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Economic sciences

PECULIARITIES OF THE FORMATION OF LAND OWNERSHIPS AND LAND USES IN THE TERRITORY

OF POPULATED POINTS
lukhno Alona
Ukraine, Kharkiv National Automobile and Highway University
Kovalenko Lyubov

Ukraine, State Biotechnological University

Introduction. The process of formation of land ownership and land use on the territory of various
administrative and territorial entities of Ukraine is ongoing. The main ways of forming new land tenures
and land uses are: their allocation from state and communal land, division or unification of already
existing land tenures and land uses, formation through the conclusion of civil law agreements, lease
agreements, emphyteusis, superficiality, etc. In the future, a significant impact on the formation of land
ownership and land use will be made through the introduction of comprehensive plans for the spatial
development of the territory in the territory of the united territorial communities and the introduction
of changes to the existing legislation with the aim of its improvement and adaptation to the conditions
of the war and post-war reconstruction of the country through the reconstruction of existing settlements
and planning and construction of new ones.

Purpose. To determine the peculiarities of the formation of land ownership and land use in the
territory of settlements, their trends, reqularities and prospects for their creation.

Methods. The theoretical basis of the study was the legislative and normative legal framework
regarding the formation of land ownership and land use in the territory of settlements. In the research
process, such methods as abstract-logical (theoretical generalizations and formulation of conclusions)
and comparative and other generally accepted methods and modern scientific methods were used.

The results. Management of land resources and control over the formation of land ownership and
land use are carried out by legislative, executive authorities and local self-government bodies, which
regulate land relations and determine the general strategy for the development of the system of land
ownership and land use, law-making, law enforcement activities, etc. The content of the activities of the
relevant bodies consists in forecasting and planning the use of land resources of a certain defined
administrative-territorial unit, which is provided by the State Land Cadaster, land resources management,
land management, satellite mapping, geodetic works, etc. [1].

The boundaries of land ownership and land use, which are formed within the boundaries of
settlements, must be located within the territory of designated settlements. This especially applies to
those land holdings and land uses located on the outskirts of settlements. In this case, the turning points
of the border of land ownership and land use must coincide with the turning points of the border of the
settlement or pass at a certain distance from the border of the settlement.

The purpose and functional purpose of land holdings and land uses, the nature of their
development must correspond to the functional zone of the settlement, within which they are located in
accordance with the Functional Zoning Scheme, the General Plan or other urban planning
documentation.

The main directions of the formation of modern land ownerships in the territory of settlements
were determined (Fig. 1).

The main directions of formation of land ownerships

Figure 1 - Directions of formation of land ownership in the territory of settlements
The formation of land use within settlements takes place by concluding lease agreements,
emphyteussis, superficies, and concessions for land plots that are privately owned by legal entities or



individuals, and for land plots that are communally or state-owned (Fig. 2).
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Figure 2 — Directions of land use formation in the territory of settlements

In the future, the formation of land ownership and land use on the territory of settlements will be
carried out in accordance with the Comprehensive Plan for the Spatial Development of the Territorial
Community developed and approved by the local self-government body.

The comprehensive plan for the spatial development of the territory of the territorial community
determines the planning organization, functional purpose of the territory, the main principles and
directions of the formation of a unified system of public services for the population, road network,
engineering and transport infrastructure, engineering training and improvement, civil protection of the
territory and the population against dangerous natural and man-made processes , land protection and
other components of the natural environment, formation of an eco-network, protection and preservation
of cultural heritage and the traditional nature of the environment of settlements, as well as the sequence
of implementation of decisions, including the phased development of the territory. The comprehensive
plan provides for coordinated decision-making regarding the integral spatial development of settlements
as a single settlement system and the territory beyond them [1].

The comprehensive plan should include planning decisions regarding the prospective use of the
entire territory of the territorial community, as well as: the general plan of the settlement - the
administrative center of the territorial community; general plans of settlements and detailed plans of
the territory within the territory of the territorial community, approved before the adoption of the
comprehensive plan, which, in accordance with this article, are recognized as meeting the requirements
of the law, are consistent with the planning decisions of the comprehensive plan and are subject to
inclusion in it; general plans of settlements within the territory of the territorial community, the need for
development of which is established by the decision on approval of the comprehensive plan (included in
the composition of the comprehensive plan at the same time as their approval); planning decisions of
general plans of other settlements and detailed plans of territories within the territory of the territorial
community to the extent determined by the Cabinet of Ministers of Ukraine; detailed plans of the
territory within the territory of the territorial community (included in the comprehensive plan
simultaneously with their approval); boundaries of functional zones of the entire territory of the
territorial community with requirements for development and landscape organization of such zones
(zoning plans for the territories of settlements within the territory of the territorial community are
developed as part of master plans and included in the complex plan simultaneously with the approval of
the corresponding master plans); historical and architectural reference plans of historical areas of
settlements included in the List of Historical Settlements of Ukraine [2, 3].

According to the developed and approved Comprehensive Plan, owners and users of land plots will
have the opportunity to independently change the purpose of land plots, complying with the
requirements for functional zoning of the territory. It is also planned to simplify the determination of
land use through the digitization of the cadastre by reflecting restrictions: urban planning restrictions
and use restrictions. In addition, the community itself will determine the functional planning of all its
territories. It will establish the development regime of the territory [4].



An important part of planning is the functional zones of the territory with a set of permitted types
of land plots and established restrictions on development. From now on, the territory zoning plan will be
a mandatory component of the general plans of settlements. And outside of settlements, information
about functional zones with requirements for building and landscape organization is included directly in
the comprehensive plan of spatial development of the territorial community (in accordance with
paragraph 4, part 2, article 17 of the Law of Ukraine "On Regulation of Urban Development Activities")

[5].

So, as a conclusion, it should be noted that in the future, land ownership and land use on the
territory of settlements will be formed in accordance with the Comprehensive plan for the spatial
development of the territory of the territorial community as the main land management and urban
planning document that contributes to the management of land resources of the united territorial
community.
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Abstract

The water transport systems serve to organize the carriage of goods by sea as well as cargo
storage and transshipments in ports. In modern international trade, goods are usually transported
by several modes of transport. This requires integration between water and land transport. The
integration between the different modules of means of transport is carried out through the
infrastructure, the organization of the transports, the concepts of intermodal and multimodal
transports, and the transport contracts. Transport infrastructure consists of transport links and
hubs where goods are transshipped between sea and land means of transport. Three forms of
organization have been created in merchant shipping: tramp shipping, liner shipping, and
specialized shipping. The basis of the organization of water transport and multimodal transport is
the contractual relations of the carriers. This publication aims to analyze the organization and
contractual relations of water transport as well as the interrelationships between water and land
transport.

Keywords: water transport system; land transport systems, transport infrastructure;
organization of the transport; concepts of intermodal and multimodal transport; transport
contract; contracts for carriage of goods by sea, roads, and railways; integration between water
and land transports

Research in Support of Modern Maritime Study

1. Introduction to Seaborne trade and Supply Chain Management

In the international market for goods and services, of which the freight market is a part, many
commercial transactions are carried out with the participation of water transport. Due to the large
volume and variety of trade, for the overall implementation of an economic project and its further
operation, the participation of more suppliers of raw materials and machines, as well as transport
services, is necessary. To this end, merchants, and carriers, through the contractual relations between
them, build the most rational possible supply management organizations. The production of finished
industrial products begins with the excavation of raw materials and their processing into materials for
production, which can go through several phases carried out by different entities. Adding to this the
transport carried out by different carriers and types of means of transport, the number of subjects in
international trade becomes large, as do the resulting contractual relations. In practice, for each
economic project, a commercial structure is created separately, with many entities that regulate their
relationships through chains of trade and transport contracts, between which there are direct or indirect
interconnections. Due to the multifaceted and complex nature of commercial relationships, commercial
disputes and potential legal complications are possible, with great material interest. This is also
reinforced by the differences in the legal systems and commercial practices of the countries, especially
in the case of transactions of a multinational nature, among which are also water transports. In other
words, during production processes and in the implementation of international trade, great importance
is given to the organization and management of supplies, which are based on multiple contractual
relationships having mutual relationships between them. On the other hand, the transportation of the
goods takes place with different means of transport, which are used consecutively after loading and
unloading the goods. Modern transport technologies allow the goods to be transported by one means of
transport, and for one part of the journey, the means of transport used, due to technical or economic
reasons, can be reloaded on board another means of transport, with which the relevant part of the route
is passed. For example, a motor vehicle loaded with goods or a railway wagon that travels part of its
route on board a sea-going vessel that crosses the waters of a sea or ocean may be indicated.



Effective implementation and profitability of economic activities depends on the height of legal
thought and the rationality of transport decisions. In this connection, new commercial concepts related
to the technology of global trade and supplies (Technology in Global Trade; Supply Chain technology)
entered the economic science. Supply chain technology has become an increasingly important element
of global trade and international logistics.’

Maritime transport is the backbone of international trade and the global economy. Over 80% of
the volume of international trade in goods is carried by sea, and the percentage is even higher for most
developing countries.? Maritime transport takes the leading role in commodity transportation, but of
course this could not be done without the support of land transport — the motor vehicles and the railway
wagons. It could be said that maritime transport, together with commercial ports and in cooperation
with land transport, is the driving force of world seaborne trade and industry.

2. International transport infrastructure: links, networks, and nodes; the role of water canals and
ports

2.1. Transport links (roads)

Transport links are the respective "roads" along which vehicles travel: highways, railways, airways,
waterways, and canals.

2.2. Transport networks (infrastructure) of individual modes of transport

The transport networks of the individual modes of transport have significant differences and
peculiarities that arise from the surrounding environment.

* Road transport networks: these are the highly developed highways and highways that are in
constant expansion. « Railway networks (infrastructure)

* Sea and river lines between ports; they also include natural and artificial canals such as the
Panama Canal, the Suez Canal, the Kiel Canal, the Europa Canal (Rhine, Main, Danube), the Volga-Don
Canal (between the VVolga River and the Don River), and the Eurasia Canal under construction, which will
connect the Caspian Sea and the Sea of Azov.

* Air lines between airports

2.3. Transport (transshipment) units

The transshipment of goods from one type of transport to another is carried out at transport nodes:

« bus stations — for transshipment of goods and passengers between motor vehicles,

« railway stations — for transshipment of goods and passengers between railways and motor
vehicles,

« air terminals (airports) — for transshipment of goods and passengers between aviation and land
transport (cars and railway wagons),

« ports and (port terminals) — for transshipment of goods and passengers between ships (sea and
river) and land vehicles (cars and railway wagons),

e dry ports (dry ports) — transshipment centers mainly for containers that are in the interior
(therefore they are often called inland ports) and have a good road or rail connection with a seaport
where or from where the containers are transshipped,

« logistics centers: for temporary storage and transshipment of goods, between land transport
means: most often motor vehicles, and for transshipment of intermodal units, between transport
modules.

3. Intermodal and Multimodal concept

3.1. Intermodal carriages

When transporting goods over long distances, geographical conditions do not always allow it to be
carried out with the same means of transport. The different types of transport, depending on the amount
of cargo and the distance to be transported, are different in efficiency. In addition, for understandable
technical reasons, it is not always possible to provide the most suitable transport in the place of origin of
the goods, which is why it is necessary to use another transport at the beginning or end of the transport.
Changing the means of transport requires the goods to be reloaded from one means of transport to
another. Transshipments are accompanied by at least five negative consequences:

— additional costs for transshipment,

— delivery delay,

— possible losses of the goods due to wastage, loss, theft, and others,

" Thomas A. Cook, Mastering import & Export Management (2™ edition), AMACOM American Management Association, ISBN-
13:978-0-8144-2026-3, ISBN-10: 0-8144-2026-5, 2012, p.132

2 Launch of the Review of Maritime Transport 2022, UNCTAD, https://unctad.org/meeting/launch-review-maritime-transport-
2022, https.//unctad.org/meeting/launch-review-maritime-transport-2022
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— mechanical damage to the goods during transshipment,

— damage to the goods when exposed to unfavorable atmospheric conditions.

In terms of form, the goods can be packaged or in bulk. When the goods are in bulk or in large (ots,
also if the nature of the goods themselves allows, the same can be transported in bulk to the final
consumer. In other cases, the goods must be properly packed. Packaging can be in sacks, boxes, crates,
and others. To facilitate transshipment and transport, consolidation of the packaging is necessary. In this
regard, transport engineering has created pallets. The pallets are simplified load units on which multiple
loads in sacks, bags, boxes, etc. can be stacked and secured. This activity is called palletization and allows
it to be carried out in a place of production of the goods, after which it can easily and reliably be stored,
loaded, unloaded, reloaded onto cars, and from cars onto railway wagons, etc. During transport and
when reloading the pallets from one mode of transport to another, the goods are sufficiently protected
for short distances. Moreover, the pallets allow mechanized reloading, relatively quickly and cheaply. The
cargo could be placed on pallets that consist of more individual packages of goods. This is the meaning
of intermodals. In summary, we can conclude that pallets represent the prototype of intermodal units.
The main element of this theoretical concept is the aggregated cargo (or transport) unit (loading or
transport unit) and serves to reduce the negative consequences of transshipments activity. In theory and
practice, the term “Intermodal Transport Unit" (ITU), also known as "Intermodal Loading Unit (ILU)", was
introduced.

This technique of carriage and transshipment is not new. Different techniques have been applied
over the years in simpler forms as were technically possible at time.

The UNICE definition of intermodal transport is a transport system in which the goods are
transported in the same transport unit (ITU) or vehicle that uses at least two modules (modes) of
transport without handling the load.

In continuation, the term intermodally is used to describe a transport system in which two or more
modes of transport are used, for the same transport unit in an integrated manner without handling the
cargo during transport (door to door).?

3.1.1. Intermodal Transport Unit (ITU)

In the directives of the European Commission, the following are specified as intermodal units:
containers, containers with additional racks used in motor vehicles (swap bodies), and car trailers
(trailers).

According to a more extended understanding, intermodal units are:

— Containers which are used as intermodal units transported by road transport, rail transport, and
water transport,

— Trailers with and without tractors, used as intermodal units transported by railway wagons and
water transport,

— Railway wagons which are used as intermodal units transported by sea ferries (train ferry),

— Lighters are non-self-propelled unmanned vessels (lighters) that are used as intermodal units and
are moved by pushers on rivers and in ports, then transshipped in deep water to lighter-type marine
vessels (LASH system), for transportation by the sea,

— Pallets are used as intermodal units (pallets) transported in aviation, motor transport, and water
transport.

— Barges are non-self-propelled vessels without a crew (non-propelled barges) that sail on inland
waterways, using different carriers for towing (which is a sign of intermodally).

The above-mentioned five intermodal units are also transported by specialized water transport
vessels: container ships, Ro-Ro, rail ferries, lighter carriers, and pallet trucks.

3.2. Multimodal carriages

The International transport of goods is carried out using more than one mode of transport. Besides
the transshipment of goods, which is solved with the intermodal concept, another problem is their
organization. The task of organizing the entire transport of the goods, from the place of origin to the
place of realization, is overwhelming for the capabilities of individual merchants. The use of individual
modes of transport and the corresponding transshipment are accompanied by the conclusion of multiple
contracts and the coordination of the entire transport with the individual carriers. As a result of the
development of international trade in transport services, many transport companies with an
international presence were created that are technically capable of organizing the complete

3 United Nation Economic Commission for Europe-http.//www.unece.org/



international transport of goods. In this reason, the need arose for the legal regulation of these services.
The users of transport services, in addition to a good price, also look for the reliability of transport in all
its dimensions. On the other hand, international trade, which is closely related to and dependent on
transport, also has its requirements regarding the legal side of transport and, above all, the transport
documents (bills of lading, etc.) that are necessary for payments in commercial transactions. As a result
of all that was, it became necessary to negotiate the entire transport with only one carrier company,
under one transport contract for the entire section of the transport, including the use of at least two
types of transport. In addition, the goods must be transported with only one transport document. The
solution to this need is the concept of multimodality.

In connection with this concept, the United Nations Conference on a Convention on International
Multimodal Transport, Geneva, May 24, 1980, was created.?

According to the Convention, International multimodal transport means the carriage of goods by
means of at least two different transport modules (means) based on one multimodal contract from a
place in one country where the goods are accepted by the responsible multimodal transport operator, to
a designated delivery location located in another country. The actions of transportation and delivery of
goods performed under a contract with the participation of only one transport module, if so, determined
in this contract, are not considered international multimodal transport.

According to the convention, the carrier is responsible for the entire carriage, even if it is carried
out by several modes of transport (e.g., rail transport, road transport, and sea transport). The carriers do
not need to own all types of vehicles, and in practice, they usually do not. Transportation is usually
performed by sub-carriers, also known as “actual carriers”. The carrier that is responsible for the entire
transport is also called a multimodal transport operator, or MTO.

According to the Convention, "multimodal transport operator or MTO (multimodal transport
operator) means any person who, on his own behalf and at his own expense or through another person
acting on his behalf, concludes a multimodal transport contract and who, as a principal (entrepreneur),
not as agent or on behalf of the recipient of the goods or carriers involved in multimodal transport
operations, assumes responsibility for the performance of the contract.”

According to the Convention, "multimodal transport contract" means a contract under which the
multimodal transport operator undertakes against payment of freight to perform or ensure the
performance of international multimodal transport.”

According to the Convention, "multimodal transport document” means a document that is
evidence that a multimodal transport contract has been concluded, acceptance of responsibility for the
goods by the multimodal transport operator, and his guarantee that he will deliver the goods in
accordance with the conditions of the contract.”

4. Forms of organizations in Merchant Shipping

4.1. Tramp Shipping Services

Definition of Bulk or Tramp Shipping:

Trump Shipping is an organization that carries out sea shipments on a random basis. Tramp ships
transport different types of cargo for different consignors in different directions. The ships do not sail on
predetermined lines and schedules; irreqular transports are carried out. Each carriage of cargo is
negotiated between the respective carriers and shipper, for which a separate charter (sea carriage
contract) is concluded. The conditions for each carriage are negotiated separately, and the freight
(prices) are determined on a market basis.

Trump Shipping is sea and river shipping organization that has evolved a lot in the decades since
World War II. This shipping organization serves heavy industry as well as the supply of raw materials for
light industry. The goods being transported belong to the bulk cargo group. Transportation is usually
carried out by single-deck dry cargo ships and bulk liquid cargo tankers. Three-quarters of international
shipping is carried out by ships sailing in tramp shipping, which has recently started to be called "bulk
shipping™.

Tramp vessel services are subject to European legislation and Regulation No. 4056/86 of the
Council of Europe, according to which the name: "tramp vessel services" with an official translation
"random vessels" means: "transportation of bulk or packaged cargo in a vessel chartered in whole or in
part by one or more shippers on a single voyage basis, or a time charter contract, or under any other form

4 United Nations Convention on International Multimodal Transport of Goods, (Geneva, 24 May 1980),
http.//www.admiraltylawguide.com/conven/multimodal1980.html (2.05.2023)

> Evi Plomatartou and Anthony Papadopoulos, Shipbroking and Chartering Practice, Eighth Edition, Informa Law from
Rouledge, ISBN:978-1-315-68960-9 (ebk) 2018, p. 7
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of irregular voyage contract, or one without advertisement where the value of the freight rates is freely
negotiated and as appropriate, according to the existing supply and demand."

According to English private maritime law, tramp carriers are private carriers’ (also called contract
carriers). A separate charter is concluded for each shipment of cargo, with all the agreed conditions
included, and the freight rates are determined on a market basis. Tramps usually have "free in and out”
conditions of carriage, i.e., transshipment work is the responsibility of the shippers.

The purpose of Trump Shipping ships can be briefly illustrated as: providing efficient, convenient,
timely, and economic transport necessary for the transportation of the various types of goods required
for industrial and agricultural production and trade. The maritime industry reflects the ever-changing
demands on water transport. Its function is to find ways and means to ensure the operational flexibility
of the fleet, which is one of the main reasons for the existence of Trump Shipping. Another raison for
Trump Shipping is irreplaceable ocean shipping at the lowest possible prices.®

4.2. Liner Shipping Services

Definition of Liner Shipping: Liner shipping is an organization for carrying out sea transports, which
are carried out in a planned and continuous mode. In liner shipping, carriers carry out transports between
previously announced ports on the respective line and schedule. The conditions of transportation are
common for all shippers, and the prices are determined according to a tariff valid for all. The cost of
loading and unloading is included with the freight (carriage price).

Liner shipping is regulated by Regulation (EC) No 906/2009 of the European Commission dated
September 28, 20089.

Definition of Liner Shipping: "Liner Shipping"” means the carriage of goods carried out regularly on
one or more specified routes between ports and on schedules and dates of voyages that are announced
in advance, such carriage being available, even incidentally, to any user of transport for a fee.”

According to English private maritime law, liner carriers are “common carriers”, and they operate
under pre-announced general conditions, the same for all consignors, and the cost of transportation is
valid for all. In principle, common carriers are obliged to accept for carriage all passengers and cargo
until the capacity of the vehicle is completed. Carriage charges are usually prepaid, and carriers who
unreasonably refuse carriage can be sued for damages. When transport is carried out within the borders
of only one country, then the respective country regulates this activity.’® The status of common carriers
is governed by the Carriers Act 1830 (CA 1830).”" In liner shipping, in each of the ports of the line, the
ships are served by liner agents, whose second main function is to attract cargoes for transportation
(booking of cargoes). Line agents are engaged in receiving and handing over cargo on behalf of the carrier
and in the organization of their transshipment work at loading and unloading ports, i.e., the terms of
transportation are linear. Liner-In/Liner-Out

Liner shipping has undergone an evolution, because of which today traditional liner shipping of
general cargo continues, but combined shipping with specialized vessels carrying intermodal units has
also developed, which is why two categories can be divided:

e Traditional liner shipping: transport carried out with double-deck and multi-deck ships for
general cargo (break-bulk cargo); the shipping price includes the loading and unloading of the goods; the
shippers' obligation is to hand over the cargo to the carrier for transportation according to the booking
note and pay the freight for which they receive the transport document (bill of lading). This type of
transportation was carried out until the mid-1970s. The transports had a significant disadvantage arising
from the fact that the goods were in different packages and required careful stacking, strengthening,
and placing of timber for underlay. All this required more manual labor, and the loading was expensive
and slow, with the risk of loss and damage to the goods.

e Liner transports (or so-called combined transports) are carried out with specialized sea vessels
of the container type; Ro-Ro ships for the transport of trucks, and ferries for the transport of railway
wagons, lighter carriers, and pallet carriers. In these shipments, shippers conclude contracts with the

6 Regulation (EC) No. 1419/2006 of the Council of Europe, Official Journal of the European Union, https.//eur-lex.europa.eu
[http.//ec.europa.eu/]

7 Private carriers LIl Legal Information Institute, Cornel Law School, https.//www.law.cornell.edu/wex/private carrier
(31.03.2023)

8 Lane C. Kendall, The Business of Shipping, 5th Edition, Champen and Hall, London, e-ISBN-13: 978-94-009-4117-5, 1986, p.
35

2 Commission Regulation (EC) No. 906/2009 of September 28, 2009

10 Definition for ,common carrier”, The Free Dictionary by Farlex, https.//legal-
dictionary.thefreedictionary.com/common-+carrier

" Carriers Act, 1830, http.//www.irishstatutebook.ie/eli/1830/act/68/enacted/en/print.html
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operators of intermodal transport units (containers, trucks, and trailers, railway wagons; lighters; even a
pallet can be accepted as an intermodal unit), which are considered as carriers of the goods. The
respective operators of intermodal units conclude contracts for sea transportation with shipping
companies, which in this case are considered subcarriers.
5. Contracts for Carriages in Maritime Transport
Structure of contracts for the provision of maritime transport services (fig. 1)

Contracts for Water Transport Services

Contracts of Carriage of Goods by Sea Contracts for hire of vessel for period

Liner B/t Voyage Time Charter Bareboat
Charter Charter

No Sale Sale

5.1. Lease contracts for sea and river vessels

In this category of contracts, a comparison is made between the way the ship is leased and the way
the relationship between the lessor and the lessee is regulated.

According to the way the ship is leased, there are two types of contracts:

e Bareboat charter or demise charter (vessel crew is employed by the bareboat charterer), with
or without purchase option.

e Time-charter contracts (vessel crew is employed by the ship owners).

5.2. Contracts for carriage of goods by sea and inland waterways

In this category of contracts, a comparison is made between the conditions of carriage and the
relationship between the carrier and the charterer is requlated.

According to the conditions of carriage, there are two types of contracts:

e Transport contracts on tramp conditions: Voyage Charter Party for the transport of cargo
between two or more ports, also when transporting larger quantities of goods on successive voyages or
with several ships (Volume Contract of Affreightment). Used in tramp sailing only.

Usual conditions of carriage in the tramp carriage: Free In, Out, Stowed, and/or Trimmed: the vessel
is loaded and unloaded free of charge for the carrier.

e Liner transport contracts - Liner bill of lading - including the terms of the contract for linear
marine transport (Liner Bill of Lading), preceded by the relevant booking note (Booking note), which is a
contract to reserve space and volume for a specific load. Used mainly in liner shipping.

Usual liner conditions of carriage are Liner In/Liner Out — loading and unloading of the ship is at
the expense of the carrier. (fig.1)

6. Integration between maritime transport systems and land transport systems

Integration between water and land transport modes is carried out in the following ways:

e Through the transport infrastructure, which ensures the movement of means of transport and
the transshipment of goods between the various transport modules, which takes place in the ports,

e Through the construction and standardization of the various types of sea transport,

e Through the concept of intermodal transport units:

Intermodally is a technical solution in the transportation of goods that requires consecutive use of
more than one mode of transport. At the heart of this innovation are intermodal transport (cargo) units,
on which the goods are loaded near the place of their production, then transported by alternating at
least two types of transport, and the goods are reloaded together with the intermodal units. This
increases productivity, reduces the costs of transshipment, and protects the goods from damage and
spillage. There are several types of intermodal units (pallet, container, truck and/or trailer, railway



wagons, and lighter) that are transported by specialized vessels designed for a specific intermodal
transport unit,

e Through the concept of multimodal transport:

Multimodality is a commercial transport concept, the meaning of which is that the goods are
transported from the place of production to the place of consumption with one transport document and
an international contract of carriage concluded between the shipper and the carrier, who may not be the
owner of the means of transport with which the goods are transported. Intermodally and multimodality
are fundamentally different and comparable concepts. But in fact, they are almost always applied
together, the former referring to the technology of transportation and the latter to the legal and
commercial side of transportation.

Methods: Practical experience in Maritime Logistics, theoretical knowledge in Maritime Transport
and Shipping Law, and descriptive methodology were applied in the article.

Conclusion: The implementation of the transport activity of each type of transport is based on the
relevant system. The transport system in water transport is created through the organizations for the
operation of the merchant fleet and the contracts used for the provision of sea and river transport
services. The integration between water transport and land transport is carried out by connecting
transport networks of these types of transport. Connection of transport networks are carried out
through transport nodes (ports). Thanks to technical progress, combined maritime transport became
possible with the participation of intermodal units, which further developed the integration between
water and land transport. In addition, thanks to the convention on multimodal transport, it has become
possible to modernize trade relations between water and land transport. The modern integration
between water and land transport allows successfully to carry out so-called "door-to-door" transport.
This enables shippers of goods to organize international transport along the entire route with a change
of means of transport, but with one transport contract and transport document. This possibility is of
great importance for international trade.
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Abstract

In recent years, Kazakhstan has made progress in improving competencies and economic
performance. For example, the inclusive competency framework in Kazakhstan is strong at all
levels of education. Kazakhstan is rapidly improving in the use of competencies at work, especially
in the application of digital skills. Economic output in Kazakhstan is steadily growing, and progress
is still being made in other areas, such as health care and access to services. However, youth
competencies in Kazakhstan remain well below the OECD average.

Keywords. Digital and soft competencies, Republic of Kazakhstan, labor market, methods of
competencies, youth employment

Introduction

The development of digital and soft competencies is becoming increasingly important in today's
rapidly changing labor market. From an economic point of view, investments in the development of
digital and software competencies can bring significant benefits to both individuals and organizations.
Consider the methods by which the development of digital and social competencies can increase
economic efficiency.

Given the speed of ongoing changes, it is important to understand what skills are in demand in the
labor market of Kazakhstan in order to complete training on time and remain a competitive specialist.
According to research by Boston College, Harvard University, and the University of Michigan, as workflow
automation increases, improving soft competencies increases employee productivity by 12%, and the
return on investment in their development is 250% [1, p. 134].

The main part

According to the OECD report, the dashboard of the OECD Competence Development Strategy
provides an overview of the relative performance of countries in the first two dimensions: the
development of relevant competencies throughout life and the effective use of competencies in work
and social life. The dashboard shows the performance of Kazakhstan compared to some countries in
Eastern and Western Europe and upper middle income countries. In such an indicator as the development
of relevant competencies on the question: «How qualified are young people with higher education», the
share of competencies is below 20%. For the second indicator - the effective use of competencies in work
and public life - on the questions: «Are competencies intensively used in the workplace?» and «Do people
use their competencies intensively in everyday life?» the share of competencies was also below 20% [2].

Vulnerable populations face significant barriers to enhancing their competencies in the labor
market, and poor competency information systems prevent more effective and targeted policies.

Many of these competency issues are rooted in weak governance arrangements, including weak
intra-governmental coordination and collaboration, and insufficient engagement with stakeholders.

Employees with digital and soft competencies can often work more efficiently and productively.
For example, digitally savvy employees can complete tasks faster and more accurately, while employees
with strong interpersonal skills can collaborate better with colleagues and communicate effectively with
customers. This increased productivity can lead to cost savings and increased profitability for
organizations.

Improving the digital and social skills of employees can significantly improve workplace
productivity, as shown in Figure 1.

Thus, by investing in the development of digital and soft skills of employees, companies can
increase productivity, reduce costs and gain a competitive advantage.
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Figure 1. Methods of digital competencies and soft skills

Digital and soft competencies can also promote innovation and creativity in the workplace.
Employees who are intimately familiar with digital tools and technologies are better able to identify new
opportunities and develop innovative solutions to problems. Similarly, employees with soft skills can work
better together and generate new ideas.

A comprehensive policy strategy should aim to strengthen primary education by adjusting curricula
in light of changing labor market needs. This should encourage adult learning and remove barriers to
participation in the education and training of the most disadvantaged workers. The recognition of non-
formal qualifications acquired outside the education system will also have to play an increasingly
important role. Finally, skills development policies should be combined with strengthened activation
measures and modern social safety nets that take into account the increased fragmentation of working
life in order to promote flexibility and facilitate job transitions.

The OECD Competence Development Strateqy (OECD, 2019) defines four main pillars on which
well-functioning governance mechanisms are built: integrated information systems, strong government-
wide coordination, effective stakeholder engagement, and coherent and coordinated funding
mechanisms [3].

The State Program for the Development of Education and Science for 2020-2025 years attention
to measures to improve the skills of personnel in Kazakhstan. Competence development is also at the
heart of other government programs. For example, competencies are an important part of the Digital
Kazakhstan State Program for 2018-2022. The competency policy is included in the State Program for
Industrial and Innovative Development for 2020-2025, which aims to promote an increase in exports of
manufacturing products, and in the Roadmap for the Development of the National Qualifications System
for 2019-2025, which focuses on the development of a phased plan for the implementation of the
National Qualifications System [4].

Thus, digital and social skills competencies are essential to spur innovation and creativity in the
workplace. By investing in these skills, companies can stay ahead of the competition, drive growth, and
stay competitive in today's rapidly changing business environment.

Kazakhstan lacks a robust set of competency assessment and forecasting tools to identify current
and future labor market needs and competencies.

To a large extent, this may depend on existing restrictions and the availability of primary data.
Kazakhstan also faced difficulties in disseminating to stakeholders and citizens the results of the
application of existing tools for assessing and forecasting competencies and available information on
current vacancies, training and training opportunities.

At the moment, one of the main existing platforms that solves the issue of teaching new
professional competencies is Enbek Skills.

Today it offers 21 destinations. For example, the Smart skills direction, since these skills reflect the
digital component to a greater extent, contains 14 courses in Kazakh and Russian (including 3 promo
videos), which is the main feature of this platform from other domestic developments [5].



The next platform is the Open University of Kazakhstan, an educational platform that offers free
access to online courses from leading universities and teachers of the country for everyone without
restrictions [6]. The goal of the openu.kz project is to increase the intellectual level of the country's
population by providing high-quality free online courses. Make online education accessible to all with the
help of digital technologies. A distinctive feature of this platform from the previous one is that openu.kz
positions itself more as an electronic library. Although there are online courses in the following areas:
information technology, business, humanities and natural sciences. The advantage of this platform is
that the courses are free. In turn, the disadvantage is that a certificate is not issued.

The next training platform that has recently entered the market of Kazakhstan is the platform of
Lerna Corp [7]. This platform helps companies organize the development of their employees, which
presents more than 800 courses from leading online schools Skillbox, Geekbrains and SkillFactory, etc. in
such areas as: management, marketing, design, finance, programming and much more.

A distinctive feature of this platform from the previous Enbek Skills and Openu.kz, which are open
for reading to any user, Lerna Corp is completely paid. Of course, these courses already contain the whole
range of competencies in themselves.

However, for people who are looking for a job or want to get advanced training, it is not entirely
suitable, as the platform developers position themselves as an enterprise platform. And not every
applicant can afford to buy a soft skills course, the average price of which is about 800 €.

Conclusion

In general, based on the review of Kazakhstani platforms, the following conclusion can be drawn:
it is necessary to strengthen the work on the development of domestic digital platforms, including the
development of digital and soft competencies. Since from the available domestic developments, even if
they contain the entire range of competencies, they either provide paid courses or are intended for
authorized listeners.

In this regard, we consider it timely to develop a regional platform for the development of digital
and soft competencies, which will allow young applicants, and not only them, to become a full participant
in labor relations, and government agencies to coordinate the process in the labor market in a timely
manner.

In conclusion, the development of digital and social competencies can improve cost-effectiveness
in a variety of ways, from increased productivity and innovation to improved customer satisfaction and
employee retention.

By investing in developing these competencies, individuals and organizations can succeed in a
rapidly changing labor market.
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Abstract

The article examines the developed practice and the mechanism of creation of industrial
clusters in Azerbaijan. The essence, features and importance of the cluster industrial policy as one
of the industrial policies of the country are studied and interpreted. The developed foreign
experience in this field is examined and the mechanism of cluster industrial policy is presented.
Also, the scope and potential directions of the policy of clustering in Azerbaijan, especially the
creation of regional clusters and the development prospects of the state, are shown according to
the “Strategic Road Map of the National Economy Perspective of the Republic of Azerbaijan”. In
the end, certain conclusions and recommendations are put forward based on the research in this
direction.

Keywords: industry, cluster, region, mechanism, priority, policy, efficiency.

When preparing the development policy of the country's industry, it is important to pay attention
to creating conditions for the formation of economic self-development mechanisms, increasing the
importance of knowledge management and innovation concepts. This approach makes it possible to use
the accumulated knowledge potential to form an intellectual base and an industrial structure that will
be adequate to the technological, sectoral and institutional structures of developed countries. The
appropriateness and reliability of the economic policy is ensured by the accepted mechanisms and
conditions, which implies their adoption in the development of the main provisions of the activity.

In the system of long-term planning of development, industrial policy occupies a key place.
Industrial policy covers several levels as mentioned below:

- industrial policy of the state;

- regional industrial policy;

- cluster industrial policy;

- enterprise industrial policy.

The object of industrial policy is not the national economy as a whole, which is characteristic of
macroeconomic policy, but the production activity of economic entities. Although it has points of contact
with it in terms of increasing the efficiency of production activity, it does not deal with currency
regulation like foreign economic policy. The activity of industrial entities interacts with regional politics
in terms of distribution of productive forces, use of land and natural resources. The level of development
of the industry differs in that it directly and indirectly affects the improvement of the standard and
quality of life of the population. Its implementation mechanism includes a system of legal, economic,
organizational and other measures that help to form a competitive industrial complex and ensure its
efficient operation [2, p. 119].

The cross-sectoral nature of the industry is explained by the determination of sectoral boundaries
due to the diversification of corporations, the expansion of outsourcing, intersectoral cooperation and
clustering. The directions for the development of an effective industrial policy should include the
following activities:

- development of knowledge-intensive industries, reconstruction of traditional industries;

- implementation of priority projects;

- development of clusters, development of public-private partnership, etc.

Currently, all developed and developing countries are engaged in the formulation of an efficient
industrial policy, because it is thanks to this policy that the maximum efficiency of the economy can be
achieved. Based on the institutional theory, one of the main efficiency factors is the social interaction of
industrial enterprises, which is primarily implemented within the framework of cluster interactions. That



is why the current stage of industrial policy development is closely related to cluster policy. Its successful
implementation depends on the interaction of important structures such as the state, business
represented by the corporate sector, and civil society institutions. The economic activity of clusters
aiming to increase the efficiency of energy and resource use and to optimize the social interaction of
industrial subjects for the transfer of knowledge is one of the development priorities in the innovative
economy of the modern era. This phase of the operation of industrial centers tries to meet the economic,
political and social demands of the society in an optimal way.

Summarizing the above, we can define the cluster industrial policy as a set of legal, economic,
organizational, educational, informational, social, infrastructure and other measures of state influence
on the industrial activity of clusters aimed at increasing the competitiveness of cluster enterprises [3, p.
270]. One of the main goals is to improve the well-being of the district population in order to achieve the
effect of clustering in the areas. The generalization of theoretical approaches to the formation and
development of clusters, i.e. institutional theory, neoclassical economic theory, regional development
theory, cluster theory, allows to form a cluster industrial policy mechanism that includes the goals,
principles, tools and components. The elements of the cluster industrial policy are shown in table 1.
Table1.

Cluster industrial policy mechanism
Objectives, principles and tools of cluster industrial policy

Elements of cluster

industrial policy
mechanism
Study of the cluster | Study of cluster | - Wealth growth as a cluster's | - The integrity of the
infrastructure of the |  structure in the Marshall effect industrial cluster
area country - Comparative advantage of structure
the cluster in the territory
- Localization of cluster
enterprises in the area
Study of the - Connection of regional - Relations of cluster

cluster structure in
the economic
district

clusters
- Efficiency and resource
availability of the region's
clusters
- Institutionalization of forms
of promotion of clusters in
the economic district

enterprises

Study of industrial cluster infrastructure

- The integrity of the
industrial cluster structure
- Relations of cluster

- Efficiency and
sustainability of
cluster enterprises

enterprises
- Efficiency and sustainability
of cluster enterprises

Source: prepared by the author

A systematic approach to the understanding of industrial policy also means that the state should
not only support economic entities, but also formulate priorities for the development and
implementation of the country's industrial potential, directly implement structural transformations, take
into account the characteristics of the economic development of the regions, and initiate the
development of a favorable institutional environment. should show. When preparing the industrial policy
based on a systematic approach, special attention should be paid to the consistency and mutual
consideration of the requirements for other types of state policy, as well as the requirements for the
formation of goals, principles, forms and methods of their implementation. Therefore, an effective
mechanism of industrial policy should have all the characteristics of the systems listed below [4, p. 85]:

- Integrity;

- communication;

- integration;

- hierarchism;

- equality.

The interaction of all elements of the clustering policy mechanism has a positive effect, which is
expressed in the interaction of cluster enterprises and ensures the improvement of the well-being of the



region's population. Communication means that the cluster industrial policy mechanism should be
considered as a subsystem of a higher level system. Therefore, the formation of the cluster industrial
policy should be carried out taking into account the institutional environment of the national economy,
which determines the priority directions of the development of the national economy and the satisfaction
of social needs. The industrial policy system of each country has its own characteristics, which is
confirmed by the analysis of the policies of developed countries. The legitimacy of integration means that
the mechanism of industrial cluster realization is based on the system-forming elements identified during
the research, that is, the priority directions for clustering the country's industry, regional cluster policy
measures and industrial tools. The priority areas of the industrial cluster are determined based on the
study of the cluster macrostructure of the area, including the analysis of the comparative advantages of
locating cluster enterprises in the area and their level of localization. The regional cluster is formed on
the basis of the study of the connection of the country's industrial policy with the regional clusters, the
efficiency and availability of resources, and the institutionalization of forms of promotion of the regional
clusters. The policy tools for the establishment of industrial clusters are determined by analyzing the
integrity of the industrial cluster structure, the interaction, efficiency and sustainable development of
the industrial cluster enterprises. A hierarchical pattern means that the integrity of a complex
hierarchical system is manifested at each level of the hierarchy. This means that the priority areas of the
industrial cluster, the directions of action and the tools of the industrial policy of the cluster are also
complex subsystems [1]. Thus, industrial policy is the state's economic, social, environmental, etc. it is an
element of state policy, as well as regional policy, that is, an element of a multi-level system of state
administration. The example of equality manifests itself in limiting the possibilities of cluster policy
instruments and measures used in a certain country or a certain region to ensure the growth of welfare
without a fundamental change in the functioning mechanism of the industrial cluster. In the conditions
of an innovative economy, it is necessary to constantly develop the social system and, accordingly, social
needs, to constantly adapt and develop the elements of the industrial policy mechanism. Therefore, in
order to ensure the improvement of welfare through the implementation of industrial policy with the use
of clustering measures and tools, the state should take into account all aspects of the activities of
enterprises included in the cluster, including regional, field and institutional aspects. Thus, considering
the cluster as a complex system, it can be noted that the management of the subjects of this system
should be carried out using a systematic approach and taking into account the established regularities
of the system.

The scope and potential directions of the clustering policy in Azerbaijan, especially the creation of
regional clusters and the development prospects of the state, have been determined in the legal
documents adopted in recent times. These documents are various state programs, concepts and
strategies of the government. The “Strategic Roadmap”, which includes the development of the national
economy, approved in December 2016, gives more space to the application of clusters. Here, approaches
related to the use of the cluster mechanism are reflected in different roadmaps for the development of
economic activities [5]. Thus, it was mentioned in the "Strategic Roadmap for the perspective of the
national economy of the Republic of Azerbaijan” that the significant cheapness of the labor force in the
regions of Azerbaijan compared to the capital is an important potential for the organization of a labor-
intensive cluster in the regions. Therefore, education and training in the regions, as well as the
preparation of professional specialists, are among the main priorities that serve to support clustering
activities.

The volume of internal demand also plays an important role in clustering. Because the greater the
demand, the more the clustering activity in the region is encouraged by the fertile opportunities. The
current situation of the areas that belong to the cluster or are of a supporting nature is important for
any region of the country in terms of realizing the potential of clustering. In the experience of foreign
countries, the sectors belonging to the cluster are raw material suppliers, communication, logistics,
consulting, finance, etc., in order to provide goods and services. areas that include services are envisaged.
The supporting subjects are state and municipal institutions, civil society, research centers and higher
education institutions, which allow to control the development of the cluster, as well as support in
various fields. At the time of evaluation, the physical presence of all institutions within the region,
including the quality of their activities, should be evaluated.

It is necessary to promote the creation of University clusters in advanced universities specialized in
a number of fields, which can increase the efficiency of the “education-research-innovation” chain, and
to stimulate the application of science-based results obtained in the mentioned clusters in the production
process. The Strategic Road Map mentions horizontal and vertical clustering to protect the position of



small and medium-sized business subjects in the markets, as well as to minimize production costs. In
addition, the participation of small and medium-sized business subjects in the production of industrial
clusters is aimed at reaching 40 percent and the formation of 3 innovation-based regional clusters.

It should be noted that the most effective of the measures envisaged in the clustering activity is
the creation of a private industrial cluster based on non-state investments for small and medium business
subjects. Despite the fact that the subjects of primary processing of cotton, grapes, natural tea and
tobacco according to the characteristics of industrial production are located in the same regions as the
enterprises producing the same products, no territorial clusters were formed. The mentioned enterprises
carry out only the initial processing. The product obtained after primary processing is either exported or
presented as a final product by domestic producers for consumption.
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Abstract

The food industry is an important part of the agro-industrial complex, which guarantees the
production of food products for the population. The composition and territorial structure of the
food industry of the North Kazakhstan region, the current state of development have been studied
and analyzed.

AHHomayus

Tamak eHepKkacibi - XanblKKa asbIK-myJiK 6HIMOepiH eHOipyee Kenindik bepemiH
a2poeHepKacin KeweHiHiH MaHbi30bl besniei. Makanada Conmycmik KazakcmaH 06J1bICbIHbIH

Mamak, eHepKacibiHiH Kypambl MeH ayMakmaik KYpblibiMbl, Kasipei oamy xagoalibl 3epmmein,
manoay »#acasiaaH.

Keywords: food safety, agro-industrial complex, grains, dairy and meat livestock breeding,
food industry, processing enterprises.

Kinm ce30ep: asbik-myJik Kayincizoiei, azpoeHepkacinmik KeuwleH, 0aHOi-0akblLidap, cymmi-
emmi Mas1 Wwapyauwlblyibiabl, Mamak eHepKacibi, eHoeywi KacinopbiHOap.

Kazipei maH0a mamak eHepKacibiH oambimy asbIK-myJik Kayincizoiei mypabiCbiIHaH 0a,
KazakcmarHbIH aybll Wapyawbl/ibidbiH 0aMbimy MypabiCbIHaH 0a CMpame2usisibiK MaHbi30bl 6azbim
60s16in  Mabbiiaos.. Ocbl CMpameussibiK, MAkcammasl Xcy3eze dacbipyoa Conmycmik Kazakcmad
06/1bICbIHbIH MYyMKIHOIKMeEpI 30p.

Conmycmik KaszakcmaH 06/1biCbl KazakcmarHbIH Kubip coamycmi2iHoe opHanackaH, bamsic Cibip
JKA3bIbIHbIH OHMYCMIK WemiH *aHe Ka3akmabiH YCaK WOKbICbIHbIH COIMYCMIK WemiH asbin ¥amaip.
ConmycmiziHoe Peceli @edepayusicbiHbiH KopaaH, TymeH xcoHe OMbbl 06/1bICMAapbIiMeH, WbidbICbIHOA
Kazakcma+  PecnybnukackiHbiH [lasnodap, oHmycmi2iHoe Akmona, bamsicbiHOa Kocmarad
obsibicmapbimeH wekmecedi. Obsibic aymaabl - 97,99 MbIH waplibl WAKbIPbIM XaHe Ka3akcmaH
aymaabiHbiH 3,6 %-biH Kypalobl. Obsbic 1936 xcbiibl 29 windede Kypbiadbl. Opmasbiabl [lemponas
Kanackl. XankbiHbiH caHbl 2023 xcbingbl 1 aknaHea 533627 adamobi Kypaos! [1].

OHIp enimiz0iH asbIk-myJsik KayincizoiziH Kammamacki3 emeoi. Obibicma aneymemmik MaHbi3b1 6ap
19 asbik-mysikmiH 15-i eH0ipinedi. Ob/ibiICMbIH NOMeHUUAsIbl BHIM2e 0e2eH Kax)cemmislikmeH a/10ekadoa
xHo2apebl. Mbicanza, eHip e3iH-63i cymneH 8 ece, MakapoHmeH 18 ece, kapmonneH 10 ece, ¥yMbIpmKameH
4 ece, KbipbikKkabamneH 3 ece, cabi3 #aHe emneH 2,5 ece, capbl malimeH 1,6 ece Ken KAMMAamacki3 emin



ombip. CoHabl 6ec Xbi10a aybl/1 WAapyallbl/ibiabIHbIH #ainbl eHiM kesaemi 1,8 ece ecin, 202 1 xcbiibl 902
M/IpO meHzeze xemmi [2].

Conmycmik KazakcmaH 006JbICbIHbIH — a/1eyMemmIiK-3KOHOMUKA/bIK — 0amybiHbIH 202 1-2025
JKbI10apaa apHAanaeaH KeweHoi Xocnapbl ascbiHOa eHoey canackiHoa 20 #obaHbl icke Kocy
HOCNAP/IaHYOa. Aybisl WApyaWbliibigbiHa UHBECMUYUS cany yazarood. Conmycmik KazakcmaH obibick!
enimi30iH eH KiuukeHmad atimazbl 60s12aHbIHA KapamMacmaH OHbIH A2PO6HEPKaCiNMIK KewleHiHe eH Ken
uHBecmuuyusa KylbiigaH. 2021 biabl 0bsbicmbik AOK-ke 160 mip0 meHee CasbiHObL. by
KazakcmarHbiH AOGK 6apnbik canbimoapbiHeiH 6ecmeH 6ip 6eniei. byeiHOoe endiH conmycmizi
apmapanmadobipyoa kKew 6acman myp. Madibl 0akbin0apobiH ayoaHsbl 1 mMiH eekmapea o0ediH
yn2aldmabiidbl. CoHOal-aK COHabl 2 X#bl10a MyHOA 7 3aMaHayu Mas WwWapyaulblibiabl KeweHi icke KOCbl10bl

[3].

En kenemiHOe anameiH 6osacak, Conmycmik KasakcmaH obJbicbl budatiobiH mepmmeH 6ipiH,
madisibl 0akbi0apobiH  yuwimeH 6ipiH, XYMbIpMKAHbIH 11%-biH, Cym ©HIiMOepiHiH 23%-biH 6epedi,
ConmycmikmiH eHimi Eypona, Peced, Kbimal xoHe Opmasbik A3us, apab esdepiHe 3KCnopmka
wwlzapbiiaosbl. Conmycmik Kazakcmas mayap eHoipywinepi ©36ekcmaraa HeziziHeH buoad, kebek x#caHe
6udall KpaxmasbiH, Kbipabi3cmaH meH Taxdikcmaraa budal s3kcnopmmadsl. COHbIMeH Kamap MakapoH
eHIMOepl, My30ambifizaH eHoeszeH mazamoap, My30ambiigaH b6asbik, cym eHimoepi, budad e/iromeHi,
budali Kpaxmasibl, 3bi2blp, PANC XaHe cosl Pecelize yeHenmineoi. YKpauHa Kapakymeik, buoal Kpaxmassbi,
HACbIMBIK YaHe 3bleblp anaoel. CoHoad-ak Vpavea apna, 6udad, AyeaHcmaxaa yH, maybik
HYMBIDMKAChI, Kbimatiza — 6udal meH 3bleblp malbl, Typkusea kammsbsl 6udald MeH MAcbiMbik,
xemekizineoi. 2022 xcbuibl 0n1apobiH KamapbiHa MoHzgonusa Kipdi. byn enee makapoH eHimoepi
3KCNopmmanobi.

Obsibicma asbik-myJiik 6a2ackiHbIH ecyiHe o bepmel, 6azaHbl mypakmarobipy 6aabimbiHOa
KeweHOI XCYMbICMap ypei3iziin Xamsip. A3bIK-myJiKk mayapaapbiH 0en0a/iCbi3 copesnepae Hemkisy
YWiH kemepme-be/uiek opmasbiabl awblaobl. by obsbicma 6ipiHwi casabiHeaH opmassik. O2aH Koca,
3aMAaHayu KeKeHIC KoUMachl awbiiadbl. byHbIH 6apsbiegbl mYpakmaHobipy KOpPbIHOA KeKeHicmepoi
cakman, KbICKbl yakbimma oHmadsbl bazameH camyaa MyMKIHOIK 6epedi. dieymemmik MaHbi3bl 6ap
eHimOepae bipiHwWi cypbinmbl 6udad yYHbI, GipiHWI CYPbINMbI YHHAH X#ACANRAH HAH, KApaKyMbIK #apMAachbi,
Kypiw, kapmon, cabi3, nusi3, ak Kbipbikkabam, KaHm, KyHbaabIc malibl, CUbIp emi, maybiK emi Kipedi.

Conmycmik Kasakcmar 06/1bICbIHOa Mamak, eHiMoOepiH eHOIpY Kesiemi Xcbij1 calibiH apmain Keseo.
Pecnybiukadaabl eH CoHabl mexHos02usl 60UbIHWA cym OHOelUmiH eKi 3#0baHbiH 6ipi ocbl 06J1bICMbIH
«3eH4eHKo u K» ¢upmackiHoa xcyseze acbin xamsip. byn ¢upmada 800 bac cymmi cubipaa apHaiza
KewleHiHiH KYpbl/biCbl aakmasbin, KaHadadaH apHadlbl acbin myKbIMObI CUbIP/IAP dKeniHOI. XblibiHa ap
CUbIpOaH 6-8 MbiH aUMp Cym asbiHaobl. CoHOal-ak 0b./1bICMa Masi WapyaulblisbiabiHa dpHaaeaH 6acka oa
HbicaHaap casbiHy ¥ocnapsiaHyoa. Macener TalbIHWwb! ay0aHbIHOAabl «Ka33Kcnopmacmabik» ¢upmacs!
1000 6ac ipi Kapaza apHasnzaH caybiH KeweHiH canobl. A «AmamekeH-Aepo» 50 MbiH 6ac wowkaaa
apHaneaH KeuwleH candbl. Emmi KyC wapyawbiibigbiH 0amMbimy YWiH UHBECMUUUSI/IbIK xobanap icke
acbipbIadbi: Kyambl XbIbIHAa 5 MbiH MoHHA «Conmycmik BPOVIJIEP» kyc gpabpukacki» XLLIC (AkkadibiH
ayoaxbl), Kyamsl 500 moHHa «XXaHa Kyc» XLLC (Kbisbiixap ayoarsi), Kyams! 100 moHHa «[lemponassn
bpodnep» XLLC (lMemponasn Kanackl). KekeHic eHOIpiciH yizaldmy Kepcemkiuwli 6olbiHWa Kapmon neH
KekeHicmepadi cakmay 60lbIHWA UHBECMUUUS/TbIK #06aiap icke ackipbliamsiH 601a0bkl: Kyamal 1,5 MbiH
moHHa «TyeaH Xep» XLLIC, kyamsbi 2 MbiH moHHa «Cmpeneu» XLLC (Ecin ayoarsi) [4]

Obibicma aybi/1 Wapyauwiblibiabl ©HIMOepiH Katuma eHoey canackbiHoa 90 acmam KacinopbiH XYMbIC
icmelioi. OnapobiH iwiHoeai ipi kacinopbiHoap aydaHoap bolbiHwa 1-kecmeode kepceminizeH. Ob/biIcmaH
WbIRAMbIH Hezi32i eHiM myprepi: yYH, cym XaHe Kine2ed, capbl mad, IpiMwik neH cy3be, Kypaak cym,
JHApMa, MaKkapoH eHiMOepi, WYXCbIK 6HIMOepi.

1-kecme. Conmycmik Kazakcmad 06/1bICbIHbIH MamMak eHepKacibiHiH KacinopbiHOaps! (2022x#c.)

Ne | Tamak eHepkacibi  KaCinopbIHOAPbIHbIH | OHIM mypi OpHanackaH cepi
p/c | amaysbl
1 "Macno-Llen" XLIC ¢unuanbi, "3eH4eHko | Cymmi Kalima eHoey llemponas K.

HoHe K" KC cym 3aybimsi, "Mosnpodykm”
XLLIC, «EBpazuaH  Munk»  XKLIC",
SkomonCepeeeska " XILLIC,

2 "Moncepsuc” XILIC Cymmi kadma eHdey Kbi3bLm#ap ayoaHsi
3 "Pocman" XLIC Cymmi kadma eHoey AKKalibiH ay0aHsbl
4 "TalbiHwa madb!" XLLIC, "Tlemposckas KZ" | Cymmi katima eHoey TalibIHwWa ayoaHs!

XKLLC"Jlepa-Hopd" XLLIC




5 "Topmosnzasod” XILIC Cymmi kaiima eHoey Albipmay ayoaHbl
6 | XK "Manp4uk B.T" Cymmi kaliima eHoey M. Xymabaes aydaHsbi
7 | XK "Bukoc", XK "TepnuHu", Cymmi Kkalima eHoey . Mycipenos ayoaHsbi
8 "Cepeeeska Cym GHimoepi" XLLIC Cymmi Kkalima eHoey LLlan akbiH aydaHsbl
9 | Mon-T/[]"ABGK eHdipicmik koonepamusi Cymmi kaiima eHoey AKKalbIH ay0aHbl
10 | "MgacokombuHam  JleoHmsesa"  XLLIC, | Emmi Kkatma eHoey llemponas K.
"Kasmsaconpodykm "XLLIC, "CK-
Msaconpodykm" XLLIC, "®peaam" XLLC, XK
"lllapoB"
11 | XK "MeoeHHukos" Emmi Katima eHoey AKKalbiH ay0aHbl
12 | XK "Mwerko [T.M.", XK "KnumeHko" Emmi Katima eHdey f. Mycipenos aydaHsbi
13 | "TadbiHwa-Acmsik"  XILIC,  "EMC-agro" | Emmi Katima eHoey TalibIHWwa ayoaHs!
XLLC,
14 | "3aeom WHmep" XLLIC, "KasllpooPecypc"| Emmi katima eHoey Kbi3blm#ap ayoaHsl
XLIC
15 | "punuan Macno-fen" XLLUC ©cimIik malibiH eHOipy | F. Mycipenos ayoaHsbi
16 | " JluHacmus -Azpo” XILLIC OcimOik MatibiH eHOIpy | Xambbii ayoaHsl
17 | "TadbiHwa mad " XLIC Ocimoik malibiH eHOIpy | TalbiHWa ayoaHbl
18 | "CyamaH SMMK" AK MakapoH eHimoepi meH | [lemponasi K.
YH 6HOipy
19 | "boeamsbipckul npodykm" XLLIC MakapoH eHimoepi meH | [lemponas K,
YH 6HOIpY
20 | "Eein" XLIC MakapoH eHimoepi meH | EcCin ayoaHsbl
YH 6HOIipy
21 | "Mammromckul MmykomosibHbIG KombuHam" | ¥H eHOipy Mamsrom ayoaHsbi
XLUIC
22 | "®upma fukaHwu" XLUC, "DEZ" XLLC, | ¥H eHOipy llemponas K.
"MenbHuya NXBK" XLLUC, "CesEcuib3epHo”
XUIC, "Kapa-A3" XKLIC, "PETROMALY
COMPANY" XLLIC, "Hikmet LTD" XXLLIC
23 | "K3CC" XLUC ¥H eHdipy Tumupsizes ayo0aHb!
24 | "Acmebik Xep" XILLIC ¥H eHOipy f. Mycipenos aydaHbi
25 | "Nord Star" XL1IC ¥H 6HOipy Kbi3blm#ap ayoaHsl
26 | "bepkam" XLUC, "llaxupuc" XILIC, "| ¥H eHdipy TalibIHWa ayoaHs!
BioOperations" XLLIC
27 | "K3binmyckul MykomosibHbIG KombuHam" | ¥H eHOipy YanuxaHos ayoaHbi
e
28 | PaxamOnm XLLC Xapma eHdipy [lemponasi K.
Kecmeni CKO 06s1 a/w backapmacs! masimemmepi [5] Hez2iziH0e asmop KypacmaipaaH

2022 Xcbigbl KAHMAp-Haypbi3 Mamak, eHimoepi eHOIpICiHiH 06./1bICMbIK Kesemi akuwianal moHoe 47
MJIpO.MeH2eHi Kypaobl, HAKMbI Keaem UHOeKCi 113,4%. A3bIK-myiik 6HiMOepiH eHOipemiH KacinopbiHOap
©HepKacin eHOIPICIHIH 06/1bICMbIK KeeMiHiH 48 %-biH yaHe eHOeY eHepKacibiHiH 65 %-biH 6HOIpOi. A3bIK-
myJiiK eHimoepiH eHOIpy KesemiHdezi Heziz2i yaecmi: cym canackl 32% (15,3 mapo. meHze), acmsik eHoey
canacbl 26% (12 mapo. meree), mad-moH canacs! 14% (7 mapo. meHee), HaH-MOoKAaWl XaHe YH eHIMOepi
12% (6 Mipd. meHee), em eHOey canacbkl 6% (2,6 Mapo. meHee), e32e 0e eHimoep eHaipici 9,3% (4,3 mpo.
meHee) Kypaoi.

ObnbicmbiH  6Hoey KacinopbiHoapbiHaH «CynimaH SMMK" AK»  enimizoe xaHe wemesioe
MaxbIMaaobikka ue. Canacbl Xoedpbl, 6azacbl 0a Koxemimoi anyaH mypsi eHimoep Wbi2apadsbi.
Pecnybsiukada eHOipinemiH MakapoH eHimoepiHiH 30 nadbi3bl KeweHHIH yaeciHe mueodi. Tamak
eHepKacibiHiH canaceiHoa [lemponass em KOMOUHambIHbIH Cym-mad  3aybimsl, YH mapmy
3aybImmapbiHbiH 0a MaHbi3bl 30p. O1ap CandcCbl #O2apbl 6HIMOEpPIH wemesize Wbi2apadsl. Mbicasibi,
PecelioiH wekapasnac KopaaH, Ombbi ycaHe TymeH 06/1bIcmapbiHa asbik-myJsik «Kasmsaconpodykm» XLLC,
«3eHyeHKo xaHe K» KC, «Padyea» XLLUC, «lemponasn-KoHoumep» XLLC, Vizavicompany» XILLC,
«boeamsbipckul [lpodykm» XILIC, «Monnpodykm» XLLIC, «TalbiHwa-Acmsik» XLUIC xcoHe m.6.
KaCinOpbIHOAPbIHAH XemkKi3ineoi [6].



AybIT WAPYauwbibidbl MAMAak, @HepKacibiHiH Hezi3ei wukizam Kke3i 60/16in mabbinadsl. Conmycmik
KasakcmaH 06J1bICbIHOA aybi/1 WApyaulbl/iblabiHbiH yaeci 6ackiM. Aybil Wapyaulbl/ibiabl 6HIPOIH X#ainbl
BHIMIHOe 23,6 %-biH Kypaliobl 3#caHe 06J1bIC 5KOHOMUKACbIHbIH AUKbIHOAYUWIbI X(aHe Heai32i canack! 60sibin
mabbiiadsbl. Tamak eHimoepiH eHOIpy kenemi 2021 xbingbl Masimemmepee calikec [lemponas/
KanaceiHoa eH xco2apbl, TalbiHwa, fabum Mycipenos, Kbi3blixap ayoaHoapbiHOA XO&apbl, A
Yanuxaros, LLlan akbiH, AKx3ap ayoaHoapbiHbIH KOpCemKilumepi caabICMbIpMarbl a3 (2-Kecme).

2-kecme. Coimycmik Kasakcmat 06/1bICbiHbIH ay0aHoapbl 60UbIHWA MAMAk eHiMoOepiH eHOIpy

KeJsiemi, MJIH.

meree (2017-2021 3oxc.)

Ay0aHoap 2017 2018 2019 2020 2021
1 | lNlemponasJi K. 539829 54473,6 64 803,0 /79522 89 145,3
2 | Adbipmay 15275 1923,7 1845,3 1836,2 21530
3 | Akxap 1442 7020 7136 627,9 667,8
4 | MaaxaH Xymabaes 1925,0 17473 22198 22235 2900,8
5 | Ecin 1814,3 16257 1611,3 1463,3 19342
6 | Xambbin 1323,0 10352 941,6 876,2 1024,6
7 | Kbizbum#ap 710 199,0 99759 10 836,3 13409,7 18 395,72
8 | Mamarom 1025,2 1490,6 1810,5 17209 1395,7
9 | Wan akpiH 20844 964,4 926,2 632,3 743,0
10 | AKkalbiH 15798 2236,1 2 869,27 3633,0 44228
11| TadbiHwa 10 783, 1 12510,0 202729 212836 218927
12 | Tumupsizes 33511 1660,2 20953 1448,2 1688,0
13 | YanuxaHos 216,8 5242 4547 621,1 818,0
14 | fabum Mycipenos 8541,1 11250,7 17079,0 14 507,0 21488, 1

KecmeHi [7] Heai3iHOe asmop KypacmabipaaH

CoHbIMeH, 06/1bICMbIH MAamMak, eHepKacibi 3ceden KapkbiHMeH 0ambin Kenedi. ObsibicmbIH a3bIK-
MyJliK eHiMOepiH eHdipemiH KacinopbIHOApbl 6HEPKacin eHOIPICiHiH 0671bICMbIK KeeMiHiH 48 %-biH 3oHe
eHOey eHepKaCibiHiH 65%-biH eHOIpOi. Tamak eHepkacibiH dambimyobiH yw b6azbimsl 6ap: 1. /[]laHOi
0akbl10apObl eHOEY — masasiay xeHe KkenmipyoeH bacman, yHmakman, 0albiH HaH 6HIMOEpIH xcacayea
oeliiH; 2. Emmi eHoey, WwyxbiK eHIMOepiH, em KoHcepsinepiH eHdipy (llemponasn em KombuHamsl); 3.
Cymmi eHoey, cym eHimoepiH eHdipy. Ocbkinadwa, Kazakcmax meH Conmycmik Kasakcmad 06/ibICbiHbIH
asbIK-MyJIiK — KayincizoiziHe KOs XemkKi3y, aybll  wapyawbibigbliH  0aMmbimyobiH — mabuau
as2bIdpMmMApbiH €CKepy XaHe MemsekemmikK 0peaHodpoblH, &eblibiMU OPMAsibIKMapobiH, aybii
wapyawibl/ibiebl  mayapbiH eHOIpywinepoiH 63apa ic-KUMbI/bIHA, 60/i#amobl HAPbIK CYPAHbICHIH
bazanaldmeiH MApKemuHemIiK — xcyle2e XaoHe a2pOeHepKacin  KelweHiHoe2i  UHHOBauusiapob!
KOMMepyusiiaHobipyobl 0ypbIC YUbIMOAcmbIpy MeH UudpiaHobipy He2iziHoe 2aHa MyMKiH 60/1aobi.
KyHap/ibl Kapa monsipakmael CAkmMay JaHe KaanbIHa keamipy 6olbiHwa da 6esnceHoi wapanap xcypeaisy
Kepex.

References

1. https://www.stat.gov.kz/region/264023 reviewed on 04/18/2023

2. Agriculture, forestry and fisheries of the North Kazakhstan region / Statistical collection /
Petropavlovsk 2022, p. 124.

3. https://primeminister.kz/kz/news/reviews/reviewssoltustik-kazakstan-oblysynda-ondeu-
onerkasibi-turakty-damyp-keledi-1112355) The processing industry is constantly developing in the North
Kazakhstan region

4. Development plan of North Kazakhstan region for 202 1-2025. Petropavlovsk 2021, 89 p.

5. https.//www.gov.kz/memleket/entities/sko-agro/press/article/details/9332 72lang=kk

6. Sansyzbaeva A.B., Saipov A.A., Dunets A.N. Economic integration as a factor in the spatial
development of border regions of the North-Kazakhstan region, Materials of the International Scientific
and Practical Conference, Omsk 2020, 180-185p.

7. Industry of the North Kazakhstan region. Statistical collection, Petropavlovsk, 2022, 115 p



https://www.stat.gov.kz/region/264023%20reviewed%20on%2004/18/2023
https://primeminister.kz/kz/news/reviews/reviewssoltustik-kazakstan-oblysynda-ondeu-onerkasibi-turakty-damyp-keledi-1112355
https://primeminister.kz/kz/news/reviews/reviewssoltustik-kazakstan-oblysynda-ondeu-onerkasibi-turakty-damyp-keledi-1112355
https://www.gov.kz/memleket/entities/sko-agro/press/article/details/93327?lang=kk

Jurisprudence

ELECTRONIC DOCUMENT MANAGEMENT IN CRIMINAL PROCEEDINGS

Suyunova Dilbar Joldasbayevna
professor of Tashkent state university of law Department of “Criminal Procedure of Law”
Republic of Uzbekistan

Abstract

In the present thesis the author provides an analysis of the concept of electronic document,
the requirements for its preparation, as well as some of its positive aspects for criminal
proceedings. In addition, there is an analysis of national and foreign legislation and law
enforcement practice regarding the introduction of electronic documents in criminal proceedings.
A system of conditions necessary for the further implementation of the concept of digitalization
of the domestic criminal process is proposed. The author dwells both on the advantages of an
electronic criminal case and on the risks that its introduction will create. The expediency of step-
by-step state activities to create conditions for the practical implementation of an electronic
criminal case is substantiated. The author points out that in most modern states there is a
transformation of the criminal process under the influence of digital technologies. The criminal
process is more conservative and less inclined to information modernization in comparison with
other types of legal proceedings. Despite this, the problems of digitalization of criminal
proceedings are actively investigated by scientists. In some States, the first experience of the
practical use of digital technologies in criminal proceedings has been developed that requires
study. Digitalization of criminal proceedings ensures its optimization and can transform the order
and methods of protecting and ensuring the rights of participants in the process. Information
technologies can be used in the production of individual criminal procedural actions and the
adoption of procedural decisions both in the judicial and pre-trial stages. However, further
scientific research of the issues under consideration and the preparation of conceptual proposals
to the legislator aimed at changing the norms of the current criminal procedure law are necessary.

Keywords: Electronic document, electronic document management, criminal procedure,
electronic iustice. electronic criminal case. evidence. access to iustice.

Introduction.

The concept of electronic document management. Probably many of you will agree that it is
difficult to imagine modern public relations without information and communication technologies,
which significantly reform and simplify many processes. The widespread introduction of information and
communication technologies does not bypass the jurisprudence and the branch of criminal proceedings,
including. Modern digital technologies, among other things, allow the use of electronic documents in
criminal proceedings, which will be discussed further.

What is an electronic document and are there any requirements for its form? According to the laws
of our country "On Electronic Document management"[1], an electronic document is information
recorded in electronic form, confirmed by an electronic digital signature and having other details of an
electronic document that allow it to be identified. It is noteworthy that electronic document
management can be easily used in official correspondence between law enforcement officers, court staff
and other organizations. It is important that the electronic document contains all the required details
and is equivalent to a paper document and has the same legal force with it.

In the Republic of Uzbekistan, electronic justice is at the stage of the beginning of active
development and at the moment electronic document management systems are being introduced in law
enforcement agencies and courts. In addition, a unified systematized by industry (criminal, civil,
administrative and economic) database of court decisions has been created. These innovations
significantly reduce the costs and expenses associated with the printing, storage and circulation of paper
forms of documents and thereby exclude the possibility of influencing a human employee. As a result,
corruption-related factors are expected to be reduced, and the procedure for criminal proceedings is also
simplified.



The system is successfully functioning in Uzbekistan https.//doc.edocs.uz /, which provides an
opportunity to exchange electronic documents online. To do this, you need to register on the website,
where the person's email address, mobile phone number, and most importantly, an electronic digital
signature obtained through the system are requested https://e-imzo.uz /. This system reduces the paper
document flow in law enforcement agencies, and also increases the efficiency and speed of criminal
cases. Undoubtedly. electronic document management increases the transparency of the activities of
law enforcement agencies, reduces financial costs, simplifies and accelerates the process of interaction
with other organizations and citizens, which, of course, also has a positive effect on the investigation of
criminal cases.

The main part.

Digitalization in different countries. In the legal literature, opinions have been expressed more than
once about the need to switch all the materials of the criminal case to an electronic format, that is, the
transition to an electronic criminal case. As O.V. Makarova notes, "the paper is easily destroyed, which
leads to the loss of both individual materials of the criminal case and entire volumes. As a result, there is
a hypothetical possibility of the loss of important hard-to-recover, in some cases irreplaceable
information about the crimes committed and the persons involved in them."[2,162]. As S.V. notes. Zuev,
"it makes no sense to deny the need to introduce electronic document management into the criminal
process, the widespread use of remote forms of interaction between participants in criminal procedural
relations, the creation of an "Electronic criminal case".[3,597]" We fully agree with the above opinions
and believe that over time the transition to a criminal case is inevitable, since the compilation, storage,
archiving of paper documents requires considerable human and material resources.

As for international experience, the experience of the Republic of Kazakhstan deserves special
attention. In accordance with the Criminal Procedure Code of the Republic of Kazakhstan, two formats
of conducting criminal proceedings are proposed: paper and electronic. "A person conducting a criminal
trial, at his discretion, may conduct criminal proceedings in electronic format, about which a reasoned
decision is issued. If it is impossible to continue conducting criminal proceedings in electronic format, the
person conducting the criminal process switches to paper format, and a reasoned resolution is
issued."[4,73] We believe that giving a choice to the investigator/inquirer responsible for a specific
criminal case is an extremely optimal option for introducing provisions concerning a criminal case into
procedural legislation. Since there are unforeseen situations in which it is not possible to compose an
electronic document. In such cases, the right of employees to draw up traditional document formats
should be ensured. A similar format is provided for the production of other procedural actions, for
example, the minutes of the court session can be electronic, including audio and video recording, or
typewritten. In addition, a signature tablet is actively used in Kazakhstan, which is a specialized device
consisting of a graphic tablet and a writing pen (stylus) that allows you to create a digital analogue of
the handwritten signature of its owner. This device is practical, for example, when witnesses or
investigators, interrogators, need to sign the protocol of the investigative action [5,58].

Currently, the situation is such that the pace of penetration of information technology in the field
of criminal proceedings is constantly growing. According to some parameters, they are lower than in
other types of legal proceedings, but the need for them is quite high.

In part, this is a secondary process, since it is associated with the increasing informatization of
criminal activity. This challenge is faced by the criminal state of most modern states: if at the beginning
of the century information technologies accompanied only white-collar crime, now the so-called digital
services accompany the investigation and consideration of a significant number of criminal cases. In the
USA, the subject of professional discussion among lawyers is the use of electronic evidence in the absence
of a full-fledged regulatory framework, established case law and insufficient willingness of most lawyers
to participate in such cases[6,45].

Another direction of digitalization of criminal proceedings is the gradual transition to paperless
document management. Countries where information technologies are sufficiently integrated into
criminal proceedings include Australia, the USA, and many European states.

For example, in the US state of New Jersey, since 2017, courts have become more likely to use video
conferencing and switch to the electronic form of court cases. In Germany, in 2017, a law was adopted
providing for the active introduction of electronic forms of procedural decisions and actions in criminal
cases into the activities of courts in order to complete the full transition to paperless production by 2026.

Currently, there are already examples of the use of artificial intelligence systems in criminal
proceedings. In particular, in some US states, the capabilities of artificial intelligence are used to assess
the risk of leaving the accused on bail until trial. A special program (Public Safety Assessment), after



evaluating nine risk factors, issues appropriate recommendations to the judge. According to the
developers of this program, its use reduces the subjectivity of the law enforcement officer, since the
program does not respond to the appearance of a person, does not take into account race, gender,
employment history, where a person lives, as well as the history of his arrests that did not end with
conviction. However, there is no question of introducing a robot judge. The judge reviewing the materials
receives the conclusion of the program and has the right to use it or not to use it.

The possibilities of information technologies are beginning to be used in the judicial systems of
individual states in the post-Soviet space: Azerbaijan, Georgia, Kazakhstan, Estonia. For example, since
January 2018, a regulatory framework has appeared in Kazakhstan for the phased introduction of an
electronic criminal case model into the criminal process.

Conclusion.

Transformation of digitalization into justice. We believe that the gradual transition from the
written form of criminal proceedings to an electronic criminal case can be considered as a promising
direction for the modernization of the criminal process, which allows to shorten the terms of criminal
proceedings, improve the access of participants to procedural information, facilitate the verification of
criminal case materials[7,95].

However, solving this problem requires systematic organizational and legal activities. Amendments
to the legislation allowing to file documents to the court in electronic form and to produce court
decisions in electronic form can be considered as the first step, but it is clearly not enough to solve many
problems. Some of them lie in the plane of lawmaking. And we must talk about a comprehensive change
in the current legislation, since the introduction of new concepts and terms in the criminal procedure
legislation will not solve this problem. The need to introduce artificial intelligence technologies into the
procedural activity will also require a conceptual change of certain norms in order to translate them into
a machine-readable form, eliminating variability in the interpretation and understanding of the meaning
of the norm.

Of course, the introduction of digital technologies into the activities of courts, holding court
sessions in the video-conference mode (hereinafter VV/CS), especially for remote regions, helped to solve
the primary tasks of the state in the administration of justice. But still, taking into account the specifics
of criminal proceedings, the following factors should be taken into account that require a speedy
solution.

1. When working with electronic documents, legislative protection against unauthorized access
and prevention of changes to their content in documents is required. Digitalization must meet the
requirements of criminal proceedings, its features, including those concerning the confidentiality of the
testimony of victims, witnesses and other participants in the process.

2. As the COVID-19 pandemic has shown us, there is a need to develop a single digital platform for
courts with an increased level of channel protection, through which information of persons involved in
the case is transmitted, as well as an independent server for storing information on each specific case. It
is appropriate to note the specifics of cases where court sessions in offline mode would be held in closed
court sessions (crimes against sexual freedom, cases related to state secrets, etc.), since this issue should
be regulated separately in the law.

3. Holding court sessions in the VKS mode should in no way violate the rights of participants in
criminal proceedings. The accused should be given the opportunity to communicate with his defender
indefinitely, victims and witnesses should give their testimony in court freely, without any pressure from
the organizers of the VKS process. At the same time, ensuring the safety of all participants in the trial
npouecca s8/15emcs 0CHOBONOJ1A2aroUUM 3/1eMeHmoM CnpasediuBo2o CyoebHo2o npouecca [8,29].

4. All participants in the process should be guaranteed the right to protection, both of the accused
and victims, witnesses. As a rule, the defender needs to provide a separate room with an established
Internet network or Skype, in order for him to freely communicate with his client in an unlimited period
of time. In this context, the accused should also be provided with his right to an objective, free narration
of the events of the crime, since the accused, who is in custody, participates in the court session in the
VKS mode in the presence of the staff of the institution for the execution of punishment and is under
their supervision [9,5].

Considering all of the above, we can conclude that at the present stage, real conditions are being
created for the introduction of electronic document management in criminal proceedings, which in the
future will allow us to abandon paper procedural documents and switch to the electronic form of a
criminal case, which will greatly simplify the procedures for collecting evidence and drafting procedural
documents. However, it is necessary to pay attention to the digitalization of the document flow not only



within the framework of the trial, but also at the pre-trial stages, since the bulk of the criminal case is
formed during the investigation of the criminal case [10, 319].

Therefore, our task is to use new technologies only with the condition of guaranteeing the rights
of citizens participating in criminal proceedings. In addition, it should be taken into account that when
evaluating the evidence collected in the case, the court must verify their reliability, taking into account
the quality of the image, sound and other factors that may subsequently be relevant to deciding the guilt
or innocence of a person.
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Abstract

This article aims to determine the types and levels of students' motivation to learn English.
Motivation is the main tool that allows to increase the student's attention in the learning process.
Here is to convince students of the importance and task of the teacher's role and the importance
of the tasks of the learning process. For students who understand the importance of the tasks of
the learning process, this will be the result of motivation. In the course of studying the level of
interest of students in learning English, dominant motives (integrative, instrumental) were
identified in students' activities. The analysis of motivation issues shows that the instrumental
direction of English language learning prevails over the integrative one, and it allows us to
emphasize that instrumental motivation is a very important motivational factor affecting the
process of English language learning. This article, based on the research of many scientists,
considered the main reasons for instrumental motivation: professional, academic, prestige motives
and communicative motives. Listening and reading are the most difficult skills for students. Also,
this article considers the methods and methods of increasing students' motivation to learn English.
Among the main methods of increasing motivation, both the content of educational materials and
the methods of educational activities were determined, which were shown in the author's practical
materials.

Keywords: motivation for learning, English language learning, instrumental motivation,
integrative motivation, communicative competence, methods of motivation, increasing
motivation, teaching material’s content, learning activity’s ways.

Introduction. The modern world community is rapidly changing due to the development of
scientific and technological progress, in the process of which the concepts of time and space disappear,
distant boundaries are erased, because there is the possibility of quick communication with the other end
of the planet and an incredibly fast ability to reach anywhere in the world. The era of globalization is
fundamentally changing politics, economics, education, culture and other spheres of social life. The
modern world and society need creative individuals who, due to their high education and culture, can
possess vast information about existing world phenomena. Fundamental knowledge of a foreign
language (in particular, English) allows one to possess world-class information, establish socio-cultural
and spiritual ties. The twenty-first century is the century of globalization, the century of the process of
global integration and unification of all spheres of human life.

It is well known that fluency in a foreign language, to a greater extent, increases the
competitiveness of a future specialist, since foreign language communicative competence is the
prevailing advantage of professional competence. In this regard, the higher school is tasked with the
implementation of high-quality language training for students. But achieving a successful solution to this
problem is often hindered by the fact that a large number of university students in various specialties
have a low level of motivation to learn English [1].

Research methods.

In accordance with the methodological positions in this article, the following research methods
were used: theoretical - analysis of psychological, pedagogical and scientific and methodological
literature, the method of concretization and the method of generalization. Also in the article were used
empirical methods - the method of proper pedagogical activity, the method of pedagogical observation
and the method of studying advanced pedagogical experience.



Analysis and results.

Understanding and revealing the nature of the phenomenon of motivation, the heterogeneity of
its definitions and its important role in the process of teaching a foreign language, a lot of psychological,
pedagogical and scientific and methodological research by world scientists (A.N. Leontiev, A.K. Markova,
L.I. Bozhovich, A. Maslow, E. Fromm, I. A. Zimnyaya, G. V. Rogova, R. Gardner, J. Crooks, W. Lambert, etc.).
The Russian scientist-psychologist I. Zimnyaya states that the motivation for learning a foreign language
is "... a set of various stimuli that determine, stimulate, awaken to commit an action ..." [2]. G. Rogova,
analyzing motivation, claims that it is “... the main driving force in the process of mastering a foreign
language, ensuring its effectiveness ...” [3]. Considering motivation in line with the educational model, R.
Gardner, professor at the University of Ontario (Canada), identifies a three-component composition of
motivation in the process of learning a foreign language: 1) effort (effort) to achieve the goal, that is,
this is the time spent on learning the language and the perseverance of the student ; 2) desire (desire) to
achieve the goal - this is the degree of desire to master the language; 3) positive attitude towards the
goal (emotional attitude towards language learning) [4].

It is known that in the methodological science of learning a foreign language, various types of
motivation are defined, such as external and internal. External motivation correlates with the student's
desire and need for "external well-being": ego - the motive of "assessment" when a student learns a
foreign language to get a good grade or to have good academic performance; ego - the motive of "well-
being"when a student learns a foreign language due to pressure from parents who can create any trouble
for him if he has an unsatisfactory grade; this is the motive of "self-affirmation” when a student learns a
foreign language in order to gain prestige and authority in his communication environment.

Intrinsic motivation, in its essence, is a specifically conscious action of the student (the value and
significance of knowledge and skills), which is expressed in his attitude to the educational material and,
in general, to the educational process. Based on the foregoing, it should be noted that two types of
motivational orientation to the study of a foreign language were identified (according to R. Gardner):

1) instrumental motivation, which is a causal link in the practical study of a foreign language;

2) integrative motivation, in which the student shows a keen interest in the language and culture
of the language being studied, and also shows a desire to communicate directly with native speakers
(native speakers) [5].

Of course, when forming these two types of motivational activity, it is necessary to take into
account a complex of external and internal motives that affect the conditions that form an active and
effective process of learning a foreign language by students.

In the process of studying the phenomenon of student motivation to learn a foreign language and
its specifics, “.. it is necessary to diagnose the following parameters: 1) students' interest in foreign
languages in general and attitude to learning

English in particular;

2) leading motives (instrumental and integrative) of students;

3) the presence of difficulties that arise when learning a foreign language ... "[6, 125-p.].
Diagnostics of the phenomenon of motivation to learn a foreign language, based on

research methodologists O. Mineeva and M. Lyashenko (experiment-questionnaire), in our opinion,
is entirely competent; it quite comprehensively determines the types and levels of motivation, and also
reveals the difficulties that arise when learning English. According to the results of the study, it was
found that the majority of students initially have an interest in learning English; students would like to
learn English as fully and efficiently as possible and continue studying it after graduation. The results of
the study of the level of integrative motivation show that a large percentage of students want to learn
English at a high level, as it is a means of communication with native speakers. Also, a certain part of the
students were interested in the traditions and culture of English-speaking countries (mainly England). It
should be noted that according to the results of the study of the above scientists, most students have a
high level of instrumental motivation to learn English. From the perspective of the study, the following
motives are leading:

1) professional motives that come from certain social benefits, such as future prestigious work,
career growth of students;

2) academic motives associated with the study of English, which are based on the positive assertion
that English is an important part of the university program and that, perhaps, its further study will be
associated with the continuation of studies in the specialty;

3) narrow-personal motives are the motive of prestige, the motive of self-affirmation and the
motive of achieving the language goal;



4) communicative methods, which consist in the use of English as a means of communication for
future work or for a trip abroad.

In the process of diagnosing the phenomenon of motivation, it was also noted that there are
negative motives for learning English, which are expressed in the fact that students are forced to learn
English, because without an exam in this subject, they will not be able to get a diploma and that they
must learn English, because do not want to get bad grades in this subject. Along with negative motives,
some difficulties were identified in the process of learning English:

1) difficulties with listening as the most difficult problem;

2) difficulties in understanding the read educational material (work with text - spontaneous
reading), although students show great interest in these types of activities. It should be noted that in our
pedagogical practice, listening and reading are recognized as the most difficult speech skills.

The use of the results of a study of students’ motivation to learn English (O. Mineeva, M. Lyashenko)
is a relevant and necessary educational and methodological support in our educational process, because
based on the above experimental and theoretical material, we consider the phenomenon of motivation
and ways to increase it on a theoretical basis. and practical levels and organize an English language
teaching system, taking into account all types of motives and types of motivation.

Of course, the problems associated with finding effective ways and ways to increase motivation to
learn English are relevant, although they still do not have final definitions and significant solutions to
this problem. In this regard, in the context of considering the phenomenon of motivation and ways to
increase it, it is necessary to specify the essence (nature) and structure of the concept of "motivation”. A
lot of scientific works of scientists from various fields of activity (L.I. Bozhovich, A.N. Leontiev, I. Maslow,
D.J. Atkinson, V.G. Aseev, |.A. Zimnyaya, GV Rogova, etc.) In modern psychology, motivation is considered
as a complex “trigger mechanism” of human life, whether it is work, behavior, cognition and
communication [7].

Modern psychologists give the following definition of motivation in line with its increase in the
educational process - “... both as one specific motive, and as a single system of motives, and as a special
area that includes needs, motives, goals, interests in their complex interweaving and interaction ..." [8].
A clearer definition of motivation in the context of its increase is given by Rogova G., explaining that “...
considering motivation as the most important spring in the process of mastering a foreign language,
ensuring its effectiveness, one must keep in mind the following: motivation is a side of the subjective
world of the student, it is determined by his own motives and predilections, realized by him needs. Hence
all the difficulties of calling motivation from the outside. The teacher can only indirectly influence it,
creating the prerequisites and forming the foundations on the basis of which the students have a
personal interest in the work...” [9].

In the course of the study of ways and means of increasing motivation, all its types were taken into
account and, according to the characteristics of their nature, two types of motivation were specifically
identified: external and internal (as noted earlier).

External motivation, which is based on the activity of a person, his behavioral attitude and personal
quidelines, includes the following varieties: "broad social motivation” and "narrow motivation”. The broad
social motivation regarding the study of English lies in the desire of the student to intensively and
qualitatively master the English language and the values of English culture for further interaction with
native speakers and his dream of personal and career growth in the future.

Intrinsic motivation, in the context of considering ways to increase it, includes: communicative,
instrumental and linguo-cognitive motivation (O. Mineeva). Communicative motivation, it should be
noted, is an important component of intrinsic motivation, because mastering communicative
competence is the main need of the student. Linguo-cognitive motivation is expressed in the student’s
conscious attitude to the English language as a subject, to its linguistic properties and linguistic structure.
Instrumental motivation is present initially in the educational process, especially in the primary stage of
learning English:

1) the desire and readiness of the student to perform various kinds of exercises, tasks;

2) a purposeful desire to master new types of work;

3) improvement of previously mastered methods of mastering the English language; 4) active
readiness to perform independent work on various thematic

content.

It should be noted that the main factors of increasing motivation to study

English language includes the "content component of learning" and "ways of organizing the
educational process”. According to a number of Russian methodologists, it was found that one of the



strongest factors in increasing the motivation of students to learn English is their future specialty
(profession), since a good knowledge of a foreign language will contribute to the effective reading of
special literature and communication with foreign experts in the development of professional skills.
connections.

The content component of training, being one of the main factors in increasing motivation, is
carried out on the basis of the following principles:

1) "communicative” principle;

2) "professional” principle;

3) the principle of "interdisciplinary consistency";

4) the principle of "authenticity and openness”; [6, 126-p.].

It should be noted that in our pedagogical practice of teaching English, everything

the above principles of increasing the motivation of students are used, give good results and
purposefully improved. The principles of the content component of learning function and cause an
increase in motivation for the subject based on the teaching material of the New English File UMK.
Elementary [10].

1. The communicative focus of increasing motivation to learn English is to master the language
material to develop the communicative competence of students - Unit 3B. Working with the text "How
stressed are these people?” The text consists of two parts: the first text is for reading, the second text is
for listening (audio text). In the process of reading the first text, students are given the opportunity to
answer the problematic question: How stressed is Louisa? Why? Students answer this question with
interest, using the vocabulary of the text and memorize the necessary information. There are highlighted
words in the text: then, always, canteen, pick up, babysitter, a story, etc. Next, students receive the task
- Guess the meaning of the highlighted words; while they work in pairs, developing communication skills.
Working with the second text consists in listening to the audio recording (2 times). After listening to the
text, in order to fully understand it, students describe the pictures given in the textbook with the actions
of the character (Simon). When describing pictures, students use words and expressions from the audio
text, as well as the vocabulary studied earlier, while developing speech skills in line with this task. Then
students do question-answer work (10 questions), working in pairs:

1. What time does Simon get up?

2. Why doesn't he have breakfast?

3. Why doesn't he have dinner with his family?

4. What does he do after dinner? and etc.

After question-answer work, students receive a task that requires knowledge

active vocabulary of the text and is the main point in the development of their communicative
abilities, since the material of the texts arouses their keen interest, the desire to speak out and share
their opinions.

1. What is Professor Parker's advice?

2. Who do you think is more stressed, Louisa or Simon?

Naturally, students make mistakes in speech, but the desire to talk about

events in the text, to express their opinion indicate an increase in motivation to learn English and
the development of communication skills.

2. The professional orientation of increasing the motivation to learn English includes all aspects
related to the future profession and, in this regard, the educational material should be “personally
significant” (personally oriented) for students - Unit 5D. Text - "Murder in a Country House" - "Murder in
a country house" (text for law students). This text is of genuine interest to students of the legal specialty,
as it is associated with the disclosure of a crime. After reading 1 text (the remaining 3 texts are audio
recordings), students are invited to perform various tasks:

Task 1- Read the story. Mark the sentences T (true) or F (False). Correct the false sentences:

1. Somebody kills Jeremy at 8.00

2. Jeremy went to bed before Amanda

3. Somebody opened and closed Jeremy's door

4. Amanda didn't love Jeremy, etc.

This exercise is given to better understand the content of the text.

Task 2 - Listen to the inspector questions to all the members of the family and write

information in the chart:

1. What did they do after dinner?

2. What time did they go to bed?



3. Did they hear anything?

Task 3 - Answer the question and speak on the problem:

Who do you think was the murderer?

Amanda, Barbara, Gordon or Claudia? Why?

It should be noted that tasks 2 and 3 and the language material of the section "Communication

Police Interview "(pp. 109, 112) are good enough speech material for developing not only
professional motivation for learning English.

3. Regarding the principle of interdisciplinary consistency, it should be noted that the facts and
events learned in the subjects of the professional cycle appear before students in a new language form.
This principle is theoretical in nature and is used in virtually all classes. It should be noted that the
principle of interdisciplinary consistency (integration) is embedded in the concept of "competence”, which
is interpreted as an integral characteristic of a student. Competence as the development of
professionalism in the practical field of application is a dynamic set of knowledge, skills, abilities and
personal qualities that a student must demonstrate after completing the entire educational program
using the principles of interdisciplinary interaction [11].

Unit 6D - The London Eye - text with new vocabulary for future architects. In all likelihood, students
are well aware that the Eye of London opened in London in 1999 to celebrate the new millennium.
According to the content of the text and the tasks received, it is observed that students get acquainted
with new vocabulary, which they were previously familiar with in Russian and in professional classes.
Students work with the task from the textbook:

Quickly read the guidebook extract about London Eye and answer the questions: 1. How high is the
London Eye?

2. How many capsules are there?

3. How fast does it move?

4. Which underground station is near the London Eye? and etc.

Next, students are asked to work in pairs on the meaning of words and expressions.

from the text: before you go - in advance, every day - daily, to wait in line - queue, etc. For a more
complete acquaintance with new vocabulary, students work with the section of the Vocabulary Bank
textbook "Town and City" - (p. 152). This work is done in pairs, students ask and answer the following
questions "Tourist Information" -Your Town (a kind of interview):

1. Do you live in a village, town or city?

2. Do many tourists visit your city?

3. When do they come?

4. Are there any important tourist areas near where you live? and etc.

A significant addition to the study of new vocabulary is the task from New English

File, Work Book - "Getting around London", as well as a number of exercises from this manual. As
a result of working on this topic, students prepare a presentation of their city or present the London Eye
in photographs where they act as a guide.

5. The principle of authenticity and openness involves the use in the learning process of information
taken from original sources, as well as the resources of the Internet, the media and telecommunications.
In our pedagogical practice, at each lesson, students prepare news of various thematic content and a
weather forecast (such as: What can you see out of the window?) Weather forecast and news reporting
are a kind of mini-projects that have been operating since the beginning of the school year until the end
of the academic year. It should be noted that students receive materials of messages, information from
the Internet, mass media or television. During each semester, students submit and defend their CDS
(abstracts, essays and presentations), prepared on the basis of information, original sources from the
Internet, scientific literature and the media - "Our Country”, "A typical British / Kazakh Family", "To Meet
a Partner on the Internet”, "The Job of my Dream”, etc.

Of course, the educational material offered to students allows them to expand their professional
knowledge and develop and improve communication skills in foreign language activities, which helps to
increase motivation to learn English.

In the context of the studied problem of increasing the motivation of students to learn English, the
role of the teacher is very important. The effectiveness of their learning will depend on how successful
the motivation of your students will be. What other approaches should a teacher use to spice up
monotonous classes? There are several innovative approaches to improve the classroom, the student and
the teacher:



1. "Self-esteem and self-motivation" this approach directly concerns the personality of the teacher,
who must know how motivated he himself is for the success of his students [13].

The teacher's own level of motivation directly affects the attitude of students to his classes. If the
teacher is not motivated for the success of his students, is not interested in their high performance in the
educational process, then the students will not be aimed at obtaining and mastering knowledge in a
quality manner. To increase their own motivation, the teacher should show his personal attitude towards
students, change the methodology of teaching English, use various approaches in organizing a lesson.
Important ways to create motivation and increase it are to provide a favorable, friendly atmosphere in
the classroom and create a creative environment for communication in English, which will make learning
effective and successful, and the teacher will increase his own motivation.

2. "The teacher and the assessment of the meaning of the English language”

This teacher's job is creative, as he must open up a unique and wonderful world of meaningful,
creative activities that will give students the opportunity to understand how important it is to learn
English well. There are different approaches to determining the importance of language in modern
society: a song, an advertisement, short films or excerpts from love stories in English. Such types of work
should be carried out systematically and then students will begin to understand that a fundamental
knowledge of the English language will bring them success and prestige. This is, in a way, the teacher's
intellectual assistance to students in solving the problem that English is needed not only as a compulsory
subject, but it is an attribute of education and modernity. It should be noted that this method motivates
students for success and efficiency, increasing their language potential.

3. Teacher and assessment of students' knowledge.

In the light of solving the problems of increasing the motivation of students, this approach, like no
other, has a positive effect. The main goal of this technique is to provide an individual approach to each
student, which is expressed in a fair assessment of his knowledge, his success in various language
situations, in conversations with them, where personal issues related to the learning process are raised
(how it is more convenient for them to learn the language, what difficulties they experience); in
supporting students, if for some reason they were unprepared or responded poorly, that is, do not scold
them, do not create an unfavorable atmosphere, but rather support them, instill in them self-confidence
that they will succeed. This kind of “teacher-student” relationship has a positive effect on the emergence
of motivation to learn a language through the human factor.

4. Teacher and student motivation

Undoubtedly, the motivation of students is one of the main goals of English teachers. To increase
motivation, the teacher should use role-playing games, arrange all kinds of competitions, conduct
presentations of foreign vocabulary, explaining the meaning and origin of certain words (borrowings,
neologisms, etc.), create a creative communication environment where students perform various
functions in life situations ( parents and children, saving people, dating young people, going to the cinema
and theater). For effective learning and assimilation of knowledge, the teacher has every opportunity to
arrange virtual excursions for students to museums, famous cities of the world, places of interest, such
as The London Eye; listen to music, watch short videos, etc.

Conclusion

For the teacher, the result of his methodological research is important, and for students, the
interest in learning English through creative and exciting activities. Thus, using the elements of unusual
situations, changing the structure and content of their classes, the teacher can prevent students from
getting used to their classes (if they were boring and uninteresting), and support students' enthusiasm
and activity in obtaining language knowledge, skills and abilities.

Based on the foregoing, it should be noted that the process of motivating students in teaching
English is continuous, requires an integrated approach and intensive work of the teacher. The use of
various creative techniques in the classroom significantly increases the creative activity of students,
facilitates the assimilation of foreign language material, which certainly increases the motivation to
learn English.
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METHODS OF DEVELOPING STUDENT REFLECTION THROUGH DEVELOPMENT OF CRITICAL
THINKING

Zhanabekova Umit Askarovna
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CbIHM OVIAYbI JAMbITY APKbI/Ibl OKYLLIbIIAPAbIH PEQJIEKCUSICHIH JAMbITY SAICTEPI

XaHabekosa Ymum AckaposHa
OHmMycmik Kazakcmax memiekemmik nedazo2ukasbik yHusepcumemi

Abstract

The formation of critical thinking involves the creation of a fundamental relationship to
oneself and the world that represents a changing, independent, meaningful position. This position
significantly increases the reliability of education, because it becomes conscious and reflexive, and
increases the communicative potential of a person. This article presents the methodology of critical
thinking technology and the development of students' reflection through the development of
critical thinking and one of the methods used for it.

AHHOMAuus

CbIHU oU/1ayObl KaibINMAcmbIpy 632epmesti, Mayesci3, MaabiHaabl NO3UYUsHbI b6indipemiH
©3iHe XMoHe anemee Hezizei KambIHacmbl Kypyobl KamMmuobl. by ycmarbiM 6inim  6epydiH
ceHimainieiH edayip apmmaipadbl-edmKeHi 01 CaHasbl ¥aHe pegraekcusmi 60/bin, MysI2AHbIH
KOMMYHUKamusmi a/ieyemiH apmmabipadbl. bys makanada cbiHU oU1ay MmexHOI02USIChbIHbIH
adicmemeci MeH CbiHU oU/1ay0bl 0aMbImy apKbi/ibl OKYWbLIAPObIH peGIeKCUACHIH 0aMbImy HoHe
0J1 YWiH KOA0AHbIIambiH a0icmepdiH 6ipi KenmipineeH.

Keywords: critical thinking, learning, reflection, individual and group work.

Kinm ce30ep: cbiHU 00/1ay, OKbIMY, pepIeKCUs, HeKe HaHe MONMbIK HYMbIC.

CbIHU mypabi0aH ousiay 0e2eHimiz He? CbiHU MypabioaH oliay — byl Ke3 KesleeH My bIpbIMaad CbIHU
Ke3KkapacneH Kkapayed, ewHapceHi 0anenci3 Kkabbindamayaa, CoHbIMeH bipee xaHa udessiap MeH
adicmepee awnbik bosyea kKemekmecemiH odsnay mypi. CbiHU mypabidaH olaay — maHoay epKiHOi2iHIH,
60/#Hay CanacbiHbIH, 63 WelliMiHe XayanKepulinieiHiH Kaxemmi wapmsl. [Jemek, CbiHu mypabioaH oliay
HeaiziHeH maymosioeusiHbIH 6ip mypi, canasibl 04aayobiH CUHOHUMI 60/1bin MabbLIadb!. by yabIMHaH 26pi
amay, 6ipak 0a/1 ocbl amaymeH b6ipKamap XaabiKapasibik ¥0b6aaapobiH dpKacbiHOAa COJ1 MEeXHOI02US/IbIK
adicmep 6i30iH emipimizee eHOi, 6i3 memeHoe Kesamipemi3. «CbIHU MypabioaH olsay MexHOI02USIChbIHbIH»
KOHCMpPyKmMuUBMI Hezi3i 0Ky yoepiciH YibiMOacmbIpyobiH YW Ke3eHiHiH Heai32i yn2ici 60s1bin mabbiiaobi:
«CbIHOAp/ibIIbIK — MYCiHy — pegrekcus». Ocbl Ke3eHoepdi e2xcel-meaxcelsii kapacmasipalbik. Ecke
mycipy Ke3eHiHOe, 3epmmeniemiH Hapce mypasibl OypbiHHaAH 6ap 6inimoepi meH udessiapbl
HAHAPMbIIAObI, MEKe KbI3bl2YWbIIbIK KaJbinmacaodsl, 6enzini  6ip  makbipbinmMbl  KApacmaipy
Makcammapb! aHbIKManaosl. KubiHObIK XaA20asmmbl MYeaniM Cypakmsel webep Kor, 3ammbiH
KymneeeH KacuemmepiH Kepcemy, Kep2eHi mypasibl atimy, OKY MacesieciH weuly #osbiH0a «6oc» xazdal
myabi3y; mecmme — WAakbIpy Ke3eHiHoe «Kipicne, aHHomayusiaap, 0a1e/10i MbICanodap» #ymbiCbl. MyHOa
KOM0aHbII2aH a0ic-macindepdi weKci3 misin wheidyza 601adkl, 6ipak, apuHe, apbip My2asimMHIH
neoazo2uxkasibIK KopbIHOa bacmal MiHOemmI weulyee — OKyWbl/1apobl eHbeKKe bIHMAaaHobIpyaa, 01apobi
besiceHOi HYMbICKA KOCyad apHasi2aH 63 KasbiHanapbl 6ap. TyCiHy Ke3eHiHoe, ademme, OKyUlbl XaHa
aknapamneH 6adaaHbicka mycedi. On xcydeneHin xameip. OKywb! 3epmmesniemiH 0b6bekmiHiH
mabuzamsl Mypasbi ol/ayea MyMKIHOIK aiadbl, eCKi ¥aHe ¥aHa aknapamms! CabiICMbIPA OMbIPbIN,
cypakmap Kypacmasipyob! ylpeHedi. ©3 no3uyusCbiHbiH Kaabinmacybsi 6ap. Ockl Ke3eHoe bipkamap
a0icmepdi Ko/10aHa omabipbin, Mamepuasobl MyCciHy npoueciH 63 bemiHwe bakbiiayza 6os1ameiHbl eme
MaHbI30b1. Pegpriekcus KeseHi oKywbliapobiH 3caHa binimoepiH 6ekimin, 01apaa #aHa y2biMoapobl eHaizy
YWiH e30epiHiH bacmankpkl udessiapsiH besceHoi mypoe Kadma KypybimeH cunammasiaosl. Ockiiadua,
HAHa 6iNiMHIH «MAancbipMachl» ¥aHe OHbIH He2i3iHOe 3epmmesiemiH Hapce mypasibi e3iHOIK 0anendi
uOesiCbIHbIH Kasbinmacyb! 6ap. ©3iHiH NCUXUKA/IbIK 0NepauyusidapbiH masaday 0Cbl Ke3eHHiH e3e2i 60/1bin
mabkinadsl.  OcCbl  MOOe/Ib  AAChbIHOA  HCYMbIC —icmey  6apbiCbIHOA — OKyWbl1ap akndpammel
UHmMezpayusayobIH apmypsi macinoepiH meHeepeo,



TexHonoeusAHbIH yw @asacel. 380Kauus KeseHi. KebiHece oKbimyObiH muimOini2iHiH 6osmaybi
MYRasiMHIH OKY y0epiciH 631 KoliaaH Makcammapaa cyleHe omabIpbin KypacmabipybiMeH myciHOipinedi, 6y
makcammapob! 6acmankbioa OKYWbIap 63 Makcamai pemiHoe KabbiidazarbiH 6indipedi. LLbiHbIHOa da,
MY2aJIIMHIH MAKcam Korobl as0biH ana Xcy3e2e acaobl, by 02aH oKy-mapbue npoueciHiH Ke3eHoepiH
HeaypsibiM Hakms! x#obanayaa, OHbIH MUIMOIIK KpumepuliepiH *aHe 0uaeHOCMUKA/bIK adicmepoi
aHbIKmMayaa MyMKiHOIK 6epedi. CoHbIMeH Kamap, 63 3epmmeysaepiHoe 0KbimyoblH KOHCMPYKMUBUCMIK
MaCiniHiH udesnapbiH 0amMbIMamaiH KenmeeeH b6enziii OUOaKMUK 2asbiMOdp OKYUIbIHbIH 63 d/10bIHA OKY
MakKkcammapbiH KOrbIHA *azoal xcacay kaxcem o0en ecenmelioi. ©3iHOIK, Npouecke Kaxemmi iwKi
momusmi myoskipy.okbimy. CoHOa aaHa mMyaasiim 0Cbl Makcammapaa xemyoiH muimoi a0icmepiH maHoad
anaobl. Heri xcakcol ylpeHemiHimizoi ecke mycipelik? 90emme 6y 6i3 b6ipdeHe 6inemiH maxbipbin
bolbiHwa aknapam. Lllewim Kkabsbiiday 6isee KawaH oHalibipak? bi3diH icmen xamkaH icimi3 3aHama
mypoe bosica 0a bap maxcipubeze calikec Kesce.

CoHbIMeH, e2ep OKyWhbled 3epmmesiemiH makpipbin 6olbiHWa 6ypbiHHaH 6inemiHiH mandayea
MYMKIHOIK 6epince, 6yl OHbIH YeKe Makcam-mMomuBmMepiH MyXbipbiMOayaa KOCbIMWA bIHMAAaHObIpy
xacadosl. [Jas ocbl Mancbipma Wakbipy ¢asacsbiHoa (38okayus) weuwineo.

CbIHaK Ke3eHiHOe wewiiemiH eKiHWwi manceipmMa — OKYWblIAPObIH MAHbIMObIK apeKemiH
besiceHOipy MiHOemi. KebiHece 6i3 Kelibip Mekmen OKyWwhblLidpbiHbIH cabakma admapasikmatd
UHMEIIeKMYaobIK, Kyuwl-Xci2ep XymcamalmabiHbiH, 6aCKanapbl VCbiHbIIRAH MANCbIPMAHbI OPbIHOAY
CamiH Kymyoi yeH KepemiHiH kepemi3. COHObIKMAH CbIHAK, Ke3eHiHOe ap adam 63 maxcipubeciH xcy3eze
acbipyea 6azbIMmasneaH #yMbICKa KamabICa asybl MaHbI30bl. CbIHAK Ke3eHiH X#y3e2e acbipyobiH MaHbI30b!
acnekmici oKywb1apaapobiH epKiH Manimoemenepi HamuxceciHoe nadda 6onzaH 6apsibik aknapammel
Heydeney 60sbin mabbinadsl. by onapobiH 6ip X#agbIHaH XUHAMRAH aKNAPAMMbl «UHAKMAIRAH»
Kamezopusi/ibiKk mypoe Kepe asybl YWiH Kax}em, aa Oy KypbiibiM 6ap/ibiK Nikipaepoi Kammybl MyMKIH:
«OYpbIC» MCoHe «OypbiC emec». backa xakmad, almeliizad nikipaepoi pemke Keamipy Kapama-
KadwblbiIkmaposl, calkeccizoikmepoi, MyCiHIKCi3 mycmapobl Kepyee MyMKiHOIK 6epedi, by x3caHa
aknapamms! 3epmmey 6apbiCbiHOa 00aH api i30eHiC 6agbimbiH aHbIKMAdlobl. Al OKyuWlbl1apaapobiH
apKalcbiCcbl YwiH 6yn aimakmap xeke 60sybl MyMKiH. OKywb! 3epmmenemiH makbipbinmbiH Kal
acnekmiciHe Hasap ayoapy KepekmiziH, an KaHoal aknapam mek CeHiMmOiIiK YWiH mekcepyoi Kaxem
ememiHiH 63i aHbIKMadosbi.

CbIHaK Ke3eHiH opbiHOay 6apbiCbIHOA:

1. OKYWb1/1ap OKbIIAMbIH MAKbIpbiN 60UbLIHWA 63 K63KapachiH 6in1dipin, KamenecyoeH, My2aiMHIH
my3emyiHeH Kopbiknad, epKiH opbiHOal anaokl.

2. ©miHiwmepoiH »a3biiybl MAHbI30bl, 071APObIH K3 Kesl2eHi 00aH api HCYMbIC YWiH MAaHbI30b/
60/1a0b1. CoHbIMeH Kamap, 6y/1 keseHoe «0ypbiC» Hemece «bypbiC» MajliMOemesnep 1ok,

3. Xeke x3#caHe monmabiK #yYMbICMbI 6ipikmipeeH OypbIC. Xeke XcyMbic apbip oKyuwbimiH 6inimi meH
maxipubeciH 3aHapmyaa MyMKiHOIK 6epedi. TonmbiK XyMbIC backa 0a nikipaepoi meiHoayaa, Kamesecy
KayniHci3 e3 Ke3kapacbiH 6indipy2e MymkKiHOIK 6epedi. TiKip anmacy xui KymnezeH XoHe Hamux e
601ambIH XaHa udes/1apobIH 0amybIHa 0a bIKNas eme aaaosbl. [1ikip aamacy 0a Kbi3bikmb! CYpakmapobiH
MybIHOAYbIHA bIKNAJT €me a/1a0bl, 01apaa *ayan i30ey XaHa Mamepuandbl MeH2epyee bIHMaiaHObIpaosbi!.
CoHbiMeH kamap, kebiHece Kelbip OKywbliap 63 nNIKIpaepiH myzanimee Hemece 6ipoeH y/ikeH
ayoumopusoa almyoaH Kopkaos.. LLlazeiH monmapoa xcymbic icmey 6y/1 OKYWb11apaa e30epiH xad bl
cesiHyee MyMKiHOIK 6epedi. XyMbICMbIH 0Cbl Ke3eHiHoe2i MyaaliMHIH pesii OKYWbI1ap/iapobiH OKbIIAMbIH
Makbkipbin mypassi 6ypbiHHAH biemiHoepiH ecme cakmayaa biIHManaHobIpy, MeKmen OKYWbI1apbIHAH
a/IbIHRaH aknapammai bekimy xcoHe xcydeney, monmapoa KalliblibIKCbI3 NIKIp aimMacyaa bIKNaa emy.
LleceHmen, onapobiH X#ayanmape! 0a/1 bosimaca da, kame 6osica 0a cbiHaa anmay Kepek. by keseHoe
MaHbI30bI epexce. «Ke3 KesizeH OKYUIbIHbIH NIKipi KYHObI». bi3 ycmasoap YuwiH OKYWbl/1apbiMbi30biH
cabbip/ibl MbIHOAYWbIChI pemiHoe apekem emy eme KubiH. bi3 01ap0bl my3eyee, CbiHayad, iC-apekemiHe
MOopasibObIK Mypabl0aH Kapayaa 0a20bi1aHObIK. byeaH o b6epmey — CbiHU mMypabi0aH oliayobl
0ambimyoblH NE0az2o2uKasIbIK MexXHO02USChbl PeXUMIHOe XYMbIC icmeydiH 6acms! KubiHObIabI. Kelide
almabizaH MAakkIpbin  OKyWbIapaa 6edmanbic, NadbiMoayanap MeH KOopbIMmbIHObIIAp Xacay YuiH
Hemkinikmi 6inimi meH maxcipubeci bosmazar xazdatioa mybsiHOAybl MyMKiH. by xazdadda onapoaH
MYMKIH 60/1amMbIH NaH MeH 3epmmey 06beKmici mypasb 6oamoap Hemece boxam xacayob! cypayaa
6010061, COHbIMEH, CbIHAK Ke3eHi Cammi (y3e2e ackipbl/izaH *azoalod, oKbIimy ayoumopusicbl Keaeci
KeseHOe — xaHa aknapammsl Ay KeseHiHoe XYMbIC icmeyee Kywmi bIHmanaHobipyaa ue 60s1aosbl.
MasmyHbIH MyCiHy Ke3eHi (MeHIHHIH Xcy3e2e acybl). byl Ke3eHOi backawa mMazbiHaIbIK KeseH den me
amayaa 60s1a0b1. XKaHa mamepuas oKbIMblambiH Mekmenmeei cabakmapobiH KenwinieiHoe by Ke3eH
eH Y3akka co3bl1adbl. KebiHece #aHa aknapamneH mabICy My2aiMHIH OHbl MAHbICMbIPY NPOUECiHOe,



andekadoa az - beliHe Hemece KOMNbOMEPJIIK OKbIMy 6az0apsIamanapb! apKbijibl Mamepuandapobl oKy
Hemece Kepy npoueciHoe 60/1a0bl. COHbIMeH Kamap CeMaHmUuKasbIK Ke3eHoi ycy3e2e acbipy 6apbiCbiHOa
OKYWbIIAp XAHA aknapamneH 6adnaHbicka mycedi. XaHa mamepuasnobl MbIHOAY XaHe a3y
pexumiHoe 6epydiH MbII0aM KAPKbIHbI OHbI MYCIHY MYMKIHORIH [IC XCy3iHOe MOKKA Wbi2apaoksl.
Ma3smyHbIH MYCIiHy Ke3eHi (MeHiHHIH XCy3e2e acybl). byn Ke3eHoi backawa mMasbiHa/bIK KeeH den me
amayaa 60/1a0kl. XXaHa mamepuas 0KbIMmblIambiH Mekmenmeei cabakmapobiH KenwinieiHoe by Ke3eH
eH Y3akKka co3bl1adbl. KebiHece ¥aHa aknapamneH maHbiCy MY2asiMHIH OHbl MAHbICMbIPY NPOUeciHOe,
andekadoa az - beliHe Hemece KOMNbIOMEPJIIK OKbIMY 6a20apsIamanapsi apKbijibl Mamepuandapobl oKy
Hemece Kepy npoueciHoe 601a0bl. COHbIMEH Kamap CeMaHmuKasibiK Ke3eHoi xcy3e2e ackipy 6apbiCbiHOa
OKYWbIIAp XaHa aknapamneH 6adaaHbicka mycedi. )XaHa mamepuasnobl MbIHOAY MaHe a3y
pexumiHoe 6epydiH bII0aM KApKbIHbl OHbI MYCIHY MYMKIHORIH IC XCy3iHOe MOKKA Whbi2apaoksl.
MasmyHbIH MyCiHy Ke3eHi (MeHIHHIH Xy3e2e acybl). by ke3eHOi backawa MaabiHa/bIK Ke3eH den me
amayaa 60s1a0bl. XKaHa Mamepuas OKbIMblambiH Mekmenme2i cabakmapobiH KenwinieiHoe by Ke3eH
eH Y3akKa co3bl1adbl. KebiHece ¥aHa aknapamneH maHbiCy MY2asiMHIH OHbl MAHbICMbIPY NPOUEeCiHOe,
an10ekalioa as - beliHe Hemece KOMNbOMEPJIK OKbIMy 6az20apamanapbi apKbiibl Mamepuasnodapobi OKY
Hemece Kepy npoyeciHoe 60/1a0bl. COHbIMEH Kamap CeMaHmUuUKasbIK Ke3eHoi My3eae acbipy 6apbIiCbIHOa
OKYWbIIAp XaHa aknapamneH 6adaaHbicka mycedi. )XaHa mamepuasnobl MbIHOAY MaHe a3y
pexcumiHoe 6epyoiH #bl10aM KAPKbiHbI OHbI MYCIHY MyMKIHOI2IH IC 3#Cy3iHOe XOKKA Wibizapadsl. KebiHece
XMAHA aknapamneH MabICy MyaasliiMHiH OHbl MAHbICMBbIPY NPOUECiHOe, andekadda as - beliHe Hemece
KOMNbrOMepsliK OKbimy 6azdapsamasnapbl dapkblibl Mamepuasddpobl OKY Hemece Kepy NpoueciHoe
60/1a0b1. COHbIMEH Kamap CemaHmMuKasblK Ke3eHOi X3cy3ez2e acbipy 6apbiCbiHOA OKYWbIIAp XAaHA
aknapamneH 6alnadbicka mycedi. XaHa mamepuanobl MbiHOAy XaHe a3y pexumiHoe 6epyodiH
JbI1I0aM KApKbIHbI OHbI MYCIHY MyMKIHOI2IH iC XCy3iHOe %#OKKa Wbi2apadsl. KebiHece 3caHa aknapamneH
MAarbICy My2anaiMHIH OHbl MAHbICMbIPY NPOUECIHOE, an0ekatioa as - beliHe Hemece KoMNbLMEPJIiK OKbIMY
6azdapsiamasnapbl apKbl/ibl Mamepuandapobl oKy Hemece Kepy npoueciHoe 60s1adbl. CoHbIMeH Kamap
CeMaHmMUKasbIk Ke3eHoi Xcy3e2e acbipy 6apbICbIHOA OKYWblAP XaHa aknapamneH 6al/iaHbICKa myceoi.
XKaHa mamepuanobl MbIHOAY H#CaHe a3y pexcumiHoe bepyoiH #bl10amM KapKbiHbl OHbI MYCiHY MYyMKIHOi2iH
iC Hcy3iHOe HCOKKA Wibi2apaobl.

CbIHU mypabidaH olnaydbi dambimyobiH 6ip Wapmbl — OKbIMbIIAMbIH MAMEPUASIMEH XCYMbIC
JHacazaHoa myciHeeHiHi30i kadazanay. MasmyHObI mycCiHy KeseHiHoeai oKy ypoiciHOe 0a/1 oCbl mancbipmMa
Hezi32i 60/16in Mabbinadsbl. MaHbI30blI Cam - Makbipbin 60UbIHWA XaHa aknapam any. CbIHaK Ke3eHiHoe
oKywblIap 63 binimMiHiH 6agkimmapbiH AHbIKMARAHbLIH ecke asicak, myciHoipy 6apbiCbiHOa MyaasliMHIH
KYMmKeH CYpakmapbiHa #oHe KoUblI2aH cypakmapaa calikec ekniH bepyee MymkiHdiei bap. by keseHoe
HCYMBICMbI YUIbIMOACMbIPY apmypsii 6071ybl MyMKIH. bYJ1 aH2IME, JIeKUUS, YeKe, XYNmblK Hemece
monmeIK 0Ky Hemece beliHe Kepy 60sybl MyMKiH. Kanal 6onzaHoa da, 6y aknapammbal deke Kabbiioay
HeaHe Kkadazasay 60/1a0bi. CbIH MYPabICbiHaH 0U/1ay0bl 0amMbimyObiH NE0a202UKasIbIK, MexXHOI02USICbIHbIH
asmopsiapbl aman Kepcemeodi MAebIHA/bIK Ke3eHOi Xcy3eee dackipy 6apbiCbiHOa OKyWbIIapObiH
besiceHOiniziH, 01apobiH Kbi3bIRYUIbIIbIRbIH YaHe WAKbIPY Ke3eHiH0e XAacanzaH K032aslbiC UHepUUsIChbIH
cakmay 6acmbi MiHOem 60/bin mabbiiadsl. by MazbiHada MAaxHoas2aH MamepuandbiH Candackl
MQHbI30bI.

TyCiHy Ke3eHiHOe oKyWbLIap:

1. XaHa aknapamneH 6ali/iaHbIC OpHAMBbIHbI3.

2. Onap 6yn aknapammai 6YpbIHHAH 6ap 6i1im MmeH maxcipubemeH casibiICMbIpyaa MbipbICAdsb.

3.3eliiH0epiH bypbiH MybIHOARAH CYpPAKmMap MeH KubIHObIKMApaad xcayan i3oeyee ayoapaosi.

4. XXaHa cypakmap Koraa mbipbICbin, MYCiHIKCI3 ce30epee Ha3ap ayoapbiHbi3.

5. Onap »aHa aknapamneH maHbICy NPOUECiHiH 63iH Kadazasiayead, 01apOblH HA3dpbiH HAKMbI He
ayoapameiHbiHa, Kal acnekminepi asbipak Kbi3bIKMbIPAMbIHbIHA YAHE He2e ekeHiHe Hasap ayodapyaa
YMMb11Aob!.

6. EcmieeHiH Hemece 0KbIaaHbIH masaodayad, masakbiiayaa 0albiHOany.

by kezeHOe myasim:

1. XaHa aknapammabiH mikenel ke3i 6oia anaosbl. by »xaz0alioa oHbIH MiHOemi - OHbl AHbIK Y(oHe
mapmasiMObl emin Kepcemy.

2. OKyWbI1ap MamMIHMeH XCYMbIC #acacd, MYasiMm XYMbICMbIH 6e/ceHOiniK 0apexceciH, oKy
KesiHoeai 3eliiHdinieiH Kadazanadosbi.

3. MamiHMeH YMbICmbl YabIMOACMbIPY YWIiH My2aiMm oUlaHbIN OKYObIH X(aHEe OKbI2aHbIH Ol
eneziHeH emkizyoiH mypi a0ic-macindepiH YCbIHAObI.



CbIH mypabicbiHaH 0oUaayobl 0ambimyobiH Neoazo2uKasiblK MexHOI02USCbIHbIH aBmMop/Iaphl
CeMAaHMUKA/bIK Ke3eHOi X(y3e2e ackbipyaa Xemkiikmi yakbim 6esay KaxemmieiH aman emeodi. Ezep
OKYWIbIIAP MAMIHMEH XCYMbIC XACACA, eKiHWi 0Kyaa yakbim 6es2eH 0ypbIC. byl eme MaHbI30bl, 6UmKeHi
Kelibip Mmacenenepdi HakmMblaay yuliH MamIiHOIK aknapammabl 6acka KoHmMeKcme Kepy Kax em.

Pegriekcua keszeHi. Pobepm byocmpom «LLIbi2apMauibiibIK *oHe CbIHU oUnayobl 0ambimy»
eHbeziHOe: «Pegnekcua — oldnayobiH epekwe mypi... Pegnekcussibik olnay — 3eliHoi WoabipiaHobIpy
OezeH0i 6indipedi. byn mykusm mapassiiay, bazanay xaeHe mavoay dez2eHOi 6indipedi». Pegnekcus
bapbicbiHOa yaHa 6osgaH aknapam ueepinedi, 63 binimiHe aliHanaosbl. CbiH MYpabiCbiHaH olaayosbl
dambimy MexHOI02UAChIHbIH ANRAWKbI €Ki Ke3eHiHIH GyHKUUS/IapbIH manadal omsIpbin, WbIH MaHIHOe
pegnekcusibiKk manoay meH 6azanay iymbiCmbiH 6ap/ibiK KeseHoepiHe eHedi de2eH KOpbiMmbiHObI
xHeacayea 60/1a0bl. [leeeHMeH, WAKbIpy XaHe [CKe ackipy KeseHoepi mypasibi pedriekcusiHbiH 6acka
HbICaHOapbl MeH GyHKUUAAaps! 6ap. YwiHwi Ke3eHoe npouecmiH pedrekcuscbl Mekmen OKYWb1apbl
MeH MY2animOepiHiH ic-apekemiHiH Heai3ei MakcamapiHa alHanaokl.

Pegnekcusibik manoay aqa MamepuasiobiH MaebiHACkIH aulyad, 00aH api oKy 6aabimbiH Kypyaa
bazbimmarnzand (by1 myciHikmi, 6y myciHikci3, 61 mypasbi kebipek 6iny kepek, 6y mypasbi cypak,
KolzaH dypbIc X#aHe m.6.) . bipak 6ys1 manoday aybi3wa Hemece x#asbawa mypoe xacaamaca, natoack!
wamasbl. [on sepbanuzayus npoyeciHoe e3 bemiHwe myciHy 6apbicbiHOa caHada 6oszaH oliapobiH
pemcizoiei Kypbl/ibIMOAibIn, XaHa binimee adHanaoskl. TybIHOAzaH Cypakmapobl Hemece KyMaHOI weuly2e
60s1a0b1. COHbIMEH Kamap, 0Kbl2aHbl Hemece ecmieeHi mypasbi Nikip aamacy 6apbiCbiHOa oKyuwibiiap 6ip
MOMIHHIH NIWIHI MeH MA3MyHbI XAabIHaH epeKwiesieHemiH apmypsi 6azanayiap myobipybl MyMKiH eKeHiH
MmyCciHy2e MyMKIHOIK anaobl. backa oKyuwblaapiapobiH nadbiMoayidpbiHbiH KelbipeyiepiH e3 nikipaepi
pemiHde Kabbiidayea aboeH 6onaodkl. backa nalibimoaysiap mankbiaay Kax}xemminieiH myobipadsl. Ke3s
KeneeH xazoadoa pegrekcus KeseHi CbiHu mypabioaH oliiay 0azobiiapbiH 0ambimyaa besiceHoi mypoe
biknas emeoi. CbiHU ol/iay0bl 0ambimy YWiH Koa0aHbiamsiH a0icmi 6ipi «Cypak-xcayan», 6ya adic
apKbl/ibl 6i3 OKYWblApObIH pedieKcusiCbiH 0a 0aMbIma aiambi3.

1. KaHoal makbipbin MasakklaaHaob!?

2. Takbipbin 6olbIHWA Hezizei Myx#bipbiM KaHoad?

3. Kapcbl ManimOemeHi myxcbipbiIMOAHbI3: KAPCblIAC KOPaaHbicma He almybl Hemece 6y
MasliMOeMeHI YOKKA WibI2apybl MyMKIiH?

4.Heeizei manimoeme meH Kapcbl Nikipdi He danendeddi? by apeymeHmmepoi benek bazaHoapaa
KepcemiHi3.

5. by MamiHOe myCiHIKCI3, Kypoesi Hemece «apmbiK XCyKmesi2eH» ce30ep MeH epHekmep bap ma?
Onad 6osica, onapobl mayein, MyciHOIPiHi3.

6. bekimy mMmeH Kapcbl nikipOi Kopaayobl 6azanaHbis. /JayobiH 0aysibl MyX#(bIpbIMOAPbIH,
abcmpakmizi mycmapsbiH, Kame myXbipbIMOAPbIH #aHe 6acka da a/1ci3 mycmapbiH aHbIKMAaHbI3.

7. Hezizei mananmaH Hemece oOHbI Kopeaydadzbl 0asendepoeH KaHoad oa 6ip 6o/mamoaposbi,
KVYHObIILIKMApObl Hemece uodeosiocussibiK acepaepdi Kepeciz 6e? Onapobl maybin, MyxbipbIMHbIH
OVPbICMbIbIHA KAHWA/ILIKMbI 3Cep ememiHiH KepCemiHi3.

8. ©3 MmasnimoemeHi30i Keneci mypde MOoJibiK KepcemiHi3: ... 6012aHbIHA KAPAMAacmad (Kapchl
MasiiMmoemeHi Hemece oHbl Kopaayodaabl eH Kyuwimi 0asi1en10epoiH bipiH KepcemiHis), ... (Hezizai manimoeme),
cebebi ... ( Heaizal myx#bipbIMHbIH AKUKAMMbI&bIHA CeHYOiH Heai3al cebenmepi).

9. TonblK OUNJIOMOBLIK XCYMbIC 0aysibl, 6ipak COHbIMEH bipee Kopaayea apamobl Md,
KabbinoaHbalob! Ma, a/10e Kabbiaday eme KubiH 6a?

10. Kaxcem 6osca, Heeizei Masimoemeri30i Kalma Kapan WhbiabIHbI3 #aHe MancbipMaHbIH 6ap/ibIk
KadamoapbiH KaumasaaHbi3.

Pegnekcua adamHbIH Heziszi yw kKacuemiH 63 bemimeH 6inim any, wewim Kabbindad 6iny,
bakmanacmasikKa myce 6inyiH Kasbinmacmaipaos, 6y 21 2acsbIp manabel.
bi30iH MamaHObigbiMbI3 XaHa olnapobl, mMacinoepdi yHemi Kaxem emin ombipadsl. CoHObIKMAH
pediekcusa XaHa 3amaHea cad masaankepoi KasebiNmacmaipbin, KabinemmepiH 0ambIimamabiH #OA0bIH
6ipi. bana odnayaa, celineyze , 63iH-63i 0aMbIMYyaad epKiH KOJ1 ¥emki3e anaosbi.

Pegnekcusaibik-6azanaywblibik — npouyeciHoe e3iHOiK — ol-nikip, apekemmepodi, maxcipube
HomuxesiepiH manoay XaHe oKy npoueciHoezi Keneci KeseHoepdiH 6az0ap/iamackiH aHbiKmay yuliH
xcazdad »#acanaosb!.

ledazoeuxkasibik pegrekcus — 61 mek e3iHe 3coHe e3iHiH IC — apekemiHe baza bepy 2aHa emec,
COHbIMeH bip2e neda2o2uKkasbik, KapbiM — KAMbIHACKA MYCKeH 632e XaHOapobIH 0a 63 — e30epiH Kasaad
myciHemiHoikmepiH 6alkay, e3iH — ©3i may, 63iHiH a/Ci3 Xakmapbl MeH NOMeHYUaaobIK
MyMKiHOIKmMepiH awa 6in1y yuwliH Kax;em.
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Abstract

The article analyzes the structural and semantic features of the toponyms in Joan Rowling's
novel "Harry Potter". The concept, essence and features of proper names were considered. \arious
approaches to the definition of toponyms, their typological classifications, the sources of toponyms
of Great Britain and the main problems of toponymy are clarified. Each toponym holds a variety of
information such as historical, geographical, linguistic, as geographical names are evidence of the
historical conditions of the eras when they arose, were formed and spread in certain countries. A
proper name is a universal functional-semantic category of nouns, a special type of verbal signs
designed to distinguish and identify single objects. There are many types of proper names, in
particular, toponyms. Toponyms are used as auxiliary elements in describing characters, depicting
events and phenomena. The combination of toponyms creates a toponymic space in the author's
poetic system of speech, which becomes the basis for lexical and semantic growth from a single
episode of the work to the context of the entire historical novel. Toponyms create a spatial
dominant, form characters' personalities, connect generations, and unite space and time. The most
effective and popular methods of analyzing toponyms’ are etymological and cartographic.
Historical, statistical, typological and other methods of analysis are less common.

AHomauisa

Y cmammi npoaHanizoBaHo cmpyKkmypHO-CeMaHmMuUy4Hi 0cob1uBOCMI MONOHIMIB pPOMAHy
ID+oaH PoyniHe «[appi [Tommep». by/o po32/1SHYmMo NOHIMMS, CYMHICMb | 0CO6/1UBOCMI B/IACHUX
iMeH. ONUCaHo pi3Hi NIOXoou 00 BU3HAYEHHSI MONOHIMIB, iX MUNOosIo2iYHi Kaacugikauii, 3’'9coBaHo
0xcepesia monoHimis Benukobpumarii ma ocHoBHI npobiemu monoHimii. KoxeH monoHim Hece
PI3HOMAHIMHY iHopMauito: icmopuydHy, 2e0epadidyHy, NiH2BICMUYHY, MAK K 2eoepagidHi Ha3su —
ue csidoumMBa icMopUYHUX YMOB enox, KOJiU BOHU BUHUKA/IU, GOPMYBAIUCS [ NOWIUPHOBA/IUCS B MUX
Yu IHWUX KpaiHax. BracHe im’s — ue yHiBepcasibHa @YHKUIOHA/IbHO-CEMAHMUYHA Kameaopis
IMeHHUKIB, 0cob/1uBuUll MUN C/I0BECHUX 3HAKIB, Npu3HayeHul 019 BUOINEHHS ma ioeHmudgikauil
00UHUYHUX 06°ekmiB. IcHye 6azamo BuUOIB BIACHUX I[MeH, 30Kpemd, MONOHIMU. TONOHIMU
BUKOPUCMOBYIOMBCA AK O0NOMDKHI e/leMeHmu B Xapakmepucmuui NepcoHax s, onuci nooid,
asuw. CyKynHICMb MONOHIMIB CMBOPKE B ABMOPCLKIU NOEMUYHIU CUCMeMi MOBJIEHHS
MONOHIMIYHO20 NPOCMOPY, AKUU CMA€E NIOrPYHMAM JIeKCUKO-CeMAaHMUYHO20 NPUPOULEHHS BI0
0Kpemo2o enizody maopy 00 KOHMEeKCMY BCb020 ICMOPUYHO20 POMAHY. TONOHIMU CMBOPHHOMb
NpocmopoBy OOMIHAHMY, GOPMYHOMb Xapakmepu NEepcoHaXis, 30iUCHIOMb 38 930K NOKOJIIHBb,
06'€0Hyromb npocmip i vac. Halbinbw epekmusHUMU [ NONYASPHUMU B MONOHIMII Memodamu
aHanizy Hass € emumosio2idHul i KapmoepagiyHud. MeHwe BUKOPUCMOBYHOMBLCS icmopuyHU,
cmamucmuyHud, munosaoiyHUlt ma iHwi Memoou 00C/TIOHeHHA MONOHIMIYHUX ABULL.



Keywords: onomastics, proper name, toponyms, toponymic space, spatial dominant.
Knroqosi c/108a: OHOMACMUKGA, BAACHE IM'S, MONOHIMU, MONOHIMIYHUU NPOCMIp,
Nnpocmoposa 0oMiHaHMaA.

TONOHIMISI K PO30i/1 OHOMACMUKU

KoxteH monoHimM Hece pi3HOMAaHImHy iHopmauito: icmopuyHy, 2eoepadidHy, niHe8ICMUYHY, MAK K
2eoepadiyHi Hazsu — ue ceidoymsa iCMoPUYHUX YMOB enox, KOJIU BOHU BUHUKA/U, ¢opmyBanucs i
NOWUPHOBA/IUCA B MUX YU [HWUX KPAiHAX. Beiukuli BHECOK Y BUBYEHHSI aH2/1iCbKUX MONOHIMIB BHEC/IU
wiseocbkull niHesicm E.Ekson, aHenidcbkul niHesicm P.Koamc, anenidcbkud monoHimicm M.[enniHe.
Takox 00CAI0@HeHHIM MONOHIMIB 3alMaauca maki aHeaiticbKi ma amepukaHcbKi iHesicmu, Ak O.[lader,
P.Pemced, A.Cmim, I.Cmroapo, B.YomcoH, [N.Mawmakos, I. LliBeub ma iH. AHasmi3 meopemuyHoi
Jimepamypu 3 MONOHIMIKU, WO € po30i/IoM OHOMACMUKU, cBi0Yumb Npo 2aubokul iHmepec, akud
NPOABJIIFOMb JIIH2BICMU 00 NOXOOXCEHHS MA PYHKUIOHYBAHHS BACHUX iMeH. OOHUM (3 nepuwiux 8 YKpaiHi
pPO3N04Yas OHOMACMUYHI 00CioxeHHS A.lonosaubkul. [IpobiemMu 0HOMACMUKU B CBOIX HAYKOBUX NPAUSX
yeniwHo docnioxysanu A.bepmee-Lenazapd, Jl.[adanka, M.ApaHoapeHko, M.Acmpsab, O.AHOpiawes.
+O.KapneHko, M.KaniHkiH, E.Maea3zaHuk, M.MesbHUK.

AKMYa/ibHicCMmb 00CiOMHEeHHS

He3gaxxaroyu Ha nonysisipHiCMb poMadis [P+.PoysaiHe npo appi Mommepd, Noku we He ICHye
KOMNJIEKCHUX QOCIOMeHb cUCmMemMu MOoNOHIMIB Ma iX 3HAYeHb, U0 € 0COO/IUBO BAMUIUBUM 0/ HEHOCIIB
MOBU opu2iHasy, 014 6iibw 2/1ub0K020 PO3YMIHHS ABMOPCHKOI 3a0YMKU | PO3KPUMMS XapaKkmepis 2epois,
B YOMY | NPOSIBASEMbLCA AKMYyasbHIcmb 0aHoi npobaemu. O0HaK mpusasia icmopis 00C/ioxeHb ma
HAsaBHICMb BeIUYe3HOI KiIbKOCMI Npaub, NPUCBAYEHUX BUBYEHHIO MONOHIMIB, BCe we 3aauwac 6es3id
npobsieM, Wo YCKAAOHIOMb IX MJYMAYeHHs, CNIPHUX NUMAHb, NOB'S3AHUX 3 BU3SHAYEHHSM Oxceper
MONOHIMIB.

O6'ekmOM 00C/TIOMCEHHSA € CheyudiyHICMb MONOHIMIB POMAHY.

lpedmemonm dociidxceHHs € pomaH [pxoaH PoyiHe «fappi [Tlommep».

Memoro 0ocnioxceHHs € npoaHanizysamu 0cob1uBoCMi MONOHIMIB poMaHy JoaH PoyniHe «appi
fTommep».

TonoHIMU K KOMNOHEeHMU Xy0OXHb020 MeKCMmy

DYHKUIOHYBAHHSA BJIACHOI HA3BU B XYO0OXHbOMY MBOPI — Ue NPOUEC HAKONUYYBAHHS Her0 03HAK
npeomMemHo20 3Ha4yeHHs. OOHUMU 3 Nepuiux y3aeasabHeHb B Meopii NOeMUKU OHIMa 6Y/10 MBEpOXeHHs
Npo HasmucHuUl xapakmep nidbopy BAACHUX HA38 Y XYOOXHbOMY MBOpI. [ToYUHArOYU 3 NJIAMOHIBCLKO20
dianoey «Kpamusi», Yy aKoMy mBopYilt XyooxcHil cB8i0oMOCMI NPUNUCYEMbCA NPAZHEHHS 3aKpinasmu 3a
iMeHamu maki KoMnoHeHMuU 3MICMoBoI Cmpykmypu, SKi 6 npaurosanu Ha ideliHo-ecmemuyHy cgepy
JlimepamypHo20 mBopyY, 30ilCHOEMBbCS 2eHepasIbHA JiHIS PO3BUMKY ABJ1eHb NPO BJIACHY HA38Y K 3AcCib
noemuku: JIiHis MAakcumMasibHO20 BUKOPUCMAHHS (020 CeMaHmMu4HuUx moxciusocmed. [loHamms
NpOCMOopy, MOYHile «NPOCMOPOBO20 NOYYMMS», Y3BUYAINUCS B 2yMAHIMAPHUX OOCTIOHEHHSAX 3dBOSKU
HimeubKil ginocogcbkilt dymui nodamky XX cm., wo 6asysanacs Ha npausx @.Hiywe, M.lalderrepa, y
AKUX MemagizuyHa NpocmopoBiCMb € HA03BUYAUHO aKMYyasibHor. OOHUM (3 OCHOBHUX NPUHUUNIB
pinocogii € «mononoeidyHe b6a4eHHs cBIMYy», ke xapakmepusye mod yu iHwud mekcm. Ocobiusum
nowimoBxom 0J19 «NPOCMOPOBUX OOCTIOHeHb» CMAJo BU3HAYEHHS M.baxmiHa NOHSMMS «XPOHOMON»
AK OpMasIbHO-3MICMOBHOI Kame2opii, YHAC/IIOOK 4020 NPOCMIp Yxe ycBIOOMIHOEMBCS 0008 S3K0BUM
ampubymom Xy0oxcHb020 MeKCmy. 36epexeHHs MONOHIMIB YNpOOOBXC MPUBAI020 YACY, NEPeOaHHs ix
Bi0 emHoCYy 00 emHOCY, nepexio 3 00HIEi MoBU Q0 [HWIOI — BCe ye pobums iX aKymMy/ISmopamu 3Ha4HOI 3a
06CH20M NO3AMOBHOI [Hopmauii, 3HaKamu enox, Nooil, KOHKPemHUX JIt0OCbKUX 00Jb. OCMAHHE —
eHUYUK/I0neouyHa obmsixeHicmb BIOOMUX MONOHIMIB, IXHS 30aMHICMb BUKOHYBAMU AKyMy/ISMUBHY
YHKUIiH0 — 3HAYHO PO3UIUPHOE MOXJIUBOCMI BUKOPUCMAHHS BJIACHUX HA38 Ub020 K/1ACY He JIULLE K 3acoby
NPAMOI" HOMIHAUIT ONUCAHO20 YU 32a0aHo20 2eo2pddiyHo20 06'ekma, a U y pi3HOMAHIMHUX BMOPUHHUX
DYHKYiX. TONOHIMU B S1iMepamypHOMY OHOMACMUKOHI He 00C/TIOHeHO HaNeHHUM YUHOM. 30e6i/1b o020
yBa2a 0OC/IOHUKIB 0bMEXCYEMBCS MONOHIMIYHUM KOMeHmMAapem NesHUX XyOOXHIX MBOopIB, 30Kpemd,
BCMAHOBJICHHSIM 38 A3KY MiXC pedsibHOK MONOHIMIEN (MAK 38aHUMU MONOHIMIYHUMU NPOMOMUNAmu,) i
MONOHIMamu iimepamypHUX MBOpPIB. Ha dyMKy oKpemux 0OCIIOHUKIB, MONOHIMIS B XyOOXCHIX MBOPAX Y
nepesaxHill  6iIbLIOCMI € 4YACMUHOK 06'€EKMUBHOI OHOMACMUKU, wWo pobums i 0b6’ekmom
302a/IbHOJIIH2BICMUYHUX, MOO6MO ICMOPUKO-/TIMepamypHUX, emumMosI02iqHUX | cmamucmuyHux cmyoid.

Tunu eeoepagiyHuUx Hazs €0UHIi 019 BCbo20 c8imyYy, 60 BidobpaX3caroms Hacamnepeo CMAasIeHHS
JIH0OUHU 00 06°€kmiB 00BKI/IS. TONOHIMIKOH XyO0XCHbOI limepamypu 36epi2ae akmyasbHiCmb K 06'€Kkm



BUBYeHHSI nepedyciMm Y OUCKYPCi KOHKPEMHO20 XYOOM(Hb020 MeKCMYy, Wwupwe — Hanpsimy, WKoaUu Yu
HAYiOHA/IbHOI CJI0BECHOI KYJIbMYpPU B UIJIOMY, BYXHe — Y NJIAHI emumosioaii 8 i KJIacu4HOMY PO3YMIHHI.
CyyacHi ¢inonoeu-oHomacmu B8i03Ha4aroms, WO NPIOPUMEMHUM HaNPSIMOM ONUCOBOI NOEMUKU OHIMA €
CUHXPOHIYHE O00C/IIOXeHHSI NOeMOHIMII KOHKPemHUX MBOPIB, MOMY AKMya/ibHICMb, HA HAWY OYMKY,
UISIKOM 3aKOHOMIpHA. Y JiHeBICMUU/ MONOHIM p0o32/IS0AEMbCS K e/leMeHm NeBHOI MONOHIMIYHOI
cucmemu w000 IHWUX MONOHIMIB, 3 00H020 BOKY, a 3 IHWO20 — 3HAYeHHS MONOHIMY B CUCMeMi MOBU B
YiloMy ma wjo0o iHWUX MOBHUX O0O0UHUUb. BUKOPUCMOBYHOYU MONOHIMU 3 NEBHOK CMUJIICMUYHOK
Memoro, asmop 3ad BACHUM OAXCAHHAM MoXce BOamucs He auuwe 00 ixXHIX ogiuitHux ¢opm, a U 0o
KOJIOKBIA/1I3MiB, NO@MOHIMIB, 00 MONOHIMIYHUX Nepugdpas. BudaemsbCcs C/IYWHUM NOJIOXEHHS NPO Me, WO
cmusicmuyHUd nomeHyias monoHimis danekud Bi0 HyJss, y HUX C/i0 pO3pi3HAMU mpu wapu: 1)
MONOHIMIYHE 3HAYeHHS; 2) emuUMOoIo2iYHe 3Ha4YeHHS,; 3) 38y4arHHs. OCcmaHHE nepedbadyae micHul 38'A30K
i3 cUCMeMoro IHWUX C/I0BECHUX 06paszis 1imepamypHo20 MBOPY, 3YMOBJICHICMb XAHPOM [ MeMamuKo
masopy. 15 Npo3aikis MonoHimMu, K NPAsuUsIo, MPAaHCHOPMYombCs B XyO0xHil nputiom: CMBOPHOHMb
npocmoposy 0OMIHaHMy, GOPMYOMb XAPakmepu NepcoHaMcis, 30iUCHIOMb 3B8°S30K NOKOJIHB,
06'€0Hyromb npocmip i 4ac. Tomy o0cobauBOoCMi MONOHIMIB XYOOXHb020 MBOPY, NPUUOMU IXHLO2O
BUKOPUCMAHHSI, wupwe — cnpobu ¢opmMyBaHHS OKpeCc/ieHHsI NPOCMOopy JimepamypHO20 mMeKCmy —
HeBi0'eMHa CK1adoBa idioCMuJsIH NUCbMEHHUKA.

CmpyKmypHO-ceMaHmuy4HUl aHasiz monoHimis y meopi npo Mappi [lommepa

TonoHiMiYHI enemeHmu y ckiadi ¢pazeosno2idHux o0UHUUb BI006PAXaromb CYMHICMb 3HAYEHHS
ppazeonoeizmis. KoxcHa eeoepagiyHa Hassa Hece 8 cobi AKiCb 0cobUBOCMI MA MAE CBOK) ICMOPItO.
®@pazeonioeidHi 0OUHUUI 3 MONOHIMIYHUM KOMNOHEHMOM He NPOCMO KOHCMAmMyroms Gakmu 4u
nosidoM/IAHoOMb NPO ABULLE, BOHU KAHOHI3YOMb mMpaouuii, cnoHykaroms 00 Oii, Buxos8yroms y stooel
J110608 00 piOHO20 Kparo, 00 PIOHOI 3emi. Bucoki mMopasibHi ideanu, 100cbKa 2i0HICmb € 6a3osumMu
noHammsmu. East or West, home’s the best (npuk.) — 8 2cocmsx dobpe, a s0oma Kpauie; 0im Jito0uHU (iT
6YOUHOK, pioHe Micmo, bambKiBWuUHA) € 08 Hel Micuem, 0e BOHA NOYyBAEMbLCA HAUWLACIUBILION,
0C06/1UBO Y NOPIBHAHHI 3 IHWUMU MICUSMU, 0e Us JIDOUHA MOoXe 3Haxo0umuch. Hatyacmiwe monoHimu
3YCMPIYarombsCa Y NPUCTIB AX. X ecmemuyYHa UiHHICMb NOJIS2ae B MOMY, WO B HUX YimKO i documb
CMUC/0 BUPAXeHa 3akiH4yeHa O0ymKa. BoHa sBsie coboro 0bpasHy dopmysy, nobyoosaHy Ha OCHOBI
NOPIBHSIHHSA, Memagopu Ma iHWUX CMUJICMuYyHUX nputiomis. @pazeosnoeidHi 0OUHUUI 3 MONOHIMIYHUM
KOMNOHeHMOoM NoB 'a3aHi 3 Nobymom Hapoady, Lio2o iCMOopPIero, HAUIOHAIbHOK camobymHicmto. bazamo 3
Hux 6y/1u 3acBOEHI B8 pe3ysibmami 6azamoBsikosux 38°a3Ki8 3 cycioHiMu Hapodamu. Coals to Newcastle —
AK syeinna 8 Hberokacs (mobmo dapemHa, mapHa, b6e3esy30a cnpasa); yacmuHa supasy to carry coals to
Newcastle «pobumu wiocb He nompibHe» — 6y8 yxce sidomudl y cepeduHi 1500 pokis, a came 8 mou 4ac,
kosnu Newcastle upon-Tyne 6y8 207108HUM BUOOOYBHUYUM UeHMpPom Bxe npomszom 400 pokis. Ha
CbO20OHIWHIU 0eHb BUPA3 BXUBAEMbLCA Habamo pidwe, ma wie He 308cim 3abymud. Ocobausud naacm
nocidaroms paseonozizmu cmapodasHLOPUMCLKO20 Md CMAPOOdBHLO2PEUBLKO20 NOXOOMEHb. IXHI
eKBsliBasieHmu NPoCioKosyrombCsa y 6azambox MOBAX, BOHU HAJIeXamb 00 iHMEepHAuioHan3mis: Rome
was not built in a day (npucsn.) — Bpas Hido2o He pobumscs, Pum He sidpasy 36ydosaHul. When Greek
meets Greek then comes the tug of war (npucn.) — Koau 08i H0OUHU OOHAKOBOI CMamypu, Cusu,
pilly4ocmi moujio NPOMUCMOsAMb 00HA 00HIU, Moodi BiobYBAeEMbCS cNpasxHa bopombba. ToNOHIMIYHI
KOMNOHeHmMU y cki1adi ¢paseosioeiyHuUX 00UHUUb MArOMb SK JiHSBICMUYHE 3HAYeHHS, MakK i icmopuYHe,
aoxce BOHU CMBOPHOBAJIUCL NPOMSA2OM POKIB | 6Y/iU 3apiKCOBAHI Y MOBI, 3a 00NOMO20t0 SKOI MU MOXEMO
0i3Hamuchk NPo Xumms, Nobym ma uiHHoCMi 1100ed, SKi X#UU B Pi3Hi 4acu Ma 8 Pi3HUX MICUSIX.

TONOHIMU B POMAHAax MOXCHA NodilUMU HAa 0BA 27106a/IbHUX KAAcu — BU2a0dHi ma icHyro4i B
peasibHOCMi, @ MAakox< Ha pso Nid2pyn 3a NPUHUUNOM iX NPUHAJIEXHCHOCMI — XUmJd i MiCMa, WKoJ/U,
JIOKQUii, AKI 3HaxX009MbCA 8 KOCOMY NPOBYJIKY, B X02CMiOi, 0iuiliHi opeaHizauii, a makox, memHi 1okauii.
Y uro 2pyny Bxo0sms 08aHaousme Hass: JloHooH (London), Hopa (the Burrow), [odpikosa 3anaduHa
(Godric's Hollow), Jlimmn-Xernenmor (Little Hangleton), Jlimmn-Yineine (Little Whinging), maemok
Mandgois (Malfoy Manor), nnowa lpimmo, 12 (Number 12, Grimmauld Place), komeoxc «Mywinsi» (Shell
Cottage), epacpcmso Cyppell (county Surrey), nasykosul mynuk (Spinner's End), sBoksan KiHec-Kpoc
(King's Cross) i Tucosa synuus (Privet Drive). Came B Hill 3HGX00SMbCS HA3B8U MiCUb, ICHYHOYUX B
peasibHOCMI. Y BCIX IHWUX 2pyNax ix NPUCYMHICMb HeMOMIUBA 3d BU3HAYEHHSIM, OCKI/IbKU cami epynu €
YaCMUHOK BU2A0AHO20 CBIMY. PeasbHUX MicUb BCbO20 Yomupu — Micmo JIOHOOH —cmonuus
Benukobpumatii, 2pagpcmao Cypped, de 3Haxo0umbsCs MiCmeyYyko 8 SKomy supic [appi [lommep, BOK3a
Kinec-Kpoc i maneHbKe ceso Jlimmu-XeH2/ImoH. Ba)ko cKkasamu, Yu mMasad dsmop Ha yBadsi Came iCHyro4e
Ceslo 3 MAkor HAzBor, abo X BOHA NPOCMO NO3HAYU/A BU2AOAHY JI0KAUiK0 BIOOMUM il peasbHUM
MONOHIMOM, npome peasibHul JlimmJi-XeH2/1moH Ha Kapmi Beaukobpumarii npucymHid. Y 6yob-skomy



BUNAOKY, 3a 00NOMO20H) BBEOCHHSI OaHUX HA3B8, ABMOP BUKOHYE BAXUIUBY MICit0 — «NpuB'a3ye» maip 00
peasibHoCMi, CNJIIMAaroyu 8 HboMy c8im Jirodedl i c8im YapiBHUKIB BOEOUHO. BIOHOCHO [HWIUX HA38 MOXCHA
BIO3HA4YUMU HACMyNHe: MAEMKU | 6YOUHKU HA3BAHI 3a KJIACUYHUM 3pa3kom — abo 3 BUKOPUCMAHHAM
npi3suwa B1acHuKa (Hanpukaad, Malfoy Manor), abo 3a cBo€r 3a2asbHOK abo YaCMKOBOK CXOXCICMIO 3
yum-Hebyob (Hanpuksad, Shell cottage). NMpumimHo, wio Hazsa 6youHKy Bizni — Hopa (the Burrow) mae we
KiJIbKa Nepeksiaois YKPAiHCbKO MOBOH, SKI MAKOX MOXC(Ymb 6ymu BYHKUIOHAILHUMU [HUIOMY CEeHCI
(«npumynok» — aKum yel 6youHok yacmo 6y8 0151 [appi i (1020 Opy3iB, @ MAKOX< «4YepBomOoYuHa» — mym
10 32a0amu OyMKY YUCMOKPOBHUX Cimel npo Bi3zii 9K Npo «OCKBEpHUMEsi8 YUCMomu KpoBsi»).
[loceneHHs mex« Ha38aHI UiIKOM J102i4HO. [00piKoBa 3anaduHa HOCUMb K/1ACU4YHO NobYyO00BaAHyY HA3By
aH2/1ilicbKo20 ce/d, 3a NPUHUUNOM «MUnN Pesibedy, Ha SKOMY BOHA CMOIMb MA iM's il 3aCHOBHUKA abo ¢
OCHOBHA XapakmepucmuKka micus».

Haszsu By/1uub Mex He BiOPI3HAMbLCA Opu2iHaIbHICM. byouHoK 12 Ha naowi [pimmo (Number
12, Grimmauld Place) — cmaHdapmHe popmyioBaHHs aHenilicbKoi' adpecu, SKUM NepCoOHAXC NO3Ha4au
6youHoK yepe3z b6pak im snacHoi Hassu. Tucosa sBynuuys — Privet Drive (xoya, Hacnpasoi, «privet»
nepexkadaembCs He AK «muc», a K «bUpProYUHa») — 38u4aliHe Ma2iisCbKe MICmeyKo 3i 38Uu4aliHor
@/10pUCMUYHOK HA3B0H, OMPUMAHOK), MOXIUBO, Yepe3 BesIUKY KiJIbKICMb POC/IUH KOIUCh HA Uil BY/TUU.
Masykosul mynuk (Spinner's End) moxcHa mpakmysamu no-pi3Homy. «Spinner» nepekiadaemscs He
MiSIbKU K «NABYK», a@ we U K «npAouibHUK». TAKUM YUHOM, MOXCHA OMOMOXCHUMU UK HA3BY 3
npoxcusaHHam mym Cesepyca CHelina, Bce ¥umms 5K020 6Y/10 CNIemiHHSIM Pi3HUX NJIGHIB [ iIHMpU2.

LLIkin 8 pomaHax mpu. Lje cam Xoesapmc (Hogwarts), pparuy3skud LLlapmbamor (Beauxbatons) i
cxioHoesponeticbkull [ypmcmpare (Durmstrang). Xoesapmc — Halbinibw 4acmo 32adysaHa 8 mekcmi
WKOMA, Wo 3Haxooumsca B AHenii i cayxums 6e3nocepedHim micuem 0ii npomszom 6s1usbko 80%
croxemHoeo vacy. Cama Hazea «Hogwarts» cknadaemascs 3 0BoX aHesilcbkux cig: «hog» — «kabaH» i
«warts» — «bopodasku». Ane nadi PoysiHe, 00HAK, CMBEPOHC/E, WO O0aHUl MONOHIM HE MOMCHA
po3wugposysamu 00C/IIBHO MOMY WO 3 MOBU YAPIBHUKIB C/10B0 «Hogwarts» UiIkom nepekaadaemscs
K «senp». Beauxbatons — LlLlapmbamoH — ¢paHyy3bKa wkona mazii. Hasa ckrnadaembca 3 080X
ppaHuy3bKux cis «beaux» i «batons», wo nepeknadaromscs BiONOBIOHO AK «NPEKPACHI» | «NAIUYKU»
(xoya, B 00HOMY 3i CJIOBHUKIB 3YCmMpiYaemMbCs BapiaHm nepexksaady C108a «beaux» SK «wmpag»), uwo,
nopsi0 3 NOBEOIHKOH Ii Y4HIB, NIOMBEPOHCYE Ppenymauito WKOU, K ONJ0MY BUMOHYEHOCMI | C/1YyX UMb
019 CMBOPEHHS CMepeomunNHO-ppaHyy3bKo2o Koropumy. Jypmcmpade (Durmstrang) 3Haxooumscs 8
CXiOHit €Bponi. ToyHe po3maulyBaHHs HeBidomMe — y MBOPAX CKA3AHO /ULLE, U0 Mam, 0e 3Haxo0UumhbCs
WwKoJ1a, madixe 3asxou Xo/100Ho. BapiaHmu ¢aHamis npo ii MiCue3Haxo0xeHHs pi3HIMbCS 8i0 bosapii
do Kosibcbko2o nisocmposa. O0HAK, imM's ii, wsudwe 3a 8ce, B39mMOo 3 HiMeUubKoi MOBU, a MOYHiIWe, 3i C/iB
«dur» — madop i «strang» — nacmo. BaXxko mo4yHO CKazamu, YoMy asmop B83/1d came maky Hassy, asne
HaliMoBIpHILWLUM BUOAEMBCS BAPIAHM NPO Me, U0 0aHUl MONOHIM — aIto3is1 Ha 0if/IbHICMb CaMOI WKO/IU,
OCHOBHO MICIEFO AKOI' CMAsio BUBYEHHS MEMHUX MUCMeYms.

Kocud nposysnok (Diagon Alley) — maziyHa Byauus 8 JIOHOOHI, W0 3HAXOOUMbLCS 3d APKOK) HA
3a0HbOMY 0Bopi bapy «0ipasul KaszaH». Ha3sy MoxHa mpakmysamu no-pi3Homy. HadimosipHiwe, asmop
Mana Ha ysasi to2o HecmabiibHICMb | 3MIHHICMb, B CUJTY 3aK/1A0IB, W0 3HAX00SIMbCA HA HboMy. OOHAK,
MAKoMC MOXCHA NPUNYCMUMU, W0 NPOBYJIOK bYB KOCUM B NPSIMOMY CEHCi C/108a — MOOMOo nepemuHas
Hadbauxyi Byuyi no diaeoHani. Jlokayii Kocoeo nposysika ckiadaromse OKpemy | HalqucaeHHiwy epyny
oaHoi' knacugikauii. ¥ Hei' Bxo0ame: ogic eazemu «LLjodeHHul npopok» (The Daily Prophet office),
Topeosuli ueHmp «Cosu» (Eeylops Owl Emporium), kage 3 mopozusom ®nopiaHa @opmecksto (Florean
Fortescue's Ice Cream Parlour), «®nopiw i 6rommc» (Flourish & Blotts), BiddineHHs 6aHKy piHeomc
(Gringotts Wizarding Bank), 6ap «ZJipssuli kaszaH» (the Leaky Cauldron), «maHmii Ha B¢/ Bunaoku
xaumms» maoam MankiH (madam malkin's robes for all occasions), «YapisHull 38ipuHeub» (Magical
Menagerie), «cimeticmso OnisaHoepa» (Ollivander's), «Bce dna ksidudy» (quality Quidditch Supplies),
anmeka (Apothecary), mazasuH meneckonis (Telescope Shop), «Biobmaubki sBumisku Bizni» (Weasleys'
Wizard Wheezes), mazazuH cmimms (junk shop). lpakmuy4Ho BCi Ha3su uiei 2pynu nobydosaHi 3a mpboma
NPUHYUNAMU — HA3B8a MA2asuHy Ha npizsuuie do2o B1AaCHUKA, OpU2iHA/IbHA HA38d, abo 6e3nocepedHsbo
HA3Ba-BU3HAYHUK. /o nepwioi nidepynu MoxHa BiOHecmu, Hanpukaao «cimetcmso OsisaHoepa»
(Ollivander's), «®nopiw i 6rommc» (Flourish & Blotts) i kage 3 mopozusom DraopiaHa PopmecKbro
(Florean Fortescue's Ice Cream Parlour). [JaHut mun Hass maz2asuHig 6ys munosudl 0,18 AHenii, | 83azani
€8ponu MuHy020 cmosiimms. jpy2a nio2pyna 6iiblu munosa 0Ji Cy4acHOCMI — NPUCBOEHHS MA2A3UHAM
PI3HUX HA38, WO NPUXOBYHOMb B COOI CNPAMOBAHICMb MOP2IBJI, NPOME He € YUCMUMU BU3HAYHUKAMU. [Jo
Makux MoxcHa sioHecmu «YapisHud 3sipuHeub» (Magical Menagerie) i Topeosut ueHmp «Cosu» (Eeylops
Owl Emporium). [Jo mpemsboi nidepyni BIOHOCSIMbCS BCI Ma2asuHu i ogicu, ki He maromse 6yOb-SKUX



KOHKpemHux Hass, Hanpukiad anmeka (Apothecary), mazasuH meneckonis (Telescope Shop) i mazazuH
cmimms (junk shop). BoHU NOKAUKAGHI CMBOpUMU eekm MacoBoCmi i, K NPABUJIO, BIUBAOMbCS
nobi#HO.

Xoecmio (Hogsmeade) — eduHe 8 AHenii ceno, noBHICMIO HaceaeHe 4apisHUKamu. 3acHoB8aHe, 3a
nepekaszamu, npubsauzHo 8 mol camud 4ac, wo i XoeBapmc, 4apiBHUKOM Ha im's Xerzicm 3 Byokpogpma.
Hassa, HadimoBipHiwe, Mae AKUlCb nepeksaad 3 MOBU YAPIBHUKIB, Npome C/I080 YMBOPUJIOCH
CNOJTYYeHHAM 080X CAiB: «hog» — «kabaH» | «mead» — «medosyxa». Jlokauii Xoecmioa 3a npuHUUNOM CB0O20
HalmeHyBaHHA CXOXCI 3 okauigmu Kocoeo nposysika. Tak 0o nepwioi nioepynu mym MOMHa BioHecmu
maeasuH 3o0HKo (Zonko's Joke Shop), «/lepsiwi i berHe3» (Dervish & Banges), mazazuH o0si2y, nepeksiadeHull
Ak «lllanka-Hesudumka» (Gladrag's Wizardwear) i kagpe madam [Maddiym (Madam puddifoot’s). [jo
opyeoi BioHocambcs «Tpu mimau» (The Three Broomsticks), «kabaHa eonosa» (the Hog's Head), «conooke
Koponiscmso» (Honeydukes Sweetshop), a makoxc croou moxHa sioHecmu «Shrieking Shack». /lo
mpemaboi’ Nid2pynu BIOHOCSIMbCS 3aJI3HUYHA cmaHuis Xoecmio (Hogsmeade Station) i nowma (Post
Office). Takux BCbo20 Yomupu: 4apiBHa 8'a3Huua AskabaH (Azkaban), Minicmepcmao maeii (Ministry of
Magic), nnameopma 9% (Platform Nine and Three Quarters) i nikapHsa ceamoeo MyHzo (St. Mungo's).

B 00HOMY 3 iHMepB'to naHi PoysiHe 3i3Hasnacd, Wwo NPomomuUNOM YapiBHOI B'A3HUUI 08 Hei
NOC/IYX@CUIA B'A3HUUS A/IbKAMPAcC, U0 3HAXo0UmbCs Ha ocmposi 8 3amoui CaH-PpaHyucko i C1asumscs
MUM, W0 3a BECb YAC ii ICHYBAHHS 3 Hel' He 6Y/10 CKOEHO X 0O0HOI 8Oas0i Bmeyi. Moxciuso, came momy 8
Hazgax 0box NeHimeHUiapHUX YCMAaHoB € 0edKa CXOXicmb. B iHwomy, yumadyi, wo 3admaromscsa
emuMOJIo2iEr0 POMAHIB, CXO0SMbCA HA MOMY, WO HA38Y YAPIBHOI B'A3HUUI YyMBOpeHo B8i0 aHeiticbKo2o
diecosa «to ban» — «Bu2aHAMU», WO UIJIKOM J102i4HO. MiHicmepcmao mazii Hocumae UiJIKOM Munose
HalmeHyYBAHHS 3a 3pa3kom MiHicmepcmBa ocsimu, abo Ky/bmypu, WO NOKAUKAHE NiOKpec/aumu
noJsiimu30B8aHy npupody 0aHoi OpeaHi3auli, a Makox <, NO3uUioHyBamu ii 9k opeaH saadu. lnameopma 9%
3HAX00UMbCA HA 3a/1i3HUYHOMY BOK3asi KiHec Kpoc 3a cmiHoto, wo po30inae naamaepopmu 9 i 10.
JlodasaHHs1 0poby csidHuMb NPo «000amKOBICMb» Yi€i NAAM®OPMU | He € 3HAYUMOr0 019 Ma2/iis. JIIKapHsa
€8Mo20 MyH20 3Haxooumscsa 8 JIOHOOHI, 3acHoBaHa 8 15-my cmonimmi uinumenem MyHeo boHxemom.
HassaHa 3a imeHem cB020 3aCHOBHUKA. TeMHuUX Jiokauild 8 pomaHax 08i — JiromHul nposysiok (Knockturn
Alley) i 8'a3Huys Hypmerzapd (Nurmengard). JlromHudi npoBYy/ioK 3Haxo0umascs 8 JIoHOOHI, Henodanik Bio
Kocoeo nposysika. Cama Ha3sa nposy/ika noxooums Bio c/1iB «knock» — «ydap» i «turn» — nosopom. Xoua,
UMoBIpHO, y Opy20My C/108i ABMOP MAsa HA YBA3i Make U020 3HAYeHHS AK «WOK». TaKuM YUHOM, Ha3Ba
BY/IUYI KPACHOMOBHO 20B0pUMb NPO i KoHmMuHeeHm. Hypmereapd (Nurmengrad) 6ys 3acHoBaHud
lennepmom [piH-0e-Basb0om 0718 CBOIX Bopoa2is. 3 027190y HA me, W0 Hao BX00OM B8 HbO20 BUCIB
BesiuYe3HUd KoBaHul Hanuc «3apadu 3az2asibHo20 6,1a2a», 102iYHUMU 30aroMbCa NPUNYUWEHHS, WO dBmop
npu cmBopeHHi 0bpasy B'a3HUUI nposoduaa aHanoeii 3 byxeHsasiboom abo OcBeHUUMOM, i iX desizamu
«Jedem das Seine» i «Arbeit macht frei» BiOnoBiOHO (Xxo4a, makox: He 6e3nidocmasHuUM 30aEMbCS
NpUNYWEeHHs, Wo Nnpu CMBOPeHHi obpasy camozo [piH-0e-Banboa, naHi PoysiHe 38epmanacs 00
ocobucmocmi 00HO20 BIOOM0O20 ABCMPItiCbKO20 XYyOOXHUKA). Ha38a X NoXoo0ums Bi0 HIMEUbKO20 «NuUr»
— «MISIbKU» [ aH2TIUCbKUX «men» — Y010BiKU | NepeppazosaHo20 «guard» — «BapmyBamu», 3 4020 MOXHA
3pobumu NpUNYWEHHS, U0 8 HypmMeHaapoi MICMuIUCa BUKJIFOYHO NPeO0CMAasHUKU YO08i40i cmami.

References

1. Glossary of Terms for the Standardization of Geographical Names Available from:
http.//unstats.un.org/ unsd/geoinfo/ UNGEGN/docs/pdf/Glossary_of terms_revised.pdf

2. Reaney P. H. The Origin of English Place-Names. London, 1961. 277 p.

3. Rowling Joan Harry Potter and the Deathly Hallows: Novel / Trans. from English. Novel / Trans.
from English V. Morozova. - K.: ABABAGALAMAGA, 2003. - 640 p.

4. Korunets'l.V. Theory and Practice of Translation // Vinnytsia: Nova kniga, 2003. - 445 p.

5. Rowling, J.K. Harry Potter and the Chamber of Secrets / J.K. Rowling - London: Bloomsbury
Publishing Plc, 1998.

6. Rowling, J.K. Harry Potter and the Half-Blood Prince / J.K. Rowling - London: Bloomsbury
Publishing Plc, 2005.



Physical sciences

ON THE INCONSISTENCY OF THE EQUILIBRIUM THERMODYNAMICS OF CLAUSIAUS

Etkin V.A.

D-rf Techn. Sc., prof.

Togliatti State University, RF
ORCID ID 0000-0003-2815-1284.

O HECOCTOSITE/IbHOCTY PABHOBECHOW TEPMOANHAMMKY KJTAY3MYCA

SmKuH B.A.

Jl.m.H., npog.

TonbsmmuHcKul 20cy0apcmaeHHbIl yHUBepcumem
ORCID ID 0000-0003-2815-1284.

Abstract

The point of view is substantiated according to which the irreconcilable contradiction of the
theory of "thermal death of the Universe" and the principle of entropy increase with the observed
nature of evolution processes in it, like all other paralogisms of classical thermodynamics, R.
Clausius, were the result of his division of energy exchange into heat and work, which required
introduction of entropy as a coordinate of heat transfer. It is shown that the true carrier of the
thermal form of energy is the "thermal impulse"” as the amount of motion, which has lost its vector
character due to its randomness. The latter can both increase and decrease during the
interconversion of disordered and ordered forms of motion, which excludes the presence of an
“arrow of time” for the Universe as a whole. The prospects that open up due to the replacement of
entropy by a thermal impulse are revealed, which consist in the elimination of all paradoxes and
paralogisms of equilibrium and nonequilibrium thermodynamics, and in the possibility of
generalizing them to non-static processes and enerqgy-converting systems far from equilibrium.

AHHOmMayus

ObocHOBAHA MOYKA 3peHus;, Co2IACHO KOMOopoU HenpumMupumoe npomusopeyue meopuu
«mensioBoll cmepmu BceneHHol» U NPUHUUNA BO3PACMAHUS 3HMPONUU C Habsrodaembim
Xapakmepom NPoUecco8 3BO/IOUUU B Hel, KAk U BCe opy2ue Nnapanaoeu3Mbi K1AdCCU4eckod
MepMOOUHAMUKU, P. Knay3uyca, a8uiuck ciedcmauem 0esieHusl UM SHep2oobMeHa Ha mensiomy u
pabomy, 4mo nompeboBasio BBEOeHUS 3HMPONUU KAaK KOOPOUHAmb! mensioobmeHd. [ToKazaHo,
YMO UCMUHHBLIM HOCumesieM mensioBol GOpMbI 3HepeuUu ABASEMCs «MepMOUMNYJIbLC» KAk
KOJIU4eCmBO 0BUMCeHUS, YmpamuBLiee BeKmMOopHbIU Xapakmep BCaedcmBue e2o XaomuyHOCmu.
TepMouMny/IbC  MOXEm Kak B803pdcmamse, MAk U YybbIBAMb NPU  B3AUMONPEBPALLEHUU
Heynops0OYeHHbIX U YNOPSAO0OYEHHbIX (POPpM O0BUXEHUS, YMO UCK/IoYdem HAauyque «Cmpesibl
BpemeHu» 051 BceneHHol B UesioM. BbisiB/ieHbl NepcnekmuBbl, OMKpbiBaroujuecs 6a1a2o00aps
3aMeHe 3HMPOoNUU MepMOUMNY/IbCOM, 3AK/HOYArOWUeCs B YCMPAHeHUU Bcex NApdookcos U
Nnapasio2u3mMos paBHoOBeCHoU U HepasHoOBeCHOU MEepMOOUHAMUKU, U B BO3MOMCHOCMU 060bWeHUs
UX Ha Hecmamuyeckue NPouecchl U 3Hep2onpeobpasyrouue cucmemel, 0anékue om pasHOBECUS.

Keywords: entropy of nonequilibrium states, thermodynamic and statistical, its paradoxes
and connection with irreversibility, dissipation, evolution, and heat death of the Universe.
Kntoqesble C/10BA: 3HMPONUS HepaBHOBECHbIX COCMOSHUL, MepMOOUHAMUYecKas U

cmamucmu4eckdas, eé nCI,DCIaOKCbI U CBA3b C HeO5PGmUMOCIT7b/-O, auccunauued, BBOﬂfOL{UECI, u
mennnRrRoll cMeNMhH BreneHHOLT.

1. BsedeHue.

Mpowwio 6osiee 150 nem ¢ moll Nopbl, KK 8 eCMecmBO3HAHUe BOWIO NOHAMUE 3HMPONUU KAk
KOOPOUHAMbI Meni00bMeHda u NPUHUUN eé BO3PACMAHUS B HEPABHOBECHbBIX A0UAOAMUYECcKUX NPOUECcax
[1]. O0Hako 0o cux nop He ymuxarom cnopbl 0 COKPOBEHHOM CMbIC/Ie 3MO20 NOHAMUS KAK Mepbl Xaocd
B0 BcesieHHOU, @ mMakx}e 0 pusuyeckux NpuyuHax eé Bo3pacmaHus B U30JIUPOBAHHBIX CUCMEMAx,
HeyMoJIuMo Bedyulux K eé «mensiosoll cmepmu» [2]. B 06wupHol Hay4Hol U OKOJIOHAayYHOU 1umepamype



SHMPONUU NOCBAWEHbI COMHU KHU2 U MbIca4u cmamed, 20e 3mu Bonpochl 06CYHOeHb! C pa3UYHbIX
movyek 3peHus (cm., Hanpumep, [3]). Tem He meHee 0o cux Nop He 00KA3aHa yooBAemMBOPUME/IbHbIM
06pazoM HecocmosmesbHOCMb meopuu  mensosol cmepmu BceneHHol P. Knaysuyca [2] u He
YCMPaHeHo «Bonurowee NPomuBopeyue mepmoouHamuku ¢ 3sosoyuel [4]. Tem BpemeHemM noHsmue
SHMPONUU NepewiazHys10 2paHuybl GU3UKU U NPOHUKJ/IO B CaMble COKPOBEHHbIe 0b1acmu Yesnoedeckol
MbICAU. Hapsdy ¢ mepmoduHamuyeckol sHmponued P. Knay3uyca nossuaacs Cmamucmuyeckas,
UHPOPMAUUOHHASA, MAMEeMamuy4yecKas, IUH2BUCMUYECKAas, UHMEeIeKMYaibHasg u m. n. 3HMpPOoNUU, 4mo
ewé bosiee 0C/I0XCHUIO0 UHMEePNPemayuro 3mo2o MHO20IUKO20 U NJI0XO NOOOArOULe20Cs UHMYUMUBHOMY
Bocnpusmuro noHsmus [5]. Ha 3mom ¢oHe ocmasanucb HesameveHHbIMU NONbIMKU 3aMeHUMmb
3HmMponuro bosiee adekBamHbIM napamempom [6,7]. [lonoxeHue ewé b6oee YCaoMHUIOCb C
pacwiupeHuem mepmMoOUHaMUKU HA HEepaBHOBECHbIe CUCMEeMb, Hemensosble U pesgmuBUCMCKUe
MaWUHbI, bUoI02UYeCcKUe cUCMeMb] U CUCMEMbI C OMPUUAmeslbHbIMU abCO/IFOMHbIX memMnepamypamu U
ouckpemHol 3Hepeued, u m. n. [7]. Cumyauus, cxo0Has ¢ napadokcom [ubbca u meopuell mensiosol
cMepmu BceneHHoUd, BO3HUKIA NPAKMUYECKU B8 Kax<cool obsacmu NpusiodeHus mepmMoOUuHAMUKU.
SHMponus CMana «KoJioM OMNYWeHUs» 3a «1byro U BCAKYO» HeobpamumMocms, d NPUHUUN eé
BO3PACMAHUS - «axusinecosol namol» mepmMoOuHamuku u [8]. dmom npuHuyun Hagasan BceneHHol
«cmpesly BpemeHu», BbIHyOUB ucciedoBamesiell UCKams €€ Hayano B8 «boJibUIOM B3pbiBe» U/U B
«b0X#EeCMBEHHOM NPOMBICTIE.

3adaya Hacmoswield cmamau — BCKPbIMb 02PAHUYEHHOCMb U BHYMPEHHHKH NPOMUBOPEYUBOCMb
ps0a NosioxeHUld pasHoBecHoU mepmoduHamuku Knaysuyca. B nepsyro o4epedb 3mo Kacaemcs
NOHAMUS 3HMPONUU, BBEOEHHO20 Kay3uycom B Kayecmae KOoopouHams! mensaoobmeHa, (m. e.
napamempa, Komopbil He Q0JIxeH U3MEHSIMbCS B €20 OMCYMCMBUE), U MeM He MeHee CamMoNpPOU3BOJIbHO
Bo3pacmarowe2o 8 aouabamuyecku U30/IUPOBAHHBIX CUCMeMax, U npedsioxums bosee obuul
napamemp, NO3BO/IFOWUL UCKTHOYUMb U3 MEPMOOUHAMUKU Kakue bl Mo HU bbi10 NApasio2u3msi.

2. [poucxoxoeHue u cMbics1 3SHMponuu Knaysuyca

TepMOOUHAMUKA KAk PyHOAMeHmMaabHas oucyuniuHd, usy4arouids BHymMpeHHUe npouecchl B
2a3006pa3HbIX, HUOKUX U MBEPObIX Mesiax, popmMuposaIack 8 mo BpemMs, Ko20a N00 HANOPOM HOBbIX
ONbIMHBIX HAKMoB pPywusoCcb NpedcmasieHue o menjome Kak HeyHUYMOoMUMOM ¢roude
(mensopode), codepxawemcs 8 mesax, a BMecme ¢ HUM (KakK Ka3asocb mo20a) U OCHOBAHHASA HA HeM
meopus mensioBbix MawuH KapHo (1824) [2]. Smo u nobyduso 0CHOBONOJIOMHUKA MEeXaHU4YeCKou
meopuu menJsia u pasHosecHol mepmMoOuHamuKku P. Knaysuyca nepeonpedesiums NOHAMUE Mmenioma|
Kak xaomuy4eckol ¢opmbi 3Hepauu, ChopmupoBasLieecs Npu e€é paccMompeHuu 8 00HOM psidy C
MAakumu ABAEHUAMU, KaK CBem, 38YK, 31eKMPUYecmBs0o, MazHemusm u m. n., U MpaKkmosams eé uuib
Kak KoJsudecmseHHyo mepy npouecca mensioobmeHa [1]. OnpedeneHue mensiomsl KAk cnocoba
3HEep2oobMeHa, He CBS3aHHO20 C NPeodosieHUeM Kakux-aubo Cui U Kak «3Hepeuu B COCMOSHUU
nepexooa», m. e. Kak (pyHKyuUU npouecca mensioobmeHd, Cpasy 02paHuyusaso mepmoouHaMUKy
PABHOBECHbIMU CUCMEMAaMU U KBA3UCMAamu4yeckumu (beckoHe4yHo mMedsieHHbIMU) npoueccamu. Jlesno 8
MoM, YMOo B8 HEPABHOBECHLIX (NPOCMPAHCMBEHHO He0OHOPOOHbIX) cucmemax naomHocms p = dM/dV
J1106020 SKCMEeHCUBHOo20 napamempa cucmembi O; (eé maccbl M, yucaa monel k-x seujecms Nk, 3HmMponuu
S, anekmpuyeckoeo 3apsda G, umnysabca J, e2o mMomeHma L u m. n.) cmaHosumcs @yHKyuel
NPOCMPAHCMBEHHbIX KOOpOUHam (paduyc-sekmopa r) u spemeHu t, m. e. pi = p(r, t), mak 4mo e2o nosHas
npou3Bo0Has no spemeHu dp;/dt skiarouaem B cebs KoHBekmuBHyto (0pi /or)(dr/dt) = (UV )pi u 1oKaBHYHO
(Opy/at) cocmasnsowyro:

dpy/dt = (uV) pi + (Op/dt) . (1)

[lepsoe cnazaemoe npasoll 4acmu 3mMo20 BbIPAXEHUA XapaKkmepu3syem U3MeHeHue NJ0mHOCMU
pi, 06YC/I08/1eHHOE NepeHoCcoM 3Hep2oHocumena O; Yepe3 epaHulbl cucmemsl. 3mo cmaHem bosee
0Y4eBUOHbIM, ec/iu YaeH (UV) pi yMHOXUMBb U No0elumb Ha NJIOMHOCMb Pj, NOC/Ie Ye2o OH NpumMem BUO
npou3sedeHuUs NJIOMHOCMU UMNY/IbCA fi= pili HA OMHOCUME/IbHbIU 2padueHm e2o

rnom+Hocmu Vpy/pi. ma Be/luduHa Xxapakmepusyem «cmeneHb HEeO0OHOPOOHOCMU» CUCMeMbI,
ABNIAIFOWYHOCS NPUYUHOU BO3HUKHOBEHUS B Hell Kakux-ubo npoueccos. Ymobbi ybedumscs 8 0buiHocmu
2MO020 NOJIOHEHUS, Npedcmasum O; UHMe2pasomM om e2o0 10KaabHoU pi = dO;/dV u cpedHel niomHocmu

p. = ©/V BbipaxxeHuem O; = JpidV = [p, dV. B makom ciy4ae

doydt = J [(d (pi-p; )/dt] dV=0. (2)

CoenacHo smomy moxcdecmay, 8 00HOpoOHoU cpede, ede pasHocms (pi -p; ) obpawaemcs 8 HyJib
noscemecmHo, uHmezpas (2) obpawiaemcs 8 Hy/ib MAK Xe Mox0ecmBeHHo, 0Cmas/isia BeauduHy O;



HeusmeHHoU. Takum 06pa3oM, B OOHOPOOHbIX CUCMEMAX HUKAKUe Nnpouecchl (8 mMOM yucsie u
menJsio0bMeH) HeBO3MOM(HbI [14].

3mo o3Ha4Yaem, 4mo, nosazas cucmemy BHympeHHe pasHosecHol (Vpi=0) P. Knaysuyc
«BbINIeCHYJ1 € B0O0OU U pebEHKA», NOCKOJIbKY C NPU3HAHUEM 00HOPOOHOCMU emy NPULLLIOCh OMKA3AMbCs
U Om BHYMPEHHUX UCMOYHUKOB (Opy/dt) A sHepeoHocumesied ©;, A mem CambiM — U OM BHYMPEHHUX

UCMOYHUKOB CcoomBemcmayrowux um ¢opm sHepeuu Ui(©;). Omkasz npu onpedesieHuu NOHSMUS
menJiombl OM Yy4éma BHYMpPeHHUX UCMOYHUKOB Men/id, BO3HUKAOUUX NPU BHYMPEHHeM mpeHuu, 8
XUMUYeCKUX peakuusx, npu ouggysuu u m. n., 02pAHUYUBANT MEPMOOUHAMUKY PACCMOMpPeHUem
«KBasucmamuyeckux» (beckoHe4yHo MedIeHHbIX) NPOUECCOB 3Hep200bMeHa cucmemMsi ¢ OKpyxarowell
cpedoll [2], NOCKOMIbKY B 3MOM C1y4ae ux MOUWHOCMb UU NPOU3BOOUME/ILHOCMb MAKx e becKoHe4YHo
Masibl. Tem cambiM OH 3a/10XCUJT B MEPMOOUHAMUKY «MUHY 3amedsieHH020 0elicmBUS», NOCKOJIbKY Cam
mepMUH «QUHAMUKa» NoOpazymesaem Haauque cusibl U NOPOIOEHHO20 ero OBUMCEHUS.

2mo omHocumca u K NOHAMUKO 3HMponuu S, BBedéHHomy P. Knay3uycom B8 Kadyecmese
KoopouHams! npouecca mensioobmeHa, m. e. napamempd, ¢ He0bX00UMOCMbHO U3MEHSIHOULe20Cs B
2MOM Npoyecce U 0CMarole20Ccs HeU3MeHHbIM 8 @20 0MCcymcmaue (B aduabamuyecku U30/1UpoBaAHHbIX
cucmemax). [lns 060CHOBAHUSA CyujecmBOBAHUS 3mMo20 napamempa P. Kaay3uyc BOCNO/b30BaA/ICS
meopuell yukaudeckux mensossix mawuH C. KapHo (1824) [2]. B Hell mepmuyeckudl KI1/] e2o udeasbHo2o
yukna m& =1 - T2/T; onpedensncd NOCMOSHHbIMU MeMNepamypamu  mensioucmoyHuUka Ti U
menJionpueMHUKa Tz, @ yc/aoBuUe e20 MAaKCUMAa/bHOCMU Bblpdxadsiocb 8 mpebosaHuu omcymcmBus
71106020 NOHUXMEHUS «0BUMCYWed cuslbl mensa» T1- Tz, He CBA3AHHO20 C coBepuwieHuem pabomsl. B makom
c/ydae, npedcmassiss Abol Yuka B Bude HECKOHeYHO20 Yucad UuUKIoB KApHO C 3/1eMeHmapHbIMu
KoJludecmaamu N00BooUMo20 U omsodumoeo mensia'? dQr u dQ2 u sbipaxcas e2o KMNAne= 1- Qz/Q1 kak
yepe3 memnepamypsl T1u T2, Mak u Yyepes smu mensiomsl [2], umeem:

Ne=1-dQz/dQ1=m=1-T>/T; (3)

Omcroda ¢ yyémom pasiuyHo2o 3Haka Qi u Q2 €/1edoBasio, Ymo KpyeosoU UHMe2pana om

«NPUBEOEHHOU Mmensiomai» § dQ/T obpawaemcs B Hy/b HE3ABUCUMO OM KOH@U2ypauuu UukIa

mensi0800 MAWUHbI. MO 03HA4YaJs10, YMO €20 NOObIHMe2pasIbHoe BbipaxceHul npedcmasssio cobod
NoJHbIU dupgepeHuuan Hekoe2o napamempad COCMOSHUA S, Ha3BaHHo20 um 3Hmponuel [1]. Tem xe
nymém P. Knay3uyc «00Ka3asa» NPUHYUN BO3pACMAHUS SHMPONUU, N0/Ia2as Camo cobol pazyMerouumcs,
ymo B Bbipax@ceHuu (3) mepmudeckudl Knd ne ir0bol Heobpamumold mens1080l MAWUHbI MeHbUIe, YeM B
obpamumom yuksie KapHo ne npu mex xce memnepamypax T u Tz. Toeda, 3ameHsis (3) HepaBeHCMBOM Nt
<&, oH npuxodum K B8biIB0AY, Ymo dQ:/T: < dQz/T>.. Omcroda oH 0esiaem BbIBOO, YMO B HEOOPAMUMBIX
npoueccax dS > dQ/T, m.e. 8 aduabamuyecku U30/IUPOBAHHLIX cucmemax (20e Q = 0), 3Hmponus
Bo3pacmaem npu NPoOMeKaHuu 1robbix He0bpamuMbIX NPOUECCOB:

dSus> 0. (4)

He Budsi oepaHu4eHull 3mo2o npuHuuna, P. Knay3uyc He moJsibKo BO3BE/ e20 B paH2 2-20 3aKOHA
MepMOOUHAMUKU, HO U 3KCMPAnoJiupoBasl HA BCHO BceneHHyro. Spye BCe20 3mMo NPosiBuU/IaCk B €20
Kpbliamou gpasze: «IHepausi BcesneHHoU HeuamMeHHa. IHmponus BceneHHol Bo3pacmaemy.

Ha «dokazamesibcmBae» 3mo20 NPUHUUNA Mbl OCMAHOBUMCS HUM#e. [ToKa e ommemum, 4mo «B

K/accu4deckux U no30Hedwux NPou3BeoeHusx no mepmMOOUHAMUKE Mbl HE HAxooum He
NOOYUHEHHO20 cMamucmuke 6e3ynpe4yHo CMpo2o2o0 060CHOBAHUS MepMOOUHAMUYECKUX HepaBeHCmB»

[10].

Cnedyem, 00HaKko, 3amemums, YMO OMCYMCMBUE CMPOo2020 00KA3amesbCmBad NPUHUUNG
BO3pACMAHUS S3HMPONUU — He e0UHCMBEHHbIU HeA0CMAamok mepmMoOuHamMuKku P. Knaysuyca. He meHee
cepbé3Ha eé 02paHU4eHHOCMb PABHOBECHbIMU npoueccamu. CamMo 3MO C/I0BOCOYEMAHUE Yxe
BK/IIO4AI0 B Cebsi 0BA HeCcoBMeCmuMbIX NOHAMUS «pasHOBecue» U «NPoUecc», NOCKOJIbKY Noo
pasHoBecuem B8 MepMoOUHAMUKe NOHUMAemcsl COCMOSIHUE, Xapakmepusyroujeecs npekpaujeHuem
J0bbIX makponpoueccos [11]. [anee, mepmoduHamuka Kraay3uyca cieaana UIuiHUM NOHAMuUe
«oBuxyweld cunel menna» (C. KapHo, 1824), komopomy 0083aHO CaAMO BO3HUKHOBEHUe
mepMoOUHAMUKU. be3 noHamus 0Buxcywel Ccusbl Npoyeccd, paHee ¢uzypuposasweld 8 3dKOHAX
mensionpoBOOHOCMU, 3/1eKMPONPOBOOHOCMU, OuGdy3ul, BA3KO20 MPeHuUs, uc4yeszna cnocobHOCMb
mMepMOOUHAMUKU 0ObSACHAMb U3y4aemble eto AB8/1eHUS, 8 YaCMHOCMU BO3MOXCHOCMb BbIPAXAMb C el
NOMOWbH KUHEMUKY Npoyeccd, e20 HanpasseHue, yC/108us pasHoBecus U m. n., Kak 3mo 6bi10 B8

12 3Hak HenosHo20 dudpepeHyuana d BMecmo mpaouyuoHHo2o & NodYEpkuBaem, Ymo 3/1eMeHmMAapHoe KOIUYecmao mensid
dQ He aBnsemcsi NosiHbIM dugdeperHyuasom BBUdY €20 3aBUCUMOCMU OM Xapakmepa npoueccd.



mexaHuke. /s 06bsicHeHus a81eHUld mepMoOUHAMUKA BbIHY#OeHa 6b11a NpUBAEKAMb «CO CMOPOHbI»
pusuYeCcKyro KUHeMUKY, MOJIeKY/IIPHO-KUHeMUYeCcKyro U CMamuCmuKo-MexaHu4eckyto meopuu. 3mo
npusesIo K MoMy, 4mo mMepMoOUHAMuKa nepecmasa bbims camodocmamoyHol meopued.

3. HeadeksamHocmb OesieHusl 3Hep20obmMeHa Ha mensiomy u pabomy

Mexcdy mem do Knay3uyca CyujecmaoBsaso uHoe npedcmassieHue 0 meniome Kak 0 «CKPbIMOoM»
0BUXeHUU 0cobo2o podd, OMIUYArOULE20CA XAOMUYHOCMbIO. Takoe npedcmassieHue obyc108/1eHo
paccMompeHuem eé 8 00HOM psdY C MAKUMU SBEHUSM, KaK CBem, 3/1eKmpu4yecmBo, MazHemusm u m.
n. OHO COXPaHusoCb 00 CUX NOP B NOHSMUU MENJIOEMKOCMU CUCMEeMbl, d MAakxe B meopuu
mensioobmMeHa, Komopas onpedesisem e20 KAk npouecc obmeHa mexcdy mesamu BHympeHHel
mensiosold 3Hepeuel (N0  NpUHYUNY. 06MEeHUBAMBLCS MOXHO meM, 4Yem pacnosiazarom obe
obMeHuUBaroujuecs CMopoHbl). bosiee mo2o, Makoe NOHUMAaHUe 0KA3asa0Ch e0UHCMBEHHO NPUEM/IEMbIM
u 0719 MepMoOUHAMUKU OMKPbIMbIX CUCMEM, NOCKOJIbKY «HA 2paHuye, 20e npucymcmayem ouggy3us,
noHAMuUSA mensiomasi U pabomasl mepaom cCMbic» [12], a makice 019 mepmMoOuHAMUKU Heobpamumsbix
npoueccos (THI) [13, 14], uzy4arouiel umeHHO ynoMsHymbie Bbilie BHYMpeHHUe UCMOYHUKU menJid.

He cay4aliHo noOMeHa Uu3Ha4aabHo20 NOHIMUS MENIOMbl KaK GyHKUUU COCMOosSHUS menaomol
Kak @yHKyued npoyecca nopoousia MHO204YUC/IeHHbIe Nepuoduyecku Bo3HUKarowue ouckyccuu [2]. OHu
npusesu B8 KOHUE KOHUOB K NOHUMAHUK HEeobxoo0umocmu pdasiudyams «mensomy mesid» Kak
KOIUYeCMBEeHHYO Mepy BHYmpeHHel mensiosol  3Hepauu, U «menjomy npouecca» Kak
KosiuyecmseHHyYto mMepy mensioobmeHd. B Hawel moHoepaguu [15], HanucaHHol no mamepuasiam
dokmopckol oduccepmauuu [16], 3mo obcmosmenscmBo NOOYEpKUBAemcs meM, Ymo «menaomd
merna» obozHa4yaemcs Yyepes U, a «mensioma npouecca» — yepe3 Q, Npu4ém 0719 6eCKOHeYHO MAasbix
npupaweHud nepsol NpuMeHsIemcs 3HAK NoJIHo20 dupdepeHyuana dU, a 0/ 371emeHmMapHbIX
Koauyecms menaomsl dQ Kak gyHKUUU npouecca — 3HaK HenoJsiHo2o ouggeperyuana d sBsudy eé
3dBUCUMOCMU OM NYMU NPoUeccd. PasHuua mexoy HumMu coCmoum 8 MmoM, YmMo NpU NPeKpauieHuu
npoyecca «mensioma mesa» U ocmaémcsa HeusmeHHoU, 8 Mo BpeMs Kak mensioma npouecca Q =0.

[MoHUMaHue mensiombl Kak Mepbl BHYymMpeHHel mensio80U 3Hepauu NPUHUUNUAIbHO PACX00UIOCh
¢ npedcmasneHuem P. Knay3uyca o mensome Q u pabome W Kak o 0Byx He3aBUCUMbIX U e0UHCMBEHHO
BO3MOX(HbIX CNOCOBAX 3HEeP200bMeHa cucmemsbi C OKpyxarowsel cpedod, nepsbitl U3 KOMOPbIX He CBA3AH
C npeodosieHuem Kakux-aubo cusi. Mo OMpa)weHo B CAMOM YpasHeHuu 1-20 HA4asnaa pasHoBecHol
mepmMoouHamuku [2,17]:

dQ =dU + dw. (5)

Mexdy mem ¢ nepexodom K U3y4eHuro OMKPbIMbIX CUCMeEM, 0OMEeHUBArOULUXCS C OKpyxcarousel
cpedoll Bew,ecmBoM, CMas 04esuoeH pakm Cyu,ecmsoBaHus Hapsaoy ¢ menaoobmeHom Q u pabomod
W ewé 0Byx BuUOOB 3HEp200bMeHa: MAcCoObMeHa, Xapakmepu3yrouje2ocs U3MeHeHUeM MAacchbl
cucmembl M npu HeusmeHHOCMU eé cocmasda, u duggy3uu k-20 Beuwjecmsa Yyepes epaHulbl CUCMeMbl,
Xxapakmepu3syroujelics UsmMeHeHuUem cocmasa cucmembl NPU Heu3MeHHocmu eé maccbi [12].

LleneHue 3Hep2oobmeHa Ha mens00bmeH u pabomaei cmaso euwsé bosee NPobieMHbIM B C/IOXCHbBIX
(nosuBapuaHmHsbIx) cucmemax, 8 Komopbix Hapsdy ¢ pabomod pacwupeHus dW, = pdV cosepwaromcs
dpyeue sudbl pabom, 8 MoM Yucse «mexHu4yeckue» suobi pabom W™, nepeweduwiue 8 mepMoOUHAMUKY
U3 MexaHuku. B Hell paboma uameps/iacb CKAasipHbIM NPoU3BedeHUeM BeKmMopa pesy/ibmupyrouels Cusibl
F Ha Bbi3BaHHoe eto nepemeuwieHue dr obbekma eé npunoxceHus dW™ = F-dr u npedcmasnsna cobol
KOJ1u4ecmBeHHyH Mepy Npouecca npespalleHust BHewHel KuHemuyeckol 3Hepauu E° 8 NOmMeHyuaIbHyH
E’. 3ma paboma He 3asucesia om Nymu Npouecca, mak 4Ymo eé 31emeHmapHoe Kosaudecmso dW™
BbIPAXCAI0Cb NOJIHbIM JupdepeHyuasom dE = F-dr. Takas paboma npuHUUNUA/IbLHO OMIUYAIACs OM
mol kamezopuu pabom, Komopas ¢guaypuposasna 8 ypasHeHuu (5) He mosibko BekmopHoU npupodol
KOOPOUHAM I, HO U MeM, YMOo UMeJId CMbICJT KOIUYeCMBEHHOU Mepbl NPOLECCca SHepaonpespauleHus (U3
00HoU opMbi B Opy2yro), a He 3HepaonepeHoca (m.e. nepeHoca eé 8 00Hol u mol xe gopme). B smom
OMHOWEHUU OHA NPUHYUNUAIbHO OMIUYaack om paboms! 8800a 3apsoa, k-2o seujecmaa uiu 0bbéma
(pabomsi pacwupeHus dW, = pdV). Imu Budsbl pabom, cosepuiaembie BHYyMPEeHHUMU CUIaMuU, He
umerouumMu  pesysibmupyroused, c1edosano bbl HA3bIBAMbL «HemexHu4Yeckumu» dW?. HenoHumaHue
moeo, Ymo «paboma pabome po3Hb», 00 CUX NOP Mewdem OCO3HAMb, YMO UCMUHHAA «IUHUS
Bodopazoesia» npoxooum He mexcdy mensomold Q u pabomol W, a mexdy mexHudeckumu W™ u
HemexHuveckumu dW}' eé sudamu (kameeopusamu) [18]. K yucay nociedHux cedosasno b6b1 omHecmu u
menJsio0bMeH, NOCKOJIbKY 3MOM NPOUEcc CBA3AH C NPe0dosIeHUeM CUJT UHepuyuU Yacmuy Bewecmad U, no
cywecmay, npedcmassigem cobol pabomy KoOHOYKMUBHO20 BBOOA B CUCMEMY HEKOMOPO20 KOIUYecmada
oBuxceHus1 dP = Mdv.



Cnedyem ommemums, YMO O/ CIOXCHbIX (NOJIUBAPUAHMHBIX) CUCMEM, COBEPUIarOUUX KaK
mexHu4Yeckue, mak u HemexHu4yeckue sudbl pabom, 00Ka3amesbCmao CyWecmBOBAHUS 3HMPONUU 00
Hacmoswe2o BpemerHu omcymcmsyem [17, 19]. CmamucmuKo-MexaHu4yeckas e mpakmosKka eé Kak
Mepbl MepMoOUHaMu4Yeckold BeposimHOCMU UL MHOMUM YUC/0 NApPaAso2u3MoB, Npespauids eé 8
«PAKOBYIO ONYXOJIb» MEPMOOUHAMUKU [8]. OcobeHHO o4yeBUOHA HEeCocmosimesbHOCMb MPAKMOBKU
SHMPONUU KAk Mepbl BeposmHocmu ¢ nosuyud THIT), onepupyroujell HecosMecmumbiM ¢ 3mod
mpakmosKol NoHAmueM «nomoka 3Hmponuu» [13,14]. K momy e BeposmHOCmMHAs mpakmosKa
SHMPONUU He Moxem Nnpedomspamums nepexod 06beOUHEHHO20 ypasHeHUs 1-20 U 2-20 Ha4asn
MepMOOUHAMUKU B HepaseHCmao

TdS > dQ, (6)

JlUWUBWEe  BO3MOXHOCMU  pacyéma  mensioobmeHa. Omo ewé paz noomaepxdaem
Heobxo0uMocmb 3ameHbl SHmponuu bosnee obuwiell 3KkcmeHcUBHoU Mepol mensiomal, NpuMeHumol 015
J1106bIX (HEPABHOBECHBIX, OMKPbIMbIX, NOUBAPUAHMHBIX U U30/UPOBAHHbIX) CUCMEM.

4. SHepeuss KosebamesibHO20 OBWIEHUS KAK e20 Haubosiee obwias Mmepa KoJuyecmsd
Heynopss00YeHHO20 OBUMCEHUS]

CmpemsieHue BepHymb MepMOOUHAMUKe Cmamyc meopuu, cnpasedsausol 015 obuje2o cy4as
HEpaBHOBECHbIX,  HEU30JIUPOBAHHbLIX,  OMKPbIMbIX U  NOAUBAPUAHMHBLIX — CUCMeM,  Oukmyem
Heobxo0umMocmb €6 NOCMPOEHUS Ha OCHoBe 0e0yKmMUBHO20 NPUHUUNA «om obujeco K YacmHOMY» U
cucmemHo20 Nooxoda (om yesnoeo K 4acmu). MimeHHo makosa «3HepaoduHamuka» [20] kak meopust
MOWHOCMU HepaBHOBECHbIX NPOYECCoB nepeHoca U npeobpazoBaHusi JtobbiX Gopm  3Hepauu,
obobwarowas «TepMoKUHemuUKY» Ha NPOUECcchl NOJIe3Ho20 NPeobpazoBaHusl 3Hepaul. ma meopus ¢
CamMo20 Hayana y4umsiBaem HepasHOBECHOCMb MEPMOOUHAMUYECKUX CUCMEM, NPUBOOSWYIO K
BbipaxceHuro (1). M3BecmHo, 4mo nociedHee npedcmasssgem cobol «KUHeMamu4eckoe» YpasHeHue
BOJIHbI 1-20 nopsoka, 8 Komopom dp/dt uzpaem posb pyHKUuU eé 3amyxaHus [21]. Cmosyas sosHa
mako2o poda uzobpax;ceHa Ha pucyHke 1. OHa nopoxcdeHa B03BPAMHO-NOCMYNAMe/ibHbIM NEePeHOCOM
HeKomopo2o KoJjiudecmsa M Bew,ecmsa U3 NOJIOXEHUs C paouyc-8eKmMopomM r' B8 nosioxeHue r" u
obpamHo. Modysib ckopocmu 3moeo nepeHoca U = A/2 T = Av onpedesisemcs omHouweHUem mMooysis
cmeweHua  [r'™-r'l, pasHo2o noaoBuUHe OIUHbI BOJTHbI A, K nosynepuody T = 1/2v konebaHud ¢ Yacmomoll

V, U YUC/IEHHO paBeH CKOPOCMU pacnpocmpa-HeHus BosmyweHul 8 oaHHol

cpede ¢ = c(p,v), asnarowelica 8 obwem cayqae pyHKyuel eé njomHocmu p u

yacmoms! KosiebaHud v. Baudy nocmosiHcmBaa 3mod BesiuduHbl paboma W =

Ju-dP, 3ampadyeHHas Ha B036yxc0eHue 3mux KosebaHul, a mem CambiM U
—.  3Hepeus KosebamesibHO20 0BUXceHus VY, onpedensgemcs UCK/IHoHYUMesibHO
maccol M Beuwjecmasa, BoB/IeYéH-HO20 B KosiebamesibHoe 0BUXeHUe

U = [dM =Mc?. (7)

3mo BbIpaxceHue, YCMAaHoBIeHHOe NepBOHAaYdsibHo 018 3¢upa [22],
coomsemcmayem NPUHYUNY 3KBUBAJIEHMHOCMU 3Hepauu U u Macckl nokos M,

Puc.1.BonHoobpasosakne  o60cH0gaHHOMY A. ITHWMETHOM UHbIM nymém. CoenacHo (7), BHYMpPeHHSS
(cobcmBseHHas) 3Hepeus Bewecmsa U Bbipaxcaemcs npou3sedeHuem
KCMeHcuBHOU U UHMeHCUBHOU Mep OBUMEHUS, KAKOBbIMU B MeXaHuKe SBJ/ISHOMCS KOJIU4ecmBo
oBuxceHuss fekapma P = Mu, u ycpeoHEéHHOU CKOPOCMbO Ko/1ebamesibHo20 OBUMCeHUS U, pasHoU
CKOPOCMU pacnpocmpaHeHusi Bo3myuieHuli 8 daHHol cpede ¢, m. e. npedcmassisiem cobol «xUBYH CUJTY»
JletibHuya Mu2. VimeHHO 3ma seauyuHa u 6blia nepeumeHosaHa no npedsoxceHuro T. KOHea (1807) u
HazsaHa «3Hepeuell». [locnedyrowjue «obobuieHus» 3mo2o NOHAMUS C BBEOeHUeM MmepMUHOB
«NOMEeHUUA/IbHAS», «KUHeMUYeCKas», «BHeUIHSS», «BHYMPEeHHSS», «OmpuuamesibHas» u m. n. 3Hepeus
JUlWb UCKA3UAU 3MO NPOCMOe U SCHOe NOHUMAHUe «x#usol Cusibl» Kak obujeld mepbl BCex ¢hopm
0BUXCEHUS U NPUBEJIA K CUMYAUUU, K020a «COBPeMeHHas (pusuKa He 3Haem, Ymo makoe 3Hepeusi» [23].

5. TepmMoumnysibC Kak UCMUHHAA 3KCMEeHCUBHAA Mepa menJsiomal

B obwupHoU numepamype, NOCBAWEHHOU 3HMPONUU, KpalHe peoko BCMPeYaromcs NonbIMKU
nepecmMompa NOHSIMUS 3HMPoNuUU Kak 6a3osol KoHYenyuu mepmMoouHamMuKku Kaaysuyca, HeCMomps Ha
SIBHbIE NPOMUBOPEYUsI C Hab1ro0aemMbIM Xapakmepom pssdd NPOUECCoB B8 NPUPOde, BO3ZHUKArOWUe npu
NPUJIOMH(EHUU K HUM PpasHoBecHoU mepMOOUHAMUKU. IMO MOMHO 0bbACHUMb KpalHe 60e3HeHHbIM
BOCNPUSIMUEM MAKuX NONbIMOK CO CMOPOHbI CNeYUAIUCMOB U Uy, uzbeearowsux xoms bl BpemeHHoU
ympamal obuwenpusHaHHolU onopbl. B pesysibmame BHympeHHUe NpomuBopeYUs HaKkanjusaromcs, u
cmaHosumcs Bce bosiee 3ampyoHUMEesIbHbIM, eC/iu He HeBO3MOMCHbIM, HaUmu Ha4yaso O/uHHoU yenu
Kasaswuxcss npasoono00bHbIMU paccyxoeHud, NpuBeodIUx B KOHEYHOM cY4éme K psidy IBHO abCYpPOHbIX
creocmaudl.




lMpednpuHsmabil Hamu aHasauz amod npobaemel ¢ no3uyul obHapyxusaem, 4ymo P. Knaysuyc ¢
Camo20 Ha4yasaa nowésn No Nymu, yBoosawemy mepmMooOUuHaMUKy 8 CMOPOHY OM MeopuU MenJioBbIX MALIUH
C. KapHo. [locnedHsiga ABHbIM 06pasoM yKasbiBasa Ha nepenao memnepamyp AT Mmexoy
menJIouCMOYHUKOM U MeNJIoNPUEMHUKOM KAK HA YC108Ue BO3ZHUKHOBEHUS «0BUMCYW el Cuslbl mensiax, a
J10boe e20 NOHUM@eHUe, He CBS3AaHHoe C cosepuieHuem pabomsl — Kak Ha NpuvuHy ymeHbuweHuss K1/
menJ108oU MAWUHbI U He0bpamuMoCmu Kak HeBO3MOXCHOCMU BOCCMAHOBUMb MY  «OBUMCYLLYIO CUITY
menna» [2]. OHa Bnepsbie BbigBuUAa He3asucumocms K14 obpamumozo 4ukia om npupoosbl paboyezo
mesia u yKkazana nymu e20 NOBbLIWEHUS, NOJHOCMbK NOOMBEPIOEHHbIe U pPedsu308aHHbIE B
danbHeliemM B8 menJsio3HepeemuKke. [JocmamoyHo 6b110 MOJIbKO paccmamacs ¢ NpedcmassieHuem o
mensiopode Kak o Hesecomol U HeyHUYMOMUMOU X#UOKOCMU, U paCCMampuBams €20 KaKk HOCUMesib
3Hepeuu 0cobo2o podd, omJuYarowedcsl Xaomu4yHOCMbH.

O0Hako P. Knay3auyc nowén uHbiM nymém, noomeHuUs mensomy mena U; Kak 4acme e20
BHympeHHel 3Hepeuu U mennomod npouecca Q Kak KosauyecmseHHol Mmepol mensioobmeHa.
EcmecmBeHHOo, Y4mo B 3MOM C/1y4ae U3MeHeHUe 3HMPOoNUU He MO2/10 y4eCmb BHYMpPeHHUEe UCMOYHUKU
menna. 3mo u nobyousno M. [Ipu2oxcuHa 0oNOSIHUMb U3MEHeHUe 3HMpPonuu S Kak KoopouHamel
mensioobmeHa (d.S = dQ/T) yneHom diS = dQ%/T, yyumsbIBarowuM Haauque BHYMPeHHUX UCMOYHUKOB
menna duccunayuu Q°. IMo NpuBEsIo e2o K «ypasHeHuUro 6anaHca 3Hmponuu» [4]:

dS = deS + duS. (8)

O0Hako 3mo He c0esnaao 3HMPONUK NOJSIHOUEHHbIM NAPAMempPoM COCMOSIHUS HepasHoBecHoU
cucmemsbl, NOCKOJIbKY COCMAaBisitouue deS u duS He ABAS/IUCL YaCMHbIMU QugdepeHuuanamu Kakol-aubo
PYHKUUU COCMOAHUS, 4YMO BbIBOOUJIO BbipayceHue (8) 3a pamku npasusa ougpepeHuuaibHo2o
UCYUCIeHUS.

bosiee mo2o, BBEOEHHOE «pyKamu» BbipaxceHue (8) ymaepxdasno, 4mo obbie Heobpamumsle
NPOUECChl BbI3bIBAOM U3MEHeHUe 00HO020 U MOo20 e napamempda — 3Hmponuu S. 3mo coenano
SHMPONUKO S «KO3/I0M OMNYULeHUS» 3a «/IH0OYH U BCAKYHO» HEObpamuMocms. B 0elicmBumeibHoCmu e
BHYMPeHHUe UCMOYHUKU UU CMOKU UMEKOMCS U Y Opya2ux Napamempos. TakoBbl, B YaCMHOCMU, Yuc/ia
monell k-x Beujecms Nk, KOmMopble MAakx e U3SMeHSIOMCS Kak BC1e0CMBUe XUMUYeCKUX peakyud, mak u
npu ougpgy3uu k-x Belecms Yepes 2paHulbl CUCMeMb.

Janee, coenacHo (8) 3Hmponus S Bo3pacmaem MOJIbKO BCIe0CMBUe  NPeBpauleHus
YNopsi0oYeHHbIX Gopm 0BUMCeHUS B xaomudeckyro. OOHako B8 0elicmBumesibHoCmu ouccunayust
(paccesiHue) 3Hepauu Moxem bbimb 00YC/1I08/1eHO eé nepexodom 3Hepauu U B opyeue YynopsooYeHHbIe
dopmbl. B yacmHocmu, B8 NpOUECcax pesaHusi Memasaos ObHAPYHUIOCk, OMHOWeHUe KOIu4ecmaa
Bbi0enuswezocs mensia ouccunayuu Q° k 3ampayeHHol pabome W™, umeHyemoe «Ko3ppuuueHmom
BbIX00A menJia», Kak Npasusio, MeHbwe eOuHUUbl. Mo 03Ha4yaem, Ymo Yacme pabomsl 0ecmpyKuuu
Memasios nepexodum 8 NOMEHUUA/bHYH SHEP2UKD CMPYXCKU, a He 8 mensiomy. Ewé omyém/iusee 3mo
obcmosmeibcmao NPoSIB/ISemcs 8 npoueccax 0pobsieHuUs Mamepuasios, NPU KOMOopPbIX BO3pACMAem He
MOJIbKO MemMnepamypd, HO U NOBEPXHOCMHAS 3Hepeusl Yacmuy, mamepuasnd. Takum obpaszom, onbim
noomaepxdaem, Ymo BO3PACMAHUE 3HMPONUU SBJISeMCs OMHIOb He eOUHCMBEeHHbIM C/1Ie0CmBUEM
npespawieHus Ynops0o4eHHbIX GopM B8 HEYnopsooYeH-Hble. bonee Mmoo, BbIACHUIOCb, YMO
pacceusamsCs MoXem U cama mensioBas 3Hepeus, u 6e3 mo2o cyumarow,ascs Xxaomuyveckod.
HenocpedcmBeHHbIM  3KCNepuUMeHmMasbHbIM NOOMBepHOeHUeM 3mo20 0bCmosmebCmBa S8UIACk
cepus 3kcnepumeHmos J1. bposkuHa (1960, 1964) [24]. B Hux 8 3a30p NJIOMHO YNAKOBAHHO20 PY/IOHA
bymazu, KapmoHda, pe3uHoBoU leHMb! U Opy2ux IUCMOBbIX MamMepuasios no Bcel ux 0JIUHe 3aK/1a0bIBasIcs
YyBCMBUME/IbHBIU — 37IeMeHm  mepMoMempd  CONPOMUBJICHUS.  3ameMm  pY/oH  NOOBep2ascs
HepasHOMepHOMY Hazpesy om BHEUWIHe20 UCMOYHUKA MenJid, U 8 NOC/IE0YUeM NPOYECcce e20 OCMbIBAHUS
pPe2uCmpuUpPOBAIOCh  U3MEHeHUe CONPOMUBJICHUS MAKO20  «paccpedomoyYeHHo20»  mepmMomempd,

Xapakmepusyruie2o cpeoHeuHmMe2pasbHyo memnepamypy makod cucmemb! T . Cambim youBUMesIbHbIM
Pe3y/IbMmamom 3MUux SKCNEPUMEHMOB 0KA3ad/1cA 00BOJIbHO 3HAYUMEbHbIU (00 17%) no0bEM memnepamypb!

T B HayanbHbId NEpuod Npoyecca peaakcayuu pPysoHa BMECmMO OXUOdemMo20 €20 NOHUXeHUs. OH
NpoOO/KANCA 0ecsmKU MUHYm, NOKA He Ha4yuHaso npeobnacams OCMbIBAHUE HeooCMAamoYHO
menJiou30/1upoOBAaHHO20 0b6pasud. Imo sB/eHuUe, Ha38aHHOe ABMOPOM «3(GeKmomM pocma uaMepsemoeo
MenJioco0ep aHus», CMAHOBUMCS NOHAMHbLIM JlUlb C NO3Uyull HepasHOBEeCHOU MepMOOUHAMUKLU,
npusHarouwel cyuiecmsosaHue ynopssioodeHHol (KuHemudeckol UY u nomeruuasisHol U') cocmasnstouwel
BHymMpeHHel 3HepauUu mepmMu4ecku HeoOHopooHol cucmems! U. 3a cuém smol ynopssioodeHHoU Yacmu
BHympeHHel mensioBoll 3Hepauu HeOOHOPOOHOU OKpyXcaroujell cpedbl U coBepuwIarom pabomy mensiosbie
osueamesu, a 8 0aHHOM 3KCnepumeHme — BO3pAcmaem e20 KUHemuy4eckasl CoOCmas/istouds 3Hepauu
obpazya. 3mom 3KCnepumMeHm Haesss0HO NOKA3biBAem, 4Y4mo «pdcceusambCs» MOXem U MenJsiosast



sHepausi Us mepmuvecku HeoOHopoOHoU cucmembl, NpU4éM B npouecce eé mepmuyeckold pesakcayuu
BO3pacmaem He MoJibKO 3HMPONUS, HO U MemMNepamypa Kak 00UH U3 eé He3aBucuMbIx apeymeHmos. Bcé
3MO YKA3bIBAJIO HA MO, YMO 3HMPONUS He ABJSemcs NApaMempoM, UCHEPNLIBAOULUM O6PA30M,
YYUMBbIBArOWUM BCe CBOUCMBA HOCUMEsIS MeNJsI0B020 OBUXCEHUS.

Mexcdy mem Haldmu UCmUuHHbIT Hocumesib Oq xaomuyeckol ¢opmbl 3Hepeuu Ug MOMHO meM e
cnNocoboM, YMo U B BbIpaxeHuUU (3), eciu moJibKo He NOOMeHSIMb BHYMPEHHHOK Mensiosyro 3Hepauro Ug
mensomodl npouecca Q, u noocmasums 8 (3) Bmecmo Q1 u Q2 Ko/1u4ecmao mensioBol 3HepeuU Ha BXo0e

u Bbixo0e mensiosol mawuHel Ug u Ug'. Toeda «npusedéHHoe menso» npumem 8ud Uy/T , u msi
HemeOsIeHHO NoJIyYUM § d(Uqy/T ) =0, ymo OokasbiBaem Cyw,ecmaoBaHue Hocumess BHYmMpeHHel

menJioBold 3HepauU

@qE Uq/T unu Ug = T @qA (9)
OOHAKo MOXHO nocmynums ewé npouwe, ecjiu noJsioxxumb NO dHasioeuu ¢ MexaHukou
cywecmasoBadue aHasioea KoJiu4ecmsa HeynopﬁaoquHOZO 0BUXeHUS ©g KAk 4acmHo20 om OesieHus Uq

Ha ycpeoHéHHyro abcoomHyro memnepamypy T . Takoeo poda ckanspHas seauduHa Oq bbiia HazsaHa
Hamu 0719 KpamKoCMu MmepMOoUMNY/IbCOM (Kak UMNY/IbCoM P = Mu, ympamuBswium BeKMOPHYH NPUPOdy
BC/1E0CMBUE  XAOMUYHOCMU  0BUMEHUS]).  [IpUHA0/IeXCHOCMb  MEPMOUMNY/bCA K NAPAMempam

COCMOSAHUSI He Bbi3bIBAem COMHeHul, NOCKOIbKY makosbimu asasomca u Uqg, u T . SnemeHmapHoe
U3MeHeHue mepMouMNy/IbCa BKIOYaem 8 cebs 08a COCMAs/istoujue:

d@q:Td@q'f' @da (70)
[lepBoe cjiaeaemoe 3mo20 BbIpaxdceHue Xxapakmepusyem mensi00bmeH cucmembl C Opr)f(afOLL{ea

cpedot dQ = T dOg, sBmopoe cnazaemoe — BHympeHHue ucmoyHuku mensia dQ°= OqdT . Imom 4ieH u
ompaxcaem B03pACMAaxHue memnepamyps! 8 YynoMaHymsbix onbimax J1. bposkuHa [19]. Takum obpazom,
cywecmayem BO3MOMHOCMb 3aMeHUMb SHMPONUKD S 3MUM NPOCMbIM U HA2/I0HbIM NAPAMEMpPOM.
Ob0oCHOBAHUK Ue1ecoobpasHoOCMuU 3adMeHbl 3HMPONUU MEepPMOUM-NY/IbCOM U bydem nocssauwieHa
nocsedyrowast Yacme Hacmoswed cmamau.

6. Ymo 0aém 3ameHa 3HMpPonNUU MePMOUMNYJIbCOM?

TepmoumMny/ibC KAk 3KCMEeHCUBHAs Mepa MenjioBo20 OBUXCEHUS UMeem MHOXECMBO 04eBUOHbIX
npeumywiecms. Imom napamemp obsadaem mol CmeneHb 04eBUOHOCMU, Komopas oOesaem
MepMOOUHAMUKY NOHAMHOU 0axce WKOIbHUKY. TepMoumnysibC NPUCYW, CUCMeMam C NPOU3BOJIbHbIM
pacnpeodesieHuemM UMNYibCa Mexoy 4acmuuamu, 8 MoM Yucsie U 0anEKUM Om pasHOBECUs, B MO BPeMs
KaK NpUMeHeHue K HUM NOHSIMUS 3Hmponuu mpebyem 0oKa3amesibCmB, KOMOopbie B HACMOSAUee Bpems
OMCYMCmBYHMm.

B mom, 4ymo BBedeHue nNoHIMUS BHympeHHeld mensiosol 3Hepauu Ug KAk yacmu 3Hepeuu
konebamesibHoeo 08uxeHus U = MU («xusold cuibl» JlelbHuya) He npomusopeyam NpuHyUNam
COXPAaHeHUs U NPespawieHuss 3Hepeul, MOXHO ybeoumbCs, Npeocmasus KUHemu4YecKyro 3SHepauro
YNops0oYeHHo20 0B8uMeHus = MU?/2 U BHYMPEHHIo NOMeHUUarbHyro 3Hepeuto U = [Fdr
U30/1UPOBAHHOU CUCMEMbI KAK pe3y/ibmam npespauseHusi BHympeHHed:

(dU)us = dMP = dW¥ + dU + dUg =0. (11)

Co2/1aCcHO 3MOoMY BbIPaXCeHUro, B CYMME YNops00YeHHbIe U HeynopsdoYeHHbIe popMbl BHYMpeHHel
SHepeuu U30/IUpOBAHHOU CUCMeMbl OCMArOMCS Heu3MeHHbIMU. Takas $opmMa 3aKOoHA COXPAHeHUs
JHepauu omsudaemcs om obujenpuHamol mem, Ymo B Hel BMecmo BHewHel KuHemuyeckol EY u
BHewHel nomeHyuanbHou 3Hepeuel E,, ympamuswux 015 U30/upoBAHHOU cuCmeMbl BCAKUU CMbIC/,
duypupyrom ynopsoodeHHble CoCmasasouiue BHympeHHel 3Hepeuu HepasHoBecHold cucmemsl U. B
makol ¢opme 3aKOH COXPaHeHUsi 3Hepeuu He UCK/KYaem B3aumMonpeBpaujeHusi YynopsaooyeHHbIX U
HeynopsdoYeHHbIX GOpM 3Hepauu U ux Kpyeoobopoma Bo BceneHHoU Kak yesom. BaxcHedwyro posib B
3MOM u2paem CNOCOBHOCMb MEePMOUMNY/IbCA KAK B03pdCMAmb NpU Heobpamumom npespauieHuU
ynopsdoyeHHbIX popm BHympeHHel sHepauu '=[u-dP u U’ = [F-dr 8 HeynopsiooYeHHyro Ug, mak u ybbisame
npu obpamHoM npespaujeHuu nocsedHeld B YnopsidoYeHHble GopMbl. [TOCKO/IbKY BCe NPouecchl,
NPoUCX00sIujUe B U30UPOBAHHBIX CUCMeEMAax, Camonpou3B0J/bHbl, MAkol nepexod coomaemcmayem
ABJIGHUSM «CAMOOP2AHU3AUUU», NPOUCXOOSU4UM HA BCEX YPOBHSIX MUPO30AHUS] — OM HYKIeoCcuHmMe3a 0o
obpazosaHusi 38630 U CKONJIeHUU eanakmuk. [Ipumepamu makux NPoUeccos $BJISeMCs Nepexoo
«HebapuoHHol»  (HecmpykmypuposaHHol) — ¢opmbl  mamepuu  BceneHHol B 6APUOHHYHO
(CMpPYKMYpUPOBAHHYID), «BOCX00SIULAs Oupy3usi» B Memasiax u «akmusHbId MPaHcNopm» Bew,ecms B8
buocucmemax (NepeHoc HeKOMOPbIX BEULECMB B CMOPOHY UX 6osbLeld KOHUEHMPAyUL), «CONPSIHEHHbIE»
XuMuyeckue peakyuu (npomekaroujue 8 HAanpassIeHuUU BO3PACMAHUS UX CPOOCMAA), SBJIeHUs pocma



KpUCmMasiios, BO3HUKHOBEHUE Npeyeccuu BO BPAArOULUXCS CUCMeMAax, BO3HUKHOBEHUE HOBbIX cmeneHel
CB06OObI B C/IOXCHBIX cucmemax u m. n. [25]. Knaccudeckasi mepmMoouHamuKka, cchopmy/uposasuuasi CBou
3aKOHbI MOJIbKO 0J15 BeujecmBeHHbIX (bapuoHHbIX) popm mamepuu BceneHHol (cocmasasroujux He bosiee
5% eé maccbl), u basupyrousasics Ha NPUHYUNE BO3pACMAHUSI SHMPONUU, OMPA3umb MAakue NPoyecchl He
Moxem.

Ocmaémcs nokasams, Ymo 3amMeHa 3HMPONUU Ha MepMoUMNYJ/IbC NO3BOJISeM YCMPAHUme psio
Napanoeu3mMos, BO3HUKWUX B MEPMOOUHAMUKE NPU NONLIMKAX 3KCMPANOoISyUU NOHSIMUS 3HMPONUU HA
BCHO HepasHoBecHyro BcenerHHyro [7].

6. 1. YcmpaHeHue HepaseHCms 8 MamemMamuyeckoM annapame MmepMOOUHaMUKU

V3BecmHo, Ymo 06beOUHEHHOE ypasHeHue 1-20 U 2-20 3aKOHOB MepMOOUHAMUKU

TdS = dU + pdV (12)

B C/1y4ae Heobpamumbix NPOUECCOB NpUHUMaem sud HepaseHcmaa TdS> dU + pdV [17]. lpuduHod
BO3HUKHOBEHUS HepaseHCMB SIBJISIFOMCS BHYMpPeHHUe UCMOYHUKU mensid, 8 pe3ysismame Yyez2o TdS> dQ.
OO0Hako aHanozu4Hble (12) HepaBeHCMBAa BO3HUKAOM U Y Opy2ux 3KCMeHCUBHbIX napamempos O,
Hanpumep, y 4ucna mosel Kk-x seujecms Nk, KOMOpoe MOxem U3MeHSMbCS KAk BC/1eocmaue ux
ouggy3uu Yepes epaHuybl cuCmemMbl, Mak U BC/IeOCMBUE XUMUYECKUX pedakyul 8 camol cucmeme.
Mpucywu oHU U 06béMy V, KomopbIl MOXem yBesuquBamsCcs KAk Nnpu cosepueHuu pabomel
pacwupeHus pdV, mak u npu eé pacwupeHuu 8 nycmomy (p =0) 6e3 cosepweHus smotl pabomsi. 3mo
obcmosmenbcmBo  SIBASEMCS OCHOBHbLIM NPensimcmauem 0711 NPUMeHeHUsI MepMOoOUHAMUYECKO20
Memooa Ucc/1edoBaHus K opyaum OUCUUNIUHAM, U3YYaroUyUM peasibHble (Hecmamuyeckue) npoyecchbi.

Mexcdy mem 3mu HepaseHCmBA UcYe3arom, ec/iu 3aMeHUmb 3HMPONU S mepmoumnyibcom O,
Komopbil coenacHo (10) usmeHssiemcss He MoJibKO BCe0CMBUe BHEUHe20 3Hep2oobMeHd, HO U U3-3d
Hanuyusi BHYMpPeHHUX UCMOYHUKOB. B camom obujem Bude 3mo MOXHO 00KA3amsb, €C/u y4ecms, Ymo
Kaxcoas u3 i-x opm BHympeHHel 3Hepeuu U;umeem cBol 3Hep2oHocumesib ©j, mak 4mo 8 00HOPOOHOU
(BHympeHHe pasHosecHol) cucmeme U = 5iUi(©)). B makom ciiyqae nosiHbil dugppeperuuan BHympeHHel
sHepeuu U moxem 6bimb npedcmassieH B8 Bude CYyMMbl 4YAcmHbIX oupgepeHyuanos dUi(G)
MOoX#0ecmBom:

dU= 5¥ido;, (13)

20e Y = (0U/00)) — ycpeoHEHHbIe 3HaqeHus 0606WEHHbIX TOKA/IbHbIX NOMEeHUUdI08 CUCMeEMb! i
(abconromHbix memnepamyp T, 0asaeHud p, XUMUYeCcKUX [, 3/1eKmMpUYeckux @, KUHemu4yecKux u u m. n.).

bydy4u ycusieHHbIM paBeHCMBOM, CNPABedIuUBbLIM OJ1S1 BCEX 3HAYeHUU BXOOAUUX B HE20 BE/IUYUH,
3MO BbIPAXeHue He MoxXem Nepexooums B HEPABEHCMBO, NOKYOd cucmema ocmaémcs 00HOPOOHOU.
locnedHee o3Ha4aem, 4mo u nepexod 0bbeOUHEHHO20 YpasHeHUs 1-20 u 2-20 Ha4as mepMoOUHAMUKU
Knaysuyca (5) asnsemcsi ciedcmauem HeadekBamHOoCMU 3HMPONUU S NOHSMUK MepMouMnyibca Oq Kak
napamempa cucmemsi.

lokaxem menepb, 4mo U 019 HEOOHOPOOHbIX (BHYMPEeHHe HepasHOBEeCHbIX) CUCMeM OCHOBHOE
YPABHeHUe UMeem xapakmep mox0ecmaa. i 3mo2o y4meém, Ymo 8 MAkux cucmemax napamempsi O;
pacnpeodesieHbl N0 06bEMY CUCMeMbl HepaBHOMEPHO, MAK YMO NOJIOXeHUEe UX UeHmpPad i OMau4aemcss om
PABHOBECHO20 Fio (COBNAOANOULE20 C UeHMPOM 0bbémMa V, 3aHUMAemo20 cucmemod). ImMo NOJIoXHeHUe
onpedesisemcs U3BeCMHbIMU BbIPAXEHUSIMU.

/'/:@/'7fp/ (r, t)fdv,'rio:@/—7f,0/0(t)fdv, (74)

20e r - bezywias (301epoBa) NPOCMPAHCMBeHHAas KoopouHama.

M3 BbipaxceHus (14) HenocpedcmBeHHO ciedyem, YmMo OMKAOHeHUU CUCMeMbl OM PaBHOBECHO20
COCMOSIHUSI CONPOBOHOAEMCS BOZHUKHOBEHUEM HEKOMOPO20 «MOMEHMA pacnpedesieHus»

Zi=0Oi(ri-rio)) =[[pi (r, t) - pio(t)] rdV (15)

C NJ1eYOM AT = [i-Tio, HA3BAHBIM HAMU «BEKMOPOM CMeueHus» [15].

Ecnu npuHams rio=0, mo u3 (15) cnedyem, ymo BO3HUKHOBEHUE Y /1106020 i-20 3Hep2oHocumess O
MoMeHma pacnpedeseHus Z; 0esiaem e2o NapyuanbHyro sHepuro U pyHKyuel 08yx nepemeHHbIx Oiu Zi. B
makom cayqae U = 5iU; (©;, Z), a eé nosiHbIl dugdepeHyuan MoxHo npedcmasums 8 BUOe Moxoecmasa
[15]:

dU = Zi¥de;+ ZiX-dZ; (16)

20e Xi = (0U/0Z) — Hanpax@HHocmu nonel 3HepeoHocumesnel ©;, Xxapakmepusyroujue
Heo0HOPOOHOCMb UX pacnpedesieHus NO cucmeme, U UMerolue CMbIC/T YO sIbHbIX BHYMpeHHUX cus Fi/©; 8
ux obwepusuyeckom NoOHUMaHuU. OHU BbIPAMArOMCcs YCPeOHEHHbIMU 3HaYeHusIMuU epadueHma Xi=V i
nomeHyuasna w coomsemcmayroweld ¢Gopmbl 3HepauUU, B YeM MOXHO ybedumscs, npedcmasus Ui u Z;
uHmezpanamu Ui = [ wid®iu Zi= [ r;dOi.



2mo BbIpaX@eHUE MAakxe HOCUM Xapakmep MOox}0ecmad, U NOomoMy CNpaseodsuso Kak OJis
06pamuMbIx, Maxk u HeObPamuMbIX NPOYECCoB. Tem CambiM NOOMBEPHOaemcs HeCoCmosmesIbHOCMb
Bcell KoHuenuuu pasHosecHol mepmoouHamuku Knaysuyca, 6asupyrowelics Ha 06beouHEHHOM
ypasHeHuu 1-eo u 2-20 Havasn (12).

6.2. YcmpaHeHue npou3sosia 8 Bbi60pe 0BUMYULUX CUJT

U ckopocmel pasHoobpasHbIX NPOYeccos

B 1931 e. byoywul Hobenesckull naypeam Ji. OH3azep NpedsioxHusl «KkBAa3umepMoOUHAMU-YeCKyHo»
Meopuro CKOPOCMU HEObPAMUMBbIX PU3UKO-XUMUYECKUX npoueccos [13, 14]. OCHOBHbIMU BeauYUHamu,
KomopbIiMu onepupyem 3ma meopus, bbiiu «mepmMoouHamu4yeckue» cusibl Xi=(0S/0u;), onpedensembie
Kak Npou3BO0HbIe OM 3HMPONUU CUCMeMbl S N0 HEKUM NAPAMempam o, Xapakmepusyroujum yoaaeHue
cucmemb! 0mM PABHOBECUS, U «NOMOKU» Ji = dou/dt Kak npou3BOOHbIE OM NAPAMEMPOB o.;i NO BPEMEHU,
umerouue CMbICs1 0606WEHHOU CKOPOCMU NPOYECCOB Pesiakca-yuu:

ds/dt = Zi(0S/oa.;) dou/dt = 5 Xi Ji. (17)

HaxoxdeHue 0BuMCywux cun Xi u 0606WéHHbIX ckopocmed Ji pazHoobpazHbiX oUCCUNAMUBHbIX
NpoyUeccoB NO3B0/AEM B NPUHUUNE U3y4amb Memooamu MepMOOUHAMUKU KUHEMUKY pesaKcayuoHHbIX
npoueccos. ocnedHee 03Ha4ano bl Nepexod om mMepMoCMAamuku, Kakosol 8 delicmBumMesIbLHOCMU
ABJIANIACH KACCUYecKkas mepmoouHamuka [11], K 3Hep2oOuUHamuKke Kak meopuu MOUJHOCMU PeasibHbIX
npoueccos [15]. O0Hako 8 Kiaaccuyeckol mepmMoouHAMuKe Napamempsb! o 3a8e00Mo 0MCymMCmMBOBAJIU.
[lo3momy e20 meopusi 0CMAsaaack, NO CYUIeCmBY, NYCMbIM GOpMAIu3MoM 00 mex Nop, NOKa opyeoll
b6yoywul Hobenesckul naypeam M. [IpueoxcuH He Npeosioxusl Memoo HAXOMO0eHUS BEeKMOPHbIX
MepMOOUHAMUYECKUX CU Xi U NOMOKOB Ji 0719 «CMAayUOHAPHbIX» Heobpamumbix npoueccos [26]. [ins
2MO020 OH BbIOBUHY/T 2UNOMeE3Y JIOKA/IbHO20 PABHOBECUS, CO2/IACHO Komopol B 371eMeHmax obbéma
KoHmuHyyma dV cywecmsyem pasHosecue (HecMompsi Ha4 NPOMEeKAaHue B HUX Hecmamu4yeckux
NpoueccoB), a ux COCMOosIHUe Xapakmepu3syemcs mem Xe Habopom nepemeHHbIX O;, Ymo U B paBHOBECUU
(HecMompsi Ha NosIBeHUE MEePMOOUHAMUYECKUX CUJT X;), MaK Ymo K HUM NPUMEHUMbI BCe COOMHOWEHUS
pasHoBecHoU MepMOOUHAMUK (HeCMOMPS Ha Heu3bexcHbIl nepexod ux 8 HepaseHCcmMaa,).

lMpu Bcel cBoel BHymMpeHHel NpomuBope4uUsOCMU 3Md 2UNOMe3a N03B80/15/1d UCN0J/Ib308AMb 0/151
HaxoxcoeHus cusi Xi u NOMOoKoB J; 3aKOHbI COXPAHEHUsI MAcChl, UMNY/IbCA, 3aps0ad U 3Hepauu, B3smable U3
opyeux ducyunsiuH. 3mo mpeboBasao coCMassieHuUs BecbMa 2poMo30KUX YpasHeHul ux 6aaaHca ¢ uesibio
Bbl0esleHuUs U3 «npouzsodcmsa» 3Hmponuu dS/dt mod ux yacmu duS/dt, komopas obyciosrieHa
BHYMPEHHUMU UCMOYHUKamMU. OOHAKo pasnoxums duS/dt Ha comHoxumenu X;u Ji MOXCHO MHOMECMBOM
cnocobos, Ymo 0bYyC/108UII0 U3BECMHBIU NPOU3BOJT B UX CMbIC/IE U PA3MEPHOCMU.

Ewé bonee cepbé3HbiM Hedocmamkom THIT a8unocb mo, Ymo oHa 6a3upoBasdcb Ha NPUHUUNE
BO3pACMAHUS 3HMPONUU U NOMOMY UCK/IHOYU/IA U3 PACCMOMpPeHus obpamumyro 4acmse pedsibHbIX
Npoueccos, Komopas He 0aém BK1add 8 «Npou3800CcMBo» SHMponuu dS/dt. 3mo oepaHuyusio THIT yucmo
duccunamuBHbIMU NPOUECCamu muna MmensionpOBOOHOCMU, 3/IeKMPONPOBOOHOCMU, duggy3uu, u
BA3K020 MPpeHus, B MO BpeMs KAk mepMOoOuHAMuka Obiia c030aHA KAk meopusi NoJIe3HO20
npeobpazosaHus mensioBol 3Hepeuu B opyaue eé popmbi.

Toxcoecmso (16) oceaoboxoaem om Bcex 3mux HeAoCmamkoBs. byoy4u 3anucaHHbIM 8 Bude

du/de = Z¥ido; /dt + ZiXiJ, (18)

B KOMOPOM CUJIbI X; UMerom BNOJIHe 00HO3HAYHbIU CMbIC/T 2pA0UeHMAa NOMeHyuasd, a NOmoku Ji =
dZy/dt = O — uMny/Ibca cCoOoMBEeMCMBYHULL20 SHeP2OHOCUMESIS, MO YpasHeHue ocsoboxcdaem om
HeobxodumMocmu COCMAasIeHUs YnoMaHymbIX Bbiwe ypasHeHul 6anadca [14]. Tem cambim OHO
no3gosiem cyuiecmaeHHo ynpocmums THI u ocywecmsaums Ha 6ase 3Hep200UHaMUuKu CUHMe3
NOHAMUUHOU cucmeMb! U MamemMamu4ecko2o annapama psoa UHMEeHepHbIX OUCUUNJIUH, KaPOUHATbHO
obnezqaroujull ux usydeHue [27].

6.3. OnposepieHue meopuu «mensiosoll cmepmu BceneHHoU»

P. Knay3uyc npu 060CHOBAHUU NPUHUUNG BO3PACMAHUS 3HMPONUU NYMEM pacCMOMPEeHUs
cucmembl U3 0BYX CONPSIHEHHBIX MenJioBbIX MAWUH (0BU2amesis U mensioBo20 HAcoca) NPUHSAJ KaK Camo
cobol pasymeroujeecs, Yymo mepmudeckud KI1/[ ne nobod Heobpamumol menso80U MALUHbI MeHbUIe,
yem B obpamumom Uyukae KapHo m& npu mex e memnepamypax mensioucmoYHuka Ti u
mensionpuemHuka T [1].

Mexc0y mem B8 paccyxoeHus Knay3uyca BKpaaack owubka, Komopas cmaHem bosee o4esuoHod,
ec/iu npedcmasums mepmuyeckud K4 1106020 yukia meniosold MawuHbl, 8 MOM YUc/1e YuKia KapHo,

yepes Mak HasbiBaemble «CpeoHeuHmezpasibHblie» memMnepamypbl Noosodd u omsodda mensia T_lz
Q1/AS1u fz = Qz/AS:2[14]:



ne=1-0Q/Q:=1-T1,/T,. (17)
Co21acHo 3Momy BbIpaXceHuty, U 6e3 pasbueHus NPOU3BOJIbHOZO UUKIA HA MHOMECMBO
aemeHmapHbix yukaos KapHo ciedyem, ymo | Qy/T,| = | Q/T,|, max umo 8 mobom yuxre

| 455] =| 4S2| u :f dS = 0. [locnedHee 03Ha4yaem HeCOCMOAMEIbHOCMbL CAMO20  U3HAYA/IbHO20

npeonosioxceHus P. Knaysuyca 0 mom, 4mo npou3Bo/IbHbIU LUK bydem umems MeHbWUl mepmuyeckudl
KT14, yem obpamumaid, npu mex xe cpedHux memnepamypax noosoda u omsoda menna T, u T,. Smo

06bsCHAem, nodYyemy Bce 00KA3amesbCmBd NPUHYUNA BO3PACMAHUS 3HMPONUU OKA3bIBAIUCL NPU
buxcadiwem paccmMompeHuu HecocmosmesbHbiMu [10], a «Bonpoc o gusuyeckux 0CHOBAHUSX 3AKOHA
MOHOMOHHO20 BO3PACMAHUS 3HMPONUU OCMAEMCS ... OMKPbIMbIM» [28)].

Mexcoy mem Hecs10#HO NoKasams 8 CamMom obujem Bude, 4mo 3Mom NPUHYUN HedoKasyem, ecsiu
0CMasamsCa B PAMKAX K/IACCUYECKOU mMepMOOUHAMUKU. —JledcmBumesibHO, B8 pPABHOBECHbIX
mepMoMexaHu4yecKux cucmemax (¢ 0ByMs cmeneHamu c80600b1) BHYMPeHHSA 3Hepaus U Kak BesuquHa
IKCMeHCUBHas sBasemcs gyHKuuel 0BYX 3KCMeHCUBHbIX ap2yMeHmoR: 3Hmponuu S u obéma V, m. e. U
= U (S, V). Toeda, paccmampusas s3Hmponuro S Kak obpammyto ¢pyHkuyuro S = S (U, V), Halioém, ymo 8
yenosusx eé uzonauuu (U, V = const) s3Hmponus 8 NpuHyuUNe He MOoXem U3MeHSIMbCS, NOCKOJIbKY
HeusMeHHbIMU OCMAromcs Bce apaymeHmsl 3mol dyHKYuU. OOHAKo KapOUHAsbHoe peuleHue 3mo2o
BONPOCA NPUXOOUM /UL C NPU3HAHUEM MepMoUMNyibca Og KaK UCMUHHO20 HOCUMess BHymMpeHHel
mensio8oU 3Hepaul, KOmopas Moy}em Kak Bo3pacmams, mak u ybeisame Bmecme ¢ Ug. [Ipu 3mom
MEePMOUMNYJ/IbC BbIPOXOAemcs NpU 3amyxaHuu KosebaHul Oaxce moedd, Koeda 3mo 3amyxaHue
conpoBox}0aemcs npespauieHuemM HeynopsioodeHHoU 3Hepeuu B Ynops0oYeHHYH, Hanpumep, B0
BHYMPEHHIO NOMEeHUYUA/IbHYH 3Hepeuro mod e cucmembl U. Imo CmaHoBuUmMCs 04eBUOHbIM, ecsiu
y4ecme, Ymo No Mepe «BbIPOXOeHUs» umMnyibca (Ji= O;dr/dt — 0) u ymeHbweHus ckopocmu KosiebaHul
(Ui = dri/dt —0) Bekmop cmeuweHuss om pasHOBECHO20 NOJIOXEHUS I, ONPeOeIAULUT NOMEHUUATbHY
sHepeuro U = [F-dr, npuHUMaem nocmosHHoe 3Ha4yeHue (BoJIHA KaKk bbl «3amep3aemy).

BHympeHHee KosebamesibHoe 0BUX@(eHUe 3amyxaem mMakie No mMepe npubsudeHus cKopocmu
cucmemsbl U K npedesibHol CKOpOCMU pacnpoCmMpaHeHusl BoamyuleHul 8 0aHHOU cpede C, NOCKOJIbKY
OMKJ/IOHeHUe U B 60J1bUIyH0 CMOPOHY OM C CMAHOBUMCSH HEBO3MOMCHbIM. VIMeHHO No 3mol NpuyuHe
memnepamypa T /1106bix 3¢uponodobHbiX cped, cBoOOOHbIX om Bewecmsd, pasHa abcosomHOMY
Hy/Mo™3.  bosee  mo2o, MEPMOUMNYJILC  BbIPOXOAeMCA 0dxe NpPu  B3pbiBE  «CBEPXHOBLIX,
CONPOBOHCOAOWEMCS MAK HA3bIBAEMbIM «O0/IbWUUM PA3pbIBOM», KO20d Bel,ecmso BO38pAldemcs B
CBOE UCXOO0HOe CoCmosiHUe HebapuoHHoU (HecmpykmypuposaHHold) mamepuu. [1osmomy 3ameHa
SHMPONUU MEPMOUMNYJILCOM YCMPAHSem HABA3AHHYH NPUHUUNOM BO3PACMAHUS S3HMPONUU «CMpesy
BpemMeHU» - 00HOCMOPOHHIOK HANPABIEHHOCMb NPOUECCOB BO BceeHHoU, 00NYCKAs BO3MOXHOCMb eé
Heo2paHu4eHHo20 BO BpemMeHU U NPOCMPAHCmMBe BYHKYUUOHUPOBAHUS, MUHYS COCMOSIHUE paBHOBECUS.
CBudemesibCMBOM 3MO20 C/Iyxum Gakm cywecmaoBaHus BceneHHol 8 meveHue no KpadHel mepe 13 -
14 munuapoos sem, «omnyuieHHbIx» el «CMaHapmHoUd MOOesibHo».

6.4. YcmpaHeHue npomusopeyuss mepMooUHAMUKU ¢ meopuell 380/110Uuu

[lokaxem menepb, 4YMO  MEPMOUMNY/ILC  YCMPAHAem  «BONUKUEe  NPOMUBOPeYUe
mepmMoOUHAMUKU C meopuell buosio2uyeckol 380/0UUU», COCMoAWee B8 MOM, YmMO NPUHYUN
BO3PACMAHUS 3HMPONUU Npednuckisaem npupode auwb eé deepadayuro [25]. BeposmHocmHas
MPAKmMoBKa 3HMponuu bo/ibUMaHoOM He paspewuasna 3mo NPoMuUBopeYUe, NOCKO/IbKY dasasia BceneHHol
JIUWb HUYMOMCHBIU WAHC uzbexcams «mensiosol cmepmuy. Mexcdy mem moxcdecmso (1), ymsepxdaem
0emepMUHUCMCKUU Xapakmep NPoueccoB B HEpaBHOBECHbIX CUCMemMax. M3 He2o csiedyem, 4Ymo B

cucmemax, 20e npomekarom kakue-ubo npoueccsi (m. e. d(pi -p; )/dt #0), uHmezpan (1) obpawaemcs 8

HYJIb MOJIbLKO 8 MOM CJ/Iy4de, Ko20a €20 c/idedemble UMerom NPOMUBONOJIOMHBIU 3HAK U B3AUMHO
KoMneHcupyemcs. 3mo o3Hayaem, 4Ymo B8 J0bol HepasHoBecHoU cucmeme Bce20d UMeromcs
noocucmemal, NPOUECChI B8 KOMOPbIX NPOMEKAOM B8 NPOMUBONOIONHOM HANPABCHUU. IMO NOJIOXEHUE,
HA38aHHOE HamMu «NPUHYUNOM NPOMUBOHANPAB/ICHHOCMU» NPOUECCOB, uMeem obujepuudeckul cmamyc
U MOXem CYUMambCs MameMamuy4yeckum BbipaxeHuem ouaseKkmuyeckozo 3aKoHa «e0uHcmaa u 60pbbb!
npomusonosioxcHocmel»  [29].  OH ycmpaHaem  HABA3AHHYH — mepmoouHamukol — Knay3suyca
00HOCMOPOHHIOK HANPABJ/IeHHOCMb NPoueccos Bo BceneHHol. K makomy e Bbi800Y Mbi NPUXOOUM,
6asupysicb Ha 3aKOHe COXPAHeHUs HepauuU B U30/1UpoBaHHol cucmeme (dU/dt).s =0 u moxcdecmse (16),

13 Temnepamypa KocmMu4ecko2o npocmpaxcmaa T = 2,7 3K a8/19emca ciedcmauem u3y4eHus 6apuoHHo20 Beuecmad,
pacnpedesnéHHozo 8 Hedl.



ecsiu npedcmasum Fiu; 8 BuOe npoussedeHus Xi-Ji, Kak 3mo NPUHSIMO B HEPABHOBECHOU MEPMOOUHAMUKE
[13, 14]:

(du/dt) i =57 (Widoy/dt + XiJi) =0, (18)

20e Xi= (dUydZ)) = ©i7(dU/dr;) = F/©;; Ji=0Ouw.

ObpauweHue B Hy/b cymMmmbl 2idUy/dt o3Ha4aem, 4mo omoesibHble C/iazaembie 3moll CyMMbI UMEHOM
NPOMUBONOJIOHCHBIU 3HAK U B3AUMHO KOMNEHCUPYHOMCA. [IpOMUBONOIOXCHbIU 3HAK UMerom U MOUJHOCMU
XJi pazHoUMEHHbIX NPoUeccos NpespaljeHuUst 3HepeuU. Imo 03Ha4Yaem, Ymo Hapsody C npoyeccamu
ouccunayuu, B8 kKomopbiX XiJi > 0, B U30UPOBAHHBIX CUCMEMax Heu3bexcHbl U NPoYecchbl
«CaMOoOP2aHU3ayUU» HEeKOMOopPbIX j-X cmeneHell cBo600bI, B KOMOopPbIx NnpoussedeHue Xi-J; < 0. Takosbl, 8
yacmHocmu, npouecchl «Bocxoodawel ouggyuu» (nepeHoca seuwecmsd 8 CMOPOHY BO3PACMAHUS €20
KOHUEHMPAuUU), ABICHUS «CONPSAMEHUS» XUMUYeCKUX peakuyul (npomeKaHus peakuyull 8 HanpasaeHuu
BO3pACMAHUs €€ cpoOCMAa), «aKMUBHO20 MPAHCNOPMA» (HAKONJIeHUS B 0p2aHax Beusecms ¢ bosbuiel
SHepeuel [ubbca), pocm Kpucmasaiod U m.n. Takum 06pds3oM, B HEPABHOBECHbLIX CUCMeMax C
Heobxo0UMOCMbK  BO3HUKAOM  NPOMUBOHANPAB/ICHHbIE  NPOUECChl  3BO/IIOUUU U UHBOJIHOUUU
(0eepadayuu), Koeoa 00Ha cmeneHb c80600bI CUCMeMbI NPUOSIUXAEMCA K pABHOBECU, B MO BPEeMS KAK
dpyeas — yoasngemca om He2o. Mo U YCmPpaHgem ommedeHHoe Bbiuie [4] npomusopeyue
MepMOoOUHAMUKU ¢ 38010y ued.

Kpome mozo, moxdecmaso (16) codepxcum cusbi Xi, CNOCObHbIe ompasums NpubuMdceHue uiu
yoasieHue cucmembl OM COCMOSHUS pasHosecus no sitobod i-i cmeneHu eé csoboobl 8 omoesibHOCMU, a
make ycrosue pasHosecus 0aHHo2o poda [30]:

dXi> 0 (38onoyusi); Xi = 0 (pasHosecue); dX; <0 (UHBO/IHOUUS). (19)

Takum obpasom, 3Hep2oOuUHAMuKa npedsaazaem bosiee npocmeie U Ha2igo0Hble, u npumom bosiee
UHGOpMamuBHble Kpumepuu 3B80/H0UUU U PABHOBECUS, HeMe/u 3HMPONUs, Komopasi CNnocobHa
OMpPazume Ulib NOBEOeHUe CUCMeMbl B UesIOM, U NPUMOM MOJIbKO eé deepadayuro. [1pu 3mom oHa
B038paULAem NOHIMUK PABHOBECUS €20 U3HAYA/IbHbIU CMbIC/T pABeHCMBA NPOMUB0OLlCMBYULUX CUJT
(omcymcmasusi y Hux pe3ysibmupyroujell Cusibl), Kakum OH Obi1 B8 MexaHuke. 3mo 0aém B pyKu
ucciedosamenell bonee Hazasa0HbIl, bonee «pusuyHbIt» u bonee UHGopMamuBHbId UHCMPYMeHm
aHanusza npobsemM 3BOOUUU, HEXe/u He Nnodoarouulics BbIHUCTEHUD MAaKCUMyM 3HMPONUU.
HesHmponulHble — Kpumepuu — NOOMBep#odrom, 4Ymo Npupode  CBOUCMBEHHbI —He  MOJIbKO
Pa3pyiumesibHble, Ho U Co3UdamesibHble MeHOeHuUU, YmMo Hazs0HO NPOSBSIOMCS B NPOMEKArOUUX
Ha BCex ypoBHSIX MUPO30AHUS NPOUECCAx 3B0/HOUUU HUBOU U HEXUBOU NPUPODbI.

6.5. BBedeHue eOUH020 NoKazamess 3pdexkmuBHOCMU MensiosbiX U HemMeni08bIX MAWUH

[IpuHSMO cHUMAame, Kak He4mo camo cobol pazymerouseecs, Ymo 3¢ppekmusHocms (KI4) nrobod
obpamumoul Hemens1080U0 MAWUHbI paseH eouHUye, 8 Mo BpemMs Kak 0J1 mensioBo2o 0BU2amMesis OH
02paHu4eH seauduHol mepmudeckoeo K1/ udeanbHol mawuHb! KapHo [11]:

ne=1-T2/Ti< 1, (20)

20e Ti, T> — noCcmosHHbIe memnepamypbl N00B0OA U 0MBoda mensid B YUK/1e meniosol MawUHbI,
pasHble abCoIOMHbIM MEMNEPAMYPAM UCMOYHUKA U NPUEMHUKA menaa’?,

Takas «QUCKPUMUHAUUS» MeNJI0B8bIX MAWUH CHUMAaemcs eCmecmaeHHOU U OCHOBAHA HA CMOUKOM
ybexeHuu 8 momM, 4mo «mensioma u paboma 8 NPUHUUNE HepasHoUeHHbI» [11]. Mexdy mem npu
b/uxadwem paccMompeHuU 0KasbiBaemcs, Ymo 0es10 He B HecoBepeHCmBe U «pacmoYumesIbHOCMU»
menJioBbIX MAWUH, d 8 paziuduu noHamud ux Kr/. Tepmuyeckud K1/ nexapakmepusyem omHoweHue
pabomsi Wq, cosepuwaemoti npeobpazosamesnem mensiosol Gpopmbl sHepeuu Ug, K eé konudecmsy Ug, =
Q1, N0OBEOEHHOMY OM «20PAYE20» UCMOYHUKA C NOMEHUUANOM Wq = T1, m. e. e = Wy /Q1. Takol KIM/j
NPUHSMO Hasbisame abcostomubimM. Co2nacHo meopeme KapHo, 018 udeasbHbiX UuK/Io8 (y Komopbix
CpedHue nomeHyuasbl NodBoda U omBo0a 3Hepauu K pabodemy meny . u ! paboyeco mena

coBnaodarom C AaHaz02uYHbIMU NOMEHYUAdsIamu UCMOYHUKA U NPUéMHUKa 3Hepauu) 3mom KI1/[ He
3asucum HuU om csolcmBs paboye2o mesia MAWUHbI, HU OM €20 KOHCMPYKMUBHbIX 0cobeHHocmel usu
pexcuma e2o pabomsl. [Toamomy makue «KI/» xapakmepusyrom CKopee He COBEepUIeHCMBO Menio8ol
MAWUHbI, @ Me BO3MOXCHOCMU, KOmopble npedocmasssem npupoda b6iazodapsa umerouselcs B Hell
npocmpaHcmaeHHol HeoOHOpPOOHOCMU (pazHocmu nomeHyuanos ! u ! ). Cmpo2o 2080ps, 3mMom
nokasameJsib Boobuwie He c1edosano bbi HasbiBams «KI1/[] MawuHbl», NOCKOILKY 3MOM NOKA3ameJb
Xapakmepusyrom CKopee «CmeneHb NPeBpamuMoCmU» 3HepauU UCMOYHUKA, AB/Istouelcs pyHKuyued e2o
HeoOHOpPOOHOCMU.

4 3mom Kno 06bI4HO He npesbituaem 40%, 8 Mo Bpems Kak Knd npeobpasosamesiell ynopsooyeHHsix popm 3Hepauu
(MexaHudeckol unu 3nekmpudeckoll) Hepedko docmuzaem 95%.



VMHoU cmbicn umeem noHsmue Kl mexaHudyeckux, 2u0pas/iudeckux, 3/1eKmpuyeckux u m. n.
osueameried. Takue KI/[] xapakmepu3syrom omHoweHue delicmBumesibHo cosepuiaemol dsueamesnem
pabomsl Wi K eé meopemuyecku BO3MOXCHOMY 3Ha4yeHuro Wi Mo = Wi/W!) u Hazeisaromcs
omHocumesibHbiMu. OHU OMPAaxcarom CmeneHb UCNOJb30BAHUS Mex BO3MOXCHOCMel, KOmopble
npedocmassisem UCMOYHUK 3Hepaul ¢ 3a0aHHOU HeoOHOpoOHOCMbo. Imu KT/ y4umsisarom nomepu 8
camol mMawuHe, B pe3ysibmame 4e20 Ux Be/iu4uHa, 8 om/udue om abcomrommsbix KN4, npubauxcaemcs K
eduHuue. B mepmoouHamuke maxue K1/ npumeHsromcsa /ulub 0J19 0UeHKU CmeneHuU cosepuleHCmaa
omaesibHbIX npoyeccos (Hanpumep, K4 noi npoyecca cxxamus uau pacwiupeHusl). lpumeHeHue 00Ho20
u moeo xe mepMmuHa «K[1[» K 0BYM NPUHUUNUAIbHO PAa3IUYHBIM NOHAMUSM Bbi3bIBAem Y
Hecneyuaaucmos owuboYHble NpeodcmassieHus 0 HeaghdekmuBHOCMU MensioBbiX MAWUH. [1o3momy
Nnpasbl me, KMO cYuMaem, 4mo «CyxeHue udeu 0 HeBO3IMOXHOCMU CO30aHUsI BEYHO20 0BU2amessi 2-20
pooa 00 ymBepxoeHuUs 06 UCK/IoYUMe/IbHOCMU CBOUCMAB UCMOYHUKA mensid C NPUHUUNUATbHOU MOYKU
3peHusi He onpasoaHo» [19].

B 3mom omHoWweHUU BECbMA NOJIe3HbIM OKA3bIBAEMCS Nepexod K UCC1e00BAHUK HECMAMUYECKUX
Npoueccos Noe3Ho20 (ueneHanpassieHHo2o0) NnpeobpazosaHus /1tobbix Gopm 3Hepeuu. IHep2oOUHAMUKA
no3sgossom yHuguyuposams noHsmue Kl npedsnaeas 8 ka4ecmae e20 OMHOWeHUe MOWHOCMU Ha
Bbixode N;u Bxode N; npeobpa3syrouse2o ycmpodlicmaa [20]:

WS N/Ni= X Ji/Xr i< 1. (21)

Smom KT/, Ha3BaHHbIl HAMU MOUIHOCMHbLIM, B8 PABHOU Mepe NPpUMeHUM K UUKIUYeCKUM U
HeyuKuyeckum npeobpasoBamesisM 3Hepauu, B8 MOM YUuCae K MAak HabiBAemMbiM YCMAHOBKAM
«NPSAMO20 NPeobpazoBaHus 3Hepeuu». bazooaps npeocmas/ieHuro Yepe3 NOMOKU 3HepeoHocumess Ji u
Ji 3mom KTl yqumsbiBaem u KUHemuky npouecca npeobpdsoBaHus >Hepeuu, 0esds mem CambiM
U3UWHUMU noHAmMUS «3¢pekmusHozo KI1/» mennosbix mawuH. 3mom KI1/[ y4umsisaem 8ce Buobl
nomeps, CBA3AHHbIX KAK C 00CMasKol 3HepauuU K npeobpasosamesito 3Hepaul, mak u ¢ Camum npoyeccom
npeobpasosarus s3Hepeul. bonee mozo, mowHocmHou KI1/[ 3asucum om pexcuma paboms YCMAaHoBKU,
06pawiasck 8 HyJsib 08ax30bl: HA «x0/10cmoM xo0y» (Ji= 0) u 8 pexcume «kKopomko2o 3ambiKkaHusa» (X; = 0).
2mo yxe camo no cebe ykaspiBaem Ha CyuwecmsoBaHue Haubosiee IKOHOMUYHbIX pexcumos. C/1080M,
smom KT1/] Haubosiee nosHO ompax)caem mepmMoOUHAMUYeCKoe COBepUIeHCMBO YCMAHOBKU U CMeneHb
peanu3ayuu ero mex Bo3IMoXHocmed, Komopble Npedocmassisem UCMOYHUK YNnopsoodeHHoU 3HepauU.
bonee moeo, makol Kl sBrsgemcs eOuHCMBEHHO BO3MOXCHbIM NOKA3dmesieM COBepuIeHCMBA
YCMAaHOBKU B mex C/1y4asx, Koeda noHsmue abcosiromHo2o Kl cmaHoBumcs HenpuMeHUMbIM B8 CBA3U C
HEeBO3MOMCHOCMbHO BbIOEIUMb B CNIOWHOU Cpede UCMOYHUKU U NPUEMHUKU 3HepauuU (MakoBbl CU/I0BbIe
nosis,  XUMu4yecku — peazupyroujue  cpedbl,  NOJIIPU30BAHHbIE — UAU  HAMA2HUYeHHble — meJa,
duccouuupoBaHHbIe UU UOHU3UPOBAHHbLIE 2a3bkl). Kpome mozo, mouwHocmHou KI/ yHusepcaseH, m. e.
NPUMEHUM K aHaau3y mensioBbiX U HemensiosblX, YUKIUYeCKUX U HeUUK/IUYeCcKux, OOHoueseBbIX U
MHO20Ue1eBbIX, NPAMBbIX U 06paMHbIX MAWUH. HakoHeu, 3mom Kl y4umbisaem Bce BuObI NOMepb — KAk
Nnpu nepeHoce 3Hepeuu Om UCMOYHUKA K paboyYemy mesy, mak u npu eé npeobpasosaHuu. Bce smo
desiaem €20 HE3aMeHUMbIM UHCMPYMEHMOM aHaiu3d 3¢gekmuBHOCMU He MOJIbKO SHep2emuYyeCcKux
YCMAaHOBOK, HO U JI0bbIX Opyaux npeobpazosamesell 3Hepaul, co30aHHbIX npupodol. Imo 0CobeHHO
BAX(HO B (CBA3U C mMeM, 4Ymo MHoz2ue Hecneuuaaucmsl nymarom ¢ K4 KosgppuuueHmsi
mpaxcgopmayuu mensid, Komopble NPesbIarom eouHULY, U NOMOoMy oWUbOYHO OMHOCAM Mmakue
YCMAHOBKU K MAK HA3bIBAEMbIM «CBEPXE0UHUYHBIM» YCMPOUCMBAM (UMeroUM HA BbIXO0e MOUJHOCM b
N, npesbiwarowyro No0darowyrocsa y4émy mouwHocms N;). E20 npumeHeHue no3sossiem He MoJIbKO
BCKPbIMb e0UHCMBO 3aKOHOB NPeobpaszoBaHus /tobbix GopM 3Hepauu, HO U NPEeOJIOXH UMb MEeopuro
nooobus 3Hep2oycMaHoBOK paz/iu4HO20 MUNA.

6.6. [JokazamesibcmBo eQUHCMBA 3aKOHOB NPeobpa3oBaHuUs BCex BUOOB 3HepauU

Cmamucmuyeckas mpakmosKa 3Hmponuu J1. 6oabUMaHoM Kak mMepbl XaOMUYHOCMU OBUMEHUS,
06YC/I08/1CHHASA €20 Xe/aHuem «Cnacmu» BceneHHyro om npedckasaHHol 2-M Ha4Yyasaom «mensiosol
cMepmu», npusena K 0esieHuro Bcex (Gopm 3Hepeuu Ha «3HMPONUlHbIe» (HeopeaHU30BAHHbIE) U
«be3sHmponuliHbie» (opeaHu3oBaHHbie) [31]. [1o0 nocredHuUMuU NOHUMArOMCcA me BuObl 3Hepaul,
Komopble mo2ym bbimb NOJIHOCMbH NPeBpauleHsl B Jitobbie opyaue eé ¢opmbl, a No0 NepsbIMU — BCe
ocmasnbHble. OOHAKO Makoe NOHUMAaHue Haxooumcsl 8 BONUOWEM NPOMUBOpeYUU C MepMOOUHA-MUKOU
Heobpamumsbix npoueccos (THI), coenacHo komopol Heobpamumbi BCe peasibHble npouecchbl. OCObeHHO
0YeBUOHbIM CMAHOBUMCA 3MO C NO3UUUU  3HEp20OUHAMUKU, KOMOPas Y4umbiBaem nomepu
pabomocnocobHoCMU, BbI3BAHHbIE HE MOJIbKO NpespaujeHuem O0p2aHu30B8aHHOU 3Hepeuu B
HeopeaHu30BaHHYIO, HO U «BemaBJIeHUeM» mMpPpaeKkmopuu npoyecca (paccesHuem 3Hepauu UCMOYHUKA NO
MHOM(eCmBY 0p2aHU30B8aHHbIX POPM) NpU pesaKcayuu cucmemeil.



Kak u B THII, B 3HepeoouHamuke y4umsisaemcs, Ymo 8 srbom npeobpazosamese 3Hepeuu
UMeromcsa NOMOKU 3Hep2oHocUmMesst Kak npeobpasyemod Ji, mak u npeobpazosaHHol 3Hepeuu J, mak
Ymo KUHemuyeckue ypasHeHus 019 Hux umerom suo [13]:

Ji=LiXi- LiX; (22)

Ji=LiXi- L X, (23)

Takol xapakmep KUHemu4yecKux YypasHeHul Jiyduie BCe20 NPOUIIKCMPUPOBAMb HA Npumepe
mpaHcgpopmamopa, 8 Komopom Xi u X; npedcmassisirom cobol HanpsixeHuss 8 e20 nepsuyHol U
BmopuyHol uenu, a KoagpouuyueHms! Lj u Lj — ux npoBoduMocmu. BzaumHoe BausHue smux uyenel
YYUMBbIBAGMCS B SMUX YPABHEHUSIX Ko3gguuueHmamu Liu L. bnazodaps makomy Budy 3akoHbl (21) u
(22) ompaxcarom u3secmHbIU ¢akm X; ymeHbWweHUs moKa Ji nepsuyHol uenu no mepe Bo3pacmaHusi
HanpsixeHus1 X; B0 BMOpuYHoU yenu ¢ NPUbJIUXCeHUBM K PeXcumy «X0s0CmMo20 Xx00a» mpaHchopmamopa
(J;=0), unu nadeHue HanpsixeHus: 8 NepBuYHoU uenu Xi N0 Mepe BO3pacmaxusi moka Jj 80 BMopuyHol
yenu ¢ NPUBbJIUMEHUBM K PeXUMy «KOPOMKO20 3aMbIKaHUs» (Xi=0).

[pu NOCMOSIHCMBE YNOMSIHYMbIX KO3GPUUUEHMOB 3aKOHbI (22) u (23) MoxHO npedcmasums B8
bespazmepHol popme, He codepxcaused 3mux Ko3pduuueHmos:

Xi/Xjo + Ji/J = 1. (24)

Takas «be3pasmepHas» ¢opma 3mux 3dKOHOB NO3B0JIsem BBeCcmu ps0 Kpumepues nodobust
npoueccos NpeobpaszosaHuUs 3HepauU No aHaso2uu ¢ meopueli nodobus npouyeccos menioobmeHa. OOuH
U3 HUX COCMassieH U3 YnOMsHymbiX KodgguuueHmos (®=Lilj/Lil;) u aHanoeudeH no CMbICaY
COOMHOWEHUK PeakmuBHbIX U aKMUBHbLIX CONPOMUB/CHUU, U3BECMHOMY B pAdUOMexHUKe Kak
dobpomHocmb. OH u3meHsemcs om 0 00 oo U B03pACMAem C YMEHbWEeHUEM «aKMUBHbIX»
conpomussieHud, cosnadas (C MoYHOCMbH 00 MeMNepamypHO20 MHOXUMESS) C «KO3(ppuuUeHmom
dobpomHocmu» @, BBe0EHHbIM A.VMoppe B Kavecmse obobwarowel xapakmepucmuKku
MepMOo3/IeKMPUYECKUX 2eHepamopos.

Jlpyeol 6e3pasmepHbili Kpumepul MOXHO COCMABUMb U3 2PAHUYHbIX YCa08ul, 3a0dBaembix
OMHOWEHUeM MOoKa B HA2PYy3Ke B MeKyUeM pexcume J; U B pexume «KOPOmKO20 3aMbIKaHUS» Jik. mom
Kpumepud usmeHsiemcs om 0 B pexwume Xxoaocmozo xooa (J = 0) do 1 8 pexcume «KOPOMKO20
3ambikarusa» (X; = 0) u NOMOMY HA3B8aH HAMU KpUumMepuem Hazpy3ku YycmaHosKu [32]:

B =Ji/Jk=1=X /Xo. (25)

B Ka4Yecmse yHUBEPCA/IbHO20 onpedesisemMo20 Kpumepus Nooobus, Xapakmepusyrouie2o
apdekmusHocmb npouecca npeobpazosaHus 0bbiX GOPM 3Hepaul, Hamu NPEeOsIoHEH «MOULHOCMHOU
KTI1/]», npedcmasnsrouuti coboli omHoweHue MowHocmu Ha 8bixoode Nju Bxode N; npeobpasyrouie2o
ycmpodcmasa.

nw = Ni/Ni= - Xidy/XeJs (26)

Imom nokazamesib OMHOCUMCS K Kamez20puu omHocumesibHbix K4 u usmeHsemcsa om 0 (B
PEHUME «XOJI0CMO20 X00a» U «KOPOMKO20 3aMbIKaHUA» 00 1 8 omcymcmBaue Kakux bbl mo Hu 6bi10o
nomepb (Kak npu nepeHoce 3Hepauu Om UCMOYHUKA K npeobpasyroujemy ycmpolcmsy, mak u npu
npeobpazoBaHuU 3Hepeuu 8 Camom 3mom ycmpolcmse). B omsudue om u3BecmHbIX adbCOMOMHbIX U
omHocumesbHbIx KM/ 0H y4umbiBaem KUHemuKy npoyecca npeobpazoBaHus 3Hepauu U pexcum pabomai
YCMAHoBKU, M. e Xxdapakmepusyem  UCMUHHOe  MepMoOUHAMUYECKOe  COBepUIeHCMBO
3Hepeonpeobpasyrole2o YcmpolcmBad, OMpaXarouiee cmeneHb peanusayuu UM mex Bo3mMoxcHocmed,
Komopble npedocmassisiem emy npupood.

VIcnosib3ysi smu Kpumepuu, BbIPaMeHUro (24) MOXHO . 10 4 — 1.0
npudams  BUO  KPUMEPUAJIbHO20 YPABHEHUS Npoueccd g 09 |3 NNNpacd 0.9 2
3Hep2oNpespaleHUsI: g 08 V’\ 08 3

nw-(1-B)/(1+1/8®). (27) = o7 v 107 2

CoenacHo 3momy BbipaxceHuro, mowHocmHol Krg £ 08 V106 2
J1106020 /1uHeliHo20 npeobpaszosamesns 3HepeuuU 8 NOOOOHbIX S = 05 \ 05 =
yenosusx (B, @ = idem) oduHakos u obpaujaemcs 8 HyJib g 8'3 \ 8"31' S
08a#0bi (npu B =0 U 1) HE3ABUCUMO OM KOHCMPYKMUBHBIX & 0.2 \ Voo 5
ocoberHHocmel YcmaHoBKU. 3mo No380Ji5em NOCMpoumsb % 01 105 o1 g
YHUBEPCA/IbHYIO  HA2PY304HYKO  XAPAKMEPUCMUKY 3Hepo- & v B
npeobpasyroujux cucmem (puc.3), Komopas ompaj;caem 0 02 04 06 08 1.0
3aBUCUMOCMb  MOWHOCMHo20 KTl ycmaHosku mwn npu OrtHocuTenbHas Harpy3Ka
PA3/IUYHbIX — 3HAYeHUsx — Kpumepusi — 0obpomHocmu @ Puc.3. YHMBepCanbHbIe Harpy3oUHble
(cnaowHble Kpuskle), a makxe eé BbixooHol mowHocmu Ni. XapaKTEPUCTUKM TENNO0BbIX MALLMUH

om Haezpy3ku B (wmpuxnyHKMUpHasi auHusy). Kak ciedyem u3



PUCYHKa, MouwjHocmHol KT/ obpawaemcs 8 Hy/ib 0Bax3Obl: HA «X0/0CMOM X00y» ycmaHosKu (B=0,
Ji=0) u B pexcume «Kopomko20 3ambikaHus» (B=1, X;=0). [lo Mepe BO3pacmaHusi Hazpy3okK u yoaaeHuss om
pexuma «xosocmoeo xoda» K1/l sozpacmaem, docmuzas npu onpedesieHHol Hazpy3ke Makcumymd.
[MocnedHee umeem NpsIMoe OMHOWEeHUe K YCMAaHOBKAM, UCNO/b3YOULUM pPAOUaHMHYH SHepauro 3¢upa,
VKA3bIBAS HA CYUeCMBOBAHUE PeXUMOB UX pabomel, NPU KOMOPbIX BK/IAO 3MOU 3Hepeuu 8 BbIX00
NPOOYKMA U MOWIHOCMb YCMAHOBKU CMAHOBSIMCS 60/1ee 3aMemHbIMU.

CoenacHo puc. 1, KT/ ntobbix npeobpazosamernell 3Hepauu 8 pexcume MakcumasibHol MoWHOCMU
He npesbiwaem 50%. [llpu smom paszHuua 8 Kl ycmaHoBoOK ¢ pasauyHol «006pOmMHOCMbHO»
CMaHoBUMCA Manao3amemHod. 3mo 06cmosmesibCmBo BCKPbiBaem becnepcnek-musHOCMb NO2OHU 3d
BbicOKUMU KT]/[] 3HepeoycmaHoBOK, NpedHa3HaYyeHHbIX 01 NOKPbIMUS NUKOBOU MOWHOCMU UJIU
paboms! HA GOPCUPOBAHHBIX pexcumax. Takum obpazom, omkKas om UCNOJIb30BAHUS SHMPONUU 0Jis]
HAaxox0eHuss O0BUXCYUIUX CUJST U NOMOKOB 3HepeoHoumesiel N0380Jem He MmoJibko 00NOHUMb
K/IQCCUYeCKyro  Meopuro  MensioBbiX — MAWUH — dHAJu3oM — B3AUMOCBSI3U — MePMOOUHAMUYeckol
appekmusHocmu (KI/L) ¢ eé mowHocmbro N, HO U 00KA3ame NPUHUUNUA/IbHOE e0UHCMBO 3aKOHOB
npeobpasosaHus Bce @opm 3Hepeuu [32]. Imo ewé pa3 oOokasbiBaem uesecoobpazHocmse
NepuoouYecKko20 NEePeoCMbIC/IeHUS U PeBU3UU YCMOSBUIUXCS 002M.

7. 3ak/oyeHue

1. Heobxooumocmb NOUCKA a/IbMEepHamuBbl NOHAMUKO SHMPonuu 06YCc/108/1eHa BONUUWUM
npomusopeyuem eé cnedcmaul HabsrdaeMomy Xxapakmepy NpPoueccos BO BceneHHOU u 380/H0U4UU
buosnoeudeckux cucmem. 3mo NpomuBopeyue suwaem MmepMOOUHAMUKY Cmamyca Jso2udecku
HenpomuBsope4usol meopuu, 0CHOBAHHOU Ha onbime, a npu dasbHedwem eé 06obueHuu Ha OMmKpPbIMbIe,
NOAUBAPUAHMHbIE U HEOOHOPOOHbIE CUCMEMbI NPUBOOUM K UesioMy psSdy NApasio2u3mMos, COeaBuiux
SHMPONUH «pakoBol ONYX0/IbH» MEPMOOUHAMUKU.

2. lpuduHol HecoomsemcmBuUs NOHIMUS 3HMPONUU cyuiecmay 0ena Ssasgemcs ouwuboyHoe
OesneHue P. Knay3uycom 3Hep2oobMeHa cucmemsi ¢ oKpyxarouel cpedol Ha mensiomy u pabomy, 4mo
CMaso 04eBUOHbIM MOJILKO C Nepexo0oM K UCC/Ie00BAHUK) OMKPbIMbIX U NOAUBAPUAHMHBIX CUCMEM.
Toeda u Ob6HAPYMU/IOCH, YMO KOMOPbIX UCMUHHAS «IUHUS B000pazdesna» Npoxooum He Mexy
mensomol u pabomol, a Mexdy MmexHUYeCKUMU U HemexHU4YeckuMu Budamu pabomsl Kak
KOJIUYeCMBEHHbIMU ~ Mepamu  NPUHUUNUAIbHO — PA3/IUYHbIX  NPOUECCOB  3HepeonpespalieHusl U
SHepaonepeHocd.

3. lMoomeHa P. Knay3uycom nOHSMUS «mensiombl mMesa» Kak KoJu4ecmseHHOU Mepbl e2o
BHympeHHel mensioBold 3Hepeuu U 6osiee y3KkuMm noHsmuem «mensiombl npouecca» Q Kak
Kosiu4ecmseHHolU Mepol npouecca menoobMeHa 02paHuyusId MepMOOUHAMUKY PAccMompeHuem
PABHOBECHbIX CUCMeEM U 06pamuMbIX NPOYECCOB, Y KOMOPbIX OMCYMCMBYHOM BHYMPeHHUe UCMOYHUKU
mensa. 3mMo NPespamusio  KadcCu4yeckyro mepmMoouHamuky Knaysuyca B8 —mepMoCmamuky,
02PAHUYUBAOULYHOCS U3YHeHUEM PABHOBECHbIX CUCMEM U BECKOHEYHO MedJIeHHbIX NPOUECCOB.

4. [loOMeHa NpUHYUNA UCK/IHOYEHHO20 MOHOMEPMUYeCKo20 0BU2AMesIs 3aKOHOM BO3pAc-maHusl
SHMponuu nopoousna npobsiemy MepMOOUHAMUYECKUX HEepaseHCma U npusesd K BONUUEeMy
npomuBopeYUrd MepMOOUHaMUKU ¢ meopuell buoso2udeckol 380/1H0UUU U K oWUbOYHOMY BbIBOOY O
HeusbexcHocmu «menJsiosol cMepmu» BcesieHHod, m. e. Cyw,ecmBoBaHuro B Hell «CmpeJsibl BDeMeHU.

5. 3ameHa >sHmMponuu 6bonee obwum U A0eKBAMHbLIM NAPAMEMPOM — KOJUYeCmBOM
Heynopss0o4YeHHo20 0BUMeHUS (MepMOoUMNYJ/IbCOM), CNOCObHBLIM KAk B03pACmMams, Mak u ybbiBams B
peasibHbIX NPoUeccax, YyCmpaHsem BCe NPOMuUBOPeYUs MepMOOUHAMUKU, BO3Bpauidem 3Hepauu eé
U3HAYa/IbHbIU CMbIC/T «XUBOU CU/bI» U 0e/1aem mepMoOUHAMUKY camodocmamoyHol meopued, He
mpebyrowiel NpuBIeYeHUs] MOSIEKY/IIPHO-KUHemuUYecKol U CMamucmuKko-MexaHu4eckold meopuu.

6. 3ameHa 3HMpPoONUU «MEepMOUMNYILCOM» CHUMAem 02paHUYeHUs Ha cgepy NnpumMeHu-mocmu
Kaaccuyeckol mepmMoOUHAMUKU U NO3B0JISem pAcnpoCmMpaHums €€ Ha U30/IUPOBAHHbIE CUCMeEMb] U
0606wWuMb 00 YPOBHS MEopuU MOUSHOCMU PeasibHbIX NPOUECCOB NepeHoca U NpeobpazoBaHust obbix
popm 3Hepauu.

7. BeedeHue Hedocmaroujux Napamempos NPOCMPAaHCMBeHHOU HeoOHOPOOHOCMU yCmpaHsiem
xapakmepHbit 0/15 THIT npou3sosn 8 Bbibope mepmoOuHAMUYecKux CuJi U NOMOKOB U N03B80JSem
Haxooums UX He Ha OCHOBE 3HMPONUU U ypasHeHull eé 6anaHca, a HenocpedCmBeHHO U3 3aKOHA
COXPaHeHUs1 3Hepeuu, Ymo CyuecmaeHHO ynpouwsaem u3yyeHue KUHemuKu Heobpamumbix NPOUECccos U
ycmparsiem  psd eé napasioeusmoBs, BKIKOYAS BO3HUKHOBEHUE MepMOOUHAMUYecKux HepaseHCms,
OMpUUAHUe 380/1HUUU U NpedCcKkasaHue «mensiosol cmepmu» BceneHHOU.

8. Y4ém Hapsdy ¢ nocmynamesibHbIM U BpawamesibHbIM 0BUMXEeHUeM e20 KosebamesbHol
cocmassisrowed  BO3BpAWAEM  NOHSIMUK — 3Hepauu  eé  npocmol U SICHbIG  CMbIC/T  Mepbl



pabomocnocobHocmu cucmemsl U NO38078em NoJy4ums 6osiee a0ekBamHoe peasiusiM BblpaxceHue
30KOHA eé coxpaHeHus, eduHoe 0715 Bcex pyHOamMeHmMasabHbIX OUCUUNIUH.

[pu3HaHue mepmoumMny/ibca UCMUHHbIM Hocumesnem mensioBol (GopmMbl 3Hepauu No3sosisem
BEpHYyMb KAk Mepbl Kosudyecmsa HeynopsidodeHHoU (KosebamesibHol) popMbl BHYMPEHHE20 0BUMEHUS
U mem CambIM NOKOHYUMb ¢ cumyayuel, Ko20a «CoBpemMeHHas Gu3uka He 3Haem, Ymo maxkoe SHepausi»
[20]. HakoHeu, 3mom napamemp Ha mpebyem npussieqYeHus MOoJIeKY/ISpHO-KUHemuyYyeckol u
CMamucmuKo-mMexaHu4yeckod meopuu 0719 uHmepnpemayuu e2o Guau4yeckoeo CMbic/id, Ymo oesaem
MepMOoOUHAMUKY camodocmamoyHold meopuel. Huxe Mbl paccMompum Haubosiee BaxcHble C/1e0cmBus
maxod 3amMeHbl.

9. MpusnoxceHue 3Hep200UHAMUKU K HepaBHOBECHbIM CUCMEeMAam No3B80J1siem NPeodoXums bosee
Hazns10Hble HeaHmMponulHble Kpumepuu 3B0/1H0UUU U PABHOBECUS HCUBbIX U HeXUBbIX cucmem, bosee
UHGOpMamuBHble U yHUBEPCAsIbHbIE Kpumepuu 3¢pgekmusHOCMU MensiosbiX U Hemens08bIX MAWUH, U
0oKazamse e0UHCMBO 3aKOHOB NPEobPA30BAHUST «IHMPONUUHBIX» U «HEIHMPONUUHbIX» POPM SHEp2uU.

10. MpusoxceHue 3Hep200UHAMUKU K HepaBHOBECHbIM U U30/IUPOBAHHBIM CUCMEMAam BCKPbIBAem
Heu36exHOCMb 00HOBPEMEHHO20 BO3HUKHOBEHUS 8 HUX PeakcayUOHHbIX NPOUeccos, U NPoueccos,
HanpasJieHHbIX «NPOMUB pABHOBECUS», YMO YCMPAHAEm NPoMUBOpeYUe MepMOOUHAMUKU C 380J1rouuel
U OMKPbIBAEM BO3MOXCHOCMb He 02PAHUYEHHO20 BpemMeHemM U NPOCMPAHCMBOM (pYHKUUOHUPOBAHUS
BceneHHoU, MUHys COCMOsHUe paBHOBECUS.
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Abstract

The work is devoted to the study of the qualitative indicators of the functioning of computer
networks with priority service. In this work, mathematical models are developed that make it
possible to assess the quality of functioning of modern computer networks, taking into account
the number of channels, waiting places in network nodes and the number of network nodes. The
calculations have been brought to the point of obtaining numerical data for engineering use in the
design of computer networks and assessing the quality of the functioning of existing nodes of
computer networks

- The developed algorithms for calculating the optimization of the parameters of a switching
node operating on a combined service system make it possible to determine the most optimal
options for designing computer networks.

- The proposed calculation methods allow to determine the delivery time, the number of
packets in the queue, the probability of failure of the request flow in multi-channel multi-node
computer networks with a limited queue and absolute priority. These methods are suitable for both
designed and operating computer networks. The proposed technique makes it possible to
determine the number of packets in the queue and the optimal amount of buffer memory in
computer network nodes.

- The proposed methods for calculating the probability of failures and the probability of
timely delivery of a stream of requests make it possible to determine the real values of the
qualitative indicators of the functioning of computer networks.



AHHomayus

Paboma nocssujeHa ucciedoBaHuUK) KayecmseHHbIX nokazameseld GYHKUUOHUPOBAHUS
KOMNbOMEPHbIX cemel ¢ NpUOpUMEMHbIM 06C/yxuBaHuem. B smod pabome pazpabamsigaromcs
mamemamuyeckue modenu, Komopble 0arm  BO3MOXHOCMb OUeHUMb  Kayecmaa
YHKUUOHUPOBAHUS COBPEMEHHbIX KOMNbHOMEPHbIX cemell C y4emom Ko/lu4ecmsd KaHaaos, Mecm
oXcuOaHul 8 y31ax cemu U Koiu4yecmaso y3/108 cemu. Pacyemsi 008e0eHb! 00 NOJYHeHUS YUCI0BbIX
O0aHHbIX 0JI UHMEeHepHO20 UCNOJ/Ib30BAHUS NPU NPOEKMUPOBAHUU KOMNbHOMEPHbIX cemel u
OUEHKU Ka4yecmaa GyHKUUOHUPOBAHUS CYU,eCmBYHOWLUX Y3/108 KOMNbOMeEPHbIX cemedl.

- PazpabomarHbie aseopummbi pacyema onmumu3auuu Napamempos KOMMYMAauUOHHO20
y3/1a, pabomarowje2o No KOMOUHUPOBAHHOU cucmeme 0OC/IYXUBAHUS], NO3BOJIIKOM ONpedesiumsb
Haubosee onmumasibHbIe BapUAHMbI NPOEKMUPOBAHUSI KOMNbOMEPHbIX cemed.

-[Ipeodnox3ceHHble MemoObl paAcyemos NO3BOJAOM onpedesums BpemMs 00CMABKU,
KO/Iu4ecmao nakemos 8 04epeodl, BEpOSIMHOCMU OMKA308 NOMOKA 3aNPOCOB B MHO20KAHA/IbHbIX
MHO20Y3/10BbIX ~ KOMNbIOMEPHbIX CemsX C 02paHu4yeHHol o4epedbto U abCosIoOMHbIM
npuopumemom. Smu Memoobl NPU20OHbI KAK 019 npoekmupyemod, mak u 0714 oelicmayrouwiel
KoMnbtomepHHoU cemu. [IpedsioxeHHas Memoouka nNo380sem onpedeums KoJu4yecmso
nakemos B8 o4epedu U ONMUMAsbHbIO 0bbem bypepHol namsamu B y3/1ax KOMNboMepHbIX cemed.

-[pedioxceHHble  MemoObl  pacyemd BepOSMHOCMU  OMKA308 U  BEPOSMHOCMU
cBoespemeHHol 00CMasku NOMOKA 3aNpoCOB NO3BOJISHOM ONPeoesUums PedsbHble 3HAYeHUs
Ka4ecmaeHHbIX Nokazamesnel pyHKUUOHUPOBAHUS KOMNbOMeEPHbIX cemell.

Keywords: computer network, multichannel, multi-node, probability, calculation, load,
number, waiting places, priority, algorithm, multiplexing method, buffer memory, video
information, digital communication lines, switching devices

KntoqeBble c/i0Ba: KOMNbOMEPHAsl CemMb, AHAUMUYeCKUX Mooesi, BepOSIMHOCMb, pAcYyém,
Hazpy3Kka, Ko/su4ecmso, Mecm oxcudaHul, npuopumem, an2opumm., O6yodepHas namsme,
BUOEOUHPOPMayUs, KOMMYMAuyUOHHbIE Yycmpolcmad.

PeweHue npobnem obmeHa 0aHHbIMU B KOMNbHOMEPHbLIX CeMSX MOMCHO NOJIy4UMb C NOMOULbIO
aHanaumuyeckux mooesiel, 0CHOBAHHbIX HA meopuu o4epedel. B pabome [1] codepxcumcs demasibHoe
obcyxoeHUe npuioxceHull aHaau3a oyepeodel, a MAKKe MHOMEeCcmBOo XOpowlo npopabomarHbIX
npumepos. B pabome [2] obcyxc0aromca aHanu3s u MooeiupoBaHus cucmem oqyepeoel. B pabomax [3;4]
CO0epUMCA  Kaccudyeckas UuHmepnpemauuss meopuu oyepedell ¢ 0emasbHbiM 06CyxoeHuem
KomnbromepHbix cemell. B pabome [5-9] BbinosiHeH aHanus oyepedel C NPUOPUMEMAMU K OOHOMY
cepsepy. Paccmompum modesib  o4epedu K 00HOMY cepsepy. Ha puc.1.1. npusedeHa cmpykmypa u
napamemps! cucmemsi o4epedeli C 00HUM CEPBEPOM.

Moctynnenune Ouepenb
OTtnpasneHnsa

v
A

Cepsep >

A-CKOpPOCTb

PUC.1.1. CTPYKTYPA U [TAPAMETPbI CCTEMbI OYEPE/EV C OZJHVM CEPBEPOM
Huxce nepeyuciieHbl Hekomopble 0603Ha4YeHus, Komopsble 8 dasbHedwem 6y0ym UCno/1b308aHbI:

o« A- CKOpPOCMb NOCMYNJIeHUS, MO eCmb CpedHee KoJIu4ecmBso NOCMYNAaroUUx B CeKyHoy
3anpocos;
o P -Ko3ppuyueHm ucnosib308aHus (Hazpy3Ka);

. Ts — CcpedHee Bpemsi 0OC/IYHUBAHUS KAX0020 3anpoca; B MO Bpems He BX00Um Bpems
OXCUOAHUSA B 04epedu;
o O. T~ CpedHeKBaopamu4YHoe OMK/AOHeHUe BpemMeHU 0OCYyHUBAHUS,
S

e O — KO3ppuyueHm ucnosb308aHusl; 008 BpemMeHU, KOMOPYHo cepsep (cepsepbl) 3aHmM,



r— cpeaHee KOJIu4ecmaso 3anpocos 8 cucmeme, O)KU@CII'OLL{UX u O6C/7y)1‘(UBCI€MbIX,'

° R_ KOJIu4ecmso 3anpocos 8 cucmeme, O)KuaGI-OLL{UX u O6C/7y)+CUBGeMbIX,'

Tr — CpedHee Bpems, KoOmopoe 3anpoc NPOBOOUM B cUCMeMe;

. TR — Bpems, KOmopoe 3anpoc NPOBOOUM B CUCMeEME;

e O r cpedHeksaopamuyHoe omkioHeHue I ;

O. T CpedHeKBaopamu4yHoe OmKJIoHeHue Tr ;
r

W— cpedree konugecmso 3anpocos, oxcuddarouiux 06C/IyHUBAHUS]
O, cpedHeksadpamuyHoe omkiorerHue W ;

TW — CpedHee BpemMs OXUOAHUS (BK/IHOYAS 3aNPOChI C HYJ1EBbIM BPEeMeHeM OXUOAHUS);

T q- CpeOHee BpemMs OXUOAHUS (UCKTHYAs 3anpoChl C HY1€8bIM BpeMeHeM OXUOAHUS);

° H - KOJIU4ecmaso cepBsepos,

. mX (y) — Y - npouermuns, 3mo 3Haqerue, Huxce komopozo senuyuHa X 8cmpeyaemcs

4acmomodi Y .

Teopemuyeckull Makcumym Bxo0HoU CKOpocmu, npu komopol cucmema 6ydem ycnesams
obpabamsiBamse BCe 3anNpoCkl, PABEH:

ﬂ‘max -1 -
TS
OCHOBHbIE COOMHOWIEHUS meopuu oYepedeli npu 0OHOM cepaepe Credyroujue:

I’:/’LTr - popmyna Jlummina, Tr :TW +TS. [pu 00HOM cepsepe ,OZ/ITS ulF=W+p.
Jina copmyny pzﬁTS cocqumaem cpeodHul UHMepBas BpemMeHU Mexdy NOCMynJeHUem

3anpocos T:]./Z, Ecnu 3HavyeHue T bosbwe, 4em TS KOBngbUL{UQHm ucnoJib30B8AHUA paseH

Ts / T ZZTS. lpu p=1 Hacmynaem HacblweHue, cepsep pabomaem 100% BpemeHu. U3

npakmuyeckux coobpaxceHul, BX00HAs CKOPOCMb o2paHudusaemcss yposHem 70-90 % om
meopemu4yecko20 Makcumyma.
HecnoxHo Budems, YmMo Bpems, Komopoe 3anpoc NPosooum 8 cucmeme, npedcmassisem coboll

CYMMY BpemMeHU OXUOAHUS U BpemMeHU 0bC/y#UuBAHUS. Takum 06pazom, 8 CpeoHeM, Tr = Tw +TS.

Mo cKosbKY 3anpockbl NpUbbIBAOM CO CKOPOCMBHD /1 MOXMHO CYUMAMb, YMO 3d Bpems Tw

00J1#CHO NOCMYyNUMb ZTW 3anpocos. Takum obpazom \W = /1TW Take MOXHO BbiBECMU pOPMYJTy

r=AT,.

[pexde yem BbiIBOOUMb JIt0bble aHaaumuyeckue ypasHeHus 015 modesau odepedel, ciedyem
Bblbpams onpedesieHHbIe K/itoYeBble XapakmepucmuKu MOOesIU, KOMOpPbIe NPUBEOeHbI HUMEe:!

1. CoBOKYNHOCMb 3anpocos. 3anpockbl NOCMYNArom OmM UCMOYHUKA COBOKYNHOCMU HACMOJIbKO
60/16WOU, YMO OHA MOXEM CHUMAMbCA beckoHeyHoU. ECIU COBOKYNHOCMb KOHEYHOo, mo20d ee pasmep
YMeHbWAaemcs N0 Mepe Mo2o, KaK 3anpockli nocmynarom 8 cucmemy. ObbI4HO cemesbie U CepBepHbIe
npobsiembl MO2ym peuwiamsCcs NpU donyuweHuU 0 6eckoHeyHol COBOKYNHOCMU.

2. Pazmep o4epedu. lpednosazaemcs beckoHeYHbIl pasmep o4epedu, mo eCmb 04epedb MOXEm
PACMU Heo2paHu4yeHHo. Ha npakmuke BCAKAas oyepedb KOHEeYHd, HO BO MHO2UX C/1y4dsX 3mMo He
0Ka3bIBAeM CyUeCmBeHHO20 BJIUSHUS HA AHAIU3.




3. AucyunsuHa ducnemyepusayuu. Obujul Nooxo0d 3aKk1H4aemcs 8 UCNO/b30BAHUU QUCUUNIIUHBI
oucnemyepusayul, OCHOBAHHOU HA OMHOCUME/bHbIX NPUOPUMEMax. Hanpumep, mMapuipymusamop
MOXCem y4umabIBAmMb UHGOPMAUUO O Ka4ecmae 0b6C/Ty@#UBAHUS.

Bxo0HoU uHgopmayuel 019 o4epedu A819emcs:

e CKOpoCmMb NOCMYyNJIeHUS 3aNpOCoB (ﬂ,) )

e Bpems 0bCymuBaHus (T s) :

» Konuyecmso cepsepos (H ) :

3adaya aHanuza o4epeded 3ak/o4aemcss B8 MOM, Ymobbl HA OCHOBAHUU MAkoU BXOOHOU
UHGOpMauuu Nosy4UMs CE0YHULYH UHPOPMAUULO HA BbIXO0E:
o Kosuyecmso oxcudarouux 3anpocos (W).

e Bpems oxudaHus (T W).

e Kosuyecmso 3anpocos 8 o4epedu (I ).
o Bpems Haxoxo0eHus 3anpoca 8 cucmeme (Tr) )

Ham HyxcHo 8 nepsyro o4epedb 3HamMb UX CPEOHUEe 3HAYeHUS (W, TW, r,Tr) .

Kpome mo2o Nnose3Ho 3Hameb CPEOHeKBAOpamu4yHoe OMKJIOHeHUe Kaxcool u3 3Mmux BesudyuH
(G r,G ,O'W, GT ) lpu npoekmuposaHuu bygdepa mapuwipymusamopa uau MyJibmunieKkcopd,
r w

Nosie3Ho 3Hameb pasmep bydepa, BeposmHOCMb NEPENOIHeHUS Komopo2o He npesocxodum 0,001.
Huxce npusedeHbl Hekomopble popmy.ibl 015 o4epedu K 00HOMY cepaepy ,4acmoma NOCMYNJIeHUs
3anpocos pacnpedesieHa no [lyaccoHy, a UHMepPBAsibl BpemeHu OOCAYHUBAHUA NOOYUHSAIOMCSA

NPoU3BOJILHOMY pacnpedesieHuro. ¥Icnosib308aHue Ko3gdouyueHma macwmabupoBaHus A nossongem
Ynpocmums ¢opmysibl 019 HEKOMOPbIX KJIHOYEBbIX BbIXOOHbIX NepeMeHHbIX [5-9):

2
oT
1 S
== —_— . 1.1
A= 1+ To (1.1)
CpedHee Koiu4ecmao 3anpocos 8 cucmeme, oxcudarowux u obcayxcusaemoix (I ):
2
r=p+ M . (1.2)
I-p
CpedHee Kosudecmao 3anpocos, oxudaroujux obcmyxusarus (\W):
2
w=PA (1.3)
I-p

CpedHee Bpems, Komopoe 3anpoc NPOBOOUMb B CUCMemMe (Tr )

Tr =TS+%“IOA. (1.4)

®@opmysbi (1.4) MoxcHO nepesecmu 8 c/1edyrouuli BUO:

T, _[=p@-A] (1.5)
T 1-p
CpedHee s8pems oxcudaHus ( TW ):
T = PTsA (1.6)



Koeda cpedHekBadpamu4yHoe OMKJ/I0HeHUe BpemeHuU 06CYHUBAHUS PABHO CPEOHeMY 3HAYEHU!O,
pacnpeoesieHue BpemeHU 06CaYHUBAHUA ABAAEMCS IKCNOHEHUUAIbHbIM (M IM/ 1) pu 3mom

Ko3pduyueHm macumabuposaHus A=l v popmynbr (1.2), (1.3), (1.4) u (1.6) npumym credyrouwjue
BUObI:

I’=L ; (1.7)
I-p
2
W:L : (1.8)
1-p°
Tr = Ts ; (1.9)
I-p
T
W Pls . (1.10)
1-p
g 0aHHoeo cyyas cpedHeksadpamuyHbie omkiaoHeHus I u Tr onpedesisitomcs
C/1edyrouUMU OPMYIaMU:
o =7'0,- (1.11)
r 1_ p
o. = TS (1.12)
Tr 1-p '

Ko2da cpedHee KBAOpamu4yHoe OMKI/IOHeHUe BpemMeHU  ObCYXUBAHUS — PABHO  HYJIK,
pacnpedesieHue BpemeHu 06C/IyHUBAHUSA SBJISeMCS NOCMOSHHbIM (M / D/ 1) . [pu 3mom gpopmyibi
(1.7) - (1.12) npumym cnedyroujue Buobl:

r= j]%+ Jo (1.13)

Tr = Tzs((f__;;) , (1.15)
T
o =15 o P’ (1.18)

T, 1-pV3 12

Pe3yibmamai aHaau308 no NpuBeodeHHbIM opMy1am NOKA3AHb! HA pucyHKax 1.2 u 1.3. Ha puc. 1.2.
NOKA3aHb! 2paduKU 3aBUCUMOCMU cpedHee Kosuyecmso 3anpocos 8 cucmeme () om Hazpysok ( L)
NoCMpoeHHbIe no 3asucumocmu 1.13.



N3meHeHMe cpeaHee KONMMYeCTBO 3anpocoB
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Harpy3ka

Puc. 1.2. Mpaguku 3asucumocmu cpedHee kosudecmso 3anpocos 8 cucmeme (') om Haepysok (
L) S= o /T
S

S

Ha puc.1.2. kpusas npu S =O'.|_ / TS:7 coomsemcmayem pacnpeodesieHuro BpemeHuU
S

06C/YHUBAHUK SKCNOHEHUUAIbHOMY, MO €CMb pacdemy coomsemcmayem ¢opmysaa 1.7.,Kpusas npu

S =O'T / TS =0 coomsemcmayem pacnpeoesieHurd BpemeHU 06C/YHUBAHUK NOCMOSHHOMY, MO
S

ecms pacyemy coomsemcmayem ¢opmyna 1.9.

AHAIU3 KpUBbIX PUC. 1.2. NOKA3bIBAOM, YMO CPEOHee KoJIuHecma0 3anpocos 8 o4epedu NPU 0OHUX
YCI0BUSIX 071 CUCMeM C 3KCNOHeHUUA/IbHbIM BpemMeHU 00C/1yxuBaHue pacmem bbicmpee, Yem npu
NOCMOSIHHOM BpemeHU 0bCyxuBaHus. Tak, Hanpumep, npu Haepy3ke p =0.84 odng cucmem c
3KCNOHeHUUA/IbHbIM BpeMeHeM 0OC/IYyXUBAHUS YUC/IO NAKeMOoB pasHo 7,8.

Ha puc.1.3.npusedeHbi 2paguku 3aBucuMocmu cpedHe2o BpemeHu npebbisaHus 8 cucmeme (

Tr / Ts ) om Haepysku (T).



N3meHeHMe cpeaHero BpemMeHu npe6b|BaHm| B o4yepeaun
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Harpy3ka

Puc.1.3. [paguku 3aB8ucuMocmu cpedHe20 BpemeHuU NpebbiBaHuUs 8 cucmeme (T ; / Ts) om

Hazpysku (), S = o / TS

S

Ha puc.1.3. kpusas npu S =O'T / TS:7 coomsemcmayem pacnpedesieHuro BpemeHu
S

06C/IYHUBAHUKO SKCNOHEHUUAIbHOMY, MO eCmb pacyemy coomsemcmsyem ¢opmysa 1.11.,Kkpusas npu

S :GT / Ts =0 coomsemcmByem pacnpedesneHur0 BpemMeHu 0b6C/yXUBAHUK NOCMOSHHOMY, MO
S

ecms pacdemy coomsemcmsyem ¢opmysaa 1.15.
Onpedengem npoueHmMusb 018 10bol  O/lUuHbI  o4epedu. Ymobbl nosy4ums  NPOUEHMUIIU,

BOCNOJIb3yemMcs opmysioll 011 Cxembl M / M / 1 [5-9]:

Pri[R=H]=(1-p)p". (1.19)

Ymobsi cocqumama y -t npoueHmu/ib 0UHbI 04epedu, Hanuuwiem paseHcmao 1.19. 8
cedyrouem suoe:

m(y) Kk 1+m (y)
= > (=p)p'=1—p "7 (1.20)
K=1

30eck mr(y) npedcmasnisem cobol MakcumasabHoe KOoJU4ecmBO NAKemoB B 04Yepeodu,

oxcudaemoe Y npoueHmos spemeru. Ecnu nposozapupmuposams obe 4acmu paseHcmsa 2.20,
NOJTYHUM:

y
In(1- )
_ 1007 _
me(Y)=—,~ 1 (1.21)

Ecnu mr(y) OpobHoe, okpyerium e20 00 uesno20 8 60JbUWYH CMOPOHY. Eciu mr (y)

ompuyameJibHoe, YyCmaHoBUM e20 pasHbIM HYJIFO.



Jonycmum:

- 1=10 nakemoas/c;
e CpedHsis 0nuHa nakema 144 6alim=144.8=152 6um.
e [IponyckHas ckopocms iuHuu 19200 bumy/c;

° TS =1152/19200=006¢-
* ,0=/1TS =10-006=0,6cC"
. Tr :TS /( 1-p ) =0.15C - cpedHee Bpems npebbisarus 3anpoca Ha Mapwpymu3amope;

o I = pl(1— p) =15 nakemos - cpedree qucsio pesuderHmHbix 3anpocos.
B Hawem npumepe =06, u mbr xomum vatimu M (70), M (80) u m (90):

_InA-0,70) ;1 an-
m (710) =" o) | L=138

_In(-0.80) 1 _ o1z
m (80) =" oG ~1=215

_In(=090) 1 _ g1,
m(90) =" o) 1=35L

Takum obpaszom , 70% BpemeHu 8 o4epedu Haxooumcs mMeHee 08yx nakemos, 80% BpemeHu 8
o4epedu Haxooumcs MeHee mpex nakemos u 90% BpemeHuU B o4epedu Haxooumcs MeHee Yembipex
nakemos. Eciu Haw npoekm 0oJsxeH yoosaemaopams 90-My npoueHmusio, paamep bygdepa oosmHeH
BMeuwams No MeHbel Mepe Yembipe NAKemMos.

B mabauye 1.1.npusedeHbl pe3ysibmamasl pacyemos KOu4ecmBso NAakemos B8 oyepedu npu
PA3/IUYHbIX 3HAYeHUSX NPOUEHMUJIS.

Tab.1.
Pe3ysiemamasi pac4emos Kosiudecmao nakemos (y=70% - 95%)
Hazpyska [poueHmu/iu Npu 0OHOM cepaepe
p y=70% y=75% y=80% y=85% y=90% y=95%
0,3 0 0,15 0,34 0,58 0,91 1,49
0,36 0,18 0,36 0,58 0,86 1,25 1,93
0,42 0,39 0,6 0,86 1,19 1,65 2,45
0,48 0,64 0,89 1,19 1,58 2,14 3,08
0,54 0,95 1,25 1,61 2,08 2,74 3,86
0,6 1,36 1,71 2,15 2,71 3,51 4,86
0,66 1,90 2,34 2,87 3,56 4 54 6,21
0,72 2,67 3,22 3,90 4,78 6,01 812
0,78 3,85 4,58 5,48 6,64 827 11,06
0,84 591 6,95 823 9,88 12,21 16,18
0,9 10,43 12,16 14,28 17,01 20,85 27,43
0,96 28,49 32,96 38,43 4547 55,40 72,39
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Abstract

The article studies the main factors affecting the contact network of wind loads on the
Uzbek railways. An analysis of the influence of the design parameters of contact suspensions on
the coefficient of elasticity variability and graphs of the dependence of the coefficient of variability
of elasticity are given.

AHHOMauyus

B cmamabe onuckbiBaemcs Ucc/1e008aHuUe 0CHOBHbIX PAKMOPOB, B/IUSHOULUE HA KOHMAKMHYH
cemb BempoBble HAa2py3KU Ha Y36eKCKUX Hene3HO00POXCHbIX NyMsX. [IpusedeHbl aHaIu3 BAUsSHUE
KOHCMPYKMUBHbBIX NAPAMemMpPOB KOHMAKMHbIX NOOBECOK HA KO3¢duyueHm HenocmosHCmMAaa
3/1aCMUYHOCMU U 2pAPUKU 3dBUCUMOCMU KO3PdULUEHMA HenoCmoaHCMBAd 3/1aCMUYHOCMU.

Keywords: elasticity variability coefficient, research, result, contact network, railway line,
wind speed.

Kntoqesble €108a: Ko3gouyueHm HenocmosHCMBA 3/1IaCMUYHOCMU,  UCC/Ie00BaHUe,
pe3ysibmam, KOHMAxKmMHasi Cema, #es1e3H000POHCHASA JIUHUS, CKOPOCMb Bempd.

lpasumenbcmao Pecnybiuku Y3bekucman yoengem ocoboe BHUMAaHuUe YCKOPeHHOMY pa3sumuro
MPAHCNOPMHO-KOMMYHUKAUUOHHBIX CUCMEM B UesX pa3Bumus Haulel 3KOHOMUKU.

Y3bekckas xenezHas dopoea smopol B8 CHIT nocine Poccuu, 3anycmusia BbICOKOCKOPOCMHOe
0BUMeHUE NACCAaXCUPCKUX Noe3008 ¢ noe3damu Afrosiyob Ha cneuyuasibHol nepecmpoeHHoU 015 3Mo2o
JIUHUU U3 CMOosuybl TawkeHma 00 mpembez20 No BesuduHe 2o0poda Y3bekucmaHa — CamapkaHoa.
Mo3xce nuHus bbiaa npodeHa 0o byxapsi.

Ha ce2o0HawHUU O0eHb obwias pazsepHymas 0uHa 2i1asHbix nymeld AO «Y3bekucmaHd memup
dyanapu» no cocmosiHuto Ha 1 sHeaps 2023 2oda cocmasuna bonee 7400 kumomempos, 2500
KUJI0MempoB U3 HUX 3/1eKmpuduuuUpoBaHsb!

Peasiusyromcs NpoeKmabl 371eKmMpuduUKayuUU xcese3Hbix dopoe Hawel CmpakHsbl. B uessx NoBbILEeHUSs
IPeKMUBHOCMU HE/1e3HOO0POIHBLIX NEePEBO30K, NOBbLILWIEHUS KAYeCmBaad 0bCYy#UBAHUS NACCAMXUPOB
JUHUU  MapakaHo-Kapwu, Kapuwiu-Tepmez u  Tawkem-CamapkaHo-byxapa u Kapwu-Kumab 6biiu
ONMUMU3UPOBAHBI U OCHAULeHbI CKOPOCMHBIMU NOe30amu.
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Ocoboe BHUMAHUe Npu 31eKmpuduUKayUU Hcesne3Hbix dopoe yoessemcst K OCHOBHbIM mpebosaHuem
K KOHMAaKmMHbIM NOOBECKAM, pacCYUmMAaHHbIM Ha BbICOKUE CKOPOCMU OBUMCEHUS, KAK Yye YKa3biBaioCh,
ABIAEMCA BO3MOMCHO OO/IbUIEE NOCMOSHCMBO ee 3/1aCMUYHOCMU B nposieme. VoeasbHbIl cay4Yal 8
3MOM OMHOWEeHUU - MOom, K020d 371aCMuYHOCMb BO BCEX MOYKAX NPOJIEMAa 00UHAKOBA, M.e. Ko20d
KO3¢puyueHm HenocmosHCMABA 3/1acCmuYHOCMU, Npedcmasnsouul cobol OmHoweHue 3HaYyeHus
371aCMUYHOCMU B CepeduHe NPosema nNe K 3Ha4eHUro Yy 0Nopbl Non PABEH e0UHUUE:

Kon = /7c//70n =1.

Snacmu4yHocmb 00UHApHOU KOHMAakmHoU NooBecku B cepeduHe nposema NPOoNOPUUOHAsTbHA
onuHe nponema [ u obpamHo NPoONOPUUOHA/IbHA CYMMe HamsxeHUl Bcex nposooos, 06pa3yrUiUX
KOHMAKMHyH NOOBECKY.

21acmu4YHocmb peccopHol KOHMAkmHoU NOOBECKU Yy onopbl (N00 peccopHol cmpyHoU) 3aBucum
2/1aBHbIM 06pA30M OM HaMs#eHuUll Hecyuse2o mpoca u KOHMAakmHo20 NPosoaAd, a Makx e om 0/lUHb! 2a
peccopHo2o Nposoada, ds1uHb! nposema l u paccmosiHusi s mexcdy onopod u buxcadwed K Hed npocmodl
cmpyHod.

BbIpasHUBaHUe 31acmuyHoCmu 8 NPoJseme NoBbIUIeHUeM ee B 0NOPHOU 30He fBs1semcs bosee
NPaBusibHbIM NYymMeM, 4em CHUXeHUe ee B cpedHel Yacmu nposema nomomy, 4mo 6osiee BbICOKAs
371aCMUYHOCMb PABHO-371ACMUYHOU NOOBECKU NO3B0JIiem sieede obecneqyums Heobxoo0umoe Ka4ecmso
MOoKOCbema npu 3KCNJIYaAmauyUOHHbIX OMK/IOHEHUSX OM ONMUMAJIbHO20 PeUMA, YeM HU3KOe ee
3HayeHue. Haubosee 3¢ppekmuUBHbBIM U SKOHOMUYHBIM CNOCOOOM NOBbILEHUS 3/IACMUYHOCMU B 30HAX
onop SB/ISeMCcs yBesuYyeHue 0JIUHbl peccopHo2o0 Nposodd 12a u paccmosiHus s mexcdy onopol u
buxcadwed kK ned npocmod cmpyHod (puc).
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PucyHoK 1. 3aBucumocmu Ko3¢guuueHma HenocmosHCMBA 3/1acMUYHOCMU K31 0m 0/1UHbI 2a
DPeCccopHO20 NpoBoda (a) u om paccmosHUA s Mexcdy onopol u bauxcadwed Kk Hel npocmol cmpyHol (6)
0/15 KOHMAKMHbIX NOOBECOK NepemMeHH020 MoKa 1 U NOCMOSHHO20 MOKA 2

CokpaujeHue 01uHbI nposema l, nosiesHoe 0715 yMeHbWeHUs 31aCMuYHOCMU B cepeduHe npoJiemd,
019 0NOPHOU 30HbI CKA3bIBAGMCA OMPUUAMEIbHO, MAK KAK MOXe HEeCKOJIbKO NOHUX3aem 30eck u 6e3
Mo20 HU3KYH 3/1aCMUYHOCMb.

OcHosHoU nodcucmemoll KOHMAaxkmHoU cemu S8/15emcs KOHMAakmHasi nodsecka — cucmema
npoBo0oB, NpeoHasHa4yeHHas 0719 nepeodayu 3/eKmpuyeckol 3Hepeuu om msA208bIX NOOCMAHUUU K
anekmponodsuxcHomy cocmasy (3C) depe3 CKo/b3aujue KOHMAKmMbl C MOKONpUemMHUKamu. [lpu
paspabomke BbICOKOCKOPOCMHOU KOHMAKmMHoU noosecku Haubosnee coxHol 3adaqel assemcs
obecneyeHue HAOeX#Ho20 KOHMAKmMa mexdy MOKONPUEeMHUKAMU U KOHMAKmMHbIM NpoBodom. [Ipu
OMPbIBAX MOKONPUEMHUKA OM KOHMAKmMHo20 NposoaAa uiu NpU HeAoCMamoy4Hou cusie KOHMAakmHo20
Ha}amusi BO3HUKAEm 3/1eKmpuYyeckas dyeda, Ymo npusBooUum K YCUICHHOMY 371eKMPUYECKOMY U3HOCY
KOHMAakmUupyrowiux 31emMeHmos u yxyowaem pabomy mseoso2o obopyoosaHus 3I1C. [pu ciuwKom
CUIBHOM — HAMXamuu YBe/lu4uUBAemcsl MexaHuyeckul U3HOC, BO3HUKAem OoNnacHoCMb Noobema
KOHMAKMHOo20 NPoBOOA HA HEOoNyCMUMYK BbICOMY C 3auensieHuemM MOKONPUEMHUKOM OmMOe/bHbIX
271eMeHMOoB KOHCMPYKUUU KOHMAxkmHoU nooBecKU.

C yBenudeHuemM CKopocmu 0BUXEHUSI NPOUECC OUHAMUYECK020 B3aUMO0elicmBUS MOKONPUEMHUKA
U KOHMAakmHol noodBecKu CyuieCmBeHHO YC/IOXHSAeMCS. 3HA4YUMesbHYK poJib HAYUHArOM U2pamb
KosrebamesibHble U BOJIHOBbIE ABJIeHUS B KOHMAKMHOU No0BecKe, NPUBOOAUUE K U3MEHEHUI B UIUPOKUX
npeoenax Ccusibl KOHMAKMHO20 HAXAMUSA U, KAK C1e0cmsue, pe3komy yXyoweHuro Kayecmaa
MOoKOCbema. Bax}Ho, Ymobbl CKOPOCMb pACNPOCMPAHEHUS BOJIHbI NO NPOBOOAM KOHMAKMHOU NOOBECKU



C 3aNAcoM NPeBbILIAIa CKOPOCMb OBUXCEHUS MOKONPUEMHUKOB. /1718 BbINOJIHeHUSI 3Mo20 mpebosaHust
NPUXOOUMCS yBeUHUBAMb HAMSIX(EHUE NPOBOOOB, HE NOBLIUIAS NPU 3MOM UX NO2OHHYH Maccy. 1o 3mod
npuvuHe 8 KOHmakmHou cemu BCM 00/1xHbI NPUMEHSMbCA CNeuuasibHble Nposodad, obiaoarouiue 04eHb
BbICOKUMU MEXAHUYeCKUMU XapaKkmepucmuKamu.

Tabauya 1.
KoagppuyueHm HenocmosaHcmBad 31acmuyHOCMU Y 0BOUHbBIX KOHMAKMHbIX NO0BECOK
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65* 107 10 /2 1,9
65* 107 10 63 1,8
65* 107 12 63 1,77
OouHapHas peccopHas 0dun 65* 120 15 63 1,49
KOMNeHCUPOoBAHHAsA 95* 7100 12 70 1,67
50* 100 18u 14 80 1,38
92 107 18 60 1,22
50* 100 38+8*** 77 1,2
To e Jlsa 120 100 12 70 1,82
120 100 16 70 1,64
OouHapHas peccopHas s 120 100 50 70 155
NOJ1YKOMNEHCUPOBAHHAS
OO0uHapHas ¢ ynpyaumu
CMEPHCHAMU Ha Hecyuiem mpoce >> 120 100 - 50 1,22
KOMNeHCUPOBAHHAS
OOuUHapHas pbI4axHas OduH 120 100 - 70 1
KOMNEeHCUPOBAaHHas /Jlsa 120 100 - 70 1
/1BoUHAss KOMNEHCUPOBAHHAS O0uH 180**+150* 170 - 60 1,85
T0 xce ¢ demngepamu O0duH 80*+60* 110 - 60 1,18
/lBoUHas, nosyKoMNeHCUpoBaHHAasi /JiBa 94*+100 100 - 70 1,89

lpumeyqaHue. Mamepuas nposodos, ommeyeHHoU 00HOU 38e3004KoU, - 6pOH3d, 0BYMS 38€3004KAMU-
cmasab (ocmasbHble Mpockl U NpoBoda MedHble). Tpems 38e3004Kamu 0bo3HavyeHa NooBecka ¢ 0ByMs
PeccopHbIMU NPOBOOAMU Y Kaxdold onopei.

VI3MeHeHue 371acCmuYHOCMU KOHMAKMHbLIX NOOBECOK B8 ONOPHOU 30He 8 3aBUCUMOCMU OM
KOHCMPYKMUBHbIX NAPAMEMPOB NOOBECKU MOXem NPUHUMAMb Cambill pazHoobpasHbIl xapakmep.
VIHo20a 371aCMUYHOCMb CUJTbHO U3MEHSemcs Ha Masaol 0uHe, Ymo ompuuamesibHO CKa3biBaemcs Ha
Kayecmse moKoCbema (3mo, Hanpumep, UMesio Mecmo B NpuMeHeHHoU B Bude onbima 0BOUHOU
noosecke, 0bopydoBaHHol B cpedHel 4acmu NPoJIema HeCmKUMU CMPYHAMU Mex0y KOHMAKMHbIM
NnpoBooOM U BCNOMO2AmMe/IbHbIM MPOCoM). [losmomy 0719 Kaxcool noBol CKOPOCMHOU NOOBECKU O0JIHeH
b6bimb  paccyumad 00NOJIHUME/IbHO NOKA3AMesb  MAKCUMA/IbHO20 U3MEeHeHUsl  371acmuyYHOCMU,
npedcmasiaouul pazHoCMb M0y MaKCUMA/IbHbIM U MUHUMA/IbHbIM 3HAYeHUSMU 3/1aCMUYHOCMU HA
yyacmeke 0/iuHol 10 M, HaG KOMOPOM 3Ma pa3HOCMb SBJISeMcs Haubosibwel B nposeme.

M3 mabs. 1 BUOHO mMakxe, 4mo Ko3gduuyueHm HenoCmosHCMBA 31acmuyHOCMU Y O0BOUHBIX
KOHMAKMHbIX NOOBECOK NPUMEPHO Maxkol e, KAk Yy COOMBEemMCMBYHUIUX O0OUHAPHBIX PecCOPHbIX
NoO0BECOK, a y 00UHAPHOU NOOBECKU C ynpyeumu CMEpHCHIMU HA Hecyuwiem mpoce — Kak Y JIy4uiux
PeccopHbIX NOOBECOK.

30ecb BaXHO omMemums, YmMO NPU U3MEHeHUU MemMnepamypbl OKPy#caroujeco B030yxa
HamsxeHue Hecyuwjeco mpoca B8 NOJYKOMNEHCUPOBAHHbLIX NOOBECKAX U3MEHSemcs, He ocmaemcs
NOCMOSIHHBIM U HaMSXeHUe peccopHo20 NPoBoAd. B pe3ysibmame Npoucxooum Ce30HHOe U3MeHeHuUe
anacmuyHocmu. Tak, ysenudeHue memnepamypsl 8o3dyxa om —40 0o +40°C npusodum B
NOJIYKOMNEeHCUPOBAHHOU peccopHol nodsecke ¢ 0BYMS KOHMAKMHbLIMU NPOBOOAMU K PoCmy
371aCMUYHOCMU B cepeduHe nposiema noYymu 8 1,5 pasa, a 8 nodsecke ¢ 00HUM nposodomM — 8 1,7 pasa.



Ha ka4ecmBo MoKoCbema Npu peccopHbIX KOHMAKMHbIX NOOBECKAX C HEOOUHAKOBOU B PA3/IUYHbIX
yacmsx nposiemad 3/1aCMUYHOCMbIO, KPOMe Xapakmepa U3MeHeHUs 3/1aCMUYHOCMU, CyujecmBeHHO
BJ/IUSIem CMpeJia NPoBeca KOHMAKMHO20 NPOBOAA f.

KoHmakmHasi noosecka KC-400 — yenHasi KOMNeHCUPOBAHHAS C PECCOPHbLIMU MPOCAMU B ONOPHBIX
y31ax. MakcumasnbHas 0J1uHa nposema cocmassisiem 65 m. B nodsecke npumeHeHbl MoKONpoBodsuiue
CMPYHbI MepHOU OJIUHbI U3 2UbKUX 6pOH308bIX MPOcos ceveHuem 10 MM

lMapamempbi KOHMAxkmMHoU NOOBECKU BbI6PAHbBI NO Pe3yIbMAmMam KOMNJIeKCHbIX UCC1e008aHUl Ha
mamemamuyeckol mModesiu OUHaMU4Yyecko2o B83aumodelicmBusl «N00BecKa — MOoKOoNpuemMHUKU» UKS-
Dynamic. B ka4ecmse npumepa npusedeHsi pe3y/ibmamasi 00HO20 U3 BbIYUC/IUMEbHbIX IKCNepUMeHmos
npu B3aumoodelicmauu KoHmakmHol noosecku KC-400 ¢ 0Byms mokonpuemHukamu noe3da CRH-380AL
Ha ckopocmu 350 Km/u.

[pedcmassieHbl pe3y/ibmambl MOOE/IUPOBAHUS 0JIF KaX 0020 MOKONPUEMHUKA. MPAeKmMopul moyek
KOHMAKmMa ux NoJio308 C KOHMAKMHbIM NPOBOOOM, KPUBbIE U3MEHeHUsI KOHMAKMHO20 HAMamus B
pacyemHbIX NPOseMmax, 2UCmMo2pamMmMbl KOHMAKMHO20 Hax}camus, mabauubl 3Ha4eHul OCHOBHbIX
UHMe2pasibHbIX NApaMempos, Xapakmepu3syroUUx Ka4ecmBo MOKOCbemMda 8 CPABHEHUU C HOPMUPYEMbIMU
3HAYeHUSMU NO Me#OYHAPOOHbIM CMAHOAPMAM.

KoHmakmHble npoBo0d KOMNEHCUPOBAHHbIX NOOBECOK pe2ysIupytom No ONMUMAsbHoU cmpesie
nposeca npu siroboll memnepamype oKpyxcaroujeeo 8o3dyxa. OCHOBOU BEpMUKA/IbHOU pe2ysiupoBKU
KOHMAKMHbIX NPOBOOOB  NOJIYKOMNEHCUPOBAHHbIX NOOBECOK SAB/ISEMCS MO  NOJIOXEeHUe, 4Ymo
ONMUMAasIbHAas Cmpesaa nNposeca 00JIXHA UMemb Mecmo npu memnepamype B030yxa, 6su3kod K
CcpedHe200080U 0/19 0aHHO20 palioHd, m. €. YMo CMeneHb YXyoweHUss MoKoCbemMa npu KpadHe Hu3kol u
KpadHe BbICOKOU memnepamypax oOKpyX#arouje2o 8030yxa 00sm+Ha bbimb 00UHaKoBod.

JledicmBumesibHble Cmpesibl NPOBEeCca KOHMAKMHbIX NPOBOOOB B NPOSEMAX B IKCNYAMAUUOHHbIX
YCI0BUSIX HE Q0/I#CHbI OMJIUYAMbCS OM YCMAHOBICHHbBIX ONMUMA/IbHbIX 60s1ee Yem Ha +10 mMm.

[pu  BbICOKOCKOPOCMHOM OBUXCEHUU OCObBeHHO OmpuyamesbHoO Ha Kadyecmse MmoKOCbemda
CKA3bIBAGMCS HA/IU4Ue Ha KOHMAakmMHoU NOOBECKE XeCMKUX MOYeK U COCPe0OMOYeHHbIX MACC. B smux
mecmax B3aumodelicmaue MOoKONPUEeMHUKA C KOHMAkmHoU nodseckol Hocum YOapHbIU Xapakmep,
nocs1iedcmausi KOmopo2o NPOSBASIOMCS B MECMHOM U3HOCe KOHMAKMHO20 NPoB00d, BbI3BAHHOM
YcueHuem UHMeHCUBHOCMU MeXaHU4YecKo2o U 3/IeKMpuYecko2o U3HaWUBAHUS NPOBOOA.

lo3momy Hedonycmuma yYCmaHoBKA HA KOHMAKMHOM NPOoBO0e BCEBO3MOMHbLIX PACNOPOK U
HECMKUX CMPYH, @ MAKXe NPUMeHeHUe 0mbOoUHUKOB, #eCMKO CBA3AHHbIX C KOHMAKMHbIM NPOBOOOM,
Heco4sieHeHHbIX @uKkcamopos (0cobeHHO mex, Komopble pabomarom na CHAmue), Mmsaxesbix
KOHCMPYKUUU Ha BO30YWIHbIX CMPesIKax (B BUOe HOXCHUU, U Op.) U MACCUBHbIX 3axUumoB. CMbIKOBAMb
KOHMAxkmHble nposoaa sy4duie cnocobamu cneyuanbHold CBapKuU.
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Abstract

The article examines the impact of PR on improving the economic status and image of the
hotel. Public relations is the science and art of achieving harmony through mutual understanding
based on truth and awareness. Their effective use contributes to the improvement of relations
between the subjects of the social environment, the expansion of the sphere of their influence, the
improvement of contacts between people and organizations, and the identification of sources of
possible conflicts.

The art of convincing people, influencing their opinion, getting out of crisis situations is all
PR. Without such activity, social management, political practice, and business are impossible,
because the implementation of any ideas begins with the interest of the community, company, and
management bodies. The theory and social practice of PR are built on the theoretical-
methodological basis of the principles of democracy, alternative, civil consensus, and technology.

AHomauis

B cmammi po3ensHymo 8nus PR 8 NOKPAWEHHS eKOHOMIHHO20 CMAHy ma iMioxy 20meriro.
[1abiik pineliH3 € HayKor | MUCMeymBOM 00CA2HEHHS 2aPMOHIi 3a 00NOMO20H) B3AEMOPO3YMIHHS,
3acHoBaHo20 Ha npasoi U iHpopmoBaHocmi. EpekmuBsHe iX BUKOPUCMAHHS CNPUSIE NOJINUIEHHKO
BIOHOCUH MiXC Cy6 EKMamu couianbHo20 cepedosulld, PO3UIUPEHHIO Ciepu iX BnIUBY, NOJIINWEHHHO
KOHMAKmMIB Mixc 100bMU MA 0p2aHi3auisimu, BUSIBICHHHO 0XEpesl MOXIUBUX KOHGDIIKMIB.

MucmeumBo nepekoHysamu sroded, BnIUBAMU HA iXHIO OyMKY, do/iamu Kpu3osi cumyauii,
Bce ue cnpasa [IP. b6e3 makoi OisafibHOCMI HeMOXCIuBi couiasibHe YNpassiHHS, NOJIIMUYHA
npakmuka, 6i3Hec, aoxe peasnizauis 6yob-9Kux [0ell NOYUHAEMbLCS I3 3AUIKABIEHHS HUMU
chiibHOMU, GipMu, YNpasiiHCbKUX opeaHis. Teopis i couianbHa npakmuka 1P Bubyo0oByrombscs Ha
meopemuKo-mMemo0osioeidHill  OCHOBI  NPUHUUNIB  0eMOKPamu4yHoOCMi,  a7bmepHamuBHOCMI,
2POMAOSIHCbKO20 KOHCEHCYCY, MexHOI02i4HOCM.

Keywords: public relations, governing bodies, social environment.
Kntoqosi cnosa: nabik pineluwiH3, ynpasiiHCbKi opeaHu, CouianbHe cepedosulle.

lMocmaroska npobnemu. romenbHull 6i3Hec - 00Ha 3 HalbibW NepcnekmuBHUX |
WwBUOKo3poCMaroyux 2asaysed, Wo NPUHOCUMBb NO BCbOMY CBImMYy 6azamomisibUoHHi npubymku. Takud
b6i3Hec, sk 00Ha 3 2asysell mypusmy, Hece 8 cobi Besuye3Hul nomeHuian 018 Bi0N0BIOHO20 PUHKY, AKUU
30amHul npuHocumu cmidkud npubymok y 6rodxem, mum 6iiblie, Wo 3 KOXHUM POKOM 3pOCMAE
KiJIbKICMb 20Meiis AK Y Hawlit KpaiHi, Mak i 3a KopoOoHOM.

AHai3 ocmaxHix docnioxceHb i nybikauil. CyyacHul 2omesib ynpassise CKAAOHOK CUCMEMOK
KOMYHIKQUITHUX 38'A3KiB, MOMY Npo2pamu MapkemuHe0BUX KOMYHIKAUit 00C/iOXyBanu maki B4eHi, K
b6pumarcbki docioHuku nabsik pinedwHs C. baek ma limep P. [likcoH,; ¢ppaHuy3sbki docrioHuku @inin A.
byap ma E bepHels; padsHCbKi npakmuku €.A. YmKiH, A.l1. JlicHuK, A.B. YepHuwos ma iH.

Memoro pobomu € BU3HAYEHHS WIIAXIB 3MIUHEeHHs No3uyiti NIONPUEMCMBA 20MeslbHO20
20CN00apcmBa 8 PUHKOBOMY CepedoBuli, NIOBULLEHHS KOHKYPeHMOCNPOMOXCHOCMI Ma eekmuBHOCMI
0i9/IbHOCMI, CMBOPEHHS | NIOMPUMYBAHHS  IMIOXCY opeaHi3auii, 3miuyHeHHs 00Bipu Cycniibcmaa 00
NPONOHOBAHUX IHHOBAUIU MA IHWI KOHKPemHi 3a80aHHS, 0emasi3oBaHi 3a mepMiHamu, BUKOHABUSAM |
pecypcHUM 3abe3neyeHHsIM.

Buknad ocHosHo20 mamepiany. [omenbHull 6i3HeC - 00Ha 3 HAUbiIbW NEpCneKmMuBHUX |
wBUOKo3pocmaroyux 2asysel, Wo NPUHOCUMb NO BCbOMY cBimy 6azamominbUoHHi npubymku. Sk
yacmuHa eaay3si mypusmy, uel bizHec Hece 8 cobi BesuyeHUl NOMeHyias, wo npuHocumu cmitikud 0oxio
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vy 6ro0xem, mum bisibuwie, Wo 3 KOXHUM POKOM 3pOCMAE KiIbKICMb 20MesiiB SK Y Hawil KpaiHi, mak i 3a
KOPOOHOM.

Jlns epekmusHoi' pobomu 20mesibHi NIONPUEMCMBA NOBUHHI Mamu NPOOYMAHy KOMYHIKAUiUHY
cmpamezito 00 SIKOI" Hanexums poboma 3 KJIEHMYPHUMU 2pyNnamu, KOHMAKmMHUMU ayoumopismu i
WUPOKOK 2poMadChKiCmto, Makox< uys poboma nosuHHa 6ymu 6e3nepepsHoto | epekmusHoro[1].
CyyacHul 2omesib  Ynpasnise CKAAOHOK CUCMEMOK0 KOMYHIKAUIUOHUX 3B'A3KiB, momy npocpama
MapKemuH20BUX KOMYHIKAUit ¢pakmu4yHO € CUCMEMOO NPOCYBAHHS NPOOAXIB, OCHOBHUMU CK/1a00BUMU
AKOI'€:

- PeKJIama - NOWUPEeHHS IHOpMauii Npo NOCy2u 3aB0AKU NIAMHUM KaHAaam,

- NPoONA2AHOA - BUKOPUCMAHHSI 6@3KOWMOBHUX KAHAMIB NOWUPEHHS iHgopmayii npo mosapu i
nocsyeu y popmi 38'a3Ki8 i3 2poMadCbKICMH0 011 OMPUMAHHSI CNPUSIMJIUBOI NONY/ISPHOCMI | pOPMYBAHHST
npuBabIuBo20 iMiOMCy;

- Nabik pintediiH3, U0 € 0Cob/IUBOH POPMOHO KOMePUiHOI NOAIMUKU,

- CMUMYJTIOBAHHSA 36ymy - OPMYBAHHS CUCMEMU 3d0X0YYBAJIbHUX 3axX00i8 | NPULiOMIB 3 MEemoro
36in1bWeHHs peanizauii nocsaye.

Z]o cucmemu MapkemuH20BUX KOMYHIKAUit MOXCHA BIOHECMU Maki 3ax00u SIK: SpPMApKU, BUCMABKU,
KOMepuiliHi npe3eHmauii, pekiamHi BUOAHHS, 0emMOHCMPAauii, NPoBeOeHHs KOHKYPCIB, CNeuianbHi
peKksiamHi 3acobu ma iH. Ocobausa poJib y cucmemi MapKemuH208UX KOMYHIKAUIU Haiexums pekiami.

Pekniama - ye o0uH 3 Budis nepedadyi iHgpopmauii ma esemeHm KoMNaeKCy MapKemuHay 20meJito,
W0 BKJIHOYAE Pi3HOMAHIMHI peKIaMHi 3acobu. 30BHIUIHIO peKkiamy, nepioduyHy npecy, BUCMABKU, mesie-,
KiHO-, padio- peksiamy, moujo. 3MiCm peKaamHo20 NOBIOOMIEHHS] NOBUHEH bymu biibul NOWUPeHUU, HiX
npocmo ymusimapHud, OCKIJIbKU 2omesib peadsi3ye He suwie UmJosi Homepu, ane i Komgopm,
PI3HOMAHIMHI NOC/Ty2U, BPAXeHHs, HOBi uikasi nodii. Mema pekiiamu noBuHHA 6ymu BCMAHOBAeHA Mak,
wob cmyniHb i 0ocseHeHHs niddasascs BuMipy abo ouiHu.

XKopcmKa KOHKYpPeHUis Ha PUHKY 20mesibHUX NOC/Y2 3MYUIYE MeHeoxepi8 OKPIM peKiamHol
Kkamnawii, soasamucs 0o HadpizHoMaHimHux PR-mexHonozit. O0HO 3 makux mexHonoeit € 1absik
pinetiwH3 (PR).

Mabnik pinetiwH3 (PR) ye BCmMaHoB/ieHHs 0CObIUBUX BIOHOCUHU 3 2pomMadckbKicmio, ue ¢dopma
B3AaEMOOii, WO NOKAUKAHA CMBOPUMU 2pOMAdCbKy OYMKY Npo NOCAy2y, 20mesib abo KpaiHy. Lle
cheuiasibHa cucmema ynpasJsiiHHs CoUiaIbHOK IHPOPMAUIero, WO BKIHOYAE BECb NPOUEC i BU2OMOBICHHS
i npocyBsaHHs. Ha cbo200Hi ceplio3Hi PR akuii npoBOOSMbCA B OCHOBHOMY 20MesIsiMU, WO BiHAHCYOMbCS
IHO3eMHUMU IHBECMOPAamu i BX00SMb 00 20mMesIbHUX JIaHUo2IB. LLjo6 bymu ycniluHUM Ha Mypucmu4YHomy
PUHKY, 00BOOUMBCSA KOHCMpYyroBamu Hosull obpas, wo 8i0nosidae sumo2am cydacHocmi. Ane 6pak
piHaHcoBuUX pecypciB 3HAYHO 2asbMyE 30ilcHeHHs PR disibHocmi. He 8¢i 2omesi 30amHi Budinumu 3acobu
abo 38epmamucs 3a donomo2oro 00 cneyianizoBaHux PR aeeHmcmas. Came momy PR 8 eomesibHomMy
bi3Heci - we HeocBoeHa, 6azamoepaHHa i BUK/HOYHO nepcnekmusHa cgepa. 3asdaHHa PR nosseae 8
momy, wob Haaazooumu 00Bipy CNOXUBAYIB 00 NPONO3UUii NIONPUEMCMBA 20MesIbHO-MYpPUCMUYHO20
6i3Hecy Ha mpusasy nepcnekmusy. [Inabik pinedwH3 - 00Ha 3 GyHKUIU ynpasiiHHS KOMNAHIERD WO
NJIGHYEMbCA HA piBHI KepiBHUUMBA. LI GyHKUIS cCNpIMOBAHA HA BCMAHOBIEHHS KOHMAKmMIB8 | BiOHOCUH
3 WUPOKOH 2pomadcbKicmro, 3MI,  npauisHuKkamu opaaHizauii, op2aHamu 0epicasHoi 8/1adu 3 Memoro
CMBOPEHHS NO3UMUBHO20 IMIOXCY 20MesIo. Y NUMAHHI BU3HAYEHHSI PYHKUIU NpUliHAMO BBAXAMU, U0 B
uinomy nabiik pinetiuiH3 BUKOHYE MPU OCHOBHI QyHKUJI:

v\ KOHMPOJib OYMKU [ NOBEOIHKU 2pOMAOCbKOCMI 3 Memoro 3a0080/1eHHS nompeb ma iHmepecis
nepuw 3a Bce opaaHizauii.;

v’ peazysaHHs Ha 2pomMadchbKicmb, MObMo opaaHi3auisa BpaxoBye Nodii, abo NOBEOIHKY IHWUX |
BIONOBIOHUM YUHOM peaye Ha HUX,

v’ 00Cs2HeHHSI B3AEMOBURIOHUX BIOHOCUH MIXC YCiMA NOB'S3aHUMU 3 Op2aHi3auiero epynamu
2POMA0dCbKOCMI W/ISIXOM CNPUSIHHS B3AEMOOII 3 HUMU: C/TY#OOBUSMU, CNOXUBAYAMU, NOCMAYA/IbHUKAMU,
BUPObHUYUM nepcoHasioMm. Came us PYHKUIS € OCHOBOH MOOesi KOMNPOMICY | BBAXAEMbCA HAUbIIbW
KOPUCHOK | MAKOK W0 NPUHOCUMb Pe3ysibmam.

Ak couyianbHul iHCmMumMym PR NPONOHYE 0p2aHi3auyism i 2pomMadcbKoCmi Pi3Hi WIAXU Y3200HeHHS
302a/IbHUX [HMepeciB ma YCYHeHHS Henopo3yMiHb, d Came: CMUMY/IFoBAMU COUId/IbHE MUC/IEHHS,
donomazarodu  KepisHUUMBY opeaHizauid ycsidomaoBamu — iX couliasibHy MIcCito 8 CYCniibCmBi;
donomazamu KepiBHUKAam NiONpUEMCMB 20MeJIbHO20 20CN00AdPCMBaA HAbymu 3HAHHS NPO  Cy4YacHe
CYCNiZIbCMBO, W0 NPU3BOOUMBb 00 NPABUJILHO20 GOPMYIHOBAHHS Uiiel | ba4eHHs nepcnekmus, cnpusmu
NOWYKY B3AEMO-CNIIbHUX IHMepPeciB i Ha/ia200XeHHI0 0iI0BUX, NAPMHEPCbKUX KOHMAKMIB 20mMesito 3
npecoro, 2poMadCbKuMu 0iss4amu, YpssooM I IHWUMU KoJIamu. [1s 20meiro 38'93KU 3 2DOMAOCLKICMIO €
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HaUBa «/1usituM IHCMPYMeHMOM KOMYHIKaUiHOI NOAIMUKU, BOHU CMBOPHOOMB iMiOX# 20mesito ma tio2o
nocslye, a MAKOXC 3ajy4eHHs CNOMUBAYIB Yepe3 Cnpusim/iusy 2pomMaodchbky OYMKY, WO CMBOPHEMbCS
npecoro, NOJIMUKamu, NpeocmasHUKamu Ky/ibmypHOI | HayKoBoi eanimu.

PR nopsi0 3 pek/1amMoro | CMUMYJIHOBAHHSIM 36Yymy € HaUBAMIUBILUUM [HCMPYMEHMOM 20mMesibHO20
mapkemuHay. PR BUKOHYE bi/ibl CKAAOHY QYHKUIKO, HiXC peKaama, i 8idi2pae Ba)iusy posib Y BUKOHAHHI
Makux 3aB0aHb SIK: CNPUSIHHA NOSIBI HAQ PUHKY HOBUX NOC/1y2 MA 3MiHU CMAasJ/ieHHs 00 HUX, PO3BUMOK |
BIOPOOX3CEHHS IHMepecy 00 4acmKoBo abo uiIKom 3abymux NOC/ye; BNJIUB HA NEBHI UisboBi 2pynu 0/
CMBOPEeHHsT  cnpusimuBo2o 0bpasy 2omesro; 3axucm NPONOHOBAHUX NOC/Ye Y  NPobIeMHUX
cumyauisx(smpamu penymauii)[2].

BucHosku. Ha daHomy emani KepisHUYmMBo 6i1bLIOCMi 20mMesiiB He Moxce Ha BiONOBIOHOMY PiBHI
oufHUMU BKIA0 Cayxbu PR B NOKPAW,EHHS eKOHOMIYHO20 CMaHy ma imioxcy eomesito. PR OisiibHicmb
2omernis 58/19€ coboro mMasio dieai cnpobu NO3UUIOHYBAHHS, Y MOU 4ac K OCHOBHUM 3aCOO0M 00CS2HEHHST
yenixy mae cmamu 06'€0HaHHS BCiX 3yCUsib Y 3/1a200X4CeHY CMpamezito CMBOPeHHsI E0UHO20 GipMOBO2O
cmusito i 2idHoi penymauii’ y ceimosoi epomadcbkocmi. Came momy PR 8 2omesibHomy 6i3Heci - uje
HeocBo€EHA, 6a2amo2paHHa i BUK/IKOYHO NepcnekmuBHa cgepa.
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Abstract

This paper presents the results of theoretical and experimental studies on the possibility of
using a solar photovoltaic current source (SPCS) to power an electrolysis plant designed to produce
hydrogen and oxygen from water. For this purpose, SPCS is used with a maximum power of 700 W,
with a solar radiation intensity (SRI) of 1000 W/m? and an ambient temperature of 20°C. Various
photoenergetic and temperature characteristics taken under field conditions in Baku are given.

Keywords: photovoltaic converter, photovoltaic current source, solar panel, solar radiation,
short circuit current, load current, no-load voltage, load voltage, maximum power, silicon
photocells, ambient temperature

Introduction

Azerbaijan is one of the richest countries in the world in terms of alternative and renewable energy
resources (RER). Therefore, it is a promising country for the use of renewable enerqgy sources (RES). Thus,
the real potential of RER in our country is 26,940 MW, of which 3,000 MW is wind energy, 23,040 MW is
solar energy, 380 MW is bioenergy, and 520 MW is mountain river energy. Therefore, the use of this
potential has always been in the spotlight, despite the fact that Azerbaijan is one of the countries
producing oil and gas. Taking into account all the above, in 2004 our country adopted the “State Program
for the use of RES in the Republic of Azerbaijan”. As a continuation of this work, by the Order of the
President of the Republic of Azerbaijan Ilham Aliyev No. 1159, dated September 22, 2020, the State
Agency for Renewable Energy Emissions under the Ministry of Enerqgy of the Republic of Azerbaijan was
established and its Charter was approved [1].

On January 9, 2020, in the Cabinet of the Ministry of the Republic of Azerbaijan between the
Ministry of Energy of Azerbaijan and the "ACWA Power" Corporation of Saudi Arabia and "Masdar" of the
United Arab Emirates, agreements were signed on the implementation of projects for the development
of RES. According to these projects, ACWA Power Corporation is to build wind power plants (WPP) with
a total capacity of 240 MW, and Masdar is to build a solar power plant (SPP) with a capacity of 230 MW
[2]. Thus, until 2030, the design capacity of RES is envisaged, which will increase up to 30% in the overall
energy balance of the republic. To achieve this goal, it is necessary to build new power plants for RES
with a total capacity of 1500 MW. At the same time, it was envisaged to integrate, into the common
electric grid, 440 MW of power in 2020-2022, 460 MW - in 2023-2025, and 600 MW - in 2026-2030, t
.e. in three stages.

One of the leading scientific institutions in Azerbaijan, engaged in the development and application
of RES, is the laboratory "Conversion of Renewable Energy” at the Institute of Radiation Problems of the
Ministry of Science and Education (MSE) of the Republic of Azerbaijan. Since the 70s of the last century,
the following research work has been carried out in this laboratory on the use of solar and wind energy:
1) H> + CHs4 + CO, by pyrolysis and gasification of various carbon-containing substances and organic
wastes using parabolic concentrators [3-7]; 2) Hot water supply and heat supply, using flat and evacuated
solar collectors, as well as their combined use with wind farms [8]; 3) Heat treatment and preparation of
crude oil for transportation, using parabolic trough concentrators [9-10]; 4) Cathodic protection of oil
and gas pipelines from electrochemical, electrical and bacteriological corrosion, using SES and WES, as
well as their joint use [11-12]; 5) Heat supply of a greenhouse with the simultaneous use of two mini wind



farms [13], etc. Patents of the Russian Federation, the Eurasian Patent Office and the Republic of
Azerbaijjan have been obtained for most of the power plants developed during the indicated periods.

As you know, the main disadvantage of using RES is the variability of solar radiation and wind
speed, depending on the time of day and season, which in some cases is stochastic. So, if solar radiation
in clear and cloudy conditions of the sky changes gradually, in a parabolic pattern, at noon, reaching its
maximum, this cannot be said about the change in wind speed, since the wind speed changes stochastic
almost all the time. And the stochastic course of changes in the intensity of solar radiation, as a rule, is
observed only when the sky is semi-clear, characteristic in the spring and autumn seasons of the year.
Therefore, when using RES as a current source for various purposes, as well as for powering various
installations, including electrolysis, it is necessary to use stabilizing and accumulating systems. To
stabilize the output parameters of SPP and WPP, electrochemical batteries (EB) are used, connected to
each other, in parallel, in series or mixed, which simultaneously perform both the function of stabilization
and accumulation. To accumulate the generated energy of solar and wind farms, in addition to EB, other
types of storage systems are also used, among which the best is considered to be accumulation in the
form of chemical enerqy of hydrogen. Therefore, of particular interest is the use of renewable energy to
produce high-purity hydrogen and oxygen by water electrolysis. Such work was first started at the
Institute of Physics of the Academy of Sciences of the Az.SSR, and then continued in the Sector of
Radiation Research of the Academy of Sciences of the Az.SSR (the present Institute of Radiation Research
of the MSE of the Azerbaijan Republic, which are still ongoing [14-17]. Below are detailed information
about the SPCS, as well as graphical and tabular data obtained from its testing in the climatic conditions
of Baku, which serves to power the electrolysis plant for producing high-purity hydrogen and oxygen from
water [18].

2. Basic design and photoenergetic characteristics of SPCS

The experimental SPCS consists of three solar panels (SP) connected in parallel to each other, which
is mounted in the front part at the entrance of the Institute of Radiation Problems at the MSE of the
Azerbaijan Republic. The maximum power of each joint venture is 250 W, and the total power of the SPCS
is 750 W, with an SRI of 1000 W/m?. Figure 1 shows the processes of mandling this SPCS on the facade
at the entrance of the institute building.

To increase the service life and reliability of the SP of the experimental SPCS, transparent films of
the EVA type are laid between the solar cells (SC) and protective glass coatings, which, at the same time,
also reduces the degree of their degradation. High-quality films can last up to 30 years, while low-quality
films will gradually turn yellow and after 3-5 years they will completely lose their qualities. In order to
protect the joint venture from pollution, their back sides are covered with a film of the polyethylene
terephthalate type (PET).

If the SP are located on the roof of the house, they are exposed to a lot of heat. This is especially
observed when the roof is dark in color. The material of the roof of the house also significantly affects
the temperature balance of the SP. In our case, SP are installed on a concrete facade located at the
middle part of the institute building. At the same time, from both sides, without any obstacles on the
surface of the SP, a wind flow enters, which cools them to the optimum operating temperature. Thus,
under normal wind conditions, the maximum temperature of the SP is 25-30°C, and under moderate
wind conditions - 40-45°C, which is considered optimal for the experimental SPCS. In addition, the SP on
the facade are installed with an inclination, and their angle of inclination is equal to the angle of the
northern latitude of the area, which for Baku is 40°24'.



Figure 1. General view of the SPCS, with a power of 750 W, mounted
on the facade at the entrance of the Institute of Radiation Problems
under the MSE of the Republic of Azerbaijan

It is determined that the solar cell (SC) converts only part of the solar radiation spectrum into
electrical energy, and the rest in the form of thermal radiation propagates into the environment. It is this
that leads to an increase in the temperature of the SC and the solar module (SM), which, in turn, leads
to a decrease in work efficiency, efficiency. and output power of SPCS. Overheating of the surface of the
SM leads to a sharp degradation of them. Due to thermal conductivity, thermal radiation and convection,
heat exchange processes occur between the SC and the environment, and the established temperature
balance determines the temperature of the SC [19-21].

In most cases, the actual test condition does not correspond to the standard STC (Standard Test
Conditions) condition, which is carried out at a SRI value of 1000 W/m?, a SM surface temperature of
259C, and sunlight on the SM surface in a perpendicular direction.

Therefore, taking into account the actual operating conditions, for the possibility of optimal power
supply of any power plant (in our case, an electrolytic cell), it is of particular interest to preliminary
determine the number of series and parallel connected, among themselves, SM and SP and a combination
of their connection.

Experiments show that in addition to the ambient temperature, the operating mode of the SP is
also significantly affected by the temperature power factor (TPF) and the type of device.

The dependence of the output power of the SC (photocell) P on temperature is described by the
following equation:

P=P, (1+ S xAT), (1)
where: Py - SC power developed under standard temperature conditions (25°C); f - temperature

coefficient of power, %, AT - SC temperature difference from standard temperature, °C

Table 1 shows the energy parameters of a separate SP SPCS taken under standard test conditions.
As can be seen from Table 1, the temperature coefficient for voltage has a negative sign and is relatively
large than the temperature coefficient for current, which is - 0.300 + 0.024% °C. This is due to the fact
that in each SP there are 72 SM connected, among themselves, in series. As for the current temperature
coefficient, it has a positive sign and is 0.059 + 0.007% °C.

The short circuit current of the SP is directly proportional and almost linearly dependent on the
magnitude of the SRI. Deep and wide-range changes in its value occur under semi-cloudy sky conditions,
which leads to a corresponding change in the output parameters of the SPCS, especially the load current
and output power. And the voltage of the SPCS depends on the magnitude of the SRI in a logarithmic
pattern.

As can be seen from Table 1, despite the fact that the efficiency SC account for over 17%, efficiency.
The SPis 15.2%. This means that when switching from SC to SP, the overall efficiency decreases by [(17.0-



15.2)/17.0]x100 = 10.6%. This is due to losses on the conductors, as well as ohmic losses occurring in the

process of assembling the SP from SC. One hundred concerns power loss, it is mainly due to heat (oss.
Table 2 shows the main design parameters, as well as some other passport data of the SP used on

the SPCS. As you can see, the total area of the SP is 1.65 m?. Therefore, efficiency it, determined taking

into account the maximum power of the SP, with an SRI of 1000 W/m?, is ., = ([250/1650]x100) =

15.2% (see Table 1).

When powering any power plant from a SPCS, including an electrolyzer, such an operating mode
should be selected so that the SP can operate at the point of maximum power of the current-voltage
characteristic (CVC) or in the immediate vicinity of this point. This makes it possible to maximize the use
of the developed capacity of the SPCS. Taking into account the above, in this case it is most expedient to
use as a load a multi-cell filter-press electrolyzer with intermediate electrodes taken from separate
bipolar electrodes. However, these issues are not considered in this article.

Table 1
Energy characteristics, one joint venture SPCS, maximum power
750 W defined under Standard Test Conditions (STC)
.N o Parameter name Designation Parameter value
in/or
1. Maximum electrical power Prax 250w
> Voltage at the ,DO/Z[\'/ ?:f maximum power Upnes 305V
3 Current at the point of maximum power i 825A
max.p
cvC

4 Short circuit curren Iy 877 A
5 Open circuit voltage Ugpe 37,9V
6. Reverse saturation current I rrvsat 20A
7. Operating temperature range Toptemp -40 ST, < +80°C
8 Optimum operating temperature interval Toptoptemp +43<T, < +47°C
g Temperature coefficient for current K, 0,059+0,007 %°C
9. Voltage temperature coefficient Ky -0,300 +0,024 %°C
10. Temperature coefficient for power Kp -0,342+0,04 %°C
11. Photocell efficiency Nsc Over 17 %

- 15,2 %
12. Solar panel efficiency Nsp (1250/16501x100)

Figure 2 shows a constructive diagram for explaining the processes of assembling a SP
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Figure 2. Structural diagram explaining the assembly processes of one
SP SPCS
For the most accurate assessment of various types of energy loss, including thermal and electrical,
below are the families of CV/Cs of individual SPs, taken at various values of ambient temperature and SR,
and analyzes of the results are carried out.

Table 2
Structural and some other characteristics of the joint venture with a capacity
250 W, from which SPCS is assembled
/'r/;%r Parameter name Parameter designation and values
1. Type of cells of photocells 6 “multi kristallik”; 3 bus bar
2. Photocell configuration 60 (156x156)
3. Profile view Eloxal, aluminum, external profile
4. Quantity of SC in one SP 72
5. Overall dimensions of SP 1663x997x42 mm
6. Total joint venture 19-20 kg
7. Total area of the SP 1.65m?
. 3.2mm, flexible, with iron composition and
8. Type of glass and its parameters high transparency
9. Intermediate polymer protective pads Glass-EVA-FV; Elements - slip sheet type EVA
. . Spare diodes - 3 pcs; cable - 10 m-4 mm?;
10. Spare parts in electric box convector-IP 665; dimensions — 110x115 mm
11. Static surface load 2400 Pa
12. Maximum surface load 5400 Pa
13. Certificates [EC61215 and IEC 61730
14. Package Each SP has 21 SMs (it can also be different)

3. Main photoenergy characteristics of individual SP and SPCS

It has been determined that all energy characteristics, including the CVC of both the SP and the
SPCS, taken in real operating conditions, are much different from the characteristics taken under
standard STC conditions. The main external factors affecting the energy characteristics of the SP and
SPCS are the nominal operating temperature of the SP, wind speeds, the degree of pollution of the



surface of the SP and their degradation, etc., which should be taken into account when taking the main
characteristics and establishing the optimal values of the output parameters of the SPCS.

When removing the CVC family of the SP, its optimal mode is considered to be such a mode in
which the following conditions are provided [18]:

- SRi value - 800 W/m?;

- radiation spectrum - AM 1.5;

- ambient temperature - 20°C;

- wind speed - above 1.0 m/5.

Since the SPCS we use consists of three SP connected to each other in series, its open-circuit voltage
remains unchanged, and the short-circuit current is three times higher in comparison with the SP. This
makes it more suitable to use SPCS to power an electrolyser that requires a large load current.

If we use the data from Table 1, then we can determine that under standard conditions the SPCS
has the following output parameters: maximum electrical power - 750 W (excluding possible losses), short
circuit current - 26.3 A; open circuit voltage - 37.9 V/; current at the point of maximum power of the CVC
at SRi 1000 W/m? (load current) - 24.75 A; the voltage at the point of maximum power of the CV/C is 30.5
V. However, all these parameters, depending on the change in the value of the SRi, are subject to change,
and this, in turn, affects the useful power obtained at the point of maximum power of the CVC of the
SPCS.
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Figure 3. CVC (curve 1) and CVC (curve 2) of a separate SP
SPCS taken under standard conditions

Figure 3 shows the CVCs and the volt-watt characteristic (VWC) of a separate SP SPCS (curves 1
and 2, respectively), taken under standard conditions. Moreover, VWC is called the maximum power curve
of the SP. The point of maximum power on the CVC of the SP is indicated by the letter x, in which the
values of the load current and voltage are, respectively, 8.25 A and 30.5 V.

Table 3 shows the actual values of current and voltage at the point of maximum VWC of one SP
SPCS, as well as the maximum power of the SP for various values of the SRI.

As can be seen from Table 3, the maximum power of the SP is 251.6 W, with a load current of 8.25
A and a voltage at the optimum load of 30.5 V. In the CVC section, up to the point of maximum power X,
the output power of the SP increases linearly (with a constant slope angle), and after this point (at a
voltage of more than 30.5 V), its value decreases sharply, which is due to a similar decrease in the load
current on the right part of the CVC of the SP and the inconsistency of the SP with the real value of the
load of the external circuit. In the areas before and after the point of maximum power x CVC, the
operation of the SP is not rational, which is associated with heat loss, leading to heating of the SC and
SM SPCS.



Table 3
The values of current and voltage at the point of maximum
the CVC power of one SP SPCS, as well as the maximum
SP power for different values of SRI

SRI, W/m? Umax.p'V Imax.p/A Pmax'W
1000 30,5 8,25 251,6
800 30,5 6,56 200,1
600 30,5 4,93 150,1
400 30,4 3,27 99,4
200 29,9 1,61 48,1

Similar characteristics were also taken for a separate SP at SRI 800 and 200 W/m?, and families of
CVCs were constructed based on the data obtained from the measurement. Figure 4 and Figure 5 show
the CVCs of one SP SPCS, taken at the indicated values of the SRI, respectively.
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From a comparison of Figures 3, 4 and 5, it can be seen that changes in the SRI value have little
effect on the output voltage of the SP, and the load current sharply depends on the SR, since the voltage
from the SRI depends exponentially, and the load current - linearly. This is more clearly seen from the
graphical dependencies, the voltage at the optimal load and the load current of the SP from the SR|,
shown, respectively, in Figures 6 and 7.

The weak dependence of the voltage on the SRI at first glance gives reason to understand that the
use of this current source to power the electrolysis plant is quite reasonable. However, since in the
electrolysis process the yield of hydrogen and oxygen is affected more strongly by the load current than
by the voltage, therefore, at low SRI values, the electrolyzer operates in the nonlinear section of the CVC
of the SPCS, which does not give the release of end products (hydrogen and oxygen) and leads to a sharp
an increase in the value of the gas filling coefficient in the internal cavity of the electrolyzer, which, in
turn, leads to an increase in both the voltage of water decomposition per cell of the electrolyzer and the
total amount of electricity consumed to obtain 1 m? H2 and 0.5 m’ O..
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Thus, at SRI values below 300 W/m?, the work efficiency and efficiency electrolyzer drops sharply.

Figure 8 shows a graphical dependence of the output power of one SPCS panel on the SRI. As you
can see, this graph is linear.

When powering any power plant from SPCS, including an electrolytic cell with non-linear current-
voltage characteristics, it is of particular importance to ensure the optimal variant of matching the
electrolytic cell with SPCS, at an arbitrary value of SRI. Taking this into account, for the experimental
SPCS, the dependences of the optimal load resistance on the SRI were taken and the corresponding
graphs were plotted. Figure 9 shows the graphical dependence of the optimal load resistance of one SPCS
panel on the SRI. As can be seen, there is a non-linear relationship between the optimal load resistance
and the SRI for the SP. At the same time, the most dramatic change in the optimal load resistance is
observed at small values of the SRI, which is explained with a similar dependence of the SP voltage on
the SRI, which is shown in Figure 6.
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Since it is planned to power a multi-cell filter-press electrolyzer from an SPCS operating at high
values of the load current, in addition to individual SPs, the CVC characteristics of the SPCS itself,
consisting of three SPs connected in parallel, were also taken. Figure 10 shows the CVC of the SPCS,

taken under the climatic conditions of Baku, with
an SRl of 900 W/ m?. LA
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be 247.5 cm?. Therefore, if we use from the circle area equation S =7 Dfﬂ’ /4, then the diameters of the

electrodes, as well as the cells, with a round configuration, are D, =/ (247 5-4 )/ 3,14 =17,8 cm. Similarly,
if the electrolyzer is operated at a current density of 750 A/m?, the electrode and cell areas should be
24,75/0,075=330 cm?, and the diameters of the electrodes and electrolytic cells D, =./420,4 = 20,5
cm, which, in this case, is considered the optimal design dimensions for the electrodes and cells of the

experimental electrolyzer [22].
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It should be taken into account that in real operating conditions, the developed power of SPCS is
30-40% less than under standard conditions, which should be taken into account when designing
electrolysis plants powered by SPCS. Therefore, in the next stage of the experiments, the graphic



dependences of the output power of a separate SP SPCS on voltage were taken at different ambient
temperatures, which are shown in Figure 11.
In addition, a graph of the dependence of the

output power of the SP SPCS on the ambient P W

temperature was also taken, shown in Figure 12. As 260

can be seen from figures 11 and 12, as the ambient 240 \

temperature rises, both voltages and power of the SP \\

are significantly reduced. With an increase in ambient 220

temperature from 25°C to 55°C, the power of the SP \

is 40-50%, the short circuit current is 30%, and the 200 \

voltage at the external load (the voltage at the point 180 \\

of maximum power x CVC of the SP) decreases by

15.6%, which affects negatively on the optimal mode 160 ~o_

of operation of the cell powered by SPCS. And when 140 ~d |
using electrochemical batteries operating in a buffer

mode, together with SPCS, there is a violation of the 120

charging and discharging processes of the EB, which 20 30 40 50 60
ultimately leads to incomplete use of the energy T,°C

developed by SPCS. Therefore, all these points should
be taken into account in the assembly of SMs based on
SC, SPs, based on SMs and SPCS - based on SPs. It is
necessary to accurately select the number of parallel
and series-connected SCs in SM and SMs in SPCS. In
this aspect, if the electrolyzer is powered directly from the SPCS, without the use of EB, then the greater
the short-circuit current, the better, since this is what gives the most rational use of the developed power
of the SPCS on the load (in this case, on the electrolyzer). Therefore, when assembling SPCS, on the basis
of individual joint ventures, it is necessary to make it so that the number of panels connected in parallel
was greater, which was taken into account in this case. Otherwise, at low SR/ values, especially in the
morning and evening hours of the day, the electrolyzer operates in the initial, non-linear section of its
current-voltage characteristic, at low values of current density at its electrodes. At the same time, due
to the small overall dimensions, the resulting gas bubbles, both hydrogen and oxygen, will not be able to
leave the electrodes and leave the cell space. As a result, inside the electrolyzer, in the electrolyte, the
gas-filling coefficient increases, leading to a sharp decrease in its conductivity, due to which both the
water decomposition voltage and the amount of energy consumption to obtain a single volume of the
target product (1 m> H> and 0.5 m?> Oz), which is undesirable. To eliminate this shortcoming, we have
developed some methods that will be considered in further work.
Conclusions

1. It has been revealed that for a continuous and reliable supply of consumers from SPCS, it is
necessary to accumulate the energy developed by them under good weather conditions, and to use this
energy in unfavorable weather conditions, as well as during the November hours of the day. As the most
promising way of accumulation, it is proposed to accumulate the energy of SPCS in the form of the
chemical energy of hydrogen and oxygen, obtained by the method of water electrolysis.

2. To power the electrolysis plant, an SPCS with a maximum power of 750 W (with an SRI of 1000
W/m?) was developed and created, consisting of three SP connected in parallel. It has been determined
that under light cloudiness, the energy efficiency of the SP decreases to 60-80%, in comparison with clear
weather conditions, and when the sky is cloudy, these indicators decrease to the level of 20-30% of the
maximum. When using a single-layer protective shell and the incoming sunlight in a perpendicular
direction, there is a loss of energy by 9%, under identical lighting conditions and using a two-layer shell -
by 16%, with a single-layer shell and setting the surface of the joint venture at an angle, relative to the
influx of sunlight - by 36 %, which is characterized by reflection and scattering of sunlight from the
surface of glass coatings.

3. It is determined that the values of voltage and current, at the point of maximum power -V
characteristics of the joint venture, are, respectively, 30.5 VV and 8.25 A, the open circuit voltage and
short circuit current, respectively, 37.9 and 8.77 A, the reverse current saturation - 20 A, operating
temperature range - from 40°C to + 80°C, optimal operating temperature + (43 = 47) °C, temperature
coefficients for current and voltage, respectively - 0.059 + 0.007% °C, and - 0.300 + 0.024% °C,
temperature power factor -0.342+0.04% °C, efficiency individual SM - 17%, and efficiency SP - 15.2%.

Figure 12. Dependence of the output capa-
city of one joint venture SPCS on
temperature environment



4. In the experimental SPCS, the surfaces of the SP under good wind conditions are heated up to 25-
30°C, and under non-wind conditions, up to 40-45°C, which does not exceed the optimal temperature
regime for these SP.

5. It has been established that in the first year of operation, the degradation coefficient of solar cells
in the joint venture is 2.67%, and in subsequent years this indicator decreases by 3.5-4.0 times. To
increase the service life of the SP of the experimental SPCS, in the front side of them, between the SCs
and the protective glass shell, a transparent film of the EVA type was used, which also leads to a
significant decrease in the degradation coefficient of the SC. High-quality film can serve up to 30 years.

6. The ways of maximum use of the developed energy of the SPCS are analyzed and the
corresponding CVC and WVC are constructed. At the same time, for the standard condition, both the
CV/(C characteristics and the WVC characteristics of the SPCS are constructed, and for the SR/ values of
800 W/m? and 200 W/m?, only the CV/C characteristics are constructed. From these CVC characteristics,
it is determined that for the standard condition, the values of short circuit current, open circuit voltage,
as well as current, voltage and power, at the point of maximum power x CVV/C characteristics are,
respectively, 8.77 A, 37.9 V, 8.25 A, 30.5 Vand 251.6 W. And for SRI 800 W/m? and 200 W/m?, these
parameters are, respectively, 6.97 A, 37.9V, 6.56 A, 30.5V, 200.8 W (for SRI 800 W/m?)and 1.71 A, 37.0
V. 1.61A 32V, 51.5 W (for SRI 200 W/m?).

7. For the maximum value of SR, in the climatic conditions of Baku 900 W/m?, the CVC of the SPCS
were taken and it was determined that, in this case, the values of the short circuit current, open circuit
voltage, current and voltage at the point of maximum power x CVC of the SPCS, as well as its maximum
output power is 26.3A, 37.9V, 24.6A, 30.5V and 750W respectively. For one SP SPCS, a graphical
dependence of its maximum output power on the ambient temperature was also plotted. It was found
that depending on the increase in ambient temperature, the output power of the joint venture decreases
exponentially.

8. It was determined that when the ambient temperature rises from 25°C to 55°C, the output
power of the SP decreases by 40-50%, and the open circuit voltage is ~ 30%, which should be taken into
account when using SPCS to power the electrolyzer.
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