw| wmbupp'
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10256.25 6747
q1(5) = Apwls) = s(s+2)(s+40)(s+80)° 93 (8) = Apwl(s) = s(s+2)(s+40)(s+80)°

2736.7
93(9) = Z3WS) = 3y (+40Y(5+80) -

Unwgywd punypwagnhs hwdwlwpgbph hGnwgnundwu hwdwnp ogunwgnpd-
ytig b SISOControlSysCad \hwptipp Matlab dpwapwjhtu dhowdwypnid [5]: Wu tw-
fuwwnbudwsd £ dhwswith wupunhwwn b nhuypbin hwdwwpgbph hGunwgnundwu
hwdwp b wotuwwnnd § hpwywt pywihu gnpdwyhgutipny:

Uhwwhy hwdwlywpgbph nfuwnwpd Ywwbph R dwwphgh 4. ubithw-
Ywu wpdtipubpp Ywpnn Gu [hub] hpwywu b Yndwtpu hwdwinis: Lwuh np hpw-
Ywund Yndwbpu hwdwind pywihu gnpdwyhgubipn hwdwlwpgbp gnjniejniu
sniubit, Matlab dpwgpwjht thwebep Yndwtipu gnpdwyhgutiph nbiwpntd npny hwpy-
Juplyubp sh Yuwwwpnud, wpdwwnwihu hnnngpwdubpp sh Yunnignud: Wu hwpgp
(nwtint hwdwp SISOControlSysCad thwebreh dpwapwihtu Ynnnud Juwwnyb) Gu
npnawlh ginthnfuniegniuubip, npwbugh huwpwydnp |hup wofuwwt W ppwlwt, W
Yndwtipu pywjhts gnpdwlyhgutinny:

Pepdws pYwihtu ophiwynud dhwwinhw hwdwywnpgh R dwwphgh 4, ubithw-

Ywu wpdbipubpp ppwywt Gu, b unwgywsé dhwswih punypwagphs hwdwywpgbph

hwdwwwuwwuluwy' Lwjpdhuph hbnwghdtpp U wpdwwwihu hnnpngpwdubpp
ubpyuwywgywsd Gu uly.2-nwd:

Nyquist Plot Root Leci Plane
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Nygquist Plot

Root Loci Plane
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9) q;(2)

UY. 2. Tthulpbiypy Gnwswih hwdwluwpgh ptnipwagphs thnfuwbigdwt $nilyghwubpp’
w),p),q), Lujpdpuiph hbnwahdtnp b wpdwipuyht hbywghdtipp, pp T, = 0.014

Ptpdwd Bu nhuypbnn hwdwlwpgbph wpdwunwihu hGwnwagdtipp, npuntin fuw-
sbpny b opowtwyubipny upywd tiu pubinubipt nu pwg hwdwlwngh qpnubipp, huy
pwnwynwhubpny' hwly hwdwlwpgh wpdwwnubpp: <Gnwgdbphg Gpunwd k, np
4,(2),4,(2),q5(2) punyewagnhy htinwqdtinp, pun Yuyniunygjut Lwpdhuph sw-
thwuhgh, sku pungpynud —1(;0) Ytwp, huy wpdwinubpp wbnupwotujwsd Gu Jhw-
Ynp 2powtiwgdh ubipunw: Lwuph np unwgywd wnwudht dhwswih hwdwywngbipp
Yuyniu Bu, htnbwpwp' dhwinhwy nhuypbn nwswih hwdwlwpgp Yuyniu k:
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O.I'. O'AHSIH, HI.H. AHAPEACSH

HPOEKTUPOBAHUE U UCCIIEAJOBAHUE OJTHOTHUIIHbBIX
JAUCKPETHBIX CUCTEM YIIPABJIEHUMS C IIOMOIIBIO ITAKETA
SISOCONTROLSYSCAD

[IpoBeneHo McclieOBaHHE MHOTOMEPHBIX CHCTEM YIPABJICHHUS C OJMHAKOBBIMH IIe-
penaToYHBIMH (QYHKLHSAMA OTACIBHBIX KAHAIOB M JKECTKUMU B3aHMHBIMH CBSI3SIMH (TaK
Ha3bIBAEMBIX OJHOTHITHBIX cucTeM) ¢ nomotbto nakera SISOControlSysCad. Dtot naker
HCIOJIB3YETCS MPH MPOSKTHPOBAHUK OJHOMEPHBIX, T.€. HMEIOIIUX OJMH BXOJ M OJUH BbI-
X0, HeTIPEPBIBHBIX M AUCKPETHBIX CHCTEM ITyTeM BBIOOpA COOTBETCTBYIOLIETO MEPUOIA Hpe-
peBanmst. [TokaszaHo, Kak Ha OCHOBE METO/Ia XapPaKTEPUCTUYCCKUX MEPEHaTOUHBIX (YHKIUH
MOHO TIPOBECTH HCCIICIOBaHUE JUCKPETHBIX OJHOTUITHBIX CUCTEM C MPOU3BOJIBHBIM YHCIIOM
kananoB N . [IpuBe/ieH YMCIIOBOM PUMEp aHAIHM3a TPEXMEPHOM OJHOTUITHOM CHCTEMBI.

Knroueevie cnoea: MHOTOMEpHasi IUCKPETHAS CHCTEMa YIPABJICHUS, OIHOTHITHAS
CHCTeMa, IPOCTasi CAMMETPUYHASI CUCTEMA, XapaKTePUCTHISCKAsI IIePeaaToqHas (yHKIHS.

O.H. OHANYAN, SH.N. ANDREASYAN

DESIGN AND INVESTIGATION OF DISCRETE UNIFORM CONTROL
SYSTEMS USING THE SISOCONTROLSYSCAD PACKAGE

Discrete uniform control systems using the SISOControlSysCad package are
investigated. Uniform control systems is multivariable systems with identical transfer
functions of separate channels and rigid cross-connections. This package is used at the
drsign of continuous systems, through which one-dimensional continuous system easily can
pass to a discrete system, by choosing the interruption time. It is shown that the application
of the characteristic transfer function method allows to reduce the investigation of the
discrete uniform systems with an arbitrary number of channels N to the investigation of
N one- dimensional systems. A numerical example of analysis of a three-dimensional
uniform system is presented.

Keywords: multi-dimensional discrete system, uniform system, simple symmetric
system, characteristic transfer function.
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