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Abstract. The purpose of modeling in the development of a model of a drying process control
object is presented in the article. Approximation of the transition characteristic in the control
channels, obtaining the transfer functions of the object on all the main channels of the influence
transmission, the Simoyu method was used. Taking into account the fact that the main channels of the
object under study have significant inertia and delay, as well as its dynamic properties, transfer
functions with sufficient accuracy are proposed. The proposed mathematical model of the drying
process allows for the synthesis of adaptive control laws for the considered process.
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Annotatsiya. Maqolada quritish jarayonini boshgarish obyektining modelini ishlab chigishda
modellashtirishdan ko ‘zlangan magsadi keltirilgan. Boshqarish kanallarida o ‘tish xarakteristiksini
approksimatsiyalash ta’sirlarni uzatishning barcha asosiy kanallari bo ‘yicha obyektning uzatish
funksiyalarini olish Simoyu usuli foydallanilgan. Tadgiq gilinayotgan obyektning asosiy kanallari
sezilarli inersiyali va kechikishli ekanligi hamda uning dinamik xossalarini inobatga olib, yetarli
darajada aniglik bilan uzatish funksiyalari taklif etilgan. Quritish jarayonining taklif etilgan
matematik modeli ko ‘rib chigilayotgan jarayon uchun adaptiv boshgarish qonunlarini sintez gilish
imkonini beradi.
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Annomayua. B cmamve npedcmagnenvl yeau mMooerupoeaHus npu paspabomxe mooeau
00veKma ynpasieHus npoyeccom cywku. /s annpoxcumayuu nepexooHol Xapakmepucmuku 6
KAHANAX YRpasieHus, NOLyYeHUs nepeoamoyHvlx QYHKYul 00vbeKkma no 6cem OCHOBHbIM KAHALAM
nepeoauu 6o3oeticmeusi ucnoavbzoéan memod Cumoro. C yuemom mo2o, 4mo OCHOBHble KAHALbI
uccnedyemozo 00vekma umerom 3HAYUmenbHyl0 UHEPYUOHHOCMb U 3anazobléanue, d maxdice e2o
OUHAMUYECKUe CBOUCMBEA, NpPeonoNHceHbl nepedamoytvle OYHKYuu ¢ 00CMAmMOYHOU MOUYHOCHbBIO.
IIpeonoscennas mamemamuieckas Mooelb NPOYecca CywKu NO380a5Aen CUHMEIUPOBAMb 3AKOHbI
a0anmueHo20 YNpagieHus paccmampueaembl;m nPoYeccom.

Knwueevie cnoea: npoyecc cywiku, napamempvl 00beKkma Ynpasienus, (QYHKYus, Memoo
Cumoro, cunmes, pezyisamop.

Introduction

When developing a mathematical model of a control object, first of all, it is necessary to take
into account the intended purpose of modeling. The purpose of modeling determines the requirements
for the form, accuracy of the mathematical model, the adequacy of the obtained model to the object,
and the range of necessary modes. For control purposes, the parameters of the object are used from
dynamic mathematical models that reflect their changes depending on time.

Wet product drying is considered a complex stochastic process, characterized by a turbulent
multi-factor, which are controllable (moisture of potassium fertilizer, temperature) and uncontrollable
(consumption of material to be dried at the entrance of the drum dryer, initial moisture content,
distribution composition of particles of the material to be dried). In the operation of the drum dryer
in the installed mode, uncontrollable turbulence changes over time, and first of all, it depends on the
composition of potash fertilizers and the gas flow on thermal changes. Also, the difficulty of
synthesizing the mathematical expression of the object means that the performance description of the
considered process is multi-mode. The multi-mode nature of the drum dryer operation, in turn,
ensures the non-stationarity of its description. It depends on the efficiency limitations of the boundary
areas of the object in question or the operation with a variable load (the amount of matter or energy
passing through the object per unit of time) caused by the periodic consumption of different types of
energy. In the above cases, the load affects the parameters of the object, and in some cases, the load
itself can serve as an incoming (task) signal, which its changes also affect the changes in the object's
characteristics.

One of the main characteristics of continuous and discrete control systems in potash drying
systems is that there is a delay in the control channels. This feature, delay, has the greatest impact on
system performance when compared to the time discretization step. To account for the delay, it is
possible to include a mechanism that pretransmits signals about the state of the control object to the
structure of the synthesizer.

The specific characteristics of volatile materials as an object of control consist of internal
connections between parameters and non-stationary states associated with physical and chemical
changes in the process.

Generally, the efficiency of the drying process is measured by the amount of material to be
dried, which can be done by the operator. Therefore, from the point of view of management, giving
the material, and therefore the performance of the dryer, which is tightly connected with it, is not
given to the internal adjustment; all other processes should be designed for the external performance
of the dryer. From this, the efficiency of the dryer, the speed of the drying agent transferred to the
drum when drying potash fertilizer is determined by internal agitation.

Likewise, the moisture content of the material entering the drying unit cannot be controlled in
the operating mode, so it is considered a disturbance from the point of view of controlling the drying
process.

Based on the analysis, it can be concluded that the drying process of sylvinite in the production
of potassium fertilizer is a complex stochastic process characterized by multifactoriality, controlled
and uncontrolled effects, and the presence of disturbances. Due to the complexity and diversity of the
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process occurring in the drying drum, as well as the large number of elements that make up it, the
methods of building mathematical models based on the physico-chemical laws of the technological
process being studied are less effective. This is explained by the complexity of the phenomena
observed in the researched process and the fact that they are not sufficiently studied, as well as the
obtained results are not well reviewed.

Formulation of the problem

The selection of the structure of the mathematical model, the determination of the main control
variables affecting the quality parameters of the process was carried out at the initial stage of the
study of the normal operation of the drum dryer. The following variables were considered as the main
parameters describing the drying process, and the following main variables were taken as the main
quantities describing the process under consideration:

management parameters U =(u,,u,), here ui— drying result in the entrance of the drums
appointing the heat carrier temperature, u, — drying drums

the result will be spent on transport of heat in appointing access;

out parameters Y=(y1,y2), where y1 —drying drums

appointing the humidity of potassium fertilizer result in dried out, y> — drying drums out of the
heat carrier temperature in appointing result;

not to control the effects of uncontrollable rebellion W= (W, W, )here, wi — at the entrance of the

drums, which spent drying and the dried material w- — in access to primary dried potassium fertilizer,
which is the humidity.

The object management 2x2-dimensional, if its reciprocal link the scheme of the channel will
be in the following form (1-picture).

u1

Wi V1

\

U2 W22 V2

».
P Lag

1-picture. 2x2 - dimensional object of the scheme

Considering the size of the dynamic equations and the expression for the drying process which
potash fertilizers on the basis of formal matrisa in the form of the above function can be expressed
as:

Wai(p), Wiz(p), Wai(p), Wa2(p) - respectively, the effects of the transmission of all channels on:
“the entrance of the heat carrier and result in the drying drums appointing appointing the humidity of
potassium fertilizer result in dried out”, “in appointing result of the drying agent into drum and result
in the drying agent temperature”, “the drums will result in the entrance of the drying agent
consumption appointing appointing production of the finished product and result in wet” and “your
drums into result result in in appointing appointing the temperature of the drying agent drying agent
consumption and production” between link.

Solving the problem
A statistical method we will use in determining transfer functions.
R, (1) = [ Ry, (z—)k(t)dt (1.2)
0
Correlatsion the functions and the experiment results on the basis of approximate the formula
using is:

R (W)= *U -U_,
N —u
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here: N— expansions for discrete eigenvalues out increase of ordinata number; u — correlatsion
expansions for discrete eigenvalues of the function argument.

The random processes for implementing observed to note the time T and get information from
time interval G'i At seethehouse in the expression orgBy is determined:

Sag —Z{N 001( Atﬂ
R(7) 2
7 =0in point Sz ( ) —02; here: SRFEV; — correlatsion the function at any point in the assessment
R(z T
of the average relative squared error; « — the time unit is performed increase of nollar average
number related , which is a value; ¢ — &1 function.

Random process of stasionar correlatsion the functions and various the time range for the
mathematical developments are expected to compare the way with was checked (random processes
out increase stasionar random process to close the properties having enough long-term segment to
select the possibility it gives). Qitto rita, the processi's ergodikligi is the correlatsion functions with
is confirmed.

(1.1) We used frequency method for solving equation. (1.1) to convert the equatsion into
frlequency zone brings follaving expression:

Syu (Ct)) = Suu (a))W(Ja)) (12)
the object amplituda-phase characteristics compared to:
W(jo) = = k(e dt (1.3)
2y,

and random process in the spectrum density:
1 +o0 » . 1 +00 »
SYu (w) = %_J;Ryu (r)e dz; Su(@) = Z_J;Ruu (r)e “dr .

(1.2) from the expression comes so, the actual frequency characteristicR(®), amplituda-phase

characteristic (1.3) to fit comes in and the following expressionby calculated can be:
ReS, (a))

1
P(w) = 5 ( ) R.(1)= ﬂ i I VA

The spectrum of clonal density S, (@) function in correlatsion R, () Fure to replacement of

through the looking. Mutual in the spectrum of the densityreal part , while the following expression
with calculated:

Ry, (+7) + R, (=7)

ReS,, (@ )_—I ; coswrdr- (1.4)
(1.4) at the integrated graphics in the way - trapezoidal characteristic method with carried out.
Table-1
Transfer functions according to main channels of transmission effects
Channel Appearance of transmission Channel Appearance of transmission
assignment function assignment function
0,22 36 016 41
- W(p)=—F e - W(p)= e P
U1 (P) 1218p? +712p +1 Uz-y1 (P) 11,33p2 +7,2p +1
04(1+0,67p) .1 014(1+082 p) 28
_ W — p . W — p
Ur-y2 (P) 6847 +55p+1" Uz-y2 (P)= 882p7+63p+1
O,4(l+0,67 p) -21 0,14(1+ 0,82 p) 28
- W(p)=—— L g2t - W(p)=—"————"e 2%
Ui-y2 (p) 684p7 155p +1 Uz2-y2 (p) 882p7 +63p+1
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Transition characteristics of controlling channel are calculated wish trapezuim method. Shaped
and method of transition xarakteristik approksimasiyalash the effects of transmission on all the main
channels on the object of the transfer functions get the opportunity to gave (1.1-in the table). Transition
characteristics of controlling channel are calculated wish trapezium method.

So, the main channels of researched object were inerfcial and delayed by considering dynamic
properties. Transfer function of the research is expressed as following.

_ Dp+1
W, (p) = e’ W(p)=K————
,(p) ,(p) Ep? + Fp 11

e*PT .

Hp®+Gp +1
Conclusion

Thus, the mathematical model of the drying process of potassium fertilizer developed between
quantitative variables associated establish the main entrance and exit, consider the process with
management to forecast the condition of the law and available or selected for the new process allows
to synthesize adaptive control laws.
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