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Currently, the most common are disk driven vacuum devices, which largely eliminate the disadvantages
mentioned above (sowing machine 3P3025AH Great Plains, Quivogne Prosem P, Kuhn Planter 3, Maestra
Maschio). They have relatively small dimensions, which allows them to be placed directly above the coulter
without the use of seed lines, which most significantly affect the redistribution of seed intervals. In addition, they
have more efficient devices for removing unnecessary seeds from the sucking holes of the seed disc and, as a
rule, provide a more even output seed flow.

Among the disadvantages inherent in the most widespread vacuum seeding machines, the researchers
noted an increase in uneven seed seed when increasing the number of seeding speed of the seed disk.

The advantages of sowing machines with excessive air pressure compared with vacuum are the
additional important air flow functions that improve the work of the machine, namely: removal of unnecessary
seeds from the cells of seeding elements and pneumotransport of seeds from the seed disk to the bottom of the
furrow with a certain redistribution of uniformity (sowing machine Tempo T of the company Vaderstad,
Aeromat A for Becker, Massey Ferguson for MF 555).

The disadvantage inherent in all seed presses at the same time is the need to seal their seed bins to
reduce air losses and improve the supply of seeds from the bunker to the working chamber, especially the
Massey Ferguson MF 555 sowing machine.
structural analysis, seed drills, precise hanging, pneumatic machine seeding, advantages, disadvantages
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The Problem of Selection of the Optimal Strategy of
Minimax Control by Objects in Agricultural Production
with Distributed Parameters

The problem of minimax control synthesis for objects in agricultural production that are described by a
two-dimensional heat conduction equation of parabolic type is solved. It is assumed that the control object
functions under uncertainty conditions, and the perturbations acting on the object belong to some given
hyperelipsoid. The problem of constructing a regulator in the state of an object for cases of point and mobile
limit control is considered in accordance with the integral-quadratic quality criterion. With the help of numerical
optimization methods, the problem of determining the optimal location of concentrated regulators at the
boundary of a rectangular region and the problem of finding the optimal law of motion of a mobile limit
regulator is solved. The problem is posed and solved in the minimax formulation when there is an optimal
control on the state of the object functioning under uncertainty conditions so that the regulator minimizes the
maximum control error from a set of possible values, taking into account the most unfavorable perturbations that
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can act on the object or system. In this case, the perturbations of the object belong to a given limited region. The
results of computational experiments illustrating the effectiveness of the constructed limiting concentrated and
moving regulators are presented. The obtained results indicate that the controls found in the work are indeed
optimal and ensure minimum errors (deviations from the given state) of the functioning of the system and energy
costs for the implementation of control under given conditions and in the absence of any information on external
action other than the region of permissible perturbations.

In the work, for the first time, a minimax approach was used to control the objects described by the two-
dimensional parabolic type thermal conductivity equation; the theoretical positions of synthesis of minimax
regulators for cases of lumped boundary (point) and moving regulators are considered; algorithmic software is
developed that allows to simulate the dynamics of the constructed minimax-regulators and to investigate the
corresponding transients.
minimax control, regulators, distributed parameter systems, optimization, gradient projection method,
point and mobile limit controls
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33[[3‘13 Bblﬁopa ONTHUMAJIbHOM crparerui MUHUMAKCHOI'O ylpaBJICHHUS 00beKTaMH B

CeJIbCKOXO03SIIICTBEHHOM MPOU3BOICTBE ¢ pacnpeieJIeHHBIMHI apaMeTpaMu

B pabore pemaercst 3amaya CHHTE3a MHUHHMAKCHOTO  YyIpaBIE€HHS I OOBEKTOB B
CEITbCKOXO3SIICTBEHHOM TIPOM3BOJICTBE, KOTOPBIC OMMCHIBAIOTCS JIBYMEPHBIM YpPaBHEHHEM TEIUIONPOBOAHOCTH
napabonmmueckoro Tuma. [Ipeamomaraercsi, dYTO OOBEKT ympaBieHHS (YHKIMOHMPYET B  YCIOBHAX
HEOTNPEJICICHHOCTH, TPUYEM BO3MYIICHUS, JACHCTBYIOIIME HA OOBEKT, MPUHAICKAT HEKOTOPOMY 3aJaHHOMY
runepanunconny. PaccMaTpuBaeTcs 3amada MOCTPOSHMsS PEryJsisiTopa IO COCTOSHUIO OOBEKTa sl CIIydacs
TOYEYHOTO U TIOABM)KHOTO TIPEJEIBHOTO YIPABICHUS B COOTBETCTBUM C HWHTETPAIbHO-KBAJAPATHUHBIM
KkputepreM kadecTBa. C TMOMOIIBIO YMCIOBBIX ONTHMH3AIIMOHHBIX METOJOB pEIIeHa 3ajada OIpe/esIeHUs
ONTHUMAJIEHOTO PACHOJIOKEHUSI COCPEOTOUEHHBIX PETYJIATOPOB HA FPAaHMIE MPSMOYTOJIbHON 00JacTH M 3a1ava
MOKCKAa ONTHMAIBHOIO 3aKOHAa MEepeMElIeHHs MOABIKHOIO IMPEAETIbHOT0 pPEryisaTopa. 3ajadya CTAaBUTCS U
pemaeTcss B MHUHMMAKCHOW MOCTaHOBKE, KOTJa HAXOJAUTCS ONTHUMAIBHOE PETYJIUPOBAHUE MO COCTOSIHUIO
00beKTa, (YHKIMOHUPYIOUIETO B YCIOBHSX HEONPEICICHHOCTH TakK, 4YTO pEryisTop oOecrnedynBaert
MHUHUMH3AIUI0 MAKCUMAJIbHONW MOTPEIIHOCTH PETYIMPOBAHNS U3 MHOKECTBA BO3MOJKHBIX 3HAUCHHH C yUETOM
Hanbosee HeOIAroNpHUATHBIX BO3MYIICHMH, KOTOPbIE MOTYT JAeHcTBOBaTh Ha 00BEKT mim cucteMy. [Ipn sTom
BO3MYILEHHS OOBEKTa OTHOCSTCS K 3aJaHHOM orpaHudeHHOM oOmactu. [IpuBomsTCS  pE3yabTaThl
BBIYHCIIUTEIBHBIX  OKCIIEPUMEHTOB,  HJUTIOCTpHpYIOmUe  3((EKTHUBHOCTh  IOCTPOCHHBIX  IMPEAETbHBIX
COCPEJIOTOUCHHBIX W MOJBIKHBIX perynaropoB. IlomydeHHbIe pe3yibTaThl CBUAETEIBCTBYIOT O TOM, YTO
HaliJIeHHble B Pa0OTe yMNpaBlCHUS ACHCTBUTEIBHO SBISIOTCS ONTHUMAIbHBIMH M 00ECHEYMBAIOT MHHUMYM
MOrPEeHIHOCTH (OTKJIOHEHHS OT 33JaHHOTO COCTOSIHUSA) (DYHKIIMOHMPOBAHHS CUCTEMBI M SHEPIeTHYCCKHUX 3aTpaT
Ha OCYILECTBJICHHE YIPABJICHHS NPH 33JaHHBIX YCJIOBHSX W IPH OTCYTCTBHHM KakoW-nnbo mHpopmanuu o
BHEIITHEM BO3JICHCTBHH, KPOME 00JIACTH JIOITYCTHUMBIX BO3MYILICHUH.
MHMHHUMAKCHOe YIpPaBJIeHHe, PeryJIsiTOpPbl, CHCTEMbI ¢ pacnpeaej]eHHbIMH MapaMeTpaMH, ONTHMHU3ALHUS,
MeTO/ NMPOeKIMH I'PAIMeHTa, TOYeYHOe U NMOJABHKHOE Npe/iebHbIe YIIPaBJIeHHA

Introduction. In connection with the widespread adoption of new advanced
technologies related to the use of electronic, ion, laser and other radiation, in recent years
intensive study of the possibilities of optimal control of distributed source systems by
changing the location of point sources of radiation and the laws of motion of moving.

Statement of the problem and analysis of recent researches. The determination of
the problems of point and motion control, some methods of their solution are given in the
works [1,2,3]. One of the most important and complex tasks is the choice of an optimal point
and move control strategy for systems that operate under uncertainty. It is this problem that is
devoted to this article, which solves the problem of choosing the optimal location of point
regulators and finding the optimal law of motion (moving) of a moving source at the
boundary of a rectangular region for the process of heat transfer occurring under incomplete
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information. The theory of control moves towards the complexity of the phenomena studied,
processes and the reduction of information about the control system, the object, its features,
properties, characteristics, operating conditions, external influences. Taking into account all
the above-mentioned, the chosen direction of research is perspective and has a high level of
relevance.

The purpose of the article is the practical application of the theory of synthesis of
minimax regulators to the problems of controlling the choice of optimal arrangement of point
regulators and the search for an optimal motion law in conditions of uncertainty of external
perturbations acting on them in the domain of their admissibility.

Presenting main material. Let the process of heat transfer in a homogeneous thin
rectangular plate be described by a function ¢(x,t), which is in the area Q, =Qx(0,T),

where Q ={(x,,x,): 0<x, <, 0<x, <L}, I,l, >0, T <o, satisfies the equation
(1)

ot
but on the border Q; — additional conditions

=aA p(x,t)+ f(x,1), (Xt)eQ;, (1)

N
p(x,0)=fo(x), xeQ; o(x,1)=>D5(xX-v,(Ou(t), (xt)eT'x(O,T). ()
i=1
o* o
Here A, =—+— — two-dimensional Laplace operator;
ox;  ox;
a > 0 — coefficient of temperature conductivity;
I" — border of rectangular area Q;
o(x—y) — Dirac's delta function;

t—>v,(t)el’ — dimensional functions that determine the motion of boundary

sources;
u.(t) € L,(0,T) — control functions;

f,(x) e L,(Q), f,(x,t)eL,(Q;)— unknown functions belonging to the area
S ={(f,. f,): G(fy: fy(2), 0<z<t)<1}, te(0,T], 3)

where

t
G(fo; fi(z), O<z<t)=FR [ £ (dx+F [ [ £7(x,r)dxdz,
Q 0Q

and F,, F, — positive constant values reflecting the contribution of noise f, and f,(t) in

the final perturbation, acting on the system (1), (2).
Under the solution of the boundary value problem (1), (2) we will understand such a
function ¢(x,t) € L,(Q; ), which satisfies the following integral identity

- j j (p(x,t)(%+ ann(x,t)jdxdt = j f, (X)77(x,0)dx + j j f, (X, t)7(x, t)dxdt -

N T

—aZIUi (t)%

i=1l o

dt ‘v’iy(x,t)ed), 4)

x=V; (t)
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where %n — derivative of the external normal N to the border T" of the area Q2

® ={n(x,t): n(x,) e H¥(Qr), 7(xT)=0, xe; n(x,1)=0, (x,)eTx(0,T)},

H*'(Q,) — Sobolovsky space [4].
It can be shown [5] that the solution of equation (4) with given controls
u;(t) e L,(0,T) exists and is unique in space L,(Q,).The task of choosing the optimal

strategy for minimax control [6, 8] will be to find wvector functions
* * * * T * * * * -y .
V() = [V (0.5 (0, v ()] and u' ) =[u; (t), U} (1), ..uy ()] under conditions

I(u’,v") =infinf I(u,v), (5)
where
2 T N
I(u,v)=sup['[8(x)¢(x,T)dx} +j2disupuf(t)dt, (6)
St o 0 i=1 St

S(x)eL,(), d,=const>0, i=12,..,N, with a given control structure u,(t) in the form
of a linear feedback

b, (1) = [ R (X, (x,)dx. (7)

The solution of the formulated problem will be carried out in two stages: first we solve
the problem of determining the optimal control u”(t) under condition

I (u”,v)=inf I (u,v) (8)
u
for a fixed vector-function v(t), and then find it v"(t), at which
I(u",v)=infI(u",v). 9)

According to the results of [7,8], the following theorem is proved: optimal control
u*(t) of the optimization problem (1), (2), (6), (7) satisfying the necessary optimality
conditions has the form

U (1) = [RT(De(x,dx, R (x,t)=ad*a (g (x,Hh(v, (). 1), (10)
where
a(t):1+a2idkljfh2(vk(r),r)dr,
gxt) | & en| @) B
{h(x,t)}gsie {ﬁ(x)} S‘_is(x)a"(x)dx' -

In the ratio (11) i = (i;,i,) — multiindex
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b X
(-1t Lsin—=2, x =I,,
Il |2
I, . 7l,X
—lgin=/22 , X, =0,
_ _ 2z L l, X=(X,X,)el
ri(X) - ril,iz(Xl’XZ) - LI i Ti X 172
12 (=12 Zsin—2=2, x,=1,,
I2 1
I, . 7lX
—2g5in—=L, X, = 0,
|2 Il
where 4., o (x)— eigenvalues and corresponding orthonormalities in space L,(Q)

own functions of the boundary value problem (1), (2) having the form

A=A, = ar’ [(il/ll)z +(i2/|2)2]

o (X)=a,;, (%, %) = 2 sin W% sin %,
- 11, I, l,
The value of the functional (6) for optimal control (10) is determined by the formula
L vy =@ I W (1) )
Foa(O) F a(t)
where
W(t) = Z 5.e24(T) 13

Let us now turn to the solution of the optimization problem (9), (12). Let's consider
first a simpler case when v.(t)=z eI, i=12,...,N, that is, we solve the problem of

optimal location of point boundary controls (10). Let's introduce the designation
2=[2,,2,,..., 21", 3(z)=1(u",z) = I (u",v). Then the task under consideration will be to
find the vector z =[z;,2,,...,z, ], at which

J() = inf J(2) (14)
where Q, :{z: 2=[2,2),.. 241" 7, =(2,2,) €T, 1=1,2,.,N; 7, #2;, i # j}.

Given that function J(z) is a continuously differentiated function of its arguments, to
solve the optimization problem (14) we use the gradient projection method [9]

=Pr, [2-pV,3(z)] k=012.., (15)

where Pro, [Z] =]V, Yp0e Yy ', y,=Pr.[z] — projection of point Z; on the
border I" of a rectangular area €2;
7 = [z{‘ 25,28 ]T — approximate solution obtained on k-th iteration;

z° —initial approximation;
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p, — step of descent, which is chosen from the condition of the monotonous decline of
the function of purpose J(z) [9]; gradient v_J(z) is determined by the formula

V1@ =[V,1(2).V, 2.V, I(D)]
2=[2,2,,.2y] 7=(2;,2,)eTl, i=12,.,N,

wW(0),(0) IW(t)H (O gt
a*(0) Fl y a’()
1- e“” )(t-T)

H (t) d_lzz Slsjrl(zn)Pj(Zn)’

i=1 j=1

where P,(z,) = [le(zn), P, (Zn)]'

v, J(z) = -2a {

0, 2 =0, 24 =1y,
27 b Jo 7T ) Zi
P (Z ) Jl JZ( 1n’22n) = (I I )3/2 CcOoS I —1-, ZS—k,n :O1 k=1,2.
1'2 k (_1) I3k ’ Z3fk,n — |37k’

The condition of the stop was taken in the form ‘J (2" -3 (zk)‘ <&, where £>0 —

the accuracy of the solution is given.

This algorithm was programmed in the algorithmic language Fortran 90 with the
following initial data: 1 =20, 1,=10, T=20, F =025, F =20, d =10,
i=12,.,N, S(x)=1.0, £=0.001, p, =0.8, number of regulators N =5, for the value of

the coefficient of thermal conductivity a 0.4 was taken, which corresponds to the coefficient
of thermal conductivity of the copper plate. The dimension of all quantities is given in the
system [meter, time, deg. C°, kcal.]. The infinite series (11), (13) were broken off by the finite

sum of the three first members. For numerical simulation of optimal controls u; (t) it was
assumed that perturbation f,(x) and f (x t) is equal

X . TX X
fo(xl,x2)=25|n—13|n f, (X, %,,t) =tsin—:cos—=.

1 2 1 2
We note that these perturbations are permissible, because

G(fo, fi(2),0< 7 <t)=Fll, +12 FLLt* =05+ §t3 <1, vte(0,02)
and as a result, f (x) and f,(x,t) belong to the area (3).

Table 1 gives the initial location z° :[zf,zg,...,zﬁ ]T point boundary regulators.
Function value J(z) at such an arrangement of controls equals J(z°) =0.975632. Optimal
arrangement of regulators z* = [Z; Z; ZL ]T, obtained by the algorithm (15), is given in

the table 2 and J(z°) = 0.571874.
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Table 1. Table 2.
k Zlok ng k |z Zy
1 2.0 10.0 1 1.349 | 0.0
2 1.0 | 0.0 2 1.0 0.0
3 0.0 |1 0.0 3 0.651 | 0.0
4 0.0 |05 4 0.0 0.5
5 0.0 | 1.0 5 0.651 | 1.0

Figure 1 shows graphs of optimal point controls (10) that are optimally located on the
boundary T of the area Q B Toukax z €T, i=12,..,N.

0 0.05 0.1 0.15 0.2 t

T e e R
\\
05 - 7\\‘\
' u2 * * * \'
-0.75 R

-1.0
v
u; (t)

Figure 1 — Schedule of optimal boundary point controls

We now turn to the optimization problem (9), (12). Let's lick for simplicity one

(N =1) a moving source and let the perturbation f (x,t) in the right side of equation (1)

will be absent. Let's denote u(t) =u,(t), v(t)=v,(t), d =d,, J(v)=1(u",v). Then the task
of minimizing the functional

J(v) =W (0)(Fpex(0)) (16)

IS equivalent to the next optimization problem

tsv(t)el
te(0,T)

L(v) =}h(v(r),r)dr S sup

where «(t), h(x,t), W (t) — functions determined by the formulas (11), (13).
To solve the last problem, the projection method of the gradient of the species was

also used
Vi (t) = Pry. [vk(t) + p O[L (V" );t]], te(0,T), k=012, (17)
where v°(t) — initial approximation;
v (t) — Approximate solution obtained at k-th step;

0, — step of descent to the minimum point;
o[L(v);t] — graceful Frechet functional L(v) which is calculated by the formula
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SILW:] =20 (.00, p(xt) =Y 5" VR(0).

The algorithm stops when is fulfilled the condition ‘L(v"*l) -~ L(vk)\ <&, where £>0

— the accuracy of the solution is given.
Numerical implementation of the algorithm (17) was carried out with the above earlier
data. Below are the results of computational calculations. In table 3 the initial law of motion is

given vo(t):(vf(t),vg(t)) for a moving boundary source. Optimal motion law

V() = (Vf(t),v;(t)) of the moving controller (10), obtained by the algorithm (17), is given

in table 4.

Table 3.
t V() | V()
00 |00 |00
0.02 | 0.667 | 0.0
0.04 |1.333 [ 0.0
006 |20 |00
0.08 | 2.0 0.5
0.10 | 2.0 1.0
0.12 |1 1.333 [ 1.0
0.14 | 0.667 |1.0
0.16 | 0.0 1.0
018 |00 |05

Table 4.
t v (t) | v, (1)
0.0 |0.010 |[0.0
0.02 | 0.765 | 0.0
0.04 |1.230 [ 0.0
0.06 |1.990 |0.0
0.08 | 2.0 0.5
0.10 {1990 | 1.0
0.12 |1.285 | 1.0
0.14 | 0.664 | 1.0
0.16 | 0.010 | 1.0
0.18 | 0.0 0.5

The value of the functional (16) thus decreased from J(z°)=0.639538 to

J(z7)=0.438419. In fig. 2 shows an optimal control (10), the movement of which is
carried out in the optimal trajectory, shown in the table 4. The optimal trajectory consists of
four parts, each of which resembles a parabola and defines (describes) the motion of the
regulator along the corresponding boundary of the rectangular area.

0.05

0.1

0.15

0.2
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Figure 2 — Schedule of Optimum Limit Moving Control

t



ISSN 2414-3820 KoHcTpyroBaHHs1, BAPOOHHMIITBO Ta EKCILTyaTallis CLUTbChKorocroaapchkux Marms, 2018, purr. 48

The computational experiments also showed that the efficiency of point and moving
boundary controls increases with a decrease in the coefficient of temperature conductivity,
that is, with the decrease of this coefficient the value of the functional (8) after determining
the optimal control strategy decreased by a larger value compared with the value of the same
functional with a given initial control strategy.

Conclusions. In this paper the solution of the problem of finding the optimal
placement strategy for point boundary regulators and the problem of determining the optimal
trajectory of moving a regulator along the boundary of the region in which the distributed
control object functions is achieved. The problem is solved and solved in a minimal-scale
setting, that is, an optimal controller is found for the state of the object, which functions in
conditions of uncertainty, and the perturbation of the object belongs to a given bounded
domain. The results of computational experiments are presented, which illustrate the
efficiency of constructed lumped boundary point and moving regulators. The obtained results
indicate that the control outputs are actually optimal and provide a minimum of errors
(deviations from the given state) of the system's operation and energy costs for the control of
the given conditions and the absence of any information on external influences, in addition to
the area of permissible perturbations. Satisfactory performance indicators are observed even
in the event of disturbance beyond the boundaries of a given area.
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3agaya BHOOPY ONTHMAJILHOI cTpaTerii MiHIMAKCHOI0 KepyBaHHS B

CIILCHKOToCOoIapCHLKOMY BUPOOHMITBI 00’ €KTaMU 3 PO3MOAiJIEHUMH TapaMeTpaMu

B poGori  po3B’3yeTbcs  3amada  CHHTE3Y  MIiHIMAKCHOTO  KEpyBaHHSI Ui O0'€KTiB
CLTBCHKOTOCIIOTaPCHKOTO  BHPOOHMIITBA, SKi OMHCYIOTHCS JABOBUMIPDHHM PIBHSHHSM  TEIUIOIPOBIIHOCTI
mapabomigHoro tumy. [lepenbadaeThes, Mo 00'eKT KepyBaHHSA (DYHKITIOHYE B YMOBaX HEBU3HAYCHOCTI, IPUIOMY
30ypeHHs, 0 JiF0Th Ha 00'€KT, HAJISKATh ACIKOMY 3aJaHOMY Timepenincoiny. Posrisnaerses 3agada moOy0BH
perynsTopa cTaHy 00'€KTa JJIs BUIIAAKIB TOYKOBOTO 1 PyXOMOTO TPAaHUYHOTO KEPYBaHHS 3TiIHO 3 IHTErpaIbHO-
KBaJpPAaTUIHUM KpPUTEPIEM SKOCTi. 3a JOTOMOTOI0 YHCIOBHX ONTHMI3allifHMX METOMIB pO3B’3aHA 3ajada
BU3HAYCHHS ONTHMAIBHOTO PO3TAlLIyBaHHS 30CEPE/PKEHHUX PErylsiTOpiB Ha KOPAOHI NPSIMOKYTHOI oOusacti i
3aBJIaHHSI TOIIYKY ONTUMAaJIbHOIO 3aKOHY MEPEMILIEHHS PYXOMOT'0 IPaHUYHOTO PEryJisiTopa. 3ajada CTaBUThHCS i
PO3B’3y€ThCsl B MiHIMAaKCHOI MOCTAHOBII, KOJIM 3HAXOAUTHCSI ONTHMAIIbHE PEryJIIOBaHHS CTAaHOM 00'€KTa, SKHH
(YHKIIIOHY€E B yMOBaxX HEBH3HAUYEHOCTI TaK, IO PEryysaTop 3abesnedye MiHIMI3aI[il0 MaKCHMalbHOI MOXHOKH
peryiroBaHHs 3 0e3iidi MOJIMBHX 3HAUCHb 3 ypaxyBaHHSAM HaWOUIBII HECIIPUATIMBHUX 30ypeHb, SKi MOXYTh
mist Ha 00'ekT abo cucremy. [Ipm oMy 30ypeHHS 00'€KTa CTOCYETBCS O 3alaHOi OOMEKEeHOI 0OacTi.
HaBonsaTecs pe3ynbTaTH OOYMCIIOBATFHUX EKCIIEPUMEHTIB, IO 1TIOCTPYIOTh E€(QEeKTHBHICTh MOOYJOBaHUX
TPaHUYHUX 30CEPEHKCHUX 1 PYXOMHX PETYIIATOPIB.

OTtpuMaHi pe3ysIbTaTH CBIIYaTh MPO TE, IO 3HAHACHI B pOOOTI KepyBaHHS MIHCHO € ONTUMAJIBHUMH i
3a0e3MeUy0Th MIHIMyM MOXMOKH (BIIXWIICHHSI Bil 3a1aHOTO CTaHy) (yHKI[IOHYBaHHS CHCTEMH i CHEPTeTHYHHX
BUTpAT Ha 3/1MCHEHHs KepyBaHHS IPH 33JJaHUX YMOBAaX 1 PH BiJICYTHOCTI Oy/ib-sikoi iH(OpMAIil PO 30BHINIHI
BIUIMBH, KpiM 00J1acTi JIOITyCTUMUX 30ypEHb.

MiHIMaKCHe KepyBaHHs, PeryJsiTopH, CHCTeMH 3 PO3NOJiIEHHMH NapaMeTpaMHu, ONTHMi3alis, MeTOoA
NpoeKIii rpagieHTa, TOUKOBE i pyxoMe rpaHUYHEe KepyBaHHSA
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