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In order to verify whether the Main Proof is valid, Victor:

1) computes ¢; = hash(g,y;), i = Zpm_1 + 1, 2;

- - Czm—q+1 Cz
1 = grzm th_ly m—1 o ese e y m
Zm-1 Zm—1+1 Zm

If the equality is true then the entire Cumulative Proof is considered as a valid one.

2) verifies the equality t, t

Conclusion. In the work a new cryptographic algorithm called cumulative discrete zero-
knowledge proof was offered. It allows proving the knowledge of sequence of values effectively
from the point of time and memory complexity and possesses Completeness, Soundness and Zero-
Knowledge properties.
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COMPUTER SYSTEM OF THE THERMAL MODE OF THE TOP CONVERTER LANCE
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A computer information-modeling forecasting system of the thermal mode of the top lance
barrel of the oxygen converter has been developed in order to fulfill the urgent and economically
feasible task of determining the compliance of the input technological parameters with certain
safety criteria for conducting of converter melting, on the basis of mathematical modeling and
object-oriented programming.

Nowadays, safe and stable converter melting is fulfilled due to permanent monitoring of the
technological process and its adjustment. It requires continuous or discrete information about the
parameters of the steelmaking pool and, first of all, about the carbon content and the temperature of
the metal. Knowledge of these parameters allows you to make the necessary adjustments during the
melting. Moreover, it gives high accuracy of the obtained (final) results of the converter processing.

Thus, the development of forecasting systems, which allow you to determine the compliance
of the input technological parameters with certain safety criteria for conducting converter melting,
is an actual and economically feasible task.

The presence of forecasting systems of the thermal mode of the top blowing lance barrel
during the melting in an oxygen converter means providing a rational temperature regime for the
blowing devices throughout the entire operation period to increase their service life, exploitation
and trouble-free operation period. This is especially urgent for the conditions of the mining and
metallurgical industry of Ukraine, where many converter shops are equipped with outdated designs
of top water-cooled lances, which do not fulfil the technical and technological requirements and
have welded lance heads with a low service life [1].

What is more, such forecasting computer systems make it possible to determine the optimal
design and technological parameters of the used lancers (gaps for coolant supply, pipe thickness and
material, water flow and temperature etc.) on the stage of the development of the top blow device.

16



Mamepianu xongpepenuii «Cman, 00cazHeHHA ma nepcnekmusu iHhopmayininux cucmem i mexHon02iiny

An analytical review of the literature shows the complete absence of such forecasting systems,
perhaps except for the only research [2], the results of which can be used to design the construction
of the lance for bubbling liquid steel with argon.

As a result, the main purpose of the work is to create the computer information-modeling
forecasting system (IMFS) of the thermal mode of the top lance barrel (TLB) of the oxygen
converter during its operation. The developed IMFS, which is based on mathematical modeling and
object-oriented programming, allows you to evaluate the design and technological parameters of the
top blowing device as a criterion for its safe operation. The basis for creating this system has been
the previously developed [3] and refined mathematical model.

The mathematical model provides the solution of the differential heat conduction equation in
cylindrical coordinates (two-dimensional formulation) with the assignment of the initial
(temperature distribution in the computational domain) and boundary conditions of the IT and III
kind (respectively, on the outer and inner surfaces of the TLB). The finite-difference approximation
of the heat conduction equation and boundary conditions was obtained by the integro-interpolation
method (balance method). A numerical sweep method (modified Gauss method) and an
unconditionally stable implicit scheme were used to calculate the temperature field. Thermophysical
values were obtained by approximating the corresponding tabular values.

The program was created in the form of a Windows-oriented application using the object-
oriented programming language C# in the Microsoft Visual Studio 2019 IDE. The application does
not put forward special requirements for the computer infrastructure, operates locally (without the
need for access to the Internet), does not require special skills to work with it, has an intuitive user
interface: the working area of the program consists of three windows (sections), in which the results
of calculating the thermal mode of the TLB are displayed.

Working with this program is easy and intuitively understandable. To start the application, the
appropriate file is used. After that, it is necessary to set the required initial data in the form of the
main program window (process time, outer diameter of the lance, temperature and cooling water
flow). At the same time, at this stage of development, it is possible to choose top lances of two main
sizes — for 160 tons or heavy-duty (from 250 tons and above) converters with an outer tube diameter
of 219 or 426 mm, respectively.

The developed IMFS allows evaluating the design and technological parameters of the top
blowing device as a criterion for its safe operation. This application in the "advisor" mode ensures
the optimal design of the top oxygen lances with a rational water cooling system in order to ensure
the proper thermal mode of the TLLB throughout the entire operation period, as well as trouble-free
operation of the blowing device.
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