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[TokazaHa MoxJugicme, 8UKOPUCMOBYIOYU MU-
nosy MemoouKy, CuHmMe3sy Uugposux pezynamo-
pie y makuli cnoci6, wjobu 3abesnedyysanacs mak-
CUMAJIbHA anepioOUYHiCMb MeXHOM02IYHUX npoye-
cig, On1A AKUX BOHU BUKOpUCMO8ylombcA. Ha npukna-
0i 06'ekma Kepy8aHHsA 2-20 NopAOKY HaBEOEHO po3-
PAxyHOK makux pezynamopig 08 cmpubKonoodibHUX
i NiHIUHO-3MIHIOBAHUX BXIOHUX CU2HAIB. TaKOX NOKa-
30HO, W0 8HAC/TIOOK HE3HAYHOI KOIUBANTbHOCM, MOX-
Ha 3a6e3neyumu 8UCOKY AKiCMb nepexioHUX npouyecie
00HOYACHO 017 KiJTbKOX Pi3HUX BXIOHUX 8nJiusie.

The article discusses obtaining aperiodicity for
most technological processes that are used in in-
dustry, such as maintaining temperature, moisture
content, angular velocity, and so on. Some of these
processes do not allow significant or even minor
overshoot, as this can lead to damage to materials,
equipment or finished products.

Also, the article analyzes the general issues of
calculating aperiodic digital controllers, and also
analyzes the operation of an automated control sys-
tem, which contains a digital controller, a zero-order
lock and a control object. For such a system, based
on a typical calculation methodology, a synthesis of
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several regulators is presented. The essence of the
calculation method was that with a known transfer
function of the control object, the desired transfer
function of the closed-loop automated control sys-
tem is set, and the required controller is synthesized
on the basis of these transfer functions.

This calculation method assumes that the resul-
ting transient processes will have not only aperiodici-
ty, but also the absence of a static error and a mini-
mum flow time. At the same time, the quality of tran-
sient processes essentially depends on the type of in-
put signals: a step signal, a linearly varying signal, or
a signal of any other type.

In addition, in the article, using a typical calcula-
tion methodology, the synthesis of a digital control-
ler is presented in such a way that it provides a sa-
tisfactory transient process simultaneously with both
jump-like and linearly varying signals. This result was
achieved by introducing a special weighting factor.

The article also shows that it is possible, in princip-
le, to synthesize digital controllers that provide aperio-
dicity of transient processes for control objects not
only of the second order, but also of higher orders, as
well as for input signals of other types (for example,
changing according to a parabolic or harmonic law).
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araro TeXHOJIOTIYHWX IPOLeciB y Pi3HUX ranyssx
EHPOMMCHOBOCTi MONATAIOTb Y IMIATPUMAHHI pi3HUX
TEXHOJIOTIYHUX IapaMeTpiB (TakuX AK TeMIepaTypa,
TUCK, PiBEHb, BUTPATA i Tak Aani) abo Ha 3ajaHOMY piBH,
abo 3rigHO 3 MEBHUM 3aKOHOM. 3MiHa TakWUX mapaMeTpis
3aJ1eXHO Bif vacy, To6To mepexipHi mpouecw, y Oinb-
WOCTL BUMAAKIB [MOBUHHA 374iiicHIOBATUCA abo 6e3 Ie-
PeperynioBaHHs, abo 3 HEBEIUKUM [TEPEPeryni0BaHHAM
(ue 6inbure Kinbkox BiACOTKIB). ABTOMAaTU30BaHi cuCTe-
MW KepYBaHHSA, AKi MPU3HAYEHI 1 KEPYBAHHA TaKUMU
TEXHOJIOTIYHWMU TTPOLECaMy, YaCTO MAlTbh HA3BY CUC-
TeM 3 MiHIMalbHWUM 4acoM IepexifHoro mpouecy (abo
CUCTeM, OTITUMaNbHUX 3a WBUAKOZiew) [1].

HasBHicTb mepeperyntoBaHHA BKasye Ha Take. Ilo-
meplure, le Te, W0 TEXHOJOTIYHI MapaMeTpu MOXYTb
BUXOLUTU 3a JOIMYCTUMI fiama3oHu (Hampuknapg, o6’exT
KepyBaHHsA MOXe Ieperpituca abo mepeoxonofuTucs).
[lo ppyre, 1e Te, WO B MEPEXiAHOMY IPOLEC € KOomu-
BJIbHICTL — TOOTO TEXHOJNOTIYHMIL ITapaMeTp CIiovart-
Ky 3611bLIVETHCS, TIOTIM TPOXW 3MEHIIYETHCA, IOTIM 3HO-
BY TPOXW 30inburyerscs i Tak mani. Y 6ararbox Bumag-
Kax HaABHICTb IlepeperyiioBaHHs, 0C06IUBO LOCTATHbO
BEJIMKOTO (KiNbKa LeCATKIB BiACOTKIB), € HEROMYCTUMUM.

Mema yiei cmammi nonsrae B8 TOMY, 1061 Aas TU-
MIOBUX TlepeaaTHUX QYHKLiN 06'€KTiB KepyBaHHA pi3HUX
rajy3eil TPOMUCIOBOCTI BUSHAYUTU QITOPUTM CUHTE3Y
1MbpPOBUX PEryAATOPIB V TaKuii crocib, no06m BoHU 3a-
Ge3mnevyBanu IMOBHICTIO amepiofuyHi mepexinHi mpoue-
cu abo amepiofnuHi mepexigHi mpolecu 3 HeBEAUKUM
TepeperylioBaHHAM 32 BXiHUX BIUIUBIB Y BUAL CTYIiH-
yaroro abo niHiitHO-3MiHIOBaHOro curHany. IIpu ubomy
cuHTe30BaHi 1UGPOBI PerynaTopu MOBUHHI 6ynu Matu
HYJbOBY CTATUUHY IIOMWIKY, MaTW MiHIMabHO MOXJIUBY
TpUBaicTh mepexifHux mpoueciB i 6yTM Takumu, mob
ix MoxHa 6yno ¢isuuro peanisysaru [2]. Ockinbku Hyni
i montocu auckperHoi meperaTkoBoi byHKLiI Hemepeps-
HOTO 00’€KTa KepyBaHHA Ha ITPAKTUL MOXHa BU3HAUM-
TU Jnuie TPU6IU3HO, TO OTPUMAHI MepexifHi mpouecu
TaKoX OGYAYTb He ifeanbHUMM, @ 3 HEBEIUKUMU IIOXUO-
Kamu (mceBpoineansuumn) [2].

Po3rnsHemMo TUIOBY CTPYKTYPHY CXeMY TOOYAOBU aB-
TOMAaTU30BaHOI CUCTEMWU KEPYBAHHA TEXHOJIOTIYHWUM IIPO-
11eCOM 3a BUKOPUCTAHHA 1ndposoro perynsropa (puc. 1).
[lo cxknapy Takoi cucTeMu BXOAATb UMGPOBUA PETYAATOD
3 IUCKpPETHOW mepenaTkoBoto dyxkuie C(z), dikcarop
3 HeIepepBHOW IepeAaTkoBoo GyHKuiewo H(s) i 06'exT
KEepPyBaHHA 3 HEIEepepBHOW IEPeNaTKOBOW (YHKILiEW
W(s). Ha Bxin HanxoauTb CUrHA xpy(7), @ Ha BUXOZ1 OTpU-
MYETbCA CUTHAN Xpyx(f). PisHULA MK curHanamu xpy(?)
1 xpyx(f) Tipencraenne co6ow0 Po3y3romKeHH &(7).
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Puc. 1. CmpykmypHa cxema asmomMamu308aHoi cucmemu
KepyBaHHA
Fig. 1. Block diagram of the automated control system

OTXe, z-TIePEeTBOPEHHA PO3Y3TOAXeEHHA &(f) MaTu-
Me TakKun BUJ:

- _ _ ()
S(Z) = Xpx (Z) XBux (Z) - 1+C(Z)Q(Z) - (1)
= Xpx (z)(l—(D(z)),
ne ®O(z) — mepeparkoBa (YHKLiA aBTOMATU30BAHOI

CUCTEMU KepyBaHHA V 3aMKHEHOMY cTaHi. BoHa Mae
TaKuUit BUA:

C(2)0(2)
(7)==
(2) +c(2)0() )
I3 hopmynm (2) TakoX MOXHa OTPUMATH, MO
()= 2C)_ ©)
0(z)1-o(z)

Ockinbku B aBTOMATU30BaHIW CUCTEMI KepyBaHHA
3aCTOCOBYETHCA LUGPOBUNA PEryNATOP, TO BUMIpIOBAH-
HA BXigHux i GopMyBaHHA BUXIZHUX CUTHaniB HeOOXia-
HO BUKOHYBATu 3 mepiofom auckpetusanii T (akuii mig
yac pob6OTU TaKOi CUCTEMU IIEPEBAKHO € HE3MIHHUM)
B MOMeHTU vacy k7, me k = 0,1,2.... Bxigxi curranu
aBTOMATU30BAaHUX CUCTEM KepyBaHHA (Hampuknag, Ta-
KUX, Kl MPAL0Th § PEXUMI CifKYBaHHA) 3a3BUYAiL
IIPeACTaBAAIOTb CO0010 CUTHANW, AKi 3MiHi0W0TbCA abo
cTpubkomoai6ro, abo niHiHo. KO BXiOHWI CUTHAN
TaKUX CUCTEM Mae 6inblr cknagHy Gopmy, To noro 6inb-
LIy YaCTUHY MOXHA MPEACTaBUTU B BUAL CTPUOKOTIOLIO-
HUX a60 niHiiHO-3MiHI0BAHUX (YHKLIN.

Crpubkomoni6HMit curHan Buay xpx(f) = 1 Mae
Z-TIepeTBOpPEeHHA z/(z — 1), a NiHINHO-3MIHIOBaHWUN CUT-
Hal BURY xpx(f) = t — z-meperBOpeHHA 71z/(z — 1)%
Axwo 3pobutn mpumymeHHs, mo (z — 1)g(z)/z He Mae
nomocis y obnacri 1<|z| W icuye ckinene sHaveH-
HA TOCNiZ0BHOCTI {s[k]} TO, 3TiIHO 3 TEOPEMOI0 PO
KiHlleBe 3HAYeHHs, BOHO MOXe OYTU OTpUMAaHO y Ta-
Kuil croci6 [3, 4]:

z—-1

lim{e[#1} ~Tim| =" Je(2)-

“tinl 2 o

Jr(2)1-2().

(4)

z—1

=]im

z-1 z
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OcKinbkn z-TiepeTBOPEHHA Bif CTPUOKOMOAI6GHUX
1 niHifiHO-3MiHI0BAHWUX CUTHANIB xpx(f) HE YTPUMYIOTb
HyniB z = 1, To AnA TOro, WO6OU AJs BXiAHOTO CUTHANY
xpx(?) = 1 BUKOHYBanaca ymosa:

lgp[%ljxm (2)(1-@(2)) =

=lim_— (1-2(2)) =0,

z—1

()

a L7 BXIHOTO CUTHANY Xy () =  BUKOHYBazacs yMOBa:

133(1(27_1}“ (2)(1-®(2)) =

: ©)
=lim_(1-2(z))=0.

z—l1

HeobxinHo, BifnoBiaHo, mobu MHOXHUK 1 — D(2) yTpu-

MyBaB cknagosi (z — 1)/z i (z — 1)%/z%. Tomi gna umx

BXiJHUX CUTHaJiB MOBUHHI BUKOHYBATUCSA, BiAMOBIAHO,

YMOBU
z—1

1—(D(z)=—P(z)

z

7)

o)=Y o),

2
z

(8)

ne P(z) — monixoMm Bip 3minHoi 1/z. 3Bigcu ana cTpub-
KomoaibHux i NiHINHO-3MIHIOBAHWX CUTHANIB Xxpy(f)
OTPUMAEMO, BiATIOBiAHO, 1110

i @(Z):w 9)
@(z):w. (10)

Mipcrasnsioun dopmynn (9) i (10) y dopmyny (1),
MOXHa OTPpUMATH, 10

| ()= P(). (1)
()= P(2). (12)

SIk mokasaHo B [2], i cTpUbKOmoAi6HMK 1 niHiliHo-
3MiHIOBAaHUX CUTHANiB xpx(f) MOXHA TNPUNHATH,
mo P(z) = 1. [lipcrasnaioun ueit Bupas y dopmynu (9)
i (10), pnA TaKMX CUTHANIB MOXHA OTPUMATH, 1110

®(z)=1/z (13)
1 O (z)=(2z-1)/2". (14)
3Bincu Ana Takux cmrHalniB
i o z
)= sz) - 52—1 B sz) 222_22—21+1 - (19)
=

OTxe, LNA OTPUMAHHA alepiofuUyHOrO mepexin-
HOTO IPOLECY, 3a CTPUOKOMOZI6GHOTO BXifHOTO CUT-
Hany xpx(f), HEOOXiLHO JAUCKPETHY INepefaTKOBY
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byHKuito ®(z) aBTOMaTU30BaHOI CUCTEMU KepyBaH-
Hf B 3aMKHeHOMY cTaHi (amB. dopmyny (13)) 3a Bi-
nomoi auckperHoi mepenarkoBoi GyHkuii O(z) Heme-
pepBHOI yacTuHM Uiei cucremu mipcrasutn y hopmy-
ny (3), oOTpUMaBLmIM Y Takuil crocib AUCKpeTHY Ie-
penarkoBy ¢dyHukuito C(z) undposoro perynaropa.
Ins niHinHO-3MiHI0BaHUX BXIAHWUX CUTHANIB anro-
PUTM cuHTe3y nepenatkoBoi dyxkuii C(z) uudbposo-
T0 PeryiaaTopa € TakuUM e, ajle 3aMicTb MepefaTKo-
BOI GyHKuii (13) mOBMHHA BUKOPUCTOBYBATUCA IIEpe-
parkoBa QyHkuia (14).

OCHOBHHUY TEKCT CTATTI
PosrnaxeMo 06'eXT KepyBaHHA, AKWUIL Mae amepiogny-
HY mepepaTkoBy QyHkuito W(s) 2-ro mopaaky. Ak Ta-
KU 00'€EKT MOXe BUCTYIATW IUIaBWIbHA ITiY, CYLIWIb-
Ha KaMmepa, eKcTpyzep i Tak pani. [Ipumyctumo, mo o-
To mepegarkoBa GyHKUis W(s) Mae Takuil sug [5—10]:

1

Wis)= (255 +1)(5s+1)”
e crani vacy 25 i 5 3apamoThca Y XBWIMHAX.
[Ipumyctumo, mo sk ¢ikcaTop 3acrocoByeTbca Gikca-
TOP HYJbOBOTO IOPAZLKY, — OTXe, MO0 IepefaTKoBa

(17)

bynxuia H(s) MaTume Takuin BUp:

1-e™
H(s) = .

06epemo mepion AucKpeTusauii 7 MEHIIUM B [ECATb
pas, HiX HaliMeHWa i3 cTanux yacy o6'eKTa KepyBaHH::
oTxe, mpuitmemo, wo 7 = 0,5 xB. Bigrak, mepenarkosa
bynxuia O(s) HemepepBHOI YaCTUHM aBTOMATW30BaHOI
CUCTEMU KepyBaHHA MaTUMe Takuul BUA:
1-e™
O(s)=H () (s)= s(25s+1)(5s+1)
BuxonaBmn Hap Hel AWCKPeTHe IepeTBOPEHHSA,
OTPUMAEMO LUCKPETHY IepenaTkoBy GyHkKuito O(z) He-
IepepBHOi YaCTUHU aBTOMATW30BAHOI CUCTEMU Kepy-

(18)

(19)

BaHHA:

_zol, ) l=e™ |
z s(25s+1)(5s+1)
_ 1,25(1—-e™ _ 0,25(1-¢™
P e Ul S Y L Gl |
z s(25s+1) z s(5s+1) (20)
_0,024752  0,023791
©2-0,980199 z—0,904837

_0,000961z +0,000923
2> —1,8850362 +0,886920 '

Oxe, ana cTpUOKOMOZIGHOTO BXiAHOTO CUTHANY
xpx(?) anepiognynuii mepexinuuii mpouec 6yae 3a ymMo-
BUW, KONU
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c(z)- 2’ —1,8850362+0,886920
(0,000961z +0,000923)(z 1)

(21)
3 z* —1,885036z + 0,886920
0,000961z% —0,000038z —0,000923 ’
a s NiHINHO-3MiHI0BAaHOTO — 33 YMOBU, KON
c2) (2* ~1,8850362 +0,886920) (22 1)
Z)= =
(0,000961z +0,000923)(z* ~2z+1)
(22)

_ 227 -4,7700722" +3,6588772 - 0,886920
0,000961z" —0,000999z" —0,000886z +0,000923

Pesynbratu MozentoBaHHA B mmakeri Simulink HaBe-
LEHO Ha puc. 2—5. I3 jux pesynbrariB BUAHO, 10 Und-
poBuit perynatop (3rigHo 3 dopmynoto (21)) 3abes-
Tmeyye IMOBHICTIO amepiofuyHUil mepeximHWit mpouec
3 HYJbOBOW CTATUYHOW IIOMWIIKOW 32 CTPUOKOIOAiO-
HOTO BXifjHOrO curHany xgx(#) (puc. 2). 3a nixinno-
3MiHI0BAHOTO BXiZHOTO CUTHANY xpx(f) (puc. 3) mepe-
XiZIHWI TpoLec TaKoX € amepiofNyHuUM, aje CTaTudHa
ITOMWJIKA MTPUCYTHS.

AnanoyHo o 1boTO0, UNPPOBUNA PErynaATop (3rigHo
3 bopmynoio (22)) 3abesmneyye MOBHICTIO aNePiOANIHWIA
mepexifHuit mpouec 3 HyNbOBOW CTATUYHOW ITOMUI-
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Puc. 2. IlepexioHuii npoyec 3a cmpubkonodi6Ho20
BXIOH020 cueHany (HacmpowBaHHA Yupposozo
pezynamopa — 32i0H0 3 gopmynoio (21))

Fig. 2. Transition process with abrupt input signal (setting
the digital controller — according to formula (21))
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Puc. 3. IlepexioHutl npoyec 3a AIHIUHO-3MIHIOBAHO20
BXI0H020 cueHany (HacmpowsaHHA Yupposozo
pezynamopa — 32i0H0 3 gopmynoro (21))

Fig. 3. Transient process with a linearly variable input
signal (setting the digital controller — according
to formula (21))

KO0 32 JiHINHO-3MiHI0BAHOTO BXIHOTO CUTHANY xXpx(f)
(puc. 4). 3a cTpubKoOMOAi6HOTO BXiLHOTO CUTHANY Xpx(?)
CTaTMYHA TTIOMWIKA TAKOX € HYJbOBOI, ajle Ilepepery-
JII0OBAHHA CTAHOBWUTb He MeHure (10...12) % (pwuc. 5).

OcHOBHUM HefoNiKOM U(POBOTO PETryAATOPa, PO3-
DaxoBaHOTrO AK 3rifHO 3 dopmynoto (21), Tak i 3rip-
HO 3 dopmynoto (22), € Te, mo BiH 3abe3revye MOBHY
amnepiofuyHiCTb 1 HYNBOBY CTAaTUYHY IOMWIKY TilbKu
L7 OLHOTO BUAY BXIJHOTO CUTHANY xpx(f): abo nnsa
crpubkomoaibroro, abo pns niHiiHO-3MiHIOBaHOTO.
3abe3meunT HaBefeHi BUIle BJACTUBOCTI Mepexin-
HUX IIPOleCiB OfHOYACHO ANA CUTHaNiB Pi3HWUX BUAIB
He BJAETbCA. Aje MOXHA, BUKOPUCTOBYIOYU BBELEH-
Hfl CIlelliaZnbHOTO BAroBOTO KoedillieHTa o B Aiama3oHi
Big -1 10 1, 3a6e3meunTu aK s CTpUOKOMoAioHuUX, TaK
1 ana niHiNHO-3MiHIOBAHUX CUTHANIB Xpy(f) CUHTE3 Ta-
KOr0o 1IM(POBOrO pPerynaropa, wobu BiH 3abes3mevysas
OLHOYACHO i He3HaYHe NEPEPEeryI0BAHHS, i HE3HAUHY
cTaTuyHy moMwiky [2]. Lle pocaraeTbca 3aMiHOW0 mepe-
markoBoi ¢yHkuii d(z) aBTOMaTu30BaHOi cucremMu Ke-
PYBaHHA Y 3aMKHEHOMY CTaHi Ha aHaloriuxy it Mmopu-
dikosany mepenaTkoBy dyHKiito Doy (z) 3rinHoO 3 Ta-
KUM BUPA30M:

h(t)
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Puc. 4. ITepexioHutll npoyec 3a NiHIUHO-3MIHIOBAHO20
8XI0H020 cueHany (HacmpowsaHHA YUPPOBO20
peaynamopa — 32i0H0 3 gopmynoro (22))

Fig. 4. The transient process with a linearly variable
input signal (setting the digital controller — according
to formula (22))
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Puc. 5. IlepexidHuil npoyec 3a cmpubxonodibHo2o
BXI0H020 cueHaty (HacmpowsaHHA Yugpposozo
peaynamopa — 32i0H0 3 opmynoro (22)
Fig. 5. Transient process with abrupt input signal (digital
controller setting — according to formula (22)
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Puc. 6. IlepexioHutl npoyec 3a NiHIUHO-3MIHIOBAHO20
BXI0H020 cueHany (HacmpowsaHHA Yudposozo
pegynamopa — 32i0Ho 3 opmynoio (27))

Fig. 6. The transient process with a linearly variable
input signal (setting the digital controller — according
to formula (27))

dJMOH_(z) z%.

3okpeMa, Ansa CTPUOKOMOZIOHWUX CUTHANIB Xpx(?)

(23)

MOXHa OTPpUMATX, 10

I-o
Dyon (z) = o (24)
a AN NiHiNHO-3MIHIOBAHUX — 110
(2—(1)2—1
Dyon (2)="——— (25)
3BiACU 1A TaKUX CUTHAJIB
l1-a
_ 1 1I-a
C(z)= Z-0 - (26)
B o@, e "o -
zZ—0o
i
(2-a)z-1
1 2 1 (Z—OL)Z—I
C(z)= Z -0z __ . (27
(2) 0(:),_(2-a)z-1 0Q(z) #-2:+1 @7
ZZ—(XZ
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Fig. 7. Transition process with abrupt input signal (setting
the digital controller — according to formula (27))

pioanuHwit epexiaHwuii poLec 3 HyNbOBOW CTATUYHOK
TMIOMWIKOI0 3a JiHINHO-3MIHIOBAaHOTO BXiJJHOI'O CUTCHa-
ny xgx(f) (puc. 6), ane 3a crpubKomozibHOr0 BXifHOTO
CUTHaJly TepeperynoBaHHa 3meHuryeTsca 1o (6...8) %
(puc. 7). OTe, eKCIepUMEHTANbHO IifbUpalnun Koe-
dinient o B piamasoni Bip -1 (6inbur KonuBanbHUM pe-
¥um) o 1 (6inbur amepiognyHUL PeXUM), MOXHA CUH-
Te3yBaTU UNDPOBUIL PETYIATOP TaK, 1106 aBTOMATU30Ba-
Ha CUCTEMa KepyBaHHA pearysajla Ha pisHi BXifHi BIUIN-
BU y moTpibHuit cmoci6. Takwit mipxin 1o cunTesy unod-
POBUX PETYNATOPiB MOXe 6YTW 3aCTOCOBHWIA i 3@ iHIIUX
BXiIHWX BIUIMBIB: HaMpUKNag, BURY xpx() = 2.

3AKJIIOYHA YACTHHA

HaBepenwit mipxin no cunTe3sy uudposux peryns-
TODIiB [03BONAE OTPUMYBATU amepiofuyHi (a6o 3 HeBe-
JIUKUM II€PeperytoBaHHAM) IlepexifHi mpouecy, B AKUX
BIICYTHA CTAaTMYHA IOMWIKA 1 AKi MawTb OIAU3bKUiL
[0 MiHIManbHOTO Yac rmepebiry, ans pisHUX BUAiB BXiA-
HUX curHanis. IIpoBesere B maketi Simulink mopento-
BaHHA IiATBEPKYE MPAaBWIbHICTb aHANITUYHUX PO3-
PaxyHKiB.
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