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SYSTEMATIC APPROACH TO CONSIDERATION THE SCIENTIFIC
ACTIVITY OF PROFESSOR A.P. OGURTSOV

In 2024 we mark the 90th anniversary of the birth by Anatoly Pavlovich Ogurtsov, a famous
educator and scientist who made a long and fruitful journey from an assistant lecture to rector of
DSTU, from a postgraduate student to doctor of technical sciences, professor, academician of the
Academy of Higher School. He achieved significant results in metallurgical science and the recon-
struction of educational environment; therefore a systematic analysis of his activity is relevant and has
practical significance for effective mastery by successors. The work proposes the use of graphic mod-
eling using the Ishikawa diagram and a double causal (cause-and-effect) diagram, which streamline
the research process and make its methodology more accessible.

Keywords: system approach, metallurgical science, double causal diagram, graphic model,
research results.

YV 2024 poyi eunosnioemuvca 90 poxie 3i Oua napooicenns Anamonis Ilasnosuua Ozypyosa —
CABEMHO020 OCEIMAHUHA | HAYKOBYS, AKULL NPOUULO8 00682Ull i NAIOHUL ULIAX 8I0 ACUCMEHMA 00 PeK-
mopa JIJ[TY, 6i0 acnipanma 0o 0okmopa mexHiyHUxX Hayk, npogecopa, akademixa Axademii suwyoi
wkoau. Bin docsie snaunux pezyiomamie y memanypeitinill Hayyi ma opeauizayii euwjoi ma nepeosu-
woi oceimu, momy cucmemHull aHai3 to2o OiANIbHOCMI € AKMYANIbHUM | MAE NPAKMUYHE 3HAYEeH S O
eexmugHo20 Onamy8amnHs HACMYNHUKamu. Y pobomi 3anponono8aHo GUKOPUCMAHHA 2pAiuH020
MOO0en08anHs 3a 00nomozoto diazpamu Icixasu ma noodeitiHoi Kay3aibHOi (MPUHUHHO-HACTIOKO0B0I)
diazpamu, sKi 6NOPAOK0O8YI0OMb Xi0 O0CAIOIICEHHS A 0038010Mb 3POOUMU 11020 MeMOO0102iI0 DilblL
00CmMYNnHOI0.

Knwuoei cnosa: cucmemnui nioxio, memanypeiina Hayka, nooGiliHa Kay3aibHa diacpama,
epaghiuna mooens, pe3yromamu 00CAIONHCEHb.

Problem’s Formulation

The organization and conduct of research in modern conditions, as a rule, is carried out with a
scientific justification. But at the same time, it is important to take into account not only the systemic
connections that are inherent in the chosen topic or task, as well as the existence and influence of the
supersystem. Then you can proceed to solving not only a separate task, but also to solving of a certain
chain at research tasks or to the solution of an actual problem [1]. From the very beginning of the re-
search being conducted, it is useful to analyze the situation at a sufficiently high level of overview, so
that the results obtained are then naturally integrated into the current state of the chosen science [2].

Currently, research conducted by graduate students and faculty staff is limited in time and re-
sources. Therefore, at all steps of their implementation, starting with the preparation of the work plan,
high efficiency of actions must be ensured. For this, versatility and completeness of a priori processing
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of data are important. With a systematic approach to solving the problem, it is suggested to use graph-
ic modeling to control the adequacy of actions.
Analysis of recent research and publications

Currently, metallurgical science is developing dynamically, and the prospects for deepening
and improving developments are quite attractive. As a basis for the success of the actions, you can use
the systematic findings of previous years with a widespread analysis of methods and results that were
effective. It is natural that they are personalized, special within the boundaries of successful scientific
schools.

In DSTU, one of the most famous schools in metallurgy is associated with the activities and
achievements of Anatoly Pavlovich Ogurtsov. The physical-chemical essence and complications of the
processes of obtaining pipe metal are already presented in the early works of A.P. Ogurtsov [3]. Over
the years, work on research and modeling of heat and mass transfer processes in metallurgy, with his
participation and leadership, gained great intensity, led to the expansion and deepening of the activities
of the productive scientific school, which he headed. The career of a lecturer and administrative figure
of a higher school also developed successfully and went in the direction of the development of the
educational institution. However, there are few scientific publications on the relevant subject and they
are not completely systematized, which complicates the use of effective tools of scientific and peda-
gogical activity by the next generation of specialists. Some information can be obtained from the anni-
versary editions of the Dneprodzerzhinsk Industrial Institute and the Dniprovsky State Technical Uni-
versity [4—6]. To clarify the bibliography of the works of A.P. Ogurtsov, the catalogs of the National
Library of Ukraine named after V.I. Vernadskyi, the library of DSTU, other well-known Ukrainian
and foreign libraries that store his printed works. After rethinking and systematization, Anatoly Pavlo-
vich's experience and results can be useful to contemporaries in many ways.

Formulation of the study purpose

The purpose of the work is to factorize the achievements of the famous Ukrainian metallurgist
A.P. Ogurtsov as a scientist and educator, to determine directions, terms and results at professional
activity. With the help of graphic models, the steps and stages of solving the actual problems of metal-
lurgical production, higher education and society as a whole are presented, as an example of the use
the effective methodology of applied research and development.

Presenting main material

Two main areas of application the systems analysis for solving applied problems [7]:

- the first area is characterized by the desire to develop a general methodology for solving var-
ious complex problems that initially do not lend themselves to reliable metric description. It involves
clearly identifying the problem as a discrepancy between the existing and desired state of affairs in the
issue under study, formulating reliable criteria for solving the problem, a comprehensive assessment of
the consequences at its solution in technical, economic, social, and environmental terms, monitoring
the implementation of decisions taken, and other operations;

- the second area in systems analysis is formed closer to the practical activities of a researcher
scientist and is characterized by the desire to identify the internal structure of the object under study to
the greatest possible extent, to trace the interrelations of the elements that make up the object, and at
the same time to preserve the idea of the object under study as an independent, integral system. The
combination of a detailed analysis for the object under study with the desire for a holistic idea of it is
achieved through the widespread use of mathematical modeling and the use of computers to solve the
very complex problems that arise.

Both of these directions A.P. Ogurtsov used it in his work, as evidenced by the books of the
final 10-volume monograph [10—13, 16—20]. The use of a systems approach can be illustrated using
graphical modeling, which makes decomposition and aggregation during the research or design pro-
cess visual.

When graphically modeling the process of solving technical and economic problems in the
process of designing and using equipment and technologies, establishing cause-and-effect relation-
ships can be started with the Ishikawa diagram [8, 9]. Such a diagram has a simple geometric structure
of connection the rectangular elements by directed segments and is used for the purpose of graphically
displaying the relationship between the solved problem and the reasons affecting its occurrence
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(Fig. 1). This tool is used to ensure the completeness of ordering by key categories (6M) in causes and
the problem itself: (M1) Man; (M2) Material; (M3) Machines; (M4) Management; (M5) Manufactur-
ing; (M6) Measurement.

Key

categories Ml M2 M3

VAW A

M5 M6
Fig. 1. Start form of the Ishikawa diagram

M4

When constructing an Ishikawa diagram, it is customary to use an algorithm that regulates the
selection and placement of vertices and edges of this specific directed graph. The main points of the
methodology:

1. The vertices of the figure are the selected problem and categories of reasons, which are repre-
sented by rectangles. To achieve clarity, they are placed on a work sheet, and the figure de-
picting the problem is inside the sheet. A straight line is drawn from this place, around which
figures corresponding to the categories of the causes by the problem are depicted. The number
of categories is chosen depending on the given problem. As a rule, up to six categories (men,
methods of technology, mechanisms, material, measurement, management) are used so that
there is no information overload of the analysis.

2. Slanted lines are drawn from the figures by each category of reasons to the central line.
They are the edges of the Ishikawa diagram. Each of the reasons is detailed by component. In
order to deepen the analysis, the causes of the problem identified during the preliminary anal-
ysis are distributed according to established categories and indicated on the diagram in the
form of "branches" adjacent to the main edges.

3. The most significant and important factors affecting the investigated problem are re-
vealed. The results of the analysis are recorded in the form of "branches” of the next, lower
order. The process of detailing the reasons continues until all a priori information is taken into
account or the time limit is exhausted.

4. Under significant circumstances, further work may be carried out with the extension of
research. The results of the application of the constructed causal model may require its further
development with the preservation of the already constructed and used part, that is, completion
of the Ishikawa diagram or, on the contrary, selection of some of its parts. It is important to
take into account the known applied nature of the factors, the connections between them and
the results.

In accordance with the content of the research work, the initial diagram is reconstructed with
the transition of some categories to an implicit form, they become "invisible™ in the figure; for other
categories, as a rule, decomposition is performed - branches turn into trees.

Taking into account the technological orientation of research, some of the categories "man",
"management”, "measurement” become implicit when it is assumed to involve personnel with a suffi-
cient level of competence, if management and measurement are carried out in accordance with modern
requirements with a sufficient level of scientific and technical validity.

In accordance with the topic of the work, the category of "equipment™ is divided into auxiliary
and main. In the "technology" category, continuous steel casting is chosen. The "material” category is
subdivided into smelting material, equipment material, etc.

The disadvantages of using the diagram include the lack of informativeness in determining the
relationship between the investigated problem and its causes, as well as the uncertainty of quantitative
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dependencies. In order to define the model of the object in more detail according to the selected prob-
lem, you can proceed to the transformation of the causal diagram.

To model the entire process of solving the problem, it is proposed to use a double causal dia-
gram based on the Ishikawa diagram (Fig. 2). Well-known tools for solving many problems at the
stage of building and using calculation models of the object are: EM — empirical methods, TM —
theoretical methods or HM — hybrid methods (EM+TM). At the stage of synthesis of solutions, the
following are obtained: PS — project solutions, TTS — technological and technical solutions, OS —
organizational solutions.

Analysis Syntheses
> n
S ol =38
AR ol -]
A
Scientific-
technical <
problem »{ Solution
A
Machines /
/\ Measurement
Material
Manufacture
Men /\ Management

Fig. 2. General scheme of a double causal diagram

As a result of the research the operation of the intermediate ladle of the continuous steel cast-
ing machine, it was found that the temperature gradient between the dosing cups can reach 30 °C and
lead to a decrease in the quality of cast blanks. Therefore, it was decided to improve the design of the
intermediate ladle. To find rational geometric parameters and the location of the refractory partition, a
mathematical modeling apparatus was used. The process of solving the problem can be illustrated with
the help of a double cause-and-effect diagram, which was obtained after the reconstruction the general
scheme in accordance with the specific conditions of the problem (Fig. 3).

The mathematical model of the movement and heat transfer the liquid metal in the intermedi-
ate ladle is based on the Navier-Stokes equations, continuity of the metal and heat transfer

VV V=-Vp+VvAV+(,;
V=0,
V VT =V AVT +Q,
where V. — is the velocity vector; p — is pressure; v — is the kinematic coefficient of the effective
viscosity; g — is vector of mass forces; T — is the temperature; 4 — is the thermal conductivity of
metal; Q — is a volumetric heat source that takes into account the heat of steel crystallization.
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Fig. 3. Double cause and effect diagram of the improvement the intermediate ladle

The basis for the numerical implementation of the momentum transfer equations is the explicit
scheme of splitting by physical factors by O. M. Belotserkovsky using a "chess" grid. The equation of
the thermal state of the liquid metal and the ladle lining is approximated using the recalculation
scheme of N. I. Nikitenko.

To solve the system of equations, a non-uniform grid is introduced. The integration step over
time was set constant for the calculation time and was determined from the stability condition of the
finite-difference scheme. The algorithm for calculating hydrodynamics and heat exchange in the t
intermediate ladle of the continuous casting machine is implemented on a personal computer using an
application package in the Turbo Pascal language.

As a result of numerical experiments, it was found that there are several stagnant zones in the
volume of the intermediate ladle.

To direct high-temperature flows of liquid metal into stagnant zones and to ensure a minimum
temperature difference between the streams, it is proposed to use a refractory partition. As a result of
numerical experiments, it was found that the height of the refractory partition should be 450 mm with
a length of 3800 mm. As a result, the maximum temperature gradient between the dosing glasses does
not exceed 4 °C.

Over the years, in accordance with the actual achievements, there was an exit from the activity
of the scientific school to the level of an innovative (scientific and educational) cluster [21], which
was associated with a wide range of topical problems. With the independence of Ukraine, it was nec-
essary to solve the environmental problems of the region [18], intensively move towards energy sav-
ing [19], and reform higher education [20]. In accordance with the stated problems, the system ap-
proach is implemented in the first of the previously indicated directions [7]. The cluster actually exist-
ed (Fig. 4), but was not formalized. Clusters are innovative purposeful. They can reduce not only the
cost of production, but also the cost of exchange by improving trade relations and transparency of
local resource and product markets.
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Fig. 4. Diagram of an innovation cluster

A.P. Ogurtsov has always actively responded to the challenges of the time in his professional
life. And after leaving the position of rector of DDTU, he remained active in the development and use
of innovations in research and teaching activities. With the beginning of the new century, he worked
effectively on the modernization of the educational process during the implementation of the modular
rating system with extensive use of testing. For example, he participated in the preparation at innova-
tive manual on higher mathematics for future engineering bachelors [22].

According to his individual research trajectory, he developed methods of mathematical model-
ing from the application of methods of mathematical statistics and the theory of planning experiments
for models of objects as "black™ boxes with the transition to establishing clear connections in the struc-
ture of the system and the functioning of its elements using finite-difference calculation methods and
using the finite element method. The results of the work are reflected in the monograph [23]. The tran-
sition to the training of specialists in nanotechnology was being prepared [24]. Over the past decade,
the tasks set have not lost their relevance and await their solution in the changed conditions.

Conclusions

The scientific path of A.P. Ogurtsov began with the improvement of the Marten melting tech-
nology in the direction of intensification the process while preserving or improving the quality of the
metal. Further it was going from the technology of extra furnace process with the improvement the
technology of the use and design of melting molds and the composition of slag mixtures and to con-
tinuous casting of blanks with the provision of the basics in the quality at metal products.

The works of A.P. Ogurtsov, which is more than 700 scientific papers and 45 author's certifi-
cates, is a significant contribution to the development of the theory and practice of metalworking and
higher education in Ukraine.

A systematic approach to the analysis of the activity and achievements by Anatoly Pavlovich
Ogurtsov, a prominent figure of metallurgical science and higher education in Ukraine, was performed
using graphic modeling, because most of the solved problems are difficult to formalize and poorly
deterministic. A double causal diagram based on the Ishikawa diagram is used, which makes it possi-
ble to characterize in more detail the conditions of influence of technical and economic factors in the
processes of steel ingot production and higher metallurgical education.

Possible difficulties of using the diagram include the difficulty of a detailed definition of the
relationship between the investigated problem and the factors because the problem is complex. In or-
der to further specify the factors from the diagram, a factorization of research and development of
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steel ingot production processes in the conditions of Ukraine and outside its borders was carried out in
the works of A.P. Ogurtsov. The relevance of the study of the impact of specialist training in the con-
ditions of DSTU on economic and production processes in Dnieper region and the entire state has been
established.

Description of the formation and functioning the educational-scientific cluster centered in
DSTU at the end of the 20th — beginning of the 21st century, related to the activities of the famous
scientist, professor Anatoly Ogurtsov — metallurgist and educator, is useful. Scientific novelty con-
nects with the analysis at the processes of obtaining new knowledge, results and products. Employ-
ment of modern systematic methods from scientific school by A.P. Ogurtsov is actual in the design
and improvement of steel production processes and training of specialists in the metallurgical industry.
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CUCTEMHUH NIJIXIJI IO PO3IJISIY HAYKOBOI JIIJTBHOCTI TIPO®ECOPA
A.IlL. OI'YPIHOBA

Pedepar

BukopucTanHs CHCTEMHOTO IMiIXO0IY B SKOCTI IHCTPYMEHTY TUTAaHYBaHHSI, OpraHi3alii Ta mpo-
BEJCHHS IOCTIIHUIBKOI Ta 1IH)KEHEPHOI AisUTBHOCTI € akTyalbHOI npobiemMoro. Taka mpobiemaTika
HE Mae€ YiTKoi (opmatizarlii, TOMy Ba)KJIUBE OMHMPATHCS Ha JOCBIMl NMPHUKIAIIB €()EKTUBHUX PIIICHBb
3a1ad4, sKi OyJIM OTpHMaHi y BIAMOBIMHIN Taimy3i. Ha migcraBi 11500, METOIO pOOOTH CTaB CHCTCMHHMA
niaxig po posrmany aisuibHOcTi A.IL. Oryprosa, SIK JOCHiJHHKA, HOBaTOpa MPOLECiB BUTOTOBJICHHS
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MeTajy Ta eKCIUTyaTallii MeTaJoBUpoOiB, OCBITSHIHA 1 CYCHIJILHOTO JIis4a, 110 JaBaB HAYKOBO OOTPYyH-
TOBaHi BIAMOBiAl Ha Cy4acHi BUKJIMKHA y BUPOOHUIITBI, BUIIIOI OCBITi, MiCIIEBOMY TOCTIOAApPCTBI.

Jnst nocarHeHHS MeTH OyJTH BHPIIIeHI HACTYITHI 3aBJaHHA:

- JOCTITUTH Ta HAOYHO HAJATH METOAM 1 PEe3yNbTaTH PO3B’S3aHHS HAYKOBO-TEXHIYHUX MPO-
0JieM BUPOOHHUIITBA CTaJIl Y MeXax HayKOBOi HIKOJIH cTajieriaBuibHukiB JJATY;

- OWIHUTH €(EeKT BIUIUBY OTPUMAHHX PIIIEHb HAa PO3BUTOK METATYPriifHOI TE€PMOMEXaHIKH,
o0naiHaHHS METaTypriiHOr0 BUPOOHUIITBA;

- OL[IHUTH 3MiHH Ha PiBHI MiCTa B MpoOLEcax MiAroTOBKU (axiBLiB Ta iHKEHEPHOI OCBITH B Te-
XHIYHOMY YHIBEPCHUTETI MICI HAOyTTs YKpaiHOI HEe3aJIe)KHOCTI,

- TIPEJICTAaBUTH peallbHi pPe3yNIbTaTH PIMICHHS €KOJOTIYHUX MPOOJIeM MPOMHCIOBOTO PErioHy,
eHepro3oepexxenHs Ha piHi 3BO Ta micra.

VY pe3ynbTaTi BUKOHAHHS JOCIHIIKEHHS OyJ0 BUSBICHO, IO 33 pe3yabTaTaMu poOOTH HAyKO-
BOT IIIKOJIM ¥ BCHOTO TEXHIYHOTO YHIBEpCUTETY (haKTUYHE CKIIABCS iIHHOBAIIMHHN KJIacTep, B SKOMY
3aBJISIKM CHHEPTreTU3MY JIOCUTh YCIIIIHO pO3B’A3yBasIucs akTyasbHi s 3BO, ramysi i micta 3a1adi.

Hanani pe3ynbTatu CTaHOBIISATH IEBHUH MPAaKTUYHUH 1HTEpEC — MOXKIIMBICTh, 3aBASKH BHKO-
puCTaHHS e(DeKTHBHUX HAYKOBUX METOJIB Ta IHHOBAIlIHHUX PillleHb, OTPUMYBATH 32 JOIIOMOTO0 CHC-
TEMHOTO ITiIX0Y PO3B’SI3KH aKTyallbHUX MTPOOJIEM HAIIOTO MPOMHUCIOBOTO PETiOHY.
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