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Abstrakt. In der vorliegenden Arbeit geht es um die Anwendungsmoglichkeit des kostenlosen
Robotersimulators  CoppeliaSim/V-REP  zur  Erforschung der Fortbewegungsmittel von
Robotergerdten und wird auch die Roboter-Nutzung von den Studierenden wdihrend der Erfiillung
der praktischen Aufgaben und Laborarbeiten behandelt.

Unter Bedingungen des Online-Studiums infolge des fehlenden Zugangs zu Laborstinden
bietet die CoppeliaSim-Plattform die Gelegenheit, praktische Erforschung mithilfe der
Computerprojektierung und Modellierung von Robotergerdten durchzufiihren.

Schliisselworter: Robotergerdte, computergestiitzte Projektierung, CoppeliaSim-Plattform,
Laborarbeiten, Online-Studium.

Einfithrung

Heutzutage werden Werkzeuge zum Erlernen der Facher wihrend des Online-
Studiums immer aktueller. Zum vollstindigen Beherrschen des Lehrmaterials ist eine
spezielle Software erforderlich, und in diesem Zusammenhang sind zusitzliche
Anwendungen zu erwdhnen, die es ermdglichen, Robotergeridte zu simulieren und
vielféltige Varianten sowohl zur Erstellung als auch zur Steuerung von Robotern zu
bieten, was die Erfiillung der Aufgabe bei fehlendem Zugang zu realer Ausriistung
erheblich erleichtert. Damit die Studierenden dieses Werkzeug erlernen konnen, sind
entsprechende methodische Hinweise erforderlich, in denen alle Werkzeuge
anzufiihren sind und Schritt fiir Schritt erklart wird, was man zum Erreichen des
Resultats tun muss.

1. Analyse der Computermodellierung von Robotergeriten

Alle Roboterarten lassen sich bedingt in zwei Hauptgruppen einteilen und zwar
es gibt universelle Roboter fiir verbreiteten Einsatz, die aus einzelnen unifizierten
Knoten oder Modulen bestehen, und spezialisierte Roboter, die meist fiir die
Ausfiihrung begrenzter Funktionen geschaffen werden oder als Bestandteile fiir
komplexe Produktionssysteme dienen, deswegen werden verschiedene automatisierte
Systeme zur Projektierung und Modellierung eingesetzt[1].

Im erstgenannten Fall werden zur Roboterprojektierung am héaufigsten
automatisierte Projektierungssysteme verwendet, die fiir bestimmte Robotertypen
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geeignet sind; beispielsweise wird der Softwarekomplex ABB Robot Studio [2] zur
Projektierung und Modellierung von Robotern der Firma ABB benutzt. Der
entsprechende Softwarekomplex wird zur Projektierung und Modellierung von
KUKA-Robotern eingesetzt.

Im zweitgenannten Fall werden universelle Projektierungsmittel flir einzelne
Roboterkomponenten verwendet, die in mechanische Komponenten, Antriebe und
andere Bewegungsmittel sowie Steuerungssysteme unterteilt werden konnen. Diese
Mittel konnen aus Projektierungsmitteln fiir mechanische, elektromechanische und

Softwarekomponenten bestehen. Am haufigsten werden solche
Projektierungssoftwarekomplexe zur Projektierung wie SolidWorks, MathCAD,
Matlab dafiir gebraucht.

In den modernen Robotersystemen benutzt man hdufig den Hardware- und
Softwarekomplex Arduino, der iiber eine relativ groe Anzahl von Mikrocontrollern,
Steuermodulen fiir elektrische Antriebe und Informationsmodulen zur Bestimmung
des Bewegungspfads, des Abstands zu Objekten, der Ausrichtung und Position des
Roboters verfiigt, die den Zustand sowohl des Roboters selbst als auch der duleren
Umgebung zu definieren ermoglichen.

Zur Projektierung und Modellierung wird der UnoArduSim-Simulator [3]
gebraucht. Der Vorteil dieses Simulators besteht in der Moglichkeit, die
Hardwarekomponenten des Roboters zu erstellen und die Ausfiihrung des gefertigten
Programms zu Uberpriifen. Der Nachteil liegt in der Begrenzung der Projektierung
der mechanischen Komponenten.

Als ein Beispiel der Modellierung fiir verschiedene Roboter lasst sich der
Robotersimulator V-REP/CoppeliaSim des Unternehmens Coppelia Robotics [4-5]
anfiihren, der iiber die Bibliothek mit einer Vielzahl von Modellen der stationdren
und mobilen Roboter als auch der Zusatzausriistung verfiigt, und bietet eine
Gelegenheit, ein Computermodell des Roboters im manuellen und automatischen
Modus zu erstellen und zu testen. AuBerdem ist es moglich, verschiedene
Roboterkomplexe und deren Komponenten selbststindig zu erstellen.

2. Anwendungsmoglichkeiten der CoppeliaSim/V-REP-Plattform mit
Zweck der Erforschung der Bewegungsmittel von Robotergeriten.

CoppeliaSim gebraucht ein kinematischen Triebwerk fiir Berechnungen der
Vorwirts- und Umkehrkinematik sowie mehrere Bibliotheken zur physikalischen
Modellierung, um Starrkorpersimulationen durchzufiihren. Modelle und Szenen
werden durch die Zusammenstellung verschiedener Objekte (Gitter, Verbindungen,
verschiedene Sensoren, Punktwolken usw.) in eine hierarchische Struktur erstellt. Zu
den zusétzlichen durch Plugins bereitgestellten Funktionen gehoren: die
Bewegungsplanung, die synthetische Vision und die Bildbearbeitung, die
Kollisionserkennung, die Mindestabstandsberechnung, grafische Benutzeroberfliche
und die Datenvisualisierung (z. B. mithilfe von Grafiken).

Das Ziel der Modellierung bei der Erstellung neuer Roboterlésungen héngt
hauptsédchlich vom Entwicklungsstand ab. Dabei kann es sich um Hypothesentests,
eine Konstruktionsoptimierung und ein Softwaretesten handeln, die neue
Algorithmen  zur  Verarbeitung  sensorischer  Informationen und  der
Verhaltenssteuerung sowie in spateren Phasen das Debuggen des Codes

ISSN 2567-5273 4 www.moderntechno.de



Modern engineering and innovative technologies Issue 32 / Part 1

implementieren, der vor seinem Start auf dem Controller der Manipulator-
Workstation ausgefiihrt wird.

Es wird das Interface des Programms CoppeliaSim (V-REP) betrachtet. Das
Hauptmenii verfiigt iiber verschiedene Abschnitte, die Werkzeuge fiir die
Bearbeitung verfiigbarer und Hinzufiigung neuer Objekte zum Simulationsszenario
enthalten.

Ein Teil der Werkzeuge aus dem Hauptmenti ist auch im CoppeliaSim-Popup-
Kontextmenii (V-REP) dupliziert. Die am haufigsten verwendeten Werkzeuge sind
fiir einen schnellen Zugriff auf horizontale und vertikale Symbolleisten platziert.

Eines der wichtigsten Werkzeuge ist die Modellbibliothek. StandardmaBig ist
dieses Werkzeug aktiv, aber kann durch Klicken auf das Symbol deaktiviert werden.
Im aktiven Modus zeigt dieses Werkzeug eine Struktur der Ordner und Modelle an,
von denen es tatsdchlich eine grole Anzahl gibt: mobile Roboter, Erfassungsgerite
und andere Einrichtungen, die fiir die Forschung oder den Aufbau von
Roboterkomplexen verwendet werden konnen. Diese Modelle lassen sich bei Bedarf
ganz einfach per Drag-and-Drop auf das Arbeitsfenster eingeben. Auf der Abbildung
1, a wird das Interface des CoppeliaSim-Programms mit dem Robotermodell ABB
IRB 140 dargestellt. Objekte lassen sich dndern oder man kann neue Elemente
hinzufligen. Auf der Abbildung 1, b wird ein Roboter mit zusitzlichen Schiebern zur
manuellen Steuerung und der Barrett-Handgreifvorrichtung vorgestellt.

1) Cop petnfars B - Kew Ak - rendening: 12 ms 002 95 - SIMULATION STORFED - o " o) CoppefiaSim By - CoppeliaSim_ASE IRS 140 Banet Hand « iendening 6 ms (300 fps) - SMULATION RLUNNING
P B hed] Smides Teks Madbed Soews Ml File Eon Al ¥ b Mk
[E & @2 [@d @ Bk @GR Pl I OO il ool B @ B [Gede o 2

‘ P""TT Sl
CUU
=, [:[Input lua come hora, oF typa "Relp(l” (126 TAE . |fedwss -

a) b)
Abbildung 1 — CoppeliaSim-Programminterface (V-REP).

Als Schliisselelement dient die Objekthierarchie, die die Hauptbeziehungen
zwischen den Skriptobjekten bestimmt. Aulerdem konnen die Eigenschaften jedes
Objekts durch Doppelklick der linken Maustaste auf das Symbol links neben dem
Objektnamen in der Szenenhierarchie gedffnet werden.

Mit einem Klick kann das gewiinschte Element ausgewidhlt und anschlieBend
das Tool ,,Szenenobjekteigenschaften* («Scene Object Properties») aktiviert werden.
Um Robotergerite fiir die einfachsten Aufgaben zu erstellen, kann man solche
Elemente wie ,,Primitive Shapes* (Primitive Formen) fiir Roboterverbindungen und
,Joint“ (Gelenke) fiir bewegliche Verbindungen [5] verwenden.

Als Gelenke gelten Objekte, die eine relative Bewegung zwischen Elementen
ermOglichen. Es werden drei Arten von Gelenken benutzt: Drehgelenk(Revolute
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joint) , Prismengelenk (Prismatic joint) und Kugelgelenk (Spherical joint).

Gelenkeigenschaften werden iiber das Dialogfeld Scene Object Properties
(Szenenobjekteigenschaften) festgelegt, das sich in Menu bar --> Tools --> Scene
object properties (Meniileiste -> Tools -> Szenenobjekteigenschaften) befindet.
Gelenkdynamikeigenschaften werden durch das Add-on Joint Dynamics Properties
(Gelenkdynamikeigenschaft) definiert, das mit der Taste Show dynamic properties
dialog (Dialogfenster der dynamischen Eigenschaften anzeigen) gedffnet wird.

Eine der Schliisselfunktionen, die in Form einer Objekthierarchie umgesetzt
werden, ist die Verbindung von Systemkomponenten. Indem ein Objekt auf ein
anderes gezogen wird, kann man eine Beziehung zwischen ihnen herstellen (eines
davon zum ,iibergeordneten* Objekt im Verhiltnis zum anderen einsetzen).

3. Entwicklung von Beispielen zur Nutzung der CoppeliaSim/V-REP-
Plattform fiir Durchfiihrung von praktischen Aufgaben und Laborarbeiten

Die Abbildung 2 stellt ein Modell des Manipulators dar, das aus Elementen
Primitive shape (Cylinder, Cuboid) und Revolute joint besteht.
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S e ot (scone 2) M Simulsion tme: 00:00:07.50 {real ime: 00:00.07.62) (real tma fact=1, & "ebusisci Grsewicasa y * Sl inecudbretabon s
pulsior 2 G Simulation scripts calied 1(2ms) o SR v,

s Precarrity sansos handling enabled Caleulations: 0, detections: 0 (0 ms -1 e e v 6w e, O 12 40 vl et o0 991 4500 )
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Abbildung 2 — Manipulatormodell

Um die Lastbewegung im Simulationsmodus durchzufiihren, wird die
Einstellung der entsprechenden Gelenkparameter im Fenster Scene Object Properties
benutzt, in dem die Eigenschaften der Objekte festgelegt werden.

Durch die Verdnderung der Ladungsmasse ldsst sich die Untersuchung ihres
Einflusses auf die Bewegungsparameter durchfiihren.

Zur Erforschung der Bewegung des Roboters im automatischen Modus ist das
Modell des stationdren Roboters Dobot Magician zu verwenden (Abbildung 3).

ISSN 2567-5273 6 www.moderntechno.de



Modern engineering and innovative technologies Issue 32 / Part 1
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Abbiidung 3 — Dobot Magician-Roboter
Quelle: [6]

Im Simulationsmodus fiihrt dieser Roboter den folgenden Bewegungsablauf aus,
namlich das Drehen, das Greifen von Lasten, das Heben, das Senken, das Abwerfen
von Lasten und das Riickkehren in die Ausgangsposition. Die Steuerung erfolgt
durch die API-Funktion moveToConfig.

Auf der Abbildung 4 wird dargestellt, durch welche Elemente der
Konfigurationsfunktion moveToConfig die Verschiebung und die Steuerung
einzelner Verkniipfungen ausgefiihrt werden. Die Drehung wird in Grad relativ zur
Ausgangsposition eingestellt.

Man kann durch die Festlegung der Parameter der Funktion moveToConfig die
Bewegung des Roboters [6] dndern; aus diesem Grund wurde dieser Roboter
ausgewdhlt, um die Robotersteuerung im automatischen Modus zu modellieren.

moveToConfig (motorHandles, maxVel  maxhAccel, maxJerk, {50,0,0,45}, false)

1234 5
AA

1 - Roboterrotation
2 - 5chulterneigung
3 - Schulterbeugung
4 - Drehung der Greifvorrichtung (Saugnapf)
5 - Saugnapf (true-einschalten, false-ausschalten)

Abbildung 4 — Verschiebung und Steuerung einzelner Verkniipfungen

Quelle: [6]

Es werden die Moglichkeiten der Erforschung von Roboterkomplexen am
Beispiel eines aus Robotern und Forderbdndern bestehenden Produktionsbereichs
untersucht.

Als Grundlage wird der Dobot Magician-Roboter genommen, fiir den ein
Lastiibertragungsprogramm erstellt wurde; ihm wird ein Forderer generic conveyor
(efficient) angefiigt und werden die Positionsparameter bestimmt, die es ermoglichen,
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eine Last darauf zu installieren (Abbildung 5).

a | Scane hierarchy *
& Dobot_1 (scena 2) |

P
=
=
w
w
&

generic comeyor

(-2 - - -

(efficlent].ttm

& EDU

e

Abbildung 6 — Installation eines Forderers generic conveyor (efficient)

Um eine konstante Lastkreisbewegung zu erreichen, werden dem angefiihrten
Projekt eines aus Robotern und Forderbdndern bestehenden Produktionsbereichs
einen weiteren Roboter und ein Forderband hinzugefiihrt. Man erhélt die relative
Position der Elemente des Produktionsbereichs, was auf der Abbildung 6 dargestellt
ist.

EDU

Abbildung 6 — Die gegenseitige Position der Elemente des Produktionsbereichs

Ebenso kann man komplexere Produktionsbereiche erstellen.

Zur Forschung der Bewegung der mobilen Roboter ldsst sich das Modell des
mobilen Roboters KUKA YouBot [6, 7] (Abbildung 7, a) gebrauchen, welches im
Simulationsmodus die folgenden Bewegungen aufweist:

setMovement(0,0.5,0) — die Bewegung nach rechts
sim.wait(10) — die Verzogerung von 10 Sekunden, legt die Bewegungsdauer fest
setMovement(0,0,0.5) — die Drehung im Uhrzeigersinn

_ Entsprechend der Analyse des angefihrten Fragments wurde die
Ubereinstimmung der Parameter mit der Bewegungsrichtung definiert (Abbildung 7,
b).

Durch die Festlegung des Bewegungsablaufs und der Verzégerung kann man die
Bewegungsroute des mobilen Roboters bestimmen.

ISSN 2567-5273 8 www.moderntechno.de



Modern engineering and innovative technologies

Issue 32 / Part 1
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APbildung 7 — Modell des mobilen Roboters KUKA YouBot (a) und
Ubereinstimmung der Parameter mit der Bewegungsrichtung (b)

Quelle: [6]

Es ist moglich, durch das Andern des Steuerskripts, eine Bewegung entlang der
Bahn ,Kreis*“ mit den entsprechenden Parameterwerten der Bewegungsfunktion
setMovement(0,2,1) (Abbildung 8, a) und setMovement(2, 0,1) (Abbildung 8, b)
sowie entlang der Bahn ,,Quadrat* (Abbildung 8, ¢) zu modellieren.

I} \ 'l
AE

a)

b)

Abbildung 8 — Bewegung entlang der Bahn ,,Kreis“ (a, b) und ,,Quadrat® (c).

Quelle: [7]

Zur Bewegung entlang der Bahn ,,Quadrat“ kann man folgende Anderung am

Bewegungssteuerungsskript des mobilen Roboters [6] vornehmen:

for 1=0,3,1 do

setMovement(0,0.5,0) — die Bewegung nach rechts

sim.wait(20)

setMovement(0,0,-0.505) — die Drehung gegen den Uhrzeigersinn

sim.wait(24)
setMovement(0,0,0)
end

Die Analyse der Bewegungsskripts fiir andere Modelle ermdglicht, die

Erforschung anderer Roboter aus der Bibliothek durchzufiihren, und dank der
Ausnutzung zusitzlicher Gerdte, zum Beispiel, der Forderbiander, entsteht die
Gelegenheit, verschiedene robotertechnische Komplexe zu erstellen.
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Zusammenfassung

Die durchfiihrende Analyse vorhandener Mittel zur Projektierung und
Modellierung von Robotergerdten hat ergeben, dass die virtuelle Plattform fiir
experimentelle Roboterforschung CoppeliaSim / V-REP am besten fiir Online-
Studium mit Zweck der Untersuchung verschiedener Robotergerite geeignet ist, da
sie Uiber umfangreiche Moglichkeiten zur Modellierung sowohl der stationdren als
auch der mobilen Roboter verfiigt.

Es werden Beispiele beziiglich der Erstellung von Robotermodellen zur
Erforschung ihres Einsatzes im manuellen und automatischen Modus angefiihrt, was
den FEinsatz solcher Modelle bei der Erfiillung der praktischen Aufgaben und
Laborarbeiten ermoglicht.
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Abstract. Concern for Ukraine’s food security requires maintaining an appropriate level of
food self-sufficiency, which implies the use of state support for domestic food producers and the use
of import control measures to protect domestic producers from foreign competition. However,
society needs healthy, safe and reasonably priced food, and its quality is of particular relevance.

Therefore, to determine the key parameters of the mixer, a flour bakery mix with a high
protein content was selected. In this regard, an attempt was made to obtain these mixtures using the
original continuous vibrating mixer. During the study of the feasibility of preparing a flour bakery
mixture with a high protein content in a vibratory mixer, the rate of its vibration transportation was
experimentally determined. In determining the efficiency of mixing processes, in addition to the
speed of vibration transportation of the flour bakery mixture, the power consumption of the
equipment is of great importance. Therefore, studies were also conducted to determine the mutual
influence of the mixer’s technological parameters on power consumption.

An analysis of the study results to determine the influence of key parameters on the vibration
transportation speed of the flour bakery mixture v showed that it increases with an increase in the
oscillation frequency of the working body f and the amplitude of oscillations A. Also, the study
found that the higher the amplitude and frequency of oscillations, the greater the power
consumption of the vibratory mixer.

Key words: mixing, flour components, protein, vibration, vibration transportation speed,
vibration amplitude, vibratory mixer.

Introduction.

Adequate safe and balanced nutrition is an important factor for sustaining life
and promoting health. Particular attention is paid to ensuring the proper quality and
safety of food products sold on the domestic market and their affordability for the
population of Ukraine.
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Protein occupies a special place among all organic substances. Protein is an
essential macronutrient that is involved in the functioning of the entire body. It is
found in muscles, bones, hair, skin, and almost all parts of the body and tissues. To
remove it from the diet is to harm yourself. Based on this, flour components with a
high protein content were selected to conduct research to determine the parameters of
the vibratory mixer. For the production of dry flour mixtures, it is necessary to ensure
an even distribution of the components [3,4,5,22]. Vibratory mixers are used for this
purpose due to their simple design and high mixing efficiency. The study of the
operation of continuous vibratory mixers is an urgent scientific task for the food
industry. The aim of this work is to determine the parameters of a vibratory mixer to
obtain a flour mixture with a high protein content of a given quality [6,7,8,23,24].

Research methodology.

The object of study is an original continuous vibration mixer.

The subject of the study is the factors influencing the process of mixing a flour
bakery mixture; the dependence of the influence of the frequency of oscillations of
the working body and the amplitude of oscillations; determination of the speed of
vibration transportation of the flour bakery mixture.

The analysis of the raw material market showed the effectiveness of using for
experimental studies the following recipe components with a protein content of at
least 22 g per 100 g of product: almond flour (22 g of protein per 100 g of product),
whey isolate (95 g of protein per 100 g of product), soy protein isolate (91 g of
protein per 100 g of product), dry wheat gluten (76 g of protein per 100 g of product).
To calculate the nutritional value, we used the methodology of conversion factors for
the energy value of the main food substances of food products, according to which 1
g of protein contains 4 kcal or 17 kJ [14,18,19]. Thus, the recipe for a flour bakery
mixture with a high protein content was modeled, which is presented in Table 1.

When studying the feasibility of the selected flour components with a high
protein content, the speed of their vibration transportation through the working body
of a vibratory mixer was experimentally determined. It has a significant effect on the
performance of the mixer, its geometric parameters, and depends on the angle J,
amplitude A, and frequency f of vibration, as well as on the height of the vibrating
boiling layer (VBL) and the presence of perforations on the working body of the
vibratory mixer.

Table 1 — Recipe for flour baking mix with high protein content

Name of raw materials Raw material consumption, kg
High-grade wheat flour 82,5
Almond flour 4,5
Food salt 1,3
White crystalline sugar 1,8
Whey isolate 4,5
Soy protein isolate 4,5
Dry wheat gluten 0,9
Total: 100,0
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The determination of the speed of vibrotransportation of the flour bakery
mixture through the working body of the mixer was carried out according to the
following method:

1. The average length of the path of movement of the components of the flour
bakery mixture along the mixer's working body was determined by the following

formula:
— 21{Dgyt +Dinn) (1)

[
av 4dcosy

where /av— average length of the surface along which the mixture moved, m; Dout —
outer diameter of the working body, m; Dinn — inner diameter of the working body,
m; v — angle of inclination of the screw working body.

2. An indicator particle (a tinted grain of edible salt) was added to the flow of
the flour bakery mixture and the time of its passage through the working body of the
vibratory mixer was measured.

3. The speed of vibration transportation of the flour bakery mixture through the
working body of the apparatus was determined by the formula:

Vap = Jav (2)

- I';:Ir;tr
where v,,, —speed of vibration transportation of the flour baking mixture through the

working body of the apparatus, m/s; t,,,- — time of passage of the indicator particle

par

through the working body of the vibratory mixer, s [6,8].

Research results.

The following parameters were used in the study to determine the speed of
vibration transportation of a flour bakery mixture through the working body of a
vibratory mixer: vibration angle (B = 20, 35, and 45°), amplitude (A = 0,0015,
0,0030, and 0,0040 m), unbalance oscillation frequency (f = 14,36, 19, 23, 26, and
29,36 Hz), height of the vibro-boiling layer (VCS = 0,01, 0,02, and 0,03 m),
perforation (d = 0,003, 0,005 m; without perforation).

The results of studies to determine the speed of vibration transportation of the
flour bakery mixture through the mixer's working body are shown in Figures 1-4 and
in the form of analytical equations [1,2,9].

Figure 1 shows a group of lines reflecting the effect of the amplitude A and
frequency f of oscillations on the speed of vibration transportation of the flour bakery
mixture through the working body of the vibratory mixer (vibration angle B = 35°,
height of the VCS 0,01 m, no perforation).

Figure 1 shows that the highest values of the velocity of vibration transport of
the flour bakery mixture along the mixer’s working body are observed at A = 0,0030
m, and the lowest at A = 0,0015 m. Accordingly, the greater the amplitude A and the
vibration frequency f, the higher the velocity of vibration transport of the flour bakery
mixture v. The amplitude is responsible for lifting the material to a certain height
from the plane, thereby contributing to better movement of the mixture along the
working body of the machine. Therefore, to intensify the process of mixing flour
bakery mix and increase the productivity of the machine, it is necessary to increase
these parameters. The approximating equations of the obtained lines are as follows:
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v, = 0,003f — 0,042 (4 = 0,0015 m), 3)
v, = 0,004f — 0,018 (4 = 0,0030 m), 4)
vy = 0,005f — 0,035 (4 = 0,0040 m) (%)
0,16
7]
Eg 0,11 =
N 1
?3 0,06
1o ]
o
W
0,01
15 20 25 30 35
Vibration frequency f, Hz
A=0,0015m (2)4=0,0030m  (3)4=0,0040m

Figure 1 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the amplitude (A) and vibration frequency (f)

Figure 2 shows a group of lines reflecting the effect of the height of the VCS
and the vibration frequency f on the speed (vibration angle p = 35°, vibration
amplitude A = 0,0040 m, no perforation).

»n 0105

E% 0,08 1

-

e

8 0,055 N

o ——=

0,03 . i:
= Z*: S T

0,005

15 20 25 30 35

Vibration frequency f, Hz
VCS=0,0Im 2) VCS=0,02m (3) VCS=0,03m

Figure 2 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the height of the VCS and the vibration
frequency (f)

Figure 2 shows that the highest velocity of vibration transportation of the flour
bakery mixture is observed at a VCS of 0,01 m, and the lowest at 0,03 m. It can be
concluded that the higher the vibration frequency f and the lower the VCS, the higher
the vibration transportation speed of the studied mixture. This is explained by the
following: under the influence of vibration, the particles of the flour baking mixture
layer begin to move upward. At this point, a vacuum is formed under the layer, due to
which air is sucked through the hole [20,21]. The mix’s VCS captures the air from
below and forces it upward, acting as a «pump» that transports air through itself. Air
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penetrating under the material layer through the perforations «closes» the holes and
impairs the flow of the dispersed phase through them. Accordingly, the higher the
material’s VCS, the better the mixture flows through the perforations and the lower
the rate of vibration transportation of the flour baking mixture. The approximating
equations of the constructed lines are as follows:

v, = 0,003f — 0,045 (h = 0,01 m), (6)
v, = 0,002f — 0,025 (h = 0,02 m), (7)
vy = 0,001f — 0,001 (h = 0,03 m), (8)

Figure 3 shows a group of lines reflecting the effect of the vibration angle 8 and
frequency f on the velocity (vibration amplitude A = 0,0040 m, height of the VCS =
0,01m, no perforation).

0,17 |

»n 0,14

Eﬁ 0,11 - 1

; 0,08 2 _/"—ér_-—_ :

8 0,05

o

A 0,02

15 20 25 30 35
Vibration frequency f, Hz
p=20° 2)p=35° (3)p=45°

Figure 3 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the angle (B) and vibration frequency (f)

Figure 3 shows that with increasing vibration angle, the vibration transportation
speed decreases. The maximum value is achieved at a vibration angle of f = 35°,
since at this vibration angle the directional rotary-screw movement of the mixture is
more intense. Therefore, to increase the productivity of the vibratory mixer, it is more
expedient to set this value of the vibration angle. At a vibration angle of f = 20° and
B = 45°, less favorable conditions are created for the movement of the flour bakery
mixture. The approximating equations of the lines are as follows:

v; = 0,005f — 0,019 (8 = 20) 9)
v, = 0,005f — 0,027 (8 =35) (10)
v, = 0,005f — 0,056 (8 =45) (11)

Figure 4 shows a group of lines reflecting the effect of the diameter of the holes
d of the working body and the vibration frequency f on the speed (vibration angle § =
35°, vibration amplitude A = 0,0040 m, height of the VCS 0,01 m) [10-13].

Figure 4 shows that the highest values of the velocity of vibration transportation
of the flour bakery mixture are observed at a perforation diameter of d = 0,005 m, and
the lowest at its absence. Consequently, the larger the diameter of the perforation of
the working body d, the higher the speed of vibration transportation of the flour
baking mixture. The increase in the studied parameter occurs due to air suction
through the layer [15,16,17].
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0,5

15 20 25 30 35

Vibration frequency f, Hz
no perforation 2)d=0,003m (3)d=0,005m

Figure 4 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the diameter of the perforation of the working
body (d) and the vibration frequency (f)

To study the effect of the perforation area of the working body on the speed of
vibration transportation of the flour bakery mixture, hole diameters of 0,003 and
0,005 m were taken in order to exclude the effect of changing the height of the layer
on the speed of vibration transportation, since at large values of the perforation area,
the VCS of the flour bakery mixture on working turns decreased. At the diameter of
the holes (e.g., d = 0,0015 m), an increase in the VCS of the flour bakery mixture on
the working body of the vibratory mixer was observed, which leads to a decrease in
the vibration transportation speed. The approximating equations of the lines are as
follows:

vy = 0,005f — 0,035 (no perforation), (12)
v, = 0,011f — 0,125 (8 hol.,d = 0,003 m), (13)
vy = 0,015f — 0,175 (8 hol.,d = 0,005 m) (14)

Figure 5 shows the results of a study to determine the mutual influence of the
amplitude (A) and oscillation frequency (f) of a 20,0 kg mixer on power
consumption. The study also revealed that the moisture content of the flour baking
mixture, which can change in the process of acting on the mixture, has a great
influence on the power consumption [25,26,27].

1,2

0,9

15 25 35 45

Vibration frequency. f. Hz
(1)A4=0,0015m (2)A4=0,0030m (3)A=0,0040m

Power consumption
NKkW

Figure 5 — Dependence of power consumption of a 20,0 kg mixer on vibration
amplitude and frequency
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Conclusions.

The analysis of the results of the study to determine the influence of parameters
on the speed of vibration transportation of the flour bakery mixture v showed that it
increases with an increase in the frequency of oscillations of the working body f and
the amplitude of oscillations A, and a slight decrease in its growth in the studied
range can be explained by the increasing effect of flour slipping in relation to the
vibrating surface in the mode of its detachable movement along the working body.
Also, during the studies, an increase in power consumption was observed with an
increase in the amplitude and frequency of oscillations. Since the speed of vibration
transportation of the flour bakery mixture at a vibration amplitude of A = 0,0040 m is
not much different from that at A = 0,0030 m, it is more expedient to use it to reduce
the power consumption of the vibratory mixer. As a result of the study, we
determined the rational parameters of the vibration mixer when producing flour
bakery mixtures: vibration amplitude A = 0,0030 m, vibration angle B = 30°, height
of the vibro-boiling layer 0,01 m, perforation diameter of the working body of the
apparatus d = 0,005 m.
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Anomauin. Typooma npo npodosonvuy 6e3nexy Ykpainu nompebye niompumku 8iono8ioHo2o
Pi6HS NPOO0BONLHO20 CAMO3ADe3NeYeHH s, AKA nepeddavac BUKOPUCMAHHA 0epIAHCABHOI NIOMPUMKU
BIMYUHAHUX BUPOOHUKIE XAPUOB0i NPOOYKYII ma BUKOPUCMAHHA 3aX00i8 KOHMPOIIO IMHOPMHOL
NPOOYKYIi 3 Memor 3axXuUcmy 61ACHUX 6UPOOHUKIG 8i0 IHO3eMHOI KOHKYpenyii. IIpome cycninbcmay
nompibne Kopuche, Oesneune 0 300p08’s I 00CUMb Oeuiede NPoO08OIbCMEO, d U020 SAKICMb
Habysae 0coOIUBOI AKMYATLHOCHI.

Tomy Ons u3HAUEHHA KIOYOBUX nApAMempie pobomu 3miutyeaya 6yia nioiopana 60powHaHa
Xnibonekapcovka cymiut 3 6ucokum emicmom 0inxy. byna 3pobnena cnpoba ompumamu yi cymiwi Ha
opucinanbHomy  8ibpayitinomy 3miuwiyeaui Oe3nepepsnoi  0ii. Ili0 uac Oocnidxcenns y
8iOpo3MIiULY8aUl OOYITLHOCMI NPUSOMYBAHH OOPOWHAHOI XNiO0NEeKapcbKoi cymiwi 3 BUCOKUM
emMicmom OIIKYy eKCNepUMEHMANbHO BUHAYAU WUOKicmy i eibpompancnopmyeanns. Ilpu
BU3HAYEHHI ephexmusHOCmi Npoyecié 3MIULY8aHHS, OKPIM WEUOKOCMI GIOPOMPAHCNOPI)BAHHSL
OOpOWHANHOT  XNIOONEKApCcLKOI  cyMiwti, 6adXdCiuse 3HAYEHHA MAE CHONCUBAHA NOMYHCHICMb
oonaonanns. Tomy makooc 0yaU NPoBedeHi O0O0CNIONCeHH 3 BU3HAUEHHS B3AEMHO20 GNIUBY
MEXHON02IYHUX NApaMempie 3MIULY6a4a HA CRONICUBAHY NOMYAHCHICIND.

Ananiz ompumanux pe3yibmamis 00CHIONCEHHs i3 BUSHAYEHHS 6NIUBY KIAOUOBUX NAPAMEMPI8
Ha WUOKICMb 8IOPOMPAHCNOPMYBAHHS OOPOWHANOT XIOONEKapcbKoi cyMiuli v NOKA3as, wo 60HA
3pocmac i3 30i1bUWEeHHAM YaACmomu KoIUueans pobouoco opeany f i amnaimyou koausams A. Takoowc
8 X00i 00Cni0JCeHb 3 ’5CY8ANOCA, WO YUM Gule AMNAIMYOd i YACMOma KOAUBAHb, MUM Oilbule
SHAYEHHST CNONHCUBAHOT NOMYICHOCMI 8IOPO3MIULY8aUQ.

Kniouosi cnosa: smiwysanus, OOpOWHAHI KOMNOHeHmMU, OINOK, 6i0payis, weuoKicms
8iOpOMPanCNOpmMy8anHs, aMnIimyoa 8iopayii, 8iOpayiiHuL 3MiuLy8ay.
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Anomauia. Iliosuwenns 006208iuHOCMI 00 EMHUX AKCIANbHO-NOPUHEBUX 2IOPOMAULUH NICTIS
ix pemonmy 6 3HauHMill MIpi 0OYMOBIIOEMbCSA MEXHIYHUM DIGHeM MEeXHON02IYHUX npoyecie ma
sAKicmio 8i0Ho8NeHHs Oemanel. Mema pobomu noaseana 8 3a0e3neuenHi MiNcpemMoHmMHO20 pecypcy
aKcianbHO-NOPUIHEBUX 2IOPOMAUIUH 8 NPOYeCi iIX peMOHm) KOHCMPYKMUBHUM YOOCKOHAIEHHAM
demarnei, Wo 6 nepuLy 4epey ooMexCyromos pecypc 00 €MHUX 2IOPABIIYHUX MPAHCMICIU MOOLTbHUX
MawuHn 8 ymogax excnayamayii. [locmaenena mema 0oca2acmvcs npo8e0eHHIM KOHCMPYKMUGHUX
VOOCKOHANeHb Oemaileli CNPANXCeHb Kauaruux 8y37i8 aKcianibHO-NOpuHesUx azpe2amis 2i0pasiiuHoi
MPAHCMICIi, | BUKOPUCAHHA iX AK peMOHMHUX Oemanel O/ 3a0e3ne4eHHs AKICHO20 PeMOHMY.
3anpononosani KOHCMPYKYii onopu JaaAbKU, 6MYIKU OJI0KA ma 2i0popo3nooilbHUKA, 8 AKOCMI
PEMOHMHUX ~Oemanell, O0armb MONCIUBICMb NOIUHAMU  GIOPAYINIHI  HABAHMAICEHHS  MA
3MeHuy8amuy KOHMAaxKmui 6 npoyeci pobomu 2i0poMauiuH, W0 3MEHUYE 3HOUWIeHHs Oemaneu i
3a6e3neuye 30iNbUEHH IX 006208IUHOCMI 6 YMO8aX eKchayamayii. 3acmocy8aHus peMOHMHUX
demarnell 3HAYHO NIOBUWYE MEXHIYHUL PIBEHb MEXHOJ02IYHUX NPOYecié CepeiCHUX NIONPUEMCME
PEMOHMY ma pO3UWUPIOE MEMOOU BiOHOBIEHHSI NOCAOKU 8 CAPANCEHHAX NpU PeMOHMI aKCidNbHO-
NOPUIHEBUX 2I0OPOMALUUH.

Kniouosi  cnosa:  ciopasniuna  mpamcMmicisa, — aKcCialbHO-NOpuiHeda  2iOpoMauiluHa,
MEeXHON02IUHUL NPoYyec PeMOHMY, OUHAMIYHI HABAHMAICEHHS, KOHCMPYKYIl Oemaneti, pemMOHmMHI
Odemaii, 008208IYHICb, CEPBICHI NIONPUEMCTNEA.

Beryn.

3acTtocyBanHa 00’eMHUX TiApaBiaidyHuX TpaHcMmicii (OI'T) B MoOUIBHHX
MalllMHaX 3HA4YHO TOKpAaIIUWIO iX TEXHIYHI XapaKTePUCTHKH, €(GEeKTUBHICTh
BUKOHAHHSI 3aIlUIAaHOBAHUX JIIA 32 paXyHOK MOKJIMBOCTI PEryJIIOBaHHS IIBUAKOCTI Y
IIUPOKOMY JTIialia30Hi, BHCOKOi TOYHOCTI MaHEBPYBAHHS, MOXJIMBOCTI IIBHIKOTO
pEeBEpPCYBaHHS PyXy, 3HWKEHHS JTUHAMIYHUX BIUIMBIB HA OCTOB MAIllMHU TIPHU
MaHeBpax Ta iH.

o nepomnikiB OI'T Mo)KHA BIAHECTH: MOPIBHIHO HU3BKUKN KOE(DIIIEHT KOPUCHOT
nii (KK), 3Hauna BapTicTh TiapomamuH Ta pobouoi piauau (PP); Bumoru momo
BUIIIOTO PIBHS €KCIUTyaTallli Ta peMoHnty [1].

HaiiGinpiry peanmizaifito 3a KOHCTPYKTUBHUMH DIIICHHSIMH B MOOLIBHUX
MalllMHaX 3HaMlIUIa ABOX arperatHa rigpaBiiyHa cXema, 0 CKJIaay SKOi BXOIUTh
peryJibOBaHUM aKCiaJIbHO-MOPIIHEBUIM TigpoHacoc mapok HII90, HII112, Tta He
peryJyiboBaH1 TiIPOMOTOPHU BIAMOBIIHMX O TiipoHacociB Mapok MII90, MII112 [2,
3].

BnpoBaxeHHsl TiApaBIiYHUX TPAHCMICIH B MOOUIBHUX MAalIMHAX OOYMOBMJIIO
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30UIbIIEHHST 00°eMy Ta BHUIYy pOOIT 3 TMPOBEACHHS HOMEPHUX TEXHIUHHUX
0OCITyroByBaHb, JJI1 MIATPUMAaHHS MpAale3daTHOTO CTaHy arperariB TigpaBIivyHUX
TPAHCMICIi, Ta pPO3pOOJIEHHS TEXHOJOTIYHUX TMPOIECIB JUIS BIAHOBICHHA iX
Mpale31aTHOCTI B CEPBICHUX MIJIPUEMCTBAX PEMOHTY, TaK K aKCladbHO-TOPIIHEBI
riipoarperaTy HajleXXaTh 10 BIIHOBIIOBAIBHUX 00’ €KTIB PEMOHTY.

TexHiyHMIl piBeHb BUPOOHUYUX MPOILECIB 3 BIAHOBIEHHS Mpale3aTHOrO CTaHy
aKClaJIbHO-TIOPIITHEBUX ~ TIApOMAamnH OyJe BW3HAYATUCS PIYHOIO TMPOTPAMOI0
CEepPBICHUX MIANPUEMCTB, SKa OOYMOBIIOETHCS TOKAa3HUKAMHU EKCIUTyaTariiHol
HAJIMHOCTI arperariB I'IpaBIiYHUX TPAHCMICIH.

B po6Goti [4], aBTOpM BiAMIYalOTh, IO B yMOBax eKCIUTyaTailii OJM3bKO
25...30 % BigMOB B MOOUIBHMX MAaIlIMHAX MPUIIAJIA€ HA TiApoarperaTy TpaHcmicii. A
OCHOBHA iX KUIBKICTh BIJHOCUTBCSI JI0 CIpPSDKEHb JeTalled Kadarouux BY3JIIB
aKClaJbHO-TIOPUTHEBUX T1pOMAaIInH (T1ApoHacoca Ta TiApoOMOTopa).

3MiHA CTPYKTYpHHUX [apaMeTpiB TEXHIYHOTO CTaHy JeTalied CHpsDKCHb
Kaualuux BY3JiB TIAPOMAIIUH OOYMOBIIOE TOPYIICHHS PO3MIPHUX JIAHIIOTIB B
3’€IHAHHAX, IO MPHUBOJMWTH JO 3MCHIICHHS THUCKYy B HarHiTarO4id Marictpali
T1APONPUBOY, 3HIKEHHS 00’ €MHOTO 1 3araabHoro KoedimienTiB kopucHoi aii (KK]I)
riApaBIivyHOI TpaHeMicii [5].

3a0e3nedeHHs] PEerJaMeHTOBAHOTO MIKPEMOHTHOTO pecypcy JUisl aKCiallbHO-
MOPIIHEBUX TIAPOMAIIWH, [0 TMOTPANUIM JO CEPBICHOTO MIANPHEMCTBA JUIS
BIJIHOBJIEHHSI MTPAIE3JaTHOTO CTaHy, K MpaBuiIo, (POPMYETHCS Ha OCHOBI ITPOBEICHHS
JETAJIbHOIO aHaji3y ICHYIOUMX KOHCTPYKTMBHHUX Ta TEXHOJIOTIYHHUX PIIIEHb, SKI
MOXYTh OyTH peaizoBaHl IMPU PO3pOOJICHHI Ta BIOCKOHAJIEHHI B TEXHOJOTTUHMX
Mpoliecax Creniagai3oBaHuX PEMOHTHHUX MIIIPUEMCTB.

[lutanHsT MIABUIIEHHS JOBIMOBIYHOCTI 00’€MHUX aKClaJIbHO-TLUTYHXEPHUX
TiIPOMAIIUH 3 TOXIIOK IIai0010, 3 TOUYKH 30py KOHCTPYKTUBHOTO YJIOCKOHAJICHHS,
po3riisiaeTbes B po0oTi [6]. e aBTop BimMiuae, 10 Ha Mpaie3gaTHICTh TiApoMaliuH
BIUTMBAIOTH JMHAMIYHI MPOIECH, SIKI MPUBOAATH 0 PO3KPUTTS CTHKY MIX OJOKOM
IWJIIHIPIB 1 TOPIEBUM PO3MOAUIBHUM 30J0THUKOM Ta HWMOBIPHOCTI TOSIBU
PE30HAHCHUX Ta Mepe/l pe30HAHCHUX YMOB POOOTH POTOpA Tijipoarperary. Y CyHeHHs
JaHUX HENOJIKIB MOXJIMBE 3a PaxXyHOK ONTHUMaJIbHOrO BUOOpY JiaMeTpa Baja,
BI/ICTAHHIO MK OIOpaMH Baja Ta OE€3MOCEPEIHhO 3aCTOCYBAHHSM PI3HUX THITIB
IIIITAITHUKIB B IKOCT1 HOTO OTIOp.

HaBeneHi KOHCTPYKTHBHI — pillleHHS, sIKi 3a0€3MeuyroTh JIOBIOBIUHICTH
riipoarperaty, Ay>K€ BaXKKO peaii3yBaTH B TEXHOJIOTIYHUX IpoOIlecax iX PEMOHTY,
TaK SK XapaKTepPU3yIOThCS 3MIHOI TEOMETPHUYHUX pO3MIpIB Baja poTopa Ta
ONTUMAJBHOTO PO3MIMIEHHS B KOPIYCHHUX JAETajeil MOCaJKOBHX MOBEPXOHb MJis
T ITUITHUKOBUX OTIOP.

Jis  yMOB CEpBICHUX MIANPUEMCTB JOUUIBHUM (OUIBII JOCTYIHUM 3
TEXHOJIOT1YHOI TOYKU 30pYy) OyJie KOHCTPYKTHBHE BJIOCKOHAJEHHS Oe3MocepeHbO
JeTanel TakuxX CHPSHKEHb KadaluuX BY3JIB TIAPOMAIIUH, SK «PO3MOJIIBHUK —
MPUCTaHE JTHO», «BTYJIKa OJIOKY-TUIYHXEpP)», «I1’SiTa IUTyHXKepa-oropa JIIOJIbKUY IS
TiJpoHacoca 1 «Ir’sgTa TUTYH)Kepa-ToxXuia Imaida» s TiapoMoTopa, Kl 3MEHIIaTh
JTMHAMIYH1 HABaHTa)KEHHS HAa Ka4alouui By30J1 T1IpOMAIIHHU.

[linBumeHHs HaAIMHOCTI 00’€MHUX T1IpaBIYHUX TPAHCMICIHA, 3 TOUKH 30pYy
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KOHCTPYKTHUBHOTO YJIOCKOHAJIEHHS, PO3IJISAAEThCS TakoX B podoti [7]. ABTOpH
PEKOMEHIYIOTh MPOBECTH 3aMiHy Tap TEPTS arperaTiB «MeTai - Metai (biMeTan)» Ha
«MeTajl - KOMIO3UT» ISl OMOPH JIFOJIbKH, BTYJIOK OJIOKY, MiIIMITHUKIB KOB3aHHS
nand roapKu Hacoca. Ha ixHro JyMKY, nepexis; Ha BUTOTOBJICHHS JeTaliei OTIOPHHX
MOBEPXOHB JIIOJIbKU rmpOHacoca 1 moxuyoi maidu FII[pOMOTOpa 31 CHELiaIbHOTO
KOMITO3UTHOT'O MaTepiay JacTh MOXJIUBICTb 3aCTOCYBATH I’ SITH ILTyH>KEPIB 31 CTAJIL.

JlaHe KOHCTPYKTHMBHE PIIICHHS MOXE MPUBECTH JO 3pPOCTaHHS YIapHUX Ta
BIOpaliiHUX HABAHTAXKEHb B CIPSDKEHHI «ILTYH)KEp — CTalbHA I’ STay, O 301IbIIUTh
mo(dT B 3’€IHAaHHI, a Yepe3 HbOTO «MEPTBHUI 00’€M» B HaJl TUTYHKEPHOMY IMPOCTOPI
CIIPSIKEHHSI «BTYJIKA OJIOKY - TUTYHXKep», 110 Oyzae BmmBaTu Ha 00’emuuit (KK])
riApOMAIIKH.

EdextuBHUM MeTOAOM Ui TMIABMINCHHS HAAIMHOCTI aKClaJbHO-TOPIIHEBUX
TiIPOMAIIINH € 3aCTOCYBaHHS aKTUBHUX BCTABOK 13 €MOKCHIHOI CMOJIH 3 JI0JaBaHHIM
MOPOIIKY TepMaHTaHATy KaJil0 Ta TOPOIIKOBOI HYEpPBOHOI MiJli B CIEIIATBHO
BUTOTOBJICHI BY3bKI KapMaHH Ha pPOOOYMX TIOBEPXHAX TMOPIIHS CHPSHKCHHS
«MOPIICHB-BTYJKa» [8]. MeToa miBHINYE 3HOCOCTIHKICTh MapH TEPTS «IOPIICHB-
BTYJIKa» B TII’STh pa3iB B TOPIBHAHHI 3 HOBUMH JCTAISIMH 1 MOXe OyTH
BIIPOBA/DKCHU B TEXHOJIOTIYHMX TMPOIEcaXx PEMOHTY aKCiaJIbHO-TIOPITHEBUX
TipOMAIIIMH Ha CIeliali30BaHuX ITiAMPUEMCTBAX.

Pazom 3 TuM, peamnizaiiisi METOY J03BOJISIE TOKPAIIMTH YMOBH TEPTS JIeTajei B
COpsDKEHI 1 TMPAaKTUYHO HE BUpINIye TMHUTAHHS BiOpaliiHUX HAaBaHTAXKEHb,
0OyMOBJIEHMX pOOOTOIO0 IUTyH)KEpIB, SKI OydyTh BIUIMBAaTM Ha pOOOTY I1HIIUX
CHPSDKEHBb Ka4aro4uoro By3Jja TiApOoMaIliHu.

Merta crarTi. 3a0e3ne4eHHs] MIKPEMOHTHOIO PECYpPCY aKClalIbHO-TOPUIHEBUX
TiIPOMAIIUH B TPOIIEC] iX PEMOHTY KOHCTPYKTUBHUM YAOCKOHAJICHHSM JI€TaIeH, 110
B TIEPIITy Yepry OOMEXYIOTh pecypc 00’ €MHUX TiAPaBIIYHUAX TPAHCMICiH MOOITEHUX
MallIiH B yMOBaX eKCIuTyaTalli.

IMocranoBka 3agavi. OCHOBHUM 3aBJIaHHSIM Yy POOOTI SIBISETHCS BU3HAUYCHHS
JOCTYITHUX B YMOBaX PEMOHTHOTO BHUPOOHMIITBA KOHCTPYKTHBHUX YJIOCKOHAJICHb
JeTajgel CupsiKeHb KadarouuxX BY3J1iB TAPOMAIINH, 110 3a0e3Meuy0Th ¢(DeKTUBHICTh
po6oTH IX BY3IiB TepTs. Moro pimeHHs moTpedye KOMILUIEKCHOTO IiIXOXy 3
BUSBJICHHS JIOCTOBIPHOI OIIIHKM NMPUYMH BIJIMOBJICHHS TiAPABIIYHUX TPAHCMICIH 1
aHai3y KOHCTPYKTUBHUX OCOOJMBOCTEH JeTalel, o B eIy Yepry 00yMOBIIOIOTh
3HIDKCHHSI PECypcCy TiapoMamiH. | Ha OCHOBI OTPUMaHUX pPE3yJbTaTIiB BUSBUTH
HampsIMKM ~ TIABUIIECHHS  HAJIIHHOCTI arperaTiB TpaHCMICli, 3a paxyHOK
YAOCKOHAJIGHHS KOHCTPYKITIT iX HaltMEHIIT HaIIMHUX CKIIAIOBUX.

BukJ/iajieHHs1 0CHOBHOI'0 MaTepiaJry.

[IpoBenena nudepeHmiifHa OIliHKA TMOKA3HWUKIB  HAJIMHOCTI  arperaris
TiIpaBIiYHUAX TPAHCMICIM, MOKa3aua, 10 A0 OCHOBHHX MNPUYHH, SIKI O0YMOBWIH
BTpaTy IIpale3gaTHOCTI aKCiaJbHO-MOPIIHEBUX TIAPOMAIIUH CIIiJI BIJHECTH 3MIHY
CTPYKTYPHUX IapaMeTpiB TEXHIYHOIO CTaHy JeTalled B CHPSIKEHHSX: «I1’Ta
TUTYH)KEpa-oropa JIIOJIbKIY; «BTYJIKa OJIOKa-TUTYHKEP); «PO3MOIITIBHUK - MPUCTABHE
THO» [9].

3MiHA CTPYKTYPHHUX NapaMeTpiB JIeTalled XapaKTepU3yeThCS B CBOIH OLIBIIOCTI
riipoadpa3suBHUM Ta €PO3IMHUM 3HOLIEHHSM Ta CXOIUTIOBAHHSM, IO MOSICHIOETHCS
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yMOBaMHu poOOTH JeTanei CupsbKeHb Kauarouoro By3ia, siKi MPalioloTh NpU 3HAYHUX
MIBUKICHUX, BIOpaLIHHUX Ta yIapHUX HaBAaHTA)KCHHSX.

HasiBHicTh 3HaYHMX BIOpalIWHUX Ta YJAPHUX HABAHTAXEHb B CIPSHKEHHAX
Kayaloyoro By3Jia aKCladbHO-TIOPIIHEBOI T'IPOMAILIMHU BIAMIYa€ThCS 1 B poOOTI [6].

[TosiBa BuIe BKa3aHWX HABAaHTAKEHb MPUBOJUTH J0 3MIHU MOJOKEHHS pOOOUNX
MOBEPXOHB JCTaJIel B CHPSKEHHSX, 0 00YMOBITIOE€ TIOPYIICHHS YMOB iX poOOTH Ta
BUHUKHEHHS JIJIBHUIb CYXOTO 1 TPAHUYHOTO TEPTS MK POOOYMMHU TOBEPXHSMHU B
3aMiH PiIMHHOTO 1 IPUCKOPIOE 3HOIICHHS JIeTaleH.

3MiHa poOOTH TIap TEPTS MPUBOJUTH A0 3POCTaHHS TUHAMIYHOTO HABAHTAXKCHHS
Ha BaJl pOTOpa TiIpOMAIINHU, SIKE BIUIMBAE Ha BIOpaIliifHl MPOIECH 1 TPU3BOJAUTH J10
KOPOTKOYACHOTO PO3KPUTTS CTUKIB JIeTaNel B CIPSHKCHHSX, II0 CTBOPIOE YMOBHU IO
MOTPAIUISIHHA a0pa3uBHUX YACTHH JI0 Map TePTs, 1 CIYXUTh (POPMYBaHHSIM IPOLIECIB
€pO31MHOr0 Ta riipoadpa3zuBHOTO 3HOIIEHHS pOOOYUX MTOBEPXOHbB JACTajcH.

YHUKHEHHS MOAIOHNX CUTYaIllii MOXKIIMBE 32 paxXyHOK 3MEHIIICHHS BiOpaIiiiHux
HaBaHTa)X€Hb Ha JCTall Kadalouhx BY3JIB aKClaJbHO-TIOPIIHEBUX TiJIPOMAIINH, IO
MOTPANWJIM 70 PEMOHTY, BIPOBAPKCHHSIM B TEXHOJOTIYHUX MPOIECaX PEMOHTY
orepalliif, HampaBJICHUX Ha KOHCTPYKTUBHI 3MIHU B JETAJSAX, SKI MOXXHA Ha3BaTH
PEMOHTHUMHU TIicHs iX BUroToBNeHHA. [Ipu 1bomMy, iX raGaputHi po3Mipu MOXKYTh
BIAMOBIAATH HOMIHAJIBHUM 3HAQUEHHSAM JE€Taial 3riJHO TEXHIYHHX BHMOI Ha
BUTOTOBJICHHS 200 30UIBIIIEHUM PEMOHTHUM PO3MipaM, B 3aJIEKHOCTI BiJl TEXHIYHOTO
CTaHy BIJHOBJIIOBAJIBHUX JETajieldl Kayarouoro By3Jia TIAPOMAIUHM Ta CHOCOOY
BIJIHOBJICHHS ii ITPaI€3JaTHOTO CTaHy.

Jletani  COpsDKEHHS  «I'siTa  IUIyHXKEpa-omopa  JIFOJIBKW» — TiIpoHacoca
COpHUIMalOTh BIOpaliiiHi 1 y/IapHl HaBaHTAKEHHSI, SIKI O0YMOBIIIOIOTHCS ITYJIbCALIEI0
po0oYOi piIMHM B HaJ MOPUIHEBOMY IMPOCTOPi, 3HAKO3MIHHMMH HABAHTAKEHHSIMHU
I'SITH TUTYH)KEpa MpU Mepexoil i 13 30HM BHCOKOIO THUCKY 0 30HM HHU3BKOIO 1
HaBIIAKH.

Pesynbratu nedexrallii m’sTyd IJIyH)XKepa B YMOBAaX PEMOHTY IOKa3ajiH, IO
KOoe(]iIliEHT TOBTOPIOBAHOCTI JIeeKTy - Tiapoadpa3rBHE 3HOIIEHHS KUIBIIEBOI OMOPH
I’ATH IUIYH)Xepa, JOPIBHIOE OIMHHMIN. MOro 3MeHIIEHHS MOXIIMBE 3a PaxXyHOK
KOHCTPYKTHUBHOTO YJOCKOHAJIGHHS OMOPU JIFOJBKM 1 MPEICTaBIICHHS 11 B BUIJISAIL
PEMOHTHOI jAeTanii, ska OyJe 3MEHIIyBaTH BiOpalliiiHi 1 MOTJIMHATH IIKOBI yJapHI
HABAHTAXKEHHS, 1110 3a0€3MEeYUTh KOPCTKICTh pOOOTH T1IPOCTATUYHOTO IMiAIUITHUKA,
AKUI (POPMYETHCS MK KUTBIIEBOIO OMOPOIO I’ SITH TUTYHXkKepa 1 poO0U0I0 TOBEPXHEIO
OTIOpH JIIOJBKU. 3arporoOHOBaHA KOHCTPYKIISl OMOPU JIOJBKU B SIKOCTI PEMOHTHOI
JieTan HaBOIUThCA Ha (puc. 1).

Omnopa mpeacTaBisie cOO0I0 1Ba METAIEBUX KUTBIS 1 1 5, Kl 3’ €MHYIOTHCS MK
coboro mpyxkHbO-AeMndpyrounM enemeHtoM 2. Ilepenne kinmpbue 1 mae pobouy
IIOBEPXHIO, 5IKa MEXaHI4YHO 00pobisena no R, =0,15 1 Tepmiuno no HRC,40...50, a

3aJHE KIJTbIlE S5 Mae BIANOBIAHE MeXaHIYHEe OOpOOJeHHS [ 3a0e3MedYeHHs
IUIOIIMHHOCTI 3 TIOBEPXHEI0 JIIOJIBKU rmpOHacoca B NPy KHBO- z[eMncpy}quMy
eIEMEHTI 2 BHKOHAHO KaHaiW 3, SK IO 30BH1H_IHLOMy TaK 1 MO BHYTPIIIHBOMY
paniycax omopu i kamepa 4, IIMPHHA SKOI BIAMOBIAAE AiaMeTpy I'SATH ILUTyHXKEpa, a
MO JIOBXHHI Ma€ JiaMeTpaabHHN 3aMKHYTHH KOHTYp, IO SIKOi depe3 KaHamu 3
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NoTparuiie pododa piAMHA IMif APEHAXHMM THCKOM P, =0,20...0,35MIla, mo

3HAaXOJUTHCS B KOPIIyCl T1IPOMAIIMHHU 1 CTBOPIOE TiAPOCTATUUHUN MiIIMIIHUK B
PO3p00JIeHIM KOHCTPYKIIii OTOpPH.

5 A

)

A

g
4ill
Puc. 1 — Koncrpykuis BiOp0i30/11010490i OIIOPH JIKOJIBKHU SIK PEMOHTHOI AeTaJIi:

1 - nepeorne xinvye; 2 - npyscHbo-0emMn@yrouutl enemenms; 3 - KaHAauU;
4 - kamepa; 5 — 3a0ue Kinvye

Aemopcvka po3pooka

[Ipu 3amycky rigpoHacoca poboya piuHa MOCTYIHAE M0 ISTH IUTyHXKepa 1 3a
pPaxyHOK T1IpOCTaTUYHOTO MIAIIMITHUKA I’ ITH pO3BaHTaXyeThes. [LmyHxep 3 1’ sATo10
Mae CKIagHuil pyx (0OepTaeThCsi HABKOJO CBO€I BiCi, OJHOYACHO BHKOHYIOYH
3BOPOTHBO-TIOCTYNIOBUM PyX TMpH MEPIOJUYHOMY NPOXOPKEHHI MDK 30HAMH
BHCOKOTO 1 HU3bKOTO THUCKY), III0 CTBOPIOE JTOJATKOBI BiOpalliifHi HABaHTaKEHHS, SKi
SIBJISIFOTHCS. OJTHUM 13 OCHOBHUX BHUJIIB MEXaHIYHUX il HA arperar.

JlxepenoM BiOpaliiHUX HABAaHTAXKEHBb SIBISIOTHCS TAKOX: JBUTYH MAIIMHH,
€JIEMEHTH MPUBOJLY, HASIBHICTh IyJIbCallil poO0YOi pIIMHU B MariCTpayiax Ta 1HIIE.

Komnencariis BiOpaiiHux HaBaHTaXeHb 3a0€3Me4y€eThCA 3a PAXYHOK MPY>KHbO-
neMI(yro4uoro eaemMeHTa 2 Ta riApOCTaTUYHOrO MiIIIUITHAKA OMOPH JIt0JIbKU. Poboya
piauHa, sKa 3HAXOJMUTHbCS B KapTEpHIA €MKOCTI TiApoHAacoca MiJ TUCKOM
P,=0,20...0,35MIla noctrynae mno KkaHajiaM 3 10 Kamepu 4 1 CTBOPIOE

TIAPOCTATUYHUMA TiAINIMITHUK, SKUW CIpuiiMae BiOpaIliiHi HaBaHTAXEHHS ITATH 1
MOTJIMHAE 1X 3a paxyHOK AeMi(dyBaHHA poOOYOi PIIMHU B TPAHUIAX HKOPCTKOCTI
TIPOCTaTUYHOTO MIJUIMIHUKA Ta MPYXHBO-AEMI(PYIOUOro eJeMeHTa 2, Mo
MOKpaniye poboTy I’STH 1 301IBIIY€E TOBIOBIYHICTH JETalel CHPSOKEHHS «IT siTa
IUTyHXepa — BiOpoomopa Joiabku». KpiM Toro, mupkyssis poOodoi piiMHU O
KaHajiaM OMopHU CTadLII3y€e TeMIEepaTypHHUN PEKUM pOOOTH CIIPSKEHHS.

HactynHuM  copspkeHHSIM B KayarodyoMy  By3Jl  aKClaJbHO-TIOPIIHEBOI
TiApOMAIINHYU, SIK€ OOYMOBIIOE MOTIPIIEHHS 1 BUXIJHUX [apaMEeTpiB, SBISETHCS
CIIPSDKEHHSI JleTalied «BTyJKa OJioka - TutyHxkep». Ha cknmagHuit pyx IUIyH»XKepa
CYTT€BUH BIUIMB MAlOTh TAKOXX TAHTCHINAJbHI CHJIM, 1[0 BUHUKAIOTh MPHU KOB3aHHI
Horo m’ATu 1Mo omopi npu odepTaHHi Oyi0ka 1 0OYMOBIIOIOTH MEPEKIC TIyH)Xepa B
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BTYJIL, IO HPUBOAUTH JIO XapaKTEPHOrO 3HOIICHHA JeTaledl 1 O0O0yMOBIIIOE
3pOCTaHHS MEXaHIYHUX Ta 00 €MHUX BTpaT, a B MOJAJIBLIOMY MOK€ MPHUBECTH 0
3aKJIMHIOBaHHS TUTyH)Kepa B BTYJILI 1 aBapiiiHOi BiAMOBU. 3amoOiraHHs JaHOTO
BiJIKa3y MOJKJIMBE TPOBEACHHAM KOHCTPYKTUBHOI 3MIHU BTYJKH OJIOKa, TaKOX
MIPEICTABIICHOI B IKOCTI PEMOHTHOI JA€Talll, KA JO3BOJIUTH 3MECHIIUTHU IO CHUJI TEPTS
B 30HI KOHTAaKkTy IUTyHXKepa 31 BTYJKOIO IpHU HOTO MEpEeKOIllIeHi, Ta 3a0e3MeUYHTh
racifs BiOpaliiHUX HaBaHTaXeHb. KOHCTPYKIIiS €KCIIEPUMEHTAIbHOI BTYJIKH OJIOKY
B SIKOCTI PEMOHTHOI JIeTajll HaBOJUTHCS Ha (puc. 2).
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Puc. 2 — EkcnepiMeHTAIbHA KOHCTPYKIisi BTYJIKH 0JIOKY Ka4al4oro By3Jjia
AKCiaJILHO-TIOPIIHEBOI TAPOMAIIIMHYI, SIK PEMOHTHA JI€TAJIb:
1- 306niwna emynka; 2 — npysicHbo-oemngyrouutl enemenm, 3 — 6HympiuiHs 6myJKa,
4 — pozsanmaoicysanvra kamepa, 5, 6 — omeopu cnouyyents 3 OpeHaHCHOIO

Ma2icmpannio ma MaziCmpaiito 6UCOKO20 MUCKY
Aemopcovka po3pobka

30BHIIIHS BTyJIKa | BKItOYae B ceOe BHYTPIIIHIO BTYJKY 3, sIKi 3’ €QHYHOTHCS
MDK €000 MPYKHBO-IEMIIPYIOUUM €JIEMEHTOM 2, y SKOMY pO3MIilleH]
PO3BAHTAXKYBaNbHI Kamepu 4 mig xytom 22,5 B IUIOMMHI HEPIEHAMKYJISApHIN Bici
BTYJIKHM, SKI OTBOpaMH 5 3’eAHaHl 3 JPEHAXHOI MaricTpauiio 31 CTOPOHHU
BHYTPILIHBOI TOPOKHUHU T1APOMAIIUHHU, Ta OTBOpaMHU 6 3 BHYTPIIIHBOIO (POOOUOI0)
MOBEPXHEIO BTYJIKH.

B mnponeci pobotu Fi,[[pOMaHII/IHI/I poboua piauHa TiA poGquM TUCKOM
HAJXOJUTh /10 p060q01 KaMepH 1 Ji€ Ha TUTYHKED, KU yepe3 I >1Ty KOHTaKTy€ 3
MOXWJIUM JUCKOM 1 MEPEKONIyeThCS B BTYJII M JI€I0 TAHTCHIIAJIBHUX CHIL
Boanodac 31 CTOpoHM BHYTpPINIHBOT MOPOKHUHU poOOYa PiAMHA M JPEHAKHUM
tuckoM P =0,20...0,35MIla Hagxoouth 4yepe3 OTBOPU 5 IO PO3BAHTAXKYBaJIbHUX
kamep 4. [Ipu nepekoreHi miyHxepa y BHYTPILIHIA BTy 3, y TOYKaxX JOTUKY HOTO
31 BTYJIKOIO 3 BUHUKAIOTh KOHTAKTHI HAaBaHTAXCHHS, SIKI YaCTKOBO MOTJIMHAIOTHCS 32
paxyHoK JemndepHOi BIACTUBOCTI NPY>KHBbO-IEMIIPYIOUOTO €JIeMEHTYy 2, Ta
00yMOBJIIOIOTh 3MEHIIICHHSI BHYTPIIIHHOTO 00’€My KaMep 4 1 MepeKpUTTs OTBOPIB B
30HI MaKCHMMAaJbHOTO KOHTAKTHOTO HABaHTAXEHHs NeTalied, 10 MPU3BOAUTH [0
BUTUCKYBaHHS poO0YO0T PIAMHU 13 KaMepH 4 10 I’ sITeH KOHTAaKTy JeTajei 31 CTOpOHH
BHYTPIIIHKOI TOPOKHUHU TIAPOMAITUHU, YaCTKOBO PO3BAHTAXYIOUU ILTYHXKEp 1
JI0JIATKOBO 3MAIyIOYd Tapu TepTsa. B 30HI KOHTaKTy IUIyHXKepa 3 BTYJIKOIO 3i
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CTOPOHHU po0OOYOT KaMepu KOHTAKTHI HAaBAHTAXXEHHS YAaCTKOBO IOTJIMHAKOTHCS 32
paxyHOK jaemiipepHOi BJIACTUBOCTI MPYKHbO-IEMII(YIOUOTO €IeMEeHTy 2, a IJomua
CyXOro TepTs poOoUnx TOBEPXOHb JeTasiell 3MEHIIYEThCS, 38 PaXyHOK J10JAaTKOBOTO
3MallleHHs 1ap TepTs p060q0}0 PLAMHOIO, IO 3a6e3neqye 301IbIIEHHS TOBIOBIYHOCTI
1 3arampHoro KK/ FlI[pOMaHlI/IHI/I B pe3yJbTaTi pPO3BAaHTAXKEHHA IUIyHXKepa 1
3MEHILIEHHS 00’ €MHHUX 1 MEXaHIYHUX BTpaT.

XapakTepHUMU 3HOUICHHSAMH JJisi JeTaliell CHpPSDKEHHS «PO3MOAUTBHUK -
MIPUCTaBHE JHO» SIBIISIIOTHCS: €pOo3iitHe, riapoadpa3uBHe, CXOIUTIOBAHHS Ta 1HIII.

[TosiBa maHWX BUIIB 3HOIICHHS O0YMOBIIOETHCS TOPYIIEHHSIM POOOTH JeTaneit
CHOPSDKEHHS PO3MOJAUICHHS TMOTOKIB po00YOi pIOUHHU, SKE 3 SBISETbCS TMpU
HEBPIBHOBAXKEHIN poOOTI TiApoMamuHu (pI3KUKA PO3riH, pIi3Ke TaJlbMyBaHHS,
BIOpalliiiHl HaBaHTa)XEHHS Ta 1H.) 1 MPUBOAUTH O KOPOTKOYACHOIO BIIXHMJICHHS
poOOoUNX MOBEPXOHB JETallel Bij MapajedbHOTO PO3TAIlyBaHHS Ta PO3KPHUTTS CTHUKY
MDK JETalsIMH, IO CIpHUS€ TOTPAIUITHHIO a0pa3sMBHUX YACTUH [0 POOOUYUX
MOBEpXOHb jeTajci. HasBHICTh npiOHUX aOpa3uBHUX 4YacTHH (opMye epo3siiiHe
3HOIIIEHHS, @ KPYIHHUX — T1poadpa3uBHE.

Boanodac 3011bIITYIOTECS TUTOMI HaBaHTAKEHHS 3 MOSIBOIO 30H CYXOTro TEPTS
(MeTasnieBUil KOHTAKT JeTalieil), 10 MO)Ke OOYMOBUTH CXOIUTIOBAHHS JieTajeil. 3MiHa
CTPYKTYPHUX NapaMeTpiB JeTalleld IaHOTO CIPSHKEHHS B OUIBIIIN Mipl IPUBOAUTH 10
3HAYHUX OO0’ €MHUX BTpaT, AKI 3MEHIIYIOTh 00’ €MHHI KOEQIlI€EHT KOPUCHOT il
TApPOMAIINHH.

3ano0iraHH yMOB, KOJIM BUHUKAIOTh MOPYUIEHHS! pOOOTH AETalIel CHpPSKEHHS
PO3MOAUIEHHS TOTOKY po60q0’1’ pIOMHU, MOXE CHPHUSATH 3MiHA KOHCTPYKIIi
PO3MOIUTbHAKA JAHOTO 3’€JHAHHS 1 3aCTOCYBaHHS MOTO SIK PEMOHTHOI JeTali.
3anmpornoHoBaHa KOHCTPYKIIisl pO3MOIIIbHIKA HABOAUTHCS Ha (pHcC. 3).
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Puc. 3 — KoHCTpyKIIisi pO3NOALIBHUKA, IK PEMOHTHA 1€TAJIb:
1 — nepeone kinvye, 2 - npysicubo-oemnyrouuti eremenm, 3 - 3a0HE Kivlye

Aemopcvka po3pooka

PosnonineHuk BkIOYae B ceOe aBa Kuiblisl, nepeaHe 1 1 3amHe 3, poboui
MOBEPXHI SIKUX 32 TECOMETPUIHOIO (POopMOI0, (hi13UKO-MEXaHIYHMMU BJIACTUBOCTSAMH Ta
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KJIACOM YHMCTOTH TOBEPXHI BIJMOBIJIAIOTh TEXHIYHUM BUMOIaM Ha BUTOTOBJICHHS
PO3MOIUTbHHKA, 1 K1 3 €IHYIOTHCA MK COOOI0 MPYKHBO-IEMI(YIOUNM €IEMEHTOM
2.

3anporoHoBaHa KOHCTPYKINS PO3MOAUIBHUKA, B SIKOCTI PEMOHTHOI JeTall,
Ipalioe HACTymHUM 4YMHOM. [lpu 3amycky TripoMallviHU JeTajll CIPSKEHHS
«pO3NOJIPHUK - TPUCTaBHE JHO» CIPUHAMAIOTh BIOpalliifHI HaBaHTAXXEHHS, SKI
3’ SBJISIFOTHCS B PE3YJIbTaTl PO3MOIJICHHS TOTOKY POOOYO0i PIAMHM 13 30HU BHCOKOTO
TUCKY JIO 30HH HU3BKOTO, 110 MPHUBOJIUTH JO HE PIBHOMIPHOTO KOHTaKTHOTO THUCKY
MDK MoBepxHsMU neranei. [IpyxHiil enemMeHT 2 po3noauibHUKA, AehOpMY€EThCA 1
MOTVIMHAE €HEPril0 KOJWBaHb, 10 B OUIbIIINA Mipi 3abe3nedye mnapajeibHe
pO3MillleHHsT pOoOOYMX TIOBEPXOHb JeTajliel 1 30UIblllye JOBTOBIYHICTH JeTajiei
CHPSDKEHHS, @ 3HAYMUTh 1 HAJIIWHICTD TIPOTPAHCMICIL B LIJIOMY.

BucHoBkwu.

[IpoBeneHi MAOCHIKEHHS, HANpaBi€HI Ha KOHCTPYKTUBHE YJIOCKOHAJICHHS
JIeTaJIel CIPsHKEHb KauyalouuX BYy3JIiB aKClaJIbHO-TIOPIITHEBUX arperaTiB TiApaBlivyHOT
TpPaHCMICIi, 1 BUKOPUCTAHHS 1X K PEMOHTHHUX JeTajiel Jjisi 3a0e3MeUeHHs SIKICHOTO
PEMOHTY.

3anpornoHoBaHa  KOHCTPYKIISl ONOpPU  JIFOJBKM  AKClaJIbHO-ILTYHXKEPHOIO
riijpoHacoca 3 TIAPOCTATUYHHUM MiIITUITHUKOM 1 MPYKHBO-IEMII(PYIOUUM €J1eMEHTOM
Jla€ MOYJIUBICTh 3MEHIITYBATH BIOpaIliiiHi 1 TOTJIMHATH MIKOB1 yIapHI HABaHTaKCHHS,
[0 TOKpallye poOOTy I’SITH IUIYyHXKepa 1 30UIblIye pecypc poOOTH CHPSKEHHS
«BIOpOOIIOpA JIFOJIBKH - 1’ SITa TUTYHXKepay» JJIs BIIPEMOHTOBAHOIO arperary.

VYcraHoBKa BTYJKM OJIoOKa 3 MPYKHbO-AEMO(PYIOUMM  €IEMEHTOM Ta
PO3BaHTAXYBAJIBHIUMH KaMepamH, 3MEHIIy€ KOHTAaKTHI HaBaHTAXCHHS Ta iX
TPUBAJICTh MDK BTYJKOI 1 IUTYHXKE€POM, KOJIM JI€Tajl 3HAXOAAThCA B 30H1 Ali
MaKCUMAJIbHUX TaHTEHIIAIbHUX CUJI, SIKI OOYMOBJIIOIOTH MEPEKIC IUTYHXKepa Ta
3pOCTaHHS CHJI TEPTS, L0 3MEHIIY€E 3HOIIEHHS JieTanel 1 3abe3neuye 301IbIICHHS 1X
JIOBFOBIYHOCTI B YMOBaX eKCILTyaTarli.

Peasizariisi po3noaiabHUKa 3 MPYKHBbO-AEMIIPYIOYUM €JIEMEHTOM B CIPSDKEHHI
«PO3MOAUTHHUK - MPHUCTaBHE JHO» 3aro0ira€ 3MEHIICHHIO PO3KPUTTS CTUKY MIX
MOBEPXHSAMHM JICTaJeH MPU HEBPIBHOBAXKEHIN poOOTI TIpOMAIINHHU, 110 MEPEHOCUTD
dbopMyBaHHS €pO31MHOTO Ta Tipoadpa3uBHOIO 3HONICHHS Ha OUIBII MI3HINA TepMiH
HAIpAaIlOBaHHS TIpoarperatiB 1 THUM CaMHUM 30UIbIIYE PECcypc CHpPsDKEHHS 1
arperariB TPaHCMICIi B LIJIOMY.
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Abstract. Increasing the durability of volumetric axial-piston hydraulic machines after their
repair is largely determined by the technical level of technological processes and the quality of
restoration of parts. The purpose of the work was to ensure the inter-repair resource of axial-piston
hydraulic machines in the process of their repair by constructive improvement of details that
primarily limit the resource of volumetric hydraulic transmissions of mobile machines in operating
conditions. The goal is achieved by carrying out structural improvements of coupling parts of
rocking units of axial-piston units of hydraulic transmission, and using them as repair parts to
ensure high-quality repair. The proposed designs of the cradle support, block bushing and
hydraulic distributor, as repair parts, make it possible to absorb vibration loads and reduce contact
loads during the operation of hydraulic machines, which reduces the wear of parts and ensures an
increase in their durability in operating conditions. The use of repair parts significantly increases
the technical level of the technological processes of repair service enterprises and expands the
methods of restoration of fit in couplings during the repair of axial-piston hydraulic machines.

Key words: hydraulic transmission, axial-piston hydraulic machine, technological process of
repair, dynamic loads, construction of parts, repair parts, durability, service enterprises.
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Abstract. Several methods of measuring temperature and sensors for these purposes are
considered. The main characteristics and designs of the technical means used are given. The main
attention is paid to semiconductor temperature sensors based on the thermistor effect. The results of
a study of thermistors based on dispersed germanium in the range from room to cryogenic
temperatures are presented.
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1. Introduction There are various methods, techniques and technical means of
measuring temperature. Any properties of solid, liquid, gaseous substances that
depend on temperature can be used to create a temperature sensor. For example,
physical and chemical states, dimensions, electrical characteristics, etc. At the same
time, sensors that utilize quite a small number of electrophysical properties of
materials and measurement methods have found wide practical application. In [1-4]
many methods and techniques of temperature measurement, designs and
characteristics of various sensors are considered.

2. Main text

a. Thermodiodes and thermotransistors. Thermodiodes and thermotransistors
are used in temperature sensors operating in the range from -80 to +150 °C. The
upper limit of the temperature range is limited by thermal breakdown of the p-n
junction and for some types of germanium sensors reaches 200 °C, and for silicon
sensors up to 500 °C. The lower boundary of the temperature range of thermodiodes
and thermotransistors is determined by the decrease in the concentration of the main
carriers and can reach for germanium sensors -(240 - 260) °C, for silicon sensors -200
°C.

The main advantages of thermodiodes and thermotransistors are small
dimensions, interchangeability and, most importantly, cheapness, allowing their use
in sensors of single use.

b. Thermoelectric transducers (thermocouples). The principle of operation of a
thermocouple is based on the thermoelectric effect [3], which consists in the fact that
in a closed circuit consisting of two dissimilar conductors, a thermoelectric EMF
(voltage) arises if the junction points of the conductors have different temperatures. If
we take a closed circuit consisting of dissimilar conductors (thermoelectrodes), then
on their junctions there will appear thermal EMF ¢(t) and &(ty), which depend on the
temperatures of these junctions t and to. Since the considered thermoelectrodes are
included in a countermeasure, the resulting thermoelectric EMF acting in the circuit
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will be defined as &(t) - &(to).

In the case of equal temperature of both junctions the resulting thermoEMF will
be equal to zero. In practice, one of the junction of the thermocouple is immersed in a
thermostat (usually melting ice) and the temperature difference and temperature of
the other junction are determined relative to it. The junction that is immersed in the
controlled (investigated) medium is called the working end of the thermocouple, and
the second junction (in the thermostat) is called the free end.

Thermocouples can be used to measure temperatures in the range from -270 to
2200 °C. To measure temperatures up to 1100 °C, thermocouples made of base
metals are used, to measure temperatures between 1100 and 1600 °C, thermocouples
made of noble metals and platinum group alloys are used. To measure even higher
temperatures, thermocouples made of heat-resistant tungsten-based alloys are used.

Currently, platinum, platinum-rhodium, chromel, and alumel are most
commonly used for thermocouples.

c¢. Thermometers based on the thermoresistive effect. The electrical resistance
of most substances changes significantly with temperature. This dependence is used
to create thermometers - thermoresistors [1, 4-7]. A thermistor is a device consisting
of a current conductor whose electrical resistance depends on temperature and to
which electrical leads are connected.

The temperature dependence of the electrical resistance of metals is due to the
dependence of the mobility of current carriers (electrons), in semiconductors the main
role is played by the temperature dependence of the concentration of current carriers.

The measuring range of thermometers is limited mainly by high temperatures,
which affect the linearity of the sensor characteristic, as well as the mechanical
properties of the material of the sensor sensing element and housing.

The temperature dependence of the resistance of metals can be expressed:

R =Ry(1+yt) (1),
where R, - resistance at 0 °C, y - temperature coefficient of resistance, t - temperature
in °C.

As materials for the sensitive element of the thermistor thermometer thermistor
are used: platinum, nickel, copper, etc. Metal-based thermometer sensing elements
are very thin wires wound on a frame or film deposited on an insulating substrate.

Typical dependences of resistance of some metals on temperature are shown in
Figure 1. They indicate the possibility of obtaining a high degree of linearity of the
relationship between resistance and temperature.

T
Figure 1. Characteristic dependences of resistance R of some metals on

temperature T: 1 - nickel, 2 - tungsten, 3 - copper, 4 — platinum.
Source: built by the author based on [1].
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d. Semiconductor resistance thermometers are temperature sensors
(thermistors) that utilize the temperature dependence of the electrical resistance of a
semiconductor [4-9]. This dependence can be expressed as:

R= Ro e B/T (2),
where R, is the resistance at temperature T tending to infinity, B is the coefficient
determining the sensitivity to temperature.

The exponential dependence shows a strong nonlinearity of the characteristic of
such a thermometer and this is one of the main disadvantages of such a sensor. On the
other hand such thermometers are the most sensitive to temperature change. At liquid
helium temperatures their sensitivity can reach 100-200 %/K. In addition, the high
resistance (up to 1 megohm) allows neglecting interference at the connection points
of the wires of the electrical circuit. Semiconductors such as silicon, germanium,
gallium arsenide, etc., as well as metal oxides [4] are used for manufacturing such
thermometers.

'R, Ohm

_—

a) b) T.K
Figure 2. a) - sample of semiconductor miniature thermistor, b) - temperature

dependence of resistance of a typical thermistor.
Source: built by the author.

Semiconductor thermometers can be of many different types. With the help of
microelectronics technology, the sensing element of the thermistor can be made
micro-miniature. Figure 2.a shows one of the designs of semiconductor
thermometers.

The total size of thermistors can be less than 1 mm3, electrical resistance from
several Ohm to 100 kOhm, supply currents, as a rule, 10 - 100 pA, sensitivity from 3
%/K in the area of room temperature to 100 %/K in the area of cryogenic
temperatures, inertia can reach several tens of milliseconds and less.

In a wide temperature range, the temperature dependence of semiconductor
resistance R(T) has a complex character and depends on the type of doping impurity
and doping level. Therefore, it is impossible to express the dependence of R(T) by a
simple formula that would allow to perform calibration with high accuracy. As a rule,
the whole temperature range is divided into separate sections, where the dependence
of R(T) is described by its own interpolation formula.

A group of semiconductor temperature-sensitive transducers used in
thermometric devices are often referred to as thermistors. They have a non-linear
characteristic but can be effectively used in systems for temperature measurement.

A typical characteristic of a thermistor is shown in Figure 2.b. Their temperature
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coefficient of resistance is significantly greater than that of metals. The resistance
decreases with increasing temperature, i.e. their temperature coefficient of resistance
1s negative.

Thermistors are significantly smaller in size than metal resistive transducers and
therefore respond more quickly to temperature changes. On the other hand, the small
size of thermistors results in a small current required for self-heating. Therefore, it
can be assumed that the current affects the accuracy of the measurement.

e. Low-temperature (cryogenic) resistance thermometers - thermistors.
Temperature measurement in the cryogenic region. To measure temperature in the
cryogenic region, semiconductor and metal sensors - resistance thermometers
(thermistors), as well as thermocouples with suitable characteristics are used.

Among the known metallic resistance thermometers we can mention platinum
thermistors, which are characterized by high metrological characteristics. However,
for example, a magnetic field of B=2 Tesla at a temperature of 12 K causes a
resistance rise equivalent to 5 K. It is considered possible to take into account the
influence of the magnetic field only at temperatures above liquid nitrogen
temperatures (77 K).

Rhodium-iron thermistors are less sensitive to magnetic fields. At a temperature
of 4.2 K, a 3 Tesla field leads to a 3% increase in resistance (equivalent to about 0.5
K)

Among semiconductor thermistors, germanium thermistors are the most widely
used [2,3,6-8]. They have good long-term stability, high sensitivity (= 100 %/K at
4.2 K) and can provide accuracy of about 0.01 K. The germanium resistance
thermometers are made of bulk germanium, dispersed germanium, germanium films
on insulating substrates. There are known germanium thermistors, which due to low
magnetoresistance value and in magnetic fields up to 6 Tesla provide accuracy at the
level 0of 0,01 K.

In addition to germanium, other semiconductor materials, such as gallium
arsenide, are also used for cryogenic thermistors. However, it is considered that
metrological characteristics of such thermometers, as a rule, are worse than those of
germanium thermometers.

There are also carbon sensors, resistance thermometers, which are often used in
measuring temperatures in the cryogenic region in the presence of magnetic fields.

f- Cryogenic thermistors based on dispersed germanium. Pure germanium is
not used in thermometry because at low temperatures it has a very high resistance,
low sensitivity. Often measurements must be carried out under conditions of various
external influences (presence of magnetic fields, etc.), which, affecting the resistance
of pure germanium, can lead to significant errors. Currently, to obtain suitable
electrophysical properties of bulk germanium, various rather expensive and labor-
intensive doping methods are used. They also use germanium in film form. In some
works cryogenic thermistors based on germanium films on semi-insulating gallium
arsenide have been investigated. At 4.2 K they can have a sensitivity of about 20%/K,
some are resistant to neutron irradiation at 77 K to doses of the order of 10'> cm™.

We have studied experimental samples of thermistors [5,7-9 ] based on bulk
dispersed germanium obtained by mechanical pressing at different temperatures and
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pressures of finely dispersed powder of monocrystalline germanium. The aim of the
study was to create thermistors for the temperature range of 4.2-300 K resistant to
extraneous external influences. The temperature dependence of electrical resistance
in the above temperature range, magnetoresistance at T=4.2 K and the effect of
neutron irradiation on electrical resistance at room temperatures were studied [9].

Dispersed germanium was obtained from powder of monocrystalline germanium
of n-type conductivity with a resistivity of 15 Ohm.cm,. Samples were produced by
exposure to high pressures and temperatures. It was found that the pressure and
temperature at which the powder was pressed determine the -electrophysical
properties of the obtained dispersed germanium. For creation of thermoresistors for
cryogenic temperatures the most suitable samples were used. The obtained dispersed
germanium had p-type conductivity, specific resistance at room temperature p = (1-4)
Ohm.cm. It can be assumed that the acceptor levels are due to the peculiarities of the
crystal structure of the obtained material. The peculiarities of the structure of
dispersed (powder) germanium can also explain the increased radiation resistance of
such material.

0 T T T T T 1
0 50 100 150 200 250 300

1000/T, K1

Figure 3. Temperature dependence of electrical resistance:
1 - bulk initial monocrystalline germanium, 2 - thermistor based on dispersed
germanium type A, 3 - thermistor based on dispersed germanium type B. Types A and
B differ in temperature and pressure value when obtaining dispersed germanium -

pressure 6 GPa and temperature 700 °C (type A) and 500 °C (type B).
Source: built by the author.

The results of measurements of temperature dependence of electrical resistance
are presented in Figure 3. It shows the temperature dependence of resistance of
single-crystal bulk germanium of n-type conductivity (curve 1) and experimental
thermistors from dispersed germanium (curves 2,3).

The temperature dependence of the electrical resistance of thermistors made of
dispersed (powder) germanium type A (curve 2) at low temperatures is steeper than
the dependence of monocrystalline original germanium and in the whole temperature
range has a more monotonic character. The smooth character of the temperature
dependence of the electrical resistance allows to approximate it with mathematical
formulas quite simply and with good accuracy. For a sample of type A, for example,
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even for the temperature range 77-300 K using a polynomial of the form

InR=)> A(InT
20: " 3),
where A1 - constant coefficients determined by the least squares method, n -
determined from the condition of the smallest approximation error) already for n =3
we obtain the dependence

InR =15.1077031+1.6552736*InT - 1.7901811*(InT)2 + 0.193233*(InT)3
with correlation coefficient 12 = 0.9995 and an error of about 0.1 K in the 77K region.

The sensitivity of type A thermistors in the liquid helium temperature region
(4.2 K) reaches values of more than 100 %/K. Sensitivity of thermistors made of type
B material is about 20 %/K and at 4.2 K they have electrical resistance as a rule not
exceeding 500 Ohm.

Figure 4 shows the dependence of the error AT of temperature measurement in
the liquid helium region in the presence of magnetic fields on the magnitude of the
magnetic field. The error of thermistors made of A-type material (curve 1) in the 8
Tesla field is approximately 0.02 K, and that of B-type thermistors in the 4 Tesla field
reaches 0.15 K.

16 1
14 1
12
10 A

AT102, K

1 1 1

B, T

Figure 4. Dependence of the temperature measurement error AT in the region of
4.2 K on the magnetic field B for thermistors of type A (curve 1) and type B

(curve 2).
Source: built by the author.

Conclusions

Some of the known methods and means of temperature measurement are
considered. The main characteristics of applied sensors and measurement techniques
are given. Advantages and disadvantages of certain methods of temperature
measurement are analyzed. Special attention is paid to the possibilities of temperature
measurement by semiconductor thermistors in a wide temperature range. High
sensitivity of the developed thermistors based on dispersed germanium, their
suitability for temperature measurement in the cryogenic range, high accuracy in the
presence of magnetic fields are shown.
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Abstract. The article proposes a method for solving the problem of rational distribution of the
power of data transmission channels, taking into account fuzzy restrictions on consumption
volumes. A feature of such tasks is the inability to meet the needs of the end user at the expense of
the resources of different suppliers. Methods for solving the problem with fuzzy restrictions on the
consumption volumes of end users are investigated. A fuzzy optimization problem is formulated,
which allows taking into account the interval specified volumes for the connection values. A variant
of solving fuzzy optimization problems in the case of using fuzzy numbers is proposed. A multi-
criteria problem of efficient distribution of communication channel powers with fuzzy restrictions is
formulated. A variant of the algorithm with a return is proposed, which allows solving the obtained
problem. The approach is illustrated by a number of numerical examples for the problem of
forming a network structure with a given number of end users and different allowable bandwidths
of communication servers.

Key words: data transfer, volume distribution, fuzzy constraints, optimal solution,
backtracking algorithm

Introduction.

The tasks of finding optimal solutions arise in the process of development and
practical implementation of methods for effective management of various
organizational, technological and information systems.

An important characteristic of optimization problems is the desire to find the
optimal solution (optimality principle). In practice there are a number of constraints
that do not allow finding such a solution. In these cases, the question is raised of
finding not optimal, but rational (compromise, effective) solutions that satisfy the
problem statement. It is often necessary to find a compromise between the
effectiveness of solutions and the cost of finding them. Serious difficulties arise when
solving optimization problems under conditions of incomplete information, as well as
in the case when random or subjective factors (parameters) play a significant role.

One of the applied problems in which there can be uncertainty in setting the
parameters is the problem of distributing the limited capacities of data transmission
channels between different nodes of the Internet providers network. Suppose that
there is a local computer network of an enterprise (organization, educational
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institution) that provides users with access to the Internet. User access to the global
network and obtaining the necessary information is carried out using several
communication servers located on the territory of the information and computer
center of the enterprise and connected by high-speed external communication
channels with Internet providers. The bandwidth levels of the servers are within the
bandwidth (bandwidth) of the local network (for example, 1Gb per second).

The solution of the formulated problem was considered in [1-7] on the basis of
solving problems of optimal resource allocation. The problems of efficient use of a
homogeneous resource were considered using the example of time distribution in the
form of a classical problem of distributing resources of a given volume over a set of
categories (works) [4]. The setting of such tasks consists in finding a cost plan for the
available resource (such a resource is most often considered time) for the execution
of a group of tasks, in which the total (final) use of the resource is optimal.

Problem statement

An information and computer network is considered, including N, data

transmission channels (global network providers), NV, communication servers and N,
end users (subscribers). We denote by 4", i=1,N,, the values of the maximum
bandwidth of the data transmission channel that provider i, i=1,N,, is able to
provide; B, j =1,N,, — the value of the maximum bandwidth of the data
transmission channel that the communication node j, j=1,N,, can provide; ; C,,C,,
k=1,N,, — values of the minimum and maximum bandwidth of the data transmission
channel, which must be provided to the subscriber k, k =1, N, ; ¢, — throughput of the
k-th subscriber station, k=1, N,. Then, assuming that the power distribution of

communication channels satisfies the conditions of additivity and proportionality, we
can consider the problem of distributing a limited homogeneous resource (bandwidth
of communication channels) with transport-type constraints in order to find the
optimal data transmission plan. This ensures the effective functioning of the system
for providing users with Internet access, which consists in finding the optimal values
of data transmission bandwidths 7 of the i-th information provider (provider),

i=1,N,, and the optimal values of the bandwidths ¢, of using local communication
channels of the k-th user, k=1, N, .
Formally, the statement of problem can be written as

maxf, ; maxt,; ... maxt, , (1)
with the following constraints
N, N,
Dt <> A
k=1 i=1
t.<B’, j=LN,, k=LN,;
C <t,<C ,k=LN,; (2)
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Let's assume that the needs of network subscribers to increase the speed of
obtaining one or another amount of information are known. The wishes (preferences)
of subscribers are set regarding a possible increase in consumption volumes
(bandwidths) for transmitting information from the provider to the user node. To
implement the changes, it is necessary to update the capacities of the switching
servers of the network by deploying new, more powerful computers or by increasing
the number of existing servers. In other words, it is necessary to conduct a study on
updating the resources of the server park of the information and computing center,
which makes it possible to increase the total bandwidth of a group of switching
servers. At the same time, the value of the total capacity of servers, both in the case
of an increase in the capacity of the existing fleet of computers, and in the case of an
increase in the number of servers, 1s assumed to be the same.

If the values of consumption parameters are random variables with known
distribution functions, then it can be solved by stochastic programming methods.
However, in practice these parameters are often unknown and only the range of
possible values can be determined for them. A problem of this type can be called a
problem with multiple values of the coefficients.

The next step on the way of detailing and refining the model considered here is
the description of the problem parameters in the form of fuzzy sets (numbers) [8].
Additional information is introduced into the model in the form of a membership
function of these fuzzy sets. These functions can be considered as a way for an expert
to approximate his unformalized idea of the real value of a given parameter.

Fuzzy sets are a mathematical model of object classes with fuzzy or blurry
boundaries. In other words, an element can have some degree of membership in the
set, and it is intermediate between full membership and complete non-membership.

Let us assume that in the formulation of the problem of distributing the power of
data transmission channels, the current values of the throughput of communication
channels of each subscriber k, C,,k=1,N,, are known, and the values of

C!,k=1,N, determine the values of the bandwidths that are planned by users as a

result of updating communication equipment. Obviously, it is possible to fully satisfy
the expansion of the bandwidth of subscriber channels only under the condition

Ny . Ny .
;Qz;q.

Formally, the statement of problem can be written in the form of optimization of
criteria (1) with the following constraints

t, esupp T, =[C,,C[], k=1, N,; (3)
N, N,
S <34
k=1 i=1
t.<B;, j=LN,, k=1,N;; 4)

NZ Nl N3
DB <Y A4 <HC.
j=1 i=1 k=1

We will assume that the capacities of communication channels available to users
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N, N, N,
satisfy the conditions D> C, <>'t, <> A4, and the values of the possible expansion
k=1

k=1 i=l1
of the channel capacity are determined by right-hand fuzzy triangular numbers in the
form (C,,C,,C;), k=1,N,, with linear membership functions [9].

This problem is a multiobjective fuzzy optimization problem [10]. To solve it,
methods are used that allow finding a compromise (effective) solution by reducing
the problem to a single-criterion one in the form of a convolution of criteria or to a
sequence of single-criteria optimization problems [11]. In the case of fuzzy
constraints, each such problem can be reduced to an optimization problem of the
form of Bellman-Zadeh [12] with subsequent solution by the one of known method.

Taking into account the specifics of the obtained problem, the most rational
method is the sequential introduction of constraints [11]. A characteristic feature of
this method, which makes it possible to use it to find an effective solution, is the
sequential (at each step) introduction of constraints on the width of the
communication channel, at which unsatisfactory values of the criteria are achieved.

Following the search methodology, at each algorithm’s step p =1,2,..., an “ideal

assessment” ¢ =(t"",,”,..,t;”"), p=1.2,.., is formed, where ¢, k=1,N,, are
the optimal values of each of the criteria (19) max¢,, k=1,N,, on a given range of
acceptable values G,, G ={=Ck=LN}, G, =i G k=LN, |t >2&},
se{l,2,...N,}, 1s the number of the criterion, the value of which is the least

consistent with the compromise solution. It 1s clarified to what level & the value of

this criterion should be changed, and a search for a new solution is performed, taking
into account the additional constraint.

This method allows solving the problem of efficient distribution of channel
capacities, taking into account fuzzy constraints on consumption volumes, however,
to use it at each step, it is necessary to evaluate the compliance of the current solution
with a certain “ideal” solution, which, as a rule, is formed with the participation of an
expert. In addition, the solution procedure turns out to be cumbersome, leading to the
multiple solution of optimization Bellman-Zadeh fuzzy tasks.

Additionally it is easy to formalize this process by applying the back tracking
solution search procedure [13].

From the condition of the problem of optimizing the distribution of channel
powers, taking into account fuzzy constraints on consumption volumes (3)-(4), it
follows that

N.

3 N2 N3
;c;zZB;szCk : (5)

Obviously, in this case, it is impossible to allocate the maximum expected power
of communication channels to all subscribers. We will look for a solution on rational
distribution based on the scheme of the back tracking algorithm.

Algorithm.

Step 0. Without loss of generality, we will assume that the order of users is

ordered in non-increasing order of the planned capacities of communication channels.
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We put the required values in the initial solution ¢, =C;, k=1, N,
Step s=1,2,... We check the fulfillment of condition

S <YB. ©)

If inequality (6) is satisfied, the algorithm terminates, otherwise:

a) determine the q, g €[1, N, ], largest (first of N,) values ¢,, k=1, N,.
b) decrease the values ¢,, k=1,q,by At>0:t =t —At, k=1,q.

Obviously, the total demand in this case decreases.

Change s =s+1 and move on to the next step.

Experiments

The algorithm proposed above for finding a solution in the problem of rational
distribution of the power of communication channels, taking into account fuzzy
constraints on consumption volumes (3)-(4), was used to calculate the values of
throughput resources in a network with 1 Internet provider, 2 (3, 4) routers
(communication servers ) and 17 end users (collective subscribers).

The bandwidth of user connections to communication servers was initially 350,
250, 250, 245, 180, 180, 165, 165, 160, 145, 140, 140, 140, 120, 110, 80, 80 Mb/s
(total capacity 2900 Mb/s). In order to expand consumer traffic, it is proposed to
upgrade equipment in the form of a possible increase in the number of servers or/and
increase their capacity. The bandwidth of the communication channel with the
provider remains constant and equals 10 Gb/s. The total throughput capacity of
communication servers after the upgrade is planned to be 3 Gb/s.

To determine the rational distribution of the size of communication channels,
consumers were asked to determine the required size of connections to
communication servers. Based on the given amount of traffic, it was planned to use 2,
3 or 4 servers with a total capacity of 3 Gb/s.

Computational experiments on the efficient distribution of the power of
communication channels were carried out using the above algorithm for the classical
solution of optimization problems with fuzzy constraints on consumption levels
(fuzzy approach) and the algorithm using the backtracking approach. In the latter
case, both a consistent uniform decrease in consumer requests by the value Az >0
(appl) and a proportional decrease in the values of requests were applied, taking into
account the required volumes of traffic increase (app?2).

Results

The results of the numerical experiments performed are shown in Table 1.

As follows from the results obtained, the application of the proposed algorithm
made it possible to obtain the most efficient (close to optimal) solutions in the
considered distribution problem for a configuration with two communication servers
with a maximum bandwidth of 1500 Mb/s. The best solution to the problem using the
method of efficient channel power distribution, taking into account fuzzy constraints,
was obtained for the connection option with 3 routers. At the same time, it slightly
differs from the solution with two servers, which suggests that the best option in the
considered distribution problem is the variant with two communication servers. It
should also be noted that the solution based on the algorithm using the return scheme
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does not require significant computational resources, which allows us to speak about
the constructiveness of the method.

Table 1 — The results of numerical experiments on the efficient distribution of
the power of communication channels

Consumers

pl [ p2 [p3 [p4|p5|p6|p7[p8|p9|plolpll|pl2[pl3[pl4|pl5|p16[pl7|Sum
Init Power, M6/c (Max Sum Power=2900 M6/c)
350[250(250/245]180[180]165]165[160[145|140|140]140[120]110] 80 | 80 |2900
Plan Power, M6/c (Max Sum Power=3000 M6/c )
370[275]275/260]195]185]180]175[165]155|150]150]145[125]115] 90 | 90 |3100
Results for K communication servers, M06/c
Approuch: appl
CommunicationPower x K=1500%2
363(268]268(253]188]183]173]168]158[148]143]143138/118|108| 85 | 90 [2995
CommunicationPower x K=1000x3
359[264[264|249]184[179]169|164[154[144|139|139]134]114]105] 83 | 90 |2934
CommunicationPower x K=750x4
357]2621262|247]182[177]167]|162]152]142|137]|137]132]112]107] 89 | 90 |2914
Approuch. app2
CommunicationPower x K=1500x2

354]254 (2542541184184 [174]169]164[149]149]149]144]124]114] 89 | 90 [2999
CommunicationPower x K=1000x3
352[2521252252]182]182|172]167]162[147|147]147]142]122]112] 87 | 90 [2967
CommunicationPower x K=750x4
350[250(250/250]180|180[170]165[160|145|145|145]140[120]110] 85 | 90 |2935
Approuch: fuzzy
CommunicationPower x K=1500x2
361[266(266/251]186|181[171]166]160[150|146|144]141[121]110] 83 | 82 |2985
CommunicationPower x K=1000x 3
362(267]267]252|187]182]173]167]160]150]147|142|140|120|110] 82 | 81 2989
CommunicationPower x K=750x4

355[2601(260/245]180[175]165/160[150[150|145|140]135]118]108] 79 | 75 |2900

Summary and conclusions.

The problem of optimal power distribution of communication channels in
information-computer networks with a three-level architecture is considered.
Approaches for its solution are studied, the problem statement with fuzzy constraints
on the consumption volumes of end users is considered. A fuzzy optimization
problem is formulated, which allows taking into account the interval specified
volumes for the connection values. A variant of solving fuzzy optimization problems
in the case of using fuzzy numbers is proposed. A multi-objective problem of
efficient power distribution of communication channels with fuzzy constraints is
formulated. A variant of the algorithm with a return is proposed, which allows
solving the obtained problem. The approach is illustrated by a number of numerical
examples of a problem with a given number of end users and different allowable
bandwidths of communication servers.
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USE OF LIGHT CONCENTRATORS IN SEMICONDUCTOR SOLAR

PANELS WITH A DIRECT SUN TRACKING SYSTEM
BUKOPOUCTAHHS KOHHEHTPATOPIB CBITJIA B ITAHEJISAX
HAMIBIPOBIJTHUKOBOI COHSTYHOI BATAPE]L
I3 TA CUCTEMOIO BIICJIAKOBYBAHHS HAIIPSAMY COHIA
Melentiev O. B. / Meaentnes O. b.
Melentiev Ya. O. / MeJsientbes 5. O.
Uman State Pedagogical University named after Pavio Tychyna
Vmancovkuii oeporcasnuii nedazociunuil yniseepcumem imeni Ilaena Tuuunu

Anomauin. B oaniti cmammi po3ensioaemscsi NUMAHHA SUPIUEHHS NPoOaeMU NIOB8ULYeHHS
koeghiyienmy  kopucnoi 0ii (KK/]) y HanienposioHukosux cousuHux oOamapeu,  sKi
BUKOPUCMOBYIOMbCA 6 AKOCNIL E1EKMPOcEeHepaniople.

Ha ocnosi ananizy xoncmpykmopcbkux po3poooK HanienpoGiOHUKOBUX COHAYHUX bamapell i3
BUKOPUCTAHHAM KOHYEHMPAmMopie ceimid, 8UABUI0, Wo HAUOILIbW eqheKMUBHUM € BUKOPUCTIAHHS
Nin3 @penens.

B pezynomami KOHCMPYKmMOpPCoKUx 00C1i0dceHb 0YI0  3aNnpoOnoOHOBAHO KOHCHMPYKYIIO
HanienposioHUK080i COHAUHOI Oamapei, sKI uxkopucmosyiomv JiH3y @Dpenens y axocmi
KOHYeHmpamopa ceimia i CUcCmemor 6i0C1i0KOBY8AHHS HANPAMY COHYs, WO 1 00YMOBII0E
niosuwennus KKJ/] nanienpogionuxoeux cousunux oOamapetl, Ha0awoyu Nepcnekmus ix uwupokoz2o
3aCMOCYB8AHHS ) COHAYHIU eHepeemuyi.

Knrwowuoei cnosa: comsuna b6amapes, KOHYeHMpamop C8imaa,. KA NiOBUWYE KoeqiyicHm
KOpUCHOI 0ii'y

Beryn

[Ipobnema  migBumieHHs  koedimienty  kopucHoi  mii  (KKJI) vy
HaITBIIPOBITHUKOBUX COHSYHHUX OaTapesx B SIKOCTI €JIEKTpOreHepaTOpiB BUHHUKIIA 13
moyaTtky ix  BUKopucTtaHHsa. Omguum 13 moiaxiB - migsumeHHs KK/
HaIIBIPOBITHUKOBUX COHSYHUX OaTapeil € BAKOPUCTAHHS KOHIIEHTPATOPIB CBITIA.

30UIBIIMTH  C€JIEKTPUYHY TMOTYXHICTh Oarapei 103BOJISIE BKJIIOUECHHS Yy
(hoTOENEeKTPUYHI MOJTYJII COHSYHOI OaTtapei KOHIIEHTPATOPiB BUIIPOMIHIOBAHHS, TOMY
mo KKJI coHsuyHWUX eNeMEeHTIB TpU BUKOPUCTOBYBAHMX KOHIICHTPOBAHOTO
BUMPOMIHIOBAaHHSI POCTE. 3aCTOCYBaHHS ONTHUYHHX KOHIICHTPATOPIB JO3BOJISIE
CKOPOTHUTH TIJIOINLYy COHSYHUX E€JIEMEHTIB MPOMOPIINHO KPATHOCTI KOHIICHTPYBAHHS 1
TAM CaMHUM 3MEHIIUTH BapTICTh COHSYHOI Oarapei i 30UIBIIATH TEPMIH CITyKOU
Oarapei, TOMy IO KOHIIEHTPATOPH 3aXMINAIOTh COHSYHI €JIIEMCHTH BiJl BIUIMBY
pamiarii.

Tak BimoMuil rraHapHuil cBiTJIONpoBia (mareHT P® No2488149 MIIK
H02S10/00, HO1L31/042 «Kounuentparop Jyued [Jsi COJHEYHOM OaTapeu
BEEPHBIM  PACIIOJIOKEHUEM 3€PKABHBIX  OTPAKAIOMIMX  AJIEKTPOJOBY/  OMyOl.
20.07.2013 p. ), y sikoMy Iajiaro4e CBITJIO MIiCisl 6araTopa3soBOro BIAOUTTS ycepeauHi
KOHIIEHTpaTOopa MOTpaIuisie Ha MOBEPXHIO COHSYHOI OaTapei [2].

OCHOBHUM HEOJIIKOM BIiJJOMOTO CBITJIONPOBOJY € HHU3bKa €(PEKTUBHICTH 3a
pPaxyHOK TOTO, IO TPOMIiHb, HE3aJeKHO BiJ YHMCIa BiAOWTTIB, TUIBKU OJWH pa3
JOCSITal0Th TOBEPXHI COHAYHOI Oarapei, TOOTO KOHIIGHTPATOp JO3BOJIIE BCIM
MagalouyuM MPOMEHSM TITBKH OJIMH pa3 3A1MCHIOBATH TIEPETBOPEHHS B COHSIYHIN
Oarapei.
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Bigomuii Takox maTeHT, 10 pO3TIsAae KyJIbkoBUi KoHLIeHTpatop UA 1528540
MIIK HO02S 10/00, HOIL 31/042. «llopratuBHa HamiBIPOBIAHUKOBA COHSYHA
Oarapes 13 remiorpapiyHUM KyJIbKOBUM KOHIIEHTPATOPOM JUIS TYPUCTUUYHHX IILICH»/
omy6s. 19.04.2023., sxkuii TakoX SIBISETHCS OAHHUM 13 BapiaHTIB KOHIEHTPATOpPIB
COHSIYHOI eHeprii [7].

OpnuM 13 eQEeKTUBHIIINM BHAOM KOHIIEHTpATOpY CBiTia € jiH3za Ppenens, ii
MepeBaror0 € Majia Bara ta rabaputu. 3a3BUuail Taka JiiH3a Miacka, KBaJapaTHOi abo
NpsMOKYTHOI (OpMH, IlI€ OJIHIEI 13 MepeBar TaKOTO KOHIEHTpaTopa CBITJIa €
MIPOCTOTA TEXHOJIOT11 (TEXHOJOT1UHICTh) Ta Maja COOIBapTICTb.

Hait61y1b111 1IepCreKTUBHUM BHUIOM ONTHYHUX KOHIIEHTPATOPIB JJISI KOCMIYHUX
(hOTOENEKTPUYHUX MOJYJIB € JiHIMHI JiH3u DpeHens manoi mMacu. Y 1eil dac 13
PO3BUTKOM TEXHOJIOT1H TOJIMEPHUX MaTepiajiB 30UIbIIYEThCS 3aCTOCYBAaHHS JIIH3
dpenens 3 mojgiMepHUM npodiiem.

Bigomuii cioci6 BUroToBieHHS JiH3 OpeHens W 1HIIMX ONTHYHUX CTPYKTYP €
croci0 3aTBEep/UKyBaHHS KOMIIayHIa 3aco0aMy pamiallii, SKHM 3alOBHIOIOTH
MPOMIKOK Mk TMPO30pPOI0 MAHEIUII0 W HETaTWBHOIO MATPHIICI0 W TMOTIM MiAJaI0Th
3aTBEPIIHHIO 3a JOMOMOTOI0 YIbTpadioseTOBOTO BHUIPOMIiHIOBaHHS (mateHt JP
2004258071, MIIK GO02B 3/00, «Crnoco06 w3roTtoBieHUs JWH3 (QpeHens s
KOHIICHTPATOPHOTO (POTOAIEKTPUUECKOTO MOAYJs»/, omyOmikoBano 16.09.2004 p.
[4].

AHaJIi3 NOTOYHUX JO0CTIIKEHDb i myOJiKkanii

Ha cyuacHoMy eTari po3BUTKY TE€XHOJIOTIi BUEHI MPaIIOIOTh HaJ 301IbIIEHHIM
6azoBoro KKJI —piBHeM He3MiHHOI e(eKTHMBHOCTI. B pe3ynbTari MOCTIMHOTO
YAOCKOHAJIEHHS KOHCTPYKIIT COHSYHOI OaTapei 1ei MOKa3HUK MOCTIMHO 3pocTae 3a
paxyHOK BCTAHOBJICHHS ii Ha oOmopy, sika o0epTae COHSYHY Oarapero CIHiaoM 3a
HAIPSAMOM PyXy COHIISI. BifCHIiIKOBYBaHHS COHIIS MAHEUTIO BEACTHCS OJTHOYACHO 5K
[0 TOPU3OHTAJI Taki MO BEpPTHKaNi. 3a OLIHKAMH, YCTAaHOBKA OJHOTO MOBOPOTHOTO
Tpekepa nae Biapasy mnpupict edektuBHocTi Ha 40-50%. 3apa3 iCHYIOThH HOBI
BrucokoedexTusHi (43,5%) m’stumaposi naneni ¢ipmu Sharp, yotupuiaposi Gipmu
Soy-Tech (44,7%) 1 mpuctpiii po3poOiieHuii B [HCTUTYTI IHTETPAIBHHX CXEM
Opaynxodepa (Himeuunna) y sikux edextuBHicTh Oatapei gocsrae 10 47% [1].

B ormsaai BuHaxomiB, Mu OyJaeMO ITOCHJIATHCS Ha HaIll JOCTIIKCHHS, IO
BITHOCUTBCS JI0 COHSYHOI €HEPTETUKH, 30KPEMa, 1€ CTOCYETHCSI KOHIICHTPATOPIB IS
COHS'YHUX Oatapeil. Bimomuii ronorpadiuHuii KOHIIEHTPATOpP COHSYHOI EHEpTii:
nateHT P® No2403510, ommy6s. 02.03.1999 p., sikuit siBisie OO0 KOHIIEHTPATOP IS
COHSIYHO1 Oarapei BUKOHAHUU y (opMi HAMIBUMIIHAPA 3 BISJIOBUM PO3TAITyBaHHSIM
N3epKAJIbHUX Bi1IOMBAIOYMX MOBEPXOHB 1 MPO30PUX HAMIBIPOBIIHUKOBUX COHSYHUX
Oatapell, MPUYOMY KOHILIEHTPATOp 1 COHsAYHA OaTapes € I1HTErpajbHO €JIUHUM
oOJnaHaHHSIM, HEJIOJIIKOM SIKOTO € 3HaYH1 BTpaTH CBITJIOBOI eHeprii [3].

HenmonmikamMmu Takux TPOTOTHMIB € CKJIAAHICTh Yy BUPOOHHUIITBI TaKOTO
KOHIICHTpaTOpa 1 COHAYHOI Oarapei, sSK 1HTErpaIbHO-€IMHOIO OOJaJHAHHS, BEIIMKA
co0iBapTiCTh, KOHCTPYKTHUBHA CKJIAQJHICTh Ta HAJAMITYBaHHS Takoro BUPOOy. Tomy
MOCTa€ MpoOJieMa BUTOTOBIICHHS KOHIIGHTPATOPIB CBIT/IA IS (DOTOETEKTPUIHUX
MOJYJIIB.

Tax B Hamomy pocmikeHHi, mo Buwiwiock y mareHt UA 153265 MIIK
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(2023.01): A41D 13/012, A41D 31/10. omty6s1. 14.06.2023 p. po3risgacTbes Crocio

BUTOTOBJICHHS JTiH3 DpeHens st KOHIEHTPATOPiB (OTOCTEKTPUIHUX MOTYJIIB
CIoco0oM TepMIiYHOTO (HOPMYBAaHHS aKPHUJIOBOTO CKJa, IO J03BOJISE BUTOTOBIISTH
MIPOCTUM 1 TEXHOJOTIYHUM CIIOCOOOM KOHIIEHTPATOpU (HOTOCTEKTPUIHUX MOAYJIIB 13
CTaOUTPHO BHCOKOKO SKICTIO, MaJMMH 3aTpaTaMd 4Yacy Ta BHCOKHM CTYIICHEM
0e3BigxoaHoCTI [8].

Ha ocHoBi cnoco0y TepmiuHOro (hOpMYBaHHS aKpHUIJIOBOTO CKJIA, IO TO3BOJISIE
BUTOTOBJIATH TMPOCTAM 1 TEXHOJOTIYHMM  CIOCOOOM  KOHIIGHTPATOpU  JO
(hOTOCNEKTPUYHUX MOAYJIIB OYJI0 pO3pO0JICHO HAIIBIPOBIIHUKOBY COHSIUHY OaTapero
13 KOHIIEHTPATOPOM CBITJIa Ha OCHOBI JIiH3 DpeHes

Po3rissHeMo mpOTOTUIN KOHIIEHTPATOPIB JIJIsl COHIYHUX Oarapeil.

Merta nociigkeHHs TONATaE y po3poOIli HOBOI CHCTEMHU BHUKOPUCTAHHS
HaITIBIIPOBITHUKOBOT COHSYHOI Oarapei 13 KOHIIEHTPATOPOM CBITJIa Ha OCHOBI JIIH3
@penenst 3 METOW 30UIBIICHHS EJNEKTPUYHOI IMOTYXKHOCTI Oarapei 3a paxyHOK
nigumenas KKJI koxxHoro ememeHTy OaTapei, Ta CHCTEMH BiJICIIIKOBYBaHHS
HANpsIMKy JKepeia CBITJa Ta OpI€HTAlll HaHesll HaIiBIPOBIIHUKOBOI COHSYHOI
Oarapei.

Mopens maHesl HamiBIPOBIAHUKOBOI COHSYHOI Oarapei 13 KOHIIEHTPATOpOM
CBITJIa Ta CHCTEMOIO BIJCITIIKOBYBaHHSI HAMpsAMY COHIlS PO3MVITHEMO Ha TPHKIAIL

OKpPEMOI 11 CEeKIIll.

Tak B Hammomy narenti UA 154033 MIIK (2023.01): HO2S 10/00, HOIL 31/042.
«Cexk11is HaMiBMPOBIAHUKOBOI COHSIYHOT OaTapei 13 KOHIIEHTPATOPOM CBITIIay / OmyOJI.
04.10.2023. Oyy0 pO3MISTHYTO MPUHITUI POOOTH Ta KOHCTPYKIIiS TaKoi cekii [5].
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Pucynok 5. Cekuisi HAiBIPOBIIHMKOBOI COHAYHOI 0aTapei i3 KOHIEHTPATOPOM
cBiTJIA.

MeToro NMPONOHOBAHOTO BUHAXOAY OYJIO CTBOPEHHS CEKIIii HaIIBIPOBITHUKOBOT
COHAYHOI Oatapei 13 KOHLEHTPATOPOM CBITJa y BUMIAAI muackoi JiH3u Dpenens,
BUKOHAHOMY Y €IMHOMY >KOPCTKOMY KOpITyCl 13 MOXJIMBICTIO 3’€HaHHS Oarato
CEeKULIN y €JMHY COHAYHY MaHeb, Ui MIBUIICHHS MaKCUMAJIbHOT €)eKTUBHOCTI.

Ile mocsraeTbCs THUM, IO CEKIliS HAIMBIIPOBIIHUKOBOI COHSYHOI Oarapei i3
KOHIICHTPATOPOM CBITJIa Ma€ (IUB. pUC. 5.): MeTaieBuil kapkac 3, nin3y Openens 4,
MOHTaXHHUX MPOYIINH 5, CEKIIi1 COHSIUHO1 OaTapei 6, enekTpoan 7.

Cekuisi HamiBOPOBIAHUKOBOI COHsIYHOI Oarapei 13 KOHIIEHTPATOPOM CBITJIa
Mpaloe HACTYITHUM YMHOM: cOoHA4YHa eHepris Bl Conugd 1, nanae Ha nin3zy Openens
4, sika 30upa€e COHSYHI MPOMEHI 2 Ha MOBEpPXHI CEKUli COHAYHOI Oarapei 6, sika
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BMOHTOBaHa y METaJIeBUM kapkac 3 pa3zoM 13 JiH3010 Openens 4.

3a paxyHOK BHCOKOI KOHIICHTpAIlii COHIYHUX MPOMEHIB 2 Ha MOBEPXHI CEKIil
COHSIYHOI OaTapei 6, BHHUKA€E BEJIMKA NIUIBHICTh (POTOHIB, KA BUKJIUKAE MiABUIIICHY
€MICIIO €JICKTPOHIB Ta BIJIMOBITHO ITABUIIICHUH €IEKTPOCTPYM Ha €JIEKTpojax 7.

3a paxyHOK MOHT@)XHHMX MpOYIIMH 5 Ha MeTajieBOMYy Kapkaci 3, B SKuH
BMOHTOBaHa JiH3a ®peHenst 4 Ta CeKilisi COHAYHOI Oarapei 6, sKa po3TamioBaHa y
¢doKyci JT1H3U, € MOKJIMBICTh MOHTYBATH BEJIMKY KUIBKICTh CEKIIIM COHSUHOI OaTapei
13 KOHIIGHTPaTOpPOM CBITJIa y €AWHY TMaHEelbh BEJIMKOi TUIONI, a TOCIi0BHO-
napajeibHe €JIeKTPO3’€HAHHS €JNEeKTPOAIB 7 JO03BOJISIE OTPUMYBATH OyIb-sKi
HOMIHAJIM HaNpyTH Ta MOTY>KHOCTI TaKO1 aHeM .

Cek1isi HaMBOPOBIAHUKOBOI COHsYHOI Oarapei 13 KOHIIGHTPATOpOM CBITJIa
JTO3BOJISE MIABUIITUTH KOE(ILIEHT KOPUCHOT A11 KOKHOT'O €JIEMEHTa COHSYHOI OaTapei,
MIIBUIIUTH  €(EKTUBHICTh COHSYHOI EHEPreTHKH, IIIJIBUIIYBaTH HAIpyry Ta
MOTYKHICTb MaHEeN.

Ha 6a3i Bume3raganoro Hamoro BUHaxXoxy OyJia 3amponoHOBaHa yIOCKOHAJICHA
koHCcTpykuig marent UA 153264 MIIK: (2023.01), HO2S 10/00, HO1L 31/042.
«ITaHens HamMiBIPOBIIHUKOBOI COHSYHOI OaTapei 13 KOHIEHTPATOPOM CBITJIA Ta
CUCTEMOIO BIJICIIIKOBYBaHHS HanpsiMy coHLs»/ 28.04.2022, omy6i1. 14.06.2023. [6]

MeTo10 MpONOHOBAHOTO BUHAXOAY € CTBOPEHHS MaHENl HaIiBIPOBIIHHUKOBOT
COHAYHOI OaTapei 13 KOHLEHTPATOPOM CBITJIA, CUCTEMOIO BiJIC/I1IKOBYBAaHHS HaIPsIMY
COHIISl Ta 3aXMCHUM KYIIOJIOM, BHKOHAHOMY VY €JIMHOMY >KOPCTKOMY KOpIycCl 13
MOXJIMBICTIO 3'€THAHHS 0araThboX CEKIlH y €JJUHY COHSYHY IMMaHEeNb, JJIs M1IBUIICHHS

il €eKTUBHOCTI.
36

O

PucyHnoxk 6. Ilaness HaniBNPOBIAHMKOBOI COHSYHOI 0aTapel i3 KOHIEHTPATOPOM
CBiTJ/Ia TA CHCTEMOI0 BIACJIIKOBYBAHHS HANIPAMY COHIISL.
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Ile mocsiraerbcsi TUM, 11O MaHEIb HAMIBIPOBIIHMKOBOI COHSYHOI OaTapei 13
KOHIIEHTPATOPOM CBITJIa, CHCTEMOIO BiICTIAKOBYBAHHS HAMPSMY COHIIA Ta 3aXHUCHUM
Kynosiom (auB. puc. 6.) mMae: MeraneBuil kapkac 3, miH3y ®penens 4, MOHTaXKHI
OpoyImKMHU 5, cekuii coHsyHOi Oarapei 6, enekTpoau 7. A MexaHIYHA YacTHHA
CKJIaIa€ThCS 13 ONOpH MaHeni §, cTiiiku 9, miacuioBadya kapkacy 10, miImMmHUKY
rOpU3aHTAJIbHOI mecTepHi 11, mecTepHi TOPpU30HTAIBLHOTO 00epTaHHs Kapkacy 12,
OiAIIAIHAKY ~ BepTUKaNbHOTO  obOepranHs 13, 3y0Owatoro Bady JIBUTyHA
BEPTUKAJIILHOTO o0epTanHs 14, 3yO0uaToro cekropa BepTUKaIbHOrO oOepTaHHs 15,
KOpIyC MOKPOKOBOI'O JBUTYHA TOPU3OHTAILHOIO OOepTaHHsA Kapkacy 16, kKopmyc
MMOKPOKOBOT'O JIBUTYHA BEPTUKAJIBHOrO oOepTaHHsS Kapkacy 17, 3y0daToro koseca
TOPU30HTAJILHOTO 00epTaHHs Kapkacy 18, mranru npotuBaru 19, nportusaru 20,
KpITUICHHS JBHUTYHA BEPTUKAIBHOTO OOepTaHHS Kapkacy 21, KpiluleHHs [BHUTYHa
TOPU30HTATIBHOTO 00EpTaHHS Kapkacy 22.

[Tanens HaMIBIPOBITHUKOBOI COHSYHOI Oarapei 13 KOHIIEHTPATOPOM CBITIA,
CHUCTEMOIO BIJICTIIKOBYBAaHHS HaIlpsIMy COHIII Ta 3aXMCHHUM KYIIOJIOM IIpaLllo€
HACTyITHUM YHMHOM: COHSYHE CBITJIO 2 Taja€ Ha Habip MeTaleBHX KapkaciB 3 i3
MOHTQ)XHUMH TPOYIIMHAMU S5 B SKUM BMOHTOBaHI JiH3u @Dpenens 4, 1o €
KOHIIGHTpaTOpaMU CBITJA, Pa3OM 13 CEKIISIMU HAMiBIPOBIIHUKOBUX COHSYHUX
Oatapeii 6, Ha eNeKTpoAax 7 BHUPOOJAETHCA MIABUIICHUN TOCTIMHUN CTpyM, a
MEeXaHIYHa YacTHHA sIKa KEPYEThCS EJIEKTPOHHMMM OJOKaMHM BEPTUKAJIBHOTO Ta
TOPU30HTAIBLHOTO O0epTaHHA Kapkacy 26, 27, CIiAKyOTh 3a pyxom coHIs.Bces
KOHCTPYKIIs 3axulleHa MpOo30pUM KymosoM 38, 13 TepMETHYHOI 3acTiOKOO-
OJINCKaBKOIO BXONy y Kymnoi 39, npoByIIMHAMM KpIIJIEHHs Kynody 37 1o jaxy, Ta
oTBOpOM nojiayl noBiTps 40 ais nmiaTpuMaHHsa GOpMH KynoJa.

Pucynok 7. EnekTpu4Ha cxemMa naHeJli HAaNniBIPOBIAHNKOBOI COHSYHOI OaTapel
i3 KOHIIEHTPATOPOM CBITJ/Ia, CHCTEMOIO BiACTIIKOBYBAHHS HANIPSIMY COHIIS TA
3aXHCHUM KYIOJIOM.

Enextpuuna cxema ckiangaeTbes i3 (IWB. puc. 7.) HaAIMIBOPOBIIHUKOBOI CEKIIil
COHslyHO1 Oartapei 23, BUMHMKaua MOCTiMHOT Hampyru 24, KOHBepTepa 3MIHHOIO
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CTpyMy 25, €JIeKTPOHHOTO OJIOKy TOpPHU30HTAILHOTO OOepTaHHS Kapkacy 26,
€JIEKTPOHHOTO OJIOKY BEpTHKaJIbHOrOo oOepTaHHs Kapkacy 27, TpyOOK i3 JiH3aMH
TOPU30HTAJBLHOTO Ta BEPTUKAIBHOTO HAMPSIMKY COHSYHOTO TPOMIHHS 28,
dotorpansucropa 29, pesucropa 30, enekrtpomBuryHa 31, Bummkada 32,
akymyssitopa 33, 3ybuactoi mepemadi 34, kKopmycy OJOKy TOPHU30HTAJIBHOTO
obOepranHsi Kapkacy 35, kopmycy OJIOKy BEPTHKAJIBHOTO OOepTaHHS Kapkacy 36,
MPOBYIIMH KpITIeHHsT Kynosry 37, (muB. puc.8.) 3aXHCHOTO MPO30poro Kymoiy 38,
TrePMETUYHOT 3aCTIOKU-0IMCKaBKY BX01y Y KymoJ 39, oTBipy nojaui moBitps 40.

Pucynok 8. Cxema po3ramnyBaHHSl y 3aXMCHOMY KYIOJIi MaHeJsei
HAINIBIPOBIIHUKOBOI COHSIYHOI 0aTapei i3 KOHHEHTPATOPOM CBiT/Ia, CHCTEMOIO
Bi/ICJIIAKOBYBAHHS HANIPAMY COHLIA.

[Tanenp HaMiBOPOBIAHUKOBOI COHSYHOI Oarapei 13 KOHIIEHTPATOPOM CBITIIA,
CUCTEMOIO BIJICNIIIKOBYBaHHS HaIpsiMy COHISI Ta 3aXMCHUM KYIOJIOM JO3BOJISIE
MIJBUIIUTH KOE(MIIIEHT KOPUCHOI Jii KOXXHOTO €JIEMEHTa COHSYHOi Oarapei,
MIJBUIIUTH €(EKTUBHICTh COHSYHOI CEHEPreTHKM, IIIJIBUINYBaTH HAIpyry Ta
MOTY>KHICTh TaHENl 1 MOXE 3aCTOCOBYBAaTHUCh y CHCTEMax 13 BIJICIIJKOBYBaHHS
nosiockeHHss CoOHISE Ha HEOOCXWI, SIKI PO3TAIIOBYIOTHCS IUIOMIAJKaX Ta Jaxax
MIPUMIIICHB 13 ITACKUM JIaXOM.

BucHoBku.

B pe3ymbrari  KOHCTPYKTOPCBKHMX  JIOCHIDKEHb OyJ0  3ampOrOHOBAHO
KOHCTPYKIIit0, siKa mijaBuiye koedimient kopucHoi aii (KK/I) y HamiBnpoBiTHUKOBUX
COHSYHMX Oarapesx 3a paXyHOK BHKOPHUCTAHHS KOHIIEHTPATOPIB CBITJIAa 1 CUCTEMH
BIJICTIIIKOBYBAaHHSI HAmpsiMy COHI, L0 1 OOYMOBIIOE UUISIXH MOJAJIBIIOTO
miasuiieHHss KK/ HamiBNpoBITHUKOBUX COHSYHUX OaTapeil.

Jlitreparypa
1. bopmies B. H. BeicokoadpexTrBHAs kocMuyeckasi KOHIIEHTpaTopHasi 0arapes
cosiHeuHas Ha Tuiockux ¢oknuHax / B. H. bopmes, A. M. Jluctparenko, H. U.
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Abstract. This article considers the issue of solving the problem of increasing the efficiency of

semiconductor solar cells used as power generators.

Based on the analysis of the design developments of semiconductor solar cells using light

concentrators, it was found that the most effective is the use of Fresnel lenses.

As a result of design research, a design was proposed that increases the efficiency of
semiconductor solar cells due to the use of light concentrators and a system for tracking the
direction of the sun, which determines ways to further increase the efficiency of semiconductor

solar cells.
Key words: solar battery, light concentrator, Fresnel lens, solar energy.
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Y emammi obrpynmosano axmyanvricme po3pobieHHs mMexHOoN02ii NepeUHHO20 OYULYeHHs
COHAWHUKOBOI 0nii 610 MexaHiyHux Oomiwox. Benuka kinoxkicms 001a0HAHHA nepepoOHUX |
Xapuosux supoOHUYmMs, wo 6azyemvcs Ha 8i0YeHmposiil Oii, WUPOKO 3ACMOCO8YEMbCS 8 6a2amvox
MEeXHON02IAX, 0e BUHUKAE nompeba y po30ileHHi HeOOHOPIOHUX OUCnepcHux cucmem. Y npoyecax
nonepeoHb020 GIOMUCKY8AHHA O Yy popanapamax, hopnpecax, a maKo’c WHEKOBUX MeXAHIZMAaX
00HOPA308020 AbO 3ANUWKOB020 BIOMUCKYBAHHA, 6 OJil0 NOMPANTAE 8eIUKA KilbKiCMb Me32u ma
MAaKyxu, wo HeMuHy4e npuzeoo0ums 00 YMEOPEHHs CYCNeH3Ill 3 GeIUKUM BMICIOM MBepOUx Yacmok,
PO30iNIeHHsL AKOT 8BIOHOCUMbBCSL 00 OCHOBHUX NPOOIeM NPU BUPOOHUYMEBI ONITIUHO- JHCUPOBOT NPOOYKYIL.

Knwuoei cnosa: onis, npecysanms, mexHono2is, O4uujeHHs, OOMIWKY, yYeumpugyaa,
BUPOOHUYMBO, AKICMb.

ITocTanoBKa Mpo0JieMH Ta aHAJII3 OCTAHHIX JTOCTIIKEHb.

B VkpaiHi 0CHOBHOIO OJIIHHOIO KYJIBTYPOIO € COHSIIIIHUK OMiiiHuNA. BmicT omii y
Moro HacinHi nepesuinye 50 %, a B uumcToMy siapi cranoButh 10 70 %. Ha
BUPOOHUIITBO HAJXOJUTh HACIHHS COHsIIHUKA 3 ouikHicTIO 40...50 %, BojoricTio
6...8 %, BMICTOM JIOMIIIOK He 0171611 HIXK 3 %.

VY CBITOBIM MpaKTHIll ICHYE JBa CIIOCOOM BUPOOHMIITBA OJIii: MEXaHIYHUH, 200
MIPECOBHH, 1 CMIOCIO PO3UYMHEHHS OJIii B JIETKMX OPTaHIYHUX PO3YMHHHKAX, a00 CIocio
ekcTpakilii. PocnuHHYy o0JliF0 3 HACIHHS COHSIIHHUKA BHAO0YBalOTH OOOMa IIMMH
criocobaMu OKpemMo ab0 CyMiCHO.

OuuieHHsS MPECOBOi  COHSAIIHUKOBOI  OJIii  BiJl MEXaHIYHHX JIOMIIIOK
BIJIHOCUTHCA JIO OCHOBHUX MpOOJIeM pO3AUICHHS cycren3ii Ha BMicT momimmok
BIUTMBAIOTh  CTPYKTYPHO-MEXaHIUHI BJIACTUBOCTI IMPECOBAHOTO Marepiainy 1
0COOJIMBOCTI pOOOUYMX YACTHH Mpeca (BeIMYNHA YIIUIMH MK 3€EPHUMH TUTACTUHAMH,
3HOCOCTIMKICTh JIeTajieil IIIHEKOBOro Bay Touio) [1, 2].

Buiie Ha3zBaHi mpoiiecH NOTIPUIYIOTh AKICTh OJii 1 30UIBIIYIOTh ii BTpaTH MpHU
noAaibIIi nepepooli.

Y BITYM3HSIHIA TPaKTUINl 3aCTOCOBYIOTH OCAQKEHHS 1 (QUIBTpYBaHHSA MJIs
PO3MUIIEHHS cycneHsii [3, 4, 5].

HaiiGinpm1  mommpeHi cXeMHu MEepBUHHOTO OYMILEHHS IPECcOBOi OJii  BiA
MEXaHIYHUX JOMIIIOK:

1) BigcTOrOBaHHS B MeEXaHIYHIN mactimi 1 (GUIBTPYBaHHS Y (QUIbTp-TIpecax
(omHOpa3oBe abo ABOPaA30OBE);

2) BIJCTOIOBAaHHS B MEXaHIYHIM MACTIll, OCA/KEHHS YacTOK Yy BIAIEHTPOBOMY
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no Ha nentpudyrax HOI'MI-325, dhinbrpyBanHs y GinbTp-npecax (ogHOpa3oBe ado
JIBOPa30Be);

3) BIACTOIOBaHHS B MEXaHIYHIM MacTIi, OCAHPKEHHA YacTOK y BIALIEGHTPOBOMY
noni Ha ueHTpudyrax HOTI'II-325, mepma cemapariis 3BOJOXEHOI oJii 1 Jpyra
cemnapartis.

Jlnst  BumineHHsS JApIOHUX 3BaXKEHUX YACTOK JOCHUTHh TIEPCTIICKTUBHUM €
OCaJPKEHHS Y BIJIIEHTPOBOMY TIOJII.

Meta pocaigkenns. O0iagHaHHs 1)1 PO3IUICHHS HEOJHOPITHUX JUCTIEPCHUX
CUCTEM, 1110 0a3yeThcsl HAa BIALEHTPOBIM [1i 1 HIMPOKO 3aCTOCOBYETHCS B OAaraTtbox
TEXHOJIOT1SIX XapuOBUX MIAMPUEMCTB.

VY mpoiiecax nmonepeaHboro BiKUMy oiii y gopamaparax, doprnpecax, a TaKOK
ITHEKOBUX MeEXaHi3MaxX OJHOPa3oBOro abo0 3aJMIIKOBOTO BIDKHMY, B OO
MOTpaIuIsie BEJMKA KITbKICTh ME3TH Ta MaKyXH, M0 HEMHHYyYE MPU3BOAUTH [0
YTBOPEHHSI CYCIIEH31M 3 BEJIMKMM BMICTOM TBEPAMX YacTOK [4-7], pO3IiICHHS SIKOT
BIJTHOCHTBCS IO OCHOBHHUX MPOOJIEM BUPOOHHUIITBA OJIIMHO-KUPOBOI PO IYKIIii.

ToMmy akTyanbHUM € TIONIYK I1HTEHCHUBHHX, 30KpeMa, BIOPOBIIIIEHTPOBUX
METO/MIB OOpOOKM, MOCHIKEHHsSI BIUIMBY BiOpaiii Ha 1HTEHCHQIKAIIO0 MpoIecy
OUMIIEHHS OJIii.

Meroto nmaHoi poOOTH € 3aCTOCYBaHHS B TEXHOJIOT1UHIM CXeMi BUPOOHHUIITBA
pecoBoi 01T 00J1aJHaHHS [I71s1 BIOPOBIAIIEHTPOBIO PO3IJICHHS CYCIIEH31M.

Marepiaan i MeToAM IOCJHII:KEHHS: NPHU JIOCHIIKEHHI OyJM BUKOPHUCTaH1
HACTYMH1 METOJIU:

» METOJ aHami3y Ta CHHTEe3y — IMPH BUBUYEHHI JKEped HAYKOBOI JIITEpaTypH 3

TEMATUKHU JOCIIKEHHS;

» METOAH TabopaTOpHUX (OPTaHOJNICTITUIHNX, PI3UKO-XIMIYHUX, O10XIMIYHUX Ta
MIKpOO10JIOTTYHHX) JOCHIJI)KEHb — IPU MPOBEJAEHHI BU3HAYEHb SKICHUX Ta
KUIbKICHUX MOKa3HUKIB CHPOBUHU Ta TOTOBOI MPOAYKIIIT;

» METOJH MaTeMaTHYHO-CTaTUCTHYIHOT OOpPOOKH pe3yIbTaTiB TOCIiIKCHHS.

Pe3yabTaTH 10CaiIKeHDb TA IX 00rOBOpPEHHSL.

JIOCSITHEHHsSI ~ TOCTaBJIEHOT  METH  PO3B’A3Y€ThCS  IIJISXOM  CTBOPEHHS
BIOpOBIJILICHTPOBOTO OOJIaHAHHS, B SKOMY peaji3yeTbcs iAes KOMOIHOBaHO1
B3a€MOJIii BiOpaliifHOro Ta o00epTOBOTO pyxXy (QiAbTpaliiHUX e€JIEeMEHTIB 3
MOXJIMBICTIO CAMOOYHUILICHHS 0Caly TEXHOJOTTYHOI PIITMHA B yMOBax ‘‘BiOpariiitHoro
moJisi”, MO0 CTBOPIOE HEOOXITHI YMOBHU Ui 1HTEHCHU(IKAIil TEXHOJOTIYHO MPOIECY
po3aiieHHs cycnensiit [1, 2].

BiOpariitna uentpudyra MICTUTh 3aBaHTaXyBajbHy ropjoBuny 1 (puc. 1),
KOpITyC 2, 1[0 Ma€ BUBAaHTaXyBaJbHI MaTpyOKu AJis BiA(IITPOBAHOTO MaTepiany 3,
4, BimmineHHS 171 30MpaHHS HEBIA(UIBTPOBAHOTO Matepiany 5, TOPJIOBUHY IS
BUBAHTAKEHHS Ocaay 6 Ta JBa OCHOBHMX KOHTYpH, IO IOB’S3aHI MiX COOOMO
IPY>KHUMU eJIeMEHTaMu 7, 8 Ta IPUBOJASITHCS 10 PYXY OKPEMHUMH €JIEKTPOABUTYHAMHU
9, 10.

BayTpimHiii KOHTYp NeHTpU(yr#n Mae y CBOEMY CKJIadi: NPUBOAHUM Baj
HE3pIBHOBAXEHUX Mac 11, skuii po3TallioBaHUN HAa OMOPHUX MIJUIMITHUKOBUX BY3JIaX
12, 13 Ta yepe3 ruyuky mydrty 14 3’€IHY€THCS 3 MPUBOJHUM BaJIOM €JIEKTPOJBUTYHA 9.

30BHIIIHIA KOHTYp LEHTPU(PYTH MICTUTH: MPUBOJHUM KOHYC 15, 110 3’€qHY€EThCS

ISSN 2567-5273 51 www.moderntechno.de



Modern engineering and innovative technologies Issue 32 / Part 1 éw

HEPYXOMO 3 (GUIbTpaIliiHUMU efeMeHTaMu 16; npuBoaHY Iiatgopmy KoHyca 17, sika
’KOPCTKO pO3MillleHa Ha TPUBOAHOMY Baily 18 Ta dWepe3 KIMHOMACOBY mepenady 19
3’€THaHUI 3 eNneKTpoABUryHoM 10.

3anporoHoBaHa ~ KOHCTPYKINSL — peamidye  iIel0  KOMOIHOBaHOI — B3aEMOJil
BiOparliifHoro Ta 00epToBOro pyxy GUIBTpAIlIfHUX €JIEMEHTIB 3 MOXIIUBICTIO
CaMOOYHMIIIEHHS 0Ca/ly TEXHOJIOTTYHOI PIAMHYU B YMOBaX ‘‘BiOpariiitHOro moss’.

BiOpariiina nieatpudyra 3 aedaaHCHUM TPUBOAOM IPAIIOE HACTYITHUM YHHOM.
Bwmukarote enexkrpoaurynu 9, 10 ta po3anounHarOTh Mojavdy HEOUMILEHOI CUPOBHUHH.
KpyTHuii MOMEHT BiJl €NEKTpOoJABUTYHA 9 depe3 THYyuky My(pTy NEpenacTbcs Ha
MpUBOAHMIA Baul febanaHciB 20, 3yMOBIIIOIOYH TUIOCKI KOJMBAHHS BUKOHABUOTO OpraHy
ueHtpudyru. [lapanensHo BiiOyBaeTbcst 00epTaHHs (QUIBTPALIIMHUX €JIEMEHTIB HAaBKOJIO
BJIaCHOI OCI 3a paXxyHOK KPYTHOTO MOMEHTY, IO MEPeacThCsl 4Yepe3 KIMHOIMACOBY
nepeaayvy Ta NpuBOIHY Iu1aTdopMy Bifl eneKTpoaBuryHa 10.

Takum yuHOM, 30UTBIIEHHS BEJIMYMHHU BIIIEHTPOBOTO TOJS Ta 3aCTOCYBaHHS
TPUSIPYCHOTO (PUTBTPYIOYOTO €JIeMEHTa JI03BOJISIE 3HAYHO IHTEHCHU(IKYBaTH MpoIiiec
TIEPBUHHOTO OYUIIICHHS COHAITHUKOBOI OJIii.

5 5 6 # 2 T B 2 6

o bl ble e

Puc. 1 - Biopauiiina nenrpudgyra 3 1e0a1aHCHUM NPUBOIOM:

1 — 3asanmasicysanvha 2oprosuna; 2 — kopnyc, 3, 4 — eusanmasicy8anohi nampyoxKu
si0ghinbmposarnoco mamepiany, 5 — 6i00dineHHs 0ns 0cady, 6 — 6UBAHMANCYBALHA
2opnosuna ocaoy, 7, 8 — npyoicui enemenmu; 9, 10 — enexmpoosueyn, 11 — npueooHuii
eas nHe3pigHosadcenux mac; 12, 13 — niowunnuxosi eyznu, 14 — enyuka mygpma,
15 — npusoonuii xounyc; 16 — inompayivini enemenmu, 17 — npusoona niamegopma,
18 — npusoonuii ean niameopmu, 19 — knunonacoea nepeoaua; 20 — oebanamc.

Ha ocHOBi pe3ynbTariB MpOBEAEHUX JOCIIIKEHb 1 y3arajdbHEHHS TOCBITY
MIPOMHKCIIOBOCTI MOXXHa PEKOMEHJIYBAaTU HACTYIIHY CXEMY IEPBUHHOTO OYHIICHHS
oJlii BiJi MEXaHIYHMX JOMIIIOK: MEXaHI4YHa MacTka — BiOpairiiiHa IeHTpudyra -
MeXaHi30BaHi QiIbTpU a00 PiILTP-IPECH.

BunpoOyBanHs neHTpudyru JO3BOJIMIM OTPUMATH HACTYIHI PE3yJbTaTH: MICIIs
OJIMHapHOI MAaCTKM MacoBa YacTKa HEKHUPOBUX JOMIIMIOK B oiii ckiana 0,95 %,
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MacoBa YaCTKa HEKUPOBUX JOMIIIOK B OJIIi MiCJIs HEHTPUPYTHU CKIlaja B CEPEIHbOMY
0,25 %.

Po3pobniena  amapaTypHO-TEXHOJIOTIYHA CXe€Ma [EPBUHHOIO  OYMILIEHHS
COHAIIHUKOBOI OJi1 3@ 3aCTOCYBaHHSI KOMOIHOBAHOTO BIOPOBIAIICHTPOBOIO BILTUBY Ha
o0poOtoBaHy pedoBuHy [2, 3].

TexHonoriyuna cxemMa TMEPBUHHOTO OYMILIEHHS OJii, [0 MPOMOHYETHCH,
nepeadavae HACTYMHY TMOCHIIOBHICTh omepainiii [3] : oisi COHSITHUKOBA y BUTJISIII
cycnensli (MacoBa yacTka HEXUpPOBHUX AoMIIIOK 2-10 %) 3a0ipHuM mHekoMm 1 (puc.
3) nomaerbcs y rpaBiTauiiiHy mactky 12, B skiii mpu Temmnepatypi 85-90 ° C
B1IOYBA€ThCS OCA/KEHHSI MEXaHIYHMX 4YacToK posmipom Oiiabiie 0,04 mMm. Ocan
(macoBa 4dactka odii - 25 %) BUBOAMTHCS 3 amapaTy 1 MEepeJaeThbCcsi HA MOAATBIIY
nepepooKy.

YacTkoBO ouHIleHa OJIis (CYCIEeH31s1) 3 MaCOBOIO YaCTKOIO HEXUPOBUX JOMIIIOK
0,95 % Ta MacoBOIO YaCTKOIO BOJIOTH 1 JETKUX pe4yoBHH - 0,3 % yepe3 mpoOMIKHY
EMKICTh 3 HacocoM 4 mojaeThcsi B neHTpudyry 5. OuunieHa B 1neHTpudy3i oiis 10
BMICTY y CYCIIEH31i MacoBOi YacTKU HEXHpOoBUX nomimok 0,25 % uepe3 mpoMiKHY
EMKICTh 6 HacocOM 7 mojiaeThes mpu Temneparypi 65-70 °C Ha inbTpaiiiro.

3BaKeH1 YaCTKH, 110 BUIUISIOTHCS 3 OMil B HEeHTPpUdY31, MOAAIOTHCS MTHEKOM 8
Ha MTOBTOPHY MEPEepOOKY Y BEPXHI YaHU KAPOBEHb MPECOBUX arperaris.

5 6

T

< ]
4

L/\/\/\/\/\J

o —NL?
\ | [Q i

T s
3 4 7 8

Puc. 2 - TexHoJsioriyna cxeMa NepBUHHOI0 OYHUIIEHHS COHAIIHUKOBOI MPECOBOL
0JIiI:
1 — wnex; 2 — mexaniuna nacmra, 3 — 30ipHuk 011 onii; 4, 7 — Hacoc,
5 — yenmpugpyea, 6 — emnicmo 011 onii; 7 — wiHeK

30UThIIICHHST BEJIMYMHU BIALIGHTPOBOIO TOJS B po3poOseHii  BiOpariiiHii
ueHTpudy3i 3 1e0aaHCHUM MPUBOJOM Ta 3aCTOCYBAaHHS TPUSPYCHOTO (DLIBTPYHOUOro
eJIEMEHTa JIO3BOJISIE 3HAYHO IHTEHCU(IKYBaTH TMPOIEC MEPBUHHOTO OUHUIIEHHS
COHSIITHUKOBOI OJIi1.
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BucnoBku.

1. IlpoBeaeHO MAOCHIKEHHS Ta PO3MVISIHYTO TEXHOJOTII0 OYMIIEHHS Ol
COHSIIITHUKOBOT MPECOBOI BiJl MEXaHIYHUX JOMIIIIOK.

2. Po3po6iieHO TMEepCHEeKTHUBHY TEXHOJIOTIYHY CXEMYy IMEPBUHHOTO OYMILIEHHS
ofmii BIg JOMINIOK Ta NPUHLUIOBY CXEMy BIATHUCKYIOYOro oOJaJHaHHS
BIOPOBIILIEHTPOBOTO THILY.

3. Po3pobneno BiOpariiiiny mneHTpudyry 3 aeOallaHCHUM TMPUBOAOM IIJIOCKUX
KOJIMBaHb JIsl IEPBUHHOTO OUYHUIIEHHSI OJI1i COHSIITHUKOBOI MPECOBO.
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Summary The article substantiates the relevance of developing the technology of primary
purification of sunflower oil from mechanical impurities. A large number of processing and food
industry equipment based on centrifugal action is widely used in many technologies where there is
a need to separate heterogeneous dispersed systems.

In the processes of preliminary pressing of oil in foraparts, prepresses, as well as screw
mechanisms of one-time or residual pressing, a large amount of pulp and cake gets into the oil,
which inevitably leads to the formation of suspensions with a high content of solid particles, the
separation of which is one of the main problems in the production of oil- fatty products.
Purification of pressed sunflower oil from mechanical impurities is one of the main problems in the
separation of suspensions.

Key words: oil, pressing, technology, purification, impurities, centrifuge, production, quality.
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Anomauin. Po3pobneno cnocib6 ompumanHs niacmieyie niosuweHoi xap4o8oi YiHHOCmi i3
2o01103epro2o gieca. Cnocib exaouae nonepeoHio nid2omosKy 3epHo80i CUPOBUHU, 2iOpomepMiuHe
00pobNIeHHst 34 XONOOHO20 PeXCUMY: I[HMEHCUBHE 3B0JI0NHCEHHS Ma Mpusaie 6i080104CYEAHHS
3epno60oi macu. Ilicnis nepuioco iHMEHCUBHO2O 380JI0J4CEHHS NepeddaueHo 00poONeHHs 3epHa
iHpayepsonum onpominenuam. Hacmynuumu emanamu € niowjeHHs, NiOCYULy8aHHS NIACMIBYIS,
npositosanis, gacysans. J[ocniodxnceHo 6nau pexdcumy oopooIeHHs HA 6MICI OCHOBHUX BIMAMIHIB
V 3epHi 201103epH020 8i8ca. BusHaueno 0cHO8HI (DI3UKO-XIMIUHI NOKA3HUKU SIKOCMI MA XAp4osy
YiHHICMb  GIBCAHUX naacmisyis. Jlocniodxceno, MIKpoOionociuny o06ceMiHeHiCmb po3p00OaeH020
nPOOYKmy.

Knwuoesi cnosa: conozepruii ogec, niacmisyi, Xxapuoea YiHHicmv, IMAMIHU.

Beryn. PerymsipHe crnokuBaHHS LIJIBHOTO 3€pHA Ta MPOAYKTIB HA MOTO OCHOBI
CIpUsi€ 3HMKEHHIO PHU3UKY 3aXBOPIOBaHb CEPILEBO-CYJAMHHOI Ta TPABHOI CHCTEM
opraizmy. Takuil BIUIMB 3yMOBJICHHI HAsBHICTIO y IIUIBHO3EPHOBHUX MPOIYKTaxX
BAXJIMBUX HYTPIEHTIB: BITaMiHIB, MIHEPAJbHUX PEUYOBUH, XapyOBUX BOJIOKOH, SIKi
3/IaTHI MiJIBUIYBAaTH IMYHITET Ta aJanTaliiiHi MOXJIMBOCTI JIIOJAWHU, MOMIMIIYBaTH
JUSITBHICTD ITUTYHKOBO-KUIIIKOBOTO TPaKTy, OPTaHiB Ta CUCTEM OpraHi3My.

Cepenl 3HaUHOI KUIBKOCTI CIIOCOOIB MepepoOJICHHS 3epHa HEAOCTATHRO METO/IIB,
K1 O CIIPUSIIA MAaKCUMAJIbHOMY 30€pEKEHHIO Ta HAKOMMMYECHHIO 010710T1YHO aKTUBHUX
crotyk. ToMy akTyajdbHUM 3aBJaHHSIM € yJIOCKOHAJICHHS ICHYIOUHX Ta PO3pPOOJICHHS
HOBUX METOJIB MIArOTOBKM 3€pPHOBHX MaTepialiB JJisi BUPOOHHULITBA XapuyOBUX
MPOJYKTIB 03I0POBUOT0 MPU3HAYEHHS Ha OCHOBI I[UILHOTO 3€pHA.

OG6poOsnieHHst  iH(payepBOHUM  BUIIPOMIHIOBAaHHSIM, abo0  MIKpOHi3allis,
MONIMPEHUNA METOJl MIATOTOBKM 3€pHA, SKUW MIABUIIYE HOTO XapyoBYy IIHHICTH,
3MIMCHIOE TEPMIYHY JE31HCEKII0 Ta jae3iHdexiio [l], momimmrye CXOXICTh Ta
eHeprito mpopoctaHHs [2]. MikpoHizallis crnpuse NOCIa0IeHHIO 3B’SI3Ky MIXK
000JIOHKaMU Ta CIM A0JISIMH Yy OO00OBHX, IO TOJIETHIy€e JyIleHHs [3], 3MiHIO€E
BHYTPIIIHIO CTPYKTYPY Ta MPU3BOAUTH 3€PHO JO 3HIKEHHS OINOpPY CTUCKAaHHS [4];
3aCTOCOBYETHCS ISl CYIIIHHA 3€pHa [5], MOKpalrye MOXKUBHY IIHHICTh 3€pHA, Ta
3aCBOIOBAHICTh HYTpPI€EHTIB [6, 7].

VY jitepaTypi BIACYTHI JaHi OO0 BUPOOHMIITBA IUIACTIBLIB 3 O10JOT1YHO
AKTHUBOBAHOTO 3€pHA BIBCA 3 3aCTOCYBAHHIM 1H(PAUEPBOHOIO OMPOMIHEHHS.
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Mera Hamoi podoTH — poO3pOOJEHHSA CINOCOO0Yy OTpPUMaHHS IUIACTIBIIIB
MIIBUIIIEHOT Xap4YOBOi IMIHHOCTI 3 010JIOTTYHO aKTHBOBAHOTO T'OJIO3EPHOTO BiBCa.

PesynbTaTH Ta 00roBopeHHs. ['ono3epHi copTH BiBCa BIAPI3HIIOTHCS
MiIBUIIEHUM BMicToM Oinka — 16,6-18 %, mo Ha 38-60 % Oinbine MOpPIBHSHO 3
mriByacTuMu coptamu [8]. Hamu 3ampomoHoBaHO cmoci® OTpUMaHHS IIIACTIBIIIB
MIJBUIIEHOT Xap4oBOi IIIHHOCTI 13 ToJo3epHOro BiBca. [louaTkoBuM eTarom €
OUMIIEHHS 3€pHa BiJ JOMIIIOK, COPTYBaHHS, TIPOBIFOBAHHS, MUTTS Ta JE31HQEKIIis.
Hactynaum € rigporepmiune oOpoOsieHHs 3arajibHoro TpuBaiicTio 18...30 rox 3a
temnepatypu 12...16 °C B Tpu LMKIM, KOXEH 3 SKHUX BKIIOYAa€ 1HTEHCHUBHE
3BOJIOKEHHS 3€pHA MPOTATroM 4 roj. Ta BIABOJIOKYBaHHS NpoTsaroM 4...6 ron. Ilicns
MIEPIIOTO 3BOJIOKEHHSI 3epHO 00p0o0JIsitoTh [Y onpomMiHEHHSM, TOBIIMHA APy 3€pHa
20-25 cm. Ioryxnicts mamn 4 onpominenns 230-260 Br/m?, BifcTaHb Bij IIOIUHNA
po3MillieHHsT 3epHa 70 Jammu — 25-30 cM, TpuBaiicTh mnpoiecy 55-60 c. Jlami
3MIUCHIOIOTH TUTIOIICHHS, MiACYITyBaHHS IUIACTIBIIB 3a Temneparypu He Buie 80 °C
10 Bosiorocti 12-14 %, npoBitoBaHHs, (hacyBaHHS.

Hamu mocmijpkeHo BIUIMB O10JIOTIYHOTO aKTUBYBaHHS, ske moegHaHo 3 [Y
ONPOMIHEHHSM, Ha 3MiHY BMICTY BITaMiHIB y 3€pHI r0OJI03€pHOTO BiBca, Ta0.1.

Taboauusa 1 - BnuiuB pe:xxumy 00po0JieHHSI HA BMICT BiTaMiHiB y 3epHi
roJI03epPHIo BiBca

Bomo- | Biacranp Bwmict BiTaMiHiB y 3epHi, MI'%
ricTh | BiJ 3epHA Bi B> Be Bs P C PP E
sepra | go 4 (tiamin) | (pubo- | (mipimo | (imosur) (ackop6i | (Hia- (Toko-
% JoKepena ¢daBiH) | KCHUH) HOBA uH) | depon)
KHCJIOTA)
11 20 0,32+ 0,18+ | 0,39+ | 6,48+ | 342+ | 2,61+ | 332+ | 0,78+
(narus 0,01 0,02 0,04 0,30 0,25 0,20 0,12 0,01
HC
3epHO)
20 23 0,48+ 0,35+ 0,55+ | 12,83+ | 4,95¢ 3,82+ 3,541 4,25+
0,01 0,01 0,02 0,18 0,20 0,10 0,15 0,01
25 25 0,61+ 0,41+ 0,63+ | 20,24+ | 6,12% 4,611 4,00+ 6,811
0,01 0,01 0,05 0,15 0,01 0,18 0,02 0,03
28 30 0,73+ 0,47+ 0,71+ | 33,56¢ 7,94 5,44 4,50+ 8,231+
0,01 0,01 0,01 0,20 0,02 0,15 0,18 0,02
30 35 0,64+ 0,40+ 0,65+ | 2641+ | 7,11¢ 4,9+ 4,32+ 7,541+
0,01 0,02 0,01 0,30 0,20 0,18 0,03 0,01

ExcriepuMeHTansHO  BCTaHOBIEHO, 10  [Y-ompomiHEHHS  TMOMEpPEaHBO
3aMOYEHOr0 MpOTAroM 2-4 TOJ 3€pHAa CTUMYJIOE€ (Di310J0TIUHI TMOKA3HUKHU,
1HTeHCHU(IKY€E CHUHTE3 BiTaMiHIB. Y MpOIlIEeCi 3a3HaUY€HOr0 KOMILIEKCHOTO 0OpOOJICHHS
KUIBKICTh BITaMiHIB rpynu B Ta ackopOiHOBOT KUCIOTH 30UIBIIYETHCS Y 2 — 2,5 pasu,
Tokodepony —y 9,6 pasu, HianuHy y 1,4 pasu.

BuzHnaueHo 0CHOBHI TEXHOJIOTIYHI TTOKa3HUKHU SKOCTI IJIACTIBIB (Ta0. 2).

[Toxa3HuKM 00’€MHOT MacH, KOT€3MBHOCTI Ta AIMCHOI TYCTHHHM BKa3ylOTh Ha
BHUCOKY SIKICTh JAaHOTO 3€pPHOBOrO NPOAYKTY. JlOCHIiHKEeHO XapuoBy ILIHHICTb
IIJIACTIBINIB 3 O10JIOTYHO aKTHBOBAHOTO BiBca (Tad:i. 3).
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Taoaung 2 - PizuKo-TeXHOJIOrYHI NOKA3ZHUKHU AKOCTI IJIACTIBIIB 3
roJI03epHOro BiBca

No [Toka3uuk BiBcsui mutacTiBIi
1 | Bonoricts, % 11,7£0.3

2 | O0’emHa Maca, 1/1 415,5+0.3

3 | CepenHiit po3Mip 4aCTOK, MM 6,4+0.1

4 | KyT npupoAHOro Haxuiy, rpaj 63,510.2

5 | KyT koB3aHH4 o metaiy, rpaj 14,5+0.3

6 | diiicHa ryctuHa,T /1 432,310.2

7 | Kore3uBHICTB 1,240.1

Ta6auusg 3. - XapakTepucTHKa Xap40Bol HiIHHOCTI NMJIACTIBUIB 3 r0JI03¢PHOIO

BIBCa
3pa3ok Eneprorenni peuoBunu, % XapuoBi | Bwicr Bitamini, Mr % | Enepretuuna
nponykry | binkm | Xupu | ByrmeBox | BOJIOKHA, E B1 B2 I{IHHICTB,
" % KKaJ
[TnacriBmi 13,8 4,5 63,1 4,62 7,34 0,68 0,40 348
BIBCSIHI +0.3 0.1 +0.3 +0.06 +0.02 | £0.01 | £0.03

PospaxoBaHo cTymninb 3a0e3ne4eHHs 1000Boi MOTpeOu B HYyTPIEHTAX, JAOPOCIOTO
HACEJICHHS MepIoi TPynu IHTEHCHUBHOCTI Mpalli, 3a paxyHOK crokuBanHa 100 T
MJIACTIBIIIB 3 TOJI03€PHOTO BiBca: Oinku — 23,8 %, sxupu — 7,7 %, ByrieBoau — 26,3
%, xapuoBi BosiokHa — 18,5 %; Bitaminu: E — 18,5 %, B; — 52,3 %, B, — 25,0 %.

JlocTipKeHO TMOKAa3HUKU MIKpPOOIOJIOTiUHOT CTIMKOCTI CBIXKO BHUTOTOBJIEHUX
IUTACTIBIIB 3 TOJIO3€PHOTO BiBCa, Ta 3pa3KiB, AKi 30epirajucs mpoTsaromM 6 MICSALIB:
sgauenHs MA®ABM, KYO/r signosimso 1:10> ta 5-10% mnmicHasi rpubu Ta
MaTOreHHI MIKPOOPTaHi3MH HE BHUABJICHO. JlaHI MPOAYKTH 3a MIKPOOIOJOTIYHOIO
00CEMIHEHICTIO HE MEPEBUIIYIOTh MOKa3HUKHU JOMYCTUMHUX 3HAYCHbD.

BucnoBku. IDlmactiBii 3 010JIOTIYHO aKTHMBOBAHOTO TOJO3E€PHOTO BIBCA,
M1JITOTOBJICHOTO PO3POOJEHUM CITIOCOOOM, € MPOIYKTOM 03J0POBUYOTO MPU3HAYCHHS 3
BHCOKOIO O10JIOT1YHOIO IIHHICTIO, @ caMme MiJBUIIICHUM BMICTOM BOJOPO3UYMHHUX Ta
KUPOPO3YMHHUX BiTaMiHIB. JIOCTIIHKEHO BIUIMB PEXKUMY OOpPOOJICHHS HA BMICT
BITaMIHIB Yy 3€pHI roJIO3epHTO BiBca. Bu3zHaueHO OCHOBHI (D13MKO-XIMIYHI MOKA3HUKH
SKOCT1 Ta Xap4yoBY I[IHHICTh BIBCSAHMX IJIACTIBIIB. JlocTipKeHo, 1o MiKpoOiooriyHa
00CEMIHEHICTh PO3pPOOJIEHOr0 MPOIYKTY, HE IMEPEBUIILYE MOKA3HUKU JOIYCTUMHX
3HaueHb. [lmacTiBii 3 TOJO3EpHOTO BiBCA € JDKEPEIOM BOJOPO3UYMHHUX Ta
KUPOPO3UMHHUX BiTaMiHIB, 30KpeMa BMicT BiTaminy E ckimanae 7,54 mr %, B, 1,44
Mr%, B, - 1,36 Mr%; BMICT XapyoBHUX BOJIOKOH, SIKI € MPUPOJHUMH XapuOBUMU
copoentamu — 4,6 %. 3a BMICTOM OCHOBHUX E€HEPrOr€HHMX PEYOBHH IIICHUYHI
TIJIACTIBII HE MOCTYNAIOTHCS TPAAUIIMHUM 3€PHOBUM IPOTYKTaM.
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Abstract. Whole grain products are an important component of the diet. Given the feasibility
of treating grain with IR radiation, to improve its quality, we have developed a method for
producing flakes of increased nutritional value from naked-grain oats. The method includes
preliminary preparation of grain raw materials, hydrothermal treatment at low temperature
regimes. intensive moistening and prolonged dehydration of grain mass. After the first moistening,
the grain is treated with IR irradiation. The power of IR irradiation lamps is 230-260 W/m?, the
distance from the grain placement plane to the lamp is 25-30 cm, and the duration of the process is
58-60 seconds. The next stages are flattening, drying, airing and packing.

The influence of the treatment regime on the content of vitamins in the grain of naked-grain
oats is investigated. The basic physic-chemical indicators of quality and nutritional value of flakes
are determined. Microbiological insemination of flakes is within normal limits. Due to the
consumption of 100 g of oat flaks, the daily need for nutrients can be provided: proteins - 23.8%,
fats - 7.7%, carbohydrates - 26.3%, dietary fibers - 18.5%;, vitamins: E - 18.5%, B; - 52.3%, B> -
25.0%.

Key words: naked-grain oats, flakes, nutritional value, vitamins.
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Anomauia. The article raises the topic of vegetarianism, which is insufficiently studied at the
moment and requires further research. Vegetarianism has been a part of human culture since
ancient times, supporters of a plant-based diet existed as far back as ancient Greece and Asia.
Today, vegetarianism is the most widespread system of non-traditional nutrition. Food consumption
is a significant part of social culture and identity, such as the emergence of vegetarianism and
veganism, which are associated with a new culture of environmentalism and humanism. In Ukraine,
as well as in the West, a significant proportion of people consider themselves vegetarians. The
situation in Ukraine with vegetarianism is complex: according to the UA Plant-Based 2020 study,
more and more Ukrainians are becoming interested in reducing meat consumption in favor of
plant-based products; many respondents revealed the willingness of Ukrainians to use plant-based
alternatives in case of availability and identity. Plant-based products are gaining popularity, so
today the popularity of plant-based nutrition cannot be ignored. More and more plant-based
substitutes for milk and yogurts, sausages and sausages, or plant-based "meat," are appearing on
the domestic market, and more and more plant-based options are appearing in restaurants.

Key words: vegetarianism, nutrition, dessert, menu, technology, introduction

Introduction

The word "vegetarian" comes from the Latin "vegetus" means "healthy, fresh"
was used for the first time in 1842 (Tristram, 2007) by representatives of the "British
Vegetarian Society". Vegetarians believe that the consumption of animal products
contradicts the structure of human digestive organs, contributes to the formation of
toxic substances in the body that poison cells and reduce life expectancy.
Vegetarianism was popularized in the West in the 19th century, primarily
philosophers, scientists and the most prominent personalities of their time became
vegetarians. In the modern sense, vegetarianism i1s a food system that assumes the
consumption of only plant products, which, according to this system, are the only
natural human food [1].

The vegetarian worldview system is built on ethical principles, which include
the rejection of animal exploitation in all spheres of life, from food to leisure. The
term "vegetarian" was introduced by Donald Watson in 1944. In 1950, Watson and
several other researchers first formulated the definition of veganism: "The doctrine
according to which man should live without exploiting animals." Vegetarians do not
consume animal products (meat, fish, poultry and seafood), do not wear fur, leather,
silk, do not use cosmetics, medicines and household chemicals tested on animals, do
not visit circuses, zoos. To date, there are many video blogs, sites, communities in
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social networks that are dedicated to vegetarianism.

Over the past few years, there has been a significant increase in the popularity of
vegetarian diets. Some go vegetarian for ethical reasons, others are concerned about
their health or environmental pollution. Vegetarianism is not a new diet for mankind,
ancient records indicate that as early as the 6th century. B.C. in India, Greece, and
southern Italy, people tried to avoid eating meat. While in India, vegetarianism was a
common practice among religious people and philosophers.

Later in Europe, with the introduction of Christianity, vegetarianism lost its
popularity until the 19th century, which is considered the period of revival of
vegetarianism. In 1847, the first vegetarian society was created in England. Similar
formations later appeared in Germany, Denmark, France and other parts of Europe
[8].

Main text.

Taking into account the rapid development of the market for vegetarian products
and the increase in demand for them, the technologies for the production of
vegetarian products are becoming more and more developed and innovative. We are
offered to develop the "Cherry" brownie dessert and offer it for implementation in
restaurants that include vegetarian dishes on the menu with the aim of expanding the
assortment, increasing the competitiveness of vegetarian dishes and activating the
demand for them among different contingents of consumers.

The production of vegetarian products is a rather broad topic, as it can include
various technologies, such as the use of various plant ingredients, the inclusion of
proteins of plant origin, fermentation processes.

Replacing meat and other animal products with similar plant products is
becoming increasingly popular among people who choose a vegetarian or vegan
lifestyle. There are several methods of replacing meat and other animal products with
similar plant products that have a similar taste and texture. A list of herbal
alternatives to products of animal origin is shown in Table 1

Table 1 - Plant-based alternatives to animal products
Animal productorigin Vegetable alternative

Tofu, seitan, tempeh, okara, soy, lentils, chickpeas, lentils, peas, spelled,

Meat amaranth, hemp, cauliflower, broccoli, cabbage, mushrooms, eggplant, zucchini,
pumpkin, onion, pepper, nettle, asparagus, broccoli, avocado
Fish Sea cabbage, canned rice or soy tuna, algae, spirulina, fish sauce based on

vegetable oil
Tofu, kala namak, pectin, aquafaba, starch, ground flax seeds, applesauce,

Eggs coconut milk, mustard seeds, chia seeds
Soy milk, almond milk, coconut milk, oat milkmilk, hemp milk, rice milk, nut
Dairy products milk, buckwheat milk, avocado milk, tofu
Gelatin Carob, agar-agar, gum

It is important to note that replacing products of animal origin with vegetable
alternatives should be carried out taking into account the necessary nutrients and
caloric content. To obtain a complete diet, vegetarians should include in their diet a
variety of plant foods, such as vegetables, fruits, cereals, seeds, and nuts [38].
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Culinary products are made in a certain sequence, starting from the provision of
raw materials, equipment, inventory and energy and ending with the sale of finished
products. The process of transforming raw materials into finished products is called
technological. The technology of making chocolate brownies according to the classic
recipe was taken as the basic basis for the development of an innovative product [3].

Table 2 — Interchangeability of ingredients for classic and vegetarian brownies

Ingredient Classic brownie Vegetarian brownie
Eggs Eggs avocado, cherry puree
Milk Milk coconut milk
Butter Butter coconut oil
Sugar Sugar coconut sugar
Flour Flour oat flour, gluten-free mixture

Cocoa Cocoa carob
Soda Soda Soda
Salt Salt Salt

Below is a technological map for the "Cherry" brownie product using cherry

puree, adding a gluten-free mixture and cherub, which is not expected by the classic
recipe. In order to preserve the structure of the dough, eggs were replaced with
avocado and cherry puree, and to increase the elasticity of the dough, coconut oil,
rich in unsaturated fatty acids, vitamin E and other important substances, was added.

Table 3 - Technology ma

Mass of raw materials, g
The name of the For 1 portion For 10 servings Technological requirements for the
Ne . > .
raw material | Gross, g. | Gross, g. | Gross, g. | Gross, g. quality of raw materials
Net, g Net, g Net, g Net, g
1 Coconut milk 30 30 300 300 White in colc).r3 without extraneous
impurities and odors
) Oatmeal 10 10 100 100 White in colo'r2 without extraneous
impurities and odors
The taste and smell are
3 Avocado 20 15 200 150 characteristicavocado; the color is
light green, the consistency is uniform
The taste and smell are characteristic
4 Cherry puree 10 10 60 60 of cherries; the color is red, the
consistency is uniform
5 Coconut sugar 20 20 200 200 Cream—s:olore'd., without extraneous
impurities and odors
6 Glu‘Fen-free 10 10 100 100 White in colo.r3 without extraneous
mixture impurities and odors
Cinnamon-colored, without
7 Kerob 10 10 100 100 . ..
extraneous impurities and odors
? Coconut oil 5 5 50 50 White in colo.r3 without extraneous
impurities and odors
9 Soda | 1 10 10 White 1p colo'r2 without extraneous
impurities and odors
10 Salt 0.25 0.25 2.5 2.5 White in colo.r3 without extraneous
impurities and odors
Entrance 60 600
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Cooking technology

Sift flour, gluten-free mixture and carob into a mixing bowl, add salt and
coconut sugar. Mix cherry puree with soda. Peel and chop the avocado. Combine all
ingredients and mix until smooth. Spread the mass on a baking sheet lined with
parchment. Bake for 15-20 minutes. At a temperature of 180 C. Cool the finished
product, separate the parchment, put it on a wire rack until it cools completely.
Before serving, cut into portioned pieces, decorate with berries [3,4].

Characteristics of the finished product

Appearance: baked evenly.

Color: dark brown

Consistency: homogeneous, elastic.

Conclusions and conclusions.

The developed brownie dessert "Cherry" can be offered for introduction in
restaurants that include vegetarian dishes on the menu in order to expand the
assortment, increase the competitiveness of vegetarian dishes and activate the
demand for them among different contingents of consumers.
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AHnomauin. VY cmammi nioHamo memy Gecemapiancmed, KA HA OAHULl MOMEHm €
HEeOOCMamHub0 UBUEHOI0 Ma NOMpedye NOOAIbUUX 00CTI0dHCeHb. Becemapiancmao 6y10 yacmunor
JI0OCHKOI Kynbmypu 3 0asHix uacie,; Ipuxuneruxu pocaunnoi diemu oyau we ¢ Cmapooasniii I peyii
ma As3ii. Cb0200Hi 8ecemapiaHcmeo € HAUNOUUPEHIULOI CUCIEMOI0 HEMPAOUYILHO20 XaAPYYEAHHSL.
Cnootcueanns ixci € 3HAYHOIN YACMUHOK COYIANbHOI KVIbMYpu mMa i0eHmu4HOCmi, HaAnpukiao,
nosea GecemapiaHcmea ma 6e2aHCmMed, AKI NO08’A3aHI 3  HOB0I0 KVIbMYpOlo  3aXUCMY
HABKOIUWHB020 cepedosuwya ma 2ymanizmy. B Vkpaini, sk i na 3axo0i, 3nayna wacmuna aooei
ssadicarome cebe secemapianyamu. Cumyayisi 6 Yxpaini 3 eecemapiancmeom CKIAOHA. 32i0HO 3
Oocnioocennam UA Plant-Based 2020, e6ce Oinvuie yKpaiHyie yikagisamvcs CKOPOYEHHIM
CHOMCUBAHHS M ’SICA HA KOPUCMb NPOOYKMIE POCIUHHO20 NOXOOJCEHHA, 0azamo pecnoHOeHmis
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BUABUIU 20MOBHICMb YKPAIHYIE BUKOPUCMOBYS8AMU POCIUHHI AlbMEPHAMUBU 3a HAABHOCMI ma
ioenmuunocmi. [IpoOykmu pociuHHO20 NOXOOMNCEHHA HAOUPAOmMsb NONYIAAPHOCI, MOMY CbO2OOHI
He MOXCHA I2HOpYy8amu NONYJAPHICMb POCIUHHO20 XapyyeawHs. Ha eimuusHanoMy pUHKY
3’A61A€mMbcs 6ce OiNbule POCIUHHUX 3AMIHHUKI6 MOJIOKA Ma U02Yypmie, COCUCOK i COCUCOK abo
POCIUHHO20 «M ’SIcay, 8ce OLnbuLe pOCTUHHUX 8APIAHMIE 3 ABIAEMbCA 8 PECMOPAHAX.

Knrwouoei cnosa: secemapiancmeo, xapuyeanHs, oecepm, MeHIO, MeXHOI02is
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Abstract. The article considers the physical phenomenon of capillarity and its application in
the process of brewing coffee. It discloses factors affecting the extraction efficiency and taste of the
beverage, such as surface tension, adhesion, coffee particle size, water temperature and brewing
time. The publication emphasizes the importance of understanding these physical aspects to
improve the coffee brewing process and develop new technologies in this area. It should be noted
that the understanding of capillary physics contributes to improving the quality of coffee and opens
the way to new scientific discoveries in the field of coffee making.

Key words: capillary physics, coffee brewing process, coffee extraction, temperature, brewing
time, roasting level, grinding size, tepping, surface tension, adhesion, coffee particle size and
shape, coffee history.

Introduction.

Capillarity is a phenomenon in which a liquid rises or falls in narrow tubes or
porous materials without wetting their walls. This phenomenon occurs due to the
surface tension forces of the liquid and the adhesion between the liquid and the walls
of the tube. Today, it is a well-studied phenomenon that is widely used in various
fields of science and technology.

This phenomenon plays an important role in the coffee brewing process, as it
allows hot water to penetrate the ground coffee powder, wetting it. Thanks to this
property, water actively moves through the narrow channels between the coffee
particles, washing away coffee oils and aromas.

Let's find out how they are related to each other:

e Surface tension: Water tends to minimize its surface area. This leads to the
formation of a film on the surface of the water, which seems to "pull" it together. This
film helps the water to rise through the narrow channels between the coffee particles.

e Adhesion: Adhesion is the molecular attraction between different substances.
In the brewing process, the adhesion between the water and the coffee powder helps
the water to rise through the narrow channels between the coffee particles.

o The shape and size of the coffee particles: The size and shape of the coffee
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particles affect the speed and efficiency of the extraction. Finely ground coffee has a
larger surface area, which results in faster extraction, but can also lead to bitterness.

e Water temperature: Hot water dissolves coffee oils and flavors better.

e Brewing time: The longer the water is in contact with the coffee, the more
coffee substances will be extracted.

The topic is relevant and interesting for both scientific research and practical
application in coffee brewing. Understanding the physics of capillarity allows the
coffee roaster to better adjust brewing parameters, such as water temperature, water
contact time with coffee beans, and grind level, to achieve optimal coffee flavor and
aroma. Studying the coffee brewing process from a physical point of view can lead to
new scientific discoveries that relate not only to the brewing process itself, but also to
the properties of coffee beans and their interaction with water. Understanding the
aspects of brewing contributes to the development of new methods and technologies
for brewing coffee, such as specialized coffee makers, filters and other devices that
improve the quality of the drink. The growing interest in high-quality coffee among
consumers emphasizes the importance of understanding the brewing process and its
physical aspects to meet the taste needs of customers.

The connection between the physics of capillarity and the brewing of coffee may
come as a surprise to many people. Exploring such unexpected connections can be
fun and stimulating. Consideration of such a topic provides an opportunity to see how
the fundamental principles of physics are applied in everyday situations. The article
can contribute to the understanding of processes that seem ordinary but are based on
complex scientific principles. The publication contributes to the popularization of
science among the general public by showing how scientific knowledge can be
applied in various spheres of life.

Physics of capillarity.

Capillary phenomena are the rise or fall of fluid in thin tubes.

Let's look at some cases:

1. The wetting fluid rises in the capillary above the liquid level in the vessel -
this is because it is subjected to Laplace pressure, which is directed upward by
surface tension forces.

It turns out that the liquid level is set at a height where the Laplacean and
hydrostatic pressures of the liquid in the capillary are balanced.

2. The non-wetting fluid descends into the capillaries below the level of the
liquid in the vessel, because it is subject to a downward Laplace pressure. This liquid
falls to the height at which the Laplace and hydrostatic pressures of the liquid in the
vessel are balanced.

Examples of capillary phenomena in nature, everyday life, and technology.
Capillary phenomena are extremely common in nature, technology, and everyday
life:

v penetration of nutrients from the soil into plants;
v' moisture rise from deeper soil layers;

v’ construction practice;

v the use of towels, napkins, and gauze.
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Plant nutrition is caused by the absorption of moisture and nutrients from the
soil, which is possible due to the presence of capillaries in the root system and stem
of the plant.

Capillarity must be taken into account when tilling the soil. For example, in
order to ensure more intensive evaporation of moisture from the soil, it is necessary
to tamp it down. In this case, capillaries are formed in the soil, through which
moisture rises and then evaporates. To reduce evaporation, the soil is loosened,
destroying the capillaries, and the moisture stays in the soil longer.

Bodies that have a large number of capillaries absorb moisture well. That's why
when you dry your hands, a towel absorbs water, and kerosene or molten stearin rises
up the wick of a lamp or candle.

Historical coffee review. The history of coffee and its first discovery. The origin
of coffee and its spread in the world. Around the 10th century, coffee was found in
Ethiopia, namely in the highlands of Kaffa, without which millions of people now
cannot imagine life. It was found thanks to ordinary domestic goats. The young
shepherd noticed that his goats stubbornly ate the reddish berries of small bushes and
then began to run and play, becoming very energetic. The inquisitive shepherd
decided to taste the berries and leaves of these bushes. He did not like the taste, but
he noticed that fatigue left him, and his mood improved significantly. The young man
shared his observations with friends and relatives, word of mouth worked and
everyone in the area learned about it. Missionary monks also heard the news. The
discovery of Ethiopian goats was very interesting and they began to experiment with
this plant and its areas. Subsequently, they managed to make a recipe for a decoction
of coffee leaves, which miraculously restored people's vigor, relieved fatigue and
helped the monks not to fall asleep during long and monotonous prayers. Another
coffee drink, which they invented, was prepared by soaking these berries in water [1].

Distribute coffee around the world. About a thousand years ago, Arabica seeds
were exported from Kaffa to the Ethiopian region of Harrar, and the species of plant
that was exported was called "tipika." In the 15th century, Arabs exported tipiki
seedlings to Yemen, where the Yemeni sheikhs themselves began to grow coffee for
sale, becoming monopolists in the market. They forbade the export of green grains,
so coffee was roasted in Yemen, and from there it was supplied to other countries.
Because of this, everyone thought that coffee grew only in Yemen, and did not know
about its presence in Ethiopia [2].

Somehow they managed to take green coffee to India, probably thanks to the
Indian pilgrim Baba Budan, which opened up the opportunity to grow coffee to
others, not only Arab sheikhs.

Until the 17th century, coffee was supplied to Europe from Yemen, but when
the drink became popular, the Dutch decided to grow coffee trees themselves,
bypassing Arab traders. In 1699, they planted several seedlings on the island of Java,
destroying the Arab monopoly and independently began to supply coffee to Europe.
Nowadays, Holland ranks 5th among other countries in terms of coffee consumption
in the world.

At the same time, the King of Holland gave the King of France several coffee
trees, which were taken to Bourbon Island (Reunion) by the French. It soon turned
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out that the trees had changed: the leaves became green, without the reddish tint
characteristic of tipika, and the grains became more rounded - this was the first
mutation of the tipika, which was called bourbon.

French naval officer Gabriel de Clay brought coffee to America. Coffee tree
seedlings came to the island of Martinique, and then coffee trees were grown in
Colombia, Brazil, Jamaica, Guatemala and Cuba.

Traditions of brewing coffee in different cultures. Coffee is not just a drink, but a
real ritual that unites people around their fragrant and rich taste. Each culture has
developed a unique way of brewing coffee, investing in the process's traditions,
history, and a special view of pleasure.

Espresso 1s the process of brewing coffee under high pressure. It involves the
forced pumping of hot water through finely-ground coffee beans, which leads to a
strong and concentrated drink. Starting in Italy, espresso has become an integral part
of Italian culture and is now popular around the world, often serving as the basis for
other drinks such as lattes and cappuccinos.

The French press is a device for brewing ground coffee beans in hot water,
which allows you to get a drink with a rich and rich taste. Known in France as
"cafetiere," the French press is noted for its simplicity and ability to store natural oils
and coftee flavours.

Turkish coffee stands out as a one-of-a-kind way to brew finely ground coffee
using a special pot known as cezve. It is prepared with maximum attention to detail
and has a deep connection with Turkish culture. The process involves boiling the
beans with water and sugar, resulting in a crepe and flavorful coffee drink that is
often enjoyed during intimate encounters.

Pur-over uses a more precise and relaxed approach to making coffee. This
method includes the gradual pouring of hot water on coffee beans in a controlled
way, allowing you to carefully highlight the taste properties. He is inspired by respect
for the coffee culture in Japan, where accuracy and craft are highly valued.

Coffee occupies a special place in Ethiopian culture, going beyond the usual
drink. The Ethiopian coffee ceremony includes roasting, grinding and brewing green
coffee beans right in front of the guests. This solemn event symbolizes hospitality
and deepens the bonds of friendship, often uniting communities as they share stories
and create strong bonds.

Originating from Hanoi, Vietnamese egg coffee is an exquisite fusion of strong
coffee and juicy egg yolks. This exceptional blend has gained worldwide recognition
for its unique flavours. Coffee is brewed directly into a cup containing sweetened
condensed milk and egg yolks, resulting in a smooth and creamy delight. He
demonstrates the ingenuity of the Vietnamese, the love of coffee and the skill in
creating wonderful desserts.

Drip brewing is a well-known and simple method. It involves pouring hot water
into ground coffee beans, which are contained in the filter. Water is filtered through
the grains, removing caffeine and aroma. Then the resulting coffee is collected in a
pan or mug [3].

Capillarity in the coffee brewing process. The brewing process takes place
under the pressure of steam seeping from the lower part through the ground coffee in
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the middle part, rising to the upper part. Let the drink boil for a couple of minutes
(but do not burn to bitterness).The influence of capillary forces on the extraction
process. Capillary forces play an important role in the coffee extraction process,
affecting the following factors:

1. Extraction speed: Capillary forces lift water through narrow channels in the
coffee grounds, which speeds up the extraction process.The finer the coffee grind, the
larger the contact surface with water and the stronger the effect of capillary forces.

2. Uniformity of extraction: Capillary forces ensure a more even extraction of
coffee substances from the grounds.

This results in a better taste and aroma of the coffee.

3. Control of extraction: Thanks to capillary forces, the speed and degree of
coffee extraction can be adjusted.For example, by changing the size of the coffee
grind, you can influence the extraction time.

4. Effect on taste: Capillary forces can affect the taste of coffee by extracting
various coffee substances from the grounds.For example, finely ground coffee can
result in a more bitter taste, as capillary forces extract more caffeine and other bitter
substances.

5. Use of capillary forces: There are different methods of coffee extraction that
are based on capillary forces. For example, the pourover method uses capillary forces
to slowly and evenly extract the coffee grounds from the grounds. It is important to
note that capillary forces are only one of the factors that affect the coffee extraction
process. Other factors such as water temperature, degree of coffee roasting and grind
size also have a significant impact.

The role of capillarity in the formation of the taste and aroma of coffee.
Capillarity is a phenomenon in which liquid rises or falls through narrow tubes or
channels without wetting their walls. This phenomenon plays an important role in the
formation of the taste and aroma of coffee.

1. Impact on extraction: Capillarity facilitates the extraction of coffee substances
from ground coffee. As water passes through the coffee grounds, it fills the pores and
channels of the coffee particles due to capillary forces. This leads to the dissolution of
coffee substances in water, which forms the taste and aroma of coffee.

The size of the coffee grind affects capillarity. A finer grind has a greater
specific surface area, resulting in greater capillary extraction. This can lead to a more
bitter and astringent coffee taste.

Grinding uniformity is also important. If the grind is uneven, capillarity will act
differently in different particles of the coffee grounds, which can lead to uneven
extraction and an unbalanced taste.

2. Effect on aroma: Capillarity also affects the aroma of coffee. The aromatic
compounds of coffee dissolve in water and rise through the capillaries to the surface
of the coffee. These compounds then evaporate and are perceived by the sense of
smell. The shape and size of the coffee container also affect the aroma. A narrow and
tall container promotes the concentration of aromas, and a wide and low one
disperses them.

3. Effect on taste:Capillarity affects the taste of coffee, affecting the extraction
of coffee substances. Different coffee substances have different flavors and capillarity
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can cause some substances to be extracted more than others.This can affect the taste
balance of the coffee, making it more bitter, sour or sweet.

Result: Capillarity is an important phenomenon that affects the formation of the
taste and aroma of coffee. It affects the extraction of coffee substances, as well as the
aroma and taste of coffee. Understanding capillarity can help you make coffee with
better taste and aroma.

Things that affects coffee extraction. Coffee extraction is the process of
making desirable compounds such as caffeine, lipids, carbohydrates, acids to extract
from coffee grounds. This system hides so many physical and chemical principles,
that buying the same coffee beans and doing the same manipulations as a barista does
to brew coffee can lead to unlikely result. Many people consider the barista’s job as
easy as pie. Well, Dr David Hoxley, a lecturer in the Department of Chemistry and
Physics at La Trobe University and a member of the La Trobe Institute of Molecular
Sciences says [4]: “Baristas have a tough job of deciding how to grind the coffee,
how to pack it and how to do the tamping — it’s a complex multivariate system.
They’ve got beans coming in that may not always be the same, they’ve got humidity
and on their feet they’ve got to work out how to bring it all together.”

So, in short:

e Temperature

e Water chemistry

e Time

e The level of roast

e (rind size
e Pressure for espresso(tamping)

All of numbered above play crucial role in making the extraction hit the sweet
point.

Going into details, a coffee that’s under-extracted is quite sour, while over-
extracted is really bitter. So the main aim is to balance this two things and get this
sweet flavor.

Temperature: affects the rate of extraction. The higher temperature of water, the
quicker all compounds extract. But it should be remembered that it’s tougher to
control the process of brewing, in order not to make the taste too bitter. On the
flipside, if your temperature is too low, coffee will be under-extracted, that makes it
taste sour and lack of body (Cold brew is an exception, due to balanced time aspect).

Water chemistry: The Specialty Coffee Association’s water standards give an
ideal target as water with the following characteristics: no odor or color; zero
chlorine; a pH of 7.0; alkalinity of 40 ppm; and calcium hardness of 50-175 ppm
CaCO3. Unless you’re interested in researching water chemistry, all you need to
know is that the ideal water for brewing coffee is clean, soft and free of chlorine.

Brewing time: everything depends on the way coffee is made. In a drip system,
the contact time should be approximately 5 minutes. If you are making your coffee
using a French Press, the contact time should be 2-4 minutes. Espresso has an
especially brief brew time — the coffee is in contact with the water for only 20-30
seconds.
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Boiled/Turkish | Vacuum I I Filtered |
Hot Water
Mixture: Coffee
groundsiwater
Filter
Mixture: Coffee Coffee
grounds/water grounds Funnel
Coffee
B Brw
Pressure Methods
Plunger/French Press Stove-top coffee maker/ Moka Espresso
Pressurng
(to down plungerifilter)
Coffee Pressurised Hol Waler
AR EREEE)

Fiter
basket

Steam/
Pressure

The level of roast:

Medium

Medium-Dark

BITTERNESS ACIDITY

Roasting is needed to unlock the flavor of beans. Heat is required to trigger
chemical reactions to get compounds that are soluble in water.

Grind size: larger, coarse particles are more permeable, which means the hot
water flows more quickly through them. And if the water flows too quickly, you’re
likely to get an under-extracted coffee. And vice versa, using smaller particles makes
the water slow down its flow. But when these fine grinds are steeped in water for too
long, more of the bitter, caffeine flavor seeps out — resulting in an over-extracted
coffee.

Pressure for espresso (or tamping) — is a process that helps to compress the
aggregate of different practical sizes, that is required to resist the hot water. Shortly,
with tamping you can also adjust the water's speed, which influences on coffees’
taste.
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Abstract. This article discusses the potential of hydrogen as a renewable energy source. Here,
the importance of the development of hydrogen energy in the context of energy, environmental and
climate problems of today is shown. The history of hydrogen, its types, the simplest method of
extraction are discussed. The experience of different countries in using hydrogen as a renewable
energy source is also highlighted. In addition, the prospects for the use of this fuel in Ukraine, the
advantages of hydrogen compared to traditional energy sources are explored, and the need for
state support and international cooperation to achieve the full potential of this renewable resource
is emphasized. The article calls for attention and investment in the development of hydrogen energy
as a key aspect of creating a sustainable and clean energy future.
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Introduction.

Modern society until the end of the 20th century faced energy problems that led
to some extent even to crises. All traditional sources of energy will surely run out,
especially with the constantly growing needs of people. Humanity is trying to find
new sources of energy that would be beneficial to everyone's relations: ease of
extraction, cheapness of transportation, environmental cleanliness and renewability.

An equally important reason for the need to develop alternative energy sources
is environmental and climate problems, in particular the global problem warming Its
essence lies in the fact that carbon dioxide (CO2), released during the burning of
coal, oil and gasoline, creates the so-called greenhouse effect.

Substantial aggravation of energy and environmental problems, which is
observed both in Ukraine and throughout the world, brings to the fore the problem of
wider use of alternative energy sources. One of these in the world, while at the pilot
stage, 1s the introduction of the hydrogen energy industry.

It is known that hydrogen is the most common element on the earth's surface and
beyond. Therefore, hydrogen is an extremely energy-intensive resource. He burns at
the same temperature as natural gas. At the same time, during combustion, substance
per unit mass releases almost 3.5 times more heat than when hydrocarbon oil or coal
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are burned. Hydrogen fuel is much more efficient than diesel or aviation fuel.
Moreover, hydrogen as the resource contains a high ecological value, since the
product of its combustion is water.

Therefore, in this article, we will consider the prospects of using hydrogen as an
energy source.

History of Hydrogen. Hydrogen was first identified as an element in 1766 by
the British scientist Henry Cavendish after he isolated hydrogen gas by reacting
metallic zinc with hydrochloric acid. In 1788 building on the discoveries of
Cavendish, French chemist Antoine Lavoisier gave hydrogen its name, which was
derived from the Greek words - “hydro” and “genes,” meaning “water” and “born
of.” In the 1920s, the German engineer Rudolf Erren redesigned the interior internal
combustion engines of trucks, buses and submarines to use hydrogen or hydrogen
mixtures. British scientist and Marxist writer J.B.S. Haldane introduced the concept
of renewable hydrogen in his article “Science and the Future”, suggesting that “the
will large power plants where there is excess during windy weather electricity will be
used for the electrolytic decomposition of water on oxygen and hydrogen". In 1973
the OPEC oil embargo and the resulting supply shock suggested that the era of cheap
petroleum had ended and that the world needed alternative fuels. In 1990, the world's
first hydrogen production plant based on solar cells Solar-Wasserstoff-Bayern,
research and testing center in south Germany began to act [1].

Simplest method of producing hydrogen. Hydrogen is a gas that can be
obtained from water. It is the simplest and lightest of all chemical elements, which is
an 1deal fuel. When hydrogen is burned, water is formed, which can be decomposed
again into hydrogen and oxygen, without any pollution of the environment. The
method by which hydrogen can be extracted from water is called electrolysis. In
figure 1 we can see two electrodes, which are inserted in a tank filled with water; a
cathode that carries a negative charge in addition to an anode that carries the opposite
charge. In order to start the decomposition an electric current is passed through the
electrodes. Hydrogen will leave the apparatus in the side where the cathode is
located, as soon as it is positively charged in the water molecule [1].
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Figure 1. Hydrogen production using electrolysis

Type of hydrogen. Hydrogen is often classified by different colours to describe
its production technologies, e.g. green, grey, blue, etc. As the process can differ in the
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type of energy used, the production costs and associated emissions can be very
different. We will consider the main colours: grey, green, blue, blue, turquoise and
purple.

Grey hydrogen. Currently, grey hydrogen is the most common. Grey hydrogen
produced by steam reforming of natural gas or coal gasification without carbon
capture, use and storage (CCUS). According to statistics, more than 40% of grey
hydrogen is a by-product of other chemical processes. Typically, hydrogen produced
as a by-product is unofficially classified as white hydrogen by the North American
Freight Efficiency Council. Grey hydrogen is in demand in the petrochemical
industry and for ammonia production. And the demand for this hydrogen in these
industries has grown over the past 70 years. The main disadvantage of grey hydrogen
is the very high CO: emissions generated during hydrogen production. About 2% of
the world's coal production and 6% of natural gas are used to produce grey hydrogen
per year. Additional methods of hydrogen production include partial oxidation of
methane (POM), partial oxidation (POX) of oil products and autothermal reforming
(ATR). In the literature, this hydrogen is referred to as brown and black hydrogen [2].
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Figure 2. Schematic of the steam reforming of natural gas (SMR) production
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Figure 3. Schematic production process of coal gasification

Blue hydrogen. Blue hydrogen is produced by steam reforming methane using
natural gas or biomass. For hydrogen to be considered blue, a hydrogen production
facility only needs to install a CCUS device to capture it. The exact amount that
needs to be captured is not defined. Today, blue hydrogen is seen as a technology
before the full transition to green hydrogen, which is why carbon capture and
sequestration has been intensively promoted for several years. Although this
technology leads to emission reductions, it is far from ideal climate neutrality. At the
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moment, it is difficult to accurately state the environmental impact, as it largely
depends on which parts of the hydrogen production process are included. It is known
that blue hydrogen only halves grey hydrogen emissions [2].

Turquoise hydrogen. In contrast to the traditional hydrogen production methods
already mentioned, the by-product of turquoise hydrogen via methane pyrolysis is
solid carbon in the form of carbon filaments or carbon nanotubes, which can be used
for further production process and is much easier to store, hence this type of
hydrogen will leave a smaller carbon footprint. Methane pyrolysis, which can be
divided into three categories of processes, namely thermal decomposition, plasma
decomposition (Kwerner process) and catalytic decomposition, has been known for
decades and has been technically implemented in several processes. However, only in
recent years has there been a growing interest in hydrogen production mainly by
thermal decomposition as the most developed process.

Green hydrogen. Green hydrogen is a new technology that solves the problem
of greenhouse gas pollution. This hydrogen is produced from water by electrolysis
using electricity from renewable sources. Due to its diverse applications, green
hydrogen plays an important role in the transition to net zero.

Net zero is the ideal state when the amount of greenhouse gases emitted into the
atmosphere is equal to the amount absorbed. To prevent the planet from continually -
and catastrophically - warming, all industries must achieve net zero emissions.

Also, industries that are highly dependent on fossil fuels, such as heavy industry
or transportation, will benefit greatly from green hydrogen [2, 3].

Purple hydrogen. Purple hydrogen can be produced by electrolysis using an
atomic current. Although hydrogen production from nuclear electricity is not in
demand in European hydrogen strategies, it could be a practical alternative in some
regions of the world. Also, the construction of a hydrogen production plant could
solve the problem of nuclear power plants being phased out and provide additional
energy storage capacity when seasonal storage is needed. In some literature, violet
hydrogen is also called yellow hydrogen. However, a more common description of
yellow hydrogen for electrolysis using grid electricity [2].

The basic types of hydrogen are shown in figure 4.
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Figure 4. Hydrogen colors

Other hydrogen colours. The most developed methods of hydrogen production
today are thermochemical conversion processes of biomass, with gasification being
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the most explored technology for hydrogen production from biomass. Various
biological technologies such as microbial electrolysis and dark fermentation are also
being investigated. To date, very little hydrogen has been produced from biomass,
which is the reason why this process has not been assigned a separate colour,
according to various scientists.

Researchers have identified two more colours of hydrogen: aqua and white.
Aqua hydrogen is produced from oil sands and oil fields using a new process that
does not emit carbon dioxide. The colour was chosen as a middle ground between
blue and green, which means that hydrogen is produced from fossil fuels (blue) but
without carbon emissions (green). White hydrogen is the direct splitting of water
molecules using concentrated solar energy. But these colours are still at the basic
research stage and will be tested and applied in Saudi Arabia [2].

Experience of different countries in the use of hydrogen. January 2022, the
International Renewable Energy Agency (IRENA) releases the report "The
Geopolitics of Energy Transition: The Hydrogen Factor", which analyses the political
and economic changes taking place in the energy sector. It lists the leading countries
that are promoting the initiative to switch to clean hydrogen fuel.

China. China is a leader in hydrogen consumption and production, with an
annual consumption of over 24 million tonnes. However, the country mostly
produces grey hydrogen, which is made from fossil fuels, but since 2019, green
hydrogen projects have been actively developed.

China also has the world's third-largest fleet of fuel cell electric vehicles
(FCEV), and published its first hydrogen roadmap in 2016. This country is very
active in the development of fuel cell trucks and buses [4].

The United States of America. The US is the second largest hydrogen producer
and user in the world after China, accounting for 13% of global demand. Some states,
such as California, have been supporting the growth of the FCEV market in the
country for more than a decade through various initiatives, such as the Clean Vehicle
Rebate Programme. The US was the world leader in this area until 2020 [4, 5].

Japan. In 2017, Japan became the first country to present a national hydrogen
strategy as part of its ambition to become the world's first "hydrogen society" by
introducing this fuel in all industries.

The Japanese government supports this initiative and is willing to invest in
hydrogen and fuel cell technologies. For example, in 2020, the government set
mobility targets of 800,000 FCEV and 900 hydrogen filling stations by 2030,
totalling $670 million.

However, the country mostly imports hydrogen from abroad as it lacks the
resources to produce green hydrogen on a large scale [4, 5].

South Korea. South Korea has identified green hydrogen as a key driver of
economic growth for 2019. The country aims to become a global leader in the
production and deployment of FCEV and large-scale stationary fuel cells for
hydrogen energy production.

Its Green New Deal contains an ambitious target of deploying 200,000 FCEVs
by 2025, 20 times the 2020 figure.

Last year, South Korea passed a law aimed at promoting hydrogen vehicles,
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charging stations and fuel cells.

The government has ambitious plans for the future to meet the country's energy
needs, for example, by 2030, hydrogen will supply 10% of the country's cities,
counties and towns, by 2040 its share will increase to 30%, and by mid-century it will
become the largest single source of energy in the country [4, 5].

The European Union. The EU has quite ambitious goals in the European Green
Deal, where the hydrogen strategy is the basis for achieving the main goal. For
example, by 2023, the Union aims to install 40 gigawatts of renewable hydrogen
electrolysis capacity.

The European Clean Hydrogen Alliance has been established to support
investment and scale-up of green hydrogen projects, as the European Union aims to
become an industrial leader in clean hydrogen. Different member states have the
potential to become major exporters, importers or transit hubs for hydrogen.

India. Green hydrogen could help India take a big step towards energy
independence. As the country begins to shift towards renewable energy sources and
away from imported fossil fuels.

The government is considering legislative changes that would require refineries
and fertiliser producers to use a minimum quota of green hydrogen in their
production [5].

Other countries. Countries such as Chile, Morocco and Namibia are major
exporters of emission-free green hydrogen. At the same time, fossil fuel exporters
such as Oman, the United Arab Emirates (UAE) and Saudi Arabia are eager to use
clean hydrogen to diversify their economies [4, 5].

Prospects for using hydrogen as a fuel in Ukraine. Ukraine has many
opportunities for relatively cheap production of renewable energy. Hydrogen can be
considered a universal fuel for vehicles. It is absolutely ecologically clean. Hydrogen
can replace gasoline, diesel fuel and fuel oil in all types of heat engines. The
European Hydrogen Strategy, which is part of the European Green Deal adopted in
2020 by the European Parliament, makes transitioning to a green hydrogen economy
a key goal. Its overall purpose is to make Europe climate neutral by 2050.This
strategy can protect biological diversity, and green the economy. Ukraine possesses
the prerequisites for large-scale and export-oriented green hydrogen production.
Besides, Ukraine has strong points for building a hydrogen economy: a favourable
geographical location, large nuclear power plants, the presence of steel, fertilizer and
cement production, an extensive gas transportation network, large geological gas
storage facilities near the EU. Ukraine's natural gas storage system is the third largest
in the world in terms of capacity and allows storing fuel not only for the country, but
also for the EU. In the 2x40 GW Initiative, Hydrogen Europe proposes a strategy for
a fast scale-up of the hydrogen economy in the EU. The strategy proposes the
installation of 8 GW electrolyser capacity destined for export, 21 TWh of green
hydrogen, which is 12% of the EU demand in 2030 outlined in the European
Hydrogen Roadmap, could be produced annually, assuming 3,500 full load hours
operating at an efficiency rate of 75%. Given Ukraine's status as a candidate for EU
membership and the requirements of the "European Green Course", the development
of the hydrogen economy is of strategic importance for the country. Hydrogen energy
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would contribute to the solution of problems in recovery of Ukraine's economy,
especially against the background of Russia's war against Ukraine [6].

Challenges in the distribution of hydrogen. Hydrogen holds great promise for
the future as an alternative, environmentally friendly and clean fuel. Every year, more
and more global governments and companies are investing in hydrogen energy
technologies. Hydrogen is a leak-prone gas with a powerful warming effect that is
often ignored. To prevent this, hydrogen must be produced cleanly and used wisely.

Consider the main problems connected with hydrogen fuel:

1. Hydrogen emissions. Many people do not realise that hydrogen can
contribute to global warming because when it is released into the atmosphere before
being used or burned, it reacts with other chemicals to create a warming effect.

And humanity is only now beginning to understand how powerful this effect can
be. For example, a study by scientists has shown that on a time scale of a decade or
two, the power of hydrogen warming is much greater than previously recognised.

This poses a major challenge for the industry: as hydrogen molecules are so tiny,
they are prone to leakage.

All of this suggests that minimising leaks should now be a priority for every
hydrogen project.

One of the solutions to the leakage problem is to produce hydrogen close to the
place of its operation, because the further the hydrogen has to be delivered, the
greater the risk of leakage [7].

2. Hydrogen production. Currently, the hydrogen production process is energy-
intensive and results in significant climate pollution.

However, green and blue hydrogen are produced under conditions that
drastically minimise methane and CO: emissions.

Studies have shown that with high levels of green hydrogen leakage, climate
performance will be better for another 20 years than with fossil fuel pollution, but not
enough to be considered climate neutral.

Whereas in the case of blue hydrogen, with a large permanent leakage, this type
of hydrogen will actually increase the 20-year warming impact.

So, if hydrogen production and distribution systems are not managed properly,
this "clean" fuel can have a very bad impact on the climate in the short term [7, 8, 9].

3. Impacts of hydrogen on societies. When developing hydrogen projects, water
consumption and air pollution from hydrogen production and use must be taken into
account. For this reason, the development of hydrogen production should minimise
harm to communities and society and address local concerns [7].

In the context of the global transition to clean energy, hydrogen is therefore best
used where clean electricity cannot do the job on its own. Hydrogen can be used in
heavy industry - for example, in steel and cement production - or as a feedstock for
low-carbon fuels for ships and aircraft. In some cases, diverting electricity from the
grid is not a sensible approach, as electricity can be used directly to meet these
energy needs more efficiently and at lower cost.

Green hydrogen, which requires green electricity to produce, is currently in
short supply and is likely to remain so for many years. Instead of placing big bets on
hydrogen, renewable energy sources should be seriously considered.
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The production of blue hydrogen from gas requires not only the prevention of
methane emissions, but also the capture and storage of associated carbon dioxide,
which is currently very limited.

The production of pure hydrogen is still a long way off, but as the industry
continues to develop, it is important to ask the hard questions and make informed
decisions to ensure that global investment in hydrogen is justified.

Conclusion.

Highlighting the prospects of using hydrogen as a renewable energy source, we
can conclude that this direction has significant potential in solving energy,
environmental and climate problems. Hydrogen, as the most abundant element, is an
important resource for the future, as its use can help reduce dependence on traditional
energy sources, reduce carbon dioxide emissions, and reduce negative environmental
impacts.

Hydrogen energy shows great potential in the fields of transport, industry and
life support. However, technological, economic and infrastructural challenges must
be overcome in order to achieve the full development of this direction. This requires
government support, investment in research and development, and promotion of
international cooperation in the field of hydrogen energy.

Overall, hydrogen can be an important step towards creating a sustainable,
efficient and clean energy future, and already today it deserves the attention and
support from governments, scientific institutions and industrial enterprises.
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Anomayia. B pobomi posenanymo npobnemy npocHO3Y8aHHSA MA MOOEN08AHHS NPOYecy
BUHUKHEHHs NABOOKI8. Posenanymo ocHoeHi npupoOHi ma aHmpono2eHHi YUHHUKU BUHUKHEHH:
nasookis. Ilpononyemuvca 30iticHI06amMU AHANT3 MONCIUBOCHT BUHUKHEHHS A MOOEN08AHHI X00Y
nagooKa i3 3aCMoCy8aHHAM 2e0iHpOpMayiiHux mexHoaozil. Budineno kiouosi napamempu mooei
NPOCHO3Y8AHHS (HOPMYBAHHS NABOOKOB020 CMOKY, A MAKOMC Nepenik 3a0ay, sKi HeoOXiOHO
Ppo38’a3amu 0J11 peanizayii 3anponoHo8anH020 nioxody. 30Kkpema, ye cmeopenHsl 6eIuKoi 6asu 0aHux
WOOO KII0YUO0BUX XAPAKMEPUCUK MOOeNi, a came: NApamempu peiveQy (Hanpsam i KpymusHa
CXUTLY), B1ACMUBOCMI IPYHMIB, POCIUHHO20 NOKPOBY MA NIOCMULAIOYUX NOBEPXOHb, KIIbKICMb
onadis. 3anpononoéana Mmooeib Modce CMAmu OCHOBOW Ol CMBOPEHHS CNeyianiz08aHo20
npocpamuo2o 3abesneuenHs O NPOSHO3Y8AHHA NABOOKIE. B cmammi Hasedeno 3acanvHy cxemy
pobomu Maubymusoi npocpamu.

Knrwouosi cnosa: nasoook, ceoingopmayiiini mexnonoeii, mooenwb, IPYHMU, B80J020EMKICMDb,
KpYMU3HA CXUJIG.

Beryn. IlaBomok — 1me (dasa TiApOJIOTIYHOTO  PEXUMY  PIKHM, sKa
XapaKTEPU3y€EThCS MIBUAKUM, BIIHOCHO KOPOTKOTPUBAIUM MI1JBUILIEHHSAM PIBHS BOAU
B PIUMILI ITiJ] Yac CUJIbHUX 3JIUB, TPUBAIMX JIONIIB 400 IHTEHCHBHOTO TAHEHHSI CHITY B
Mepioj] BIJUIMTH, Ha SKE HakKiIanarThes nomil. Cuia MaBOAKIB 3HAYHOK MIPOIO
3aJIEKUTh B1Jl IHTEHCUBHOCTI 1 TPUBAJIOCTI aTMOC(EpHHUX OmMaaiB abo 3amacy BOJIU y
CHITOBOMY MOKPHBI Ta IHTEHCUBHOCTI HOTO TaHEHHS [4].

[IpoGnema OIIHKM Ta NPOTHO3YBaHHS XOJy TMABOJKIB € BaXJIUBOIO Ta
aKTyaJIbHOIO 3aJladyero AJis 0aratbox KpaiH CBiTy. Takoxk akTyalbHOIO € 15 IpodiieMa
1 g Teputopii  YkpaiHm Ta, 30Kkpema, [Ipukapmarta. AHam3  JaHUX
T1APOMETEOPOJIOTIYHIX CHOCTEPEkKEHb Ta JITEPATypPHUX JDKEPENl CBIAYHUTH, IO B
octanHi 100 pokiB Oyno 3adikcoBano moHaa 10 karactpodiyHUX MABOJKIB HA IIii
TEPUTOPII.

[TaBoaku B OaceliHi JIHICTpa BHUHHMKAIOTh IMiJ i€ CKJIAJHOTO KOMIUICKCY
B3a€MOIOB’SI3aHUX  MPUPOJAHUX Ta AHTPONOTCHHMX YHHHUKIB. OCHOBHMMHU
NPUPOJHUMU UYWHHUKAMU TAaBOJKIB € KUIbKICTb, I1HTEHCUBHICTb, TPHUBAIICTh
BUMAJaHHs aTMOC(HEPHUX OIaJliB, a TAKOXX BEJIMUYMHA TEPUTOPIi, OXOIJIEHOT JOIIaMH,
Ha SIKId crocTepiraeThCsi (pOpMyBaHHS MOBEPXHEBOIO CTOKY BOJIM, KPYTICTh CXHIIIB,
CTaH POCIMHHOIO MOKPHBY, BJIACTUBOCTI IPYHTIB 1 TipCbKUX MOpija. ['0noBHUMH
AHTPOIIOTCHHUMH YMHHUKAMU BUHUKHEHHSI TIaBOJIKIB € 3MIHA XapaKTepy POCIMHHOTO
MOKPUBY B HACIIJOK BUPYOYBaHHS JICIB, PO30PIOBAHHSM CXWIIIB 3 KPYTHU3HOIO
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OinbIIe 3°, HAAMIPHOTO BUMACAHHS Xy00M, 3MI1HA CTaHy PIYHIIL TOIIIO.

Memoto ma 3a80anusmM NaHOTO TOCHIDKEHHS € PO3POOJICHHS MPOTHO3HOI
Mozeln Tporecy (OpMyBaHHS MaBOJKOBUX CTOKIB JJIsi 1 MOJAJIBINOI MPAKTUIHOI
peamizamii y BUIVISAl CHELIANI30BAaHOTO TPOTPAMHOTIO  3a0€3MEYEeHHS IS
MPOrHO3YBaHHS MABOJIKIB.

06’exkmom OocniddcenHss € Tpouec (GOpMyBaHHS TABOJKOBUX CTOKIB, a
MPEAMETOM — IMPOTHO3HE MOJICTIOBAHHS MPOIIeciB (hOpMyBaHHS MMaBOJKOBHX CTOKIB 3
BUKOPUCTAHHAM reoiHdopmMaliiinux TexHosorii [1-4].

OcHOBHMI TeKCT. AHaNI3ylOUd TUTAHHS MOJENIOBaHHS Ta MPOTHO3YBaHHS
MaBOJKOBUX CTOKIB MOHa 3pOOUTH HACTYIHI BUCHOBKH.

1. Icuyroui moaem npubau3Hi, 0a3yr0ThCsl a00 HA CTATUCTUYHUX JaHUX, SKUX B
JaHii ramgy3i 310paHO HEJAOCTaTHhO, ab00 Ha YHCJICHHUX EMIIPUYHUX
JOTYIICHHSX, 10 pOOUTH X My’ke TOKAIbHUMH (IIPUB’SI3aHUMU JI0 JIOKATbHIX
TEPUTOPIN).

2. Icayroui wMojeni He BpaxOBYIOTh IHTEHCHBHI aHTPOINOTEHHI 3MIiHH B
HABKOJIUIITHEOMY CEpPEJIOBHIIIL.

3. IcHyro4l cucTeMH TPOTHO3YBaHHS  MMABOAKOBUX  SIBUI] HAa  OCHOBI
BUMIPIOBAJIbHUX TYHKTIB Ta KOHTPOJIO KIJBKOCTI OMAaJiB MOXYTh OyTH
edeKTHBHI, ajie¢ MalTh JUIIE KOPOTKOTEPMIHOBHI MPOTHO3 MO (HaKTy
HAaOMDKEHHST O€3MOCEPeIHbOI  3arpo3u KUTTIO Ta MalHy JIoAeH, Mo €
HEJIOCTATHIM.

4. bubll TOYHMM MIAX1 3 BUKOPUCTAHHSAM TeoiH(OpPMAI[IHHUX TEXHOJIOTIN
JI03BOJISIE aHATI3yBaTH P13HI MOKIIMBI CLIEHapIi NaBOJKIB, ajle HABPAJl YU MOXKE
HampsiMy OyTHM 3aCTOCOBAaHMM B  SKOCTI 1HCTPYMEHTY MPOTHO3HOTO
MOJICTTIOBaHHSI.

Pasom 3 TuM, cywacHl 1HQopmauniiiHi 3aco0uM JO3BOJISIIOTH  30HMpartw,
HAarpoOMaJpKyBaTH Ta  aHa3yBaTH 3HAYHy KUIBKICTH  pi3HOI  1H(oOpMalIii.
[Iporony€eThCcsi PO3POOUTH MIIXOIM IO CTBOPEHHS MOJENI JAaHUX MPEIMETHOI
obyacTi ayg 3a7a4i MPOTHO3YBAHHS MaBOKIB IUISXOM HAWTOYHIIIIOTO BpaxyBaHHS
BCIX MOKJIMBHX ITapaMeTpiB.

Jlns boro HEOOX1IHO:

— TpoaHali3yBaTH MpeIMETHY 00JacTh Ta BUOPATH KIIFOUOBI MapaMeTpu;

— TpoaHaNli3yBaTH MOXJIMBICTh OJEPKAHHS  XapPaKTEPUCTUK  IapaMeTpiB,
MOJKJIMBICTh 1X MOHITOPUHTY Ta MOJETIOBAaHHSA B YMOBax HEIOCTaTHHOI
KUIBKOCTI 1H(OpMaIlii;

— BJIOCKOHAJIMTH MOJIe]h (POPMYBAaHHS MaBOJKOBOTO CTOKY Ha OCHOBI ICHYIOUHX;

— PO3pOOUTH BUMOTH IO MPOTPaMHOTrO 3ade3reueHHs iHQOpMaIliifHOi CHCTeMU
JUTSI peajtizairii 3arpornoHOBaHOTO MiAXOAY O BUPIMICHHS MOCTABICHOT 3aa4i.
B skocTi KIIOYOBMX TapaMeTpiB  MOJENi MPOTHO3YBaHHA (HOpPMyBaHHS

aBOJIKOBOT'O CTOKY 0OpaHO HACTYITHI MapaMeTpH.

1. MakcumanpHUl KyT HaxXWily TIOBEPXHI 3€MJl Ta BIANOBIAHUNA HampsMm
dbopMyBaHHS MOXJIMBOTO TOBEPXHEBOTO CTOKY JJS BUAUICHOI YacCTHHH
TEPUTOPIi 3 OJIHAKOBUMH XapaKTEPUCTUKAMH, SIKI HaBEIEHO HIbkue. Moxke
OyTH BU3HAUYEHHM METOJaMHU TIe0Je3WYHUX BHUMIPIOBAaHb, 3a BIJMOBIIHUMU
KapTaMu, 3 BUKOPUCTaHHAM JaHuX IUGpoBUX Moxenel penbedy. Ha pucyHky
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1 naBeneno 3D-monenb penbedy 3 Bi3yani30BaHUMHU HAIpsSMaMH MOXJIMBOIO
MOBEPXHEBOTO CTOKY.

2. Bo#OnmpOHUKHICTh MOBEPXHEBOTO MIAPY IPYHTY, a came: 3AaTHICTh MPOITyCTUTH
3a MEeBHUN MPOMIKOK 4acy MaKCHUMajbHY KUIBKICTh BOJIOTH Tak, MO0 1€ HE
OpU3BOAMIIO 10 (POPMYBaHHS MOBEPXHEBOIO CTOKY. BoHa BH3HauaTUMEThCS
TUIIOM TPYHTY, a TaKOX 3ajekaTuMme BiJ Horo BosorocTi. Ha pucyHky 2
HaBEJCHO BIJMOBIIHY KIacU]IKaIiO IPYHTIB.

. BomoricTh 1pyHTY Ta HasIBHOTO POCIMHHOTO MTOKPHBY.

4. BoJIOTOEMKICTB IPYHTY, & caMe - 3JIaTHICTh YBIOpaTH NMEBHUN 00’ €M BOJIOTH 32
OJIMHUITI0 Yacy OJWHUIICIO IUIONI BHUILIECHOT IISHKU. BH3HauaTHUMEThCS
XapaKTePUCTHKAMH Ta TOTYKHICTIO TPYHTOBOTO IApy, TUIIOM ITiICTUIAIOYO1
MOBEpXHI1 (pULIs, HACEJIEHI MyHKTH, BOJHI 00’ €KTH), XapaKTePOM POCIUHHOCTI
(y1icu, yarapHukH, Jyku) Tomo. Ha pucynky 3 HaBeneHO kiacudikallito TUITIB
MOBEPXOHb 3 TOUKH 30py BOMpPAHHS HUMHU BOJIOTH.

5. KinbkicTe onaniB. Bu3HauaeTbCcsi HA METEOCTAHLIAX 3 JOIMOMOTOIO JIOIIOMIPIB
BHUMIpPIOBaYiB piBHS omnafis [4,5].

W

Pucynok 1 - 3D-moaens penbedy 3 Bisyani3oBaHMMHU HANIPAMAMH MOKJIUBOT0O

MOBEPXHEBOI'0 CTOKY
Aemopcwvka pospodka

Jlis  MOJENIOBaHHS IaBOJAKOBOTO CTOKY TPOTIOHYETHCS TMOMUIATH TUIOILY
BOJI0300pPY Ha SK 3aBrogHo Mam (po3Mip OOMEXKEHUW JHIIe HasSIBHUMHU
OOYHUCITIOBAILHUMH PECypCcaMu) NUISTHKU 3 OJHAKOBUMH (BiaxuiieHHs HE Ounbiie 10
%) KIIOUOBUMH MapameTrpamMu Moneni. Po3paxyHku 00’€MiB MaBOJKOBOTO CTOKY
OyIyTh BUKOHYBATHCH JIJIS IIUX OKPEMHX €JIEMEHTIB BOZ0300py [4,5]. O6’eM CTOKY B
KOXXHOMY €JIEMEHTI BU3HAYaTUMETbCA TAKUM YMHOM:

V=V, + 2 Vi =V, =V, (1)
ne V;— 00’eM CTOKy 3 MOBEPXHI 1-TO €JIEMEHTA;
V,— 00’em onamis;
Vi, — 00’ €M CTOKY 3 TOBEpXHI1 CYCIHIX €JI€MEHTIB;
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Vs— 00’em BOAM, 110 MTOTJIMHAETHCS IPYHTOM;

V,—00’eM BozH, 1110 MOTIIMHAETHCSI POCIUHHUM ITOKPUBOM.
Aemopcovka po3pobdka

FYHTH

L N

JA TNAEMHOH A IFILEHICTHD 34 CTRYKTYFHD EDJEFFWPHHICT'J|
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CYTIMIHREM \
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Pucynok 2 — Knacudikauis rpyHTis
Aemopcovka po3poboka
TOBEPKHSA
nic¥ | JATAPHEEH | HACZENEHI MFHETH EDOHI NNECA
"F-- HEGDRA TYGTHHA \ \
NPHFCIHI DEFOENEIBAHI
J"‘f_’-
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THIMCIES BHICDKA
POCIFHHIC TR FOCAWHHICTE
BACCHA MYCTHHA

Pucynok 3 — Kinacugikaniss Tunis nopepxonn
Asmopcobka po3pobka

ISSN 2567-5273 86 www.moderntechno.de



Modern engineering and innovative technologies Issue 32 / Part 1 éw

[le no3BONMTHL aHANI3yBaTH MMOBIPHICTH (POPMYBaHHS IMAaBOJKOBOI'O CTOKY Ha
OCHOBI MOHITOPHUHTY KIUJIBKOCTI OMaJiB, a TaKOX 3J1HCHIOBATH MPOTHO3YBaHHS AJIs
pi3HEX TUMIB TepuTopii. Dikcallis KUTBKOCTI OnajiB Oy/1e OJHUM 3 HaWBa KJIUBIIIAX
¢dakTopiB, 110 BIUIMBATUME HA TOYHICTh MPOrHO3y. [Ipu BiICYyTHOCTI AOCTaTHBOI
KUIBKOCTI1 TAaHWX BUMIPIOBaHb 32 HASBHOCTI MEePEAyMOB (3HAUHI OMa Iy Ha BCIH IUTOIII
B0J0300py) [Js1 BCTAHOBJIEHHS KUIBKICHHX XapaKTEPUCTHK OMNAaaiB MOXYTb OyTH
BHKOPHUCTaHI METOJIM IBOMIPHOI alpOKCUMaIlii 110 HasIBHUX JaHHUX.

TakuM YMHOM, KIIFOUOBMMH XapaKTEPUCTHUKaMH, SIKI HEOOXIHO BU3HAYATU €
BOJIOTOEMKICTh POCIMHHOTO TIOKPOBY, BOJIOTOEMKICTh MIACTUIAIOYMX IPYHTIB,
KITBKICTD OIaiB Ta MOTOYHA BOJIOTICTH [4].

Ha pucynky 4 HaBeneHO 3arajibHa CTPYKTYpHY CXeMy POOOTH 3alpOIOHOBAHOT
MOJEII.

Peanizaris 3anponoHoBaHoi MOJIeNi Tiepeadavae po3B’ i3aHHS HACTYITHUX 3a/1a4:

— BUOIp METOIB Ta 3aC001B OI[IHKU IMapaMeTpPiB IPYHTIB, X MOTOYHOT BOJIOTOCTI;

— BUOIp METO/IIB Ta MIAXOIB JI0 OL[IHKY MapaMeTpiB POCIUHHOCTI;

— BUOIp METO/IIB OLIIHKU OMa/IIB;

— BUOIp MeToAy NPHUOJM3HOI OIUHKH XapaKTEPUCTHK OMaJiB Il KOXKHOTO

BUILIEHOTO €JI€MEHTa Ha OCHOBI HaABHUX JaHUX;

— CTBOpeHHA 1HGOpPMAIIHHOI CHCTEMH B CKJIaJl OCHOBHHX €JIEMCHTIB —

IPOrPaMHOTO, TEXHIYHOTO Ta 1HIIUX 3a0e3MeueHsb [4].

BucnoBku. OTxe, B OCHOBI 3alpONOHOBAHOTO MIAXOY JISKUTh MPUITYIIICHHS,
110 MaBOJAKOBUH CTIiK — L€ HA/UIMIIOK PINKUX OMAaiiB, IKUH HE MOXe OyTH yBiOpaHHii
IPyHTAMH Ta JIICOBUM IOKpPHBOM. Moro peamisamis 6a3yeTbcss Ha BHKOPUCTAHHI
reoiHpOPMAIIMHNX TEXHOJIOTIM Ta aKyMyJISIlii 1 MOHITOPHHTY 3HAYHOI KUIBKOCTI
JTaHUX TPO OyIOBY 3€MHOI IMOBEpPXHI, POCIMHHHMA IOKPUB Ta KiJIbKICTh OMAaIiB.
ToOro, nns peamsanli 3aIpoONOHOBAHOI CHCTEMH MPOTHO3YBaHHS HEOOX1JHO
CTBOpUTU 0a3y JaHUX, sIKa MICTUTUME MacuB iHdopMalii N[00 KIOUYOBUX
XapaKTEPUCTUK MOJeNl. 3amporioHOBaHA MOJEIh MOXE CTaThd OCHOBOIO JUIS
CTBOPEHHS CIEIlai30BaHOTO IPOTPaMHOTO 3a0€3MEeUeHHs] MJisi MPOTHO3YBaHHS
NaBOJIKIB [4].
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Abstract. This study considers the problem of forecasting and modeling the process of flood
occurrence. The main natural and anthropogenic factors of floods are considered. It is proposed to
carry out an analysis of the possibility of the occurrence and modeling of the course of the flood
using geoinformation technologies. The key parameters of the model for predicting the formation of
flood flow are highlighted, as well as the list of problems that must be solved for the implementation
of the proposed approach. In particular, it is the creation of a large database on the key
characteristics of the model, namely: relief parameters (direction and steepness of the slope),
properties of soils, vegetation and underlying surfaces, rainfall. The proposed model can become
the basis for creating specialized software for flood forecasting. The article provides a general
scheme of the future program.

Key words: flood, geoinformation technologies, model, soils, moisture content, steepness of
slopes.
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Anomauia. Y pobomi posensioaemvcs aneopumm onmumizayii uacy OypinHs c8epOo8UHU 3
BUKOPUCMAHHAM ~Memoody OUHAMIYHO20 npozpamysanns. Poboma eusnauwac axmyanivHicmo
npobdemu onmumizayii OypiHHs Y KOHMeEKCmi 6UO0OYMKY 8Y2lle800HI8 MA OOCIONCYE MONCIUBOCTI
NOKpAWenHs eqhekmusHoCmi yb0o2o npoyecy.

Knrouoei cnoea: ancopumm onmumizayii, OuHamiune npocpamy8anus, MamemMamuyHa Mmooeisb
OnMuManvbHe KepyeaHHsI.

Beryn. OpHiero 3 KIIOUOBHUX Tally3ed PO3BUTKY CY4YaCHOI EHEPreTUKH €
BUJOOYTOK BYIJVIEBOJIHIB 3 MIJ3€MHUX POJOBHUII, III0 BHMAara€ BJIOCKOHAJECHUX
TEXHOJIOT1 OYpiHHS CBEpAJIOBUH. E()EKTUBHICTH IILOTO MpOLIECY HAIPSMY BIUIMBAE
Ha BapTICTh BUAOOYTKY Ta 3arajbHy HpPOAYKTHBHICTh BUJOOYBHUX IUIOLIANOK. Y
3B'SI3KYy 3 IIUM aKTyaJlbHOIO CTa€ 3ajada PO3pOOKU aJrOpuUTMy OINTHUMI3aIlli yacy
OypiHHs cBepuioBUHH. Metoa muHamiuHoro mporpamyBaHHs (MJII1) BBakaeTbcs
MOTY>KHAM 1HCTPYMEHTOM JUIsl BUPIIICHHS 3a/Jad ONTUMI3allii B PI3HUX Taly3sX,
BKJIIOYAar0YM OypiHHSA cBep/UioBHH. OCHOBHOIO METOIO IIhOTO JOCTIDKCHHS €
po3po0Ka alropuTMy ONTHMI3allii Yacy OypiHHS CBEpJJIOBHHH 3 BUKOPHUCTAHHSIM
METOAY AMHAMIYHOTO MporpaMmyBaHHs [1+4].

OCHOBHI 10CJII/IZKeHHS.

MopentoBaHHsl 3ajadi: CTBOPEHHS MaTeMaTH4YHOI MOJeNi, 10 BigoOpaxae
OCHOBHI TapaMeTpu OYpiHHS, Takl SK TJIMOMHA CBEPJIOBUHHU, XapaKTEPUCTUKU
I'PYHTIB Ta 00JIaTHaHHS.

[lepeiinemo A0 po3msiAy MOACTIOBaHHS 3anadl  onTtuMizamii. [loTpiben
MIHIMI3yBaTu (DYHKIIOHAJ SIKOCTI, IKMil Mae BUTIAL [4] :

7 .
T'= | —=dh—min (1)
=0 V()

3anumemMo 3aJeKHICTh MIBUAKOCTI OypiHHS 3 ypaxyBaHHSM 3HOCY JIOJIOTa JJIS

3a/1aHOTO 1HTEepBay T IIpH ynpaBIiHHI CTalllOHAPHUM 00'€KTOM y BUTJISII:

B~ [ fuzzy MO PO. prg () -0 @

Jie W - HapaxyBaHHs 3HOCY Ha TIMOWHI h; Ha SKiM 3HaXOAUTHUCSA B JIaHUH MOMEHT
JIOJIOTO, AK€ 3a1a€THCS SK:
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t
W= | 0 iz | MO g (WD T 3)
T=

Cran cuctemu Ha TIHOWHI /I XapaKTEPU3y€EThCS BEKTOPOM X = <w, d >, n1e d -
HOMEPOM J10J10Ta. BekTop ynpaBistounx BIUIMBIB u =< P, n, S;> CKJIaJIal0Th OChOBE
HAaBaHTAKEHHS Ha JIOJOTO, YacTOTa OOEpTaHHS JI0JIOTA, MapaMmeTp, MO0 IO03HaYae
3MiHy AoJioTa: Sy = 1, konu BiiOyBa€eThCs 3MiHa 010Ta, 1HaK1e S;=0.

[MoyaTKOBHII CTaH CHCTEMH t(h)|h=0 = =0, d = 1. DBypiunsa

BiOyBaeThcss Ha mmOuHI H, 1pu 1pOMYy Ha KIHIEBUH CTaH CHCTEMHU
t (h)| erl? W(h)| g » d HAKIIaTeHI OOMEKEHHS:

0<W< Wia, 4)
1 <d < diax.

Ha 3HayeHHs Kepyroouux MapaMeTpiB OChOBOI'O HABAaHTAXXEHHS 1 YaCTOTH

o0epTaHHs J0JI0Ta TaK CaMO HAKJIAJIEHO OOMEXEHHS:
szn <P <Pmax (5)
Rmin<T <1 max

JIns yrcenbHOrO PIIIEHHS HETIHIMHOI 3a/laul Ha MPOCTIp CTaHIB 00'€kTa x =
<h,w,d > HaHEeCceMO CITKYy, BY3JId SIKO1 BIAMOBIAAIOTh AUCKPETHUM 3HAUYCHHSIM CTaHy
00'exTa ympaBJIiHHS.

PosrnsHemo 3HadyeHHs mapamMeTpiB AUCKpETH3allii 3HOCY J0J0Ta W 1 MOTOYHOT
rmmouHu h, 1Mo xapaktepu3yoTh cTaH 00'ekTa ympabimiHHA. ['nuOuna Oypinus H
Moxe npuiimaty 3HadeHHs: 10 3000-4000 m. Ilpu BU3HAaYEHHI KPOKY TUCKpETU3allil
OyZeMo BUXOAMTU 3 3HAU€Hb, AKI MOXKE MpUHMaTH MIBUAKICTH OypiHHA. Bubepemo
MIHIMaJbHUM KPOK AMCKPETU3allii MIBUAKOCTI OypiHHS, KU MO3HAUYUMO, SIK AVp.
Buxonsuu 13 3Ha4eHHST MIHIMaJIbHOT'O KPOKY 3a 4aCcOM, KpPOK JTUCKpETU3allli IITMOMHN
OypiHHS OyJie BUBHAYATHCS CIIBBIIHOMIEHHIM: Al = AV i -Atyin.

[Ipu BHU3HAuUEHH] 1HTEpPBaIy AMCKpPETU3alli 3HOCY A0J0Ta OylAEeMO BHXOIUTHU 3
ypaxyBaHHS KPUTEPIIO 3HATTS J0J0TA 3 BUOOKO 1 wacy OypiHHs mojoroM. HaBememo

v

. _ -0t _ —w(t) — In—— . .y

sanexnicts vV =V0-e =Vy-€ J10 BUIIALY W—lnv . Hexait kpurepiii
0

3HSATTA J0JI0Ta 3 BUOOKO BUTIIAIA€ HACTYITHAM YMHOM: 3HATHU JOJOTO 3 BHOOFO, KOJIH
MIBUJKICTH OypiHHS BHaje B N pa3. SKIIO #4 - MAKCUMAILHUHN Yac poOOTH 10JIOTA,
Ipu SIKOMY MOro IMIBUAKICTh MOXKE 3MEHIIUTUCA B N pa3, TO Wpyu=I[n(n). Ilpu
BU3HAYEHHI BEPXHBOI MEXI KPOKY AMCKpeTh3alli 3HOCy, OyJIeMO BHXOIUTH 3

MaKCUMaJIbHOTO 4acy poOOTH  J10J0Ta loox (V Voo € . =Y '€_€'tm‘“ )i
KpuTepito 3minu gonota O = In (V/Vy) /t max= Wimax / tmax-
PosrnsHemo iHTerpas, 1m0 BHU3HAYa€ MPHUPOILICHHS TJIMOMHH mpu OypiHHI
CBEPJIOBUHU 3a Jeskuit intepBai uacy [71;, 7T;+1]:
t
Ti+l T. j() fuzz y(PnK )dt
hi+1 _hi = TJ;i w(t)dt = .[ffuzzy(P n Pm) e = dr (4)
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Bynemo BBaxkatH, 1110 Ha 1HTEPBaJl yIpaBIiHHA [A;, ;1] Kepyrodl mapameTpu P;
1 N, a Tak camMO HapamMeTpu cepeloBuIla, WO pyHHYeTbCS Kasp(hi), pu (hi)
3QIMINAIOTHECS HE3MIHHHMHM, TOJ1 IOCTIMHI 3HAYCHHS MOXKHA BHUHECTH 3a 3HAK

1HTerpana:
Ti

Tt ~0(Pn.K,g, ) j dr+j9(P,n,Kaﬁp) dr
hoy=h = f(B.n,p,): je ot dt.
f 5)
JUis CTUCIIOCTI BUKJIALy 3pOOMMO 3aMiHY 3MIHHUX:
Ti+l 7;‘+l
h—h =v,- I e T g =y o™ . J‘ e 06T g
L L (6)
[aTerpyroun neu Bupas, OTpUMy€eMO:
e
v.-e ' —0.(T, —T))
— ! i\ it i
My —h; = T(l_e 1 (7)
l
Busznauumo 3 nporo Bupasy 7Tii - T;
ln{l _ 0, - (hy, - h,)J ln(l _ 0, - Ah ]
v, -e " v, -e "
T, -T =- : =— ’ . 8
i+l i 0 9 ( )

Yac AT;, HeoOxinHuUi 11 Iepexoy 31 CTaHy Ha TTHMOWHI /; B CTaH Ha MIMOWHI /; + :

BusHaunMo piBHSHHS, 1110 IEPEBOAUTH CUCTEMY YIIPABIIHHA 31 CTaHy 3 TTIMOUHOIO
hi B craH 3 rauOWHOIO /iy Tpu OypiHHI OJHUM 1 THM K€ JOJOTOM, Y BHUIJISAIL
PI3HHUIIEBOTO PIBHSIHHS:

Wit+-W = Qﬁtzzy(Pi, n; Ka6p (hl)) (Ti+1'Ti) (9)

Jiig Toro, mo 6 no36asurtucs Bia T+ - T; miICTaBUMO MpaBy YaCTUHY BUpasy (8),
3pOOMBIIM BIJMOBIAHI TEPETBOPEHHS, OTPUMAEMO JUCKPETHUM aHAJIOT YMPaBIiHHS
00'€KTOM, 110 TIEPEBOJISATh CUCTEMY 31 CTaHy Ha IJIMOWHI /; B CTaH Ha IMOWHI /iy TIPU
OypiHH1 OJTHUM 1 TUM K€ JIOJIOTOM:

_ gﬂtzzy (})l > ni > Ka6p (hl )) ) Ah

F e Pty D () (10

ITpu 3MiHI 70JI0Ta BUTPAYAETHCS Yac Ha CITYCKOIIIHOMHI orepartli ¢ =t; + Ty, Ipu
IIOMY ITICJIsI 3MIHM CTaporo J0J0Ta 3HOC Y HOBOTO JIOPIBHIOE HYNIO Wiy = 0, TMOuHa
CBEP/IJIOBUHU HE 3MIHIOETHCA ;41 = hj, HOMEP J10JIOTA 30IBIIY€EThCA djv ) = di11.

CxeMatnyHa UTIOCTpaIlisi aJITOPUTMY BHOOPY MOCIIAOBHOCTI 3HAYEHb KEPYHOUUX
napameTpiB P; 1 N; mpu OypiHHI Ha 3a7aHy TAHOWHY H, 10 IOCTaBISIOTH ONMTUMYM
11b0Boi GyHKii (1) mpeacrapneHa Ha pUCYHKY 1.

VY BIANOBIAHICTH 3 MPUHLIUIIOM AMHAMIYHOTO NMPOrpaMyBaHHS 0OTa aNrOpuTMy
3IiiiCHIOETRCS Yy n1Ba eranu. Ha mepuiomy etari poOOTH alropuTMy, MOYMHAIOYU 3
OCTaHHBOI JUISHKH YMPaBIIHHS 3 TIUOMHOIO /. 1 70 MUIBHUIN YOPaBIiHHS 3
TJIMOMHOIO /;, IS BCIX MOMKJIMBHX CTaHIB CHCTEMH <w;d; > 3 TJIUOMHOIO h;
MIPOBOJUTHUCS BUOIp TaKMX 3HAYEHb KEPYIOUUX BIUIMBIB U;*, SIKI IEPEBOJSATH CUCTEMY 3
MOTOYHOT'O CTaHy B KIHIIEBE CTaH 3 TJIMOMHOIO /1y 32 MIHIMAJILHUH Yac.

w,=w —In|l
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tII-

- -+

N 4 | 3HOC B

/\‘.\vrﬂoﬁaﬂana DHTE!\IZ.TILHZ}
3!10: TpacKTOpin I
T T nmepexiaHa || /\-"k - MicnesH#i ONTHMA/IbHEH
HOBe Jo0d0To || | # ) BHbip ]
IHOC ‘ \ " HeOoOTHMAIBHA TPBEIC'I'DP:H

Oonoto Net ﬂDMTO Na2
Pucynok 1 - Cxema ajnropurmy onrumisamii
IDicepeno: [3]

Ha gpyromy etami, BUXOASYU 3 3HAUEHb KEPYIOUHMX BIUIMBIB OTPUMAHUX JUISI BCIX
JOMYCTUMHX CTaHIB CUCTEMH, BiIOYBa€ThCA BHUOIpP MOCIIIOBHOCTI 3HAYEHb KEPYHOUMX
napameTpiB < P,_, n,_, Sy, Kl 33JJ0BOJILHAIOTH KpuTepito (1).

Posrnsaemo mepmmii  eranm poOOTH anroputMy. 3pOOMMO TEpIIMH  KPOK
ONTUMI3alIli 111 OCTAaHHBOI JUISTHKY 1HTEpBAITY YIIpaBIiHHS.

Bynemo po3risgaty BUNaaku, KOojau OypiHHS 3aKiHYMIOCS Ha 1-My, 2-My, ...Dpyax-

d
N1 3HaXOIMMO METOJIOM Iepebopy

BCIX MOXKJIMBHX 3HA4€Hb YIPaBIIHHS Taki 3Ha4eHHS <P, ,S, >, SKi MIHIMI3yIOTbh

MYy 32 paXyHKOM JI0JIOTi. IJi1 KOXKHOTO 3HAaYEHHS w

kputepiit (3.4). 3rigHO 3 MPOILEAYpPOI0 JMHAMIYHOTO IMpPOrpamMyBaHHS, B SIKOCTI
ONTUMAJILHOTO PIIICHHS CJIiJ B3ATH T€, JISI SIKOTO Yac Mepexoay MIHIMAJILHO:
*d d _ d
LT N1 W) = min AT (h 1w 1> Pyl d=LD ax ° (1)
PN_2EP
n N_ZGN
ne P, N - MHOKMHA BCiX IMCKPETHUX 3HA4YCHb ynpaBuiHHs. Bci 3Hauenns <P, ,, n, , >,

T (hy Wi ,d, ) ans crany wl_,, d =1,D.__, 3aamM'STOByeMo.

[Tepeiinemo mo omrumizamii <P, ,,n, ,> Ha OCTaHHIN JAUIAHIN yrpaBmiHHS [2,3].

max ’

. . * %
SIKIIO B3ATH 10 yBard NMPHUHIMIT ONTHUMAJIbHOCTI, TO BUOIp <Py_j,nn_;> TOBHHEH
MPOBOJUTHCS TUTBKH B 3aJIeKHOCTI BiJl TIOYATKOBOTO CTaHY <Wn.i, dn.i> OCTaHHBOI
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AUIAHKH, HE 3aJIC’KHO Bl TOT'O, IKC 3HAUCHHA YIIPABJIIHHA <PN—2 ) nN_2> BI/I6I/Ipa€TBCH

Ha MOTMepeTHhOMY KPOIIi.

I 3HOBY U1 KO’)KHOTO IOYATKOBOI'O CTAHY <Wn.2, dn.o™> NEPENOCTaHHBOTO JUITHKH
(6epyuu 10 yBaru, 1o ONTUMaJIbHE YIIPABIIHHS Ha OCTaHHIM AUISHII 3aJI€XKHO BiJT <WN-
1, dx-1> HaMm BIJIOMO) 3HAXOJUMO METOJOM Iepebopy 3 YCIX MOXKJIMBUX 3HAYCHb

. * * . . .
KepYBaHHs Takl <Py_,,n,_,>, SKi 3B€PTAlOTh B MIHIMyM BHUpPa3:

- AT (hy_2 W5, Py_2, Ny_2)
min + Ty (hy 1, Wy, d) §$=0

Py_,€P,
x . N
T5 (hy-2.wh—2,d)= min s
Sy2<l0.1] AT(hy—2.0,Py_2,Ny_2) s-1 | (12)
min |+ 7 iy, il d + D)+ Ty, (o) | gy
Py_,€P, # Dmax
ny_,eN

[Ipy BOMY AJI KOKHOTO 3 OOMPaHMX 3HAYeHb <Py ,,nN_o> 1 <Wno, dno>
00YMCITIOEMO MMOYATKOBHM CTaH <Wy.1, dy.1> OCTAHHBLOI JIISTHKH.

Tak sk 3HayeHHA <wpy.y, dy.> LUIKOM 3aJI€XKHUTh Bl MOMEPEIHIX 3HAYEHb
<Py nys> 1 <Wna, dn2> , TO 3aMICTh <Wp.1, dy.1>, Y QYHKIIIFO MIHIMAJIbHOI IIOMUJIKH
T miACTaBUMO IpaBy YaCTUHY PIBHSIHHS 00'€KTY:

Ty (hy_p Wiy p,d) =

d
{ AT(hy_2sWyn_2,Py_2,Nn_2) } (13)
1 d N =
min | +7; (hy_, why_p, w3, Py_p),d |5 =0
Py_,€P,
= min a2 SN
Syel0,1] { AT(hy_2,0,Py_2,Ny_2) } -1
. d+1 )
min | +7y(hy_y, why_1,wlhy_2, Wi, Py, Ny_p),d +1) | d=D
Py_,€eP, max
ny_,eN

OuikyBaHi MIHIMaJIbHI BTpaTH VIS 3aIMIIWINCS J0 KIHIIS 1HTEpBay KEpyBaHHSISI
. . sk sk
JBOX KpOKIB 77 (Wn2, dy2) 1 3HAYEHHS ONTHUMAIBHOTO KEPYBaHHS <Py ,,ny p>

3aram'sToByeMo. [IpooBKy09r MOCTIIOBHY TIPOIEAYPY ONTHUMI3AIIIi, AJIT OCTAHHBOTO
N-T0 KpOKY OTPUMY€EMO:

By (hy Wy 1D = min[AT (hy,wy B, N+ (g wy od], d=1D oy (14)

max
PN— 2 ep,
eN

N-2
Ie ¢yHukiionanbpHe piBHAHHS bemnmana auckpeTHoi popMu MeToLy TUHAMIYHOTO
IporpaMyBaHHS JUIs BUPILIEHHS ONTUMI3ALIHOI 3a7a4l. Y 3arajlbHOMY BUINAAKY IS i-
iTouku [4]:
Monens (15) BimoOpakae OCHOBHI mapameTpu OypiHHS, Taki SIK TIUOMHA
CBEPIJIOBUHU, XapaKTEPUCTUKH IPYHTIB Ta 00J1aJHAHHSA TOILIO.
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AT(h,wé P N))
min +T1(hl-+1,wfil,d) 520
Py_p<Ps
o ) V-2
T (hj, W ,d)_S mmOI AT (h; 0, B, Ni) > (15)
N0 a4 | S
min |t B wigy>d + D+ Top(hy) |- d # Dmax
Py_»€P,
”N—ZEN
d:L N 1:_—1,1

BucHoBKH.

byno po3po0ieHo eQpeKTUBHUN anropuT™M ONTUMI3alii Yacy OypiHHS
CBEP/JIOBUHM Ha OCHOBI METOAY JIUHAMIYHOTO IPOTpaMyBaHHS MOXeE 3HaYyHO
MIABUIIUTA MPOAYKTUBHICTh BUAOOYBHHMX IUIOMIAIOK Ta 3MEHIIMTH BUTpPATH Ha
BUJI00YTOK BYIJIEBOJHIB. Pe3ysbTaTu bOro JOCIIKEHHS MOXKYTh OYTH BUKOPHUCTAaH1
JUIsE TIPaKTUYHOTO 3acTOCYBaHHS B HaTOra3oBiii MPOMHUCIOBOCTI 3 METOIO
onTUMi3alii Ta MiABUIIEHHS €(EeKTUBHOCTI TEXHOJOIIYHUX MPOIECIB OypiHHS
CBEPJIJIOBHH.
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Abstract. The work is devoted to the development of an algorithm for the optimization of well
drilling time using the dynamic programming method. The work determines the relevance of the
problem of drilling optimization in the context of hydrocarbon production and explores the
possibilities of improving the efficiency of this process. The work uses mathematical modeling to
represent drilling parameters and develops an algorithm based on the principles of dynamic
programming. The developed algorithm can become an important tool for improving the
technological processes of drilling wells and solving challenges related to the complexity of
geological conditions and high requirements for production efficiency.

Keywords: optimization algorithm, dynamic programming, mathematical model, optimal
control.
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Anomauia. Pozenanymo eumoxu, npodiemu ma cynepeuHocmi y CmeopeHHi ma 00CAi0NHCeHH I
wmyynoco iumenekmy. Illpoananizosano uoeo ponai y Kimemamozpaghi ma y MaubymuboMm).
3asnaueno nepcnekmugu, WIAXU HA HANPAMU PO3GUMKY, NPOSHO3U GYEHUX MA MUMyie ujooo
cnisgionowennsn LIl ma noounu. Busnaueno euou ma gopmu, siki mooxce npuvimamu II: 1)
8ipmyanbHi (KOMN IOMEPHI Npocpamu, CAMOHABYANbHI cucmemu); 2) MexauiuHi (anopoiou yu
pobomu);, 3) mexauixo-6ionociuni (kibopeu uwu mepminamopu), 4) cnaiuku J1HOOUHU 3
Komn tomepom); 5) ‘“xibepremuuHuil 3apodox”), y momy uyucii ‘“xKosexmue pobomis’, abo
“Mawunna yusinizayis’”.

Knrwowuoei cnosa: wmyunui inwmenexm, poOoom, MAHInYIAmop, MUCIa4a Mawiuua, Kioope,
AHOPOi0, N1HOCMB0, MOOETIOBAHHS CBIOOMOCHII.

Beryn

JlocnmpKkeHHsT B rajiay3i IITYyYHOTO IHTEIeKTY BHHHKIM IIiJ] BIUIMBOM iaei
CHITBHOCTI TIPOIIECIB KEpyBaHHS 1 mepemadl iHGopmarii B KUBHUX OpraHi3Max,
CYCHUIBCTBI 1 Komm torepax. CaMm TepMmiH “HIITYy4HMI 1HTENEKT yBeaeHun JIxk.
Makkapti B 1956 poui. ®Dimocodcbka “OpUHUHATHICTH MpoOIeMaTuku Oyia
00yMOBJIEHa CIIHO31aHCHKUM TBEPJKEHHSM, IO JISKUTH Yy 11 MIAIPYHTI, IPO TE, L0
“mopsAoK 1 3B’A30K i€l Ti K caMi, IO MOPSAOK 1 3B 30K peuein”. Tum camum
CTBOPUTH B KOMIT FOTEP1 CTPYKTYPY, 11O BIATBOPIOE “CBIT 1JI€¥”, 03HAYAJIO CTBOPUTH
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CTPYKTYpPY, 130MOp(hHY CTPYKTypl PpPEUOBHHHOTO CBiTY, TOOTO MOOYIyBaTH
“eNeKTpOHHY” MOJeIb CBiTY. L[ Moienb iHTepIpeTyBaiacs sk KOMIT F0TepHA MOJICITh
JIOJICHKUX 3HaHb PO CBIT, a MPOIEC JIOACBKOTO MHCIEHHS — SK TOIIYK TaKHX
TpaHchopMarliii Mojeni, MO MAarTh MEPEBECTH KOMIT IOTEPHY MOJETb Y JEIKU
¢biHaIbHUI cTaH.

Y Ham dYac BXe€ CTBOPEHO HH3KY JIOKaJbHUX INTYYHUX 1HTEJICKTIB,
NPUCTOCOBAHUX 0 KOHKpeTHuX cdep maisibHOCcT: yaT-00T ChatGPT mparoe y
J1aJIOTOBOMY PEXHMI Ha pI3HMX MoOBax; mporpama Deep Blue rpae B maxwu, a
AlphaGo — y ro; Watson 31atHa cipuiiMaTH JIFOJCbKY MOBY 1 pOOUTH WMOBIpHICHUM
nomyk; MYCIN giarHocTye  3aXBOPIOBAHHST IO  YAaCTKOBUM  CHMIITOMaM;
ViaVoice po3niznae MoBy; Midjourney reHepye 300pakeHHSI Ha OCHOBI TEKCTOBUX
3anuTiB, TensorFlow mpucrocoBana st moOyA0BH 1 TPEHYBAaHHS HEMPOHHOI MEpexi
3 METOI0 po3mi3HaBaHHs 1 kinacudikaiii oopasis, AIVA ckinanae cumdoHii Ta My3uKy
a0 ¢inemiB  (caynarpeku). LlTydynuii 1HTENEKT aKTUBHO BHUKOPUCTOBYIOTH Y
BIMCHKOBIN Taiy3l (IPOH Ta JIAHIIETH 32 IOTIOMOTOI0 MTPOCYHYTOI ONITHKU CaMOCTIHHO
pO3Mi3HaIOTh Ta (PIKCYIOTh KOOPAMHATH TEXHIKM Bopora (HaBiTh 3aMacKOBAHOI),
aHATI3YIOTh JaHi, TABUIIYIOUYH €(PEKTUBHICTh MPUUHATTS PIllIEHB), TOIIIO.

Ane, mompw 11e, MOCTalOTh CEPHO3HI MUTAHHS MPO CTYMiHb HOTO “pO3YMHOCTI”,
“MIOASHOCTI”, TMPHUCTOCOBYBAHOCTI 1O TPOOJIEM CYCIUIBCTBA Ta PIBHA HEOE3MeKH
moao moactBa [20]. i mutanHs myke akTyalbHi 1 MOTPeOYIOTh JOCKOHAJIOTO
JTOCIDKEHHST Ta PO3MJISAAy IMpoOJieMH B3a€EMOBIAHOCHH “IITYYHUW 1HTENEKT —
JIOIMHA” 3 HAUPI3HOMAHITHIIINX OOKIB.

OCHOBHHUII TEKCT

1. Heghiniyii IIIT

Y Xoai CTBOpPEHHs “HIITYYHOrO I1HTENEKTY  BYEHI 3IIITOBXHYJHCS 3 HHU3KOIO
TpyaHouIiB. OCHOBHI 3 HUX MOJIATAIN y TOMY, 110 JOTENep He ICHY€E OJHO3HAYHOTO 1
3araJbHONPUIHSITOTO BUSHAYCHHS 1 PO3YMIHHS “IITYYHOTO 1HTENEKTY . IcHye Oe3miu
BH3HAuUEHb 1bOT0 TepMiHy. Tak, A. B. TumodeeB npomnonye Ha3uBaTU 1HTEIEKTOM
“3MaTHICT MO3KY BHPIIIYBaTH IHTENEKTyalbHI 3aBJAaHHA LUIIXOM NPUIOAHHSA,
3armam’sITOBYBaHHS Ta IUIECTIPSIMOBAHOTO MEPETBOPEHHS 3HAHb y TPOIIECI HABYAHHS
Ha JIOCBIJl Ta ajamnTaiii A0 pi3HOMaHITHUX 0OCTaBHH’ (“‘Kak aJlfOPUTMHYECKOE W
IporpaMMHOE OOecrieueHre €ro ympaBisiiolieil cucteMsl (“mo3ra”), obmamgaroiiee
CIIOCOOHOCTBIO MOJEIUPOBATh (OTOOpaXkaTh) OKPYKAIOIIYI0 Cpeay U penarb
MIUPOKUM KJIACC MHTEJUIEKTYyalbHBIX 3a/7a4 MOCPEACTBOM OOy4YEHHUsI Ha OMbITE U
ajanTallii K HM3MEHSIOMMMCS yCIoBUsM (yHKuuoHupoBanus™) [23, c¢. 27]. V¥
¢dbinocodii 1HTENEKT XapaKTepu3y€ BITHOCHO CTIMKY CTPYKTYpy PO3YMOBHUX
3M10HOCTEW 1HAMBIZAA, IO BHSBISAIOTHCA, HANPUKIAA, B yMIHHI CHOpUMaTH
1H(opMalIlito 1 BAKOPUCTOBYBATH 11 JJIsl pO3B’SI3aHHS TUX YM 1HIIUX 3aB/IaHb.

IchytoTs cyTo moBeainkoBi Bu3HaueHHs. 3a O. H. Kommoroposum, Oynb-sika
MaTepiajibHa CHUCTeMa, II0 3 HEI0 MOXKHA JOCUThH JOBrO OOTOBOPIOBATH MPOOJIEMH
HayKH, JITEPAaTypy 1 MUCTEITBA, MA€ 1HTENICKT. [HITUM TPUKIAAOM IHTEIEKTY MOXKE
ciyryBaTu Bimome BusHaueHHs A. Teroopiara [23, c. 19-22], 3acHoBaHe Ha
CHeIiaJbHO OpraHi3oBaHi “Tpi B IMITamil0” MK JIOIBMH 1 MAIIMHOK, IO
3HAXOJAThCA B PI3HUX KIMHATaX, aje MalTh MOXJIMBICTh OOMIHIOBATHCS
iHpopMartiero. SKmo B mpoleci Aiamory MiX yYacHUKaMd TpU HE BAACTHCA
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BCTAHOBUTH, IO OJWH 3 HUX — MAalllMHA, TO TaKy MaIIMHY MOXXHAa BBaXXaTH
HAJIJICHOIO 1HTEJIEKTOM. HemonKkoM ThIOPIHTIBCHKOTO BH3HAYEHHS € TE, IO B
MIPUHITUIII MOKHA MMOOYTyBaTH aBTOMAT 3 TTOBHUM HAOOPOM pIllieHb Ha BCl MOXKJIMBI
3amauyl — 1 YyJAaBaHWUW I1HTEJEKT 3BEAEThCS 1O TPOCTOTO BUOOPY B IaM ATi
BIJIMOBITHOTO pIlIeHHsA. Y HaW3araapHINNOMY 3HA4Y€HHI IITyYHWH 1HTEJIEKT — IIe
CYKYITHICTh aBTOMATHYHHMX METOMIB 1 3aco0iB IIJIECIPSIMOBAHOI IEepepOOKHU
iH(dopMarlii BIANOBIAHO JO JOCBiMy, IO HAOYBAEThCS B TMPOIECI HABUAHHA, U
ajanTaiii Ipu BHUPIMICHH] pi3HOMaHITHHX 3anad [23, c. 45]. OcobauBOCTI Ti€l 4u
1HIIOT CUCTEMH IITYYHOTO 1HTEJIEKTY BU3HAYAlOThCS BJIACTUBOCTSAMHU 3aKJIQJICHUX Y
Hel aJITOPUTMIB 1 IPOTPaM 1 TEXHIYHOKO peati3alli€lo.

CyuyacHi HayKOBIIl TOHATTIO «IITYYHHUI 1HTEJIIEKT» Jal0Th TaKe BUSHAUCHHS:

“llTyynuit 1HTENeKT — (YHKIUA IITY4HOI CBIJOMOCTI, fKa IpeJCcTaBlIeHa
CTBOPEHOIO Ta KOHTPOJbOBAHOK HEK CHUCTEMOIO aJIFOPUTMIB, 3a0e3leuye
CaMOHAaBYaHHS 3T1HO 3 HasABHOIO 1H(OpMaIi€l0, HAOYTUMHU 3HAHHSIMH, MPaBUIIAMH,
3aKOHaMHU CYCHIJIbCTBA Ta CBOIM JIOCBIIOM, CTBOPEHHS Ha IIiii OCHOBI HOBUX 3HAaHb
JUTsI BUKOHAHHS JIOPYYCHb JIIOJUHU, & TAKOXK 3AaTHICTh MMPOBOJIUTH CAMOJIIaTHOCTHKY
i 0OOTpyHTOBYBaTH NMPUKHATI Heto pimeHHs [20, c. 62].

Brim, HaiimeHyBaHHS “MITY4HUH IHTENEKT Ma€ 1 JSSKHi MeTaQopuaHui
migrekct. TBopmi cucrem kmacy Il (mTyuyHuit 1HTENEKT) HE KEpPYIOTHCS
MICUXOJIOTIYHUMH CTPYKTYpaMH, IO BJIACTHBI TMPOIECaM JIFOJACHKOTO MUCIICHHS,
HaWBaXJIMBIIIOO BIIMIHHICTIO SIKOTO € MOBa. 31CTaBJICHHS MPUPOIHOTO 1HTEIEKTY 31
ITYYHUM POOUTHCS TIUIBKH 3a pe3ysibTaTaMH iX (yHKIIOHyBaHHs. TOX IITy4YHHI
1HTEJIEKT Ha CbOTOIHIIIHIN JEHb HE MOXKE MPETEHIyBaTH Ha OYy/b-sIKEe 31CTABJICHHS 3
oM yHKIIIOHATBHICTIO 1 0€3MEKXHUMH 3/1I0HOCTSIMU JIIOJICBKOTO 1HTEIEKTY. AJle 3a
OKpEMUMHU CBOIMH TIapaMeTpaMH KOMIT'IOTEpPHI CHCTEMHM 3/JaTHI  3HA4YHO
nepeBeplIyBaTi BIAMOBIAHI MOXIUBOCTI JoauHu. Chnuparouuck Ha e, B. I
3iHYCHKO Ha3WBa€ KOMIT'IOTEp HE IITYYHUM IHTEJIEKTOM, a IHCTPYMEHTOM
IHTEJIEKTyaJIbHOI 11 a00 3pedYeBICHUM IHCTPYMEHTOM IHTEJIEKTY, 1[0 MOXE 1CTOTHO
MOJICTILINTH, TPUCKOPUTH, MiIBUILUTH TOYHICTh NPUUHATTA pitieHHs [9, c. 59].

2. Icmopia numannsa

I3 camoro mouaTky mOsSBH CHpOO CTBOPEHHS IITYYHOTO IHTENEKTY OyIio
MOIIMPEHE TEPEeKOHAHHS IMOJO0 TMPUHIMIIOBOI 3JaTHOCTI KOMIT IOTepa [0
CaMOCTIHOTO JOCHI/DKEHHsI MOJei, 1o 30epira€rbcsi B  HBOMY, TOOTO 10
CaMOCTIMHOTO HaBYaHHS CTpaTerii JOCSITHEHHs MocTaBiieHoi MeTu. Jlume y 1980-x
poKax OyJIO YCBIJIOMJIEHO 3HAUYIIICTh MPOOJIEMU BUKOPUCTAHHS B 1HTEIEKTYaJIbHUX
CUCTEMAax JIFOJICBKUX 3HAaHb MPO MIACHICTh. AJie 1€ paHillle oYaaucs AOCTIIKEHHS,
3B’s13aHI 31 cnpoboro  (opmanbHOro OmMCy 1  KOMITIOTEpHOI — peaiizaiii
IHTEJEKTyaIbHUX CHUCTEM, II0 HE OOMEXKYIOThCS MOJCIIOBAHHSAM [IACHOCTI abo
3HAHHSAMHU TMPO MIMCHICTh, ajle CHHUPAIOTHCS HA CXEMHU YCBIJOMJIEHHS $K camoi
TIHACHOCTI, TaK 1 ii oOpa3iB. CxeMu Il 3aCHOBaHI Ha YITKOMY MAaTEMaTHYHOMY OIIHCI
cTpykTyp pednekcii. Ileit minxing (akTudHO O3HA4YaB PO3PHB 31 CIIHO31aHCHKOIO
17I€0JIOTI€10 IITYYHOTO IHTENICKTY [26, c. 163-164].

dinocodecbka Tpanuilisi Ha3uBae pedIeKCier0 TyMKYy TPO TyMKY, TOOTO KOJIH
MpEeAMETOM ITyMKH BUSBISAETHCS HE pid, a (akT mucieHHs. Pedmekcis — mymka
cy0’ekta mpo o00pa3 AiWCHOCTI, TOOTO KpUTHYHUK o00pa3 mbporo ooOpasy, M0
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NPUITYCKa€E OILIIHKY CTBOPIOBAHUX B ysB1 Mojenel. Kiiacuuna mapagurma mry4Horo
1HTEJIEKTY ITHOPYE JaHy 0OCTaBUHY 1 TOMY HE IIKaBUTHCS PeIICKCIETO.

Ha BigMiHY Bij 3BHYaHHMX MAIMH, INTYYHHHA I1HTEJICKT TICHO 3B’S3aHUH 13
MPOOJIEMOTO TICUXIKH. Y KIOEPHETHYHOMY MOJICTTIOBAHHI TICUXIKU CIIiJ] 3a3HAYHUTH 1B
ICTOTHIX MOMEHTHU:

— y3araJIbHCHHsI TOHATTA ‘“‘MamuHa”, MO Yy KiOCpHETHUIll PO3TIATAETHCS SK
OPUCTPiH, U0 HE TUIBKU MEPETBOPIOE PEUOBUHY U €HEPriio, ajie TOJIOBHUM UYHWHOM
nepeTBoproe iHpopmariiwo [29, c. 37];

— €IHICTH (P1310JIOTTYHHUX 1 ICUXIYHUX MPOIIECIB.

[nei npo poiib BUNEpEIKEHHS B MPOLiecax BiIOOPa)KEHHS PO3BUBAIOTHCS B TaK
3BAHUX ‘““KUBHUX~ MOJENAX, KOJU 32 MOJEILHUM 00’€KT I JEAKOI JOCIIHKYBaHO1
010JI0T14YHOT CcHCTEeMH OepeThCsl 1HIa O10JIoTIYHA CHCTEMA. I[o HUX BIJIHOCATHCS
MOJIeJIl 30BHIIIHBOIO 1 BHYTPIIIHHOTO CEpPEOBHUINA Ta “MOAENl MOTPIOHOIrO
MaOyTHROTO”. Y C1 Hallll ySBIEHHS MPO 30BHINIHIA CBIT MaTepiadbHO 3IMCHIOIOTHCS
HEPBOBMMHU TIPOIIECAMH MO3KY, SKI MOXHA pO3MJSIIATA y BHIJISAI CBOEPITHUX
MoJieIeH “30BHIMHBOrO cepepoBuma’. Ile onun 3 TumiB ““kuBuX’ Moaenei. [Hmmi
TAN — IITYYHI MOJENI, JDKEPEIOM SKHX MOXKe OyTH, HAmpuKiad, METOIHNKa
nocimkerHss ymoBHUX pediekcis 1. I1. I1aBmoBa, 1o mojsrae B 13011l OpraHizmy
BiJl PEaJbHOTO 30BHINIHLOTO CEPENOBUINA ¥ y CTBOPEHHI 1i MTYYHOI CHpPOIIECHOI
Mozem. Y MO30K HaaXxoAauTh iH(opmaris i3 ‘“cepeauHu’” oOpraHizaMy — 3 HOTro
BHYTPIIIHIX OpraHiB, M’s31B 1 T. iH. Ha 1111 0OCHOB1 B MO3KYy YTBOPIOEThCS ‘‘HEPBOBA
MOJIeNIb” BHYTPIIIHBOTO CEPEJOBHUIIA — CBOTO POJY MaTepiaibHUNA KOJ, SKUM
3anucaHa iHdopMallisi Tpo MOTOYHE CEPEIOBUIIE 1 LTy HU3KY JKUTTEBUX IPOIIECIB.
Axmo 1Hpopmarlito, HEOOX1HY JJIsI TOOYJOBH 30BHIIIHBOTO CEPEJIOBHIINA, MO30K
OJIEp)Ky€ 4Yepe3 OpraHd MOYYTTIB, TO BIJOOpa)KEHHS YU MOJENb TOro, y IO Mae
NEPETBOPUTHUCA 1€ CEPEAOBHIIE BIAMOBIIHO O MOTPeO OpraHiaMy, MO30K CTBOPIOE
caM — X0u4a ITOKH III0 HE SICHO, SIKUM “KojoM’ 1 B akux (opmax. ITizHaBabpHI mporecu
OyIb-sIKO1 CKJIQIHOCT1 SIBJISIIOTH COOOK0 AaKTMBHE MOJETIOBAHHS CIPUHMAHOTO
dbparmMeHTa IiiCHOCTI.

AHami3 nuTaHb KiIOEPHETHYHOTO MOJICIIOBAHHS pPOOOTH MO3KYy JI03BOJISE
3poOWTH JBa ICTOTHI METOMOJOTIYHI BHUCHOBKH. llepmmii CTOCye€ThCS aHamizy
CHIBBIJHOIIEHHS MOXJIMBOCTEH JIIOJMHUA 1 KIOGpPHETUYHOI MAIIMHW B TUTaHI
MOJIETIIOBaHHSI Ha MamluHI (QYHKIIHA MHUCIEHHs. J[pyruii BUCHOBOK BiJIHOCHTHCS JIO
3’sICyBaHHSI YMHHUKIB, 110 OOMEXYIOTh MOXKJIMBOCTI KIOEPHETUYHOTO MOJICITFOBAHHS
NICUXIKW, OJAHUM 31 HUISAXIB TOJOJAHHS SKOi € po3poOKa METOJIB €BPUCTHUYHOTO
IporpaMyBaHHs, 3aCHOBAHOI'O Ha BHMBYEHHI 1 BUKOPHCTAHHI MPHUHIUIIB MHCICHHS
JOJTUHU.

[Tepiii cipobu MOACIIOBaHHS TaKUX CTOPIH JIFOACHKOL TISUTBHOCTI, 1110 31al0ThCS
JIOJIMHI JIy’e MPOCTUMH, 3ITKHYJIMCS 13 BeIUMKUMH TpyaHomamu. (Hampuknan,
Cepii03HOI0 TPOOJEMOI0 JOTENEep BBAXKAETHCS PO3Mi3HABAHHS OOpa3iB CHCTEMaMH
MITYYHOTO IHTENEKTY. XO04Ya BI3HAYMMO, 110 TPOOJIEMH pO3Mi3HABAHHS TEKCTIB 1
nepeKyiagy, [0 BBAXAIWCA paHille HE MEHII CepHo3HUMH, OyJId YacTKOBO
BUPIIIIEH]).

TpyaHomii MoaemtoBaHHS CBIIOMOCTI HaBITh Ha MOYYTTEBOMY DPiBHI MOB’s3aHi
HacamImepes 3 LUTICHUM, IHTeTpaTUBHUM XapakTepoM ii (pyHKuioOHyBaHHS. MoxkHa
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CKa3aTH, 10 AISUTBHICTh CBIIOMOCTI Mae cucTeMHUi xapakrtep. Lle Bupaxkaerbcs, no-
mepmie, y TiM, 0 OKpeMi (OpMH TMOYYTTEBOTO IMI3HAHHS BHUCTYMAIOTh Y
B3a€MO3B 3Ky 1 €IHOCTI; MO-ApYyre, IXHA [ISJBHICTH ICTOTHO 3aJIEXKUTh BIA
MUCIICHHSI.

KibepueTrrka i MaTeMaTH4HA JIOTiKa TIOCTYIOBO IUIIIIIN BUCHOBKY, 110 OYy/Ib-SKa
YiTKO OKpECIICHa 1 MaTeMaTHYHO OomucaHa — ¢opMmajizoBaHa W aaropuTMI30BaHA —
rajgy3b IHTENEKTyaJlbHOI MISUIBHOCTI JIIOJWHU B TPHUHLHUII MOXe OyTh mepenaHa
mamuHi (“re3a Teropinra”). A0Go0, I1HIIMMH CJIOBaMH, BCSKHM JeTEpPMIHOBAHHI
IpoLeC, CYTHICTh SKOTO MOKHA TOSCHUTHU JIFOJIMHI, TMOTEHUIHHO 3/1iMCHIOBAHUN
MAaIlIMHOI0, SIKIM HaJlaHO HEOOMEXKEHHUH Yac 1 sika Mae MaiKe HEOOMEKEHY IaMm’siTh.
Onnak Tpeba BIAPI3HATH NOTEHINIAHY 3A1MCHIOBAHICTh BijJ 3/1MCHIOBAHOCTI 3a
JIOTIOMOTOI0 peaibHO HassBHUX 3ac001B. OCKIJIbKH 301raTucsi 00uBa 11i BUAU MOXKYTh
TUIBKH JIJIS1 HAATPUPOIHOTO IHTETIEKTY.

BunHnkae mpuUHIMIIOBE 3aMWTaHHS: YM MOKHA MOJEIIOBATH 1HTEICKTYalbHY
JUSITBHICTD, @ SIKIIIO MOYHA, TO 5K I1e 3poOuTH? ICHYIOTB JBI TOYKH 30DY.

1. bararo BYeHMX BBaKalOTh OE3CYMHIBHHM, IO OOYHCIIOBAIbHI MAIIWHH 1
pOOOTH MOXKYTh y MPUHIIMIII MaTH BC1 OCHOBHI PUCH 1HTEJIEKTY. TaKuM YHMHOM, BOHU
JAI0Th TO3WTHUBHY BIATIOBIAh HA 3alUTAHHA ‘UM MOXXYTh OOYMCITIOBAJIbHI MAIIHHH
a60 poootu muciutu?”’ (A. Tumodeen [23], A. Trropinr [23], 1. IIkmoBchkuit [25]).

IcHye kinmpka TUIAXIB PO3B’SI3aHHSA 3a7a4 3a JIOMOMOTOI) CHCTEM IITYYHOTO
IHTEJIeKTy: a) IMOBHE IepeOupaHHsS BapiaHTIB, IO MPAKTUYHO HEMOXKJIUBO uepes
BEJIMKY KUIBKICTh IHTEJICKTyaJIbHUX 3a7a4; 0) eBpUCTUYHI ¥ aJanTHBHI aJITOPUTMH.
Hamu Oyno po3poOieHO KOMIUIEKC Mporpam JJid HOPUUHATTA pillleHb Yy
OaratokpuTepiaibHUX YMOBaX, SIKM CIIUpaBCs HA CHIBIIPAII0 MAIIMHU 3 JIIOJIUHOIO
(JTFOAMHO-MAIIMHHI TIPOIEAYPHU) y JIAJIOTOBOMY PEXUMI 1 4epe3 If0 CIIBIIPAIlto
BII0YBaJIOCsS HaBYaHHS, CAMOHABYaHHA M CaMOYyJOCKOHAJIEHHsI poOOTH MporpaM o
BHOOPY HAMKPAIIOro KOMIPOMICHOTO PO3B’SI3KYy (QHAJIOT IITYYHOTO IHTEIEKTY Yy
ramy3i NpuiHATTS pimeHs). [Ipy npoMy A7 MOIIyKYy ONTUMAaIbHOTO KOMIIPOMICHOTO
PO3B’S3KYy B 3QJICKHOCTI BiJl TUITy 3aa4 MU KOPHUCTYBINCS TaKUMU METOIAMHU:
METOJI PIBHOMIPHOI ONTHUMAIbHOCTI; METOJl CIPABEAJIUBOTO KOMIPOMICY; METOA
BaroBO1 3TOPTKU KPUTEPIiB; METOJT 1/1ealIbHOT TOYKH (TapaHTOBAHOTO PE3yJIbTaTy a0
PIBHOMIPDHOTO CTHCHEHHS); METOJ[ JOCSTaHHS HEIOCSHIKHOTO pe3yJbTaTy; METOJ
TOJIOBHOTO KPUTEPIIO; METO JIKCUKOTPa(IgHOTO YHOPSAIKYBAHHS KPUTEPIiB; METO
MOCJIIIOBHUX MOCTYIOK; METOJ] BUKOPUCTaHHSI KOHTPOJbHUX MOKa3HUKIB [15, c. 72-
74].

2. dpyra Touka 30py NpOTUJIEKHA NepiIiil. J[eski BUeH1 CXUIIAIOTHCS HA KOPUCTh
HETaTUBHOI BIJIMOBI/II HAa 3alUTaHHS, YA MOKE MalllMHA yHOJIOHUTHCS JIIOAWHI. Y
iXHbOMY 4HcIl 1 TBOpelb KioepHeTuku J[>koH (pon Heiiman. Posrmsipatoun 3agaqy
Opo MaIllMHHE MOJIETIOBaHHS HEUPOHHUX CTPYKTYp MO3KY, BIH MPUNAIIOB 0
TIIIOTE3M: SAKIIO CHCTEMa JIOCATA€E IEBHOTO CTYIICHS CKJIAJHOCTI, i1 OIMUC HE MOXKE
OyTu mpocTimmM, HDK BoHa cama. “Hemae cymuiBy B TiM, — mucaB Heiiman, — 1o
okpemy (a3y Oyab-sSK0i MUCTUMOT (POPMH MTOBEIIHKK MOKHA “IIIJIKOM 1 OJJHO3HAYHO™
omucatu 3a jgomoMoroto ciiB. llei ommc Moxe OyTH JOBTUM, OJIHAK 3aBXKIH
MoxumBuM”’ (“Her coMHEeHHMs B TOM, 4YTO OTHAEIbHYIO a3y JTr000M MBICITUMON
(hOopMBI IOBEICHUS] MOKHO ‘‘COBEPIIICHHO M OJTHO3HAYHO ™ OMHUCATh C MIOMOIIBIO CIIOB.
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DTO omnucaHue MOXET ObITh JJIMHHBIM, OJTHAKO Bcerja Bo3MOxHBIM) [16, c. 90]. 3
imeit ¢on Heiimana BummBae, mo mTpoOiemMa CTBOPEHHS MAIMHHOI TPOTPaMH,
3aTHOI BHUPINIYBAaTH BCl T1 PI3HOMAHITHI 3a/adyi, 10 YCHIIIHO BHUPILIYE JIOJCHKHI
MO30K, Ha/I3BUYaMHO Ba)kKKa, AKIIO He Oe3Ha iiiHa.

Panime mpo6iieMa mITy49HOTO THTENEKTY PO3TsiAaiacs sIK TeXHIYHA Mpolsema,
mo3B’s3aHa 3 peamizariero Ha EOM mporpam, mo 3/1aTHI BUKOHYBAaTH JESKI KJIacH
IHTEJIEKTyIbHUX Orfepariii. 3rogoM, OJHaK, 3 OJHOTO OOKY, TOMITHO 3MEHIIUBCS
ONTHUMI3M HIOJI0 IHTENEKTyadbHuX MoxunBocted EOM, a 3 1Hmoro, ctano sicHO, 110
IITYYHUH 1HTEJIEKT — 1€ HEe MPOCTO BAAJIO HAMKMCAaHA Mporpama, HOro CTBOPEHHS —
HAJ3BUYaHO CKJIaJHA MDKIUCIUIUIIHApHA MpobiiemMa, 0 BUMAara€e s CBOTO
BUPIIICHHS 00’ €HAHUX 3yCWJIb TCUXOJIOTIB, MaTeMaTHKIB, JIHIBICTIB 1 T. 1H. Tak,
NICUXOJIOTIsI MaJla JaTh CTpPOre BU3HAYEHHS 3HAHHA [l BUKOPUCTAHHA WOTro B
KOMIT IOTepHUX cucTeMax. JIIHrBiCTHKa Malla MOSCHUTH, SIK MPaIO€ MOBA, IO € HE
TUTBKY HOCIEM 3HaHb, alie 1 Oepe aKTUBHY y4acTh Yy iX GopMyBaHHi. OCKITBKH KOTHA
HayKoBa Taly3b HE Jaja HEOOXiOHUX BIAMOBIACH HA Il TUTAaHHS, BIIOMHUUI
MPEACTAaBHUK TUCHUILIIHKM ITydyHOTO 1HTenekty P. Illenk 3mymenuit OyB
KOHCTaTyBaTH, IO BJIACHE KOHCTPYKTOPaM KOMIT IOTEPHUX CHCTEM JOBOJUTHCS
CTBOPIOBATH CBOI JIIHIBICTUYHI 1 MCUXOJOTI4HI Teopii, abu AOMOrTucs e(peKTUBHUX
pIIIeHb CBOIX 3a/1a4.

VY HUHINIHIA Yac HAMITHUIMCS Ba HUIAXH JOCIIHKEHHS IITYYHOTO 1IHTEIEKTY:

1) mamumHHI cOCOOM PO3B’sI3aHHS 1HTENEKTYyaIbHUX 3a/lad MaloTh OyyBaTHCS
0€3 CTpororo Orjsiay Ha JIFOAUHY, 3HAHHS MPO TE, IK BOHA BUPIIIYE T1 UM 1HIII 3a/1a4i;

2) “OloHIYHO MHCISYi” BYEHI CIIOJIBAIOTHCS Ha CIEliaJbHO KOHCTPYHOBaHI
Mepexl IMTYYHUX HEHPOHIB Ta 1HIII aHAJOTH KOHCTPYKIIM, BiaacTuBi JroauHi [17],
[18]. Lleit HampsiMOK 3B’Si3aHUN 31 CTBOPEHHSM HOBOIO KJIAcy IPHUCTPOIB
OOUYHCITIOBANILHOI TEXHIKM — HEUPOKOMII'IOTEpIB. Y TMOPIBHSHHI 3 TPaguIIiHUMHU
yHiBepcaabHuMu EOM HEUpOKOMIT'IOTEpH BOJIOAIIOTh HHU3KOK HE3BUYAWHUX
BJIACTUBOCTEH, TTOPOKYBAHUX iXHBOIO apXITEKTYpOIO, MO TIEK YH 1HIIOK MipOI0
BiI0MBae AWMHAMIKY 1H(OPMAIIHHUX MPOIECIB TOJOBHOTO MO3Ky. Came TOMy BOHH
no0pe MPUCTOCOBaH1 JjIsl BUPIIICHHS CKIAAHUX 1IHTEIEKTYaaIbHUX 3a7a4 1, 38 TyMKOIO
(axiBIiB, 3peMITO0 TepeBepiiaTh iHTEeIeKT cBoro TBOpI [30]. ¥V 3B’sa3ky 3 mum
BUHHMKAE TIMTAHHS: YM HE BHI/IE TaK, IO, K TUIBKK EJIEKTPOHHUA MO30K JTOCSTHE
JIOAICHKOTO PIBHS, JIOACTBO BUKOHAE CBOIO ICTOPUYHY MICIIO 1, IK HACJ110K, 3HUKHE?

3 yCchOro BHKJIQJCHOTO BHUIUIMBAE, IO N0 PO3XOJKEHHS MIK MMOTEHIINHO
3M1MCHEHHHUM 1 (PAKTUYHO peali30oBaHUM Tpeda J0JaTH PO3XOKEHHsI MK (PaKTUIHO
peasi3oBaHUM 1 HEpeali30BaHUM y JOCTYIMHOMY JJis OIISIAY MallOyTHhOMY. A Mexi
MUK IIOTEHIIHHO 3MIMCHEHHUM 1 HE3MWCHEHHUM 3a JOIOMOI'OK0 aBTOMATIB
BIIMOBIAa€E Te3a KiOepHETHKH. I THUX, XTO BHU3HAE MATEPIaiICTUYHE IOJOKCHHS
po Te, 10 Oyab-IKUi MPOIeC MPUPOIM MI3HABAHUN 32 TOTIOMOIOI0 PO3yMYy, ISl T€3a
PO TPUHIIMIIOBY MOXKJIUBICTh MojemoBaHHs Ha EOM Oynb-sKOro peagbHOTo
MIPOIIECy, SKINO BiH SICHO W OJHO3HAYHO OMHCAHUHN Ha SKIHCh MOBI, — € TIPUPOTHUM
BHCHOBKOM 3 JIOTIKO-MaTeMaTu4dHOi Teopii oOuuciroBanHs. Ha nuranns mpo te, ae
MIPOJISATAE MEXKa MK peabHO 3A1MCHEHHUM JJI KIOEPHETHKH 1 peallbHO HEMOKIIUBUM
(x04a 1 MOXKJIMBO MOTEHIIIHAM ), BIITTOB1/II MU HE 3HAEMO.

Tak camo sK HeMae BHYEpPIHUX BIAMOBIAEH Ha Takl 3alUTaHHSA: Ha K
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cupoBuHi (iHpopMmallii UM 3HAHHSX) MalTh MPAIIOBAaTH CUCTEMHU MITYYHOTO
1HTEJIEKTY, 1 UM 3HAYMTH 1€, IO TAKOTO POy CHCTEMHU MOBUHHI IMITYBaTH PO3YMOBI
nporecu moauHK? Hapemiri, 4y MOXHaA mepenaTd MalivHl po3yMOBI 3110HOCTI
JTOIWHUA TOAIOHO 70 TOTO, SK HHUHI B JIFOACBKOMY OpraHi3Mi NPUPOJHE CepIie
3aMIHSIOTh MTYy9HUM [ 18]7

3. Ilpoobnemu é3aemun wimyunozo iHmeaexkmy i 1100uHu

€ Oarato 3amepeueHb 3 TPHUBOJY MOKJIMUBOCTI MOJEIIOBAHHS IKUTTEBUX
MPOIIECIB MCUXIKU 1 PO3YMY, SIKi MOKHA YMOBHO PO30OUTH Ha TPH THUIIH.

1. EBosrorniitHe 3amepedeHHs. MO30K CydacHOi JIOJUHHA — 1€ pe3yJibTaT
IpoLIeCy €BOJIIOLIII, [0 TPUBAB MUIbsIPAU poKiB. POO0Ta HE MOXKHA HaBYATH HAITO
TpuBaMii yac. ToMy HIKOIM HE 3’ SIBIATHCS 1HTEIEKTyallbHI MaHimyJsatopu [11, c. 94-
99]. Ilomusika Takoro MipKyBaHHS TOJISATA€ B MOCTYJIIOBaHHI TOTO, 110 aBTOMaTHYHA
cHUCTEeMa MOXKE IMITYBaTH BIIMOBIAHY 010J10T1YHY (PYHKIIIO (MUCIICHHS, TIOMIT 1 T. 1H.)
TUTBKY MIJITXOM KOITIIOBAHHS MEXaHI3MY 1 €BOJIIOIIIHHOTO TIUIXY CBOTO 010JI0TIYHOTO
npototuny. PoOOTH X TMOYMHAIOTH YYUTHUCS PO3B’S3aHHIO 1HTEICKTyaIbHUX 3aj1ad,
yKE€ Mar4W JIyX€ BHCOKY TIOYaTKOBY opraHizamito (“‘eBosomiitHuil crax’),
3aKIaIeHy B HUX JOAuHOI0. KpiM TOTO, MOXIMBUM € MUISX MPUPOTHOTO
HaKONMM4YeHHs 1H(opmaiii “KiOepHETHYHUM 3apOJKOM™ Yepe3 TOCBIA CIUIKYBaHHS 3
moapMu.  OauH 13 pO3pOoOHUKIB IITYYHOTO IHTENEKTy, repoit HoBenu “Kibep”,
313HA€THCS HOBONPU3HAYCHOMY HAYaIBbHUKY CBOTO BIILTY:

“~ Kinpka poOKIB TOMY MH CTBOPWJIM KIOGPHETUYHUN 3apOJOK, 3IaTHUM
PO3BUBATHUCS 3a AHAIOTIEIO 3 MPUPOAHUMU eMOpioHaMU 1 BOUpaTH B ceOE BCIO
iH(opMalliro, 1m0 HAAXOAUTH 10 HBOTO — 31 CBOIM CITIOCOOOM COpPTYBaHHS, 30€piraHHs
Ta kiacudikamii ii. JluTuHA pocia, He MiJIO3pIOIOYM MpO Te, MO0 BOHA — Kibep.
[Iporpamu mnpairoBasiu 0e3 nepedoro, 1 iMiTallis NoBeAiHKu Oyna Oe3nepeuHoro. | —
OCh pPe3yJIbTaT.

— Sxuii pe3ynbrar?

— Bu. A temep Te, AK nmaii MPOXOJUTHME EKCIIEPUMEHT 1 PO3BHUBATUMYTHCS
MporpamMu aJiamnTailii, mokaxe yac. Bubaure”.

(«Heckoapko JIeT Ha3aa MbI CO3/1alId KHOSPHETUYSCKUIH 3apOJIbII, CIIOCOOHBIM
pPa3BUBATLCA 0 AHAJIOTHUU C €CTECTBEHHBIMU AMOpHOHAMHU W BOUpaTh B ce0s BCIO
MOCTYTAIOINIYIO0 B HETO WH(GOPMAITHIO — CO CBOMM CITOCOOOM COPTUPOBKHU, XPAHECHUSI U
kinaccudukanuu ee. PeGeHok poc, He Mmojo3peBas O TOM, 4YTO OH — KuoOep.
[Iporpammel paboTanu 0e3 nepedosi, 1 UMUTALIKS TOBEeACHUS OblIa abcomoTHON. U —
BOT PE3yJIbTAT.

— Kaxkoi pesynprar?

— Bbl. A Temepp TO, Kak OyAeT Jajblle MNPOXOJUTh SKCIEPUMEHT M Kak
pa3BUBAThLCS NMPOTPAMMBI alanTalliy, TOKaKeT Bpems. 3Bunute) [3, c. 14].

JIx. Bappart nucas, mo mis ycBimomieHHs LI cBoel micii (SIK 1 MOXO0KEHHS)
MOXKe 3HQIOOUTHCS 1HIIiaIis, momToBX [1, c. 14-16].

2. ComianpHe 3alepeyeHHs, 3TiTHO 3 SKUM JIFOAWHA — “ICTOTa CcoIliaJibHA”, a
MUCTIEHHST — QYHKIIS HE JIOJWHW, a JIIOJACTBA, IO BUHUKJIO B PE3yJbTaTi
KOJIEKTUBHOI JiSTBHOCTI (COIIAIBHOTO KUTTS) JIOACH; poOOT K€ 1HAUBITyaTbHHUN 32
CBOEIO TIPUPOJIOI0, OTKE, BIH HE MOKe MaTu 1HTeNeKT [16, c. 102]. Ile 3anepeueHHs
MICTUTh Ty CaMy MOMUJIKY — TOCTyJaT Mpo Te, IO MIISX 0 MHUCICHHS MOXE OyTH
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Tinbkn ofuH. Cka3zaHe BWINE 30BCIM HE BHUKIIOYAE TOTO, IO IHTEJEKT MOXKE
pPO3BUTHCS B  TpOIeECl  IHAWBIAyaJIbHOTO  BUPIMICHHS  BCE  CKJIQIHINIAX
IHTEJeKTyalbHUX 3a7ad. KpiM TOro, 30BCiM HE BUKIIIOYEHE CTBOPECHHS ‘‘KOJIEKTHBY
poOOTIB” /ISl CIIUJIBHOTO PO3B’si3aHHS 3a7a4 (PEMOHT caMux ce0e, CTBOPEHHSI HOBHX
poOOTIB, HOBOTO MPOTPAMHOTO 3a0€3MeYeHHS 1 T. 1H.).

3. Tperiii Tum MOB’sA3aHUI 13 CYMHIBOM Y MOXJIMBOCTI iMiTallii 3a JOTIOMOTOO
HEXMBUX €JIEMEHTIB SBHINA >XUTTSA B3araigi. ToOTO CTBOpeHHs, BIATBOpPEHHS ii
CyTHOCTI Ha Oyab-SIKii SKICHO 1HIIN ocHOBi. OjHak, SKIIO BUXOAUTH 3
(GYHKI[IOHATLHOTO BU3HAYEHHS TOHATTA JKUTTA, AaHoro O. A. JlamyHoBHUM, SK
“BHCOKOCTIMKOIO CTaHy PEYOBHHHU, IKa BUKOPUCTOBYE AJIsI BUPOOTICHHS 30epiratoumx
peakiii iHpopMmaliito, M0 KOAYyEThCA CTaHaMH OKpemMux Mojiekyn” [13, c. 184], To #
y IIbOMY TUTaHI He 0aYUThCS HISIKUX TMPUHIIMIIOBUX YCKIaaHEeHb. CiocoOu KO IyBaHHS
iH(opMallii MOXKyTh OyTH pi3HI, 1 HE 000B’SI3KOBO I'PYHTYBAaTHUCS Ha OUIKOBIM OCHOBI.
Te 5k came cTOCY€EThCS 1 BUIIIOTO PiBHS OpTaHi3allii )KUTTs, piBHS ITUBLII3AIII.

VYci mi 3amepedeHHs] MOENHYE OJHA 3arajibHa JyMKa, SKa TOJSTaE B TIM, IO
MITYYHUN THTEJIEKT 000B’A3KOBO MA€ MOXOIUTH HA 1HTEJICKT JIOUHHU.

Opnak Te3a, M0 YaCTO BHICYBAETHCS: ‘‘AKINO JIOAMHA MIOCh POOUTH TaKUM
YUHOM, TO 1 MalllMHAa Ma€ poOUTH IIe¢ TaKk caMo’ — Oyke cmipHa. He BumagkoBo
BBEJICHO CJIOBO “IITYYHWN’ y Ha3By MPOOJEMH IITy4YHOTO IHTENEKTY, 1 TOMYy HE
30BCIM 3pO3yMiJla BUMOTa JACSIKAX YYEHUX, 00 MAaIMHHUN 1HTEIEKT 000B’SI3KOBO
OyB came TakuMm, K y mroawHd. Ilo cyTi, HEMae PO3yMHUX IiJACTaB Ka3aTH, IIO0
MAaIIMHHI MOJIEJIi MAIOTh HAOJIMKATHCS 32 CBOIM XapaKTEPOM 1 CTPYKTYpOIO 10 CXEMHU
CIIPUHHATTS 1 IepepoOKu 1H(PopMaIliil JTHOIUHOIO.

4. Ilo3umueni ma nHecamugHi poi WNYYHO20 ITHMe1eKmy

HITyyHuii IHTEIEKT MOXKe TPUHMATH PI3HOMAHITHI (POPMHU:

1) BipTyasibHi (KOMIT IOTEPHI pOrpamMu, CAMOHABYAJIbHI CUCTEMH );

2) MexaHI4YHi: aHApPOiau Yu PoOOTH (MOHATTSA POOOTa, “aBTOMAaTa y BHIJISIL
JTOWHO-JISUTBKY, SIKA KEPYEThCS TEJIEMEXaHIYHO Ta BHUKOHYE KiJTbKa CKIJIAIHUAX
omepariii” [28, c. 111], yBiB y moOyT 4yechkmii mucbMeHHuk K. Yamek y 1921 p. y
apami “PacymoBChKi YHiIBepcaiabHI poOOTH”), a TaKOXX PI3HOMAHITHI amapaTth 3
3aKJIaICHIMH Y HUX MIPOTPaMaMH i, CYITyTHUKH TOIIO;

3) mexaHiko-0i0J0TiuHI: KiOOpPTH YHM TEepMiHATOpH, MO TOKU MO 31 cdepu
(daHTacCTUKM, X04Ya, 3a JYMKOIO IIBEICHKO-aMEPUKAHCHKOTO acTpodizuka Makca
Termapka, 100a MITYYHOTO iHTEJIEKTY — 1€ 3aKOHOMIPHUN HACTYITHUN €Tal PO3BUTKY
posyMHux ¢dopMm, XKurrta 3.0., Ha SKOMY JIOJMHA HAPEIITI 3BUIBHUTHCSA BIJ
010JIOTIYHUX KaWJaHIB €BOJIIOIII 1 CTaHE MOBHOI[IHHMM TOCIOAApeM BJIACHOI J0Ji
[21]. BpaxoBytoum, 110 HHHI pi3HI OpraHH 1 HaBiTh CcepIe J'I}O,Z[I/IHI/I HABTHIHCA
3aMIHSATH INTYy9HMMH 1 BXX€ BHHHUKA€ THTAHHA TPO MOXIHUBICT ‘3aMiHH’ Y
MailOyTHROMY pO3yMy JIFOJIMHU IITYYHUM, MOKHA Ka3aTH MpPO Te, IO HacTauga epa
moYaTKoBOI “kiboprizamii” JOJIUHA — €10Xa MPOTOKIOOPTIB, SKi € JEIKOI0 3asIBKOIO
Ha 3MIHY XapaKTepy aHTPOIOJOTIYHOI €BOJIFOINI, M0 JaBHO Mepecrana OyTH CYTO
OlomoriuauM mpomecom [18, c¢. 272]. M. A. bepnseB, Hampukiaan, He OaduB
MIPUHITUTIOBUX TPYAHOIIIB Y MOXKJIMBOCTI BIIPOBA/PKCHHSI TEXHIKH B OPTaHIYHE KUTTS
1 HaBITh 3aMiHy HOTO, aje BBa)kaB IIe 3ryOHWUM i IuBLmizamii [7, ¢. 156-157]. V
TaKOMY pa3i JIOJANHA MOXKE MePeCcTaTh ICHYBATH K OCOOUCTICTh, 1HAUBI Ty alIbHICTb;
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4) TUMYacoBy 4YHM TMOCTIMHY CHAlKy JIIOAMHU 3 KOMIT IOTEPOM, KYIU
IIEPEHOCUTHCH 11 CBIIOMICTh. IIoKHM IO Taka MOXJIMBICTH mepeOyBae Imo3a MeXaMu
peanbHOCTI 1 OCBOIOEThCs e (aHTacTamu Ta pexucepamu (auB. poman C.
Cuninmaa “XKara BceBmagas” 2006 poky, dimemu “Tpor” 1982, “T'azonHokocap”
1992, “Hipsana” 1997, “13-it moBepx” 1999, “Tetimep” 2009, “Buxianiit kox” 2011
TOII0). AJie BUCHI HE CyMHIBAIOTLCS Y CKOPOMY BUPIIICHHI Ii€1 MPOOIeMH.

3HaMEHHO, 1110 TePII 3aCTOCYBaHHS MTYYHOTO 1HTEJIEKTY BBAXKAIUCS HAHOLIbII
HEOOX1IHUMHU JJI1 BIIPOBA/DKEHHsSI y MPABOOXOPOHHIN cdepi, 110 BiAPIZHAETHCS
qoTUpMa MOMeHTaMmH: 1) 3aKOHOM, IO CTAaHOBUTH IMEBHUN HaOlp mpaBuil (aKTiB,
IHCTPYKIIIH, KOACKCIB 1 T. 1H.), 1 MEXaHI3M IXHBOTO 3aCTOCYBaHHS (AITOpUTM ii); 2)
MiJBUIIEHUM PHU3UKOM CTOCOBHO TMPEICTABHUKIB 3aKOHY; 3) MOXKIHUBOCTAMHU
311MCHEHHS MTOMUJIOK Ta IXHIX HACHIAKIB; 4) pU3UKOM OyTH BTATHEHUM Yy KOPYIIIIIIO.

IlepeBara momiOHMX CTpakiB OYEBHUJIHA: BOHU Oaimyxi 10 MpobiieM Biaju,
ClaBH 1 TpOIICH, OTXKe, iX He MOXKHAa “KYNHTH ; BOHM YiTKI Yy BHKOHAHHI 1
3aCTpaxoBaHi BiJI BUNAAKOBHX a00 HAaBMHCHUX IOMMJIOK; OLIBII IMBUIKI B aHai3l
cuTyarii 1 BUOOpI diif; MakCUMajabHO 00’ €KTHBHI, CKPOMHI, HEMIAKYIHI, PO3YMHI,
3IaTHI HaBYATHUCS, O€3CTOPOHHI, JIOT1YHI, JOBrOBIYHI, Oe3CTpallHi, HaiiHI, 10 HUX
HE TOTPIOHI MipU MOKapaHHs 3a MOPYILIEHHS 3aKOHY, 110 € OCHOBOIO IXHIX Mporpam, i
TaKe 1HIIe.

MoskHa 3a3HaYUTH W OYEBMIHI HEOJIKHU: 3aBHUCAHHS B CHUTyalii PO3MHTOI
HEBU3HAUYCHOCTI, MOXJHUBICTH 30010 (X04a MHOro MOXKHA BIJTHECTH JO PO3PALY
“xBopo0”, MmO iM MmiajgArae 1 JIOAWHA, HAMPHUKIAJ, 3apaKCHHS BIPyCOM, yTpaTa
nam’Ti TOIIO); HEMPUCTOCOBAHICTh JO BUKOHAHHS HE3almporpaMoBaHHX (I3UUHUX
i (3aTpUMKa 3JIOYMHIIS, OINEpPAaTUBHUU TMOIIYK, HemepeadadyBaHa CUTyallis) 1,
HapemiTi, MPOTHO30BaHa BYEHHMMM 1 3arpo3jiuBa KaTacTpO(pIYHUMM HACIIIKaMHU
MOXJIMBICTh BHMXOJYy 3-MiJi KOHTpOJ0. B amMepukaHChkuxX (inbMax-aHTHYTOMISAX
“Tepminarop”, “Cymna Jpen”, “Mammnaa cmepti”’, “Matpukc”, “Jli3HaHHS ILIOTa
[Tipca”, “JIexc” poib BapTOBUX 3aKOHY BIBEICHO 3aTHUM MHUCIUTH MalllHAM —
poboTamM, 10 3roJ0M 30yHTYBAIUCS IIPOTH CBOTO TBOPIS (IIOBTOpPEHHS O10JI1iHOTO
OyHTY) 1 YU TO CTBOPWJIM CBOIO MAIIMHHY IMBIII3AI0, BOPOXKY JIOAWHI, YA TO
OOMEKUITUCS OTMHOYHUM OYHTOM.

Came B TakoMy, €CXaTOJIOTIYHOMY K04l OauWThCcs OarathoM TpoOema
IITYYHOTO 1HTEJIEKTY 3 yciMma i Hebe3neuHuMuy Hacaiakamu. HeraTuBHUM mporHoszam
3aKOHOMIPHO MPOTUCTOATH ONTUMICTHYHI (piapMu cepli “PobGokon” — Tomy
cBimueHHs). Came 1ieii MOMEHT OyB TpHUBAJIMN Yac MPUYUHOKO 3a00POHU CTBOPEHHS
OporpaMu IMITYYHOrO 1HTENeKTy Pumchkum kiyOom. Mucisya mamuHa, MITYYHO
CTBOpeHUM (Hexall 1 3 J00puMHM HaMipaMmH) IHTEJIEKT YSBJISBCS HEOJIMIHHO
0e3qylHo, TIMMHMOOKO AHTUTYMAaHHOIO CYTHICTIO. A mpaBo 1i CTBOpPEHHS
3amnepeuyeThbesl K 3amMax Ha mnpaBa bora, €quHO SKOMY HaJEXWUTh IMpeporaTusa i
¢byukmis Tropiaasa. [Toka3oBuM mpUKIaAOM MOMIOHOTO YSBIEHHS € MOBICTH Mepi
Menm “®pankenmreiin, abo CydacHuii [Tpomerteir” (1818), B aAKil yueHUN MITYIHO
(I3 TpymHUX OCTaHKIB) CTBOPIOE JIOACHKY IUIOTh, OACPKYIOUH Y TIACYMKY
MMOTBOPHOTO 1 MCTUBOTO MOHCTpa. ['oyioBHa mpoBuHa DpaHKEHINTEHHA MPU TBOMY
MoJIsirae He B MOTO MOMWJIIII Y CTBOPEHHI JIFOWHYU 1 HE B 3PAJHHUIITBI HUM BJIACHOTO
CTBOpIHHS, a caMe B Horo OaxkanHi ctatd TBopuem mry4ynoro xutTs. (LlikaBo, 1o
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Harnpukinii XX cr. manyBaabHUKU [{epkBu Caranu Jla Bes Ha 3anutanus “Y domy
nmoJisirae  CyTh caTaHi3My?”’ naayTh CTHCIY BIAMOBiAL: “Mu poOWMO IMITYyYHUX
moaen”’, mocwnarounch came Ha @pankenmreiina M. Hlemm [12]). Bimsepro
JUXOBICHUMU € JISITBKY ¥ aBToMatu ['odmaHa, 1m0 iMITyIOTh KUBUX JIFOICH.

Crpax mepen MalIMHOIO BUHUK B €MIOXY POMAHTHU3MY Y 3B’SI3Ky 3 PO3IOYATOIO
IHTCHCHBHOIO MEXaHI3aIli€l0 CYCIJIBCTBA, XO4Ya CBOIMH KOPCHSMHM JIaHA TPAJIUIIISA
BeJIE I1I¢ B MEPBICHUI CBIT Marii 1 MOXOPOHHUX pUTyaliB [24]. YV HaenekTpu3oBaHiii
atMoc(epi pPOMAHTHYHOI JTOOM HApPOKYBAJIUCA MPOIECH 1 CTUMYJIH MAariqyHoro
XapakTepy, 10 ONAaHOBYBAJIM IyIIaMH 1 BCEJSUIM axX A0 MexXaHi3alii CyCHiIbCTBa.
ITimzemui nyxu abo, 3a BucioBieHHIM A. Tepra (CHHSABCBHKOTO), “THOJUHONOAIOH]
aBTOMATH, SIK1 BIJIIITOBXYIOTh CBOEIO HEKHUBICTIO 1 BOJHOYAC MPUBAOIIIOIOTH KPACcolo 1
BJACTUBOCTSIMU pedYi, W0 YyAOBO OXuBae’ (“‘ueroBeKOOOpa3HbIE aBTOMATHI,
OTTAJIKUBAIOIIME CBOEH OE€3KU3HEHHOCThIO M BMECT€ C TEM [PHUBJIEKAIONINE
KpacoTOI M CBOMCTBAMHU 4YYJIECHO OxuBarouiei Bemn’) [22, c. 317], Bcemsuncs B
MapoBl KOTJIM 1 TOPTPETH, IO HECYTh TeYaTh MPOKIBOHY — MEpIs, IITYYHOTO
CYNyTHHKA 1 JBIMHMKA JIOJAMHHU, 10 Y poJii mpumapu abo pobdoTa BUXOAUB y Tepoi
enoxu. ‘“3aBojJiHA JISUTbKA TOJ[I BBAXKAJACs BEPIIMHHUM JIOCATHEHHSM TEXHIKH, 1 1€
Majo CEHC: TEeXHIKa — B 1Jeadi, B MOTEHIl — TMparHyia 3aMiHUTH JIIOJUHY
BOCKPECJIOI0 pivdro... MarmHa, 1mo o0pocia MpaBaonoi0HO0 JOICHKOI0 TJIOTTIO,
MpeEIIb, III0 0’KUB, CTAHOBIJIM IPUXOBAHY CXEMY, OCHOBY OCHOB peaji3My 1 HaJaBajH
BEJIMUE3HUHN BILJIMB Ha CYCHIJIBLCTBO 1 XYJI0KHUKIB cioBa” (‘“3aBojiHas KyKja Torja
OYMTANACh BEPIIMHHBIM JOCTHKEHUEM TEXHUKU, U 3TO UMEJIO CMBICI: TEXHUKA — B
ujeasne, B MOTEHIIMU — CTPEMIJIACh 3aMEHUTD YeJIOBEKa BOCKpecIel Benpio”) [22, .
317-319].

VYoke y mArpyHTI pOMaHTU3MY, Y MEPIii CripoOi BCTYIUTH Y CBITOTJISITHUM CIIIip
3 MAaIlIMHOIO, € MEePEAUYTTS, 110 CBIT nepedyBaec Ha XuOHOMY 1UIAXy. [ITydHuit CBIT,
III0 HAUM € HacaMIlepe yCsl CydacHa IUBLII3AIls, “‘CBIT-ep3all’, yce OiIbIe 1 OlIbIe
€MaHCHUITyBaBCsl BiJ] CBOTO TBOpPIIS, PO3POCTAaBCS HAA HHUM 1, HapemiTi, CTaB
(GyHKITIOHYBaTH BIJIMIOB1THO hi () CBOIX BJIACHUX 3aKOHIB.
VY nanucaniii HanepenoaHi Jpyroi cBiToBoi BiiiHu KHM31 “€Bporma 1 gyma Cxomy” B.
[IlyGapT TOYHO MPOBICTUB 3POCTaHHS POJI MAIIUHUA B JKUTTI CYCHUIBCTBA 1
HeOe3MeKn 3araJibHOI MamuHi3aIli (a HUHI — KoM toTepu3aiii). “He3Bu4aiHICTh
HOBO{ HUTTEBOI CHJIM, — IIUCAB BiH, — JI0/Ia€ JIIOJIMHI IIEMJIUBE MOYYTTS BICYTHOCTI
BOJl 1 cTpaxy. BoHa mouyBae ceOe MEpeMOKEHOK THUM TEXHIYHUM amapaTom i
opraHizaiisiMd, IO camMa CTBOpwiIa. AOO IHIIMMH CJIOBAaMH — MEXaHI3MU CTaju
aBTOHOMHUMHU. BoHM cTanmu pgeMoHamMu. Y HHUX 3HOBY BIJIPOJKYETHCS TOU
1ppalioHaJIbHUN €JIEMEHT, IO MPOMETEIBChKA JIOMHA BBaXKalla LIJIKOM BUTHAHUM 32
noromororo Mexaizanii”’ (“HeoOblYHOCTHP HOBOM KU3HEHHOW CHJIBI COOOIIAeT
YeJIOBEKY IIEMsIIIee YyBCTBO OTCYTCTBHUSI CBOOOABI M cTpaxa. OH 4yBCTBYyeT ceOs
MOOEXKIEHHBIM TEM TEXHHUYECKUM allapaToM M OpraHU3alusSMH, KOTOPhIE OH CaM
co3gan. inm WHBIMU CJIOBaMH — MEXaHW3MbI CTalW aBTOHOMHBIMH. OHH CTalH
JeMOHaMH. B HUX BHOBb BO3POXKIAECTCA TOT UPPAUMOHAIBHBIM 3JIEMEHT, KOTOPBIU
MPOMETECBCKUA  YEIOBEK TIOYWTAd TOJHOCTHIO W3THAHHBIM TIPH  TTOMOIIH
Mexanuzanuu’’) [27, c. 147].

JlyMKa Tpo aBTOHOMIIO MEXaHI3MIB YIepIle 3’SBHJIACS B MapKCHUCTCHKOMY
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BUEHHI, y TOHSATTI BUPOOHMYMX BIJTHOCHH, SKMM JIIOAWMHA Big4yBae ceOe HEMOB
BIITAHOIO JICSIKUM 37TUM JyxaM. Bech MapKCcu3M € He II0Ch 1HIIE, SK MPOTECT MPOTH
YPEUEBIICHHS JIFOAUHU, IIPOTH IIEPEMOTU HAJ 11 TBOPLIEM.

Sk xoucrarye B. Ilybaprt, “rexHika BBIWIULIA B CTAAil0 CBOTO BIIACHOTO
camo3uuiieHus”  (“TexHuka Bolmla B CTaAuI0  CBOEr0  COOCTBEHHOIO
caMmoyHuuToxkeHus’) [27, c. 149]. Mammna, ogHOro pa3y MylIeHa B XiJa, HE
3YNUHSAETHCS OUIbIIEe TaM, 1€ I[bOro Xoue JroAuHa. BoHa Iae 3a CBOEK BIACHOIO
JIOTIKOIO, a HE 32 HAKA30M Xa3diHa.

“He3BUuYaiiHICTh HOBOI JKUTTEBOI CHUJIM TOBIIOMJISE JIIOJAWHI IIEMHE BIIUYTTS
BIJICYTHOCTI CBOOOJIM Ta CTpaxy. BiH MouyBaeTbcsl MEPEMOKEHUM THUM TEXHIYHUM
arapaToM Ta OpraHizallisiMu, siKki BiH caM CTBOpHB. AOO 1HAKIIE KaXy4d — MEXaH13MHU
CTajdu aBTOHOMHUMH. BoHM cTanmu nemoHamu. BOHU 3HOBY BIIPOKYETHCS TOU
ippallioHaIbHUNA  €JIEMEHT, SKUM TIpOMETEeeBCKas JIOJMHA BBaXKajla IOBHICTIO
BHUTHAaHUM 3 JornoMororo Mmexaizamii’ (“HeoObYHOCTHP HOBOM KHM3HEHHOH CHIIBI
COOOIIAeT 4YEeJOBEeKy IIEeMAIIee YyBCTBO OTCYTCTBHS CBoOOAB U cTpaxa. OH
YyBCTBYET C€0s MOOCKICHHBIM TEM TEXHHYECKHM amnmnapatoM W OpraHU3aIlMsIMHU,
KOTOpBIE OH caM co3fai. Vmu MHBIMH CITOBAMH — MEXaHU3MbI CTaIM aBTOHOMHBIMHU.
Onu ctanu neMoHaMu. B HUX BHOBB BO3POXKIAETCS TOT UPPAIlMOHAIBHBINA AJIEMEHT,
KOTOPBI MPOMETEEBCKUIA YEJOBEK MOYUTAN TOJHOCTHIO M3THAHHBIM MPU TTOMOIIH
Mexanuzanuu’’) [27, c. 147].

VY Ham yac cTaBieHHS 0 3[JaTHOI MHCIWTH MalluHU, poboTa O6araro B 4OMy
Harajiy€ moBHI1 MICTUKU BIAUYTTS JIFOIEH €OXU POMAHTU3MY.

ITyyHuid 1HTENEKT, MOE€IHAHUN 3 OIl0JOTIYHUM TUIOM (JIFOJUHOI0), YacTo
OTOTOXKHIOETHCS 3 OKMBIICHUM MEPLIEM, IMOBCTAJIUM TPYIIOM, IO CTA€ MOJIOHUM 0
3amporpaMoBaHoi MamuHM (3rajgaiimo ¢uibmu  “JlockoHanmuit conpar”, “30M061”,
“Cynnsa Hpen”, “I'azoHokocap” Ta iH.). I1lo, 3HOB Taku, BKa3ye€ Ha HeraTHBHE
CTaBJICHHS 10 MOXJIMBOTO KOHKypeHTa 1o po3ymy. llonpasma, y “Tepminatopi-2”
(tak camo sk y ‘“PobGokomi”) poOOTH BXKE MHOAUISIOTHCS Ha TOTaHMX 1 J0OpHX
3QJIKHO BIJI 1X CTaBJICHHSA JO JIIOAUHHA: “32” 4m  “‘mportw’”’. 3arajbHa
KOMIT IOTepHU3aIlisi, CTBOPEHHS BIpTyalbHHX IIporpam, irop, Mmepexi I[HTepHeT i
MOMJIMBOCTI, IO BIIKPUIUCA Y 3B’SI3Ky 3 IIMM, ICTOTHO 3MIHWJIM CTaBJIEHHS [0
3IaTHUX MUCJIMTH MAIIWH y OiK MO3UTUBHUX, BOJHOYAC HAOIM3UBIIHN IXHIO pealbHYy
nosiBy B moOyTi 1 poOori. Tak 1m0 omucaHa BUIIE KapTUHA MPaBOOXOPOHHOTO
KOHTPOJIIO, JIe¢ TOJIOBHE pIIICHHS 3/AlicCHIOBaTUME Komm'torep (poOoT, aBTOMAT,
MaHIMyJATOp, arperar 1 T.iH.), a MPABOOXOPOHISIMU Y MUTHUKAMHU CTaHYTh IITY4HI
amapatyd (K 1€ JEeMOHCTPYIOTh pi3HI ¢aHTacTHUuHi (iapMu, 30kpema, “T'octsa 3
MaiOyTHbOro” (1985) 3 610p0OOTOM-MUTHHKOM Y CEKTOpi 4acy abo “Uyxui” 3
TOJIOBHUM KOMII IOTEPOM-KOOPJIMHATOPOM Marip’to Ta KOHTPOJIEpOM-aHAPOIIOM
Emem), choronini Bxke He 31aeThes hanractudHoro [19, ¢. 31-32].

5. Manoymmne cnaiiku «nroocmeo — I

MamuHHa IWBiTI3aIisS — HE BHUTaaKa (aHTacTiB, a IIUIKOM OOIPYHTOBaHa
peanbHiCTh. ' TobGanpHa Mepeka Internet Bixke croroani noegaye EOM B ogHe Benuke
“KOMIT’IOTEpHE  CITIBTOBAPUCTBO, 3a JIOIOMOTOI0 SIKOTO BimOyBaeThcs  iX
“cminkyBanHs”. I[iTkOM MOXIMBE CTBOpEHHS B MaWOyTHhOMY 1 MHBiTI3aMii
MITYYHOTO po3yMy — MamnHHOI nuBimzanii. M. C. Kapaames Bu3HayaB uBLII3aLIII0
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K BUCOKOCTIMKMW CTaH PEYOBMHM, 3[1aTHOI 30MpaTv, aOCTpaKTHO aHai3yBaTH Ta
BUKOPUCTOBYBaTH 1H(OpPMAIIIO i OTPUMaHHS SKICHO HOBOi i1H(opmarii mpo
HABKOJIMIIIHE CTAHOBHUILIE 1 PO CaAMOTo cede, sl CaMOBJIOCKOHAJIEHHSI MOKIIMBOCTEH
OTpUMaHHs HOBOI 1H(opMalii Ta Ui BUPOOJIEHHS 30epiralounx peaxiiii; MuBLIizamis
B1JIOKPEMITIOETHCS 0OCSTOM HAKOMHUYEHOI 1H(opMarlii, mporpamoro (GyHKIIIOHYBaHHS
Ta IPOCTOpOM I peam3zamii nux ¢yskmid [10, c. 48]. 3 mporo morisiay HeMae
MPOTUPIY Y MOXKIIMBOCTI ICHYBaHHS IIUBLII3allli 1HIIOT TPUPOIU, OKPIM O1IKOBOI.

OckinbkH poOOTH B anHuHHi MOXKYTh MaTH OCHOBHI BJIACTMUBOCTI 010JIOTTYHHUX
CUCTEM, iX MOXHA BIIHECTH 1 10 “KUBUX ICTOT’, SIKIIO PO3YMITH L€l TEPMiH JOCUTH
IHPIpOKO CTBOpIOIOYM JOCKOHAJIUX POOOTIB, JIIOJUHA CTBOPIOE 1 HOBE KHUTTS —

“XUTTS] poOOTIB”, — BUCOKOOPTaH130BaHe, ajie JAy>Ke CBOEPIHE 1 HE CXOXKE Ha Halle
BJacHe >KUTTs. BinOyBaeTbcs cTBOpEHHS pOOOTH30BAHOTO “‘O€3JII0AHOT0” MPOCTOPY.
BBaxkaeTbcs, 110 poib JIIOJUHA B TAKOMY MPOCTOP1 3BEJETHCA TIIBKU 10 CKJIaJaHHS
mporpaM, HaJarOJKEHHS 1 PEMOHTY ycTarkyBaHHS. Il TeHmeHiist Bxke
CIIOCTEPITAa€ThCS B PO3BUHYTHUX KpaiHax, Je¢ Bce OlbIlla YHMCENbHICTh HACEIICHHS
3aifHsATA B IMiH cdepi.

TBopIIl MITYYHOTO IHTENEKTY YaCTO HE 3aMHUCIIOIOTHCS MPO HEOOXITHICTh IIHOTO
1 MOJXJIMBI HACIIJKH, Y TOMY YHCJ 1 COIliajibHI, SIKi JETaJbHO IMPOCTEKYIOTHCSI Y
poborax [1], [14]. Xoua BUeHI HOMEPEKAIOTH MPO IPOOIEMY YIEPEIKESHOCTI B
CHUCTeMax INTYyYHOTO IHTENEKTy, $Ka MOKE€ NPHU3BECTH [0 IUCKpUMIHAIII Ta
HeCNpaBeJIMBOTO CTaBJIEHHS [§, c. 16].

BunaTHuii e aMepukaHCbKUi pexucep-aokymentanict xeiimc bappat micis
PO3MOB 13 OararbMa BUCHUMH JIMIIOB BHCHOBKY, IO “IITYYHHM 1HTEJEKT I[IJIKOM
3MaTHUN 3HUIIUTH JIIOJICTBO ... KATaCTPOhIYHUMA pe3ysIbTaT HEMPOCTO MOXKJIMBUH, ajie
Maibke Hemunyuuid” [1, p. 23].

Ane cioJiiBaTUMEMOCS Ha Kpallle.
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Introduction.

In our constantly evolving world, animation remains an enduring and beloved
form of art for people of all ages. From classic Disney animations to innovative high-
quality 3D animations, it captivates audiences. 2D animation technologies are not
limited to the film industry; they are also applied in various domains such as video
games, website creation, advertisements, presentations, and more. Their
straightforward technology makes conveying information quite effortless.

Research Objectives:

- To get acquainted with the general history of animation

- Learn to understand the basics of 2D animation and the stages of its creation

- Learn the basic concepts and principles of animation.

- Consider software programs and their content.

- Analyze current trends and innovations in 2D animation.

Background. The origins of this significant art form can be traced back to the
Paleolithic era. During that time, people created vessels adorned with animal
drawings, and when these vessels were rotated, they produced an imitation of moving
images. A vivid example is a cup discovered in southeastern Iran, dating back 5000
years. On this ancient vessel, a goat is depicted leaping to eat leaves from a tree.
While this i1s far from the animations we know today, the underlying technology
remains remarkably similar.

Our ancestors also created animations on rocks. Despite the chaotic and abstract
nature of these drawings, they conveyed information that aided historians and
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archaeologists in understanding that era. For instance, the Great Hall of Bulls in
France features an “animated” depiction of a hunt.

Another crucial invention dates back to 1603: the “Magic Lantern”. The Magic
Lantern was a projector that displayed images painted on glass. Some parts of these
images were movable, making it an early example of frame-by-frame animation.

In 1831, the “Phenakistoscope” was invented. This device consisted of a
cardboard disk with slits. Figures were drawn on the disk, and when it was spun,
motion was created. Joseph Plateau, the inventor, described it as the “principle of
modern cinema or, more accurately, the law on which film recording or projection is
based.” The Phenakistoscope served as the foundation for many subsequent
inventions. Following a similar technology, the “Zoetrope” was created in 1834.

A zoetrope is a drum-like device with strips of images attached to its inner
walls. When the drum spins rapidly, it creates a sequential motion of the images.
Unlike the phenakistoscope, the zoetrope can accommodate a greater number of
images, making it a technological advancement in animation.

Even more closely aligned with modern animation technology is the “flip book™,
dating back to 1868. A flip book consists of pages with drawn images, and when a
person rapidly flips through the pages, the animation comes to life. Flip books were
popular among both children and adults.

In the early 20th century, the animation industry experienced rapid growth.
Projects like “Mighty Mouse,” “Betty Boop,” “Felix the Cat,” and “Mickey Mouse”
emerged. One of the most significant endeavors was by the renowned company
Disney, founded by Roy and Walt Disney. As mentioned earlier, Walt Disney created
“Mickey Mouse” and later “Snow White”, which were among the first hand-drawn
animations. The technology for creating such cartoons was straightforward: different
parts of the animation, such as backgrounds and characters, were drawn on separate
sheets of paper. These sheets were layered and carefully framed to produce complete
animated films

In 1980, the concept of CGI (computer-generated imagery) emerged,
revolutionizing the animation industry. The fundamental difference between CGI
animation and traditional animation lies in the replacement of hand-drawn art with
3D modeling, akin to a virtual version of stop-motion. An animation form that
combines both approaches, utilizing two-dimensional computer graphics, can be
considered computer animation [1].

The basics of 2D animation. From the inception of 2D animation technology,
animators have strived to enhance techniques for connecting frames seamlessly,
replicating natural movement, and achieving object fluidity. Over time, they
systematized their experiences and developed several specialized techniques that
remain fundamental principles in animation today.

Squash and Stretch. When a rigid shape transitions from one position to another,
noticeable stiffness occurs. While this phenomenon is common with solid objects like
dishes or furniture, less rigid bodies exhibit significant movement during transitions.
To convey flexibility, animators employ compression and stretching. Crucially,
maintaining the object’s volume remains essential. For example, if a ball compresses
vertically during motion, it expands horizontally, and vice versa (fig.1).
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Fig. 1. Ball compression during motion

Anticipation. When viewers watch animation, they need events on the screen to
occur in a clear and logical sequence. The subsequent action should be
understandable even before it happens. This can be something as subtle as a
character’s eye movement in the direction they will take their next step, or something
more significant like a fully executed physical motion: a hand swing before a throw, a
low crouch before starting to run, and so on.

In contrast to this principle is the “element of surprise”, which works only when
the audience is not forewarned about upcoming events on the stage.

Staging. Each animation element communicates with the viewer to some extent,
so it must be entirely comprehensible, leaving no room for misinterpretation. The
character’s intentions should be discernible from their actions, and the character’s
personality should influence their behavior. Emotions and experiences should evoke
empathy in the audience. Every frame should contribute to the viewer’s
understanding of the story. Achieving this involves considering the overall scene
atmosphere, lighting, play of light and shadow, camera angles, character movements,
distance between the camera and characters, color palette, contrast, and more.

Straight Ahead Action and Pose to Pose are the two primary approaches to
animation (fig. 2):

Straight Ahead Action: In this method, the animator creates a scene gradually,
starting from the first frame and then drawing subsequent frames one after another.
While the animator knows the plot and events that should occur in the scene, they can
introduce new ideas during the animation process until the scene is complete.
However, this approach can sometimes result in a slightly comical appearance
because maintaining proportions and character positions becomes challenging.

Pose to Pose: This technique involves identifying key frames in the scene and
creating them upfront. The in-between frames are filled in later. Pose to Pose
provides greater control and clarity of movement. Often, a combination of both
methods is used. For instance, when animating a character with long hair, their
overall movement might follow the Pose to Pose approach, while the hair movement
is animated using Straight Ahead Action.

Through and Overlapping Action. To avoid rigid and abrupt character motion
stops and achieve naturalness, animators needed to better convey the physical laws of
movement, including inertia. The movement of lighter body parts (such as limbs and
hair) and relatively separate elements (like clothing) follows their own rules,
independent of the body’s main motion. After the character stops, some parts may
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continue their movement for a few frames (fig. 3). Gradual movement also means
that different parts of the character’s body initiate motion not simultaneously but with
slight delays or lags [6].

STRAIGHT AHEAD ACTION

4

3

—+|n

Fig. 3. An example of the effect of inertia when the character stops

Slow In and Slow Out: Undoubtedly, keyframes are more critical for perception
than in-between frames. However, if the time allocated for displaying each frame
were equal, viewers might miss the best elements of the scene. To prevent this, in-
between frames are concentrated closer to the keyframes, leaving one frame in the
middle. This approach achieves a lively result. Thus, the entrance and exit to
keyframes occur gradually, giving rise to the name (fig. 4).

BENY
(R B T P

L |
L P i T T

Fig. 4. Placing frames on the timeline with Slow In and Slow Out

Ares: Most living creatures do not move strictly in straight lines; their
movements follow slightly curved paths. This movement along an arc is one of the
factors distinguishing living organisms from machines. Therefore, utilizing this
principle is essential for achieving smooth and natural motion.
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Secondary Actions: Any action that emphasizes the primary action is considered
secondary. It should not distract the viewer’s attention or be more interesting than the
main action. For example, if a character is curious about something, they might put
on glasses to underscore their interest. When applied correctly, secondary actions
enrich the scene and add depth to the character (fig. 5).

slelele
q a q (1

Fig. 5. An example of using secondary actions

Timing and motion. The standard frame rate is 24 frames per second. The
number of frames spent on a particular movement will determine the amount of time
it takes to perform it. Sometimes you don't need to create a new pattern for each
frame, you can use it twice. This will make the movement look slower and smoother.

Exaggeration. For animation, excessive realism can be boring and unexpressive.
Exaggerating emotions, facial features, or body structure makes it easier for the
viewer to understand a character's character or role in the story.

Solid drawing. An animator needs to know the basics of drawing, because they
often need to depict an object of a complex shape from all possible angles, in any
position. The animator must know how objects behave in three-dimensional space
and be able to reflect this in 2D, while maintaining the balance of the drawing,
proportions, lighting, etc.

Appeal. Attractive things and design attract the human eye. You want to look at
a good 1mage for a long time and evaluate it. Not all animated characters have to be
liked by the viewer, but they need to be interesting, even the villains and villains need
to have their own charisma to make their actions interesting to watch [2].

The process of creating 2D animation

1. The pre-production stage:

v’ Script: development of a script for the project. A script is a text document that
describes what should happen on the screen: each scene and character dialogues are
described in detail with remarks.

v’ Storyboard: a series of drawings that show how each scene of the animation
will look like. It allows animators to define how characters will move, how the
camera will follow the action, and how different shots will look.

v' Conceptualization: defining and approving the general idea of the animation.

2. The production stage:

v' Character design: creation of detailed character designs that should depict
their appearance, facial expressions, and some movements.

v’ Background design: development of the background.

v’ Layout: planning the arrangement of characters and backgrounds in each
scene.

ISSN 2567-5273 114 www.moderntechno.de



Modern engineering and innovative technologies Issue 32 / Part 1 (

v’ Animation: creation of the actual animation.

v Clean-up: improving the created animation, ensuring consistency and
smoothness.

v" Color: adding color to characters and backgrounds.

v Compositing: combining all the elements that have been created (characters,
backgrounds, effects) into the final scene.

3. The post-production stage [3]:

v’ Editing: arranging scenes in the right order and adjusting the timing.

v’ Sound design: adding sound effects, music and dialogues.

v’ Rendering: creating the final frames of the animation.

v’ Quality control: checking the animation for errors or inconsistencies.

v’ Presentation: providing the finished animation to the audience.

Software for 2D animation. Creating 2D animations in the digital realm
requires suitable software and hardware to realize and display graphical elements.
Several software solutions are available, ranging from free to conditionally free or
requiring monthly or annual subscriptions. Each application has its advantages and
drawbacks, but the primary goal of all is to provide users with tools to bring their
creative ideas to life.

While each program offers different features, let’s focus on a more detailed
analysis of Adobe Animate. Considering its compatibility with other Adobe products,
this application provides a broader range of capabilities [5].

As with any content playback application, we begin by creating a scene where
we’ll work and edit the graphics. After creating a scene with certain parameters
(width, height, resolution, FPS (Frame per second), and platform type), we have
access to a workspace that can be customized, but we'll consider the default settings
(fig.6).
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Fig. 6 Adobe Animate workspace

When working with a canvas for creating graphical elements, we can begin by
utilizing layers and the timeline panel (fig.6). By adding geometric primitives using
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built-in tools or importing raster images onto the scene, we can organize them into
different layers and initiate the animation process.

The entire animation process revolves around creating frames, which change
from one to another with each subsequent second, ultimately forming a sequence.
The smoothness of the animation directly depends on the set frames per second
(FPS). Keyframes play a crucial role in animation. In between these keyframes, gaps
are filled using various animation methods, as described below.

Working with colors and other settings within the application is much simpler
thanks to the built-in tools. One significant difference between traditional paper-
based animation and computer-based animation lies in the ease of making corrections
in the final project. Instead of redoing the entire work, adjustments can be made with
a few mouse clicks if the end result doesn’t meet the publisher’s requirements [4].

Adobe Animate offers extensive functionality for creating and editing
animations. However, it may not suit everyone due to its payment requirements or
other issues. As alternatives, there are free solutions such as Synfig Studio, Wick
Editor, TupiTube, and Pencil2D. Additionally, several paid options like Animation
Desk, Procreate Dreams, and Expressive Animator cater to different needs.
Depending on individual preferences and requirements, users can choose the program
that best suits their animation goals [5].

Current Trends and Issues in 2D Animation. With the advent of modern
computer technologies and advancements in existing animation techniques, new
opportunities arise for animators transitioning to digital workstations. To comfortably
use animation software and render geometric primitives or complex graphical objects,
appropriate hardware is essential. Graphic tablets have become indispensable tools
for professional animators. Additionally, modern computers with enhanced
capabilities are necessary for working with detailed objects and rendering final
animations.

Annual software updates introduce new features and enhance existing ones.
These updates include working with built-in artificial intelligence (AI) within
applications, integrating third-party modules, optimizing functionality, and ensuring
continuous application performance. As hardware and software continue to progress
rapidly, the time required to complete tasks is significantly reduced.

The utilization of trained Al has tremendous potential in graphic design and
animation. It allows for the implementation of various processes with just a few
mouse clicks. However, while graphic Al shows promise, it does not yet meet the
standards of animation studios. Due to their novelty, these applications are typically
used for experimentation rather than professional business purposes.

Despite the advancements in hardware and software, the animation process
remains intricate and time-consuming, especially when dealing with complex frames.
As a result, the industry faces financial challenges and a shortage of skilled
professionals. The diverse nature of animation processes further complicates the
situation. However, the industry holds significant promise due to ongoing
improvements. The Rise of 3D animation has led some studios to shift away from 2D
animation, which also contributes to the evolving landscape.
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Conclusion.

2D animation has come a long way — from early animations on pottery and cave
walls to Walt Disney’s frame-by-frame animation and today’s computerized
techniques using various software. Over time, it has continuously transformed and
refined itself, establishing fundamental principles that still guide animators today.
The animation process involves several stages: concept development, scripting,
storyboarding, actual animation, and revision. For more automated and efficient 2D
animation, tools like Adobe Animate are valuable. Additionally, the integration of
artificial intelligence holds great potential for the industry, provided it receives
adequate funding and attracts new talent.
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"I never expected this to happen in my lifetime and shall be asking my family to put some
champagne in the fridge."
Peter Higgs

Annotation. This article delves into the life and scientific contributions of Peter Higgs, a
renowned British physicist whose work revolutionized our understanding of particle physics. From
his early struggles with health and education to his groundbreaking theoretical predictions and
eventual Nobel Prize-winning discovery of the Higgs boson, Higgs's journey is a testament to the
power of perseverance and intellectual curiosity. Through a structured exploration of Higgs's
biography, scientific achievements, and impact on modern physics, the article sheds light on the
intricate complexities of particle physics and the profound implications of Higgs's work.

Keywords: Peter Higgs, physicist, particle physics, Higgs boson, Nobel Prize, scientific
discovery, theoretical physics, particle accelerator, Standard Model, elementary particles.

Introduction.

In the realm of science, there exist names that serve as epicenters of
revolutionary shifts in the comprehension of fundamental laws of nature. One such
luminary is Peter Higgs. His name is invariably associated with the elucidation of a
pivotal component of the Standard Model of particle physics - the boson, now
bearing his namesake. The life and scientific endeavors of Higgs epitomize steadfast
inquiry, creative thought, and profound influence on the discipline of physics.

Research objectives:

1. Investigate the formative experiences and key milestones in Peter Higgs's
scientific career.

2. Analyze Peter Higgs's seminal discoveries in the field of particle physics,
with a focus on his theoretical framework for the existence of the Higgs boson and its
implications for our understanding of fundamental particles and forces in the
universe.

3. Examine the contemporary significance of the Higgs boson in modern
science.

4. Evaluate the significance and impact of Peter Higgs's contributions to science
through the lens of the Nobel Prize in Physics.
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Background. Peter Higgs was born in the Elswick area of Newcastle upon
Tyne, England, in 1929. His father, Thomas Ware Higgs, worked as a sound engineer
at the BBC. Due to asthma, he frequently missed school and received education at
home. His academic pursuits were influenced by his father's job-related relocations
and the upheaval of World War II.

In 1946, at the age of 17, Higgs enrolled at the City of London School,
specializing in mathematics. Subsequently, in 1947, he matriculated at the Royal
College of London, where he obtained a Bachelor's degree in physics in 1950 and a
Doctor of Philosophy degree in 1954 [2].

Following the defense of his dissertation, Higgs served as a senior researcher at
the University of Edinburgh (1954 — 1956), after which he held various positions at
Imperial College London and University College London. In 1960, he returned to the
University of Edinburgh, assuming a faculty position at the Tait Institute of
Mathematical Physics.

In 1964, Higgs published his seminal paper, in which he postulated the existence
of the Higgs boson, which became a cornerstone of the Standard Model of
elementary particles.

Peter Higgs's Scientific Career And Discoveries.

In 1954, Higgs defended his dissertation titled "Some Problems in the Theory of
Molecular Vibrations." That same year, he commenced his teaching tenure at the
University of Edinburgh. Peter's formative years were significantly influenced by the
summer schools hosted by this institution in the 1960s, featuring luminaries such as
Sheldon Glashow and Martinus Veltman, later Nobel laureates [4].

During his youth, Higgs was considered eccentric for pursuing ideas that other
physicists viewed skeptically. At that time, there were contentious debates in science
regarding how particles acquire mass. Recognizing the shortcomings of prevailing
theories, in 1964, he authored an extensive paper outlining his own perspective on the
matter.

British scientific journals rejected Higgs's publication, prompting him to add
two paragraphs and publish it in an American scientific journal. In the penultimate
sentence, Peter first mentioned the existence of a new particle, subsequently dubbed
the "Higgs boson." The scientific community greeted the British physicist's theory
with skepticism, with Stephen Hawking even stating that the Higgs boson would
never be found.

Higgs's groundbreaking discovery elucidated how elementary particles obtain
mass: through interaction with an invisible "Higgs field" permeating space. However,
the existence of the new particle still needed to be proven. Over the course of three
decades, Peter Higgs, along with Belgian Francois Englert and his co-author Robert
Brout, conducted experiments, attempting to reproduce the Big Bang by colliding
particles, in hopes of observing the Higgs boson in resultant mini-explosions.

In 2012, with the aid of the Large Hadron Collider, the existence of the particle
was confirmed. On July 4th, as Higgs entered the lecture hall of the European
Organization for Nuclear Research, he was greeted with thunderous applause.
Viewers from around the globe watched live as the professor shed tears of
overwhelming emotion [5].
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Fig. 2. Peter Higgs at the discovery of the Higgs boson in front of the Hadron
Collider.

The role of the higgs boson in modern science. At the time, scientists were not
precisely certain how closely the particle they had discovered corresponded to the
predictions of the Standard Model. By March 2013, physicists had amassed sufficient
data on the particle to officially declare it as the Higgs boson. A boson is a type of
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subatomic particle. Each energy field possesses a specific particle that dictates its
interaction with the surrounding environment. According to scientific data, the mass
of the Higgs boson is approximately 125.36 + 0.41 gigaelectronvolts [1].

The Higgs boson serves as the missing link that aids physicists in understanding
the structure of the universe. It was postulated by physicists that space is permeated
by Higgs bosons. Upon interacting with other elementary particles, bosons impart
their mass to them. Therefore, if the mass of certain elementary particles can be
calculated, then the mass of the Higgs boson can also be determined. Conversely,
knowing the mass of the Higgs boson allows for the calculation of the masses of
other elementary particles [3].

Fig. 3. The Higgs boson

The discovery of the Higgs boson provides robust support for the Standard
Model, offering physical evidence of the universe's invisible field that endowed mass
to all matter after the Big Bang, compelling particles to coalesce into stars, planets,
and all else. Were the boson not found, the entire theoretical physics framework
would collapse. "No Higgs boson—no mass, no mass—no you, no me, no anything
else."

The discovery of the Higgs boson has engendered new concerns in science. For
instance, Stephen Hawking, in his book "The Grand Design," suggested that the
Higgs boson might become unstable at energies exceeding 100 billion
gigaelectronvolts (GeV) and, under certain circumstances, could lead to vacuum
decay and the complete disappearance of concepts such as space and time. However,
he also reassures, stating that such a catastrophe is unlikely, as a particle accelerator
reaching 100 billion GeV would need to be larger than the Earth, and it is unlikely to
be funded given the current economic conditions [3].

Modern science is not static but continuously and steadily evolves. As of now,
there are no practical applications for the Higgs boson. Therefore, contemporary
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physicists and astronomers still have much work and experimentation ahead
concerning the study of this universe's foundational particle. Scientists anticipate that
in several decades, thanks to the discovery of the Higgs boson, it will be possible to...

The Nobel Prize.

The Nobel Prize in Physics for the year 2013 was awarded to British scientist
Peter Higgs and Belgian physicist Francois Englert for the theoretical underpinning
of the existence of the boson — a particle through which other elementary particles
acquire mass [2]. In the 1960s, they were part of a group of physicists striving to
explain the physical phenomenon of mass in elementary particles.

Their proposed theory predicted the existence of a particle, subsequently named
the Higgs boson, which was detected at the Large Hadron Collider at CERN in 2012.
In developing the theory, alongside Higgs and Englert, were Carl Hagen, Tom
Kibble, and Gerald Guralnik, as well as Robert Brout, who passed away in 2011.

Professor Ruben Saakyan of University College London is confident that
experimental physicists in Switzerland indeed confirmed the existence of the very
particle predicted by Higgs and other theorists.

"This year's prize is dedicated to something very small that explains everything
else in our world," said Staffan Normark, Permanent Secretary of the Royal Swedish
Academy of Sciences.

Fig. 4. Peter Higgs at the Nobel Prize award ceremony

Conclusions.

In conclusion, the life and work of Peter Higgs exemplify the relentless pursuit
of scientific understanding and the profound impact a single individual can have on
our collective knowledge of the universe. From his early years marked by academic
resilience to his groundbreaking theoretical contributions, Higgs's journey embodies
the essence of scientific inquiry and innovation.

The discovery of the Higgs boson, culminating in the Nobel Prize in Physics in
2013, stands as a testament to Higgs's visionary insights and the collaborative efforts
of the scientific community. His theoretical groundwork, alongside that of his
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contemporaries, has not only provided a crucial piece to the puzzle of particle physics
but has also deepened our comprehension of the fundamental forces shaping the
COSMOS.

Moreover, Higgs's humility and dedication serve as an inspiration to aspiring
scientists worldwide, emphasizing the importance of curiosity, perseverance, and
interdisciplinary collaboration in pushing the boundaries of human knowledge.

As we reflect on Peter Higgs's remarkable contributions, we are reminded of the
transformative power of scientific exploration and the enduring legacy of those who
dare to question, imagine, and explore the mysteries of the universe.
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Anomauin. Cmamms npucesauena numanHio 8UKOPUCMAHHA DYHKYIOHATLHUX WAONIOHIE npu
CMBOPEHHI Ma po36UMKY GIOKPUMUX OHAAUH-NAAMPOPM OUCMAHYINHO20 HABYAHHA. Y pobomi
00IPYHMOBAHO AKMYANLHICb PO3POOKU CNeyianizoeanoi 6iOKpumoi OHIAUH-naam@opmu  OJis
npogeciiinoi niocomosxu IT-ghaxisyis. [Ipoananizosano cyyacui 00CIioHcenHss wooo Yu@dposizayii
8UWOI 0Cc8IMU ma HeoOXIOHOCMI BNPOBAOICEHHS HOBUX (OPM OpeaHi3ayii HABUALHO20 NPOYeEC).

OcHogHUM pe3yTbmamom OO0CHIONCEHHS. € PO3POOKA KOMNIEKCHO20 Ni0X00y 00 (hopMYySaHHs
GdynkyionanbHoco wabnony 6ioxkpumoi oHaatH-Haguarvhoi naamegpopmu (OOLP). Taxuii nioxio
IPYHMYEMbCA HA MpaHcopmayii cmpameiynux yinei 3aKiady euwoi oceimu 8 KOHKpemHi
Gynkyionanvri eumoeu 0o niamgopmu. 3anpononosano mooyavHy apximexkmypy OOLP, wo
8KIIOYAE 0a308€ A0PO 3 MUNOBUMU PYHKYIAMU MA 000AMKO8I MO0yl 015 peanizayii nepeoosux
MEXHON02Il, 30KpeMa HA OCHOGI wmyuHnoeo inmenekmy. [Ipedcmaesneno ancopumm GopmysanHs
ounamiynux  Qynxyionanehux —wabaonie OOLP, cuHXpoHizosanux 3 pI3HUMU HACOBUMU
NepCneKmueamu  cmpamezivHo2o  po3sumky  yuigepcumemy. Lle 3abe3neyye nocmynoge
HApoOwyy8anHs QYHKYIOHATbHOCMI NAAmM@opMu 8iON08iOHO 00 AKMYAIbHUX npiopumemis i yineu
HABYANbHO20 3aKNady. Busnaueno nepcnekmueni Hanpsmu noOAnIbUUX OOCAIONHCEHb, NOBSA3AHI 3
KOMNAEKCHUM 8NPOBAONCEHHAM HOGIMHIX MEXHONO02IU, MAKUX K WMYYHUL IHmMeneKm, 00no8HeHa
ma 8ipmyanvHa peaibHicCmb, 8 apximexkmypy ma @ynkyionanvi moscaueocmi OOLP.

Kniouosi cnoea: siokpuma HasuanvHa oHaaun-niamepopma (OOLP), ¢yurkyionanvruil
wabnon, cmapm-ynisepcumem, npogheciiina niocomosxa IT-¢haxisyis, oucmanyitine HABYAHHS.

Beryn. ITocranoBka npodiaemMu

CrpiMKuii  pO3BUTOK 1H(OPMALIMHUX TEXHOJOTIM 3yMOBIIIOE TOCTiHE
YCKJIaJIHEHHS 1 pO3LIMPEHHS CeKTpy mpodeciinux Bumor 1o IT-daxiBiis.

CyuacHi po00TOo1aBIIl TOTPEOYIOTH BUCOKOKBAJI(DIKOBAHUX CIEIIATICTIB, K1 HE
JUIIE BOJIOAIIOTh (YHIAMEHTATHPHUMHU TEOPETUYHUMHU 3HAHHSIMH, a W 3/aTHI
OTIEpaTUBHO 3aCTOCOBYBATH CBOi KOMIIETEHTHOCTI B YMOBaX IIBUIKOILIMHHOTO PUHKY
npaiti. OgHak, TpaauiiiHil maxoau a0 npodeciiinoi nigroropku IT cnemiamicTiB y
3aknagax BUIOi ocBiTU (3BO) yacTo HE BCTUrarTh 3a TEMIIAMHU TEXHOJIOTTUHHUX
3MiH, M0 MPHU3BOAUTH JO BHUHUKHEHHS 3HAYHOTO PO3PUBY MIK OUYIKYBaHHSIMHU
pOOOTOABIIIB 1 pealbHUMHU Pe3yJibTaTaMU HaBYaHHS BUITY CKHHUKIB.

Cepen OCHOBHUX YHMHHHUKIB, IO OOYMOBIIOIOTH I}0 MpoOJeMy, MOKHa

BUOKPEMUTHU: CTATUYHICTh OCBITHIX MPOrpam, Kl MOBUIbHO PEaryroTh Ha JIUHAMIKY
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PO3BUTKY PUHKY Mpalli; TPYJIHOILI ONEPATUBHOIO OHOBJIEHHS Ta ajarTauii 3MiCcTy
HABYAJIbHUX JMCLUUIUIIH BIAMOBIIHO 70 HOBUX pealiidi B aKTyaJbHUX TEXHOJOTISX;
0OMEKEHICTh PECYPCIB B OCBITHIX 3aKJiagax s 3a0€3MEeUeHHS SKICHOI MiArOTOBKH
32 HOBITHIMHU TEXHOJIOT1SIMH; HEJOCTATHIO MOTHBAIlIIO 37100yBayiB 10 CAMOCTIIHOTO
OHOBJICHHS Tpo(deciiHMX 3HaHb TOHIO. 3a3HA4eHI YWUHHUKA 3yMOBIIOIOTH
aKTyaJIbHICTh TOWIYKY €(EeKTUBHHUX pIlIeHb, 3JaTHUX 3a0€3MEeUUTH THYUKE,
MepCOHAIII30BaHe Ta akTyayibHe HaB4aHHs [T-(axiBiiB BiJIMOBIIHO O BUMOT PUHKY
npaii. CTBOpEHHsI BIJIKPUTOI OHJIAWMH-TIATGOPMHU K KOMIUIEKCHE OCBITHBO-
TEXHOJIOTIYHE pIIIeHHS, 1[0 3a0e3leuyye OpraHizaililo Ta peaji3alilo IpoIeCiB
JTUMCTAHIITHOTO HaBYaHHS MOXKE CTaTH €(EeKTHBHOIO BIAMOBIAI0 HAa BHUKIMKH,
MOB'A3aH]1 3 MIATOTOBKOIO KOHKYpEHTOCIIpoMOKHUX [ T-(haxiBiiB.

AHaJi3 OCTaHHIX JOCTIIKEeHb 1 MyOaiKanin

HasBHICTh 00'€KTUBHUX TEPEyMOB JJIsI CTBOPEHHS CIIEL1aIi30BaHOI BIAKPUTOL
OHJIaliH-HaBUYaJbHOI maTdopmu 11 [T-ocBiTH B YKpaiHi MATBEPIKYETHCS PAIOM
HayKOBHUX MpaIlb 13 TPOAHATI30BaHNX HAYKOBUX JIKEPE.

VY konexkTuBHIA MoHOrpadii «lHbDopmarliitHi TexHONOrl y BHUIIIN 1IKOMD» [2]
KOHCTaTyE€ThCSl CYNEPEUHICTh MK 3pOCTAlOYMMH BHUMOTaMU pPOOOTOMABINIB Ta
CyCIuIbCTBA JIO0 PiBHA IU(POBOI KOMIETEHTHOCTI MalOyTHIX (QaxiBIliB Ta
HEJIOCTATHIM PiBHEM iXHBOI MIITOTOBKH Y 3aKJIaJax BHINOI OCBITH. 30KpeMa, aBTOPH
BKa3ylOTh Ha Opak 3arajbHO-AWJAAKTHYHHUX IAXOAIB JI0 BUKJIQJAaHHS TEXHIYHHX
aucuuIuiie B ob6nacti 1T, BimipBaHICTh 3MICTY TakMX JUCLUMIUIIH BiJ peatii
CYy4aCHOTO BHMCOKOTEXHOJIOTIYHOTO BHUPOOHMIITBA, IIO OMOCEPEIKOBAHO BKa3y€ Ha
HEOOXIJTHICTh MOIIYKY 1 BIPOBAXKEHHS HOBHX (hopMm mpodeciiiHoi miarotoBku IT-
(axiBLiB.

VY poboti «Iludposizaliisi B yHIBEpCUTETChKIA OCBITI: TUJIAKTUYHI acrieKTu» [1]
HaroJIONIYEThCS, M0 MU(PPOBI3aIlis OCBITHROTO CEPEIOBUINA JOKOPIHHO 3MIHIOE BEChH
HaBYaJbHUHN MPOILIEC 1 BUMArae 3aCTOCYBaHHS HOBOTO JMJIAKTUYHOIO MIIXOMY, SKHMA
Ma€e BpAaxOBYBaTW 3aJlyy€HHsS HOBUX YYaCHUKIB (PO3pOOHHKIB MPOrpamMHOro
3a0€3IMeUeHHs, BJIACHUKIB OCBITHIX ILIaT(GOpPM, THIOTOPIB, (acHIiTaTOPIB TOIIIO).
ABTOpM aKIIEHTYIOTb yBary Ha HEOOXIJHOCTI IepeopieHTallli HaBYaHHA Ha
3a/I0BOJICHHS IOTPeO CTYACHTIB SIK CIIO’KUBAYiB OCBITHIX MOCIYT.

besnocepenHio i1e10 CTBOpEHHs BIAKPUTOI oHaiH-aT@opmu s IT-ocBiTy B
VYkpaini po3BuBae crarts «Peamizaiiss KoHIeNIi smart-yHiBEpCUTETY B yMOBax
TUCTAHITIAHOT OCBITH» [4]. YV maHiil CTaTTi PO3TISAAETHCS KOHIICMIIIS «PO3yMHOTO
yHiBepcuteTy» (Smart University) SK JIOTIYHHH KpOK Ha NUISIXY PO3BUTKY 17ei
«pO3YyMHOI OCBITW», IO Mepeadadae MOLIUPEHHS I1HTEPAKTUBHOTO HABYAJIHHOTO
KOHTEHTY Ta 3a0e3meueHHs e(pEeKTUBHOI B3a€EMOJIi YyCiX YYacCHHKIB OCBITHHOTO
Mporiecy y Tio0arbHOMY 1H(GOPMAIIHHO-OCBITHEOMY MPOCTOPi, MO0 MOBHOIO MipOI0
KOPEJTIOE 3 17Ie€10 CTBOPEHHSI CIIeL1aIi30BaHOl OHJIalH-TUIaT(HOPMH.

He3Baxatoun Ha 3aJekiapoBaHl B MpOAHATI30BAaHUX JKEpesax HaMmipu Ta
00'eKTHBHY TOTpeOy B OHOBJIECHHI MiAXOJIB A0 IpodeciitHoi miaroroBku IT-kaapis,
peaJbHUM CTaH BUKOPHUCTAaHHS B YKpaiHi BIAKPUTUX OHJIAMH-pECYpPCiB ISl HAaBYaHHS
y Taity3i iHQOopMaliMHUX TEXHOJOTIH, 3a JaHUMHU CTaTTi «BiakpuTi iudpoBi OCBITHI
pecypcu y ramysi IT: xinbkicHUE aHami3» [6], 3aMIIa€ThCsl BKpail HE3aI0BUIBHUM
yepe3 HaA3BUYaiHO Mally KUIbKICTh BIIACHUX BITYM3HSHUX IUIATQOPM 1 KYypCiB
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MOPIBHSHO 13 3aKOPJOHHMMH aHajoramMu. ABTOp BiJ3Hauae, IO «po3podOka i
NPOCYBaHHS BIAKPUTHUX OCBITHIX pecypciB B YKpaiHi 3allOYaTKOBaHi, ajie HE MOXHa
TOBOPUTHU PO PO3BUHEHICTH LIBOTO PyXYy».

Takum uymHOM, 3piiicHeHMH aHami3 1HGOPMALIWHUX JOKEpENT 3acBIIUye
aKTyaJIbHICTh CTBOPEHHS CIEIiaNi30BaHOi BIIKpUTOi OHJaH-matgopmu ans [T-
OCBITH B YKpaiHI Ha OCHOBI CBITOBUX 300YyTKIB Ta Kpamux NpakTuk. [Ipote
BU3HAYCHHS ii (PYHKI[IOHATHHOTO HAMOBHEHHS, €(DEKTUBHMX NUISXIB PO3BUTKY Ta
ajanTailii 0 yMOB ChOTOJICHHS 3aJMINAEThCS BIAKPHUTOIO 33Ja4ero, M0 MOTpedye
I'PYHTOBHOTO BUBUCHHSI.

OG’eKTOM HAYKOBOTO JIOCHIDKEHHSI B MeXax MPeACTaBIEHOi poOOTH
BUCTYMAlOTh MPOIIECH OpraHizailii Ta peanizailii OHJIaWH-HaBYaHHS SK HEBI1A'€MHOT
CKJIaIOBOT CY4acHOTO OCBITHHOTO MTPOCTOPY.

[IpenmMeToM HAyKOBOTO JOCHII)KEHHS € BiJIKpUTAa HaBYaJbHA OHJIAWH-
mwiatdpopma (OOLP) Ta 11 kiro4oBi (DYHKITIOHAJIbHI XapaKTEPUCTUKU. Y JTaHOMY
koHTeKCcTI OOLP po3rnsnaerscs Sk CHCTEMHUN 00'€KT, 10 MOEAHYE Kpalll MPaKTUKH
JTUCTAHIIIAHOT OCBITH 3 MeTOI0 ()OpMYBaHHS Ta peaizallli IpoIo3Ulliii HaBYaHHS 3a
PEUTHUHTOBUMH 1 TOMOBUMH mpodiasiMu mpodeciiiHux komneTeHTHocTen [T-
(axiBIiB.

MeToto  mpeACTaBICHOT0 HAYKOBOTO  JOCHIDKEHHS €  OOrpyHTYBaHHS
HEOOX1AHOTO  (YHKI[IOHAJIBHOTO  HAIMOBHEHHS  BIJAKPUTOI  OHJIAMH-HABYAIbHOI
mwiatgpopmu (OOLP), sika 6 103BoJsIa €PEKTUBHO IHTETPYBATH Ta IMIUIEMEHTYBAaTH
Kpalll MpaKTUKWA OpraHizaiii JUCTAaHUIMHOIO HaBYaHHS 3 YpaxyBaHHSIM Cy4YacHHUX
TEHJEHL1/ B PO3BUTKY OCBITHIX Ta 1H)OPMALIIITHUX TEXHOJIOT1H.

B po0oTi KIHOYOBMM aCIEKTOM BHPIMIEHHS aKTyaJdbHOI 3a/Jadl CTBOPEHHS
BIJIKpUTOI OHJIaliH-HaBuYanbHO1 ruiargopmu (OOLP) aiig npodeciiinoi miarorosku IT-
¢axiBIiB cTana po3poOdka QPyHKIIIOHATHHOTO MAOIOHY K €()EeKTUBHOTO IHCTPYMEHTY
CUCTEMHOTO (OpMyBaHHS HEOOXITHOTO CKJIAy (PYHKIIOHAIBHUX MOXKIMBOCTEH
MaiOyTHBOI MIaTHOpMHU.

PesyabTaTn 10CaisKeHHS.

AHaJli3 NpoBiAHUX 1 NEPEAOBUX BIAKPUTHUX OCBITHIX IUIATGOPM JEMOHCTPYE, K
PI3HOMAaHITHI TEXHOJIOT1YHI Ta MeAaroriyHi 1HHOBAIlli 3HAXOISITh CBOE 3aCTOCYBaHHS
B OCBITHBOMY Tiporieci. [3]

Tak, no mpukiagy, Taki nepefoBi JocsrHeHHs B rany3i [T, sk gomoBHEHa
peanpHIicTh (AR) Ta BipTyanpHa peanbHIicTh (VR), 3HaX0IATh CBOE 3aCTOCYBaHHS B
CTBOpPEHHI 1HTEpaKTUBHHMX HaBYAJIbHUX cepenoBull. Bukopucranus cucrem AR Tta
VR cnopuse nornubieHoMy 3acBOEHHIO MaTepialy HUISXOM B3a€MOJIl y4HIB 3
BIpTyaqbHUMH 00'ekTamu Ta cuTyamisimu. IloxazoBum mpukinagoM € muatdopma
BipTyanbHUX JalOopartopiii Labster, sika cnoemiami3yeTbcsi Ha IHTEPAKTUBHUX
CUMYJISILIISIX HAYKOBUX €KCIIepUMEHTIB. Kpi3b Mpu3My KOHIIEMIIi «HaBYaHHS 4epes
JIOCBIJl», OIMHCAHI TEXHOJOTii 3a0e3MedyloTh 3aHYpEHHS Y4YHIB B I1HTEpPaKTHBHE
CEpelIOBUILE MOJICIIOBAHHS peajlbHUX MPOLECIB, L0 MOCHIIOE MOTHBALIID Ta
BKJIFOUEHICTh iX B OCBITHIM Mpoliec.

[Tonynspna maarpopma Coursera € OAHUM 3 HAWOUIBIIMX CBITOBUX
MpoBaiiiepiB  MacoBUX BIAKpUTUX oHJaliH-KypciB (MBOK). Jlana mnnatdopma
aKTUBHO BHUKOPHUCTOBYE JOCATHEHHS INTYYHOTO 1HTENEKTY JUIsl TIiABUIICHHS
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nepcoHamizaimii Ta 1HTEPaKTMBHOCTI HaBYaHHSI. 30KpeMa, B paMKax KypciB
BIPOBAHKEHO 4aT-O00T TEXHOJIOTII0 HA OCHOBI 0OpOOKM MPUPOIHOT MOBH, 110 HAJAE
MePCOHAIII30BaHI1 IMiIKa3KW Ta TOSICHEHHS /10 HABYAJILHOTO MaTepially, BIAMOBIIa€ HA
3alUTaHHs KOPUCTYBayiB, JOMIOMararouu e()eKTUBHIIIE 3aCBOIOBATH 3HAHHSL.

Hle omnum mpukiagoMm € Duolingo — nomynsipHa miuaTdopma JUisi BUBYEHHS
MOBHU, $Ka TIPOMOHYE IIUPOKUN CHEKTP MOMKIMBOCTEH Ta I1HCTPYMEHTIB IS
KOPUCTYBauiB Oyab-SIKOTO piBHS 3HaHb. OIHUM 3 KIIOUYOBUX EJIEMEHTIB, SKHMA
BiZIpi3Hsie Duolingo Bif 1HIIMX CHCTEM, € BAKOPUCTaHHS «TedMH(iKalii» — cTpaTerti,
sKa TOJISATaE B TOMY, 100 BUKOPUCTOBYBATH €JIEMEHTH TPU JJIsl CTUMYIIIOBAHHS Ta
MOTHBAIlli KOpUCTYBayiB [J].

Takok aKkTUBHO BHKOPHCTOBYETHCS aHANITHKA HaBUYaJbHUX TPAEKTOPIH Ta
ANTOPUTMH PEKOMEHJIAI KOHTCHTY B paMKaxX KOHIICHIIi aJalnTHBHOIO HaBYaHHSI.
JIns 1bOTO BUKOPUCTOBYETHCS ANTOPUTMIYHUN MIAXiA 10 aHamizy B3aeMOJli
CTYJICHTIB 3 HAaBYAJIbHUM KOHTEHTOM JUIS BUSBJICHHS TPOTAJIMH Yy 3HAHHAX Ta
peKOMeHaIli J0MaTKOBUX MarepiamiB. Taka MeToauka M03BOJIsiE MOIU(DIKYyBaTH
CKJIQJIHICTh 3aBJIaHb Ta TEMII OCBOEHHS KOHTEHTY Yy PEKUMI peaqbHOro yacy Ha 0asi
JaHUX TIPO YCHIMIHICTh KOKHOTO OKPEMOTO CTYAEHTa, M0 B CBOIO YEPry 3HAYHO
nigBuiye eheKTUBHICTh OHMaiH-HaBuaHHs. [XL — me ounaitH-ruiatrdopma, sika
BUKOPUCTOBYEThCS JUIA TepcoHam3aiii HaBuyanHs YyuHIB. I[XL BuxopucroBye
aJanTUBHUN aNTOPUTM JJII TOYHOTO BU3HAYEHHS 3araibHUX poOOYMX OIIHOK YYHIB
Ta iXHIX PIBHIB 32 KJIFOYOBUMH HAMPSIMKAMHU.

TakuMm yMHOM, MTPOBEACHMI aHall3 MPOBIAHUX BIIKPUTHUX OCBITHIX IMJIaTdOpM
JEMOHCTPYE  IIMPOKE  BIPOBAPKCHHS  PI3BHOMAHITHUX  TEXHOJIOTIYHUX  Ta
MeIaroT1YHUX 1HHOBAIlIM B OCBITHIN miporiec. Lle BiAKpuBae MUpPOKi MOXKIUBOCTI JIJIst
MOJIEpHI3aIlli OCBITHBOTO TIPOIIECY MIISXOM BIPOBAIKEHHS BUIIE3a3HAYCHUX
1HHOBAI[I}, 10 AO3BOJSIOTH MIJBUIIUTH HOro €(QEeKTUBHICTh Ta aJanTyBaTH [0
Cy4aCHUX NOTped CyCIiJIbCTBA.

Omnuc pimeHHs

BnpoBamxenHnst BIAKpuTUX oHjaiiH HaB4dalibHUX TuiatdopM (OOLP) € ogaum 13
KIIFOUOBUX HAMNpPSMKIB peanizalii ctparerii «Cmapt-yHiBepcutery». Metoro OOLP €
HagaHHs 3BO i1HcTpyMeHTapiio s TOCTYINOBOI TpaHcdopmalii B HampsMKY
peamizamiii JaHOi KOHIEMINi, M0 Iiepeadadae THYYKlI OCBITHI  TpaekTopii,
NepCOoHaII3aII0 HaBYaHHS, TICHY IHTETpallil0 OCBITHBOI ISUIBHOCTI 3 HayKOKO Ta
iHHOBAIlIAMH. TaKuM YMHOM, 3 OHOTO OOKY, BUMOTH Ta ITiJ1i cTparterii po3Butky 3BO
B HampsMKy «CMmapT-yHIBEpCUTETY» BHU3HAYaIOTh (YHKI[IOHAIbHI MOJIMBOCTI, SIKi
noBuHHI Oyt peamizoBani B OOLP. 3 iHmoro > OOKy, pO3IMIMpPEHHS Ta
BIOCKOHaNeHHs  ¢yHkiioHnamy OOLP 3a0e3meuye TexHonoriuny ©0azy s
epextuBHO1 1HTerpamii 3BO B rnoOanbHMIT OCBITHIH MPOCTIp Ta peasizamii
1HHOBAIIIHOT OCBITHROT MAPATUTMHU.

VY 1boMy KOHTEKCTI MOJieNb cTpareriynux e 3BO Biairpae kito4oBy poiib.
Jlana mojenb sBisie COOOI0 KOHUENTYalbHY CTPYKTYpY, LIO BHU3HA4ya€e 3arajibHi
HalnpsIMKA Ta TPIOPUTETH PO3BUTKY HABYAIBHOTO 3aKjajay, MOro MiICiio, Bi3iio,
CTpaTeriydi Il Ta KJIOYOBI MOKAa3HUKU €(PEeKTUBHOCTI (pUCYHOK 1). Y KOHTEKCTI
OOLP wmopnens crparteriunux 1ined 3BO MoxkHa po3risaaTv SIK BHCOKOPIBHEBY
cnenu@ikaiio QyHKIIH, sIKI TOBUHHA 3a0e3MedyBaTi MPOIOHOBaHa IuiatgopMma JJis
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1HpOpMaIITHO-TEXHOJOTTYHOT ~ MIATPUMKH  cTparerii  po3Butky 3BO.  Jlns
TOCSITHEHHSI KO’KHOI KOHKPETHOI CTPATETidHOl Il HeoOXigHA AEKOMIIO3UIliS i1 Ha
KOHKpeTHI (yHKUIOHaIBbHI BUMOru 10 mponoHoBaHoi OOLP. Ili ¢yHkuioHandbHI
BHMOTY BU3HAYaTUMYTh Clielu(pIyH1 ClieHapii BUKOPUCTAHHSA, ONepallii Ta B3aeEMOi,
SK1 TOBUHHI OyTH MpPOrpaMHO peaji3oBaHl JUIsl JOCATHEHHS 3arajibHOi CTpaTeriuHol
METH.

iA Ta
A

i
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Pucynok 1 — Kapra crparteriunux uinei 3BO
Asmopcovka po3pobka

B po6oti moxens crpareriuanx muiei 3BO npeacTaBiasieThCs y BUTISAL JAaHOT
KapTd, M0 BiOOpakae KOMIUIEKCHHM MiAXil O BU3HAYEHHS KOHIIEITYaJbHOI
ocHoBu it po3poOku OOLP. Koxkna riika KapTh peENpe3eHTYeE OKpEeMHUi
CTpaTeriuHui HanpsAMok po3BUTKy 3BO, axuil mae 6yTu miaTpUMaHui BiNOBIIHUMU
¢dynkmioHnansHUMUA MOXITHBOCTSIMU OOLP. [lenTpansHuM eneMeHTOM i€l MoJeni €
micia 3BO, mo BigoOpakae HOro OCHOBHY METY Ta NpPU3HAYEHHS, BU3HAYAIOUH
3arajbHy OPIEHTALIO ISUIBHOCTI HaBYaJIbHOTO 3akiany. Y (yHKIIOHAIbHOMY
ma6soni OOLP wmicis 3BO BianmoBijjae BUCOKOPIBHEBUM BUMOraM J0 IUIaTHOpMH,
AK1 BU3HAYAIOTh 1i 3arajibHe MPU3HAYEHHS Ta 11JIbOBE BUKOPUCTAHHS.

Crpareriuni mim 3BO € KOHKPETHUMH OpIEHTUpPAMH, JOCATHEHHS SKUX
3a0e3neunTh peanizaiio Micii 3akiany. Y QyHkimionansHoMy madmoni OOLP mi
CTpaTeriyHi LIl BIANOBIJAIOTh OCHOBHUM (DYHKIIIOHAJILHUM 00JacTsIM IiIaTdopmH,
K1 OXOTUTIOIOTH Pi3HI aCMEKTH HaBYAIBHOTO IMPOIIECY, TaKl sIK YIPaBIIHHS KypcaMu,
OIIHIOBaHHsI, cepTudikailisg Tomo. Jlani mim micas iX JEKOMITO3HINT BiANOBIIAIOThH
KOHKPETHUM CIICHAapisiM BUKOPUCTaHHS a00 (yHKIIOHAJTLHUM BHMOTaM y MeXax
KO>KHOT'O MOJIYJIS TIIaThOPMHU.

Sk cucremunii 00'ekt OOLP moxxe OyTu dhopMalibHO TIPEACTABICHA Y BUTIISII
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koptexy: OOLP = <F, M, S, I>, oe: F = {f1, 12, ..., fn} - MHOXXUHA (YHKI[IOHATBHUX

MoxknuBocted tarpopmu; M = {ml, m2, ..., mk} - MHOXHUHa (YHKIIOHATBHUX
MOJYJIB, IO peali3yloThb BIAMOBIAHI QyHKUil; S = {s/, s2, ..., sl} - MHOXHHa
CepBICIB, sKI HamarThes matdopmoro; I = {il, i2, ..., ip} - MHOXHHA 1HTEpEHCIB

B3a€MO/I11 KOPUCTYBAUiB 3 MJIATPOPMOIO.

KirouoBum 3aBraHHsIM y Tmpoueci po3poOKH BIAKPUTOI OHJIAMH-HAaBYAIbHOI
miathopmu € GOpPMYBaHHS KOMIUIGKCHOTO IMa0JOHY 11 (yHKIIOHAJIBLHUX
cneuudikamii. Jlanuit 1mabmoH TOBUHEH 3a0e3leuyBaTh TICHY 1HTErpalito
(YHKIIOHATBHUX MOXJIMBOCTEH MIATPOPMHU 31 CTPATETIYHUMU LIUISIMU Ta MJIAaHAMU
po3Butky 3BO. Jlns QOCSTHEHHS Takoil 1HTErpaiii MpOMOHYEThCS METOJUKA, SKa
IPYHTY€eTbCS Ha TpaHchopmamii crtpareriyunux nuied 3BO y  KOHKpeTHi
(yHKIIOHAJIBHI BUMOTH JIO MPOMOHOBAHOI miiargopmu. Y pamkax JaHOi METOJIUKH
nepea0ayaeTbCsl BHUKOHAHHS TI€BHOI IMOCHIJIOBHICTh KpPOKIB JUisi  (hOpMYBaHHS
mabsoHy QyHKITIOHAIBHUX crienudikaiii miaThopMH.

[lepmmm kpokoMm € aHami3 kaptu crpareriyaux muied 3BO, BuokpeMieHHS
KJIFOYOBUX KOMIIOHEHTIB, TAKMX SK MICisl, CTpAaTET1uHi 1111 Ta MU - KOKEH 13 IHX
KOMITOHEHTIB HEOOXIJIHO pO3IJIA/aTh SK JHKEepeao BUMOT 10 (YHKIIOHAIBHOCTI
MaOyTHBOI TIaTdopMu. HacTymHUM KpOKOM € JIEKOMMO3UIlis CTPATETIYHUX Il
Ha KOHKpeTHI (QyHKIioHanbHI BuMoru 110 OOLP, sxa moBuHHaA BigOyBaTHCS Y
BIIMOBITHOCTI 70 JIOT1YHOT i€papxi1i KOMIIOHEHTIB MOJIEJ CTPATETIYHUX IiJIeH. Takum
YUHOM, JJIi KOKHOI CTPATEriyHoOi LIl BU3HAYAETHCA MEpeiK (PYyHKIIOHATbHUX
MOXJIMBOCTEH  miat@opMu, HeoOXigHUX 11 il jgocsirHeHHs.  OTpumani
(yHKILIOHAJIBHI BUMOTH TPYNYIOThCA Y JOTIYHI OJIOKM a00 MOMay’dl, KOXKEH 3 SKHX
BiAMOBIaTUME TeBHIA (yHKIIoHaIbHIM o0macti OOLP. Ha ocHOBiI BH3HaueHMX
(yHKILIOHATBHUX MOJYNIB (POPMYEThCS 3araibHa cTpykTrypa maodmony OOLP, ne
KOXEH MOJYJIb MOBUHEH MICTUTH JI€Tali30BaHi crienudikamii BiIMOBIAHUX (YHKIIIH.
[pyHTyHOYKMCh Ha aHami3i iCHYIOYMX NPOBIAHMX BIAKPUTUX OHJIAMH-HABYAILHHUX
w1aTpopM, TMPOMOHYETHCA BXKE 3raJaHuid MOIYJbHMM MiAXig A0 (OpMyBaHHS
dbyHKIIOHATBEHOTO Mm1a0JoHy. DyHKIIOHATBHUM I11a0JIOH BIAKPUTOI  OH-JIAH
maThopMu MOAAHO HAa PUCYHKY 2

Anpo mmarpopMu aKyMysro€ KIHOYOBI  (DYHKINT, MpuUTaMaHHI OlIBIIOCTI
icaytounx OOLP Ta HeoOXimH1 11 opradizailii HaBYaJIbHOTO IPOIECY B OHJIAIH-
cepenoBuii. el ¢pyHkioHanpHU 6a31Uc € MIHIMAJIBHO HEOOX1THUM IS peaizarlii
OCHOBHHUX ONepalliidi 3 HaJaHHS HAaBYAIbHOTO KOHTEHTY, YIPABIIHHA HaBYAIbHUMU
B3a€MOJISIMU, KOHTPOJIO Ta JIarHOCTUKHU 3aCBOEHHS 3HaHb, 300py CTATUCTHUYHUX
JaHUX, aBTOpU3allii 1 peecTpallii KopuctyBadiB Tomo. MakTU4HO, SAPO MIaTHopMu
ABIIsIE COOOI0 YHIBepCalbHMN (YHKLIOHAIBHUNA MIHIMYM, SAKHI 3abe3neuye
BUKOHAHHS THUIMOBUX 3aBJaHb CHCTEM €JIEKTPOHHOTO HaBYaHHSI.

Oxpim 6a30B0TO (PYHKITIOHATHHOTO S7Ipa, 3aPONOHOBaHA MOAYJIbHA CTPYKTYpa
BKJIIOYA€ JIOJATKOB1 (DYHKIIIOHAJIbHI OJIOKH, MPU3HAYEH] PO3IMIUPUTH MOKIMBOCTI
miatopMu  Ta 3a0e3medyuTH 11 BIANOBIJHICTH CYYaCHUM TEHJICHIISIM  Ta
MEePCIIEKTUBHUM HaIlpsSIMKaM PO3BUTKY OCBITHIX TEXHOJIOTiM. 30KpeMa, BUALISIOTHCS
MOJIyJII PO3IIUPEHHS siapa MatgopMu, 1HTErpallli Ta ajanTarli, a TakoxX poOOTH 3
HABYAJIBHUM KOHTEHTOM. MOAyJbh PO3IIUPEHHS sfpa BiANOBiAac 3a 3a0e3MEeYCHHS
MepCcoHAI3aIlll Ta IHTEJEeKTyalli3allii HaBYaJIbHOTO MPOLIECY HUIIXOM BIIPOBAI>KEHHS
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HepeOBUX TEXHOJIOTIM INTYYHOTO iHTENEKTY, aJaNTHBHHUX aJTOPUTMIB, METOJIB
aHaJIITUKA HaBUaJbHUX JaHUX. BiH no3Bosise GopmyBaTu 1HAMBIAYaIbHI TPAEKTOPIT
HABYaHHSI, a/1allTyBaTH KOHTEHT BIAMOBIIHO A0 PIBHA KOPUCTyBaya, aBTOMaTH3yBaTH
MPOLIECH JIIarHOCTUKU Ta OLIIHIOBAaHHS 3aCBOEHUX 3HAHb.

/ Pyukuii siapa \ / @®yHKLii po3MMpeHHs sApa \ , Dymkuii
niargopmu nargopmu firerpami
. Fex1.Bubip iHauBimyamsHIX ajanrani
Fcl. IIOCqu Ta peecTpariis TpaeKTOpiil HABYAHHS 3a maTgopmMu
ROIHCIYE SIS pe3yIbTaTaMu BXiTHOTO KOHTPOIIIO Fil.
Fc2. Bubip nporpam Fex2. AnanrtuBHe ynpaBmiHHA Hanamrypanus
BEREREIRIHI ) IHMBITyaTbHOIO TPAEKTOPIEIO Ha NPEIMCTHY
Fc3. Jloctym f10 enementis Fex3. ABromMaTuy4Ha reHeparlist TECTiB 00acTh
HaB4aJIbHOrO KOHTCHTY; KOHTPOJIIO MPOodecioHanbHAX Fi2. Iarerpamis 3
Fcd4. Vupasninus KOMIIETEHTHOCTEMH IHITIMY
RIS S AT Fex4. IlporaoctiyHmi aHai3 i aTopmamu
ESE;CI\/IIE)I[IHMI/I, nepcoHaiizoBane HapyanHus (L1IT) 0 Fi3. Iurerpamis
¢5. KoHTpons : _ .
‘ p ' Fex5. Kypcu i mporpamu 3 Ha piBHI KypciB i
(1larHOCTHKA) 3aCBOEHHS; aparrauiero (L) nporpam
Fc6. 36ip cratucTuku Fex6. AHaii3 HaBYAJIbHUX B3a€MOJIIH Fid. CeManTruna
HaBYaJIbHOI'O MPOLECY; (LLIT) . :
. o e : iHTerparis
Fc7. Bisyanizauis i : Fex7. ABroMarn30BaHa IiarHOCTHKA
kﬂOKyMeHTyBaHHH r[pouecua./ QHI) /

~

/ @DyHKILil po60TH 3 KOHTEHTOM
Fx1.BemenHs peno3uTopito KypciB i HABYAIBHUX IPOTPaM
Fx2. KoncTpyroBaHHS KypcCiB i3 HABYAIEHUX €JIIEMEHTIB
Fx3. ABTOMaTH30BaHa TeHEpalis HABYAIBHUX KypCiB 1 IpOTpaM IOBUIFHOI CTPYKTYpH Ha OCHOBI
OHTOJIOTIYHUX MOZEIEH
Fx4.Bukopucranss 0a3 3HaHb i CEMAHTHYHUX AITOPUTMI IIPOSKTYBaHHS KypCiB 1 mporpam.
Fx5.BukopucTtaHHs HaBYAIIbHUX SIIEMEHTIB BIPTYaJIbHOI 1 JOIOBHEHOI peabHOCTI

"l

)

Pucynok 2 — OcHOBHiI KOMIIOHEHTH PyHKIIOHANBHOTO madaony OOLP
Aemopcovka po3pobka

Monynp iHTerpamii Ta aganrtamii 3abe3nmedye MOXKIHUBICTh I1HTETPyBaHHS
mwiatopMu 3 I1HIIMMHU CHUCTEMaMH, HaJAIITyBaHHS 1i Ha cCHeHu(iKy MEeBHOT
npeaMeTHoi obnacti. Moayias poOOTH 3 KOHTEHTOM HAJa€ IHCTPYMEHTH IS
aBTOMATHU30BAHOTO KOHCTPYIOBAaHHS HAaBUaJbHUX KypCiB Ta Mporpam JIOBLIBHOI
CTPYKTYpPH, BUKOPUCTAHHS 1HHOBAIlIMHUX (hOpMaTIiB HaBYAIBHUX MaTepialliB, TAKUX
SK €JIEMEHTH BIpPTyaJbHOI Ta JOMOBHEHOI PEaJbHOCTI, a TAKOX CEeMaHTHYHI METOJIU
MPOEKTYBaHHS KOHTEHTY Ha OCHOBI OHTOJIOTIYHUX MOJIesei Ta 0a3 3HaHb.

Jnst Bu3HayeHHs ckiaay ¢yHkuioHaiasHoro siapa OOLP  mpomoHyeThes
BUKOPHCTOBYBATH BHILIE3raJlaHy MoJieNb cTpaTeriunux uuieil 3BO, npeacrasieny y
BUIJISIAL 1€epapxiuHoi cTpykTypu: SCGoals = {SCI, SC2, ..., SCn}, de SCi = <Gi,
Objectives> - i-Ta cTpareriuHa Iib, IO BKJIIOYAae 3arajbHy wuib Gi Ta
nignopsiakoBani i migmim Objectives = {objl, obj2, ..., objm}. Ins KoxHOI
ctpareriyHoi 1t SCi HeoOXiTHO BUSHAYUTHU BIAMOBIIHI (yHKIIIOHATIBHI MOMKJIUBOCTI
mwiathopmu fi € F, Taki mo ais KoxHOI cTpareridHoi mim SCi icHye BiamoBigHa
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(yHKIIIOHATTbHA MOXJIMBICTh fi 3 MHOXHWHU (DYHKIIOHAJBHUX MOKIJIMBOCTEH
miaTdopmu F, sika 3a0e31medye peani3alliro T1aHoi CTPaTeriyHoT T,

dopmanibHO 1Ie MOXHa 3anucatu y Burisial npasuna: VSCi € SCGoals Ffi € F:
SCi — fi.

Jlns peanizaiii NpUHLIMIY MOAYJIbHOCTI Ta THyukocTi OOLP mpomnoHyeTbcs
3aCTOCOBYBATH JICKOMITO3UIIII0 (YHKI[IOHATBHUX MOXJIMBOCTEH Ha JIOT1YHI MOIYJI
M. Koxen moayns mi € M o0'eqHye CyKyIHICTh B3a€MOIOB'SI3aHUX (PYHKIIIMH,
CIOpSMOBaHUX Ha 3a0e3MedYeHHs] MEBHOI TPymM OCBITHIX mpoueciB. DopMaabHO 11€
3anucyetrbest Ik Vi € F Flmj € M: fi € mj. Tobto xoxHa (yHKIIOHATbHA
MOXJIMBICTh fI HaJICXKUTh JIMIIE OJHOMY MOJIYJIIO m1j, O 3a0e3neduye MTICHICTh Ta
y3TrOKEHICTh apXiTeKTYpH IIaTGOopMH.

TakuM 4YWMHOM, 3alpPONMOHOBAHUM MOIYJIBHUM MAXiA 10 (GOpMyBaHHS
(yHKIIIOHATBLHOTO I1Aa0JIOHY TMO€IHYE YHIBEpcaibHEe 0a30Be SApo, IO peaiizye
TUTOB1 (PYHKIIIT €IEKTPOHHUX HABUYAJIBHUX CHUCTEM, 3 HU3KOI PO3LIUPEHUX MOJYIIB,
OpIEHTOBAHHUX Ha BIPOBA/HKEHHS HOBITHIX TEXHOJIOTIYHUX pillleHb B 001acTi
nepcoHati3alii, IHTeJIeKTyali3allii, InTerpalii Ta aBToMaTu3allii MpoleciB HaBYaHHS.

[ToBepTarouucek 10 kKapTu crpareriynux 1ijaeit 3BO, HeoOXiTHO BUOKPEMHUTH i
JacoBy KOMITOHEHTY. [le mepenOayae He nuie i€epapXir0 CTpATEriYHUX HAMPSIMKIB
PO3BUTKY YHIBEPCHUTETY, aji€¢ W BU3HAYEHHS YaCOBUX TOPU3OHTIB, B MEXaX SIKUX
nepea0davaeTbCs JOCATHEHHS THX YW I1HIIMX CTpaTeriyHuxX Imine. Jlana kapra
OXOIUTIOE  KUJIbKa  YacOBHX  IEPCIEKTHB:  KOPOTKOCTPokoBYy (1-3  pokm),
CEpEeIHbOCTPOKOBY (4-7 POKIB) Ta HOBrocTpokoBy (8-10 pokiB 1 Oiible), KOKHA 13
AKUX MICTUTh KOHKPETHI CTpaTeriyHi Uil Ta MIAUUI, peam3alis sSKAX MOBHUHHA
B1IOYyTHCS Y BIANOBITHOMY YaCOBOMY MPOMIXKKY.

3 ornsay Ha ue, gyHkuioHanbHUi 1madion OOLP Takox Mae BpaxoByBaTu
gacoBui acnekT. Came TOMy y MiIXO[l , IO MPOMOHYETHCS [IJISl KOKHOI 4acoBOi
MEPCIEKTUBH KapTH CTPATETIYHUX IUIed (POpMyeThCS OKpeMUi (PyHKI[IOHAIbHUIMA
mabmon  OOLP. Takuit mabnoH  sBiasSTAME COOOI0 MPOMDKHHM  CTaH
GyHKIIOHATBHOCTI  MIATHOPMH, OPIEHTOBAHMM HAa JOCSITHEHHS  BIAMOBIIHHUX
CTpaTeriyHuX IJIell y BU3HAYEHI 4YacoBl paMmKu. Y QopManai3oBaHOMY BH/II
MOCJIIJIOBHICTh (DOPMYBaHHS TaKUX (PYHKIIOHATBHUX MIAOJIOHIB JUIsl PI3HUX YACOBUX
IEPCIIEKTUB  PEAI30BYETHCSI 3@ JOMOMOIOI0 BHUIIE 3rafjaHOro  aJiropuTMy
TpaHchopmailii kaptu crpareriynux e 3BO y dyskmionan OOLP nactynmHum
yuHoMm. Hexaii T = {T short, T medium, T long}! - MHOXWHA 4YaCOBUX IMEPCIEKTUB,
ne: T short - KopoTkocTpokoBa mnepcnektuBa (1-3  pokm), 7T medium -
cepeaHbOCTPOKOBa nepcnekTuBa (4-7 pokiB), I long - TOBroCTpOKOBA MEPCHEKTURA
(8-10 pokiB i1 6imbmie). Toxai mmst KoxkHOI yacoBOi mepcrieKTuBu 1 i € T MH MOXKEMO
BU3HAYUTH BiANOBIAHI cTpareriudi i SCGoals i: SCGoals i = {SC{il}, SC{i2}, ...,
SC{in}}, oe SC{ij} - j-ta cTpateriuyna I1ijib, 10 HAJIIEKUTH YacOBi mepcrekTusi 7 i.
BiamoBimHO 10 3amporoHOBAHOTO MIAXOAY, IJIsi KOKHOI 4acoBOi MepcneKTuBH 7i
dopMyeTbest okpeMuit pyHkmioHanbHUM mabnon OOLP i, takuit mo: OOLP i =
Hil}, {2}, ..., f{ij}}, ne f{ij} - j-tra QyHKIIOHaIBbHA MOXJIUBICTH IMJIATGHOPMHU,
crpsiMOBaHa Ha peam3aiito crpareriynux e SCGoals i. dopManbHO, 3B'SI30K
MK cTpareriyaumMu  nusiMu SCGoals i Ta (QYHKIIOHATIBHUMH MOXJIMBOCTAMHU
OOLP i moxHa onucatu HactynHuMm npaBuiiom: VSC{ij! € SCGoals i Ff{ik} €
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OOLP i: SC{ij} — f{ik}. Todro nna xkoxHoi ctpateriudoi uum SCY{ij} icHye
npuHaiiMHI OofHa (QyHKIIOHATbHA MOXJIUBICTH f{ik! B mmabmoni OOLP i, ska
3abe3mnedye peanizario JaHOT CTpaTeriqYHOl L.

3acToCyBaHHSI 1TaHOTO AJITOPUTMY JI0 KOMIIOHEHTIB KapTH CTPATEriuHUX IUIEH,
AK1 HaJeXaTh J0 KOPOTKOCTPOKOBOI MEPCIEKTUBH, JO3BOJIUTH cpopmMyBaTu O6A30BHiA
¢byukuionansHuil mabdaon OOLP. Takuit ma®aoH MicTUTUME SIPO PYHKIIOHATBHUX
MOMJIMBOCTEH, HEOOXITHMX MJisi 3a0e3leueHHss OCHOBHMX OIepallii Ta BUKOHAHHS
HaWOIbII HarajgbHUX cTpaTeriyHux 3aBaaHb 3BO Ha mouatkoBoMy etami. Ilicns
IIOT0 aJrOpUTM TpaHcpopMallii Moke OYyTH 3aCTOCOBAHUM JO CEPETHBOCTPOKOBUX
CTpaTeriyHuX LIJIeH Ta MiALIed — Taka BepcCis TOMOBHUThH Ta PO3LIMPUTH 0a30BHiA
m1abJJOH HOBUMH MOJYJISIMH Ta KOMIIOHEHTaMH, CIPSIMOBAHMMH Ha JOCATHEHHS
BIJINOBIJIHUX CTPATETIYHUX OPIEHTUPIB Y BU3HAYEHUI MPOMIKOK Yacy.

Ha oOCHOBI [IOBrOCTpPOKOBMX KOMIIOHEHTIB KapTH CTpATEriuHUX Il
dbopmyeTbes dyHkmioHansHu 1madaon OOLP myis 1oBrocTpokoBoi MepCreKTHBH.
[le#i mabmoH BigoOpakaTMME MaKCHUMaJIbHO TIOBHHM Ta PO3IMIMPEHUN CTaH
(GYHKIIIOHATBHOCTI TUIATGOPMHU, HEOOXITHHUM Ui 3a0e3NeUeHHS 1HHOBAIIMHUX
TEXHOJIOTIYHUX PIIIeHb Ta peaiizaili ctpareriyHoro 6adyenns 3BO B 10BrocTpokoBiit
MEePCTIEKTHUBI.

TakuMm 4MHOM, 3aCTOCYBaHHS aJTOPUTMY TpaHcopMmallii 10 Pi3HUX YACOBUX
MEPCIEKTUB KapTH CTPATETIYHUX IIUICH J103BOJISIE OTpUMATH HAOIp JUHAMIYHUX
¢dbyukionanpbHux madaoHiB OOLP, koxeH 3 sSKuX aJanToBaHUN 10 KOHKPETHOTO
etany po3BuTKy 3BO Ta BU3Hauyae cTaH (PyHKIIOHAIBHOCTI IIATPOPMHU, HEOOX1THUMA
JUTSl BUPIIIEHHS aKTyaJIbHUX CTPATETIYHUX 3aBJaHb HA [bOMY €Talll.

BucHOBKH Ta nepcneKTUBH MOAAJBIIUX J0CTiTKEHb.

[IpoBeneHe AOCHIIHKEHHS 3aCBIIUY€ aKTYaJbHICTh Ta HEOOXITHICTH PO3POOKHU
BIIKpUTOI OHJAiH-HaBUaNbHOI MIaThopmu s mpodeciiinoi migrorosku [T-
(axiBIliB y Cy4aCHUX yMOBaX.

VY pamkax AOCHIIKEHHS 3allpOMIOHOBAHO KOMIUJIEKCHUN MiXia 10 (GopMyBaHHS
¢dynkumionanpHoro mabimony OOLP, mio r1pyHTyeTbes Ha  TpaHchopmarrii
CTpaTeriyHuX IIiJIeH 3aKjaaay BHUIOI OCBITM B KOHKPETHI (PYHKIIIOHAJIbHI BUMOTH JI0
mwiatdopmu. Jlana meronuka 3abesneuye TicHy iHTerpamito OOLP 3 nmpiopureramu
PO3BUTKY HAaBUaJbHOTO 3aKJIaJy Ta YMOXJHUBIIOE PO3POOKY JMHAMIYHUX
(yHKIIIOHATBHUX IA0JIOHIB, aIaNTOBAHUX J0 PI3HUX YaCOBUX MEPCIEKTHB.

[lepcrieKTUBHUM HANPSIMOM MOAANBIINX JOCTIIHKEHb € BOPOBAPKEHHS HOBITHIX
TEXHOJIOT1H, 30KpeMa CUCTEM IITYYHOTO 1HTENIEKTY, B apXITEKTypy Ta (PyHKI1OHATbHI
moxkauBocti OOLP. KommiekcHe BHpOBa)KEHHS MPOTPECHBHUX TEXHOJOTIA B
¢ynkmionan OOLP  BigkpuBae TEPCIEKTUBA JJIS CYTTEBOTO  ITiJIBUIICHHS
epexkTuBHOCTI Ta sKocTi mpodeciinoi miarotroBku IT-¢daxisuie. IIposigHOIO
TEXHOJIOTI€F0, 0 BUTICHATAME KJIIACHYHI MAX0AH, cTane mry4dauit intenekt (L) ta
MamuHHe HaBuyaHHs. [I-cuctemu BifirpaBaTUMyTh KJIIOYOBY POJb B aJallTUBHOMY
HaBYaHHI, MepcoHai3allii KOHTEHTY, aBTOMAaTH30BAaHOMY OIlIHIOBaHHI, a TaKOX Yy
BUTJISA/II 1HTENEKTYaJIbHUX BIPTyaJbHUX ACHUCTEHTIB Ta 4YaT-OOTIB JUIS MiIATPUMKH
ctyaeHTiB. TexHosorii nonoBHeHoi (AR) Ta BipTyansHoi peanbHocTi (VR) HaOyayTh
IIMPILIOTO 3aCTOCYBaHHS, 3a0e3Meuyloyd IMEPCHUBHI HaBYalibHI CEpEJOBHUINA Ta
BIpTyaJibHi J1abopaTopii, 10 3aMIHATh TPAAULIMHI METOJIM Bi3yani3alii Ta CUMYJIALII].
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AHaJliTUKa HaBYaHHS CTaHE HEBII'E€MHOKW CKJIagoBoro MaibytHix OOLP,
J03BOJISIFOYM 30MpaTH Ta aHaji3yBaTH JaHl MPO MAISUIBHICTH CTYACHTIB 3 METOIO
MOCTIHOTO BAOCKOHAJICHHS HaBYAJILHUX TPAEKTOPIN Ta METOIMK BUKJIATaHHS.
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Abstract. The article is devoted to the use of functional templates in the creation and
development of open online distance learning platforms. The work substantiates the relevance of
developing a specialized open online platform for professional training of IT specialists. Modern
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research on digitalization of higher education and the need to introduce new forms of organization
of the educational process is analyzed. The main result of the study is the development of an
integrated approach to the formation of a functional template for an open online learning platform
(OOLP). This approach is based on the transformation of the strategic goals of a higher education
institution into specific functional requirements for the platform. A modular OOLP architecture is
proposed, which includes a basic kernel with typical functions and additional modules for the
implementation of advanced technologies, in particular based on artificial intelligence. An
algorithm for the formation of dynamic OOLP functional patterns synchronized with different time
prospects for the strategic development of the university is presented. This ensures a gradual
increase in the functionality of the platform in accordance with the current priorities and goals of
the educational institution. The perspective directions of further research related to the complex
introduction of the latest technologies, such as artificial intelligence, augmented and virtual reality,
into the architecture and functionality of OOLP are determined.

Key words: open online educational platform (OOLP), functional template, smart university,
professional training of IT specialists, distance learning.
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AHnomauin. YV oOauiti  podoomi  pozensioaemvcs  (OpMYSaHHA — OUCKpemHOi  Moodeni
Oe3MOMEHMHO020 MEKMOHIYHO20 NOKPUMMISL CMAL0T MOBWUHY 31 CIATUM NEPEPi3oM ONOPHUX APOK
Ha mpianeynAyiuniu  cimyi. 306HIWHE HABAHMANCEHHS HA  GY3IU  OUCKpemHOi  Mooeni
OEe3MOMEHMHO020 NOKPUMMSL CKAAOAEMbCS 3 6IACHOL a2 eleMeHmI8 NOGePXHI ma eleMeHmie 6
Onopuux apkax. Bracna eaca nokpumms 6 medxicax oOHI€i KIIMUHU 3A1eHCUMb 8i0 NA0WI KIIMUHU,
MOBWUHY NOKpumms ma o00'emHoi 6acu mamepiany. Bracha eaea enemenma onopuoi apku 6
MeAHCax OOHIET KNIMUHU 3aNedHcUms 8i0 O0BICUHU YbO20 eleMeHma i NIowi 1020 NOnepeuHo2o
nepepizy, a makoxc 8i0 00'emnoi eacu mamepiany. Tooi HasanmasicenHss Ha 8y31uU CimKuU He OyOe
00HAKOBUM, MAK SIK NIOWI KIIMUH | O08AUCUHU pedep 83008C ONOPHUX APKOK 0YOymb DI3HUMU.
Tomy po3paxyHku KOOpOuHam 8y3/1i6 Cimox y NONepeoHix OOCIIOHNCEHHAX € HAOIUNCEHUMU, OCKITbKU
306HIUWHE HABAHMANCEHHS HA 8V3/IU He MO8 A3Y8ANOCH I3 3A3HAYEHUMU NAPAMEMPAMU.

3anpononosano mecmosuii NPUKIA0 hopMy8aHHs 8PIBHOBANCEHOI MPIAHSYIAYIUHOL CIMKU NiO
0i€l0 6ePMUKANbHUX CUT, WO BION08I0aomb NOGepXHi 6 NiaHi. BepmukanvHi cuiu 6 HACMYNHUX
HAOIUNCEHHAX BUOUPAIOMbCS NPONOPYIUHUMU NAOWAM BIONOBIOHUX KOMIPOK CIMKU MA 00B8HCUHAM
i pebep.

Knwuosi cnosa: ouckpemmua cimxa, 6e3momeHmHe NOKpUmMms, ONOPHI apKu, MeKMOHIKdA,
306HIUHE HABAHMAICEHHS, BTIACHA 8a2d, MPIAH2YIAYIUHA CIMKA.

Beryn.

TeKTOHIYHOIO BBaXA€ThCA apXITEKTypHa CIOPYAa, KOMIIO3UIlIA SKOI 0a3yeThes
Ha BUSBIICHHI y 30BHIIIHIN (popMi BHYTpIlIHIX BiIacTuBocTell cnopyau [1]. Ogaum i3
YUHHUKIB TEKTOHIYHMX CIOpYyA € OO ’€lIHaHHS BHUMOI MIIHOCTI, CTIMKOCTI Ta
GyHKIIOHATBHOCTI KOHCTpYKIli. TakuMm BHMOraM BIANOBIZAIOTH OE3MOMEHTHI
MOKPUTTSL  apXITEKTypPHHUX CIOPYA. bEe3MOMEHTHICTh TOKPUTTS, BKIIOYAIOYN
0€3MOMEHTHICTh TAKUX €JIEMEHTIB SIK apKh OMOPHOTO KOHTYpa, MOKHA 3a0€3MeUnTH
y IUCKPETHOMY BUTJISIAIL 3@ JOTIOMOTOI0 CTaTUKO-TEOMETPUYHOTO MeToy [2, 3].

be3sMOMEHTHOI0O € KOHCTPYKIlisf, TIOBEpXHS 1 OINOpHI €JEMEHTH KOl
dbopMmyroThCcsl TiJ Jdi€l0 BiacHOi Barv. BiacHa Bara KOHCTPYKIN CKJIAIA€ThCS 3
BJIACHOT Baru €JeMEHTIB ii JucKkpeTHoi Mojeni. OCKUIbKA NapamMeTpu MOBEpPXHI
MOKPUTTSI HAlEpe HEeB1JIOM1, BEPTUKAJIbHI 3yCHUJUIS BIACHOI Bard MO>XHA BU3HAYUTH
JUIIEe METOAOM IIOCHIIOBHHX HaOmmkeHb [4]. 3a BuxigHe HaOIMKCHHS
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IPONOHYETHCSI 0OPATH MOBEPXHIO, siIka (OPMYEThCA M1 JIEH0 BEPTUKAIBHUX 3YCHUIIb,
IO BIANOBIAAIOTH MOBEPXHI Yy TulaHl. BepTukanbHi 3ycWuis y HaCTYMHHUX
HAOJIMKEHHIX OOMPalOThCA MPONOPILIHHUMHE IUIOIIAM BIAMOBIIHUX KIITHH CITKU Ta
JOBXKHHaM 11 pebep.

OCHOBHHMY TEKCT.

Ha nmoxuOku, 110 BUHHMKAIOTh y pe3yJbTaTi BU3HAYEHHS KOOPJAMHAT BY3JIB
JUCKPETHOTO KapKaca IMOBEpXHI OE3MOMEHTHOTO MOKPHUTTS TOCTIMHOI TOBIIWHH,
ICTOTHO BIUIMBA€ MPaBUJIBHICTH PO3MOJLIY BJIACHOI Bard MOKPUTTS MIXK BY3JIaMH
ciTku. BmacHa Bara enemMeHTa MOKpPUTTS, SIKa BPAaXOBYETHCS SIK 30BHIIIHE 3yCHILI,
Jioue Ha BY30J CITKM IS TOKPHUTTS TIOCTIMHOI TOBIIMHHM, TIOBUHHA OyTH
MPOTMOPIIIAHOO TUIOLI €JIEMEHTA:

P=S5-6"v, (1)

ae S — miomia eaeMeHTa MOKPUTTSL, 0 BITHOCUTHCA 0 TPOMIXKHOTO By3Jla CITKU;
0 - TOBLIMHA ITOKPHUTTS;

v — 00’€MHa Bara MaTepiaiay MOKpHUTTS.
ko BenmuuuHU § 1 Vv € CTAIMMU U1l TAHOTO TIOKPHTTS, iX MOXHA 3aMIHUTH

CTaJIuM KO€(I11IEHTOM.
Toni ¢popmyna (1) cpolryeThes:
P=k"-S, (2)

nek'=6-v.

[IpunycTriMo, 10 BjacHa Bara KOXKHOI KJIITUHH PIBHOMIPHO PO3IMOALISIETHCS
MIDXK By3J1aMU 1i€1 KJIITHHA. TOI1 BlacHa Bara MOKPHUTTS, 1O JIi€ Ha TPOMIKHUN BY30J1
CITKH 3 TPUKYTHUMH KIIITUHAMU Oy/ie:
I rr I rr rr
P = ; (3)

BitacHa Bara peGep omopHUX apoK 3 MONEPEYHUM IEPEePi3oM CTajol TIIONI s
CITKH 3 TPUKYTHUMH KJIITHHAMU 31 CTAJIUM ITapaMeTpoM i abo j Oyne:

Qio = ki llolc;r E:fl,o) @)
00 = ki,’n.(lﬁf"l,; + 110 )
Qij = ki (l oI 12 Oﬁl (6)
O = k::;,;(’::j—zl + l:::}‘i+l e
AT .
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k” (lq,j 1 + i'Iqj+1)
: ©)

ne k' - mo6yTok 06’€eMHOI Baru Marepiaiy Ha ILIONLY IIOIIEPEYHOIO MEPEPI3y apKu;

Qq,j

[ — IOBXWHA €JIEeMEHTa apKH B MEXaX O/IHI€1 KIIITHHHU.
Jisg ciTKM 3 TPUKYTHUMH KJIITMHaMH BJlacHa Bara pebep, M0 pO3MIIIeHI B

JiaroHaJILHOMY HaIpsiMi Ha Tononorquiﬁ cxeMi BU3HAYAETHCS 32 (OPMYIIOF0:
1
1a 1(ll—lj+l 1+1j 1 (10)

2 ’
JIe a — mapaMeTp AlaroHaJIbHOTO HAMpsMY.
HaBanTtaxkeHHsI Ha BY30JI ONOPHOIO KOHTYypa [IJsi CITKM 3 TPUKYTHUMH

KJIITUHAMHA CKJIAJA€ThCSl YACTKOBO 3 BJIACHOI Baru KJIITHH, IO HAJIEXKaTh LbOMY
BY3JIy, 1 YaCTKOBO 3 BJIACHO1 Baru JBOX pedep, K1 TaKOXK HaJIeKaTh IbOMY BY3I1Y:

Qij =

r " 0,j J"‘l
Quf PO 1+P0,j+P1,j +Q0,j +QO ]
01— 3 2 ’
r r T} m,j m,j+1
Qm‘ _ m,Jj + Pm,j+1 + Fm—l,j i Qm,j—l + Qm,j )
v 3 : | (11)
" r " i+1.0
0/ = P10 +P 1+ P, N QL—lO +Qio
Lo 3 2
r i i+1n
o Pi,n. + Pi,n.—l + F i+1ln Qz—l n + Q
Qi,n. _ 3 + 2

Ilpuknad. 3amaHO TOMOJOTIYHY CXEMY IMOBEPXHI y BUIMISAI NPaBHIBHOTO
IIECTUKYTHUKA 31 CTOPOHOIO 4 yMOBHI OJWHUII, TOIIEHOTO HAa 96 OJHAKOBUX
TPUKYTHUKIB (puc. 1).

y J

\/
\6/ =1
N/ N

Puc. 1. Tomosioriuna cxema noBepxHi
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3a/1aHO KOOPJIMHATHU BY3JIIB CIUPAHHS ApOK:
xs0=4; Y60=0; z55=0;
X2,0=4; ¥2,070; 2.2,6=0;
X24=2; ¥24=3,464; 2,,~0;
X.24=-2;Y-24=3,464; .5 ~0;
X2-4=-2; Y2-4=-3,464; 7, _~0;
X6)_4:2; y6)_4:-3,464; Za_4:O.

s toro, mo0 y cucTeMax piBHSAHb PIBHOBaru BY3JiB HE OyJO BiJ €MHHX
1HJICKCIB, 3@ TIOYATOK BiJIJIIKy o0epeMo TouKy A (x4=-2; y4=0).

3amaMo TakoX YMOBHY Bary OOOJIOHKM Yy Mexax ofHiel kmitunu P=-0.3 Ta
YMOBHY Bary €JIeMEHTa OIOPHOro KOHTypa y Mexax kmituau O=-10.5. Toxi 3rigHo 3
(3) HaBaHTa)XEHHSI HA BHYTPIIIHI BY3JIU CITKU JIOP1BHIOE:

Plll=2p = —0.6, (12)

a HaBaHTa)XEHHS Ha BY30J1 ONMOPHOTO KOHTYpa 3riHo 3 (11):
Qll=0+P=-108 (13)

Hexaif AUCKpEeTHOIO MOJIE/UTI0 MOBEPXHI MOKPUTTS OyAe PO3TATHYTa CiTKa 3i
CTHCHYTHUM OIIOPHHM KOHTYpoM. [Ipmuomy 3ycwiuis CTHCKY y peOpax OMOpHOTo
KOHTYypa 3aJaMoO y BICIM pa3iB OUIbINE, HIXK 3YCWIIS PO3TSHKIHHSA Yy BHYTPIIIHIX
pebpax ciTku. Toxal piBHSHHSA PIBHOBArd BY3JIB CITKH OYyAyTh y BHUIJIAMI TPhOX
CUCTEM:

1) mpoexuii 3ycuib y pedpax ciTku Ha Bich Ox:

2X5, — 6X309 + 2X31 + X4p=0;

Xag + 2X3; — 6Xs0 + 2X41 + Xso = 0;
Xy + 2Xg; — 6Xsg + 2Xs1 + 4 = 0

—7Xyy + Xpp + Xag + Xz = O;

X1+ X2 + X309 — 6X31 + X35 + Xy + X4y = 0;

X371+ X33 + X409 — 6Xy1 +Xyp + X590 + X510 = 0;

X13 + X317 — 6X33 + Xp3 + X371 + X3 = 0;

X2 + X3 + X317 — 6X35 + X33 + Xy + X45=0; (14
T7Xys + Xig + Xpy + Xpg = 0;

Xya + Xyg + Xpp — 6Xp3 + X3y + X33 +2 = 0
Xy — 8Xyp + Xep + 14Xs; — 32 = 0;

X3y — 8X33 + Xyy + 14X,, — 8Xsy = 0;

Xps + Xy + 14X35 — 8K,y — 16=0;

Xys + Xps + 14Xy, — 16 = 0;
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2) mpoeKIli 3ycuiib y pedpax CiTKH Ha Bich O:
Yip = 5Y51 + Yoy + V3, = 0;
Yo1 + Y55 — 6Y3 + Y35 + Yy =0;
Y31 + Y35 — 6V + Yy + V5, =0;
Y21 + 15 —3Y, + V3 =0;
Yip + Y13 + Y31 — 6V + Vo3 + V31 + 13, =0;
Yoo + Y53 + Y35 —6Y35 + Y33 + 1y + 1y =0;
You + Y15 —=5Vi3 + ¥y + Vo + V53 =0;
Yis + Y4 + Yoy — 6Yps + Vap + Yag + 3,464 = 0;
Yy, — 8Y,, + 14Ys, = 0;
Yap — 8Yss + Y4y + 14Y,, — 8Ye; = 0;
Yys + Vi, + 14Yas — 8Y,, — 27,712 = 0;
—8Yy, + Y5 + 14Y,, + Yyg — 27,712 = 0;
7Y, + Yi5 — 8Y;4 = O;

3) mpoexitii 3ycuiib y pedpax CiTKu Ha Bich 0Z:
6750 — 6Z0 — 0,6 = 0;
Zoog — 4239+ 2231 +Z4g— 0,6 =0;
Zag + 2731 — 6Z40 + 2741 + Zso — 0,6 = 0;
Zao + 2741 — 6750 + 275, — 0,6 = 0;
2750 — 6231 + 2Z4g + 274, — 0,6=0;
Zay + Zag — 5Zu1 + Zag + Zso + Zs; — 0,6 = 0;
Zyy — 824y + Zso + 14Z5; — 10,8 = 0;
27,, + 14Z,, — 16Zs, — 10,8 = 0.

(15)

(16)

BpaxoByroun cuMeTpito BUXITHUX YMOB, CHCTEMH PIBHSIHb PIBHOBAr MpOEKIIiit

3ycuiib Ha ocl Ox 1 Oy CKIaAeHo IS 1/ 4 YACTHHH TOOJIOTIYHOT CXEMH, & CHCTeMY

PIBHSIHb PIBHOBAru MpOEKIliH 3yCHIb Ha BICh 0Z — JIs 1/ 12 YaCTHHH.

PesynbTaTu po3s’s3anns cucteM (14-16) HaBeneHno B Tabmuili 1.
PesynpTatn migpaxyHky aOciuc 1 OpAWHAT 3alUIIAIOThCS CTATUMU B
ITepalifHOMy MpOILeCi, OCKUJIbKH 3MiHa BEPTUKAJIHHOTO HABAaHTA)KCHHS Ha HUX HE

BIIJIMBAcE.
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Taoauus 1. KoopauHaTu 1MCKPETHOI CITKH BUXITHOT0 HA0OIMKEHHSI

X 0 0,99 2
J=4|Y 3,989 | 3,852 | 3,464
Z 3,194 | 2,353 0
X 0,53 | 1,617 | 2,842
=31Y 2,893 | 2,801 | 2,783
Z 1,865 | 1,546 | 2,353
X 0 1,1 2,241 | 3,455
=21Y 1,919 | 1,906 | 1,905 | 1,995
Z 1,394 | 1,44 1,865 | 3,194
X 0,552 | 1,662 | 2,771 | 3,831
=11Y 0,957 | 0,959 | 0,988 | 1,069
Z 1,176 | 1,394 | 1,865 | 2,353
X 0 1,105 2,2 3,234 4
=0Y 0 0 0 0 0
Z 1,076 | 1,176 1,44 | 1,546 0
1=0 1=1 1=2 1=3 1=4 1=5 1=6

Pe3ynbpTaToM po3B’si3aHHS cUCTeMH pIBHSHB (16) € nuine HaOauXKeH1 aruIikaTH
BY3JIIB CITKW. /{711 OTpuMaHHS Okl TOYHOTO pe3yJIbTaTy MOTPIOHO BJIACHY Bary
€JIEMEHTIB TOKPUTTSA Y3TOJUTH 3 TUIONIMHAMHM KJIITHH 1 IOBXKUHAMU peodep.

JomxuHa noButbkHOTO pebpa BC (puc. 1) BuU3HAUAETHCA 3a KOOpAMHATAMU
BY3JIiB, SIKI HAJIEKaTh LILOMY peodpy:

lge = \/(?CB —xc)? + (g —yc)? + (zp — z¢)2.

(17)

3a BIZOMHMMHU JIOBXKHHAMH pebep MOXHa MigpaxyBaTu 3a (opmyror ['epona
TUIONI TPUKYTHHUX KIIITHH CITKH:

Sij = in,j(pi,j —lge)(pij — lep) (i — lsp)-

(18)

CkJlaeMo CUCTeMY piBHSIHb PIBHOBAru By3iB 3 ypaxXyBaHHSM IO KIITHH Ta
JIOBXKWH KOHTYpPHUX pebep CITKH. BpaxoByroud CHMETpitO0 CITKH, IIi PIBHSIHHS
CKJIQJIEHO TUIBKHY 1A 1 /12 11 YaCTHUHHU.

_622(} + 6230 + leZO - U,

220 - 4230 + 2231 ‘|—Z40 + kISBU = U;
Zag+ 27231 —6Zyg +2Z41 + Z5g + k1S40 = 0;
240 + 2241 - 6250 + 2251 + kISEO = U;

2230 - 6231 + 2240 + 2241 + k1531 - U,

Z3y +Zyg — 5241 + Zag + Zsg + Zsy + Ky Sy = 0;

241 - 8242 +250 + 14‘251 + k1551 + kziSl - U,
2241 + 14242 - 16251 + k1542 + k2|!42 = U,

(19)
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e ZZO = 1,076; 242 = 3,194‘;

k,S; j — HABAHTAXKCHHS HA BY30J1 3 PaxXyBaHHSM IIOLI KIIITHH;
rr r r rr r rr
B kl(si,j + St Siq TS e TS T Si+1,j) .
kiSij = 3 ; (20)
k,l;; — HAaBaHTa)KCHHS Ha BY3/IM ONOPHUX APOK 3 yPAXyBaHHAM Bard €JIEMEHTIB
apoK;
by (151941 4 i1
_ 2\ ij
kyli; = 5 (21)

HaBanTakeHHsI Ha BY3JU CITKH, SIKI MmigpaxoBaHo 3a (opmynamu (20) 1 (21),
HaBEJICHI Y TaONuIIl 2, MACTABISIIOTHCA 10 CUCTEMU PiBHSHB (19), micas po3B’si3aHHS
SKOT OTPUMAEMO HOBE HAOJM)KCHHSI aruTiKaT CITKH, SIKe HaBEJICHO B Tabwii 3.

[le#i pe3ynpTaT TakKoX € HAOMKEHUM, OCKUIBKM 3MiHA aIlliKaT BY3JiB CITKH
BIUIMBAE€ HA HABAaHTAXEHHS Ha By3/H. ToMy pe3ynbTaTH po3B’si3aHHs cuctemH (19)
MPUUMAIOTHCS SIK BUX1AHI JaH1 JUIsl HACTYITHO1 1Tepaltii.

Taoauus 2. HapaHTa:KeHHS HA BY3JIU CITKH

Ne
Ha0Jm
1 0,813k, +1,306k,
|2 0,795k, +1,224k,
3 0,08k, +1,209k,
4 0,795k, +1,206k,
5 0,804k, +1,206k,
1 L3k, | 1347k, 0,872k, +1,948k,
-1 1,142k, | 1,197k, 0,909k, +1,969k,
3 13k, | 1,128k, 0,895k, +1,973k,
4 1,136k, | 1,356k, 0,895k, +1,974k,
5 1,133k, | 1,36k, 0,898k, +1,974k,
1 | 1,064k, | 1,079k, | 1,122k, 1,601k,
_p|2 1064k, [1.079%, | 1175k, 1,734k,
3 | 1,064k, | 1,019, | 1,123k, 1,66k,
4 1,064k, | 1,081k, | 1,13k, 1,663k,
5 | 1,066k, | 1,081k, | 1,123k, 1,601k,
i=2 i=3 i=4 i=5
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AJTOPUTM 1TEpALIITHOTO MPOIIECY BUTIISAIAE HACTYITHUM YHHOM:

1) 3a BuxigHe HAOMMKCHHS TPUUMAETHCS CITKA, sSKa (QOPMYyeEThCS MiA JI€I0
PIBHOMIPHO PO3MO/IIJICHOTO0 HABAaHTAXEHHSI Ha BY3JIH;

2) 3a dopmynoro (17) BuU3HAYAIOTHCS JOBXKHHHM BCiX peOep CITKH BUXITHOTO
HaOJIM)KEHHS,

3) 3a ¢popmyoro (18) BU3HAYAIOTHCSA IO KJIITHH CITKH;

4) 3a popmymamu (20) 1 (21) Bu3HAUAETHCS HABAHTAKCHHS HA BY3JIH CITKH 1
OTIOPHUX apOK Ta MiJICTABISAETHCA 10 CUCTeMHU PiBHSAHB (19), npu po3B’si3aHH1
KO OTPUMAEMO HACTYITHE HAOJIMKEHHS aIlIiKaT CITKH;

5) oTpuMaHi aruIikaTd BY3J1B TOPIBHIOIOTHCS 3 aIllIKaTaMH TOMEPEIHBOTO

HaOJIMKEHHS 1 BUBHAYAETHCS BIIHOCHA MOXHUOKa 00UYnCIIeHb 3a (OpMYJIOH0:
n__n—1

_ \Ziy~4i; 0
1) z 100%, (22)
7ie n — HOMeEp iTepartii.

Taoauus 3. AutikaTv By3J1iB CiTKH 32 iTepanissMu

Ne
HabH
1 1,862
2 1,883
=2 3 1,894 3,194
4 1,868
5 1,869
| 1,386 1,862 2,488
2 1,392 1,883 2,514
=/ 3 1,399 1,894 2,519
4 1,388 1,868 2,519
5 1,389 1,869 2,518
| 1,173 1,433 1,543
2 1,174 1,436 1,545
J=0| 3 1,076 1,177 1,447 1,555
4 1,173 1,436 1,549
5 1,174 1,438 1,555
=2 i=3 i=4 =5

Sxuo moxubka § He MepeBHINye 3aJaHy AOMYCTUMY IMOXHOKY, ITepariiiHuii
Hpolec 3yNUHIEThCS. SKIIO0 § mepeBullye TOMyCTUMY 3a/1aHy MOXUOKY, iTepariiiHuii

MIPOIIEC TIOBTOPIOETHCS, MOYMHAIOYM 3 IyHKTY 2. B HaBejeHOMY BHINE NMPUKIIAI
HalOUIpIIa BimHOCHA moxuOka ckiagae 0,6%, miIg 4oro 3HAZOOMIOCS BUKOHATH
YOTUPH ITepallii.
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Puc. 2. BpiBHOBa:KeHa OBEPXHS APXiTEKTYPHOI0 OKPUTTH

3a pesynbTaTaMu 4eTBEpTOi iTeparllii 3 Tabi. 3 Ha puc. 2 TOOYI0BAaHO TUCKPETHY
BPIBHOBa)XEHY MOBEPXHIO.

BucnoBku.

PiBHOMIpHMI PO3MOALNT BIACHOI Bard IMOKPUTTS MK BHYTPIINIHIMH BY3JIaMHU
MPaBWIBbHOI y TIJIaHI CITKW Ja€ HE3HAYHY IMOXUOKY JIMINE JJIS MOJOTHX IMOKPUTTIB,
OCKIJIbKM TUIONI KJIITHH HA MOBEPXHI HE 3HAYHO BIAPI3HAIOTHCS BiJ IUIONL KIITHH Y
miaHl. [3 30UIbLIEHHSM BCHApyUIEHOCTI TOBEPXHI TOKPUTTS PI3HULSA MIX
3a3HAUYCHUMHU IUIOMIAMHM  30UIBIIYEThCSA, IO BeAe OO0 30UIBIICHHS MOXHOKH
PO3paxyHKIB.

HaBeneni anroputmMu BpaxyBaHHSI BJIACHOI Bard €JIEMEHTIB MOKPHUTTS JalOTh
OUIbLI TOYHUHN pe3yJbTaT OOYHCIIEHb, aje He BPaxOBYIOTh MOXUOKY AMCKpPETH3aLlii,
Ky MO>KHA 3MEHIIUTH JIUIIE [TPU 3MEHILIEHH1 KPOKY AUCKPETHU3ALlii.
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Abstract. In this study, the formation of a discrete model of a momentless tectonic covering of
constant thickness with a constant section of supporting arches on a triangulation grid is
considered. The external load on the nodes of the discrete model of the moment-free covering
consists of the self-weight of the surface elements and elements in the supporting arches. The
specific weight of the coating within one cell depends on the area of the cell, the thickness of the
coating and the volume weight of the material. The own weight of an element of a supporting arch
within one cell depends on the length of this element and its cross-sectional area, as well as on the
volumetric weight of the material. Then the load on the grid nodes will not be the same, since the
cell areas and the lengths of the edges along the supporting arches will be different. Therefore, the
calculations of the coordinates of grid nodes in previous studies are approximate, since the external
load on the nodes was not related to the specified parameters.

In this study, an example of grid formation under the action of vertical forces corresponding
to the surface in the plan is considered. The vertical forces in the following approximations are
chosen proportional to the areas of the corresponding grid cells and the lengths of its edges.

Key words: discrete mesh, momentless covering, supporting arches, tectonics, external load,
own weight, triangulation mesh

Cratps otnpasinena: 20.04.24 r.
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