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The purpose of this article is to analyze the structure of the control system in the process of evaporation apparatus
of immersed burning and calculation of compensators transfer functions.

An example of object with many interrelated controlled variables is apparatus of immersed burningin which it is
necessary to adjust the level and concentration.

Submerged burning evaporator is type of control object with two interdependent cross-links. Concentration of the solu-
tion depends not only on the amount of evaporated water, but also on the height of the liquid level in the machine.
Number of evaporated water is guided coolant supply. To compensate the cross-linking between these variables must
enter compensators in automatic control system. Then change one value does not lead to a change in another.

Transfer functions of feedback control systems of liquid level and the concentration in the apparatus is composed.
Laplace transform of controlled variables is found. Used conditions of absence influence on the automatic regula-
tion of the concentration of the liquid in the liquid level automatic control system in the apparatus and vice versa.
System of equations is compiled. The solution of system of equations gives the transfer functions of digital control-
lers and digital compensators.

The study of dynamic properties of two-dimensional system of automatic control of interdependent variables show
that for independent control of each variable, it is necessary to implement a «separation» with digital controls and
digital compensators. Transfer functions and frequency responses of cylindrical heat storage walls as plants with
distributed parameters depending on boundary conditions on external and internal surfaces are presented. Ob-
tained results can be used for control systems synthesis.
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AJTOPUTM INEHTU®IKAII OB’ CKTA
T YAC HAJATO/UKEHHSI CHCTEMHY KEPYBAHHS

Po3zenanymo npoyec ioenmucpixayii cucmem agmomMamuyHoco Kepy8aHHa 3 MUN0UM pe2yiamopoM. Pospaxosano
Koeiyienmu paoy Maxnopena, 8 AKilli po3KIa0eH0 HOPMOBAHY nepedamHy PYHKYio.
Kiouoei cnosa: excmpysis, cucmema KepyganHs, pexcum nycKy.
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MocranoBka 3axadi. [neHTH(iKaIA 00’€KTa B CHCTEMI aBTOMATHYHOTO KEPYBAHHS TEXHOJIOTIYHHMH IPOIE-
CaMH € MOKJIMBOIO ITHIIC HA 0a31 ICHYI04Oro 0OJNaTHAHHS TA CHCTEM. ERCIIEpIMEHTYBATH 3 OKpEMHM 00’ €KTOM HE-
MPHUITYCTHMO, 4 3 CHCTEMOI0 — Ioporo # A0Bro. [IpoTe aesky MiHIMANBHY KUIBKICTh CKCICPHMCHTIB i3 CHCTCMOKO
HAJIATO/KYBATbHUKH 30008’ A3aHi MPOBECTH, MO0 TAPAHTYBATH CTIHKICTh CHCTEMH. [1ix 4aC TAKMX CKCIICPHMCHTIB
Mae€ OyTH OTPHUMAaHA NEPEXiTHA XaPAKTEPUCTHKA CHCTEMH A1 KAHAIY «3aBAAHHS PETYJLATOPA — BUXIIY.

3asBuuaii, THIOBHIT peryTop peanisye IIJ-3akoH i3 nepexatHoro Qyrkuiero W, (p) =k, [1 +1/(Tp)+1, p] .

OnruMizania CHCTeMH 3a TpsoMa mapamerpamu (k,, 15, T), AK 3a3HAYCHO BHINC, € HCMOXKIINBOK. Buifth B 0071aCTh,
HAOMIDKEHY 70 ONTHMANBHOI, MOYKHA IIIIXOM KOMIT I0TEPHOTO MOJCTFOBAHHS CHCTEMH, ajle Il IIOTO Tpeda MaTh
A7CKBATHY MOJCTb 00 €KTA KCPYBAHHA.

Mera crarti — BU3HaUCHHS Koe(iIieHTiB paay MakiopeHa HOPMOBAHOI mepeaaTHoi (PyHKI, IO TO3BOJIHTH
PO3paxyBaTH MapaMETPH 00 €KTA ABTOMATHYHOI CHCTCMH ITi,T 4ac 11 HAJIar O KCHHS.
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Bukiax ocnosnoro marepiany. ¥V nocmmokeHHsax peanizyemo Il-3axkon W, (p) =k, [1 + 1/ (T,. p):| . J[-ckmanosy

omoxyemo (7,;=0), k.1 7T; — PiKCyeMO: BOHH MAFOTh TAPAHTYBATH CTIHKICTh CHCTEMH. HagaBHICTE /-CK1aI0BO1 rapaH-
TY€ BIACYTHICTh CTATHYHOI MOXHOKK PEryOBaHHSA. [lepeximHy XapakTEPHCTHKY CHCTEMH (DIKCY€MO y BUTILIIL Ma-
cuBy h =h (t)
CTEPEKCHHS MIEPEXITHOT XaPAKTEPUCTHUKH (TOCTATHIN 11 BUXOIY HA HOBHH YCTAJICHHUH PiBCHBD).

Jlnst posrasHyToro kanany ITl-perymrop mae 3aGesneuntn /(f)|,., =1+e. ae € — 0. Takum YMHOM, mEpexiz-

weoprs 0S8 <L, L <600, ne Dt = D/L — XpOK 3a 4acOM MiXK CyCiTHIMH eleMEeHTaMH, [) — 4ac Ccro-

HA XapaKTEepUCTHKA CHCTEMH OyI€ HOPMOBAHOIO.
Dopmyemo Macus koe(inieHTiB psay Makiopena nepeaarHoi GyHKii 3aMKHEHOI cuctemu [1]:

W, (p)=l+ep+e,p’ +. . +e,p" +..

Tlepenarra yrkuis W, (p) _ @ Ep) . 16 Woa(p) = Woa(D)Wesl). 0T W () = Ep)
WL () T E(p)
~ E(p) Lp E(p)
Bpaxosywo epeaa iro, W = : , abo W =k ————
pavomyiont, nepemy vt La D Sy (14 T) < F o1+ 7p)

ks =T [ke . F(p)=1+ fip+ fo,p" + fip".
Otpumaemo HoBwit paa G(p) =1+g p+g,p’ +g,p’ +..., ne g.= fo+ T'f.1. Toai HopmoBaHa mepeaTHa (yHKIis
l+ep+e,p’ +e,p’ +...

Ws(p)= :
T lvgpr @t ep
2 3
Po3k1amaemo ii B psaax MaknopeHa: 1+e1p+e2p2+e3p 3+"' =1+5p+rp’ +r,p’ +..., MHOKAMO MpPABY i TiBY
ltgp+g,p +gp +..

yacTHHH Ha G(p), pO3KPHBAEMO AY)KKM H IPHUPIBHIOEMO KOCS(MILIE€HTH 3 OJHAKOBHM CICICHEM p:. 7 +1,g, =€,
n+(g, trg) =6, 1+(1g,+1g, +1,8)=e,, Ae ro= 1. PO3ria1arouu 1 CHiBBIIHOIUCHHA K CUCTEMY PIBHAHb,
PO3B’A3y€EMO 1i TOCITIAOBHO BiIHOCHO 7.
[Tics y3araxbHEHHS:
1, Komm z =0,
= -1
e, —ergﬂ, komuz =123, ...

5=0
Y nozamsmomy 3 psamoM R(p) MOKHA TPALFOBATH 3a 3aTaJBHOI0 CXeMOI0 imeHTH]iKamii [2, 3].
SIKI0 HOPMOBAHOIO MECPEIATHOK (DYHKINEIO € JTAHIFOKOK 3 OJHAKOBHX ANCPIOAMIHHUX JIAHOK 13 3aI3HCHHIM
WE(p)=e?" / (T, +1)" , 10 10 psimy R(p) NPUPiBHIOKOTH po3KNajcHi B pamu e 7 i (1), + 1)"
2 3

L 3
l-tp+—p " ——p +...
p 2 p 6p

"Dy 10D g

=l+rp+np’ +rp +..,
1+nTp+

3

nn-1) 7~ +n(n—1)(n—2) e _ T
2 6 6

n(n—1) e 7
2

1, mcad nepeTBopens: 7, +nl =—t, 1 +xnl + ER r+unl +n

[Tpu upoMy 7 MOKE MPUITMATH JINIIC [Tl HEBIJ €MHI 3HAYCHHS.
Posrasimaroun 1 CriBBIAHOIICHHS K CHCTEMY PIBHAHB, PO3B’A3y€MO ii mocmimoBHO. Pe3ynpTar mo3HadaeMo

n(n—l)T2+n(n—l)(n—2)T3+t_3.
6 6

e, =n+nnl +y

. _ o 2r, -1 .
Bapiroroun 7, MiHIMI3y€eMO |e;|. 3a wiel yMOBH # 1 BinnosigHi 7' =,[——21 1 ©1=—# —n1 BBOKAEMO LIyKAHH-

n
Mu Koedyiientamu nepenatroi Pywkiii W (p) .
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At the time of research value kr and Ti are fixed, which should ensure the stability of the system. Transient response
of the system obtained in an array of values hs

At a certain method squares method for transient response of the system was sformuvanyy array E(p) coefficients of
the Maclaurin transfer function of the closed system.

He was considered a particular case when, as a normalized transfer function acts as a chain of identical units ape-
riodic late.

The peculiarity of the work of the above-mentioned object is that n can take only non-negative value targets. Solved
the problem by providing a fixed value of n, the system of equations for the coefficients of corresponding powers is
solved with respect to T and t. Compute the left side of the equation with derived values given n, T and t.

This result is denoted as ;. Varying the claim sought to minimize e;. In fulfilling this condition n and the corre-
sponding T and t taken for the desired values of the coefficients of the normalized transfer function.

As a result of this work received a number of factors which expanded in the normalized transfer function that allows
you to calculate the parameters of the automatic system. The example of different approximating transfer functions.

Keywords: identification of objects, the stability of the system, model object, the normalized transfer function.
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MATEMATHUYHA MO/IEJIb ITPOLHECY CKJIOBAPIHHA

Cmammio npuceaueHo cmgopeHHIo MameMamuyHol Mooesi npoyecy CKA08APIHHS ULIAXOM OMPUMAHHS MAmMeMamu-
YHUX MOOENIeil OKpeMUX Pi3UKO-XIMIYHUX A8ULY, WO 8i06Y8aiombcs nid Yac ybo2o npoyecy. Pozenanymi maxi ¢izu-
KO-XIMiuHi acnexmu, K 2OPiHHA NAU8q, NIAGNEHH WUXMU, 2i0po- 1 2a300UHAMIKA PO3NAa8Y CKIOMACH mMa 2A3080-
20 cepedosuiya, menioobMin y ckiosapHiil neui. Onucani isuuni cnpowents ma npunyiyeHHs npoyecy ckiosapin-
HA, 0 MAKOXC NOYAMKOGI 11 MeJCOgI YMO8U.

Knrwouosei cnosa: cknosapinua, mamemamuina mooeiv, cucmema piguans Hae'e-Cmoxca, niagneHHs wuxmu, pis-
HAHHA paodiayitiHoco nepeHocy.
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MocranoBka npod.sevun. CKIOBapHA Y € CKJIATHAM TEXHOJIOTIYHUM 00 ekroM. [1106 3abe3meuntH ii HEmepe-
pBHE (PYHKIIOHYBAHHS B 3aJAHOMY PEKHMi H MOTPIOHY SKICTh TOTOBOI MPOAYKIIii, HeOOXiaHA €(EKTHBHA CHCTEMA
KepyBaHHA. [i po3pOOJICHHS MOB A3aHO 3i 3HAYHMMH TPYAHOIIAMH, 3yMOBICHUMH HECOOXiTHICTIO MPOBEACHHS J0C-
JKEHb HA JIFOYiH Medi, MO MPU3BOJUTE JO OTPHMAHHS OpPAaKy Ta BHHUKHCHHS aBAPIHHUX CUTYaLiH, IO € HEIPH-
myctuMuM. 1100 YHUKHYTH IBOTO, CHCTEMY KEPYBAaHHS CKIOBAPHOI IEYi JOCTIAKYIOTh, BHKOPHUCTOBYIOUH ii Mare-
MaTHYHY MOJCTIb.

OCHOBH MAaTEMAaTHYHOTO MOJCIFOBAHHSA BHPOOHHITBA CKJIA 3aKIaACHO v 1970-X, aie mpuiHATTS 1X POMHCTIO-
BICTIO poznouanocs B 1980-x 1 mpuckopmiocs B 1990-X, CyIpOBOIKYIOUNCH CTPIMKEM PO3BHTKOM CYYACHUX YHC-
JIOBHX MCTOZIB, MPOTPAMHOTO 3a0C3MCUCHHS 31 3HAYHHMH MOKIHBOCTAMH OOpPOOJICHHSA MAHUX 1 3ACIICBICHHIM
OOYHNCTIOBATGHOI amapaTtypH. 3arajibHOK HAYKOBOK MPOOJICMOI0 € OTPHMAHHA MATCMATHIHOI MOJCT MPOLECY
CKJIOBapiHHA, KA O IOBHOKO MIpOr0 BiZoOpakaia BCi CKIAI0BI MPOIICCY.

AmnaJi3 nonepegHix Aocikens. Cepea mMTepaTypu 3 MATCMATHIHOTO MOJCTIOBAHHS MPOLCCY CKIOBAPIHHA,
HAMOLIBIN IMMPOKO TPEACTABJICHI TMPAL, MPUCBIYCHI 30HAIBHOMY PO3PAXYHKY TEIUIOOOMIHY BHIIPOMIHIOBAHHSIM
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