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Abstract:

In this article, the issue of making the movement of material flows, i.e. finished
products, raw materials, fuel resources, building materials, agricultural products,
waste of production activities, etc., in space through the shortest distance, at the
lowest cost was considered. Optimization of raw materials or semi-finished product
flows that need to be transported allows you to determine the plan that provides the
minimum of the transport work being carried out.
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Introduction

The activities of the production (provision of services) of all sectors of the iqdisadiyot
of the Republic of Uzbekistan are carried out due to the movement of flow processes:
material, financial, information and service flows.

Therefore, it will be necessary to carry out the movement of material flows, i.e.
finished products, raw materials, fuel resources, building materials, agricultural
products, waste of production activities, etc.in space through the shortest distance, at
the lowest cost.

Since sokhas producing material goods are also broadband, the nomenclature of
manufactured and cultivated products is correspondingly numerous, therefore, the
issue of optimizing the movement of cargo flows between enterprises and
organizations is considered extremely relevant from a scientific and practical nature.
In general, the process of transporting raw materials of construction materials for the
construction of highways to factories that process them consists of two stages:

* transportation of raw materials of construction materials from quarries to
processing plants(tsex) or warehouses;

* transportation of semi-finished raw materials from processing plants, or
warehouses, to factories producing finished products or to customers.
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Main Body

Optimization of raw materials or semi-finished product flows that need to be
transported allows you to determine the plan that provides the minimum of the
transport work being carried out. The issue of load flow optimization is expressed in
terms of the transport model of linear programming from the formal hexadecimal and
is formed as follows.

Set of carriage numbers sending raw materials I = {1,2,...,],..., m} and the set of
numbers of receiving plants for processing raw materials /] = {1,2, ...,j, ...n, } given. All
I digital quarries or warehouses and j distances between factories producing digital
finished products L;; Matrix [|L;;|| ||Lij||j known. In addition, the volume of
shipment of raw materials of each sender number I quarry or warehouse ai and j the
need of a factory producing digital finished building material to process raw materials
is given bj values. We form a mathematical model of the problem of optimization of
raw materials flows.

Each i and j s flow of raw materials of construction between X;; it is necessary to
determine such positive values of, that is
Xi; =0, iel, jel (1.1)
In this every i all from the quarry or warehouse je/ flow of raw materials
transported to factories ) jXij its shipping options aq; cannot exceed, i.e.
YigXij = a;, 1€l (1.2)

Each finished product is transported to the factory (TMICHZ) - the flow of
recumbent raw materials };; X;; its ability to process raw materials a;- not
exceeding, i.e.

2iXij <b, JjE€] (1.3)
The volume of transport work in the performance of raw material
transport flows between the sender and the recipient destination

YiX;jX;jL;; the minimum should be.

Yiet 2ijey XijLij = min (1.4)
In the above-mentioned model of the Transport issue, the limiting conditions are
either unequal or egalitarian, }; a; = > b; TeHIJIMK MaBXxyZz OyJica,
OyHmal MozesIap €MUK MoJAeIap Aerniaau equitable ,
such models are called closed models..
To determine the quantitative solutions of the same problems as above, it will be
necessary to transform them into a model of an open view, that is, the conditions of
the constraint consisting only of equations (1.1). Let's look at the extended model of
the Transport problem and its form, which is presented in the Matrix. Let's say the
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raw material is a set of numbers of sender quarries or warehouses I =
{1,2,...1,..., m}
TMICHZ numbers are | = {1,2,...j,...,n} let. Xomameé 060opyBumn xap Oup i
KapbepHUHT KYHATHIN XaKMU a; Oyiub, 6apua iel Raw material sender-each all
by ,by,.., bj ..,b, givenin Fig. Eachi sender and j let us mathematically express
the conditions under which the volume of raw materials consumed by the recipient
TMICHZS does not exceed the capacity of its raw materials shipped and received,
while the volume of raw materials transported for addresses.
Let s say, j = 1 - for the recipient, it is necessary to draw up extreme options for the
formation of flows of raw materials of construction materials: j = 1- to the recipient
i = 2 - shipment from sender X;, tons of flow,i = 2 - from sender X,; and etc.i = m
from the sender X,,; make up tons of values. This is the sum of the flows X;, +
X517 + -+ + Xy while, that is, alli=1,2,...,m— fromsendersj— 1—or2-or n-
the sum of the flows of raw materials being sent to the recipient must be the awning
for the burden consumption of the same recipient, i.e.

Xi1+Xo1+ .+ X1 = by

X12 + X22 + ...+ sz = bz ) (1.5)

Xim + Xom 4 oot Xopn = by ;
Now let's form the requirements for the sum of the volume of raw material
flows that each sender leaves from the destination. In general, all from a
known I - Number sender J= 1,2,...j,...,n sum of shipping flows to digital
consumers X+ X2 + ...+ X;, the same must be equal to the possibility of sending a
cargo from the sender, i.e.

Where the above X;; transportation work taking shape in the implementation of the
flow rate X;;,L;; and the sum must have a minimum value, i.e.
+L11 + X21 + L21 + o +Xm1 + Lml +X12 + L12 +X22 + L22 + + sz + Lmz +
(1.7)

Another condition for the extended model of the Transport problem is that
its variability cannot be negative. Because the load current with negative
value does not exist and does not make sense from the physical Jack. All
of this condition I={1,2,...,I,...,m} and J={l,2,...,j,...,n} for is represented by
the condition that the value of the variables is not negative, i.e.

Xjj = 0, iel,  jeJ (1.8)
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Thus the open-view model of the transport problem is expressed as follows. It is
necessary to determine the value of such an Xtj of the cargo flows sent from the sender
to the consumer, in which the total transport work measured in tons of kilometers P;;

or cost of carrying out a unit of transport work S;; the total costs spent on its execution
when considering N;; the value of the least

PyM = ﬁl Z?leij . ll] - min (19) €KU CyM = ;ril Z?:l X” . S” - min (1.10)
Let and let the following conditions be met:
1{11 XU = b], ] € {1,2, ,m}, (1.11)
;-l=1 XU = aj, | € {1,2, ...,n}; (1.12)
X;j =0, ie{l—-n}, je{l—m]j, (1.13)

To determine the numerical solution to the transport issue (CHDTM) of linear
programming »;a; = ),;a; must be. For the initial data of the issue, this condition

is not met, i.e. 1) };a; > X ;a; or vice versa 2) };a; < ),;b; may be. In such cases,
the initial data of the issue is artificially ~ };a; = X;b; is made visible. The above
condition satisfies, for example 1-state Y;a;= Y;b'; , 2 - for example
Yiaty =% bjj values are taken and the matter };a; Ba };b'; or };a'; Ba }; b]-j

are solved for values.

The chdtm property is that the embedding and model of a problem can also be
expressed in terms of a matrix for a given initial information system (Table 1)(2).

In each row X;; sum ai, };x;; =a;  and on each column X;; the sum of the lar is b;

is equivalent to, i.e. };; X;; = b; 1is. For shippers a; sum };; a; for cargo recipients a;
sum }; b; is equivalent to:
i = Xib; (1.14)

At the next stage, it is possible to formulate the transport issue, which will be
necessary to optimize the flows of raw materials (Appendix 2.Table 1).

One of the most commonly used methods of solving the Transport issue is the
integration (improvement) of the transport plan. The essence of the method is as
follows: we look for the cell of the transport schedule where the minimum transport
tariff is located.

The fulfillment of the condition (1.5) or (1.11) in the above transport issue model
indicates that it is necessary to fulfill the requirement of all cargo recipients to
consume TMICHZ raw materials (1.6) or (1.12) according to the condition to fulfill the
volume of transportation that must be sent from all cargo senders. The algorithm for
solving the Transport probl i ] as follows:
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- drawing up a schedule of transport work;

- checking the issue in closeness;

- drawing up a base plan;

- checking to change the base plan;
- calculation of potential for transportation plan;

- checking the base plan for optimality;
- redistribution of transportation plan;
-if an optimal solution is found, go to Item 9, return to Item 5 if not found;

- drawing up a graph of waste transportation by calculating the total volume of cargo

transportation.

bup OUpJMK MaxCyJIOTHU JKYHaTHII MaH3WIUAAH Kabys KUIWII MaH3WUJINTa eTKa-
3UIITHUHT HapXU MaTpuniacu Kynuzarmda (1- >kazBas). MacajlaHu eYUITHUHT 3apyp

Ba €TapJIMJINK IIAPTHUHU TEKIIIUPaMH3.

The price matrix of etka-zish per unit product from the address of shipment to the
address of receipt is as follows (Table 1). We check the necessary and sufficient
condition for solving the issue.

za= 1000 + 300 + 100 + 400 + 40 = 1840
2.b =600 + 250 + 450 + 240 + 300 = 1840
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1-table
Representation of CHDTM in matrix representation.

j 1 2 j n ai

i

1 lu(Su) l12(S12) l1j(Szj) l1n(S1n) d;

1="? 12=2 X1j=? Xmn="?

121(321) 122(822) L2j1(Szj) LG(S2n) A2
X21=? X22=? X2j=? X2n=?

i l(Si) li(Si2) L;(Sy) lin(Sin) aj
Xiu=? Xi=? )(ij=? Xin=?

m lm1(Sm1) lm2(Sm2) lmj(smj) lmn(Smn) dm
Xnu:? Xm1=? Xm]z? an:?

b_] b1 b2 bJ bn z a; = Z b]
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The condition of balance is satisfied. Reserves are equal to demand. So the model of
the transport issue is closed.
We enter the necessary information into the distribution table (Table 2).

2- table

1 2 3 4 5 Reserves
1 875 [60] 450[250] |350[450] 380[240] 720 1000
2 646[300] 620 586 570 630 300
3 752,5 545 420 743 450[ 100] 100
4 714[200] 625 620 543 560[200] 400
5 980[40] 712 560 670 770 40

Tanab 600 250 450 240 300

Stage 1. Search for the first base plan.
1. Using the minimum price style, we determine the first base plan of the
transport issue.
2.  We determine the number of occupied cells of the table, they are 9, however, they
arem +n — 1 =9 must be.
The amount of target function for this base plan is equal to F(x) = 8 * 560 + 8 * 240 +
8x200+5+300+7+1004+6+250+9*50+12* 100+ 540 = 13550
Stage 2. Improving the base plan.
We check the optimality of the base plan.u; = 0 depending on the condition,
based on the occupied cells of the table, the primary potential is
u;, v;
define, where u; + v; = ¢;;.
u, + v, =875;0+ v; = 875; v; =875
U, + v, = 646; 875+ u, = 646; u, = —229
u, +vy =714; 875+ u, =714; u, = —161
U, +vs = 560; —161 + vy = 560; vy =721
Uz + v = 450; 721 + u3 = 450; uz = —-271
Us + vy = 980; us + 875 = 980; us = 105
u; + v, =450; 0 + v, =450; v, =450
u; +v3; = 350; 0 + v3 = 350; v3 = 350
u; +v, =380; 0+ v, = 380; v, =380

The base plan is not optimal, since there is an estimate of the Bush cells , for them
u; + 17]' > Cij
(1;5): 0 + 721 > 720; J15 = 0+ 721 —720=1
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(5;5): 105 + 721 > 770; A55 = 105+ 721 —770 =56
max(1,56) = 56

We select the maximum possible estimate of the empty cell (5,5): 770. To do this, we

put the symbol " +" on the cell (5,5), alternating to other edges of the Polygon"-",
"+" "-" we put the signs. The cycle is given in the following table(5,5> 5,1> 4,1> 4,5).
Standing in minus cagesx;; from the loads, we choose the minimum, namely y =
min(5,1) = 40
We add the number 40 to the amount of loads in the plus cells, subtract the number
40 from the amount of loads standing in the minus cells. As a result, we will have a

new base plan.(Tables 3,4,5).

Table 3.
1 2 3 4 5 reserves
1 875[60] 450[250] [350[450] |380[240] 720 1000
2 646 [300] 620 586 570 630 300
3 752,5 545 420 743 450[100] 100
4 714[200][+] 625 620 543 560[100] [-] 400
5 |980[40][-] 712 560 670  [770[+] 40
Tanab 600 250 450 240 300 ”
Table 4
. _____________
1 2 3 4 5 reserves
1 875[60] 450[250] 350[450] 380[240] 720 1000
2 646[300] 620 586 570 630 300
3 752,5 545 420 |43 450[100] 100
4 714[240] 625 620 543 560[160] 400
5 980 712 560 670 770[40] 40
demand 600 250 450 240 300
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Table 5
v1i=8 v2=5 v3=8 v4=8 v5=8
U 1=0 875 [60] 450[250] 350[450] 380[240] 720
u2=-3 |646[300] 620 586 570 630
u3=-1 752,5 545 420 743 450[100]
ug=1 714[240] 625 620 543 560[160]
u5=—3 980 712 560 670 770[40]

We check the optimality of the base plan. Primary based on the occupied cells of the
table u;, v; we find the potentials, u; = 0 to the condition
according to, they have
u; + v = cjj.
u, + v, =875;0+v; = 875; v; =875
U, + v, = 646; 875+ u, = 646; u, = —229
u, +v, =714; 875 +u, = 714; u, = —161
u, +vs = 560; —161 + vy = 560; vy =721
Uz + vg = 450; 721 + u3 = 450; uz = —-271
Us + v, = 980; ug + 875 = 980; ug = 105
u, + v, =450; 0 + v, = 450; v, = 450
u, +v3 = 350; 0 + v3 = 350; v; = 350
u,; +v, = 380; 0 +v, = 380; v, =380

The base plan is not optimal because there is an estimate of empty cells
are for
u; +v; > ¢y
(1;5): 0 + 721 > 720; 15 = 0+ 721 —720=1
Let's choose the maximum possible estimate of the empty cell (1,5): 720. To do this,
we put the symbol "+" on the prospective cell (1,5), alternating to other edges of the

mnm o nmn n nn

Polygon "-", "+", "-" we put the signs.
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Load cycle: 944260 (Table 6 ) Table 6

1 2 3 4 5 reserves

,  [B7sl60ll-] j450(250]  [350[450]  [380[240] 720[+] 1000

2 646(300] 620 586 570 630 300

3 752,5 545 420 743 450(100] 100
v 560(160][-]

14[240 62 00

4 714[240][+] 5 620 543 4

5 980 712 560 670 770[40] 40

demand 600 250 450 240 300

The cycle is given in the following table(1,5 —" 1,1 —* 4,1 —> 4,5). From the loads
standing in the minus cells, we select the smallest, that is, u = min (1, 1) = 60. We add
the number 60 to the load charge in the plus cells, we separate the number 60 from
the load charge in the minus cells. As a result, we will have a new base plan. (Note 2.
Table 8) we check the optimality of the base plan. Based on the busy cells of the table
u;, v;. we find the primary potentials, u; = 0 according to the condition, they have u; +

vj = ¢y
u; + v, =450; 0+ v, =450; v, =450
u, +v3 = 350; 0 + v; = 350; v3 = 350
u; +v, = 380; 0 +v, = 380; v, =380
u; + vy =720; 0+ vy = 720; vs = 720
Uz + vs = 450; 720 + u3; = 450; uz = —270
u, +vs = 560; 720 + u, = 560; v, = —160
u, +v, =714; —160+ v, = 714; v, = 874
U, +v; = 646; 874 + u, = 646; u, = —228
us +vs =770; 720 + ug = 770; ug = 50

The base plan is optimal because all estimates of empty cells u; + v; < ¢;; satisfies
the condition.
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Table 2 Base plan (optimal plan)

vi=8 v2=5 v3=8 v4=8 v5=8
u1=0 875 450[250] 350[450] 380[240] 720[60]
u2=-3 646[300] 620 586 570 630
ug=-1 752,5 545 420 743 450[100]
ug4-=1 714[300] 625 620 543 560[100]
u5=-3 980 712 560 670 770[40]

100 + 714 %300 + 560+ 100 + 77040 = 944200 T.kM
We carry out an analysis of the Optimal plan. In the Optimal plan, the load turnover
is compared to the first option - 2300 tkm. Ga less.
We will draw up a graph that will be able to trace the leprosy and the result of the
problem and is provided for in the algorithm: (figure 2.6).

Al A2 A3 IS

Bl B2 B3 B4 B5

Figure 2.6. Graph of cargo transportation.
Shipments from warehouse 1 must be shipped to customer 2 (250), customer 3
(450), customer 4 (240) and customer 5.
All goods from warehouse 2 must be shipped to customer 1 all goods from
warehouse 3 must be shipped to customer 5.
It is necessary to send from warehouse 4 to customer 1 (300) and customer 5 (100).
All shipments from Warehouse 5 must be shipped to customer

Conclusion
The issue of load flow optimization is expressed in the form of a transport model of
linear programming from a formal typewriter and allows you to determine the plan
that provides the minimum of traffic performance.

The essence of solving the burnt issue is that in this we determine some kind of base
plan and check it for optimality. If, the plan is optimal, then the solution will be found.
The plan will continue to improve using the potentials style until you find an optimal
plan if not optimal. Cargo circulation 944200 tons km. The average load current is 80
tons. The average shipping distance is 513.15 km.
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The RNR programming language was chosen in its development in order to make it
possible to host the program on the internet and make its use public.

References:
1.

Journal of Adv Research in Dynamical & Control Systems, Vol. 12, Optimization of
Global Information Flows in Transport System Management, Pulatova Z.M.,
Usmonov J.T, Djurayev T.B. 07-Special Issue, 2020.
DOI:10.5373/JARDCS/V12SP7/20202319 ISSN 1943-023X. -P. 2024-2032
Zamonaviy transport-logistika tizimining boshqaruv samaradorligini oshirish,
Kuvnakov A.E. “UKTHCOAMET TapMOKJAPUHUHT WHHOBAIIIOH PUBOXKJIAHUIIHIA
ax00pOT-KOMMYHHUKAITHA TEXHOJOTUSJIADUHUHT axaMHUATH PecITyOInKa UIMUH-
TeXHUK aH)KyMaHUHUHT Mabpy3asap TymiaMmu. 1-KVCM. TouikeHT -2021. —b. 24-
26.

Usmonov J.T., Djuraev T.B, Pulatova Z.M. (2020). Optimization of global
information flows in transport system management. Journal of Advanced Research
in Dynamical and Control Systems, 12(7 Special Issue), 2024-2032.
doi:10.5373/JARDCS/V12SP7/20202319
https://www.scopus.com/record/display.uri?eid=2-s2.0-
85088800112&d0i=10.5373%2fJARDCS%2fV12SP7%2f20202319&origin=inward
&txGid=3bo8add68a266fb597cbdgd2dacf8096

Website:

w2/ https://wos.academiascience.org



https://www.scopus.com/record/display.uri?eid=2-s2.0-%2085088809112&doi=10.5373%2fJARDCS%2fV12SP7%2f20202319&origin=inward&txGid=3b08add68a266fb597cbd9d2dacf8096
https://www.scopus.com/record/display.uri?eid=2-s2.0-%2085088809112&doi=10.5373%2fJARDCS%2fV12SP7%2f20202319&origin=inward&txGid=3b08add68a266fb597cbd9d2dacf8096
https://www.scopus.com/record/display.uri?eid=2-s2.0-%2085088809112&doi=10.5373%2fJARDCS%2fV12SP7%2f20202319&origin=inward&txGid=3b08add68a266fb597cbd9d2dacf8096

