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CHUHTE3 IN®POBUX PETYJIATOPIB
AJId SAMKHEHUX CUCTEM YIIPABJIIHHA HENIEPEPBHUMHN OB’€EKTAMUN

Buxnadeno memoouxy cunmesy yupposux pezyrsmopie  O0nsi  3AMKHEHUX — CUCeM
ynpasainns nenepepstumu 06’ exmamu. Iloxazano, wo Giivwicmy iCHYIOUUX MeMOOi6 CuHmMe3y
yughposux pezynsmopis, sxi pearizyiomv NPUHYUN YNPAGATHHS 3d 8IOXULEHHAM, TDYHMYOMHCS
Ha 00c6idi cunmesy HenepepeHux cucmem i He 00360]AI0Mb  Peali3yeamu O00HOYACHE
NIGUWEHHS MOUHOCE CUCTEMU 8 CMAIOMY PeKumi ma 3ade3neuenus. OAXAHUX NOKAZHUKIG
aKocmi nepexionozo npouecy. B 0ocHO8Yy ycynenms NOMUNKU CUCIEMU 8 CMAJIOMY PeKUMI
NOKAA0eHO NPUHUUN NIOGUWEHHS NOPAOKY ACTNAMUIMY, KU Peari3syemvCs KOMNEHCAUIUHUM
memodom. [lrns 3abesneuenns 3adanoi sKocmi nepexionozo npouecy 3dcmoco8amno Memoo
po3MiwenHs NOAI0Ci6 ma HYAie nepedamounoi Gyuxuii 3amxnenoi cucmemu. Ilosumusnoro
pPUCoI0 3ANPONOHOBAN020 NIOX00Y € Ypaxysaunns eumoz 00 SKOCMI nepexionozo npouecy md
3a0anoi  CMaAmuuHoOi MOYHOCMI CUCeMU YNPABAIHHS HA emani CuHmesy UuPposozo
pezyramopa. Hasodumvcs npuxaad cummesy uugposozo pezyaamopa OAs YnPasiinHHs
06’ exmom  Opyzozo  nopadky,  pesyrvmamu  MOO0EMOBAHHS K020  NIOMEepOKYIOMmby
ehexmuenicmov 8UKAAOEHOT MEMOOUKU.

KmouoBi caoBa: yugpposuii pezyismop; 00’ €xm ynpasiinHs; KOPeHi XdApAKmMepucmuuHozo
PIBHAHNSA, XAPAKMEPUCTNULHULL NOTHOM.

IMocranoBka mpoGuemu. BijblTicTh iCHYIOUHX CyYacHUX CHCTEM aBTOMATHYHOTO YIIPABJIiHHS
OyIyloTbCS 32 TIPUHIIAIIOM YIPABJIiHHS 3a BiAXWJIEHHSM 3 BHKOPHUCTAHHSM  TIOCJiZOBHOTO
KOpEeryBaJIbHOTO IPUCTPOIO SIK IIPUCTPOIO  yIpaBJiHHA. PO3BUTOK MiKpOIPOIECOPHOI TEeXHiKU
CIIPMYMHUB IUPOKE 3aCTOCYBAaHHS B CHUCTEMaX YIPaBJiHHA 1HM(POBUX PEryJSATOPiB, BUKOPHUCTAHHSA
SKUX JIO3BOJISIE JOCSITTH BUCOKUX IMOKA3HUKIB sKOcTi ympasriinas [3, c. 758; 8, c. 12]. IlocriitHe
MiIBUTIIEHHS BUMOT JI0 SKOCTi I1M(POBUX CUCTEM KEPYBaHHS NPU3BOAUTH JO HEOOXiJHOCTI
VAOCKOHAJIEHHS iCHYIOYMX METOAUK CHHTEe3y IM(POBUX PEryJISATOPiB.

Orjiaa ocTaHHiX JOCTifKeHb 1 myOJaikaumiil. [TurtaHHS TPOEKTYBaHHS CHCTEM AaBTOMATHYHOTO
yopaBJainHg 3 1M(POBUMHU  PETYJIATOPaMU HIMPOKO MpeJACTaBJeHe Y cydacHiil Jiteparypi, ne
JIOCTaTHBO TJNOOKO BUKJIA[EHO TPUHIMNIN OyIOBH PEryJsATOpPIiB 3a PisHUMU KjaacudikaiiiHuMu
O3HAKaMH.

Oaun 3 Bigomux mnigxoxis [2, c¢. 120; 7, c. 302; 8, c¢. 219; 9, c. 109] nepen6avae cunres
1dpPOBOro  PeryJsaTopa MIISXOM IepeGyZ0BH  aHAJOrOBOTO KODPEryBaJbHOrO IIPUCTPOIO, SKUI
CUHTE3YETbCS OJHMM 3 BiJJOMUX METOJ[iB, HANPUKJIAJ METOJOM JOTapU(MIiUYHUX YACTOTHHUX
XapakTepucTuk. B pesymbTaTi mporieypa CHHTE3y PeryJisiTopa € JOCUTb CKJIAJIHOIO.

Tnmmit migxig [3, c¢. 780; 6, c. 81; 7, c. 316; 8, c. 205; 9, c. 125] mosgrae B AOMOBHEHHI
icuyrouoi amasoroBoi cuctemu 1mdposum III/-peryastopom. Ilpum 1boMy CTPyKTypa peryJsitopa
BU3HAYAETHCA HEOOXiHICTIO MOCATHEHHI Oa’KaHUX AMHAMIYHUX BJIACTUBOCTEH cucrtemMu. Takuil miaxisn
Ma€e IMUPOKe 3aCTOCYBaHHS Ha mpakTtuili. Hegosikom ganoro meTtomy € Te, 1O BiH He PO3B’S3ye
3a/la4y YCYHEHHSI IPOTHUPIvYs MiXK CTIWKiCTIO CUCTeMH Ta il TOUHICTIO B CTAJIOMy PEXKUMi.

Meron posmileHus HyJIiB Ta moJiocis [3, ¢. 343] nos6aByenuii BKasaHuX HeNOMIKiB. lnest MeTony
noJigrae y BU3HAYEHHI MapaMeTpiB CHUCTEMHU Ta PEryJdaropa Tak, 100 KOpeHi XapaKTepUCTUYHOTO
PiBHSIHHS 3aiiMaii Ha z-TjonuHi GaskaHe T1OJOKeHHs. Takuil IiAXiJi CHpsSMOBaHUUN JiMIle Ha
MOKPAIIEHHS SIKOCTi CUCTEMHU B TIEPEXiTHOMY PEKHUMi, € METOZOM TiAGOpy i He [103BOJISE OJHO3HAYHO
BU3HAUUTHU TIapaMeTpH peryJssirtopa.

Y [7, c. 315; 8, c. 256] BukIageHO METO/, MO IPYHTYETHCS HA B3aEMHINl KOMIeHcaIlii HebaKaHUX
HYJIiB Ta TOJIOCIB TepeAaTouHol QyHKIT 06’€KTa yIpaBIiHHS HYJSIMHU Ta MOJIOCAMU PETYJISTOpa Ta
Jl0JIaBaHHI HOBHUX, TaKuX, 10 3a6e3neunyn 6 GaskaHi JuHaMidHi BJacTHBOCTI cucteMu. J{JIs1 HIMPOKOTO
KJacy 3ajiay CUHTe3y Takui MiAXiJ He 3aBKAM Ja€ 3a/J0BiJbHUI pe3ysbTar i pe3yJbTaTOM CHHTE3Y
MOXe€ CTaTh JOCUTb CKJaJHuil peryaarop. Ommcani MeTOAu CHUHTe3y IUMPOBUX PETYJISATOPIB
IPYHTYIOTBCST Ha JIOCBi/li CHHTE3y HelepepBHUX CHUCTEM.
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Y [2, c. 142; 7, c. 320] BuknazeHo Mertoj cuHTE3y IU(PPOBUX CUCTEM 3 arepioAMIHUM
nepexiIHuM TpoiiecoM. BiAmoBigHO 10 11bOT0 MeTO/y MUMPOBUN PETYJISATOP CHHTE3YETHCS, BUXOISUN
3 HeoOXi/IHOCTI oTpuMaHHA anepiognyHol peakilii cucremu Ha 3ajaHuil BXiHui curnaj. CuHTe3oBaHi
HUM TUHPOBI PeryasTopu HajekaTb [0 KJacy KOMIeHcaliiHuxX. MeToJl [0CUTb TPOCTUil, OJHAK
CUHTE30BaHi peryJaropaM JAaloTh 33/10BiJbHI pe3yJbTaTH JIAIIE [JI YiTKO BU3HAYEHOI MOJeJi BXiJHOI
nii. Axkmo BXigHa Ais He BianoBizae Mozesi, 10 BpaxoByBasjach IiJl 4ac CHUHTe3y, TO AWHAMiuHi
BJIACTMBOCTI CHCTEMHU 3HAYHO IOTipIIyIOTbecs. KpiM TOTO, CMHTE30BaHA 3a IIMM METOZOM CHCTeMa CTae
JIOCUTD YyTJHUBOIO /10 3MiHU I1apaMeTpiB.

3 TpOoBe/eHOTO aHasi3y BWIHO, IO CUHTE3 CTPYKTYpU IUQPOBUX PETYJSATOPIB /IS 3aMKHEHUX
ABTOMATUYHUX CHUCTEM TIOBUHEH OyTW Oifblll THYYKUM, MIO € TH/ICTABOIO /IS PO3POOKH OiJbII
OpUTiHAJTbHUX MeTO/iB cuHTe3y. OAWH 3 MeTO/iB CHHTe3y IUMPOBUX PETYISATOPIB BUKIAIECHO B
pobori [5, c¢. 32]. Metoa rpyHTYyeTbCS Ha Teopii iHBapiaHTHOCTI i J03BOJIsIE CUHTE3YBaTH IUMPOBI
CUCTEMH, CTIHKICTh Ta CTaTWMYHA TOYHICTH SIKWX BU3HAYAETHCS HA eTali CMHTe3y. ABTOpAMHU JETATbHO
BUKJAJIEHO TpOoIleC CUHTE3Y IM(MPOBUX PETYJISATOPIB S MOKPAIIEHHS SKOCTI CHCTEMH B CTAJOMY
pexxnmi. Opnak musaxu 3a6e3ledeHHs Oa’KaHUX BJIACTHBOCTEH CHCTEMHM B TEPEXiJIHOMY peXuMi He
PO3IJIA1aI0ThCA.

Y 3B’sI3Ky 3 IIMM, METOIO JIaHOT POGOTH € BUKJAJEHHS Pe3yJbTaTiB PO3POOKU METOIUKH CUHTE3Y
1 pPOBUX PETYJIATOPIB, CIPOMOMKHUX HAAATH CUCTeMi Ga)KAHUX TOKA3HUKIB SIKOCTI SK B CTAJIOMY,
TakK 1 B Ilepexi/JHoOMy peKuMax.

@opMy TIOBaHHA  3aBAaHHSA  [JOCTHi/:KeHHsA. 3ajada cuHTe3y 1UQPOBUX  PETYJSTOPIB
(bOPMYTIOETHCS HACTYIIHUM YMHOM. J[JI1 3aMKHEHOi CUCTeMH aBToMaTWYHOro ynpasiinasa (puc. 1) 3
Bi/IOMOIO TMepelaTOuHo0 DYHKIEIO 06’ €KTa yIPaBJIiHHS

¥(7) = [41¢9) , 1)
l//z(Z)
BU3HAUUTH TIOPSIJIOK CHHTE3Y UM POBOTO PETYJISATOPA
f1(z)
F(z) =——, 2
£ 2

SIKIIO B JIUCKpETHI MOMeHTH 4yacy ¢ = nT Ha BXiJ CUCTEMHU HAAXOJUTDH BXiJHA [isl, SIKA OINHUCYETHCS
MOJTIHOMiaJIbHOIO MOJIEJITIO HACTYITHOTO BUJLY:

x(n) = x(n—l)+§:A’x(n—l)7;Ti, (3
i=1 .

qe T — iHTepBas 4acoBOi UCKPETH3AIlil;
Ax(n-1) — i-ra pisaung sig sxignoi gii x(n—-1);

N — nopsiok BXignoi aii x(n) .

x(n) £(n) u(n) y(n)
—> > F(2) ¥(2) >

Vv

Puc. 1. Cmpyxmypua cxema yugposoi CAY

BuMoramu /10 CHHTE3Y € BiZICYTHICTb AMHAMIYHOI IIOMUJIKU CHCTeMH B crasoMy pexumi ¢ =0 Ta
3a6e3IeueH s 33/IJaHOTO TI€PEPErYJIOBAHHS ¢ CHCTEMHU B HEPEXiHOMY PEXXUMi.

BuxiazeHns ocHoBHOro Marepiany. /[lJs1 3aMKHEHMX CHCTEM YIPABJIiHHS HellepepBHUMHU
o6’exTamu, nepejarouny QyHkiio mudposoro peryastopa F(z) npononyerbes [5, ¢. 32] Busnavaru

3 BUPa3y:
C(z) - A(z)
F(7)=——7-—+,
@ =) @

ze

ARy =(1-zHM" - ©)
HOJIIHOM 4HCeJbHUKA nepeaatovynoi yHKIT cucremu 3a nomuakoino W, (z) = % ,

Z
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N+1
Cz)=M{+0,:") - (6)

i=1
XapaKTePUCTUYHWI MOJIHOM 3aMKHYTOI CUCTEMU.
drkmo ckaamoBi A(z) Ta w(z) Bupasy (4) BU3HAYEHO OJHO3HAYHO, TO MOPSAOK AHAJITHYHOTO
po3paxyHKy xapakrepuctuduoro noginoma C(zZ) morpebye aHATITUIHOTO OOIPYHTYBAHHS.
Bigomo [1, c. 223; 3. c. 342], mo B mepexiHOMY PEXNMi BJIACTHBOCTI 3aMKHEHOI CHCTEMU
AaBTOMATHYHOTO YIPABJIIHHS BU3HAYAIOTHCS PO3MIIIIEHHSAM KOPEHIB XapaKTePUCTHYHOTO PIBHSHHS HA I

TLIOIIWHI !
My +e ey, =0, )
e
N+1
G =—2.%; €))
i=1
N+1
¢ = 2.4z (9)
i j=1
N+1
C, = _.kaixixk .
L],

TakuM 4YMHOM, BH3HAYMBIINCH 3 KODEHSIMH g, XapakrepucruyHoro pisusinust (7), koedirientu
XapaKTePUCTHYHOTO PiBHSAHHSA MOKYTb OyTH OJHO3HA4YHO Bu3HaueHumu 3a (8) ta (9). Takwmii miaxin B
JiTepaTypi OTPUMAaB HA3BY METO/] PO3MIIIEHHS HYJIiB Ta MOIOCIB IepeAaTouHOi (DYHKIIT CHCTEMN.

Jlns 3a6e31eveHnst CTifKOCTI CUCTeMM JIOCTaTHBO, 06 KOPeHi XapakTeprucTuaHoro mosinomy (7) Gyam
3a MOJIyJIeM MeHIIe 32 OJUHHUITIO, TOOTO |zi| <1 [6, c. 45], a mna HagaHHg cUCTeMi G KaHUX AMHAMIYHUX
BJIACTUBOCTEHl KOpEeHi TOBMHHI HaGyBaTHM MEBHUX 3HAYeHb. lIpOMOHYeTbCs KOpeHi XapaKTepHCTUYHOTO
PIBHSIHHSI BUBHAYATH 32 JIONIOMOroio pucynky 2 [10].
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Puc. 2. Jinanka z naowunu 015 8USHAUEHHS KOPEHIE XAPAKMEPUCTRUUHO20 PIGHAHHS

Ha pucynky 2 30BHiIIHS MeXKa BiJIIOBiZlac KOPEHSIM XapaKTEPUCTUYHOIO PIBHSAHHS, IO HAJAJyTb
cucreMi miepeperyJiioBaiist o < 20 %, a BHyTPIIIHS MeKa — MEPEPETYJIIOBaHHSI o < 5 %.

[Topsimox cunTe3y 1MMPOBOrO PEryJIsaTopa PO3IJISIAEThCs HA MPHUKIaAi. Mojeab 06’€KTa YIpaBJIiHHS
MOJIAETHCS TIePeIaTOYHOI0 (DYHKITIETO:

a
w(p) —m, (10)

Ie o, b — xoedirientn, sKi BU3HAYAIOTHCS TapaMeTpamMu 00’ €KTa yIIPaBIiHHS;
p — omepatop Jlamnaca.
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Bxingna gig ommcyeTbcs piBHAHHAM (1) 3a N =1, mo sianosigae niniiiniit mMogeni. Heo6xiano
CUHTE3yBaTH CTPYKTYypy IU(POBOro peryJssaropa Ta aJropuTM YIPaBJiHHS, MPH 3aCTOCYBaHHI SIKOTO
crcreMa Haly/ie HACTYITHIX BJIaCTHBOCTel: B crasomy peskumi £(n1) = 0, B mepexigaomy pesknMi o < 20 %.

Po36’ a3anns. Busnavaetbest quckpeTHa niepegatoyna gynkiis [3, ¢. 88] o6’exra ynpaBiHHs:
¢z +¢,77

W; (11)

w(z) =
ne ¢, =Z‘—2(bT—1+d2);

¢ :5‘—2(1—412 ~bTd,) ;
d =-1-d;;

T
dy=e"".
JInst IOCATHEHHST 33/IaHOTO TIOKA3HUKA AKOCTI CMHTe30BaHOi 1 poBoi cuctemu ynpasainas 3a (5) Ta
(6) BU3HAUAIOTHCS TIOJIiHOMHU:

A(R)=(1-27"), (12)
C(Z)=1+(Q1+Q2)Z_1+Q1sz_2' (13)

3 (4) cunresyiorbest nepeaTouHa (yHKILsE 1uPOBOTO PETYIIATOPA:
my +mz" +mz?

F(z) = ] - ) (14)
+mz7 ! +nz
T QJITOPUTM YIIPABJIIHHS:
u(n) = mye(n) + me(n —1) + mye(n - 2) — nu(n - 1) — nyu(n - 2), (15)
pe my =249
G
_ 2d, - d,0, -d,0, -0, +1.
1 Cl ’
_4,(1-00)).
) —cl )
n = 6~ 6 :
G
-_%
n, .

3 pHuCYHKY 2 BU3HAYAIOTbCS KOpeHi Xapakrepucrtuunoro piBustaust z; = 0,73 ta z, = 0,75, sxi
3a/I0BOJIBHAIOTH YMOBi 3 nepeperymoBanis He Buiie 20 %. 3 (8) ta (9) po3spaxoByiOTbCs 3HAYEHHS
BaroBux koedinienris: O, = 0,73 ta Q, =0,75.

Ominka edeKTUBHOCTI CMHTE30BaHOT IMTUMPOBOI CUCTEMU ABTOMATUYHOTO YIIPABJIiHHS MPOBOIMIACD
MIJITXOM MaTeMaTHYHOTO MOJEJIOBaHHA. SK 06’€KT YIpaBJSHHS BUKODHCTAHO [BUTYH IOCTiiHOTO
crpymy MU-31, B skoro koedimient migcunennsa K, =2c', crana uacy T,=0,06c. [us rakux

BUXigHNX ganmx, srigo 3 (11) Ta (14), mepemartouni yHkuii perymaropa Ta 06’€Kra yIpaBJIiHHs
Gy/lyTb TAaKUMU:

51-549z7" + 0,857
F — b b b .
(@) 1-0,4z"'-0,672

0,1z7' + 0,06z
1-1,19z7' +0,19z7%°

MogemoBanust mpoBoguiaoch 3 temmom | =0,1C. Pesynpratu MomeioBaHHS Yy BUTJISIAL

w(z) =

nepexignoi xapakrepuctuk mpu x(#) =1 Tta rpadika 3MiHM NOMHIJIKY CHCTEMH 3aJI€3KHO Bij 4acy Ipu

gininwii Bxiguiit gii x(n) = nT naBemeHo Ha pucyHKax 3 Ta 4 BiAMOBiAHO.
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Puc. 3. Iepexiona xapaxmepucmuxu cucmemu Puc. 4. ITomurxa cucmemu
npu HIUHIE 6XT0HIU 01l

Pesynbpratn MopentoBaHHS TOKasaau, IO NpHW JiHIHHIA BXiAHIH i1 B cuctemi ymupaBJiiHHS
€JIEKTPOIIPUBO/IOM 3 CHHTE30BAaHUM PETyJIsITOPOM JMHaMiuHa moMuaka BifcyTHs. Ilepeximnuii mporec
XapakTepusyeTbest nepeperysioBanasaM < 20 %. Came Taki BIacTHBOCTI cucteMu OyJIO0 3aKJIaJeHO Ha
eTari cuHTe3y U@ pPoOBOTO PETyJIsiTOPA.

BucHoBku. B po6oTi BUKJIa/eHO METOAMKY TOJiHOMIaIbHOTO CUHTE3Y MUMPOBUX PETYJSATOPIB IS
3aMKHEHUX CHCTEM YIIPABJiHHS HeENepepBHUMHU 0O6’€KTaMu. 3acTOCYyBaHHS CHUHTE30BAHUX 34
BUKJIQ/IEHOIO METOJAUKOIO QJTOPUTMIB J03BOJIAE IIJABUIIUTU TOYHICTb 3aMKHEHUX CHUCTEM YIIPaBJIiHHA B
crajoMmy peskuMmi. [ligBunieHHs TOYHOCTI /JOCATAETHCS 32 PAXyHOK NiJBUIEHHS TMOPSJAKY aCTaTU3MY
cucremu. [lpu 11bOMy 3a6e3nevyeTbcss BUKOHAHHS 3aJlaHUX BUMOT 10 SKOCTi MEPEXiJIHOTO IPOIeCcy
cucreMu. Buknagenuit miaxia € 3araJbHUM 1 MoKe OyTH BUKOPUCTAHWM JJIsI CUHTE3y HU(PPOBUX
CUCTEM aBTOMATWYHOTO YIPaBJiHHA Pi3HOTO Tpu3HavyeHHs. TeopeTwuHi po3paxyHKH Ta e(EeKTHBHICTD
AJTOPUTMIB yIIPABJIIHHA, [0 CUHTE3YIOThCA 33 BUKJAJICHOIO METOJUKOIO, IiATBEP/XKCHO Pe3yJ/IbTaTaMu
MaTeMaTUYHOIO0 MO/IEJTIOBAaHHS.
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3IMUYK Irop BasepiiioBuy — KaHIu/JaT TEXHIYHUX HAYK, JIOIEHT, CTapIInii BUKJaa4y Kadeapu
aBTOMATM30BaHUX CHUCTeM ympasJinHs, sKuroMmupcbkuii BilicbkoBuii inctutyt imM. C.II. Koposbosa.

Hayxosi inrepecu:

— aJTrOpUTMM aJAIITUBHOTO OLIHIOBAHHS Ta YIPaBJiHHA [ cydacHUX iH(opMaliiiHo-Kepyounx
CHUCTEM.

[IIIEHKO BoaoguMup IBaHOBWMY — KaHAWAAT TEXHIYHMX HAYK, JOIEHT, JOIEHT Kadeapu
KOMIT I0TepHUX cucreM, sKutoMmupcbkuii BificbkoBuit incturyt iMm. C.I1. Koposabosa.

Hayxosi inTepecu:

— QJITOPUTMH OIiHIOBAHHS Ta YIPABJIHHS I CyJacHUX iH(OpPMamiiiHO-KepYIOUNX CHUCTEM.

[ITATIAP Tergna MukosaiBHa — crapmuii BUKJagad Kadeapn KOMIT IOTEDHUX CHUCTEM,
sKuromupcepkuii BiticbkoBuit incturyT iMm. C.II. Koposbosa.
Hayxosi inrepecu:

— aHaJi3 Ta CMHTE3 CUCTEM YIIPaBJIiHHA.
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