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The production line of an enterprise with a line method of organizing production is considered as a dynamic distributed
system. The technological route for manufacturing products in many modern enterprises contains several hundreds of
technological operations and in the inter-operating reserve of each there are thousands of products awaiting processing.
Technological routes of different parts for the products of the same type intersect. Therefore the distribution of objects of labor
along the technological route has a significant impact on the throughput capacity of the production line. To describe such
systems, a new class of production line models (PDE-model) has been introduced. Models of this class use partial differential
equations to describe the behavior of production line flow parameters. In this article, a PDE-model of the production line is
built, the flow parameters of which depend on the load factor of the process equipment for each operation. For the description
of a distributed dynamic system, the PDE model of the production line was used. The single-shift mode of operation of a
production enterprise is considered as a basic mode of operation.
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BupoOunya miHisA miInpueMCTBa 3 MOTOKOBUM METOJOM Oprasi3alii BAPOOHHULTBA € CKJIAQJHOK TUHAMIYHOIO PO3IOIIICHOIO
cucrtemMoro. Po3monin 3arotoBok i HamiB(paOpUKaTIB y3IOBXK TEXHOJOTIYHOTO MapUIPyTy iCTOTHO BIUIMBAa€ HAa MPOITYCKHY
3/aTHICTh BHPOOHHWYOI JiHI{, MOk BHKIMKAaTH 3YIHUHKY TEXHOJOTIYHOTO OOJamHAHHS dYepe3 BiJCYTHICTIO 3aroTOBOK B
HaKONU4YyBaJIbHOMY OYHKepi a0o B pe3yJbTaTi HOro mepernoBHeHHs. [JIs oucy po3NoAiIeHHX BUPOOHUYNX CHCTEM BBEACHHI
HoBUH Kkiac Mmopeneil (PDE-monens). Mogeni mporo kiacy BHKOPHCTOBYIOTH IH(EpEHIiadbHI PIBHAHHA B IPUBATHHUX
MOXIZTHUX, JJO3BOJIAIOTh BU3HAYUTH HOBEIIHKN IIOTOKOBHX ITapaMeTpiB y3JOBX BHPOOHUUOI JIiHIT B JOBIIBHHH MOMEHT 4acy
TS 3aJaHO1 TEXHOJOTIUHOI mo3umii 00poOku aeram. Y maHiil poOoTi JOCHIIKYEThCS MOJETh NOTOKOBOI JIiHIi, CHHXPOHI3aIlisl
TEXHOJIOTIYHHX OIepaliii Ha SKifi HOCATaeThCS 3a JOMOMOTOI0 3MIHM KOeQillieHTa 3aBaHTaKEHHS TEXHOJOTIYHOTO
obOmagHanHa. [lepenbayaerses, MO OJHO3MIHHUI PEXHUM POOOTH BHPOOHHYOTO MiANPUEMCTBA € OCHOBHHUM PEXHMOM HOTO
¢yakuionyBanHs. [ligBumieHHs Koedilmi€HTa 3aBaHTaXEHHS TEXHOJIOTIYHOTO OOJagHAaHHS JOCATA€ThCA 32 PaxyHOK
301LIBpIICHHS POOOTH yCTaTKYBaHHS [UI OIepamniil 3 MiHIMAJIBHOIO MPOAYKTUBHICTIO. [y 3a0e3medeHHs Oe3mepepBHOTO OIHE
3MIHHOTO PEXHMY pOOOTH BHPOOHMYOI JIiHIT TEXHOJOTIYHI Omepamii CHHXPOHI3YIOThCS MPOTATOM KaJeHIapHOro IHs. [l
NoOyJOBH ONTHUMAJIBHOI INpOTpaMy YIPaBIiHHS BBEACHHH KpHUTEpill SKOCTi, SKUIl BpaxoBye BUTPATH BUPOOHUYOTO
HiIIpUEMCTBA, SKi TMOTPiOHI A CHHXPOHI3alii TeXHONOTIYHUX omepauiil. [Ipy nmbOMy BpaxoBYETHCs, IO BAapTICTh OAHIET
roAWHU (YHKI[IOHYBaHHS TEXHOJIOTIYHOTO OOJaTHAHHS 3aJCKHTh Bil BHUAY TEXHOJOTiYHOI omeparii. Jns moOymoBu
IuQepeHIiaTbHUX 3B'SI3KiB TIPU TTOCTAHOBII 3aBIAHHS YIPABIiHHS BHKOPHCTAHO OJHO MOMEHTHE PIBHSHHS, SKe BH3HA4Yae
B3a€MO3B'I30K JIHIMHOI HIITFPHOCTI 3arOTOBOK B3JOBXK TEXHOJOTIYHOTO MAapHIpyTy 1 Temiry oOpOOKH 3aroTOBOK Ha
TEXHOJIOT1YHO1 oneparii B TOBUTbHAN MOMEHT 4acy.

Knrwwuoei cnosa: supobnuya ninis, PDE-mo0ens 6upobruymea, 6anancosi pieHanHs, He3aeepuleHe UupoOHUYMEO.

IIpowsBojacTBeHHAs IHHUS TPENNPHUATHA C ITIOTOYHBIM  METOAOM OpTaHU3allMH IIPOM3BOJICTBA SABIACTCS CIOXKHOM
TUHAMHYECKOH pacIpelelIeHHOH cucTeMoi. PacmpeneneHne 3aroToBok W mony(aOpHKAaTOB BIOJNb TEXHOJIOTHYECKOTO
MapuIpyTa OKa3bIBa€T CYIIECTBEHHOE BIHSHHE HA MPOITYCKHYIO CIIOCOOHOCTH NMPOM3BOJICTBEHHON NWHWHU. [l ommcaHus
pacrpee/ICHHBIX TPOU3BOJACTBCHHBIX CHCTEM BBeACH HOBBIM kimacc moxeneil (PDE-mozmens). Mojenu storo Kimacca
UCTIONB3YIOT MU (depeHIanbHble YpaBHEHHsT B YaCTHBIX NPOM3BOJHBIX, MO3BOJAIOT ONPEAENUTH IOBEACHHS MOTOKOBBIX
HapaMeTpoB BOJb MPOU3BOJICTBEHHOI JINHUH B IIPOM3BOJIGHBIM MOMEHT BpeMeHH. B HacTosimeli paboTe uccnenyercss Mozenb
MOTOYHON JIMHMM, CHHXPOHH3AIMS TEXHOJOTHUECKUX OINepalnii Ha KOTOPOW JOCTHIaeTcsi IOCPEICTBOM H3MEHEHHUS
KO3 duIeHTa 3arpy3Kd TEXHOJIOTHYECKOTO 000pyHoBaHUA. [l OMMCAaHHWS pacIpeAeNIeHHON THHAMHYECKOH CHCTEMBI
UCIIONB30BaHA MOJENb, COAepXKaIlasl ypaBHEHMS B YAacTHBIX IPOM3BOAHBIX. [Iperdmornaraercsi, 4To0 OAHOCMEHHBIH PEXHM
paboTBl  TPOM3BOACTBEHHOTO MPEANPHUATHS SBISIETCS OCHOBHBIM PEXHMOM ero (yHkiuonupoBanus. s obecmedeHus
HETIPEePBIBHOTO OJHOCMEHHOTO PEXHUMa PabOTHI MPON3BOJCTBEHHOH JIMHUN TEXHOJIOTHYECKHE ONEPAMN CHHXPOHH3HUPYIOTCS
B T€UEHHE KaJICHAApHOTOo JIHs. [/ MOCTpOEHHs ONITUMAIBHOM MPOrpaMMBbl YIPaBICHUs BBE/ICH KPUTEPHH KadyecTBa, KOTOPBIN
YYUTBHIBACT 3aTpaTbl IPOU3BOACTBEHHOI'O MPEANPUATHSA, KOTOPBIC TpeGy}OTCS{ JJI1  CUHXPOHHU3ALHUU TEXHOJOTMYCCKHUX
onepauuii. [Ipy 3TOM YYUTBHIBAaeTCs,, YTO CTOMMOCTH OJHOTO 4aca (YHKIMOHMPOBAHHS TEXHOJOTMYECKOTO 00OpYIOBaHMS
3aBUCUT OT BHJA TEXHOJIOTMYECKOil onepanuu. B kauectBe quddepeHIManbHbIX CBs3eil IPH MOCTaHOBKE 3aJa4M YIIPABICHHs
UCIIONB30BaHO OJHOMOMEHTHOE YpaBHEHHE, KOTOPOE OINpEeAeNsieT B3aUMOCBS3b JHMHEHHOH IIOTHOCTH 3aroTOBOK BJOJb
TEXHOJIOTHIECKOTO MapIIpyTa M TeMmma oOpabOTKH 3arOTOBOK Ha TEXHOJIOTHYECKOH OMepalii B IMPOM3BOJBHBI MOMEHT
BPEMEHH.

Knrouesvie cnosa: nomounas nunus, PDE-ymooens npouszsoocmaa, ypasuenus bananca, HezagepuieHHoe npou3eo0cmeo.

1 Introduction
The production line is required to process a batch of products on the enterprise [1]. For the process
following factors are identified:
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a) the sequence of operations and their technological parameters;

b) the equipment necessary to perform the operation, its working parameters and the layout scheme;

c) the properties of the object of labor and the laws of the transfer of resources to objects of labor as
a result of the impact of equipment.

It is assumed that the production technology during the production cycle does not change or the
parameters which characterize the operation remain unchanged. The duration of the shift is fixed at
eight hours. Reducing the duration of the production cycle is possible by changing the mode of
equipment utilization. The amount of equipment load in the processing of a batch of products will be
characterized by the shift factor of the equipment during the day Kg,,. We assume that the cost of one
hour of equipment operation is different for each operation and depends on the time of day. The flow
parameters of the model of the controlled production process in the two-step description are inter-
operating reserve characterized by density[y],(t,S), and by the flow of objects of labor [y],(t,S) on

the technological route [2-5]. To describe the behavior of flow parameters in space and time, we use the
one-dimensional coordinate space (t,S) [6, 7]. The coordinate S determines the place of the object of

labor in the technological route. The introduced one-dimensional coordinate space (t,S) allows us to

construct compact models for controlling the parameters of a production line. We divide the coordinate
axis 0S into segments AS;, €[Sm_1.Sm[. Coordinates S,,_; and S, characterize the beginning and

end of the m -th operation, m=1..M . At the same time, we assume that, Sy =0, Sy =Sy, Where Sy

is the cost of production.
Let the function z.(t,S,,) determine the value of the excess costs of the resources required for the

use of additional equipment within one hour of the m -th operation. The dependence of the function
z.(t,Sy) on time implies that during the production cycle, the value of the excess costs of resources

required to perform the operation on additional equipment may vary over time. By the use of additional
equipment we mean the usage of backup equipment in the required time or the main equipment in
additional time (shift factor Kg,, <3) [8].

One of the approaches to synchronizing the processing performance of objects of labor in different
operations of the production line is to use the main equipment in additional time between the main
technological shifts (control of the shift of technological equipment for a given technological
operation). If the time used by the equipment during single-shift operation is selected as the time axis of
the state space, then the state of the backlog during the period between the end of the shift and the
beginning of another shift in the case of using the main equipment during the second and the third shift
will change abruptly by the number of processed products during the second and the third shift.

Let us introduce the distribution density of the value of the excess costs of technological resources
required to use additional equipment within an hour for a technological route in the interval [0;Sg |:

Sm Sy M Sp M
[o,(t,S)dS = z.(t,Spm). [o,t,S)dS =Y [, S)dS= Y z.(tSy).
Sm—l 0 r.n::l‘sm—l m=1

We introduce a function Wjs(t,S) that characterizes the work of additional equipment (main
equipment in the second or third shift, shift factor Kg, >1).
t
Define [Ws(t,S)dt as the number of additional equipment (located in the vicinity S of the
4
technological route coordinates) hours for a period of time At =(t, —t;). As a result of the inclusion of

additional equipment that ensures the processing of objects of labor in the second and the third shift at a
rate equal to the rate of operation of the main equipment [Z]lw(t,s), the overall rate of movement of

objects of labor at the point of the technological route with the coordinate S increases by
(2], (t.S)-Ws(t.S). During At =(t, —t;) the work of the additional equipment, an additional flow of

objects of labor with the total number of units
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t
JLzh, (€.5) Wit s)t
U]
will pass through the point of the technological route with the coordinate S.
The excess costs Cg, (Ty) required to ensure the operation of additional equipment located on the

segment AS,, [Sm_1.Sm[ and used to perform the m -th operation for the duration of the production
cycle T4, and the integral is defined:
Ty Sq

Con(Ta) = | JW5s(t,S)- @, (t, S)dsdt
00

Relevance and practical significance

The scientific novelty consists in the development of a method for designing control systems for the
parameters of the production line in enterprises with a continuous method of organizing production
based on the PDE model of the object control.

In this case, the object control, the production line is represented by a dynamic system with
distributed parameters along the technological route. The optimal control of the parameters of the
production line is sought in the form of superpositions of delta functions.

The proposed method of designing a system for controlling the flow parameters of a production line
can be used as the basis for designing highly efficient production flow control systems for enterprises
manufacturing semiconductor products for the automotive industry.

Production Line Model
Line parameters for continuous production flow with a sufficiently large number of operations
satisfy the balance equation system:

a[Z]O(tvS)Jra[Z}l(tis):O’ [;(L(t,S):[ZLy/(t’S)- 1)

ot oS
The normative tempo [;g]ly,(t,s) of processing objects of labor for a production line is set at each

point of the technological route and for each point in time. The parameters of the model of the
controlled production process in the two-step description are the inter-operational reserves, which
characterize [¢],(t,S) the density of distribution of objects of labor along the technological route and
their rate of movement [y} (t,S) [1].

We can control the value of the flow parameters[¢],(t,S), [x](t,S) by regulating the place of

activation of additional equipment in the technological route and the duration of activation (change in
the coefficient of the loading of the process equipment Kg, >1).

Control function U 4(t,S)=W;s(t,S) determines the duration of additional equipment activation in
the specified place of the technological route with the coordinate S at the time t=1g, where ty is the

end time of the q-th shift (q=21,2,3...).The planning interval for the line in question is equal to the

interval of three shifts (daily planning interval) with one-shift operation of the main equipment. As an
additional, the main equipment is used, which processes Kg,, >1 the objects of labor in the second and

the third shift with the pace [],,, (t.S).

The behavior of the parameters [¢],(t,S), [x](t,S) of the production line is limited by the initial
conditions of the distribution of objects of labor along the technological route and the purpose of

management:
[xb(0.5) =[xko(s),  [xb(Ta.8)=Lxkr, (5).

as well as the boundary conditions determining the receiving of raw materials from the warehouse,
materials for the first operation and the output of finished products from the last operation:

Ll (t.0)=[ros (1), rh(t0)=[rhs ©).
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In the absence of the activation of additional equipment parameters [y} (t,S), [¢}(t.S), [xh, (. S)

in the moment ty the end of the -th shift and the start of the (q-+1)-th shift are continuous functions of
time t with the continuous derivatives of the n-th order:

bl S)=[rbltg.S), an[Z]O(Q— ) 0 [Z]o(q+, )

[thlte-.5)=[rhtq..s). e 5)_o Dl )

Lles) Db
an [Z]l(// tq—’ a [Z]l q+1
b )~ b ). v wlys)

The notation t;_ and ty,, means that the functions [¢]y(t,S), [¥h(t.S), [x}y, (t.S) are considered

in the infinitely small neighborhood to the left and to the right of t;. We assume that the regulatory
parameters characterizing the operation during the production cycle T4 remain unchanged in time:

b s)=lb0s) - S )= [eh 05)-[2he(S). @

0S

Condition

a[7(]1q (S)

5 g

corresponds to the increase in the density of inter-operating reserve for a technological m -th operation
during the cycle time Ty for the case when there is no activation of additional equipment in the second

and third shifts. In this case, the rate of processing of parts at the technological operation will be
considered as a constant over time. The average daily rate can be changed depending on the shift value

of the process equipment. The time value corresponds to the time t; of completion of works in the ¢ -th

shift under the single-mode operation mode of the main equipment (duration of the work shift, hours):
Atg = (tq ~tq-1)=8.
The number of inter-operating reserve at the moment of time corresponding to the completion of
work in the q-th shift is equal to their number at the beginning of the work of the (q+1)-th shift (2). The

increase in the density of inter-operating reserves with time will lead to overflow of the capacity of the
inter-operating bunker located in the point of the technological route defined by the coordinate S, and

ultimately, to the overflow of bunkers on the section [0,S,,] of the technological route with the

subsequent stopping of the production line.
The conditions for the occurrence of the drive overflow process and the study of the evolution of

its development for the technological route section [O,Sm] are described in detail in [4, 6, 9-12].

To ensure the smooth operation of the production line, it is necessary to synchronize the rate of
processing of objects of labor in individual operations within the time interval between the beginning of

the 1y -th and the beginning of the t 1 -th work shift.
We supplement equations (1) with the control function U 4(t,S):
oLrblt.s) , Aekg(s)_ allxhg(s)Us(15) o
ot S oS ’
Us(t,S)=W;(t,5)=W(t,S)-8lt-ty), tq=8-9  W(t;,5)<8,

determining the duration of the activation of equipment in the position S at the time between the end of
the ¢ -th and the beginning of (q+1)-the th shift (q=1,2,3...). The control of the flow parameters carried
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out as a result of the use of additional equipment at the moment of time ty between the end of the ¢-th

shift and the beginning of the (q+1)-th shift is determined through the Dirac delta function 5(t —tq) [13,
14]. The equation for changing the density of inter-operating reserve (3) can be integrated over time:

[rble:s)=leb(0:s)- RaCL (g%mq@w(tq,s», @

0S
where the replenishment time points of the production line are 0<t) <t <......<tg <tgy <....<t <z (hour)
with the duration of the work the additional equipment W(t;,S), W (t5,S),...,W(t,S) (hour).
Replenishment time moments t; and the duration of additional equipment operation W(tq,S)SS

(h) depend on the choice of control. The total number of objects of labor in the inter-operational reserve
of the technological operation bounded by the coordinates of the technological route S,,_; and S, is

the quantity:
:f”<[x]o(r,s>—mo(o,s>ws kg (Sn)-LrkSm 2~ 3 7k (S} Wey S - g (S 1) Wit S o)
m-1 =1
where
Sm
J([l]o (z,S)~[x],(0,5))dS - changing backlog m -th operation for time ¢ ;
Sma

[th (Sp_1 ) - the number of objects of labor, which arrived at the m-th operation with (m—1)-th

during the time ¢z (h);
[;g]lq (Sm )z - the number of objects of labor, which took from m -th operation to (m+1)-th in time 7

(h); [;(Lq (Sm_l)-W(tq , Sm—l)' the number of objects of labor, which arrived at the m -th operation with
the (m—1)-th as a result of the work of additional equipment during the time W(tq,Sm_l) between the

beginning of the g -th and the beginning of the (q+1)-th shift;
[;(}lq(sm)/v(tq,sm)- the number of objects of labor, which went with the m—th operation on the

(m—1)-th as a result of the work of additional equipment during the time W(tq,Sm) between the
beginning of the q-th and the beginning of the (q+1)-th shift.
The discontinuity of the function [x],(t,S) corresponding to the value [Z]lq(Sm)N(tq,Sm), is

determined by the work of the additional equipment with the capacity [Z]1q (Sm) included between tg
and tg,q the shift for processing the subject of labor for a time W(tq , Sm).

Statement of the task of optimal control of the production line
In a general form, the task of building an optimal program for controlling flow parameters [y ],(t, S),

[Z]l(t,s), when additional equipment is used, can be formulated as follows: determine the state of
parameters [],(t,S)e G, [¢](t.S)e G, for each route point Se[0,Syq] during the period of time
t €[0,T4 ] while managing U(t,S)e G the additional equipment operation time

Us(t,S)=Ws(t,S)=W(t,S)slt-t), tg=8-q,

delivering a minimum of functionality
Ty Sq
Cep= | [Us(t.S) o, (t, S)dSdt — min, (5)
00
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with differential connections

oLhle.s) , lekg(s) _ allxhg(s)Us(t5)

ot oS oS ’

with restrictions along the trajectory on the phase variables [Z]O(t,s) determined by the storage
capacity

0<[r)(t.5), [rh(t.5)<[rke(S)

with constraints along the trajectory on the control [7]
tq+0.5At,

0<U,(t,S), 0<  [Us(t,S)t<Ug(S)=8, Aty —0, (6)
t;~0.5At,

[x)(0.5)=[xko(S).
(g 8)=xlor, ()

[Z]l(tio):[l]lq 0), [2h(tSq) [Z]lq Sq)s

where tg=8q is the end time of the g -th shift; 5(t— q)— delta function. Control is carried out in the
time interval between shifts

initial conditions

final state (control goal)

and boundary conditions

Atq Aty
te|ty - > t+T ,0<ty <tp <..<1g..<Ty

Control U4(t,S) should be understood as a certain impulse, which is an idealization of ordinary
control, during a shift concentrated in a neighborhood of a point ty [13]. The value of the function

U(t,S) at the time point t specifies the number of hours of operation of the additional equipment at
the location of the technological route with a coordinate S .
Condition (6) for different parts of the route is recorded under the assumption that the duration of the
work of additional equipment cannot exceed the duration of the technological shift equal to eight hours.
The tempo of processing of objects of labor along the technological route is a given function
[xhg =[xkq(S) from the coordinateS. The tempo of movement of objects of labor

[rh(t0)=[r]4(0)

coming in the form of raw materials and materials to the production line, and the tempo
[xL(t,Sq)=[x}q(Sq) final parts leaving the last operation, do not depend on time, consistent with the

plan of supplying the production with raw materials and the plan of shipments of final products.
Functional (5) defines the criterion for the quality of control of flow parameters during the production
cycle Ty, reflects the excess costs for all technological operations associated with the use of additional
equipment. It is assumed that the cost of an hour of operation of additional equipment is set different for
each operation and depends on the time, determined by the function. In determining the optimal control
program, we assume that the intervals between shifts are adjacent to each other «,(t,S). We assume
that the main equipment works continuously during the work shift. To ensure the continuity of the flow
of items of labor on the technological route

Lrbe(8)=[rk(t.8)=0,

the operation of the additional equipment must be controlled in such a way that during the shift in the

interval t e] tq,tq+1[ the main equipment functions continuously. Strict equality
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[rhe(8)=Lrk(t.5), [rb(t.s)=0,

which corresponds to filling the bunker with objects of labor and emptying it, is allowed only in the
time interval
At At
q q
‘{tq _T’tq”_7}

Integrating the balance equations in the specified time interval, we get:

Mg
At olrkas) . o
tgi ——2,S | =[xl tg - —2,S |- = )dt,
h{ta - 525 - Lrb{ta - |- H20 - 2 JA[tqu
L
that allows us to write the condition of inadmissibility of overflow of the inter-operational bunker
At
ty+—r
At rkg(S) o .2
o) [kt s [ o Z 0 2 1 LS usteshanzo
At
tq_Tq
and the condition of inadmissibility of the emptiness of the inter-operational bunker
At
tg+—r q
At olrhgs) . o °
tg ——+,S |[-———.8-— t,S)dt>0.
I - S U ANCRIND
Q_T

The function [;(]o(tq,S) determines the distribution of objects of labor according to the

technological route at the moment of time t =t , corresponding to the beginning of the q -th shift.

Control U(t,S) with restrictions on both phase variables and control, ensures the achievement of
the control target with the minimum value of the integral (5) and with given differential constraints, is
the optimal program for the flow parameters of the production line. In the absence of control, the
equation of relations is (1). Changing the number of objects of labor in the area of the production line
during the operation is only possible due to the receiving of objects of labor from the previous operation

ollhq(5) Ustt.5)
oS
containing control U4(t,S), plays the role of a source or destination [1] of objects of labor in the

considered element of the volume of phase space. The initial conditions and the management goals
determine the distribution of objects of labor along the route at the initial and the final point in time.

and their leaving for the next as a result of technological processing. Term

Conclusion
Achievement of the production system with the initial distribution of objects of labor [],,(S) along

the technological route in a precise line over the duration of the production cycle T4 of the final state
[Z]OTd (S) can be implemented in a variety of ways, each of which is called a control program. Among

the technical problems of managing the state of the production line, finding the most optimal program
for the use of resources (optimal control) is crucial. The mathematical reflection of this fact is that the
control of the parameters of the production line should be chosen from the condition of minimum
integral (5).

This paper shows that along with traditional models for controlling the parameters of production
flow lines, control models associated with the use of partial differential equations (PDE models) play an
important role. A PDE-model for controlling the parameters of a production line has been considered,
taking into account the restrictions on the volume of inter-operating bunkers along the technological
route.
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The developed model allows us to determine the schedule of activating and deactivating the process

equipment. A method for controlling the synchronization of technological operations of an industrial
production line is considered. The quality criterion of the production system has been set, which allows
building optimal control over the parameters of a production line operating in multi-shift mode. It is
shown that partial differential equations that act as differential constraints for phase variables are
replaced by a system of equations for the coefficients of decomposition of production line parameters,
which allowed us to obtain the control function in the form of time dependence and position
(coordinates) in the technological route.
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