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117. Kobernik M.V., National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine.
SMART SYSTEM TECHNOLOGY OF DESIGNING OF LOGISTIC SCHEMES OF SUGAR BEET

HARVESTING
The problem of creating a flexible logistics technology for harvesting and transporting root crops during

their harvest will be considered as a complex system, a complex object to be studied. The result of solving this
problem will be the creation of a comprehensive document of information and recommendation (consulting)
nature, which would contain certain mandatory sections and their content in relation to the flexible choice of a
set of technical means with optimal economic performance, parameter groups, etc. depending on specific
natural, economic, legislative and other numerous conditions during the harvest of cereals.
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Since there is no sufficient information base for the content of such a document at the beginning of such 
a comprehensive study, in our opinion, the solution of this system problem should be performed from the 
standpoint of inductive approach to modeling complex systems, which has proven itself in solving many 
complex uncertain problems. 

One of the effective tools of this approach to the creation of this type of document is the inductive 
technology of system information-analytical research, which applies the main principles of the theory of 
inductive modeling of complex systems. It will be recalled that the result 𝑅∗(𝐼𝑏

∗) of complex inductive 
technologies of system information-analytical research is a specific document 𝐷{𝑅∗(𝐼𝑏

∗) }, which reflects the 
results of system subject analysis of a complex object (process, phenomenon or problem in general), which is 
based on the optimal information base 𝐼𝑏

∗ constructed in the research process. Requirement has an information-
recommendatory (consulting) nature, endowed with a certain official status and level of access. 𝐷{𝑅∗(𝐼𝑏

∗) } 
means a document prepared and executed in accordance with the requirements, based on a set of optimal 
research results {𝑅∗(𝐼𝑏

∗) }, which may still have a certain sketch character. This is the only difference between 
the results 𝑅∗(𝐼𝑏

∗) and the resulting document 𝐷{𝑅∗(𝐼𝑏
∗) }. 

Here are the main stages that must be passed in accordance with the inductive technology of system 
information and analytical research to create a meaningful document. 

Stage I. Formation of the top-level expert commission and construction of the primary information base, 
selection of analytical groups A and B to perform system-analytical research and synthesis of the optimal 
information base 𝐼𝑏

∗, which should generate results 𝑅∗(𝐼𝑏
∗) ∈ {𝑅∗(𝐼𝑏

∗)}. 
Stage II. Creating a matrix of reference (target) result: 

𝐸 = 𝐸{𝑅0(𝐼𝑏
0)} = (𝑒𝑖𝑗) = (

𝑒11 ⋯ 𝑒1𝑛

⋮ ⋱ ⋮
𝑒𝑚1 ⋯ 𝑒𝑚𝑛

), 
(

1) 

in which the i-th line, 𝑖 = 1, 2, … , 𝑚, reflects one of the indisputable types of requirements for the target result 
of the study from the standpoint of the expert commission, and the j-th column, 𝑗 = 1, 2, … , 𝑛, possible 
gradations of estimates of the i-th element. The line in our case is one of the necessary sections of the future 
document, and the elements of the line are the formalized values of expert assessments (requirements) to its 
subdivisions. The elements (𝑒𝑖𝑗) of the matrix 𝐸{𝑅0(𝐼𝑏

0)} are formalized according to a certain algorithm based 
on the assessments of top-level experts. For example, this may be the median on the set of expert tolerances 
(conclusions) regarding such an element (𝑒𝑖𝑗). 

It is important to note that the matrix 𝐸{𝑅0(𝐼𝑏
0)} concerns only the form of the future result and the 

importance of reflecting in it the most important positions and their parts. In addition, in contrast to the known 
analytical technologies such as the Delphi method, the key point is that members of the top-level expert 
commission who agreed with the generalized estimates of matrix 𝐸{𝑅0(𝐼𝑏

0)} tolerances (𝑒𝑖𝑗) cannot change 
their conclusions about the shape of future results throughout the project. That (𝑒𝑖𝑗) is, there are constant 
estimates. The semantic content of all these positions is performed by analytical groups and tested by experts 
from the top-level expert commission at each step of the next stage III. 

Stage III. Execution of information-analytical project by iterative procedure. 
Step 1 of stage III. Groups A and B synthesize analytical results 𝑅𝑘(𝐼𝑏

1)(𝐴,𝐵), 𝑘 = 1, 2, … , 𝐾, which 
include only the initial information base 𝐼𝑏

1, and for each such result, experts make estimates, ie build matrices 
that are formalized on the same principle as for the matrix 𝐸{𝑅0(𝐼𝑏

0)}. 

𝑊𝑘
(𝐴,𝐵)

= (𝑤𝑖𝑗) = (

𝑤11 ⋯ 𝑤1𝑛

⋮ ⋱ ⋮
𝑤𝑚1 ⋯ 𝑤𝑚𝑛

), 
(

2) 

That is, the matrix 𝑊𝐴 – reflects the formalized k-th result 𝑅𝑘(𝐼𝑏
𝑠), achieved by the analytical group A in 

the s-th step of the study (𝑠 = 1, 2, … , 𝑆) and, accordingly 𝑊𝐵 – reflects the formalized k-th result 𝑅𝑘(𝐼𝑏
𝑠) 

achieved by the analytical group B in the same s-th step of the study. 
Each synthesized result is evaluated according to the criteria of systemic correlation: 

𝐶𝑅𝑐𝑜𝑟𝑒𝑙 = √∑ ∑ (𝛿𝑖𝑗
2 )

𝑊𝐴𝑊𝐵

𝑛
𝑗=1

𝑚
𝑖=1 , (

3) 

and systemic relevance: 
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𝐶𝑅𝑟𝑒𝑙 = √∑ ∑ (𝛿𝑖𝑗
2 )

𝑊(𝐴∧𝐵)𝐸

𝑛
𝑗=1

𝑚
𝑖=1 , (

4) 

where 𝛿𝑖𝑗
2  – the elements of the matrices 

∆(∗)
2 = (

𝛿11
2 ⋯ 𝛿1𝑛

2

⋮ ⋱ ⋮
𝛿𝑚1

2 ⋯ 𝛿𝑚𝑛
2

), 
(

5) 

and are equal to the squares of the differences of the corresponding elements of the pairs of matrices 
𝑊{𝑅𝑘(𝐼𝑏

𝑠)}(𝐴∧𝐵) and 𝐸{𝑅0(𝐼𝑏
0)} and 𝑊{𝑅𝑘(𝛿𝑖𝑗

2 )}
𝐴

, 𝑊{𝑅𝑘(𝐼𝑏
𝑠)}𝐵, respectively, and all these matrices have 

dimensions 𝑛 × 𝑚. The sign * means to which pairs of matrices, and therefore to which criterion, the object 
belongs 𝛿𝑖𝑗

2  (relevance or correlation). 
Therefore, these system criteria require minimal differences both between the achieved two groups of 

results (2) and between such results and the reference. Then the information monitoring system is activated, an 
additional target portion 𝐼𝑏

+ of monitoring information is formed, which should complement the already existing 
ensemble 𝐼𝑏

𝑠, 𝑠 = 1, 2, … , 𝑆, in order to improve the results 𝑅𝑘(𝐼𝑏
𝑠), bringing them closer to the reference 

𝑅0(𝐼𝑏
0). 

Step 2 of stage III,…, S. Analytical results 𝑅𝑘(𝐼𝑏
𝑠), 𝑘 = 1, 2, … , 𝐾, 𝑠 = 1, 2, … , 𝑆 are synthesized, which 

are based on the results of previous steps and information 𝐼𝑏
+ of purposeful information monitoring. Again, each 

synthesized result is evaluated by criteria of systemic correlation (3) and systemic relevance (4). 
Criteria (3) and (4) should theoretically have minima, which indicate the cessation of the inductive 

procedure for the synthesis of the optimal result 𝑅∗(𝐼𝑏
∗) (or a certain limited set of such results {𝑅∗(𝐼𝑏

∗)}). The 
last step of the procedure of inductive technologies of system information-analytical research is one in which: 

- the result is obtained, which is objectively the best according to the system criteria (3) and (4) 
and satisfies the customer; 

- the result is obtained, which can still be improved, but it already satisfies the customer; 
- exhausted research resources (time and money, for example). 
Stage IV. Formation of the optimal result 𝑅∗(𝐼𝑏

∗) and the corresponding consulting document 𝐷{𝑅∗(𝐼𝑏
∗)}. 

Both analytical groups should already work here under the control of the project manager. 
Stage V. Protection of the document 𝐷{𝑅∗(𝐼𝑏

∗)} and its transfer to the customer. Obviously, the described 
technology does not require complex, long-term and costly field experiments to achieve the result (although in 
the general case it is not denied). In addition, it is also obvious that such an approach should be used to solve 
complex problems, to implement intelligent projects of high complexity. The problem undoubtedly belongs to 
this class of problems. Thus, comparing the above, a consulting document that would contain simple and at the 
same time sufficient for decision-making procedures (schemes) for the synthesis of flexible logistics 
technologies for harvesting and transporting grain to granaries and optimally adapted to specific natural 
production, economic, technical and other  conditions during the collection period, it is advisable to create, 
based on the described inductive technology of system information and analytical research. The concept of 
developing such a document for the synthesis of logistics technologies for harvesting and transporting grain 
involves the following stages. 
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