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Published: 12 June 2018 Republic of Uzbekistan and Central Asia. In particular, the legal
regulation of relations is being analyzed, the development of the
KEYWORDS cooperation norm of transboundary water resources, as well as a
. theoretical and practical proposal for the legal improvement of this
global environmental problems, institution.

regional environmental issues,
national environmental problems,
water policy, transhoundary waters,
water-use issues, environmental
safety, regional use of natural
resources, global climate change,
increase of salinity, water use and
protection, pollution of
transboundary water, transboundary
rivers, socio-political and economic
development, water supply problem,
water-energy opportunities,
interstate water resources,
international convention on water
use, drying up of Aral sea,
environmental catastrophe of the
Aral sea
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terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Background. Rapid and cardinal changes in the natural environment throughout the world,
caused by both climatic factors and increasing anthropogenic stress, under the impact of economic
activity have led to significant environmental disasters of our time. Today we observe the nature's
response to the unreasonable activity of human. Floods, mudflows, tornados, tsunamis, earthquakes,
landslides, desertification, frost, drought, volcanic eruptions, water and wind erosion of soils, hail, etc.
became concomitant phenomena of the Earth planet’s modern life. Therefore, there are many global,
regional and national environmental problems.
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At present, the characteristic feature of the ecological situation in the world is its interregional
nature. In our opinion, this has to do directly with the solution of the ecological problems of our time,
in particular, the rational use and protection of water resources and the protection of the environment.
It can be seen that the world, on the basis of its historical experience, became convinced that it is
impossible to develop the economy without meeting the requirements of ecology and protection of the
natural environment and rational use of nature management.

The further development of the ecological policy of the Republic of Uzbekistan and Central
Asia of the state of ecology and the environment depends on the degree of development and perfection
of the mechanism for the implementation of environmental and water legislation.

One of the largest global environmental disasters in the recent history, experienced by
countries and by the 62 millionth population in Central Asia is the tragedy of the Aral Sea, which by
its ecological and environmental, socio-economic and humanitarian consequences poses a direct threat
to the region's sustainable development, health, genetic and future of people living in it.

The problems of the Aral Sea arose and took on alarming proportions in the 60s of the XX century
because of the result of thoughtless regulation of the large transboundary rivers in the region - the Syrdarya
and the Amudarya, due to which the Aral in the past received about 56 cubic meters km of water annually.
The significant growth of the population living here, the scale of urbanization and intensive development of
lands, the large hydrotechnical construction in the past and irrigation facilities on the watercourses of the
Aral Sea basin, without taking into account the environmental consequences, created the conditions for the
drying out of one of the most beautiful reservoirs on the planet.

Until 1960, the Aral Sea had been one of the largest closed water reservoirs in the world with an
area of 68.9 thousand square meters km and a water volume of 1083 cubic meters km, its length was
426 km, width - 284 km, the greatest depth - 68 m. The Aral Sea area was a region with a great variety of
flora and fauna, 38 species of fish and several of rare species of animals inhabited there, the number of saga
reached 1 million heads, and the floristic composition comprised 638 species of higher plants.

On the exposed part of the Aral, a 5.5 million hectare new salt desert appeared. More than
90 days a year, dust storms rage over it, spreading over 100 million tons of dust and poisonous salts
into the atmosphere for thousands of kilometers each year.

Today the threatening impact of the Aral catastrophe is observed all over the world. According
to international experts, poisonous salts from the Aral region are found on the coast of Antarctica, on
the glaciers of Greenland, in the forests of Norway and many other parts of the globe.

Therefore, the Aral problem was also considered at the World Water Forum in Kyoto, Japan in
2003. The World Water Forums have been launched by the decision of the World Water Council since
1997. Within the framework of the Kyoto Forum in 2003, a special session "Regional Cooperation on
Shared Water Resources in Central Asia" was held. On the proposal, the delegation representatives
decided to include the Aral Sea problem in the register of global environmental problems.

Relevance of the problem. In the narrow sense, as a state water fund that is state property and
performs ecological, economic and cultural-recreational function, the term "waters" can therefore be
conditionally considered in a broad and narrow sense.1

Therefore, the President of the Republic of Uzbekistan, Shavkat Mirziyoyev, particularly
showed some direction of environmental problems in the Strategy of Action for the five priority
development directions of the Republic of Uzbekistan in 2017-2021, in particular;

further improvement of the reclamation state of irrigated lands, the development of a network
of reclamation and irrigation facilities, the widespread introduction of intensive methods into
agricultural production, primarily modern water and resource-saving agricultural technologies, the use
of high-performance agricultural machinery.2

President of the Republic of Uzbekistan Shavkat Mirziyoyev, speaking at the first Summit of
the Organization of Islamic Cooperation in Science and Technology, emphasized: “I would like to
note that we fully support the 10-year Program of Action of the Organization of Islamic Cooperation
for 2016-2025 in this area and its priority areas, and we also consider it important to pay special
attention to the following tasks”.

1Summary of the National Review of the Assessment of the Progress Made by the Republic of Uzbekistan on the
Implementation of Agenda 21, Tashkent, 2002.

2Strategy of actions on five priority directions of development of the Republic of Uzbekistan in 2017 - 2021. //
Collection of legislation of the Republic of Uzbekistan, 2017, Ne 6, art. 70, No. 20, art. 354, No. 23, art. 448, No.
29, art. 683, art. 685, No. 34, art. 874
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Firstly, these issues are related to global climate change. In most regions of the world, the
processes of soil degradation, shrinking of cultivated land, desertification, increasing droughts, and the
scarcity of water necessary for agriculture and the population have become a serious problem.

These challenges are of particular relevance for our region in connection with the
environmental disaster in the Aral Sea area. We offer cooperation in the development of the concept of
"personalized agriculture™. This concept implies the choice of a specific genotype of crops, taking into
account its response to a specific environment, soil, fertilizer, water and biostimulants.1

In this regard, the President of the Republic of Uzbekistan, Shavkat Mirziyoyev, speaking at
the 72nd session of the United Nations General Assembly on September 19, 2017, said: "Speaking
about the problems of ensuring security and stability in Central Asia, one cannot avoid such an
important issue as sharing common water resources of the region. We fully share the position of the
Secretary-General of the United Nations that "the problems of water, peace and security are
inextricably linked". I am convinced that there are no alternatives to the solution of the water problem,
which takes into account equally the interests of the countries and peoples of the region. Uzbekistan
supports the draft conventions on the use of water resources in the Amudarya and Syrdarya river
basins, developed by the UN Regional Center for Preventive Diplomacy. | would like to once again
draw your attention to one of the most acute environmental problems of our time, the Aral catastrophe.
In my hands is a map of the Aral Sea tragedy. | think the comments here are superfluous. Today,
overcoming the consequences of the desiccation of the sea requires the active consolidation of
international efforts. We are in favor of implementing in full this year's adopted UN special program
for the effective assistance to the population affected by the Aral Sea crisis. 2

This statement is directly related to the field of environmental and legal problems of the use
and management of transboundary water resources and international cooperation of the Republic of
Uzbekistan and the state of Central Asia.

It is no coincidence that the Strategy for Action on the five priority development directions of
the Republic of Uzbekistan in 2017-2021 emphasizes that the adoption of systematic measures to
mitigate the negative impact of global climate change and the drying up of the Aral Sea on the
development of agriculture and livelihoods of the population.3

Also, in Uzbekistan, documents were adopted of complying with international standards and
norms, including the Resolution of the President of the Republic of Uzbekistan "On the State Program
for the Development of the Aral Sea Region for 2017-2021".4

The laws clearly indicate the amount of work done in the field of ecology and the rational use
of transboundary water resources and international cooperation. The implementation of such an
environmental policy should become one of the conditions for the sustainable development of the
national economic complex and society as a whole.

A few years ago, First President of the Republic of Uzbekistan Islam Karimov emphasized:
"Over the past 50 years, the total flow of the Amudarya and Syrdarya rivers to the Aral has been
reduced by almost 5 times, the volume of the Aral Sea water mass has decreased by more than
14 times, and the level of its salinity increased almost 25 times, which led to the almost complete
disappearance of fish and marine organisms that had previously inhabited the waters of the Aral Sea.
In the Aral Sea region, which until recently was famous for its huge biodiversity, the number of plants
growing there and the population of wild animals is rapidly decreasing, 12 species of mammals,
26 bird species and 11 plant species are on the verge of total extinction. Formed on the site of the
reservoir, the new sand desert Aralkum with an area of more than 5.5 million hectares gradually
spreads throughout the Aral Sea region, annually poisoning the atmosphere with about 100 million
tons of dust and poisonous salts carried by sandstorms and hurricanes far beyond the Aral Sea.5

Speech of the President of the Republic of Uzbekistan Shavkat Mirziyoyev at the first Summit of the
Organization of Islamic Cooperation on Science and Technology. / / People's Word, 2017, September 11
2Speech of the President of the Republic of Uzbekistan Shavkat Mirziyoyev on September 19, 2017 at the 72nd
session of the United Nations General Assembly.// People's Word, 2017, September 20

3Collection of legislation of the Republic of Uzbekistan, 2017, No. 6, art. 70, No. 20, art. 354, No. 23, art. 448,
No. 29, art. 683, art. 685, No. 34, art. 874

“Collection of legislation of the Republic of Uzbekistan, 2017, No. 4, art. 49, No. 20, art. 354, No. 29, art. 682,
art. 685, No. 35, art. 923;

SCongratulation of the First President of the Republic of Uzbekistan Islom Karimov to the participants of the
international conference "Development of cooperation in the Aral Sea region to mitigate the consequences of an
environmental disaster". // The Popular Word, 2014, October 30.
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Proceeding from the foregoing, the state of the Aral makes a special sharpness in the water
supply problem of the CAR. In Soviet times, large-scale works on irrigation of Central Asian lands
were carried out to increase the area of rice cultivation, and, most importantly, cotton. This led to a
dramatic reduction of runoff to the Aral Sea of the Amudarya and Syrdarya, disassembled for
irrigation, the degradation of tugai forests along the channels of these rivers, the gradual disappearance
of the 4th largest lake in the world, the actual cessation of fishing in it, reaching 44 thousand tons per
year, and the loss of 60 thousand jobs.

In Central Asia, the problem of water use has always been acute, and in recent years it has
become particularly relevant. According to experts, the main reason for this is that when the water in
the region is scarce, it is not used economically and does not introduce new water saving technologies.
This, in turn, leads to salinization of the soil and deterioration of the ecological situation as a whole.
Without effective measures in this area, the problem of water use in the region will become even more
acute, experts say. Observers note that in Central Asian countries, where most rivers originate,
proposals are already being made to consider water as natural wealth as oil and gas and distribute it on
market principles.

The solution of the problem of using water problems representing a real external threat to the
country's environmental security is ensured by joint actions of neighboring states within the
framework of international treaties. A specific role in regulating the transboundary use and pollution
of water problems is required to include a national legislation as well. However, as a rule, this role will
be a derivative of the adoption and legal fixation of relevant international rules.

It should be emphasized that at all times water resources of the region were considered the
basis of the economy, the development of social processes and the provision of a favorable ecological
situation, that is an indispensable condition for people's lives, therefore, in our view, further
development of this issue has great scientific, theoretical and practical implications.1 The countries
of Central Asia are united by the water reserves of the Syrdarya and Amudarya rivers, as well as a
network of hydraulic structures, including dams, canals and reservoirs.

In modern conditions, the system of these resources acquires for the states of the region a new
qualitative context, which is determined by the following factors.2

- Firstly, the emergence of water shortages in any of the Central Asian countries is perceived
as a direct threat to national interests and security.

- Secondly, the optimization of the river systems operation, the exploitation of the economy,
which is claimed by the two branches (irrigation and energy), and they seem a difficult task if they
belong to different states.

The peculiarity of the hydrographic network of Central Asia is the extremely uneven
distribution of its water bodies. The main sources of water of all five republics of the region are within
two states. The main arterial basin of the Aral Sea Basin is formed mainly in Kyrgyzstan- Syrdarya
(80%) and Tajikistan- Amudarya (83%), the last-largest river in Central Asia, with a length of
2,540 km. The Amu Darya basin accounts for about 62.9 cubic meters. km from the total volume of
water reserves (64 cubic km) that are formed on the territory of Tajikistan. In addition, huge volumes
of water in the glaciers-over 60% of the Central Asian reserves that regulate the river balance of the
region are concentrated in the republic. Syrdarya is formed at the confluence of the Naryn and
Karadarya rivers in the eastern part of the Ferghana Valley and has a length of 2,337 km; its hydro
resources amount is 40.6 cubic meters. km.

Now the question of the use of the Syrdarya water reserves is one of the most problematic for
the states of the region. The main contradiction lies in the fact that the interests of water users do not
coincide with the operating regimes (irrigation and energy) of the Toktogul reservoir, the largest
reservoir in the Syrdarya basin. Kyrgyzstan and Tajikistan (due to their limited oil and gas reserves)
are vitally interested in exploiting the energy potential of the hydro resources that form in the upper
reaches. In Uzbekistan and Kazakhstan, the vast majority of land suitable for agriculture is

ICherkashina I.A. The right of water use of inter-farm, agricultural enterprises in modern conditions. / / Abstract
Science of Law . Alma-Ata, 1991; Khalmuminov Zh.T. Ecological and legal issues of protection and rational use
of irrigated lands in the Republic of Uzbekistan. / Abstract of Science of Law. Almaty, 1997; Fayziev Sh.H.
Theoretical problems of legal support of environmental policy of the Republic of Uzbekistan. -T.: TGUI,
2004,246-p; YusupovU.Zh.Pravo agricultural water use in the Kyrgyz Republic. / Abstract Science of
Law.Tashkent, 2008; Skripnikov N.K. The right of water use, water consumption and water protection. -
Tashkent, TGUE, 2011, 382-p.

2Guseva L.Yu. The problem of water resources use in Central Asia // Analytic, -2000, Nel.

http://ws-conference.com/ M 6(34), Vol.4, June 2018 7



WORLD SCIENCE ISSN 2413-1032

concentrated, which objectively determines the interest of these countries in the irrigation regime for
the use of the region's water reserves.

It must be remembered that the network of hydraulic structures created during the Soviet
period in the Syrdarya basin allowed the Toktogul reservoir to be operated in the irrigation regime on
the basis of a mechanism for compensating energy supplies-the accumulation of water in reservoirs in
winter for subsequent use in the vegetation period.

However, this does not guarantee a complete settlement of emerging problems.

— Third, without multilateral agreement, Uzbekistan took a course on water supply by
building on its territory accumulating reservoirs to redistribute the winter runoff to vegetation, and
thereby intends to overcome dependence on Kyrgyzstan in the summer.

Thus, due to the disagreement by the states of the region of the operation regime of the
Syrdarya reservoir cascade, unoccupied water discharges are almost annually permitted in winter,
destroying engineering structures, flooding settlements and, accordingly, creating an acute water
shortage in summer.

Meanwhile, many experts in this field, who know how painful the topic of water reserves in
Central Asia are calling not to aggravate the situation and say that while some energy development
projects in the upper Amudarya are hardly justified because of their capital intensity, others - with
proper exploitation they will not create significant problems for their neighbors. But, in general, this
does not reduce the relevance of the issue.

Thus, in our opinion, today the serious risks of stability in Central Asia for the use of
transboundary hydro resources are appearing due to a number of reasons:

— the lack of an adequate legal framework necessary for the joint operation of water reserves;

— priority of the self-interests of the republics of the region, which essentially means the
division of a single water system that cannot function in a local territorial regime;

— differences in the socio-political and economic development of the countries of the region;

— an ever-growing demand for hydro resources.

It is likely that today the situation would not have taken such negative forms if the water user
states had possessed a highly efficient economy, created competitive products, and accordingly could
allocate sufficient financial resources to maintain water bodies and hydraulic facilities located in their
territories in the proper condition. Therefore, the task of convergence of positions in the use of water
reserves cannot be considered isolated from the efforts to develop effective models for the
development of the economy of each country. In fact, we are talking about ensuring sustainable
progress in the region, where the "water" policy is an important part of it.

At the same time, the problems of coordinated exploitation of Central Asian water reserves are
not only technical, but also international legal in nature (first of all). However, the process of
rapprochement of the states of the region in solving the problems of joint use of the hydropower
resources of the Syrdarya and Amudarya basin is proceeding at a slow pace and is characterized by
low economic efficiency of the decisions made, since most of the concluded treaties and agreements
are of a framework nature.

Sources and regulatory framework of the topic. It can not be said that the leaders of the
Central Asian countries did not attempt to resolve the problems of water use in the region. Back in
1992, all countries in the region signed an agreement on cooperation in the field of joint management,
use, protection of water resources of interstate sources. Thus, they recognized the commonness of the
hydro resources of the basin, the equal rights to exploit them, the responsibility for adequate provision
and rational use, and also agreed to create conditions for strict compliance with the agreed order and
established rules for the operation and protection of water reserves. In addition, the Interstate
Commission for Water Coordination (ICWC) was established, in which two basin water management
associations joined the executive bodies of this structure: BWO "Amudarya™ and BWO "Syrdarya".

Also, on September 20, 1995, at the international conference in Nukus, the heads of state of
Central Asia solemnly proclaimed their commitment to the ideas of equality and interstate cooperation
on water issues. As the Nukus Declaration adopted, the presidents of the five countries of the region
reaffirmed their "commitments for full cooperation at the regional level on the basis of mutual respect,
good-neighborliness and determination” on the water and energy problem of Central Asia. This was
followed by the Bishkek Declaration of State Heads on May 6, 1996, which for the first time
recognized the need to "accelerate the development of a new strategy for water allocation and
economic management practices in the use of water and energy resources."
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In 1998, the agreement "On Cooperation in the Field of Environmental Protection and
Rational Nature Management" was adopted, which stressed the need to establish a Water and Energy
Consortium in Central Asia.

Then the heads of these states repeatedly stated the need to accelerate the development of a
strategy for water allocation and the formation of economic governance mechanisms in the use of
water and energy resources in the region, as well as the creation of a water and energy consortium in
Central Asia.

In 2003, a Program of concrete actions on improving the ecological and socio-economic
situation in the Aral Sea basin for the period 2003-2010, prepared with the participation of all
countries of the region, was adopted, where priority areas of activity include "the development of
coordinated mechanisms for integrated water resources management in the Aral Sea basin". The
problems of regional exploitation of water reserves were again considered at an informal meeting of
the leaders of Central Asian states held in September 2006 in Astana. In addition, the issues of "wise
use of water and energy resources in the Central Asian region” were raised in 2007 within the
framework of the SCO Summit.1

Thus, it is possible to solve some issues, however, it is not possible to achieve the desired
results and launch a really working mechanism for managing the transboundary hydro resources of the
region at a sufficient level. It is already becoming commonplace when the republic, once again
declaring the need for an agreed solution at the interstate level, looks at the use of water reserves in
different ways. The matter has reached the point where each country of a transboundary river basin
tries to develop its own economic strategies based on the same hydro resources.

It should be emphasized that in September 2006, An informal Summit of the leaders of the
Central Asian states took place in Astana, where the problems of the regional use of water resources
were again considered. However, no practical decisions were taken, the parties only once again
declared the need for a concerted solution to the problems of water use and consumption at the
interstate level.

According to international organizations and experts, the main problems between the countries
of the region in regulating water and energy relations remain at the same level:

— the recommendatory nature of the decisions to be made and the absence of any
responsibility for their implementation;

— the disunity of actions at the regional and national levels between the structures of the
water management and energy departments;

— Contradictions between the interests of states that control and consume water resources;

— lack of efficient interstate structures with powers in joint management of water and energy resources;

— the absence of any disinterested party between the conflicting parties with the possibility of
a real impact on the resolution of contentious issues

The above shows that, for a long time, countries have been trying to solve water-related
problems by diplomatic methods. Therefore, the environmental and legal regime for the use and
management of transboundary waters is regulated in accordance with international conventions and
treaties, which apply to the signatory states and the countries that have acceded to them.

Review of internationally agreed standards and recommendations. In this context, there
are two main global documents:

In recent time, there are hundreds, if not thousands of international legal acts aimed at
regulating water relations in the world. The basic international legal acts regulating water relations for
the use and protection of rivers, lakes, canals, reservoirs include the "Rules for the Use of Waters of
International Rivers", signed in Helsinki in 1966 and the "Convention on the Protection and Use of
Transboundary Watercourses and International Lakes",2 adopted also in Helsinki on 17 March 1992,
at the United Nations level and the United Nations Convention on the Protection and Use of
Transboundary Watercourses and International Lakes of 18 September 1992;3

The Convention on the Protection and Use of Transboundary Watercourses and International
Lakes (1992) first introduced the concept of "transboundary waters".

1The initiative of the First President of the Republic of Uzbekistan Islam Karimov at the SCO Summit, August
15-16, 2007 in Bishkek Kyrgyzstan [http: //russ.Politikaon line.ru].

2The Convention on the Protection and use of Transboundary Watercourses and International Lakes in1966.
3The UN Convention on the Protection and use of Transboundary Watercourses and International Lakes of
18 September 1992
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Transboundary water use is a complex legal relationship related not only to the terms and
procedure of use from interstate water bodies, but also to the emergence and termination of the right of
transboundary water use by objects and entities, the establishment of rights and obligations, and so on.
The object of water use in the republic is a certain water body and water sources, and the object of
transboundary water use is a river, parts of which are located on the territory of different states.
Consequently, the subject of water use of transboundary rivers is the states where the transit river
flows through.

In the Preamble of the Convention, special attention is paid to uniting the efforts of states that
have transboundary watercourses on their territory to achieve mutually beneficial, equitable and, most
importantly, environmentally safe water use, joint measures to prevent natural disasters in
transboundary water bodies, and international water protection programs and actions.

The main task of the states that have signed this Convention is the protection of transboundary
waters from transboundary impact. Under such an impact, the Convention understands "any
significant adverse effects arising from changes in the status of transboundary waters caused by human
activities whose physical source is located wholly or partly in an area under the jurisdiction of a party
for the environment in an area under the jurisdiction other Party".

Among the measures ensuring the protection of waters from transboundary impact, the
Convention calls:

— Prevention, limitation and reduction of water pollution, which has or may have a
transboundary impact;

— Ensure the use of transboundary waters for the environmentally sound and rational
management of water resources, their conservation and protection of the environment;

— Ensure the use of transboundary waters in a "reasonable and fair manner" (art. 2).

Also, the fundamental principles and basic procedural rules of water law are also established in the
UN Watercourses Convention (1997). The majority and importance in the practical application of this
international legal instrument, especially for the states of Central Asia, is that it clearly defines the rights
and duties of each state that is a part of one water basin. The Convention was adopted by the decision of the
UN General Assembly on May 21, 1997 with the support of 104 states, and members of the UN. The UN
Convention on the Protection and Use of Transboundary Watercourses and International Lakes of 18
September 1992,1. The Convention on the Law of the Use of International Watercourses, adopted by the
UN General Assembly on May 21, 1997, obliges to consider "ensuring the use of transboundary waters in a
reasonable and equitable way, with special regard to their transboundary nature in carrying out activities
that have or are likely to have a transboundary impact"2.

In addition to global international conventions, great importance is attached to relevant
documents directly related to transboundary water reserves. In this case, as a rule, bilateral agreements
prevail. Thus, out of 106 basins with water management institutions, two-thirds cover three riparian
countries (or more), but only about 20% of the documents relevant to these basins belong to the
multilateral3.

The UN decisions emphasize that "watercourse States cooperate on the basis of sovereign
equality, territorial integrity, mutual benefit and good faith". In case of damage, all measures should be
taken to eliminate or reduce it, and if necessary, the question of compensation is raised. According to
the fundamental requirements of the above-mentioned UN conventions by authoritative international
experts, guarantees must be given that the construction of hydraulic facilities will not have irreparable
environmental consequences, will not violate the established balance of the use of the watercourse of
transboundary rivers by all states located in their basin.

Therefore, the legal regime established by the Helsinki Convention obtained the further
development as a result of the approval of two additional protocols to it: the London Protocol on
Water and Health (1999) and the Kiev Protocol on Civil Liability and Compensation for Damage
Caused by the Transboundary Effects of Industrial Accidents on Transboundary water (2003). The
provisions of both protocols are directly related to transboundary water resources.

Carrying out and acting together is an optimal solution. It should be emphasized that many
of the environmental and water problems that arise in Central Asia are regional in nature and can be
resolved more efficiently and at lower cost with the cooperation of states. The steps taken by the

The UN Convention on the Protection and Use of Transhoundary Watercourses and International Lakes of
18 September 1992

2The UN General Assembly Convention on the Law of the Use of International Watercourses, dated May 21, 1997.
3Human Development Report, 2006, UNDP.
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Central Asian states caused by the ecological catastrophe in the Aral Sea basin show the mutual
benefit of joint actions.

Environmental problems and issues of the water and energy complex belong to the second
dimension of the OSCE. Due to its mandate, the Organization cannot provide financial assistance to
overcome the problems themselves, but due to its unique composition, extensive network of field
missions, the political influence in the region, the OSCE renders advisory assistance to states, provides
the necessary expertise, conducts training for representatives of state and non- bodies. But, first of all,
the Organization generates the political will of the countries, aimed at joint search for the solution of
existing problems. Speaking about the concrete practical participation of the Organization in solving
these problems of the region, it should be noted that, thanks to its efforts, the implementation of the
joint project of Kazakh-Kyrgyz transboundary water use in the Chu-Talas river basinl was carried out.

Solving theoretical and practical problems and improving international cooperation in
modern conditions. Recently, in order to solve the environmental problems of the Aral Sea and the
nearby areas, as well as the problems of using transboundary waters, joint actions are being carried out
and a new direction is open in Central Asia.

To solve the environmental problems of the Aral Sea and the Aral Sea area, a special
Resolution of the Cabinet of Ministers of the Republic of Uzbekistan was adopted on “ A
comprehensive program of measures to mitigate the consequences of the Aral catastrophe,
rehabilitation and socio-economic development of the Aral Sea region for 2015-2018" dated August
29, 2015, No. 2552 as well as, the Decree of the President of the Republic of Uzbekistan "On the State
Program for the Development of the Aral Sea Region for 2017-2021".3

In particular, on March 22, 2017, the President of the Republic of Uzbekistan Shavkat
Mirziyoyev arrived with a state visit to the Republic of Kazakhstan, on the invitation of the country’s
President, Nursultan Nazarbayev. At the meeting, the presidents also agreed on the rational use of
water and energy resources in accordance with the common interests of these states.4

Also, the traditional cooperation between Uzbekistan and Kyrgyzstan was enriched with new
content; the interrelationships became noticeably more active. The meeting of the heads of states was
held at the highest level, visits of delegations at the level of governments and regions took place.
President of the Republic of Uzbekistan Shavkat Mirziyoyev, on the invitation of former President of
the Kyrgyz Republic Almazbek Atambaev, arrived on September 5, 2017 with a state visit to that
country. At the invitation of the President of the Republic of Uzbekistan Shavkat Mirziyoyev, on
October 5, 2017, former President of the Kyrgyz Republic Almazbek Atambayev arrived in our
country on a state visit. At these meetings, the presidents also agreed on the rational use and
management of water resources in accordance with the common interests of states.5

Also, with regard to the rational use and management of water resources, the joint statement of
the President of the Republic of Uzbekistan Shavkat Mirziyoyev and the President of Turkmenistan
Gurbanguly Berdimuhamedov plays a special role.6

In particular, the heads of state discussed issues of restoring the ecosystem of the Aral Sea
basin, improving the socio-economic and environmental situation in the Aral Sea area, rational use of
water resources and ensuring a high level of environmental protection in the region, and expressed
readiness for further development of cooperation in this direction within the Turkmenistan's
chairmanship in the International Fund for Saving the Aral Sea (IFAS).

The parties consider IFAS as a universal platform for interaction between the countries of the
region in the implementation of environmental and scientific and technical projects and programs
aimed at the ecological rehabilitation of the areas affected by the Aral catastrophe, as well as
addressing the socio-economic problems of the region.

1A turning point for the OSCE. Interview with K.Abdrakhmanov, Chairman of the OSCE Permanent Council.
August.2010.

2Collection of legislation of the Republic of Uzbekistan, 2015, No. 35, art. 469

3Collection of legislation of the Republic of Uzbekistan, 2017, No. 4, art. 49, No. 20, art. 354, No. 29, art. 682,
art. 685, No. 35, art. 923;

4Meeting with the President of the Republic of Uzbekistan Shavkat Mirziyoyev, who arrived in Kazakhstan on a
state visit (22 March 2017). Akorda.kz-official site of the President of the Republic of Kazakhstan.

SCooperation based on friendship and mutual trust. // The Popular Word, 2017, on September 6; The peoples of
Uzbekistan and Kyrgyzstan welcome today's level of relationships. // The Peoples Word, 2017, October 6

®Joint statement of the President of the Republic of Uzbekistan Sh.M. Mirziyoyev and the President of
Turkmenistan G.M. Berdymuhamedov. // The Peoples Word, 2017 on March 10
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The heads of state noted that the water resources of the transboundary rivers in Central Asia
are the common good of the local population, and that the fate of tens of millions of people depends on
rational resource use, the stability and well-being of the entire region. The presidents of Uzbekistan
and Turkmenistan support the view that the construction of new hydraulic structures on transboundary
rivers in Central Asia should be carried out on the basis of a constructive approach and a compromise
that the interests of other interested states are not infringed, and in accordance with generally
recognized norms of international water law, attached in the UN conventions that provides the conduct
of an appropriate independent international expertise and agreement with the countries of the lower
reaches of the of projects carrying a transboundary impact.

Taking into account the aforesaid, every person, including scientists and managers - in the
Central Asian region should show maximum restraint, thoughtfulness in any water management
activities related to interstate water relations.

Experience of foreign countries: improvement of international and national legal norms.
Based on the above, taking into account the experience of foreign countries, it can be concluded that in
order to improve the rational use and protection, as well as the management of water resources and the
solution of transboundary water problems in the region, it is necessary:

— The agreements of Uzbekistan with neighboring states stipulate the responsibility of the parties
in case of over limiting water intake or discharge of waste water, which significantly worsens the condition
of the water body. One should envisage in the agreements of Uzbekistan, measures of responsibility for the
inaction of one of the parties, which led to damage on the territory of the other side;

— It is possible that at present Uzbekistan should further develop the practice of bilateral
agreements, transferring it to the plane of multilateral negotiations, involving all interested states;

— we must recognize that the water dependence of the states located in the basins of the Syr Darya
and Amu Darya rivers is so strong that it simply condemns these states to the need for joint management of
all the waters forming here, which are truly common to all peoples living in this region;

— it is advisable to improve the organizational structure of water resources management by
creating new, efficient management bodies and their organizations that could provide the real needs of
the states of the region in water resources;

— In the solution of complex problems on interstate water allocation, rational use and
protection of water, compliance with the requirement of transboundary international water law, green
economy and international green diplomacy plays a major role. Therefore, the world experience shows
that the emerging conflict situations in the interstate use of transboundary waters should be resolved
and strictly observed on the legal and economic basis laid down in international law and international
water law.1

It should be emphasized that at present more than 30 interstate declarations, agreements and
other types of international acts have been signed between the states of Central Asia on the problems
of use and protection of transboundary waters;

— it is useful to improve existing and develop new agreements between the countries of the
region on planning, management and use of water resources in modern conditions, as well as ensuring
economic stability in the Central Asian region, taking into account the subsequent meetings of the
heads of state;

— Develop the environmental and legal basis for ensuring the rights of citizens to information
and the state of rational use and protection of natural resources, in particular, water resources and
measures taken for its environmental and sanitary protection. The fulfillment of these and other
requirements should be mandatory in the implementation of various projects for the creation of
hydroelectric facilities in Central Asia with the participation of both national and transnational
companies in order to prevent a catastrophic deterioration of the ecological situation in the region.

1«Time for universal water metering?»Innovations Report. May 2006;«Water-Use It Wisely.»U.S. multi-city
public outreach program.Park & Co., Phoenix, AZ. Accessed 2010-02-02; U.S. Environmental Protection
Agency (EPA). Cases in Water Conservation (2002). Verified on February 2, 2010. It was archived on
September 12, 2012.Document No.EPA-832-B-02-003;Albuquerque Bernalillo County Water Utility Authority.
Xeriscaping Rebates (February 6, 2009). It was checked on February 2, 2010. It was archived on September 12,
2012; Environment Canada. Municipal Water Use,2001 Statistics (2005). Checked February 2, 2010.Cat.
No.En11-2/2001E-PDF. ISBN 0-662-39504-2. p. 3.
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It should be remembered that the position of the Republic of Uzbekistan on the use of water
resources of transboundary rivers in Central Asia is clearly stated at a meeting of the Council of Heads
of State of the Shanghai Cooperation Organization on August 16, 2007 in Bishkek.1

— the issues related to the use of water resources of the transboundary rivers of Central Asia
should be addressed taking into account the interests of more than 50 million people living in all
countries of the region;

— any actions carried out on transboundary rivers should not have a negative impact on the
existing ecological water balance of the region;

— the current international legal framework in the field of water use and ecology should be
the basis for building an effective system for joint use of the resources of the transboundary rivers in
Central Asia.

It should be remembered that the centuries - old and new history of Central Asia convincingly
proves that joint use of water should serve as a unifying factor, and with the skillful, coordinated use
of interstate water sources, water resources will suffice to meet the needs of all peoples living here.

Meanwhile, today there is a system of international norms regulating various types of
transboundary pollution. However, as a whole, the set of operating water norms does not completely
satisfy modern ecological requirements, the modern level of science, and international cooperation.

In our opinion, further development of international legal regulation of the transboundary
water resource and its protection from pollution should go along with the detailing and concretising
the norms enshrined in international treaties and Conventions, taking into account the experience of
foreign countries.

Therefore, we represent the experience of Japan as an example. It can not be fully applied in
other countries, but it can be used for water management, especially in developing countries.

Major international issues related to water. Currently, there is a discussion at the international
level on the following issues considered as major water problems: 1) provision of safe drinking water and
sanitation facilities; 2) provision of water for food production; 3) protection of river ecosystems;
4) managing the risk of floods and other disasters; 5) efficient use and distribution of water resources, etc2.

Water availability. The annual rainfall in Japan is approximately 650 billion m3 (average for a
30-year period from 1971 to 2000), of which about 230 billion m3 (35%) is lost with evaporation. The
remaining 420 billion cubic meters theoretically represent the maximum volume that can be used by a
person and are considered as water resources.

Use of water by purpose.Types of water use (1999): 57.9 billion m3 (66% of total use) -
agriculture; 13.5 billion cubic meters (15%) - industry; 16.4 billion cubic meters (19%) - household
purposes. Regarding distribution by region, the highest water use rate is observed in the densely
populated urbanized regions of Kanto and Kinki.

A large proportion of household water is used for bathing (26% of the total household water
consumption), toilets (24%), cooking (22%) and washing (20%).3

The importance of facilities for water resource development. Until now, Japan has built about
600 multi-purpose dams and 1,600 special dams for agricultural, municipal and industrial water
supply, which has ensured a stable water supply (approximately 16.6 billion m3 / year) in the domestic
sector and industry. Now 70% of domestic and industrial water supply in Japan is provided by rivers,
of which 77% (55% of total water consumption) comes from such facilities for water development. In
the coastal area of Kanto, where there is a high concentration of population and economic activity,
90% of the water supply from rivers is guaranteed by similar facilities.4

Protection of water quality in sources. About 70% of drinking water is provided by rivers,
lakes and marshes. Deterioration of water quality in these reservoirs leads to a deterioration in the taste
of tap water and the appearance of an unpleasant smell in it. In recent years, operators of waterworks
that have introduced advanced water treatment technology have reduced the problems of smell and
poor taste of tap water. The quality of river water has improved in recent years, which cannot be said
about the water of lakes and marshes, where environmental standards are provided only by 40%. In
order to ensure safe water of good quality, it is important to improve water quality in main sources
such as rivers, lakes, marshes, etc.5

! Materials of the SCO meeting of the Heads of State of August 16, 2007.

2 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 28-page-translation, design.
3 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 7-page-translation, design

4 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 9-page-translation, design

5 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 18-page-translation, design
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Water Consumption in Japan. It is estimated that tens of billions of cubic meters of water are used
for food production, which is annually imported into Japan. Therefore, global water problems also affect
Japan. The Japanese experience and technologies accumulated in the water sector are applied in developing
countries through numerous projects of technical and financial assistance. For Japan, it is necessary to show
interest and play an active role in solving the water problems of the world.1

Degradation and pollution of water resources. Water quality began to deteriorate even before
the modernization of Japan, in the Meiji era, which began in 1868. The first major case of pollution,
which caused great damage, was a case of poisoning from the copper mine Ashio, which took place in
the 1890s. With the increased load of pollution as a result of industrial modernization, the problem of
water quality degradation has become a nationwide.2

Japanese Experience. As a result of economic growth, Japan has experienced an increase in
the degree and load of pollution, which has led to a serious deterioration of water quality nationwide
and has become an unprecedented pollution problem with many victims. Subsequently, Japan moved
from "corrective" to preventive measures, which include the introduction of environmental quality
standards for all public water bodies and groundwaters, air pollution control and expanding sewage
systems, assessing through monitoring. As a result of such policies and measures, the quality of water
in Japan has more or less improved.3

Conservation and restoration of the riverine environment: a "nature- oriented" approach. In
the revised River Law of 1997, "improvement and protection of the riverine environment” is
established as one of the objectives of this law. In the new version of the law "the creation of nature-
oriented river nodes" has become the main goal of improving the state of rivers. Currently, work is
underway to exclude or, if it is not possible, minimizes the change in a healthy habitat while ensuring
the necessary level of flood safety and create conditions in which a healthy riverine environment can
be restored. In the case of the lzumi River in Kanagawa Prefecture, its bed, which was completely
covered with steel shields, was restored to a natural healthy state.4

Water policy, planning and institutional structures. Mentioned in the Japan Law on Rivers, the
Ministry of Construction was so called until January 6, 2001, when the department was reorganized,
the Ministry of Transport, the Ministry of Construction, the Hokkaido Development Agency and the
National Land Agency merged. After the reforms, the IPU became known as the Ministry of Land,
Infrastructure and Transport (MLITT), and since 2008 (January 08) it was given a name the Ministry
of Land, Infrastructure, Transport and Tourism (MLITT), after the next organizational reforms.5

Conclusions. Thus, the basin principle necessarily presupposes an appropriate water policy at
the basin level, including planning (current, medium-term, long-term) use and development of water
resources, availability of financial and other mechanisms for practical implementation of the planned
activities, discussion and coordination of plans with key stakeholders, etc. However, if these issues are
reflected in the national water legislation of the Central Asian states, their implementation leaves
much to be desired. In this context, familiarization with water policy, experience in the legal
regulation of water relations and OIA in different countries of the world provides enough food for
thought for improving the management of national water resources.

Discussion and conclusions. Taking into account the above, it should be noted that in the
field of ecology and environmental protection, in other words, to solve environmental and
transboundary water problems, an order should be put in place that would meet modern legislation
taking into account the following requirements:

— firstly, we will achieve an effect only if the law is implemented by all residents, enterprises,
institutions, organizations. To do this, it is necessary to conduct agitation and propaganda work,
increase knowledge and ecological culture in relation to the environment. In the right application, a
significant role belongs to environmental lawyers who need to be trained; this is a requirement of the
time. In this connection, according to the requirements of the Laws of the Republic of Uzbekistan "On
Education™, "On Nature Protection and the National Program for Personnel Training", whose goal is
the preparation of highly qualified personnel, the central place is given to the study of subjects
"Agrarian Law", "Environmental Law ","Energy Law", "International Law of Transboundary Waters

1 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 29-page-translation, design
2 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 40-page-translation, design
3 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 42-page-translation, design
4 Water Resources of Japan, Scientific and Information Center of ICWC, 2005: 50-page-translation, design
SMinistry of Land, Infrastructure, Transport and Tourism //http://en.wikipedia.org/wiki/Ministry of Land,
Infrastructure, Transport and Tourism (Japan)
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and the Environment" and are designed primarily to provide students and masters, as well as the public
with knowledge in the field of ecology and environmental protection food, as well as rational use of
transboundary water resources;

— secondly, to increase the influence of non-state non-profit organizations and the public on
lawbreakers, that every makhalla (is a living block in the Muslim world where residents exercise self-
governance) and every resident of the region bears responsibility for the environmental cleanliness of
the environment and rational use of transboundary water resources;

— thirdly, to make greater use of the experience of developed foreign countries (Britain,
Japan, the United States, France, Germany, Holland, Israel, China, Korea, Sweden, etc.) that have
achieved effective results in environmental and environmental safeguard issues, resources and its
transboundary protection and rational use;

— fourthly, priority tasks are to increase the environmental culture of the population, to
develop a system of environmental education and training, to improve international cooperation in the
field of environmental protection, to unite efforts, to coordinate the activities of non-state non-profit
organizations active in the field of environmental protection and rational use of transboundary water
resources . Therefore, in our opinion, by joint efforts we will be able to protect the native environment
from danger, preserve the crystal purity of our water sources; in particular lakes and rivers, the clear
sky, preserve our heritage for future generations.

In our opinion, for the successful solution of the task of controlling transboundary pollution of
water resources, a combination of a number of factors, both objective and subjective characters
(mutual trust and cooperation in the relations of states) is necessary. Therefore, we believe that
ecology scientists, economists, irrigators, and lawyers should play a special role in this regard, through
a deep theoretical study of the transboundary pollution problem, the development of a set of
environmental and legal means and mechanisms for its limitation, and the improvement of practical
recommendations.

Based on the foregoing, we tried to highlight some theoretical and practical priorities, taking
into account the experience of some foreign countries of legal regulation in this field, environmental
and legal issues of the use and international cooperation of transboundary water resources that should
contribute to improving the environmental situation, in particular, water use in the Republic of
Uzbekistan and Central Asia.

Thus, we hope that international experience in this respect will help international cooperation
in creating a deep awareness and responsibility for strict compliance with the norms of international
law in the design of new hydraulic structures on the transboundary rivers of Central Asia and will save
tens of millions of citizens residing in the Amudarya and Syrdarya basins from new adventures, the
consequences of which we observe bitterly in the example of the ecological catastrophe Aral sea and
the region.
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and measurement facilities of tractive resistance of outboard agricultural
machines. Considering background of experience and study data, as
measurement facilities of tractive resistance of outboard agricultural
machines with tractors a mark MT3 and TT3 is offerred to use
dynamometric avtocouplinger with tenzometric fingers for the
measurement the efforts, put to them regardless of spots of their exhibit.
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BBenenne. TsAroBoe cCOMpOTHBICHHE CEHCKOXO3IHCTBEHHBIX MAIIMH M MX pabO4HMX OpPraHOB
SBIISIETCS.  OCHOBOIIOJATAIOIMM  ()aKTOPOM WIIM  MapaMeTpoM TpH  DHEPreTHUYECKOHW  OIEHKE
CEIIbCKOXO3SIMCTBEHHOW TEXHUKH B IIEJIOM W MOYBOOOPAOATHIBAOIINX MAIMH, U OPYAUN B YaCTHOCTH.
Bounbiioe mpukiagHoe 3HaYEHHE DHEPreTUYEeCKON OICHKH CEeIIbCKOXO3SICTBEHHON TEXHUKH BBI3BAHO
TEM, YTO 3Ta OIIEHKA J]aeT MCXO/HbIC NaHHBIE JJISi OIIEHKHA ONTUMAILHOCTH KOHCTPYKTHBHOTO PEIICHUS
CEIIbCKOXO3SIMCTBEHHBIX MAlllMH W WX Pa0OYMX OpPraHOB W PAIMOHAIBHOTO arperaTUpOBaHHS TPU
KOMILJICKTOBAHHUHU CEITLCKOXO3HCTBEHHBIX arperaToB, pa3pa0d0TKH SHEPTOCOSPErarolix TEXHOIOTHA.

CpencrBa U3MEpEHUM U UX METPOJIOTHUYECKUE XAPAKTEPUCTUKU SBISIIOTCS OCHOBOM IS
pa3pabOTKN W BBHITIOTHEHUS M3MEPECHHM, KOTOPhIE B CBOIO OUYEPENb JIEKAaT B OCHOBE CTAHIAPTOB Ha
uchbITanus. TakoBBIM siBJsIETCSl oTpacieBou crarmapT Tst 63.03: 2001, BBemeHHBIN B ACHCTBHE C
2001 roxa B3amen PJ] 10,2,2 — 86. B ornuauu ot P/l 10,2,2 - 86 3TOT cTaHAAPT UCKITIOUNI U3 CIIHICKA
M3MEPSIEMBIX TTapaMeTPOB OCHOBHOM METOJ] SJHEPTeTHUECKON OTICHKH - THHAMOMETPHUPOBAHHE.

[IpakTukyemass B HAcTOSIee BpPeMsS METOAWKA BBIMOJTHEHHUS HW3MEPEHHUN TATOBOTO
COTIPOTHBJICHUSI MAIlTMH OCHOBAaHA HAa M3MEPCHHH YCWJIMK B TPEX IMapHHUpPaX HABECHOW CHCTEMBI C
MTOCJICTYIONITUM BBIYUCIICHHEM pPE3yJIbTHPYIONMIEH KaK TATOBOTO CONMpOTHBICHUS. CleayeT OTMETHUTD,
YTO HA IIPAKTUKE 3Ta METOJUKA HE TOJILKO IPOMO3/IKa, HO U METPOJIOTUYECKH HECOBEPILICHHA.

PesyabTaThl ucciaenoBaHusi. OCHOBBIBasCh Ha HEOOXOJUMOCTh HW3BICKAaHUS —Oolee
COBEPILECHHBIX CPEICTB U METOJOB MPSAMBIX H3MEPEHHUN TATOBOI'O COMNPOTUBICHUS HABECHBIX
CEJIbCKOXO3SIMICTBEHHBIX MAIIMH B HMHCTUTYTe MexaHuzamuu U OnekTpudukanuu  CeabcKoro
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xo3aicTBa Y30ekuctana (MMOCX) wuccinenoBaTeNbCKUM TMPOEKTOM MPEAYCMOTpeHa pa3padoTka
JUHAMOMETPUYECKOH aBTOCIENKH, 00aiatomiel O0JbIION YHUBEPCATbHOCTBIO, TPUMEHEHNUE KOTOPOH
MO3BOJIUT PELINUTH PsIJT METPOJIOTHUYECKHUX BOIIPOCOB MPH €€ UCTIOIb30BAHUU.

O630p W aHamM3 METOJOB W CPEACTB M3MEPEHUI TSITOBOTO CONPOTHBICHUS HABECHBIX
CEJIbCKOXO3SIMCTBEHHBIX MAallMH W pa3pa0OTKa BO3MOXKHBIX KOHCTPYKTHUBHBIX DPELICHUH CPEICTB
M3MEPEeHH TPOBEICHBl HAa OCHOBE M3YYEHUS JTUTEPATYPHBIX NUCTOYHUKOB IO MCITBITAHUAM TPAKTOPOB
U CEIbCKOXO3SHUCTBEHHON TEXHUKH, WCXOAi W3 OCOOCHHOCTEH HAaBECKH WJIM pa3MeIIeHHS
CETBCKOXO3SMHCTBEHHBIX MAIIIMH, a TAaK)KE OIBITA OT/eNa TeXHUIeCKuX m3mepernii UMOCX.

M3BecTHA TMHAMOMETpPHUYECKAsT aBTOCIICIIKA, pa3pad0oTaHHAsI HA OCHOBE CEpUMHOMN aBTOCIICTIKH
CA-1, Ha KOTOpPOH CMOHTHpPOBAaH IIAPHUPHBIA MEXaHW3M MPHUBEICHUS CHUJI TPEX TIT HABECHOMH
CHCTEMBI TPAaKTOpa K OJHOMY 3BEHY, CHAOXXEHHOMY KOJBIIEBHIM TSITOBBIM 3BeHOM (puc.l.) [1]. Kak
BUJTHO M3 CXEMBI B yCTAHOBIEHHOW BEPTHUKAIBHO MEXKIY TPAKTOPOM H OPYAHEM TWHAMOMETPHUIECKOM
aBTOCIIeNKe, Kak U B aBrocienke CA-1, B BepxHeil yacTu pambl 3 B IPOYIIMHAX 6 yI0XKEH BAIUK 7, HA
KOTOPOM B IIAPUKOMOAIIMITHUKAX MOMelIeH / -00pa3Hblil paBHoMmIeunii peruar 8. K Bepxaemy mieuy
9TOTO phluara yepe3 BAIMK 5 KpemuTcs Tsra 4 TMHAMOMETPUYECKOTO MapajiesiorpaMmma, a 3a HIKHee
TUICYO KPENHUTCsl IeHTpanbHas TsAra B HaBecku TpakTopa. Ha cToiikax 2 B HIKHEW YacTH paMbl B
HIAPUKOTIO/IIMITHUKAX YIIOKEH Bad 1, HA KOTOPOM C MOMOINBIO NIIMIEB HacakeHbl mpoymuHbl 9. C
MPOyIIMHAMHM C TIOMOIIBIO OCH M UIAPUKOMOIINIIHUKOB COEAMHEHA HIDKHAS TOJOBKA TATH
JTUHAMOMETPUYECKOTO MapajuienorpaMma 4, a Takke HWKHSS TsAra H HaBeCHON CHCTEMBI TPaKTOpa.
JnuHy TArn 4 MOXHO DPEeryiupoBaTh CTSDKHOW raikoil. Mexnay pamoit 3 M TAToil 4 ¢ moMomisio
KPOHIIITEHHOB TOJIBEIICHO TITOBOe MUHaMoMmeTpudeckoe 3BeHo 10. 3a30p a B u3aMepHUTENbHOU IenH
CIYXHT JUIA Pa3Tpy3Kd OWHAMOMETPHYECKOTO 3BeHa B  HepadodeM COCTOSHUU. OTa
JTUTHAMOMETpHUYECKasi aBTOCIICNTKa MMEeT OOJBIION BeC W, CIEMOBATENHHO, IMOTPEITHOCTh H3MEPEHUS
TATOBOTO  COMpPOTHBIICHWS  OymeT  Ooybllle  4YeM  IOTPEIIHOCTh  KOINBIEBOTO  TATOBOTO
TEH30METPUIECKOTo 3BeHa. K cokaneHuto, B IUTEepaType OTCYTCTBYET OMTMCAHNE METOIMKA U CPEICTB
KaITMOPOBKH 3TOM aBTOCIICTIKH.

W3BecTHa mepexoaHas TEH30METpHUYecKas IurardopMa sl THHAMOMETPHPOBAHUS TPaKTOpPa
T- 150 ¢ naBecHbiMu opyausiMu (puc. 2) [1]. Kak BUAHO U3 pHCYHKa, 3TO TOXKE IMIAPHUPHBIHI
MEXaHH3M, TPUBOASAIIUN yCUJIUS B TAraX HABECHOM CHUCTEMBI TPAaKTOpa K KOJBIIEBOMY TATOBOMY
TEH30METPUUYECKOMY 3BEHY.

3
@555 s

Puc. 1. Cxema ounamomempuueckoil Puc. 2. Ilepexoonas mensoniamgpopma 0t
asmocyenxu: 1-ean; 2-cmotixa, 3-pama; 4-msaea; OUHAMOMEMPUPOBAHUS MPAKINOPA C

5,7-6anux; 6,9-npoywuna; 8-pwiuae; 10- HagsecHviMu opyousamu: 1-pama, 2-noosecka;

OuHamomMempuieckoe 36eHo; B-yenmpanvuas 3- msea; 4-Oyeens,; 5-noosecka; 6-msneo8oe
msza,; H-nuxcnsas maea 36€HO; 7-HUJICHULL 8aJl;, 8-8epXHULL 8all

[Tnardopma kpenuTcst K TpaKTOPY B TPEX TOUYKAX HA MIAPHUPHBIX MOJBECKaX 2 U 5, MalbIlbI
KOTOPBIX YCTaHOBJICHBI B IlIeKax Ha MapuKonommwuiHukax. [lepenHss moiBecka MpHKpeIUieHa K
norepedHoil Oanke pambl 1 TpakTopa W coequHEHa ¢ TUIATQOPMOM TATOW 3, MPUBAPEHHOW K
mwiardopme. 3ajHKE MOJBECKM 3aKpeIUIeHbl Ha Oyreiasx 4 3aaHero mMocra TpakTopa. Bepxuuii u
HWKHUHA Bajbl / W 8 HABECHOH CHCTEMbI YCTAHOBJICHBI B CTOMKAax ILIATQOPMBI, TaKHMM O0Opa3oMm
HaBECHAsl CHCTEMa OTJIEJIEHa OT TPakTopa. [ OpH30HTAIBHOE TATOBOE YCHIIUE MepeiaeTcs Ha TPAKTop
yepe3 TAToBoe 3BeHO 6 nuHamorpada. ['opu3oHTalbHOE TIepeMelleHue paMbl OTPaHHUYEHO YIIOpaMH,
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NPUBApEHHBIMH K TsAre 3 crmepead W c3amu Oamku pambl 1. HemocTaTku 3TOM TEH30METpHYECKOMN
ABTOCIICTIKH TaKKe )K€, KaK U Yy TUHAMOMETPHUYECKON aBTOCIICTIKH.

Texuuuecku 0ojee TMPOCTO PEIIaeTCs BOMPOC € HCMOJL30BAHUEM TEH30METPHUECKUX
MabIEB, 00TAAIONINX OJMHAKOBON UyBCTBUTEIBHOCTHIO U MX BKITFOUCHHUEM B SJIEKTPHUCCKHUE CXEMBI,
KOTOPBIE OCYLICCTBISIOT alireOpandeckoe CyMMHPOBaHUE MOKa3aHuil (puc 3).

, I

S

Ii
1]
Sl

Puc. 3. Cxema pazmewenust meHzomempuieckux pe3ucmopos Ha KOHCOIbHOU baike u cOopKu
UsMepumenbHo20 MOCMa

[IpuHuun u3MepeHust yCUIUN WIA CUJI HE3aBUCUMO OT TOYKHM UX MPUIIOKEHUS MOSICHIETCS
PUCYHKOM 3., TJIe TIOKa3aHa KOHCOJbHas Oajka, Ha KOTOPYIO HaKJIECHbl TCH30METPHUECKUE JTATYMKH
Ty, T> u T3 Ts KOTOpbIE Ha MOCTOBOM CXEME HAKJIEEHbl KAaK IOJYMOCTBI, OCYUIECTBIIAIOLINE
BBIUMCJICHUC TOKa3aHUI COIJIaCHO MPEJCTaBJICHHOW cxeme. HecliokHO yOeauThCs, Y4TO Pa3sHOCTh
M3rU0A0NMX MOMEHTOB B 3TUX CEUCHUSX, PA3HECCHHBIX HA KOHCTPYKTUBHBIN pa3Mep a OyIeT:

M,;= Pa,

U3 npencTaBieHHOTO PaBEHCTBA CIIEAYET, YTO Pa3HOCTh U3THOAIONIMX MOMEHTOB B CEUCHUSX
HE 3aBUCHT OT IjIeya IPUI0KEHNS CUIIBI.

Hamnm npuMmeHeHMe JUHAMOMETPHUYECKHE TMEPEXOJHBbIE paMbl, KOTOpbIE OCHAIIEHBI
JIBYXOTIOPHBIMH WUJIM KOHCOJBHBIMU TE€H30METpHUUECKUMH naibliamu [2]. Takad pama, HaBelnBaemas
Ha TPaKTOp B BEPTHKAJIHLHOM MOJOXEHWH, TMOKa3aHa Ha pucyHke 4. KoHIbI ropu3oHTanbHON ocu 6
BBITIOJIHEHBI B BHJE KOHCOJIBHBIX TEH30METPHUECKHX MajbIeB K KOTOPHIM IPUCOEAWHEHbI HIDKHUE
TATW HaBecHOW cucreMmbl. Ha ocu 6 ycTaHOBIIGHBI /1Ba HIKHMX KPOHINTEHHa 3 3aKaHUMBAIOLIMECS
cepuuecKkuMy mapHupaMu 1 a7l CoeqMHEHUs ¢ HABECHON MAallMHOW NajibliaMu 2.

Puc. 4. Cxema ounomempuuecxoti pamot HATHU.: Puc. 5. Ilepexoonas pama c 08yx onopusvimu
1-chepuueckuii wapnup; 2-meHzomempuyecKuti MEH30MeMmPUeCcKUMU RaTbYaMU
naney; 3-HUNCHUL KpoHuimeuH; 4-kpoHwmerin; 5- 1 — menszomempuuecxasn pama; 2 — mseu
cmotika; 6-eopuzonmanvhas ocw; 1-eunxa; 8- HasecHot cucmemvl, 3 — meH30MempuiecKue
cehepuueckuii waprup; 9-menzomempuieckuil nanvysvl; 4 — CetbCKOX03AUCMBEHHOE OpYyoue

naney, 10-coeounumenvuwiti naney mauuHol
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Ha ocu 6 >xecTko ycTaHOBIIEH KpOHINTEHH 4, B KOTOpOM pa3MmelneHa croiika 5. Buika 7 B
BEpPXHEH YacTH CTOWKUA CHAa0XEHAa TEH30METPHUYCCKMM manblieM 9 co cepuveckuM IIapHUpOM 8
BepxHeH (IICHTPAJILHOW) TATH HABECHOW CHUCTEMBI, B TEPEIHEH YacTH BWIKH [ YCTaHOBJIICH
chepruecKuil OAIIUITHUK BEPXHEH TATH ¢ COSTMHUTENbHBIM nasblieM MamuHbl 10. Kponimreitns 3 u
4 ycTaHaBIMBAIOTCS HA TpeOyeMoM mmpuHe | ¥ 3aKperuIsoTCs, TOXKE caMoe JIENAeTCs ¢ KPOHIITEHHOM
4 nipu ycTaHOBKE 1O BBICOTE N, 9TO mpumaeT pame yHUBEPCAIbHOCTD IIPHMEHEHHSL.

W3BecTtHa moj00Has mepexonHas paMa C IBYXOTOPHBIMH TE€H30METPHYECKHMHU TalbIIaMH C
peryIMpoBKOH ToNBKO 1o mupuHe (puc.S) [1]. Pama kpenutcs Gontamu K 3aJHEMY MOCTY TPaKTopa, a
K HEH C IIOMOIIIBIO TEH30METPUIECKIX TAIBIEB MPUCOCTUHIIOTCS TATH HABECKH.

Heo0xoaumMo OTMETHTH, YTO B JHUTEPATYPHBIX MCTOYHHWKAX HE HAILIM OTPAKEHHE BOIPOCHI
METOJUKH ¥ TEXHHYECKUX CPEJICTB KATHOPOBKH U OIEHKH MOTPEITHOCTH BCEX STUX YCTPOUCTB.

Ha pucynke 6 mpencraBieH OBYXONMOPHBIM TeH30METpUYecknii majen KoHcTpykuun HATU, B
KOTOPOM MMEETCs YeThIpe JaTdrKa. J[aTanky pactonoKeHsl B Ma3ax, MpeIHa3HauYeHHbIX IS YCTaHOBKH
TEH30METPUUECKHUX PE3UCTOPOB, TUAMETPAIILHO, B BEPTUKAILHOU U B TOPU30HTAILHOM TUIOCKOCTSX.

Ecnu ycTaHOBUTH TaTYMKH B 11a3, PACIIOIOKCHHBIM B TOPU30HTAIBHON TUIOCKOCTH, TO OYAET
M3MEpPEeHa TOPU30HTATIbHAS COCTABJISIONIAST YCUIINS, KOTOPHIM HArpy»eHa TAra, He3aBUCUMO OT yria
€€ HaKJIOHAa K ITUIOCKOCTH JIBM)KEHHUS CEIbCKOXO3AMCTBEHHOW MAallWHBI. [[aTUyuMKu, HaKJIEEHHBbIE B
BEPTUKAIBHOMN TIOCKOCTH, U3MEPSIIOT BEPTUKATHHYIO COCTABIISIONIYIO YCHUIIUS.

A4
o 2 N

[ i e eﬁa—
3 1

2 o)

Puc. 6. Tenzomempuueckuii naney
1-naney; 2-npoywunel Kponwmeuna, 3—msnea HABECHOU CUCMEMbL, 4—Mecma YCMaHO8KU 0AMYUKO8

B MM3CX npu npUMEHEHUM TEH30METPUUYECKHUX JABYXONOPHBIX MNalbLEB HAa HABECHYIO
MaIlllMHY KpersiTcs MpOoymuHbl 2 (puc.7) ¢ OTBEPCTUAMH TMOJ TeH3oMeTpudueckuid mamen 1. Jlms
OTpaHWYEHUs 3HAYUTEIHHOTO CMEIICHUS C(HEepHUYecKOro MOIIUAIHUKA TATH T0 MalbIy CIIyXat
pacmopHble BTYIKA 3, BHYTPEHHHMI JHMAMETp KOTOPBHIX OOJbIle, 4YeM auaMeTp mnanbia. Jlis
obecrieueHust TOCTOSIHHOM (PUKCAIIMH MTOJIOKEHUS TallbI[a, B IIEPEIHEH ero 4YacTH UMEeTCs IPOTOYKA H
Ha TpoymmMHE 2 JKECTKO 3aKperUieHHbli ¢Qukcarop 9, KOTOpHI yaepkWBaeT mTaler] OT
MPOBOPAYMBAHUS. DTO MO3BOJISIET 00ECTICUHTh PUKCUPOBAHHYIO YCTaHOBKY Tajiblla IPU KAITMOPOBKE U
MIPH OCYIIECTBICHUH U3MEPEHNH (YCTaHOBKA C MPUMEHEHHEM YPOBHS).

®dukcars majgblia ¢ KCIOJb30BAaHMEM PE3WHOBON IIAHObBI 6 MMeeT Ieiab Oo0ecIeueHHs
CTaTUYECKOMN ONpe/IeIMMOCTH.

2 3 4 5 3 6 9
{ 7 5
. 8
ZSNSN NSRS Z 1
C1 ] [
— .' __L_ 2
1
] | = ~_

Puc. 7. Tenzomempuueckuii naney UMOCX:
1-menzomempuyeckuii naney,; 2-npoyuuHsl KpOHWmMelHa, 3-pacnopras 6myika, 4-msea HagecHol
cucmemvl, S-meHzomempuyecKue 0amuuxy, 6-pe3unosas waiiba, 7-cmonopras waiioa, 8-cmonop;
9-guxcamop nonooscerus
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Bo3moxxubie BApUAHTBI BBITIOJTHEHUA ,I[HHaMOMeTpI/I‘{CCKOﬁ aBTOCICIIKH, 10 CyTH
3aKJIFOYAarTCs B BLI60pC TUIA TCH30MCTPUUCCKUX TMAJIBIEB, TAK KaK aBTOCIHCIIKA B C6ope C TsdaramMu
HABECKU O0pa3yloT MOJBWXHYIO cucTeMmy. Ha pucyHkax 8 m 9 mpeacTaBlieHbI CXeMa CTaHJapTHOM
ABTOCIICIIKA CA'l C OCHOBHBIMHU KOHCTPYKTUBHBIMU pasMEpaMu U CXEMa HIDKHEH YacTH HaBECHBIX
cucteM TpakTopoB Mapok TT3 u MT3 ¢ nmpuBeeHHBIMU KOHCTPYKTHBHBIMU pazmepamu. U3 pucyHka
4 BHUJHO, YTO MPH YCTAHOBKE aBTOCILICIIKU MPOOJILHBIC TATH 00Pa3yrOT yIIIbl ff, CHHYCBI U 3HAYCHUS
KOTOPBIX MOT'YT OBITH OIIPEACIICHBI KaK:

Sin ,BTT3= 034, ,3]73: 200; Sin ﬁMTS’: 0.15; ﬂMrg = 8°40'

Asmocyenka
i

Adi

Puc. 8. Asmocyenka CA-1 Puc. 9. Cxema nudcneil uacmu HagecHoll
cucmemol mpaxmopos TT3 u MT3

CormacHo wuccienoBanusM, TmpoBeaeHHEIM B MMOCX mnpu mpuUMEHEHHH aBTOCICTIKH,
CHaO)KEHHOW KOHCOJIPHBIMHA TEH30METPHUYECKUMH TAITBI[AMU, IPOUCXOAUT CMEIICHUE TNHUY JISHCTBHS
CWIIBI P, 4TO cKa3bIBaeTCs Ha 3HaUeHUIX u3rudaronmx MmomeHnToB (prc 10). Kak mokasano Ha pucyHKe,
MPUMEHSIEMbIE TEH30METPHUUECKHE MANIbIIbI CHA0KEHBI YETHIPEMS TEH30PE3UCTOpPaMH, COOPaHHBIMH B
nosryMocTsl 71, 1> u T3, T4 B IBYyX CEUEHHSIX pPA3HECEHHBIX Ha BEJIMUYMHY . [107IyMOCTHI BKITIOYEHBI B
MOCT TakuM o00pa3oM, 4YTO OCYIIECTBIISIETCS W3MEpEHHe pPa3HOCTH WX IMOoKa3zaHuil. PasHOCTB
MOKa3aHUM, KOTOpas ONpEAeIsIeTCs Pa3HOCThIO W3THOAIONMX MOMEHTOB W paBHA MPOU3BEIACHHIO
3HaueHUs nercTByromel cunbsl P, H, Ha BenmnmuuHy @, MM. Tak Kak a - MOCTOSTHHAs KOHCTPYKTHUBHAS
BEITMYMHA, 3TOT TUI TEH30METPHUUECKUX MAIBIEB JAET BO3ZMOKHOCTh M3MEPSTh YCHIINE HE3aBHCHMO
OT TOYKH NPUIOKEHHUS CWIBI U TPU UCHBITAHUSIX B XOJIe KaTMOPOBOK TEH30METPHUECKUE MAIbIIbI
OpaKyrOTCS TI0 STOMY MTOKA3aTeto.

Henmoctatkom, TPHUCYIIUM TEH30METPUYECKUM MalbllaM, PEaTu3yIONUM HE3aBUCUMOCTh
MOKa3aHUH OT TOYKU MPIIOKECHHS CHUJIBI, SIBIISIETCS HU3Kas YyBCTBUTEIHHOCTD, OTMpeesieMasl Majion
BEITUYMHON @, @ BO3MOKHOCTh €€ YBEJIIMUEHHUSI OTPaHHUYEHA 1O 00ECIEUEHUIO MPOYHOCTU U JPYTUM
KOHCTPYKTHUBHBIMHU HPUYMHAMHU.

Bo3MoxHO TpMEHEHHE Ha aBTOCIICTIKE TEH30METPUIESCKOTO TaTbIla, 00JIaqaroero OobITei
YyBCTBUTENBHOCTHIO (puc.11) [2].

Kak ObU10 OTMEYEHO BBIIIIE ITPU 3TOM UMEET MECTO U3MEHEHHE TOUKU MTPHIIOKEHHSI CUITBI P OT
[EHTpa IapHUpa Ha BeIHUuHY K, KOTOpast MOKET OBITh ONpe/ie/ieHa KaK:

K=1—-1 mm.
BoiBoawl. /[ TtpakropoB mapku TT3 K = 5,1 MM, uyto cocraBur npu | = 100mm,
qyBCTBUTENBHOCTE 5 %. Jnsa tpakrtopoB mapku MT3 K = 2,1 mm uw mpu | = 100mm,

YYBCTBUTENBbHOCTE-2 %. CyMMapHO aAis JBYX HIKHUX TajblieB, 0OJaJaroliuX OJMHAKOBON
YYBCTBHUTEIBHOCTBIO 3TO OYIyT CHCTEMAaTHYECKUE MOTPEUIHOCTH Jiisi TpakTopoB Mapku TT3-10 % u
Ut TpakTopoB Mapku MT3 -4 %.
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Puc.10. Cxema cun deticmsyrowux Ha
menzomempuyeckuii naney UMICX

nonepevdenHad asmoctenka
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Puc.11. Cxema cun oeticmsyrowux Ha
meH30MempudecKutl naney noGblULeHHOU
YYECMEUMenIbHOCHU

[Ipoananu3upoBaB H3BECTHBIE METOABI M CPEICTBA HM3MEPEHUH TIrOBOIO CONPOTHBIICHUS

HaBCCHBIX CEIIbCKOX 035 MCTBEHHBIX

MAIIIHH,

YUYUTBIBAsA

HAKOIUICHHBIH  ONBIT  pa3paboTKH,

M3TOTOBJICHUS! M IPUMEHEHUS] TEH30METPUUYECKUX MAaNbLEB JUIS U3MEPEHHUs MIPUKIIAAbIBAEMBIX K HUM
YCUJIMHA, HE3aBUCHMO OT TOYKU MX MPUIOKEHUs], AUHAMOMETpHUUECKas aBTOCLENKa OyJeT co3aaHa Ha
WX MMPUMEHEHNH, 1 00ECTICUNT YHUBEPCATHHOCTh PUMEHEHHUS 1 TpakTopoB Mapok MT3 u TT3.
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Kipicne. Canat epre miceTiH KOKOHIC JaKbUIbl. JKamnblpakTapbhlHIa a3 MeJIIIepAe KiIeT4aTka,
JIOPYMEHJICp, OPraHUKAJBIK (aJiMa, JIUMOH,(OJIH, KBIMBI3JIBIK) KBIIIKBULIAP MEH MHHEPAJIbI TY3/1ap
JkoHe Oacka maijanbl eMJIIK KAaCHUETTEpl JKOFaphl 3aTTapiblH MeJIepi Kem OOJIFaHIbIKTaH cajar
nakeuibiH EBporia, AMepuka, Asusl ejiepl KYHICNIKTI Taramfa KoJijaHansl. KypambiHIa ackopOWH
KBIIIKBLIBI, THaMuH, puboduasun (Bi, B2, Be, PP, E, C) HUKOTHH KBIIIKBLIBI, PYTHH KOHE KapOTHH
O0ap. OHparbl WHIPBIH (CYT) agaMHBIH XYWKE >KYHECiH TBHIHBIITAHIBIPHIN, YHKBICHIH KAIBIIKA
kentipeni [1,2]. BHOXUMESITBIK KypaMbl )KaFbIHAaH cajlaT KOKOHICTEP/IiH iNIiH/E epPeKIle OPbIH ajaJbl.
ConblMeH KaTap Kemipcyiap, 2,5-3,8 % kaHTTap, Kanblui, Kanui, Hoj, IWHK, TeMip, MarHuH,
HaTpu#, Qochop, aMUHKBINIKBULIAPH JKOHE KhIMKbULIapel Oap [3]. KexeHicrepmiH imiiHze
KYPaMBIH/IaFbl KaJbIIUH TY3bI )KaFbIHAH — OIpIiHINI OPBIHJIEI, TeMip OOMBIHIIA — cayMaJIbIK IIeH IIHUT-
MUS3bIHAH KEHIHT] YIIIHII OPBIHABI, MarHuil OOMBIHIIA OYpIIIaK TIeH KOJIbpaOu KamycTachlHAH KeHiHT1
OpBIHIIBI HeeHe Tl [4].

Caat 1aKkpUIbl IOPYMEHICPIH KaiiHap ke3i caHayiaabl. COHBIMEH KaTap MUKPO3JIEMEHTTEPre —
Mapraser], KoO0ajbT, MbIC, HOJ, MBIPBIIIIKA ©Te Oal. YHeMI maijianaHnca, KaHKbICBIMbIHA, CEMI3IIKKe
Kapchl, iliek aypyiapbiHa eM. JKaHalaH ChIFBUIFAH IIBIPHIHBIMEH CO3bUIMAJIbl TAaCTPHUTTI eMjIeyre
oomansl [5,6,7]. Epremeri pum mopirepi [aymeH canmaTTel VHKbI KalllKaHa ©31 MaliajaHFaH >KOHE
aypynapiibl CajaTThlH OAaJFbIH JKAalbIPaFbIMEH, CYTTI IIBIPBIHBI - JlaTekcrieH emjereH. AHbI3Iap/a
aifteurranaii Pum nopirepi AaToHHO MYy30 canaTren uMiepaTop ABIYCTTBIH OaybIp aypybIH kKasraH [§].

Conrbl 30 kbUTIa KaChUT JKaNbIPAKThl JaKbUIAAPABIH TYpJepi KeOeHin, ojap/sl KbUT OOMbBI
ecipy AypbiC Jxojira Koubutyaa. J[keiiMc MoHaraHHbIH MaJiMeTi OOWBIHIIA KAChUT JKAIbIPAKThI
JaKpUIIApAbl OHMIpimn, cary OoiblHIIAa OipiHII OpBIHAB YJIBIOPUTAHUS MEMIIEKETi, COmaH KeHiH
Wranusa, ®panuuda, Wcnanus, 'epmanus, HI/I,Z[epJ'IaH,Z[LI [Mopryranus memnekerrepi amanpl. Byxin
arieM OOWBIHINIA JKACKLT JKAMBIPAKTHI JAKbUIAAPABIH 1MIiHEC KSH TapajFaH )KoHE KOIl KOJIaHbUIAThIHBI —
cajaT OOJIBITI caHaIa bl [9].

Canar epre miceTiH, CYBIKKAa JKOHE JKapblKKa Te3iMJi, BEreTaIlMsUIBIK KEe3eHI KbhICKa
JUETHKANBIK akbul. COHIBIKTAH cajaTTaH KOKTeMJIE alllblK TaHANTaH epTe OHIM allyFa MYMKYHJIK
Oap. CanaTThl *KbUIBDKAlFa Ja, alllbIK TaHAIKa 1a ecipyre 6onazasl [10,11]. OpTypii coprrapbH, cely
Mep3IMIEPIH KOHE ©cCipy TYpJepiH KOJJIAHBIN, CalaT JaKbUIBIHBIH, KacaH OHIMIMEH XaJIbIKThI
KaMTaMachl3 €Ty MaKCaTBIH/a CalaTThIH KOHBeHepiH KypacTsIpein ecipyre 6omansl. D. Gray (1977)
MaiMeTTepi OoibiHIa +26 xoHe +28°C Temreparypajaa ockiH maiaa 0oy Kadserrtimiri 24,1 xoHe
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9,9 % temenzeiini, an temmeparypa +30...+34°C Oipen capan eckiH maiima OGomagsl. Temmeparypa
+36°C tykpiM myizeMm eHOeiai [12]. Typa oceinmaii momimertepai «Paiikl[Baan» ¢upMachiHbIH
MamaHaapsl aa yebraasl (2007) [13].

3epTrey aaici. FruibiMu 3epTTey sKyMbIcTaphl TeHi3 neHreiiinen 1050 M OuikTikTe OpHaIacKaH
Ka3sKKF3U mieHkaMeH »xa0bUIFaH KBICKBI OKBUTDKAWBIHAA TOKIPUOE KOWBLIBIN, IKYPri3iii.
Toxipubere KazakcTaHHBIH OHTYCTIK-IIBIFBIC aiiMarbiHa (AJMaThl OONBICHIHA) ©cipyre pyKcaT
etinreH, PeceliieH oKeIiHTEeH cajaT COPTHI aIbIHIBI.

OHIMHIH KOHBEHepIiK TYCIMIH ToXKiprOe KOWBIM, 3epTTey VIIIiH, CAlaTTHIH JKaIBIPAKTHI )KOHE
KaymaHIbl 2 TYpl )KoHE COFaH cait 2 copTsl — Kyuepsser ogecckuit; KpymHOKOUYaHHBIN alTbIHIIBL.

3epTTeynepal 3epTXaHalbIK JKOHE 3€pPTXaHAIBIK TAHAMNTHIK TXKIpHOEIep 9iCiMEH JKYPTi3IiK.
Toxipubeni  kocmapimay, Koro  koHe  kyprizy  b. A. [lociexo  [14];  B. ®. benuxk;
I'. JI. bonmapenkonbsry [15]; kaszraH oficTemenepi, COPT aWBIPMAIIBUIBIK Oenriepin«MeToanka
I'ocynapcTBEHHOTO COPTOWCIBITAHUS CETbCKOXO3SMCTBEHHBIX KyIbTyp» [16] omicremeci OoiibrHIIa
ICKE achIPBLIIBIL.

OcimaikTeri sxanmbl KeIKeUIBIH C. M. [IpokomieB oficiMeH TUTpIEY apKbUIbl; KAHTTHUTBIFBIH
Beptpan oxmicin Mukpomoandukanusiaay apkeuisl; «C» mopymenin Myppu (C gopymenin 1 % ty3
KBIIIKBUIBIHBIH ~ epiTiHaiciH 2,6  muxiiopdeHoauHaoperon TuiabMaHca  CBIPBIMEH — THTpIICY
apKbUIBI)o/liciMEH  JKYpri3inai. HuTpaTrapasl aHbpIKTay 9SJCKTPOATApIbl MaiifanaHa OTHIPBIT
MOTECHIIMOMETPHUKAIIBIK d1icTieH )yprizimi [17].

Maxkpo xkoHe MuKpo 3emeHTTepai Cepoust memuekerinaeri Hopu can kanaceinmarsl Erin
[IapyaIIbUIBIFBl KOHE KOKOHIC MAapyallbUTBIFEl FRUTBIMU 3€PTTEY WHCTHTYTHIHBIH 3epTXaHackiHaa TA-
Oxonab, TA-LAB.anmapatsiaia aHBIKTAIBIK,.

JKameipakTel jkoHE KayJaHABl canarTapjaH ajblHFaH MOIIMETTEpiHIH HAaKTBUIBIFBIH PacTay
YIIiH CTATHCTUKAIBIK OHIEY KYprizinmi [18].

3epTTey HOITHIKeJepi. Ocipy omici MeH TYKbIM ceOy Mep3imMjepiH camaT TyplepiHiH
BereTanys Ke3eHiHiH Y3aKThIFbIHA, 6Cipy OaphIChIHIIA TeMITepaTypara OaimanbpICTh (ha3anap Ke3eHiHIH
e3repyiHe OalllaHBICTHI aHBIKTANBIK. KOHBeWepnik TyciM OOWBIHIIA >KAIBIPAKTHl KOHE KayIaHIIbI
canartel 4 Mep3imae 10 KyHAIK apaKalibIKTHIKIIEH TYKBIMAAPBIH cenTik. Tykbim ceOy Teperairi -0,5-1
CcM, KeIeTTik oicnen ceby mommepi 0,01-0,02 kr/m%. XKpuibbkaiina eckinaep naiina 6oIFaHHaH Keifin
KOJIaibI aya TemnepaTypackl 2-3 kyH +22 °C, aya surranasuibirsl 90 %. Coman KeifiH sKbUIbbKai1ars!
KYH/i3ri aya Temneparypacsl +18...422 °C, tynri +16...+17 °C, aya sumranasuisiest — 75-80 % Gobl.
KaHnrap-aknaHn aiyiapbiaia sxapbik Mestepi 1000 jrokctan a3 OosraHia Toymik 0obl 15 KyH, comaH
KeliiH Toysirine 14-16 carat KocwiMIna xapblk Oepiii. Kockimina sxapeikranapipy yinia JHAT-400
JIaMIIachiH KOJIAaH/IbIK. JKbUIbDKAH IIIIHIETT MUKPOKIIMMAT, SIFHU JKbUTY, butFal, xenaery, CO2 Oepy
JKy#eci KOJIMEH OHE aBTOMATThl TypJe Oackapeiianbl. bynm Makcarra >KarbIpakThl cajaTTaH
Kyuepssen ogecckuii (Peceit), an kaynanapl canarran Canar nukopuii (bermopyccust) COpThIH albIK.

Canar nakpUIBIHBIH KONIETTEPiHIH JKackl ce0y Mep3iMiHe, JKBUIIBIH ME3TiJliHe JKOHE
Temreparypa Ty3imiHe OainmanpIcThl. JKbpITbDKaiima canar TykbiMuapbiH 10 KaHTapma cenkeHpe
JKaIbIPaKThl CAJIATTBIH KOIIETiHIH jXKackl —26 KYH, KaymaHisl canatra—32kyH; an 20 kKaHTapga —
25 xone 30 kyH; 30 karTapaa — 23 xoHe 30 kyH; 10 akmanga — 23 xoHe 28 KyH. ByJ1 yakbITTa jKaKChI
JlaMbIFaH 4-7 jkarbIparbl Kanbinracansl (1 xecre).

Kecre 1. Xbuibbkaiiia canat JaKbUIBIHBIH Ce0Yy MEpP3iMi JKOHE KOIIET kKachl

Ceby mep3imi | Ceby kyni | Kemier sxachl (kyH) CebGy mep3imi | Ceby kyni | Kemrer sxachl (KyH)
JKampipakTsl cajar Kayzmanns! canar
| Mep3im 10.01 26 | Mep3im 10.01 32
Il mep3im 20.01 25 Il mep3im 20.01 30
111 Mep3im 30.01 23 11 mep3im 30.01 30
IV mep3im 10.02 23 IV mep3im 10.02 28

XanplpakTel jkoHE KaylaHIbl CalaTThH ©Cyli MEH JAaMy KapKbIHABUIBIFBIH, ©CIMAIKTiH
OromaccachlH JKOHE OHIMJII MYIIENepiH KaJbIITACTBIPFAHBIH aHBIKTAy YIIiH 013 OMOMETPHUSUIIBIK
KepceTkimTepin 3eprremik (2, 3 kecrte). Canar JaKpUIBIHBIH KANbIPAKTAHYbl MEH IKaIlbIpak
TaKTaHIIaChIHBIH ayAaHbl OHIMIUTIKKE acep eTe/ll.
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Kecte 2. JXbibnkaiimarsl

Jopexxecinieri OMOMeTpUsICHI

JKanbIPAaKThI

JKOHE  KayJaH[IbI

CalaTThlH TayapiblK Iicy

z JKanbipak Kayman E“
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== 2 S = = = g 5
© A . - : 2
=
JKanblpakrsl canat, copt KyuepsiBen onecckui
| Mep3im 25,9 22,0 15,4 28,6 17,0 - - 2326
Il Mep3im 28,0 22,7 16,0 28,1 16,0 - - 2499
111 mep3im 29,1 23,8 16,9 30,4 20,5 - - 3224
IV mep3im 30,1 24,6 18,6 30,2 22,0 - - 3530
0,13 0,04
o b 1
S)é, % HCPos 0.04 2,19
CTaH.aybITKY 2 1151
Kaynanas! canat, copt KpynHokoyaHHbIH
| Mep3im 29,0 24,1 17,0 20,7 19,5 13,4 12,7 2885
Il Mep3im 30,6 23,9 19,6 20,2 22,5 14,4 13,6 3264
11 Mep3im 30,9 25,2 19,5 21,0 21,5 16,0 13,9 3266
1V mep3im 32,0 25,0 21,0 21,3 24,0 17,8 14,1 3738
0,13 0,05
o 1 1
S)é, % HCPos 0,13 5,14
CTaH.aybITKY 1 , 3 8 3 2

XaNKbITBIH JIEHCAYNBIFBIHA HET13T1 oCep eTeTiH KOPCETKIMTIH Oipi camaibl KOKOHIC NTaKbUIbIH
TyTeiHy. KekeHictepmi mopyMeHAEpAiH KaiHap Ke3i CcaHaFaHABIKTAH, KYHIENIKTI axaMaapibiH
paIMOHBIHIAFEl KYHABI OemikTiH OipiH Kypaihasl. KekeHicTepiiH eHiMi AopyMeHiepre Oail Ta3za
OosFaHbl qyphIc, cebebi canaT JaKbUIbIH )KacaH KYyHiHIle mai1anaHnaMbl3.

Canar KypambIHIa MUHEPAJIIbI TY31apAblH KenTiriMeH epekienenesi. Komopana mrareiHaa
caylaT JaKbUIBIH ©Te Kol KojnaHasl [21], cebebi KypaMblHIa MHKPOIJIEMEHTTED XKOFaphl, acipece Fe
u Zn[22]. By canarteiy O6aransl kepceTkimi. COHIBIKTaH canaT Makpo- XoHe MUKPO- 3JIeMEHTTEP/IiH
HET13T1 Ke3/iepiHiH 0ipi cananamsl (1, 2,3,4 — cyper).

800
600
400

200

mg|kg

Kyuepsgey odecckuii copmuinbll KypamblHOAZbl MAKPOIIeMeHmmep,
Mme/Ke

E | cpok

B || cpok

® ||l cpox
1V cpox

Cypem 1. Kvickul oicolividcatioagsl Kyuepseey o0ecckuil COpmuiHblY KYPAMbIHOA2bL

MaKposiemenmmep

2 KBUIBIK 3epTTeyliep HoTmkeci OoibiHIIa K MakposnemeHTiHIH kepceTkimni 2015 sKbuUtbl
IV mep3imae — 789,1 %, aix 2016 xbiisl I mep3imae — 798 % sxorapsl 6oszpl. Ca mestmepi 2015 Kbiibl
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I mepsimae — 605,1 %60mca, 2016 xbubl xorapel | sxkone IV mepsimume mamanac (573 % sxoHe
576,4 %) Gonupl.

Kpynnoxouannutii copmutHblH KYPAMbIHOAZbL MAKPOIAEMEHNIMED,
M2/K2

mg|kg

B | cpok
® || cpok
® |11 cpok

1V cpok

Cypem 2. Kvickbl dcolivloicaiioagbl Kpynukouantvlil copmuiibly KYPAMbIHOAZbL MAKPOIAEMEHINMED

Kaynannaer canatr kypambiaaarsl K anemenTinig mesmepi 2015 sxbuter [V mep3imae — 896,5 %
xorapel 6oiica, 2016 xbubt I, 11 xxone IV mepsimae mamanac (846,3 %, 811 % sxone 832,4 %) Gonbl.
Na osnemenTtiniH kepcerkinmn OoiibiHma 2015 xputel I sxone I mep3imape mamanac (209,4 %,
269,1 %).6aiikanmanel. 2016 kbuIbl KOFaphl Kepcetkim IV mepsimme — 256,5% 6Gomael. Mg
AIIEMEHTIHIH Meuepi OOWBIHINA eKi KBIIIA Ja aca albIpMaIIbUIBIK OaiKaTMaIbl.

Kyuepsaesey odecckuii Kypamplnoazol MUKPOIieMEeHmmep, M2/K2

H | cpok
B || cpok
® 111 cpok

® |V cpok

Cypem 3. Kvickbl scolaviocaiioassl Kyuepsigey odecckuti cOpmultbly KYPAMbIHOAbL
MUKpOdIeMeHmmep

JKanbipaktel canat KydepsiBer oJlecCKUil KypaMbIHIaFbl MHUKPOJJIEMEHTTEP/Il aHbIKTaFaHIa
Al, Fe memepi 0acka 3JIEMEHTTEPMEH CalIbICThIpFaHa Jorapbl 00iabl. KypambiHIa €H TOMEHTi
kepcetkit Cu 3eMeHTI 00JI/IbI.
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Kpynnokouanuwtii KypamslHOazel MUKPOIIEMEeHMMmep, M2/Ke

mg|kg

Cypem 4. Kvicxul arcvlnvidicatioasst Kpynnokouanuviil copmulHbly KYpAMbIHOAbl MUKPOIIEMEeHmmep

Keumepkaiimarel KaymaHAbl calartThliH KypaMmbiHmarel Al asmementi 2015 xputer 111 sxone
IV mepsimae aca aiipipmamibuiblk (4,7 % sxone 4,9 %).6aiikanmansl. 2016 sxeuier I, 111 sxome
IV mep3imae mamanac (4,4 %, 4,6 % sxone 4,7 %) Gonmpl. Mn snmeMeHTiIHIH Meiepi OOWBIHIIA
skorapbl kepcetkimn 2015 sxputet [V mepzimue — 3,9 %, an 2016 xbutet [ mep3imae — 3,8 % Oaiikanabr.

KekeHic mrapyambUIbIFbIHAa KOPFaIFaH TOMBIPAK KYPBUIBICTAPEI MEH alllblK TaHarTa
JAKBUTIApBIH OHIMIUTITIHE epekie KoHiI Oeneni. COHOBIKTaH KbUIbDKAHIa opOip mapIisl METPIiH
JKOHE alllbIK TaHanTa opOip cyapMallbl €TiCTIK KepaiH (TeKTapAblH) MaHbI3bl 30p, OJI TaObIC SKelyi
tric. COHIBIKTaH FHUIBIMHU 3€PTTEY JKYMBICHI KOKOHIC JAKbUIJApbIHBIH OHIMIHIH KOFapbhl OOJIybIHA
OaFbITTATYBl THIC. OHIMAUIIK KOKOHIC JabUIIapbIHJIa €H HETI3ri jKoHe 0acThl KOPCETKIIl caHasiaJlbl.
OCBIHBI €CKepe OTBIPHII, 013 op TypJli ME3ruIAe CCOUIreH callaT JaKbUIBIHBIH OHIMJILIITIH aHBIKTaIbIK
(3 —xecrTe).

Kecre 3. XKanbipakThl )xoHe KayJaH bl CaJaTThIH OHIMIIIITI

KyuepsiBen ojiecckuii KpynHOKO4aHHBIH
C o Ocim. o 2 Onint . .| Kaynau S 2 Oninm
e0y Mep3imi canM-bL, T OHIMI-IK, KI/M KUHAY CeOy mep3imi CaM-bL, T OHIMA-IK, KI/M KUHAY
KYHI KYHI
| Mep3im 54 1,78 27.02 | | mep3im 204 2,24 21.03
Il Mmep3im 58 1,90 6.03 | Il mep3im 223 2,45 28.03
I mep3im 61 2,00 14.03 | 11l mep3im 222 2,44 5.04
IVmepsim 63 2,07 24.03 | 1Vwmepsim 251 2,76 14.04
Sx, % 3,42 1,09-2,60 Sx, % 0,42 3,43
HCPos 6,17 0,05 HCPos 3,07 0,27
SCTal'LayblTKy 2 ’ 8 0 ’ 5 SCTaI—L AYBITKY 16 0 ’ 6

KyuepsiBeny omecckuii copreiama eniMmuimk 1,78-2,07 Kr/M?2 apIBIFBIHIA SFHH, €H TOMEHTI
KepceTKim 1-mi ce0y Mep3imiHe, ai )KOoFapbl KepceTkin 4-11i ceOy Mep3iMiHe 0oIbl. Al KayAaHabl
KayJaHIbl caaaTra oHiMITK 2,24-2,76 Kr/M? apaibiFbiHaa OOJIIbL.

KopbIThiHabl. KoprajgraH TOINBIPaK KypbUIBICTAPEl MEH AalllbIK TaHAINTA JKAIlbIPAKThl JKOHE
KayJIaH/Ibl CallaTThl ©CIPY/iH KOHBEHEPIH KOJIIaHy MayChIMHAH ThIC YaKbITTA KEPriIiKTI XaIbIKThI KaChLI
JKaIbIPaKThl KOKOHIC TAKbUTIAPBIHBIH OHIMICPIMEH KaMTaMachi3 €TY/IiH THIM/I1 KOJIbI OOJIBII TaObLIAIbI.

KaszakcTraHHBIH OHTYCTIK-IIBIFBIC alMarbIHJA KbUIbDKAWIa cajlaT JaKbUIbIH KOIIET apKbLIbI
ecipyiH 4 Mep3iMi: TYKbIMIApbIH KaHTApPT albIHbIH OIpiHIII JeKaJachblHAH aKlaH albIHBIH CKIHIII
JeKasacbiHa edin ceOy ychiHbIIaapl. KemeT jkachl xamblpakTsl cayaT yuiiH 23-26 KyH, KayJaHIsl
casiaT yuiH 28-32 KyH Kypaybl Kepek.

KekeHic mapyalllbUTGIFBIMEH aiHAIBICATHIH IAPYAIIBUIBIKTAPFA JKANBIPAKTHl cajaTTaH
KyudepsiBerr ojiecckuii COpThIH, I KayAaH bl caiaTTad KpyImHOKOUaHHBIA COPTHIH YCHIHAMBI3.
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Beenenue. XJIONMYaTHUK SIBJIICTCS OCHOBHOH TEXHMUYECKOM KyJNbTypoit Y30ekucraHa.
[ToydyeHne BBICOKOTO W KAUYE€CTBEHHOTO ypOXKasl XJIOMKA-CBIPIA SIBIISIETCS OJHON M3 aKTyaIbHBIX
MpoOJIEM CEeNBCKOTO XO3sicTBA cTpaHbl. CTPeCcCOBBIC YCIOBHUS, B YACTHOCTH 3aCOJICHHE, IEIAr0T
pacTeHue OoJiee YA3BMMBIM K 3apaKeHHsIM (DUTONMATOTSHHBIMH TpHOaMH, TaK Kak IOJ[ BJIMSHUEM
3aCOJIEHUSI B IIOYBE CHIDKAETCS UHMCICHHOCTb IIOJIE3HBIX MHUKPOOPIaHU3MOB E€CTECTBEHHBIX
aHTaroOHMCTOB (PUTOMATOTCHOB.

W3BectHO, uTo Fusarium solani Bei3siBacT rubeb MPOPOCTKOB XJIOMUATHHKA HA JOBCXOJAOBOU
Y Ha paHHUX CTaJUSX BEr€TATUBHOTO Pa3BUTUS XJIOMYATHUKA, BbI3bIBAsl THUECHUE CEMSIH, COKPAILCHUE
SHEPrUM HMX TMPOPACTAaHUS W KOPHEBYIO THWIb IIPOPOCTKOB, HAHOCSI TEM CaMbIM OOJBIION
SKOHOMHYECKUH ymepd mpom3BOACTBY Xiomnka [1]. MHKOTOKCHHBI (DHTOIATOICHOB OITACHBI
CITOCOOHOCTBIO HE TOJBKO CHHXKATh IPOAYKTHBHOCTH PAcTEHHUSA, HO W HAKAIUIMBasACh B ITOYBaX
YXYAMAT (UTOCAHUTAPHOE COCTOSHHE TocienHnx. Cpeau MHUKPOOOB-aHTArOHHUCTOB XOPOIIO
u3BecTHRI OakTepuu poxa Bacillus, criocobHbIe momaBiIsITE pasBUTHE Pa3IMYHBIX MHUKPOOPraHU3MOB-
maroreHoB pactenuii [2]. BechMa akTyanbHBEIMH SBISIIOTCS BOIIPOCHI OMOKOHTPOMIS (Dy3apHO3HEIX
3a00eBaHUl XJIOMYATHUKA HA 3aCOJIEHHBIX W JCTPAAMPOBAHHBIX I[I0YBAaX, C MPUMEHECHHUEM
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PU300aKTEPUI-aHTAarOHUCTOB,  KOTOPblE  OJHOBPEMEHHO  00JaJaloT  COJIEYCTOMYMBOCTHIO,
docharpacTBopsiroIei, KOPHEOOPA3YIOLICH U POCTCTUMYIUPYIOIICH aKTUBHOCTBIO.

Panee Hamm w3 pusocdepsl XJIOMUATHHKA, BBIPOCHIETO Ha CpPEIHE3aCOICHHOH IOYBe
ChIpAapbHHCKOM 007acTH ObUTM BBIAENCHBI, W B pe3yJbTaTeé CKPHHUHra OTOOpaHbl 4 aKTHBHBIX
mramMma pru300aKTepuil XJIOMYaTHUKA OJHOBPEMEHHO O0O0JaJarolliMH CIEAYIOIUMH CBOHCTBAMHU:
coneycroiiumBocth K 15-20%  TOKCHMYHBIM  XJIOPWAHBIM U CyIb(aTHBIM  COJISIM,
¢dochopmobmu3yrOMEe aKTHBHOCTHIO (pacTBOpeHue Tpukanblnuidochara u MHHEpaIH3aIUs
¢uTHHA), MECTPYKTHBHONH AaKTHBHOCTHIO MO OTHOomeHnio kK xmopopranmdeckuMm (I'XUI™ u IIXB)
MECTUIHAM, KOpHEOOpa3yomeld 1 pOoCT CTUMYIUPYIONIeH akTUBHOCTHIO. 110 pesymnbraTtam aHaim3oB
renoB 16S pPHK mrrammer maentudunupoBansl kak, Bacillus subtilis BS-80 (accession number
KY041889), Bacillus licheniformis BL-83 (accession number KY041694), Paenibacillus polymyxa
PP-113 (accession number KY041978), Paenibacillus amylolyticus PA-118 (accession number
KY041979) [3-7].

Heasto  wuccienoBaHuid  SBISIOCH  W3YyYCHHWE  AHTAarOHHUCTUYECKOW  AKTUBHOCTH
coseycToiunBbIX (HochopMOOMIU3YIOIIMX MTAMMOB pu3obakTepuit xiomyarHuka Bacillus subtilis
BS-80, Bacillus licheniformis BL-83, Paenibacillus polymyxa PP-113 u Paenibacillus amylolyticus
PA-118 mo otHomeHuio K ¢urtonmaroreHy Fusarium solani 319 u BIMAHUS WX acCOIMAIIUM Ha
MOPa’kaeMOCTh IPOPOCTKOB (PUTOMATOTEHOM.

Jnst ompenenieHUst aHTarOHUCTHYECKOH aKTUBHOCTH pPHU300aKTEpUH 1O OTHOIICHHIO K
(uTOnaTOreHHBIM TprbaM, ObLT UCIIOIB30BaH METO] «KONOALEBY [8]. M3yueHue BIHUSHUS acCOIUAIIH
U3 4-X MTaMMOB pHU300aKTEpUil XJIOMUYaTHHUKA Ha YrHETEHHE MAaTOreHHOCTH rpuba Fusarium solani
319 u m3ydeHne yCTOWYMBOCTH XJomdTaHuka copta C-6524 mpoBoawiau Ha cinabo, CpeqHe U CHIIBHO
3apakeHHbIX (uTomaroreHoM (oHaxX. Accomuanus aKTHBHBIX 4-X IITaMMOB pPH300aKTepHit
XJIOMYaTHUKA OblIa WCIIONB30BaHA JUIA TIPEAIIOCEBHONW OOpPabOTKM OTONIEHHBIX HETPOTPABICHHBIX
ceMsiH xyomdyaTHEKa copta C-6524 B Teuenue 3 4 (Tutp kirerok 5x10° KOE/mi). Kontponem ciryxui
BapraHT 0e3 00paOOTKM ceMsSH Ha 3apaXKEHHOM (QHUTONMATOreHOM (oHe, ceMeHa XIIOMYaTHHKA
3aMOYEHBl B BOJIe. OJKCIIEPUMEHT OBbLIT 3aJI0)KeH B 3X KpaTHOW OMOJOTHYECKOH MOBTOPHOCTH H
30 TexHU4eckux MOBTOpax. [IpOAO/KUTENBHOCTh 3KcnepuMeHTa 46 aHel. OnucaHue BHEIIHUX
NpU3HAKOB ObUTH TpoBeneHbl mo cucreme llomosa [9]. Cratuctudeckyro 0OpabOTKy MOTYYSHHBIX
JIAHHBIX POBOIMJIN C UCIIOJIh30BAaHUEM OOIICIPUHATHIX cTaTHCTHYeCKUX Kputepues (P<0,05) [10].

PesyabTaThl  uccienoBanmii. l3ydeHune  MHrMOMpOBaHMS ~ pOCTa WM Pa3BUTHUS
¢uronarorenHoro rpuda Fusarium solani 319 B naGoparopHbIxX ycioBusix B yamkax [lerpu metoaom
«KOJIO/ILIEB»  BBISIBHJIO, YTO aKTUBHBIE cCOJIeyCcTOHYMBBIE  (HOcHOPMOOHIN3YIONIME ITAMMBI
pu300aKkTepuii  XJONMYaTHWKA IIOKA3aJId  BBICOKYK) aHTarOHUCTHYECKYI0O aKTHBHOCTB. 30HA
uarubuposanus pocta (d) ¢uromaroreHoB cocraBmia: s mramMa Bacillus subtilis BS-80 —
79(£1,15) mm, uto cocraBmser 88 %, mms mrramma Bacillus licheniformis BL-83 — 73(+1,15) mm
(82 %), mms mramma Paenibacillus polymyxa PP-113 — 75(1,16) mm (83 %), mist mramma
Paenibacillus amylolyticus PA-118 — 65(+1,20) mm (22 %).

B crnenyromem srtame wuccieoBaHWN OBUTO W3yYEHO BIMSIHHE TPEATNIOCEBHOW 00pabOTKH
ceMsiH xjondaTHuka copra C-6524 accoumanmeit u3 4-xX coneycTordyuBbIX (HochOpMOOHIH3YIOIINX
TaMMOB PH300aKTEepUid HA BCXOXKECTb CEMsH XJIOMYaTHHKA, TIOPAKAEMOCTh IPOPOCTKOB
¢uromarorerom Fusarium solani 319 u OuoMeTpuuecKkhe TMOKasaTeld pPOCTa TPOPOCTKOB Ha
3apayKeHHBIX (PUTOMATOrEHOM TOYBaX.

Hamu yctaHOBIIeHO, 4TO TIPU MPEATIOCEBHOM 00padOTKe CEeMsIH XJIOMYaTHUKA acCcolnalnei u3
4-X MTaMMOB pPH300aKTEepHii, MOPaKAEMOCTh MPOPOCTKOB xjomuatHuka Fusarium solani 319
cHm3mIach B 27 pa3 Ha ciabo 3apakeHHOM (oHe U B 3,5 pasza Ha cpejiHe 3apakeHHOM (oHe. MHaekc
natorenHoctu coctaBmn 0,07(£0,02) ma cmabo, 0,51(£0,06) ma cpemne u 1,73(+0,2) Ha CHIBHO
3apakeHHBIX Fusarium solani 319 ¢omax 1O cpaBHEHHIO C KOHTpOJeM (C TaToreHoMm 0e3
puzobakrepwuii) - 1,92(%0,2).

[TapannensHo ObUIM M3YYEeHBl M3MEHEHMs OMOMETPHYECKHX IOKazaTenei (Onomacca, pocT)
NPOPOCTKOB ~ XJIOMYaTHHWKA IO BIMSHHEM accoUualuu pu3o0akTepuil Ha  3apa)KeHHBIX
¢uronarorenamu ¢onax. beuia 0OHapy)eHa KOppesus MKy CHUKEHUEM MHJEKCa MaTOTeHHOCTH
U yIydlleHHeM OHMOMETpPUYECKHX IIOKa3aTejeld NPOPOCTKOB XJIOMYaTHHKA. B BapmaHtax c
NPEANOCeBHON 00pabOTKOI CeMsIH XJIOMYaTHUKA acCOLMalell pu300aKTepHil TOBBICUIICS OOIINI BecC
M BBICOTA MPOPOCTKOB IO CPaBHEHHUIO C KOHTpOJeM (maToreH Oe3 puzobaktepuid). BrisiBieHo, uTo
accolMalus Hapsily ¢ MOBBIIIEHHEM YCTOHUYMBOCTH MPOPOCTKOB XJIOMYATHUKA K 3a00JICBaHUSAM TaKKe
CTHMYJIUpOBajia KOPHEOOpa3oBaHWE, POCT M Pa3BUTHE WX HA 3apaKEHHBIX (HUTOMATOrEHHBIMU
rpubamu poHax.
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[Ipu mnpenmoceBHOW 00pabOTKE CEMSH XJIOMYaTHHKA accoluanueld u3 4-x IITaMMOB
pu3o0aKkTepuil XJI0Mm4aTHUKa Ha cnabo 3apaxeHHoMm Fusarium solani 319 ¢one cpeanuii ceipoii Bec
kopHeir coctaBun 0,60(+0,12) 1, Ha cpeaHe W CWIbHO 3apakeHHBIX (oHax - 0,40(+0,06) r u
0,50(=0,12) T, COOTBETCTBEHHO, UTO BBIIIEC CPEAHETO BeCca KOPHEH KOHTPOJIbHBIX BapuaHToB Ha 0,44 T,
0,24 r u 0,34 r, cooTBeTcTBeHHO. CpeqHuid OOLINI CHIPOIl BeC MPOPOCTKOB B OMBITHBIX BapHAHTaX C
NPUMEHEHUEM acCOIMallik Ha cllabo, CpeHE M CHIIBHO 3apa)KCHHBIX (OHAX ObUT BBIIIC CPETHETO
o01ero Beca MPOPOCTKOB B KOHTPOIBHBIX BapuaHTax Ha 2,49 1, 2,83 r m 2,66 T, COOTBETCTBCHHO.
Cpenusisi JUTMHA KOPHEW TPOPOCTKOB B BapHaHTaX ¢ MPUMEHEHUEM acCOIMallii Ha clabo, cpefHe u
CUIILHO 3apa)KCHHBIX ()OHAX Obla BBIIIC JIHHBI KOPHEH MPOPOCTKOB B KOHTPOJIBHBIX BapUAHTaX Ha
4,16 cm, 4,83 cM m 5,5 cMm, cooTBeTcTBeHHO. CpemHss oOImmas BBICOTA IMPOPOCTKA B OMIBITHBIX
BapHaHTax Ha cJ1abo 3apaxkeHHOM (oHe cocTaBmia 26,7(+2,33) cM, uTo BeIIe KOHTpous Ha 10,2 cM, B
KOHTPOJBHBIX BapuaHTax - 16,5(+0,28), Ha cpemHe W CHIBHO 3apake€HHBIX (POHAX ATOT IOKA3aTelh
cocrasua - 30,7(x0,33) u 27,8(+2,74), uro BEIIIE KOHTPOJIBHBIX BapuaHToB Ha 14,2 cm u 11,3 cm,
cootBercTBeHHO (Tab.1).

Tabmuma 1. Brnwmsaue mnpeamoceBHO# 00pabOTKH CeMsSH XJIOMUYATHHKA —acCOIUaIllien
pu300aKkTepuil Ha OMOMETPUYECKUE MOKa3aTeIn Pa3BUTUS 45 JHEBHBIX MPOPOCTKOB XJIOMYaTHUKA HA
3apaxeHHbIx Fusarium solani 319 ¢onax, (cpeauee Ha 1 pacrenue)

BapuanTsl onbiTa
B KouTpons — OmnpIT — cmabo OneIT — cpeane OIBIT — CUJIBHO
HOMETPUYCCKHE . . . .
3apakeHHBIN 3apakeHHbII (OH | 3apakeHHBIH GoH + | 3apakeHHbIH (oH +
MTOKa3aTeln .
F.solani 319 + acconmanus accoImanus acconmarus
¢boH pu300aKTepHil pu3obakTepuit pu3o0akTepuit
ChIpoli Bec KOpHEH, T 0,16+0,01 0,60+0,12" 0,40+0,06" 0,50+0,12"
Chipoii Bec cTednei, T 0,68+0,39 2,73+0,56" 3,27+0,44" 3,0+£0,58"
OOuwmii ceIpoii Bec, T 0,84+0,03 3,33+0,67" 3,67£0,17" 3,50+0,69"
Cyxoll Bec KOpHEH, T - 0,11+0,02 0,14+0,02 0,10£0,02
Cyxoii Bec cTede, T 0,1140,01 0,6+0,1" 0,43+0,1" 0,47+0,1"
OOmmii cyxoit Bec, T 0,1140,01 0,71+0,1" 0,59+0,1" 0,57+0,1"
JlinHa KopHei, cM 2,17+0,73 6,33+1,45" 7,0+£0,88" 7,67+1,88"
BricoTa crebieii, cMm 14,3+0,55 20,3+1,45" 23,3+0,67" 20,2+0,88"
Obmas sricora 16,5+0,28 26,7+2,33" 30,7+0,33" 27,8+2,74"
MIPOPOCTKA, CM

*— P<0,0510CcTOBEPHO 1O OTHOIIEHUIO K KOHTPOJIBHBIM BapHaHTaM

BuiBoabl. TakuM 00pa3oM, OCHOBBIBAsICh HA TMOJYYEHHBIE PE3yNbTaThl MOXKHO 3aKIFOYHUTh,
YTO MOHOKYJIBTYPBI COJIEYCTOHYMBBIX POCHOPMOOMITH3YIOIINX ITAMMOB PU300aKTEPUl XJIOMYaTHUKA
W UX accolmanus o0JaJaloT aHTarOHHCTHYECKOHW aKTUBHOCTBIO MO OTHOIIECHHIO K (UTOMATOTCHY
xyormyarauka Fusarium solani 319. B ombiTax ¢ MpopoCTKaMu XJTOMYAaTHHKA acCOIMAIs TOKa3aa
BBICOKYIO 3(deKkTHBHOCTH TPOTHB KOpHEBOW rHWiIM. Ha 3apakeHHbIX ¢(uTomaToreHom (HoHax
npeanoceBHass 00pabOTKa CeMsSH XJIOMYaTHHKA AacCOIMAIMedl CII0COOCTBOBAJIO —MOBBIIICHHIO
YCTOHYMBOCTH MPOPOCTKOB MPOTHB (HUTONMATOTeHA, CTUMYJSIMU KOPHEOOpa3oBaHMs, pocTa H
Pa3BUTHA TPOPOCTKOB XJIOMYATHUKA, O HYEeM CBUACTEIBCTBYIOT YIyYIICHHE OHOMETPUYECKUX
nokazareineil. CiemoBaTellbHO, accoluanusi PH300aKTepHid MOXKET OBITh PEKOMEHJOBaHa JUIs
OUOKOHTPOJIS 3a00JICBaHUIA XJIOMTYATHHKA, BHI3BAHHBIX (pUTOMAaTOreHHbIM rpubom Fusarium solani xa
3aCOJICHHBIX M JETPaANPOBAHHbIX TOYBAX.
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Beryn. Ha picr, PO3BUTOK i BpO)KaﬁHiCTL OBOYEBUX KYJBTYDP 3HaYHO BIUIUBAIOTH HABKOJIHUILHI
¢axTopu. PiBeHb Bposkaro i HOro sKicTe € pe3y/IbTaTOM, CKJIa/HO] B3a€MOJI1 POCIMHU 1 KOMIUIEKCY
mux QakropiB. be3 3HaHHSA cTaHy 1 3MiHM IX CHIBBIJHOIIEHHS Ta NOTPed POCIMH HEMOKIHBO
po3pobuTn paI_IIOHaJ'H:Hy cucTeMy arpOTeXquHHx 3aX0MiB AJISI OJEpXaHHS OOCTaTHBO BHCOKOTO
BpO’Kal0 OBOYIB 1 MOBHOLIHHOI iX sikocTi. CopTn abo F16pI/I,Z[I/I 10 3HAYHO 3aJeXkaTb Bij q)aKToplB
cepeloBUINa, NpU OyIb-KOMYy CTpeci HE 3MOXYThb peasli3yBaTH CBOi MOTEHLIHHI MOJIMBOCTI.
HaitycnimHinmm y BApOOHHYMX YMOBaX Oy/ie BUPOIYBaHHS 3pa3KiB i3 IIMPOKOK HOPMOFO peaxirii [1].

Kamycra 1BiTHa HaleXWTh A0 TPYNH XOJOAOCTIMKMX OBOYEBMX pPOCIMH. BoHa MeHII
MOpPO30CTiliKa, HiXK 1HII BUJIH 1 TOIIKO/PKY€EThCSI TpH Temriepatypi minyc 2...3°C. Hacinus ii mounnae
MPOPOCTaTH 3a Temrmeparypu IpyHTty 5...6°C. OntumaiibHa TeMmiepaTypa s POCTY 1 PO3BUTKY
KarmycTH BITHOT cTtaHoBUTh 15...18°C. VY kapKy TOrojay npy HEAOCTATHIM KiIBKOCTI BOJOT'M Ha
pOCIIMHAX YTBOPIOIOTHCS HEBEJIMKI JIMCTKU Ta JPiOHI TOJOBKM. BuUTpHMaTH BHCOKI TeMmeparypu
KalycTa IBiTHA MOXE TUIBKH TPH BHCOKIM BOJIOTOCTI TPYHTY Ta TOBITPS 1 Tpea sBIs€ JO HUX
BUHATKOBO BHCOKI BuUMOru. JloOpe 3arapToBaHa po3cafa BHUTPUMYE KOPOTKOYACHE 3HIDKEHHS
Temrneparypu 1o MiHyc 5...7°C, a He3arapToBaHa MOIIKOKYeThCs pu MiHyc 1°C. Panni coptu ii B
nepiox pOpMyBaHHSI CYLBITTS MOILKOIXKYIOTHCS MPUMOPO3KaMH 2...3°C, Tomi SIK Mi3Hi, CTBEPIDKYE
Bapabam O. 1O., BUTpUMYIOTh 3HIKEHHS TEMIIEPATypH J10 M1Hyc 5°C[2].

Jiisi HOPMaJNbHOTO POCTY 1 PO3BUTKY KAaIyCTH LBITHOI NPOTSArOM BCHOTO BEreTauliiHOroO
nepiofy BaKJIMBE 3HA4YEHHS Mae 3a0e3leueHiCTh POCIMH Bosioroto. Pocnuuu no0pe pocTyTh i
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PO3BHBAIOTHCS, KOJIHM BiTHOCHA BOJIOTICTh MOBITPsl cTaHOBUTH BiA 80 10 90 %, a TPYHTOBA BOJIOTa B
mexxkax 75-80% HB. Hecraua Bomorm B TIPyHTI YHOBIJIBHIOE plCT pPOCIMH 1 TPUBOJUTH IO
MepeAYacHOro YTBOPEHHsI CYLBiTh (ronoBok). HaamipHa >k BOJOTICTH 3yMOBIIOE TOIIKOJKEHHS
POCIIMH CyIMHHUM 6aKTep1030M OnTumanpHa Bojora TPYHTY NOBUHHA oytu He mene 80 % HB [3].

Kamycra uBiTHa CBITIIOBUMOTNINBA POCIHMHA 1 HAJIEXKUTHh JO0 POCIHH JOBroro AHs. [ 0J0BKU
HalKpalle yTBOPIOIOTbCA I BUOUIIOIOTHCS B XMapHi AHI. CKOpOYEHHS TPUBAJIOCTI CBITJIIOBOTO JHS,
0COOJIMBO TIPH BHPOII[yBaHHI PO3CaaH, BEJE M0 MOMOBKEHHS BETreTaIlifHOrO MepioAy Ta 3HWKCHHS
yposkaifHOCTi. BHpOIyI0Th KalycTy HBITHY B BECHSHO — JITHIM Ta JITHbO—OCIHHIN Mepiofu, K y
3aKpPUTOMY, TaK 1 y BIIKpUTOMY I'PYHTI, a IPHA JOPOIIYBaHHI Ta 30epiranfi — Maibke Kpyriwid pik. s
[IOTO HEOOXiTHO CTBOPHUTH POCIMHAM CIPHUSATINBI yMOBH /IS POCTY 1 PO3BUTKY, OCOOJIMBO
BPAaxXOBYIOUM BHUMOI'M KaIlyCTH LBITHOI [0 YMOB HAaBKOJMIIHBOTO CEpENOBHIINA, Ta IPABUIBHO
MigIOpaTH COPT UM TIOPHI IS JaHOI MICIIEBOCTI [4].

Exomoriuni gociipkeHHs] 1al0Th 3MOTY BHSBHTH [TiI0 OlOTHYHMX Ta ablOTHYHUX (aKTOpiB
MIEBHOTO CEPEAOBUINA HA TEHOTUN i BCTAHOBUTH CTYIMiHb 1X BIUIMBY Ha PIiCT i PO3BUTOK POCIHH Ta
YpOKaHICTh KamycTH LBITHOI. AKYMYyJSIisl 3MiH 30BHILIIHBOTO CEPEJOBHINA TPOSIBISETHCS Y
MIHJIMBOCTI MEBHUX KiJTBKICHUX Ta SKICHHUX O3HAK, — YPO’KaWHOCTI, SKOCTI MPOAYKIii, 31aTHOCTI 110
30epiranHs, U0 BU3HAYAIOTHCS BUXITHOIO OpMOr0. Brucoka 4yTIUBICTh OKpEMHX COPTIB 1 riOpuaiB 10
HECTIPUATIMBAX YMOB BHUPOIIYBaHHS YacTO 3BY)KY€ apeaj iX MONIMPEHHS B iHINI €KOJIOT1UHI 30HU U
0o0MeKye 1X 3arajgbHe PO3TOBCIO/IKCHHSI.

[HTEeHCHBHUM COPTOM, TiI0PUAOM BBa)KAETHCS TAKHH, IO 32 ONTUMAIBLHUX YMOB BUPOIILyBaHHS
KOXKHOTO POKY TIepeBaXkae 3a BPOXKalHICTIO yCi TOCIIIKYBaHi; TUTACTUIHUM (3AaTHAM J0 MIHJIHBOCTI)
€ Ti0pwHI, 110 32 CEPeTHBOI0 YPOXKAWHICTIO 32 POKH TOCIIIKEHHS TIOCiIae TepIIe Miclle, CTadlIbHIM —
riopua, 1o 3a POKW MOCTiPKEHh Ma€ HaWMEHIY PI3HUII0 MK MaKCHMalbHOIO Ta MiHIMalbHOIO
BpoXaiiHicT0. TakuM dYWHOM, ypoKall € TMOXiJHOI JBOX KOMIIOHEHTIB: TPOJYKTHBHOCTI W
crabineHoCTI [5].

MeTtoguka pociaiakeHnb. /11 BUKOHAHHA €KCIIEPUMEHTAIbHOI poOOTH MpPOBENEH] MONBOBI i
naboparopHi gocminu. [loapoBi Mociau MPOBOAVIIN 3TiAHO 13 3araIbHONPUHHATHMA METOUKaMUHA
nociigHomy nosi XHAY im. B. B. Jloky4aeBa. [pyHTH JOCIIZHOTO T0JIs NPEACTABIEH] MOTYKHUMH
YOPHO3eMaMH Ha JIECOBHX IOPOIaX i YePBOHO-OYpHX IIMHaX i 3aiiMaroth 94,9 % iioro miomi. IpynTu
JIOCIIIZTHOTO TIOJIS BIJIHOCHO OJTHOPIHI, IO € OJHIE€I0 3 YMOB OZCpKaHHS JOCTOBIPHUX PE3yJbTATIB 1
BOJIOJIIIOTH BUCOKOIO POAIOUICTIO. 30Ha, B SIKil PO3MillleHe JTOCTIIHE TT0JIe YHIBEPCUTETY, BiTHOCHTHLCS
JI0 TMiJ30HA HECTIMKOTO 3BOJIOKEHHS MiBHIYHO-cXigHoro Jlicoctenmy Ykpainu. [ligroroBka IpyHTY i
KaIyCTy Ta JIOTJIST 32 POCAMHAMU MPOBOJAMIUCH BIAMOBIAHO JI0 3arajibHONPUHHATUX PEKOMEHIAIIH.
JocmipkeHHsT TPOBOJWIM 3 PAHHBOCTUIIMMM riOpuaamMu  Kamyctu 1BiTHOI JIiBiHrcToH Fi,
Kyn F1,0man F1. Croci® BupouryBaHHS — po3cagHuil (BHCApKyBajlM po3cany 3 4—5 copaBXHIMHU
muctkamu). Crioci0 poO3MILICHHS! POCIMH — CTPIYKOBUH 31 CXEMOIO PO3MILICHHS KallyCTH LBITHOT
(40+100) x 50 cm. T'ycrora pocnun 28,6 Trc. mit./ra. Ilnoma 06ikoBoi ainsguku 21 M2 MOBTOPHICTH
JOCITi Iy 9OTHpUpPa3oBa. Po3mileHHs BapiaHTIB CUCTEMaTHYHE.

KoedimienT cTabinpbHOCTI BpOXKaWHOCTI TiOpuma po3paxoByBalid 3a Koe]imieHTOM
¢enorumnoBoi crabimpHOCTI Jleica, mo HaBemeHo 3.[0. Cudom [6]. Koedimient arponomiuHOi
cTabinpHICTI TiOpuAiB BU3Hauam 3a B. B. Xanrinsaianm [7].

PesyabTaTu pocaimkenb. CepenHbo000Ba TeMrepatypa BereramiitHoro nepioxy B 2015—
2017 pp. cranoBuna 20,5...21,1 °C, cyma aktuBHuX Temnepartyp Bumie 10 °C 3Haxomumacs B Mexax
2490,4-2560,6 °C, kinbkicth onajiB 3a Beretamiiauii nepiogq — 97,4-279,3 mm, I'TK CensiHiHoBa =
0,4-1,1. B cepeanboMy 3a TpU POKM JIOCHTIJDKEHb BHIIMK piBEHb TOBAapHOI BpOXKaHHOCTI OyIo
BiamivueHo y riopuma Kyn Fi1 (12,3 1/ra), y ribpuma Onan Fi1 nanuit nokasHuk cranoBuB 11,3 T/ra.
I'i6pun JliBiarcron F1 (KOHTpONBHUI BapiaHT) XapakTepr3yBaBCs HIDKYOI BPOXKAWHICTIO, TIOPIBHSHO
3 iHIUMH BapianTamu, — 11,0 1/ra.

AHaI3yI0uu TOTOJHI YMOBH 32 POKH TPOBEACHHS JIOCHI/DKEHb MOXKHA 3a3HAYUTH, IO
KOJINBAaHHS TEMIIEpaTypy IOBITPs i HEPIBHOMIPHICTH OMAajiB BIPOAOBXK BEreTalifHOTO Mepiony B
3Ha4YHIA Mipi 3yMOBWJIO KOJIMBaHHS BpoOKaitHOCTI KamycTH UBiTHOI. Tak y 2015 p. I'TK BereraunifiHoro
Mepiofly pPaHHBOCTUTIMX TiOpuAiB Kamyctu 1BiTHOI craHoBuB (0,7, mo 3rigHo Kiacudikamii
I'. T. CensHnHOBa MOKHa BBa)KaTH CJIAOKOIO MOCYXOI0. 3a pe3ysibTaTaMu JOCHIIPKEHb JaHOTO POKY
BpOXKalHICTh KalyCTH LBITHOI ctaHoBWia 11,7 T/ra y cepeanbomy mo ribpuaam. BeranosieHo, mo
Bereraniiauii mepiong 2016 p. 6yB gocratHbo 3abe3neueHuit Bosiororo (I'TK =1,1). 3a takux ymoB
OyJI0 OTpUMAaHO CEepeIHIO BPOKAWHICTh KamycTH LBiTHOI Ha piBHi 12,0 1/ra. [lorogni ymosu 2017 p.
MOXKHa oxapakrepusyBat sik cuibHO mocynumsi (I'TK = 0,4). 3rinHo pe3ynbTaTiB JOCTIKEHb 32
JAHUX YMOB OYJI0O OTPUMAHO HUXXYY, TIOPIBHSHO 3 IHIIMMHU POKaMH, YPOXKaHHICTh KalyCTH IBITHOT, —
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11,1 t/ra. YV cepenHbOMY 3a POKH MpPOBEIEHHS IOCTIKEHb OUIBIIY Macy Majiil TOJIOBKH TiOpuaa
Kyn F1 (430,5 1), Toni sik nokaszuuku riopuaiB Onan Fy Ta JliBinrcron Fi cranosumm 388,4 Ta 382,7 r
BinoBigHO (Tabm.1).

Opnmiero i3 Mip ctabinbHOCTI € abcomoTHU po3max Bapianii (R). Lle aOconroTHuil npupict
MK MakCHMaJbHHM 1 MiHIMAJIbHUM 3Ha4eHHAM PiBHIB (R = Xmax - Xmin). UUM #ioro 3HaueHHs Onmxde
N0 HyJs, THM BHIIUA piBeHb cTabiabHOCTI [6].3rimHO HAmMX OCHTIDKCHb, BHIIMM pPiBHEM
cTabiUTFHOCTI 32 YpOXKaWHICTIO Ta Macol0 TOJOBKH XapakTtepusyBaBcs TiOpun Onai Fi. IIpupict mix
MaKCHMaJIbHUM 1 MiHIMAaTbHUM 3HAYEHHSM IMOKA3HWKIB JAaHOTO TiOpuay OyB OMIKYMIl 1O HYJIS y
MOPIBHAHHI 3 iHmMMMH riOpunamu. Haiimenm ctaOinpanM BusiBUBCS Kyn Fi: aOcomoTHuMil po3max
Bapiartii oro moka3aukiB OyB y 1,7-2,1 pa3u OLIbIINIA, HIXK Y IHITUX T1OPUIIB.

Tabmuns 1. IlpoaykTuBHICTH TiOpHAIB KallyCTH MBITHOI 3aJie)KHO BiJl TOTOJHUX YyMOB
BETreTaliiHOTO MePioy PETiOHY TOCIiKEHb

TiGpun | 2015p. | 2016 p. | 2017 p. | V cepemmpomy | max | min | R =max-min
VYpoxkaiiHicTh, T/ra
JliBiarcron Fq 12,8 11,2 9,9 11,0 12,8 9,9 2,9
Kyin Fy 10,2 15,0 12,0 12,3 15,0 10,2 4,8
Oman Fq 12,1 9,8 11,3 11,1 12,1 9,8 2,3
Maca roioBku, T
JliBinrctoH Fq 446,0 392,2 346,2 382,7 446,0 | 346,2 99,8
Kyin Fy 357,3 5245 420,1 430,5 5245 | 357,3 167,2
Oman Fy 422,7 3424 394,3 388,4 4227 | 3424 80,3

I'iOpun BBaxaeTbcs CTaOLTPHAM 3a BPOXKAWHICTIO, SKIMIO KoedimieHT i1 crabimbHOCTI
HAONMMKeHUH 70 ONWHUIN. B Hammx AOCHIIKEHHSX OUIBIN CTaOIbHOI BPOXKAWHICTIO Big3HAYABCS
riopua Oman Fi, B sikoro koedinieHT peroTumnoBoi cradbinpHocTi Jleica cranosus 1,2 (Tabm.2). Tpoxu
MEHIIUM Tiell moka3Huk OyB y JliBiHrcTOoH Fi, a MEHIIOIO CTaOiMBHICTIO BPOXKAWHOCTI BiApi3HABCA
riopun Kyn Fi: xoedimient crabimpHOCTi AopiBHIOBaB 1,5. PiBeHb BpokaitHocTi To pokax y Kym Fi
konmBaBcs B Mexax Bin 10,2 mo 15,0 1/ra (Tadmn.1), mo 3a0e3nevnno HUKYUM, MOPIBHSHO 3 IHITUMHU
BapiaHTamu, koediumeHT crabimpbHOCTi. Lli maHi miaTBEpAKYIOThCS 1 KOE(Ii€eHTOM arpoHOMidHOL
crabutpHOCTI (AS), mo OyB 3ampornoHoBanuii B.B. XaurimpainuMm. BiH XapakTtepusye CTIMKICTb
riOpHIiB 10 HECTIPUSATIUBUX YMOB BereTaliiHoro nepioay. ['iOpu BBaKaeTbest CTaOUILHUM, SKIIO As
oinbe 70 %. 3rigHo i3 pe3yabTaTaMu JOCHIKEHb, BCI FIOPUAM KAIyCTH LBITHOT, 1[0 BUBYAJIUCH, €
crabipHuME: As = 80,3...89,5 %. [lpu upomy, HaWOnbm crabiibHUMU € Tiopuau Omnan Fp i
JliBinrcron F1, koedilieHTH arpoHOMIYHOT CTabIILHOCTI SIKUX CTAHOBJIATH 89,5 1 88 % BiamoBimHO.

Tabmums 2. XapakrepucTuka TiOpHIiB KalryCTH IBITHOI 3a CTa0LIBHICTIO YPOXKaHOCTI

Ti6pin KoedinienT arpoHomMiuHOT KoedimienT peHoTunoBoi
crabineHocTi (AS, %) crabiipHOCTI (SF)
JliBinrcron F1 88,0 1,3
Kyn Fq 80,3 15
Omain Fy 89,5 1,2

BucHoBku. Y pe3ynbpTari JOCHIPKEHb BU3HAYEHO, IO B YMOBax JiBoOepexxHoro Jlicocremy
VYkpaiHu picT 1 pPO3BUTOK PAaHHBOCTUTIMX TiOpWAIB KamyCTH LBITHOI BiZOYBaeTbCs B MexKax
cepeanbo1000B01 Temneparypu — 20,5...21,1 °C, cymu aktuBHuX Temneparyp Bume 10 °C —2490,4—
2560,6 °C, cymu omamiB 3a BereTalfiiHUM Hepion - 97,4-279,3mMm, I'TK =0,4-1,1. 3anexno Bix
0co0IMBOCTEH TiOpUTY T2 YMOB BEreTalliitHOro Heploz[y YPOKAMHICTD KarycTH I[BITHOT KOJTMBAETHCS B
mexax 9,9-15,0 1/ra. B cepeHboMy 3a TpU POKH TOCHIPKEHb BHIIUI PiBEHb TOBApHOL BpO)KaI/IHOCTl
Oyio Bigmiueno y riopuma Kyn Fi (12,3 1/ra),npore BUIMM piBHEM CTaOLILHOCTI 328 yPOXKAWHICTIO Ta
Macol0 TOJIOBKM XapakrepusyBaBcs riopun Onan Fi. [IpupicT MK MakCUMaibHUM 1 MiHIMaTbHAM
3HAYCHHSM ITOKa3HUKIB JaHoro riopuay (abCoiroTHWE po3max Bapiaiii) OyB OMKYMA 0 HYNS y
NOPIBHSIHHI 3 1HIIMMU TiOpugamu. 3rigHo KoedimieHTy ¢enorunoBoi crabinbHocTi Jleica Oinbin
cTaOUILHUM 3a BpokaiHicTiO Takok € Onan Fi: SF = 1,2, 1i gani niATBEpIKYIOTHCS 1 KOSPII[iEHTOM
arpoHOMi4HOI cTabinbHOCTI (AS), o y riopuaa Onan FicranoButs 89,5 %.
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Beryn. OBouiBHHITBO B YKpaiHi crae npuBaOIMBUM OI3HECOM. 3a OCTAaHHI POKH JOCIATHYTI
ITO3UTHUBHI PE3YJILTATH Yy 301ILIIIEHHI BPOXKAWHOCTI, BAJIOBUX 300piB Ta 00CATY €KCITOPTY, ITiABHIICHHS
skocTl oBouiB. Ilopsia 3 UM aHaIi3 CY4acHOI'O CTAaHY OBOYIBHMIITBA B IOCIIONAPCTBAX PI3HUX (Gopm
BJIACHOCT] 1 MAapKETHHTY CBIIYUTHL PO IMOSBY HOBUX IMOTITHYHUX, €KOHOMIYHMX, TEXHOJIOTIYHUX 1
MapKEeTUHIOBUX Tpo0ieM, sKi TalbMyHOTh PO3BHTOK rany3i. B Tomy uwmcii: HecTabuIbHICTH
BUPOOHUIITBA; IMOBUILHE OCBOEHHS HOBHMX TEXHOJIOTiIH BUPOIIYBaHHS, JOTICTUKH Ta MapKETHHTY;
MOBUTBHMN TOIIYK HOBWX HIII €KCHOPTY; BIACYTHICTh KOOMepallii, 0 He JO3BOJSE 3aJ0BOJIBLHUTH
3aIUTH BHYTPIIIHBOTO PUHKY, IEPEHACHYCHOTO BY3bKUM BHUIOBHUM Ta COPTOBUM PO3MAITTIM; HU3BKUI
piBEHb BUKOPUCTAHHSA MiCIA30UPaTbHO] IMiATOTOBKH OBOYiB 10 MApKETHHTY.

LM TOSCHIOITHCA TEePEeBUPOOHUIITBO 1 TOCTpa KOHKYpEeHTHa OOpoTh0a HABKOIIO IyKe
BY3bKOT'O KOJIa OBOYEBHX POCIIHH, & CamMe: OBOYIB OOPIIIOBOI IPyIH, TOMATa, OTipKa i ASSIKHX iHIIUX.
Crioco0iB BHUpILIEHHS MEpepaxoBaHUX NpoOsieM OaraTo, aje 3 arpoHOMIYHOI TOYKH 30py MOKHA
BUJUTUTA TPH OCHOBHHUX: Oe3nepepBHE BIIPOBAUKCHHS IHHOBAIlii B TEXHOJOTII BUPOIIYBaHHS,
micas30upaNbHa MiAroTOBKA; pO3MIUPEeHHS acopTuMeHTy [1]. OmHMM 13 MOPIBHSAHO JIETKUX IIUISIXIB
MIIBUIIEHHS PEHTA0EIbHOCTI BUPOOHHMIITBA OBOYIB € IOMIYK HOBHX HIII JUIA peamizarii IpoxyKIil.
Po3moBCIOKEHNM BapiaHTOM € BIPOBAKEHHS Y BUPOOHHUIITBO OBOYEBUX POCIHH, SKi BiKE 3HAMIILIH
CBOI'0 CIO)KMBaya y IHIIMX KpaiHax, ajie /Ui YKpaiHh € eK30THKO. AOO MO)KHA 3arOCTPUTH yBary Ha
HOBHX OIOXIMIYHMX SKOCTSX OBOYIB, SIKi IPOIOHYVIOTHCS IO CKJIAAy BiTaMiHIB, MiHEpPaJIBHMX COJEH,
IIYKPIB, aMiHOKKCJIOT, JKUPHUX KHCJIOT, IO JO3BOJINTH BUKOPUCTOBYBATH iX JIJIS MiATPUMKH 310POB’S
crioxuBayva [2].

Kamycra xonbpa6i (Brassica oleraceae var. Gongylodes L.) — oxuH i3 miHHHX BHIIB KalyCTH,
KU MOYKE€ PO3IIMPHUTUA ACOPTUMEHT OBOYIB, SIKi BXKUBAIOTHCS B OCIHHRO-3UMOBUH i paHHLOBECHSIHUN
nepioan [3]. Bucoki xap4oBi Ta cMaKkoBi SIKOCTI KalyCTH KOJIbpaOi IMOSICHIOIOTHCSI BEIMKUM BMICTOM
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cyxoi ped4oBUHH, OUJIKIB, BYTJICBOIB, M1Hepam>an COJIEH, BITaMiHiB, ()EPMEHTIB Ta IHIIMX PEYOBHH.
COKOBUTHI Ta HDXHHUA Ha CMak CTEOJIOIUIIJ] MICTUTh BEJIHMKY KUIBKICTH KOPHUCHUX PEUOBHH. Horo
MIPUEMHUI COJOJKUN CMaK 00yMOBJICHO BUCOKHM BMICTOM IYKpiB (710 7,9 %), B TOMY 4HCIIi caxapo3u
(mo 4,6 %), a Takox ackopbOiHoBO1 kucioTH (40—67,8, iHoai no 140 mMr/100 ), 3a 110 KammycTa Koiabpadi
OTpHUMaJa Ha3By «ITiBHIYHOTO JTUMOHa [4].

OnHicr0 3 yMOB, fKa BH3Ha4dac e¢(PEKTUBHICTH 1 MOMIIBHICTE OYAb SIKOTO TEXHOJIOTTYHOI'O
€JIEMEHTY, € €KOHOMIYHA Ta €HEepreThdHa Horo e(heKTHUBHICTb. B OCHOBI METOAMKHA PO3PAXYHKY
€KOHOMIYHOI €(GEeKTHUBHOCTI JIEKWUTH OI[IHKAa BHUTpPaT 3a BCIMa TEXHOJIOTIYHHMM OIIEpalisIMH Ta
MOPIBHAHHS 1X 3 BapTICTIO OTPHIMAHOTO BPOXKA0, IO BUPAKAETHCS B YMOBHO YHCTOMY HPUOYTKY,
piBHI peHTabeNBHOCTI, cObiBapTOCTI IMpoayKIIii [5].

TTopsax 3 3araIpHONPUIHATHMH METOIAMM OLIIHKH €KOHOMIYHOI €(heKTUBHOCTI BUPOOHHUIITBA
MPOAYKIII OBOYIBHMIITBA, B CBITOBIHi IIPAKTHIIl BCE MIMPIIE 3aCTOCOBYIOTH YHIBEPCAIbHUI
€HEPreTUYHHMM IOKa3HUK — KOe(IIIEHT €HEPreTHYHoi e(MEKTHUBHOCTI, SKHH BlgoOpaxkae
CIIIBBIIHOIIECHHS aKyMyJIhOBAaHOI B MPOAYKINI €Heprii, a TakoX BUTPATH HA OTPHMAHHS OIUHHUII
npoaykii. Ile mae MOXIMBICTE HAMOIUIBII TOYHO BpaxyBaTH HE TIILKK MPsSMi BUTPATH €HEPrii Ha
TEXHOJIOTIYHI IIPOLECH Ta omepawlii, a TakKoK 1 €Heprilo, aKyMyJbOBaHy B pPI3HHX 3aco0ax
BUPOOHUIITBA Ta y BUPOOJIeHIH mpoaykmii [6]. SIk BimoMo, COPT € OIHIEI0 3 HAHOUIBII BasKIIMBHUX
CKJIQJIOBUX TEXHOJOTII BHPOIIYBaHHSA OyAh SKOTO BHAY CUIBCHKOI'OCIOMAPCHKUX POCIHUH, B TOMY
yycill KamycTd Koyibpadi. ToMy MM [IOCHIIKYBadd COPTOBHH CKIIaJ KamyCTH KOJIbpaOl, SKUH
HaiOnb anmantoBanuii g0 ymoB JliBoOepexxnoro Jlicoctemy VYkpaiHM, BKJIIOUAIOYM TaKOXK
€KOHOMIYHI Ta CHEPreTUYHI TOKA3HUKH.

PesyabTatn pocaigkenb. JlociipkeHHS IIPOBOMWIM Ha JOCIHIAHOMY Ioi Kadenpu
rogoosouiBHUITBa 1 30epiranas XHAY im. B. B. JlokyudaeBa Bmpomosx 2012—2015 pp. srigHO 3
«MeTOIHUKOI0 JOCIIIHOI CIIpaBy B OBOUYIBHHMLTBI» [7]. BuBuanu panubrocTurii copta 3 Oimumu (CHikaHa,
JenikatecHa 0Oina, Bimenceka 0ina 1350, I'mo0yc) 1 dioneroBumu ctednomionamu (Dest, Hatanka).

Chiocana (Yrpaina). CopT XapaKTepU3YETHCS OHOYACHUM JI03PIBAHHIM, TAKOXK YKAPOCTIAKICTIO 1
MOCYXOCTIMKICTIO. BUKOPHCTOBYETHCS CTEONOILTIT B CBIXKOMY BUTJISIII 1 TSI TIEpEepOOKH.

®Des (Vrpaina). CopT XapaKTepU3YEThCA OJTHOYACHUM JO3PIBAHHAM, TAKOXK JKAPOCTIMKICTIO 1
MOCYXOCTIHKICTIO.

Bioencvra 6ina 1350 (Pocis). IloxuBHiI i cMakoBi BIacTUBOCTI BHCOKi. Jl03piBaHHS IPY>KHE.
CXWIBHUH [0 MIBUAKOIO IIEPEPOCTAHHS CTEOIEIIIIONIB.

Henikamecna 6ina  (Pocis). 1liHyeTbcss 3a BHUCOKMH BMICT IyKpiB 1 BIiTamiHiB.
BuKoOpHCTOBYETBCS B CBIXKOMY BUTJISI 1 JIJIS IEPEPOOKH.

Inobyc (Yrpaina). Criikuii 10 3nepeB'sHiHHs. [Ipu3HadeHuil aJi BXKUBAHHS B CBIKOMY
BHUIJISII, 3aMOPOXKYBAaHHSA 1 30€piraHus.

Hamanxa (Vkpaina). Crilikuii 10 37aepeB'sHiHHS 1 po3rpickyBaHHs. [lpusnauenuii s
BXKUBAHHS B CBDKOMY BUTJISI 1 [T 30epiraHHsl.

JocigHa AinsHKa MpeJcTaBIeHa YOPHO3EMOM THITOBHM MAJIOTYMYCHUM CEPETHbOCYTITHHUCTHM
Ha KapOOHATHOMY JIeCi, 3HAXOUTHCS Ha KparelbHoMY 3porneHHi. [lomepeaank — oripok. [ocmimkenHs
MIPOBOIFITM B YOTHUPUKPATHIN MTOBTOPHOCTI 3 PO3MIIIIEHHSAM JISTHOK CHCTEMAaTHYHUM MeTonoM. [lmomra
06mikoBoi gimsHkn — 11,2 M. Cxema nocaaku — (40+100) x 20 cm, ryctora — 71,4 Tuc. mrr/ra.

Ha mpots3i BereTariiiHOro mepioay BigMidaiad CTPOKH HAacTaHHS (PeHoNorigyHux (a3 pocTy i
PO3BHUTKY DOCJIHMH, a CaMe: CXOIH, IOSBY TPHOX CIPAaBXKHIX JIMCTKIB, CTEOJIOYTBOPEHHS, TEXHIUHY
cruraicte. Ilim gac MOCTIIKEHb MPOBOAMIN OIOMETPHYHI CIIOCTEPEIKEHHS, MPU ILOMY BiIMidann
BHCOTY POCJIHH, JlaMEeTp PO3ETKH, AlaMeTp cTeOJIONOI0Ay, KUIBKICTh JIUCTKIB, MAacy BCi€l HaA3eMHOI
YacTHHH y (Pa3y YTBOPEHHS CTEOIOIUIONY Ta TEXHIYHOI CTUTIIOCTI. 30ip 1 00K BPOKAIO ITPOBOIMIN
10 Mipi HApOCTAaHHS CTEOJIOILIONY MUISHKOBO-BATOBMM METOJOM 3 PO3IOAUIEHHSIM Ha TOBapHY
(ctagmapr 1 He craHmapr) i HETOBapHy (IIOIIKOKEHY XBOPOOAaMHM, IIKIJHUKAMH) 4YAaCTHHY.
PospaxyHkH €KOHOMIYHOI Ta €HEPreTHYHOI €(PEKTMBHOCTI BHPOIIYBAaHHS IOCHIIKYBaHHX COPTIB
KaIyCTH KOJIbpabi MPOBOAMIIM HA OCHOBI TEXHOJOTIYHUX KapT 3 BUKOPUCTAHHSAM 1CHYIHOUUX THUIIOBUX
HOpPM BUPOOITKY, BUTPAT TOBAPHO-MAaTEPialIbHUX PECYPCIB.

BcTranoBieHO, 1110 010METpHUYHI MOKA3HUKH OYJIH CYTTEBO BUIUMH IMOPIBHSIHO 3 KOHTPOJILHUM
coprom CHixana nuie B copty Binenceka 6inma 1350. Cepen iHIINMX AOCTiIKYBaHUX OPTiB CYTTEBOL
PI3HUII TIO POKaM HE CITOCTEPITanoch.

OJHHUM 13 OCHOBHHUX ITOKA3HMKIB €(hE€KTHBHOCTI TE€XHOJIOTIi BHPOIIYBAaHHS € YPOXKAHHICTh.
Hamu BcTaHOBieHO, 10 HaWKpalldM 3a UM IIOKa3HUKOM OyB copT Bimencbka Oima 1350 3
YPOXKAMHICTIO B CEPeJHbOMY 32 POKHU Jociimkenb 13,9 1/ra mpu ypoxaitHocti copty CHixkana
(xoHTpOINH) — 12,4 T/Ta.
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KinmneBuM ertanmoM po3poOKHM Ta BIPOBAKCHHS OyAb SKOTO TEXHOJIOTIYHOTO EIEMEHTY
BHPOINYBAaHHS € HOro eKOHOMIYHAa Ta CHEpreTHYHa oOlliHKa. Ha migcraBi pe3ynbTaTiB JaHUX
pO3paxyHKiB, HaMH HiATBEPIKEHO, IO HaWKpamuM € copT Bimencbka Outa 1350, sxuii 3a0e3meuye
OTPUMAaHHS HAWBHILOrO piBHSA MpUOYTKY 87,4 Tuc. rpH./Ta, penradensnocti 170,0 % Ta xoedimienty
eHepreTuuHoi edexTuBHOCTI — 2,5. KoedinieHT eHepreTHuHOi e()eKTUBHOCTI cepe]] iHIINX COpPTiB OyB
B Mexkax 2,1-2.4.

Tabmuns 1. EkoHOMiIUHA eeKTUBHICTh BHPOIIYBaHHS KaIlyCTH KOJIbpali 3aJekKHO Bi COPTY
(cepemnue 3a 2012—2015 pp.)

o . Bapricts BupoOumyi Yucruii CobiBapTicTh | .
YpoxaiiHicTb, .. | PiBeHpb peHta-
Coprt BPOXKAIO, TUC. | BUTPATH, THC. | TPHOYTOK, TIPOTYKIIIi, .
T/Ta oensHOCTI, %0
IpH./Ta rpu/ra THC. TpH./Ta THC. TPH/T
CHixana (KOHTPOJTb) 12,4 124 52,9 71,1 4,2 135,0
Des 9,7 97 52,9 44,1 54 83,4
JenikatecHa Oia 11,3 113 51,3 61,7 45 120,3
Binencpka 6ina 1350 13,9 139 51,6 87,4 3,7 170,0
I'mobyc 9,7 97 52,0 45,0 54 86,5
Haranka 8,6 86 52,0 34,0 6,0 65,0

BucnoBku. TakuM 4MHOM, B pe3yibTaTi MPOBEIEHHUX AOCTiKeHb Ha mpotTsasi 2012—-2015
POKiB BCTAHOBJICHO, IO TTOTOHO-KIiMaTHuHi yMoBH JliBoOepeskHoro JlicocTemy Ykpainu cupusTInBi
JUTSL BUPOIIyBaHHS KamycTu Konbpabi. [IpuaartHi st BuporinyBanHs B 30Hi JIiBoGepexxnoro Jlicoctemy
VYkpainu coptu: CHixana, ®es, Jlenikatecna Oina, Bimenceka 6ima 1350, I'modyc, Haranka, oqHak,
HAWOUTBII TPOAYKTUBHUM, €KOJOTIYHO CTIHKUM, HaHKpamuM 10 €KOHOMIYHHUM 1 €HEepreTHUYHHM
MoKa3HWKaM € copT BimeHceka Oima 1350, skwmii 3abe3medye piBeHb BpoxaiHOCTI 13,9 T/ra,
pentabenbHOCTI 170 % Ta KoedilieHT eHepreTHYHOI epeKTUBHOCTI — 2,5.
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Introduction. Study of a condition of the organism known as stress belongs to the number of
particularly topic problems. Strengthening of the loading on psychic functions in the present-day
community has especially promoted research of psychogenic form of stress [3,6,12,13]. With a view
of modelling psychogenic stress we used the information stress model in which animal (a rat) was
under conditions of unfavorable impact of the three factors: motivation, time and information. Under
high defense motivation, with limited time and information, the animal fails to perform an adequate
behavior that enables to develop psychogenic stress [6, 11]. The psychogenic stress originates under
the influence of psychic factors which primarily affect the brain higher functions, such as is memory,
motivation, emotion, a decision-making process and others. The character and results of psychogenic
stress development depend on individual properties of the nervous system. Investigations have shown
that the dominant individuals appear to be most resistant to stress [3,4,14]. Emerging from this, the
purpose of our research was to study the effect of stress on behavior and short-term memory taking
into account social status of rats.

Materials and Methods. Experiments were carried out on 12 groups of 48 male Wistar rats
weighing 200-250 g. Each group contained 4 male and 2 female rats. The rats were housed in standard
(15x35x45) cages.

The hierarchical relation in the groups of rats was determined in competitive situation of
intraspecies conflict for which two methods were used [13,14]. In the first case we studied the
animals’ behavior against high food motivation. After 48 hours food deprivation we used to place food
granule (2gm) in a common domestic cage, which was sufficient for only one animal. The mentioned
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procedure was repeated several times during 30 minutes. During the experiment the following has
been recorded: a number of bites, food grasping, attempts of food grasping, portions of food taken
during the experiment as well as duration of grooming activity (in seconds). In another case study was
made against high thirst motivation. We used to place a water bowl in a common domestic cage after
48 hours water deprivation so as to be accessible for only one animal. During 15 minutes of
experiment the number of water takings, bites and duration of grooming activity (in seconds) has been
registered. As a result of summarized behavioral parameters (in both conflict situations) the selection
of animals was made as of dominant and submissive rats.

For psychogenic stress modelling a modified method of active avoidance reaction [6,7,11,14]
was employed. Stressing procedure was performed in a special device, the so-called “Stress-box”,
wherein two active reaction testing occurred in one experimental session during 14 days. We placed
the animal in the central (starting) section. The rat was to perform the following behavior: in response
to the metronome sound signal (2 Hz) it had within 5s to pass into the right section of the “Stress-box”
and within 10s return to the start location, while in response to a tone sound signal (500 Hz) likewise
the animal within 5s had to perform avoidance reaction in the left section and was to return to the start
section within 10s. In the case of incorrect response to conditioned signals the animal received on its
paws electric threshold painful stimulation. Alternation of conditioned signals (metronome, tone)
occurred in accordance with Excel random number scheme (Microsoft Office, 2003). Each successive
conditioned signal within one minute interval was presented to the animal only when it was in the
central section. One experiment involved 20 trials. In the course of an experiment the number of
correct reactions to a signal was recorded. After daily stressing, animals were returned again to their
groups in the ordinary housing environment conditions.

The rats’ short-term image-driven memory was studied using a direct method of delayed reactions
with a complex perception of food location [8,15,16]. The experiments were carried out in a special Y-
shaped opaque maze. In the center of which there was a starting section (40x18x18cm) from which
emerged two of equal size arms to the right and to the left (side section 50x50x40cm). The starting section
was separated from the arms with a special door which was opened by an experimenter. At the end of arms
two similar size feeders were located at equal distance (50cm) from the starting section. The feeders’
location did not allow the animal to see food after the door of a starting section was opened until it did not
approach one or the other feeder. 2g special granules were used as food.

After the animals had been adapted to the experimental setting, testing of the delayed reaction
for complex perception of food location was started. Experiments were conducted using two feeders.
Rats were brought with little jerks to one of the feeders where they received part of food (one granule
out of two) after which the animal was returned by the same route to the starting section. As soon as it
returned, the door of the starting section was closed and time of delay was measured; after lapse of
delay time the door of starting section was opened and a rat had possibility of free movement. If it
could correctly come to the feeder wherefrom it had received food, delay time was considered as food-
location retention time in memory. In one experiment the animal was given 10 trials. Alternation of
feeders occurred according to Excel random number scheme (Microsoft Office, 2003). Intertrial
interval was 60s. Study of delayed reactions was started with 5s delay. If the animal correctly
responded to the preceding 7-8 presentations out of 10, delay time was increased to 10s. In the course
of experiment we recorded: number of correct reactions, time of eating and coming back, grooming
duration in seconds. To maintain a high motivation level, testing of rats proceeded under conditions of
food deprivation (feeding ration in 24h was 1/3 of a daily norm). Statistical treatment of data was
performed by Student’s t-test.

Research Results. Our findings in short-term memory study in rats of different hierarchical
level show the following differences among them. Namely, delayed reactions’ testing before stressing
showed that the index of correct responses in dominant rats fluctuated from 75 to 80 % at 10s delay
(Fig. 1). Dominant animals quickly adapted to the experimental setting, were active, after termination
of delay time immediately left the starting location (3+0,6s) and directly made for the relevant feeder
(4,5+0,7s), rapidly ate the granules (8+1,2s) and right away came back to the starting location (Fig. 2).
Grooming mean duration was 77,3£5,5s (Fig. 3).

While testing delayed reactions in submissive animals, the correct responses index fluctuated
from 65 to 70 % at 5s delay (Fig. 1). Submissive animals slowly adapted to the experimental setting.
After lapse of delay time, slowly left the starting place (19,3%1,5s), time for coming to the feeder
reached (38+3,1s) (Fig. 2). In submissive animals during their stay in the starting section mainly
predominated grooming activity (297+17,4s), that is significantly higher compared to dominant ones
(p<0,05) (Fig. 3).
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Fig. 1. Dynamics of delayed reactions in rats before stressing
Horisontal axis — days of experiment; vertical axis — index of correct responses in percent
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Fig. 2. Rats’ behavior under conditions of testing delayed reactions before stressing (A) and
after stressing (B)
Horizontal axis — behavior form and registration periods; vertical axis — duration of behavioral acts in
sec. 1-dominants, 2-submissives; *- comparison with dominants,
# - compared to the period before stressing; *, # - p<0,05

- B
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Fig. 3. Duration of grooming activity under conditions of delayed reactions’ testing before
stressing (A) and after stressing (B)
Horizontal axis — behavior form and periods of recording; vertical axis — length of behavioral act in sec. *
- compared with dominants; #, ## - compared to a before stressing period; *, #, ## - p<0,05

Upon testing two active avoidance reactions in one experimental session percentage of correct
responses to conditioned signals during 14 days did not exceed 30-50 % in animals of different
hierarchical level. Consequently, this task turned out to be completely unresolved for all rats
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regardless hierarchical status. Rat is unable to perform adequate spatial-orientation behavior, therefore
is punished by electric painful stimulation. So, incapability of correct decision-making under
conditions of time and information deficit, as well as high defense motivation represents a
psychogenic stress inducing factor.

Upon testing delayed reactions following stressing of rats, index of correct responses in
dominants at 10s delay fluctuated 60 to 70 %, whereas at 5s delay 75 to 85 % (Fig.4). The stressed
dominants translocated slowly, came out of the starting section later (21,3+2,1s), even in the case of
insignificant noise returned back to the starting section (Fig.2). Significantly increased grooming
duration (p<0,05) (Fig.3). As regards the submissive animals, upon testing delayed reactions after
stressing, index of correct responses both at 5 and 10s delay was 50-60 % (Fig.4). They likewise were
late in leaving the starting section (23,5+1,4s) and translocated very slowly. Significantly increased
grooming duration (p<0,05) (Fig.3).

90 - =4—dominants - 10s delay
80 - == submissives - 10s delay
dominants - 5s delay

70 T »‘ .
60 - =>¢=submissives - 5s delay
50 4 W - ~

40 -

30 -

20 -

10 -

0 - . . . . . .
1 2 3 1 2 3

Fig. 4. Dynamics of delayed reactions in rats before stressing
Horisontal axis — days of experiment; vertical axis — index of correct responses in percent

According to the yielded results, in all stressed animals (both in dominant and submissive
ones) there occurs impairment of short-term memory. This is particularly clear-cut in submissive
animals whose index of correct responses even at 5s delay does not exceed 50-60 %. Alongside with
memory impairment increases fear and emotional tension in rats. Upon testing delayed reactions after
stressing, both dominant and submissive rats are late in leaving the starting section, reliably increased
is the time of coming to the feeder and grooming duration. In accordance with available evidence,
grooming which is characteristic form of behavior for rodents serves for regulation of emotional
tension. It specifically gets active in a stressful condition and it is therefore considered as one of
behavioral markers of stress [10,12,14]. Some researchers consider strengthening of grooming during
stress as a means of information stream blocking [5], while others think it to be a manifestation of
emotional tension relieve and the brain self-regulatory activity [7,10,14]. Relying on available
evidence and on our own findings we think that in dominant and submissive rats after stress increased
index of grooming activity is a manifestation of self-regulatory behavior and promotes emotional
tension relieve.

The results yielded by this study have revealed behavioral particularities in rats of different
hierarchical level, when tested in delayed reactions conditions. In dominants index of correct
responses being 75-80 % at 10s delay, and in submissives - 65-70 %. At the same time dominant rats
are more resistant to stressogenic influence. Namely, as shown by our findings, following 14-day
stressing, index of dominant rats’ correct responses decreases to 60-70 % at 10s delay, compared to
intact dominants, though it is 75-85 % at 5s delay, while in submissives both at 10s and 5s delay
correct responses were diminished to 50-60 %. In our earlier studies it was shown that during stressing
procedure behavior of dominant and submissive rats is diverse [14]. In the course of experiment in
comparison with submissives, dominants revealed high moving activity. In particular, in dominants
reliably high is rearing and horizontal posture, grooming duration, likewise high is number of
intersignal movements. This kind of behavior is of self-regulatory, compensatory nature. Our study
has demonstrated that dominant rats are characterized by more advanced development of self-
regulation mechanisms. Increase in grooming duration too, in stressed dominant and submissive rats,
when tested on delayed responses, in our opinion is a manifestation of behavior self-regulation and
promotes relieve of emotional tension.
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In terms of available evidence and the results yielded from our studies, dominant rats are more
resistant to stressogenic influence, than submissive ones, that must be associated with a diverse
functioning of the hypothalamic-pituitary-adrenal (HPA) axis [1-4]. Relying on our results we suppose
that decrease in delay duration should be due not to a disturbance of short-term memory, but to
stressing-induced elevation of emotional tension.

Conclusions. The obtained results show that psychogenic stress impairs short-term memory
both in dominant and submissive rats, that is particularly clear-cut in the submissive ones.
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Received: 25 April 2018 Correlation between body postural muscular balance and stomatognathic
Accepted: 28 May 2018 functional system has a growing interest among scientists and practical
Published: 12 June 2018 doctors. This study was desidned to determine biochemical response to
artificially indused musculoskeletal disorder. Thirty rats were divided
KEYWORDS into two groups. Study group of twenty animals which underwent the
. . procedure of bite change in order to obtain cross- bite. Control group of
malocclusion, transversal bite 10 animals with no alteration to their bite. Biochemical measurements of
change, postural balance, blood serum (Ca, ALP) and alveolar bone (Ca, Ph, Elastase, ACP, ALP,
experimental study in rats, Proteolytic activity) were made before and after alteration at estimated
stomatognathic system, points of time. Significant biochemical response of the body appeared
osteogenesis due to artificially indused musculoskeletal disorder. Conclusion:

transversal bite change induces bone resorbtion (ACP level increased),
inhibits osteogenesis (ALP decreased), inflammation and collagen
destruction (Elastase and Proteolytic activity in alveolar bone increased).

Copyright: © 2018 JIporomupeunka M. C., Bioyc M. K., SIkumenn A. B. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Beryn. Ilporsirom ocTaHHIX pOKiB 3pocia yBara HEBPOJIOTIB, MaHyallbHUX TEpameBTiB i
CTOMATOJIOTIB JI0 BUBYEHHS 3aKOHOMIPHOCTEW 3B'I3Ky MiXK MOPYIIEHHSIMH B IOCTYHAJIBHIN 1 3y00-
IIEJICTHINA CHCTEeMax, 30KpeMa — MPU TPAHCBEP3aIbHUX aHOMaisgX okio3il [1-3, 6, 7-9]. Tlpu mawiit
MATOJIOTI] CIOCTEepIraeThCs HEBIAMOBIMHICTh 3MHUKAHHs Iap 3y0iB-aHTaroHICTIB B TOPHU3OHTAIBHIN
IUIOILIMHI, IO MPHUBOAWUTH A0 NOPYIIEHHS (QYHKIIOHYBaHHS 3y0O-IIEIErHOi CHCTEMH 1 YChOTO
OpraiaMy B MiJoMy. Po3poOistoThCS HOBI METOIWKHA OOCTEXKEHHS 1 JIKyBaHHSA IIAIli€HTIB,
PO3IINPIOIOTHCS MOKJIMBOCTI CITIBPOOITHUIITBA (PaxiBIliB Pi3HHUX raiay3eit meaunuau [4-9].

Merta. [IpoBenieHHs1 610XIMIYHUX JTOCHIIKEHb CUPOBATKH KPOBIi 1 TOMOTEHATIB aIbBEOJISIPHUX
BiZjpocTKiB y 20 mIypiB i3 3MO/ICTHOBAHOIO MTATOJIOTI€I0 TIPUKYCY.

Martepiaau i MmeTtonu mocaigkenHs. JlocimipkeHHs] TPOBOJMIN B MapalieIbHUX Tpylax Ha
niypax Buay JiiHii Bicrap, BikoM 2 Micsiii, Baroro 150 rp.

MojenroBaHHs. TpPaHCBEP3aJbHOT aHOMAJIl OKJIFO3il 3/IHCHIOBAIM IIUISIXOM  MOJICIFOBaHHS
OKJIFO3WIHOI HaKIaJKd Ha OiuHi 3yOM 3 ONHOrO OOKY KOMITO3UTHHM MAaTepiajioM i3 3aCTOCYBaHHSIM
saranbHOi  aHactesii  (edip) (T1). Takum YWHOM CTUMYJIIOBAIM  ajanTalliiiHy 1epeOymaoBy
CTOMATOTHATHYHOI CHCTEMH IIypa y BIAMOBIAL HAa 3MOJCIBOBAHY TPAHCBEP3ATHHY aHOMAIIIIO OKITFO3ii.
Yepes 14 nuiB (T2) npoBoaumnu 3a0ip CHPOBATKU KPOBi 1 BUIUISUIM aJbBEOJSIPHUNA BIAPOCTOK HUKHBOT
HIeNieny Uil BU3HA4YeHHS O10XiMiYHMX MapkepiB. B cupoBartmi KpoBi BH3HAuaiaM BMICT Kajblito [8] i
aKTHBHICTB JIy’KHOI (ocdartasu [9]. B romorenarax anpeossipaoro Biapoctka (75 mr/mi 0,05 M tpuc-HCI,
pH 7.5) BuzHayanu BMicT KanbLito i ¢ocdopy [8, 9], a TakoK aKTHBHICTH eacTasu, JY)KHOI 1 KHCIIOl
docdarazm, 3aranbHY MPOTEONTITUYHY aKTHBHICTB [9].

3romoM mpoBoaMNM 3inuTiQyBaHHS ~KOMIIO3UTHOI HAaKiIagKd Ha OiuHMX 3ybax i3
3aCTOCYBaHHSM 3aralibHOI aHACTe311 1 BIAMOBIHO HOpMaJTi3allis IPUKYCY.
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KontponbHa rpyma Brmouana 10 exkcmepuMeHTandbHUX TBapuH. [linm wac mociimKeHHs
NPOBOAMIN 3a0ip CHPOBAaTKM KPOBi 1 BUAUISIM albBEOJSIPHUM BIIPOCTOK HIDKHBOI MHIETCTH IS
BU3HAYEHHs 010XIMIYHHX MapKepiB B yacoBUX Toukax 111 T2.

ExcniepumeHT mpoBeneHo 3rifHo BuUMOr 3akoHy Ykpainm Ne692 “IIpo 3axucT TBapuH Bix
opcTokoro moBopkeHHS” (2006 poky), crattst Ne26 “IIpaBuna moOBOIKEHHS 3 TBapHHAMH, IO
BUKOPHCTOBYIOTECS B HAayKOBHX EKCIIEPUMEHTaX, TeCTyBaHHI, HaBYAIILHOMY IIPOIleCi, BHPOOHUIITBI
OioJIOTIYHMX amapartiB”.

PesyabTatTt i ix oOroBopeHHsi. Pe3ympTaTM  JOCTIMUKEHHS  CHPOBATKH  KPOBI
eKCIIepUMEHTAIIFHIX TBAPUH Ha BMICT KaJbIIi0 1 aKTUBHICTB JIy’kHOI (hochaTa3u HaBeneHi B Tabmmiti 1.

SIK BUIHO 3 TIpeACTaBIeHOI TabIHII, piBEHB KaJbIlI0 B KPOBI HE 3a3HaBaB CYTTEBUX KOJIMBAHb
B pe3yabTaTi MOJETIOBAaHHS Y TBapHH natodorii npukycy (P > 0,5-07), mpoTe, BUsBIIEHA TEHIEHITIS 10
3HIDKEHHS aKTUBHOCTI ITy>kHOI (pocdaTasu B cupoBartili KpoBi TBapuH (Tadm. 1).

Tabmuus 1. BrimuB martosorii mprukyca Ha BMICT KaJIbIIil0 1 aKTUBHICTB Jy’KHOI (ocdarazu B
CHPOBATIIi KPOBIi LIypiB

Ne ['pymu mypis BMicT KabI1it0, MMOJIB/TT AKTHUBHICTP JTyXHOI pocdarazn, MK-KaT/I
1 | InraxTHi 2,54 + 0,28 2,244+ 0,34
2 [Taromnoris npuxycy 2,57+0,29 1,59+ 0,20

P>0,7 P> 0,05

IMpumiTka: P — BiporifHicTh BIAMIHHOCTEH MK IIOKa3HUKAMH JOCITIDKYBaHHUX TPYII

JochimkeHHsT BMICTY KalbIlifo, (ocdopy, aKTHBHOCTI KHCIIOoi Ta IykHOi Qocdarazu B
KICTKOBIH TKaHWHI aJIbBEOJISIPHOTO BiAPOCTKA EKCIIEPIMEHTANBHAX TBAPUH HABECHI B TAOMUII 2.

Tabnmuns 2. BB martornorii mpuKycy Ha BMICT KaJbIlifo, Gochopy, akKTUBHICTh KHCIIOi Ta
myxHoi hocdaTasu B anbBEOIIPHOMY BiIPOCTKY HMKHBOI IIEJISTIH Iy PiB

Ne Tpymu mypis Bwicr kanpiriro, | Bmict docdopy, |  AKTUBHICTH KHCIIOT AKTHBHICTb JTy)KHOT
B MMOJIB/KT MMOJIB/KT ¢ocdarasu, Mk-kaT/kr | docdaTazu, MK-KaT/Kr
1 | IgraxTHi 2,68 £0,01 1,32 +0,35 3,14+ 041 409,5 +£ 31,22
5 ITarounorist npukycy 2,65 + 0,05 1,27+0,17 4,46 £ 0,57 360,6 = 43,61
P>0,7 P>0,6 P <0,05 P>0,3

IMpumiTka: P — BiporifiHicTh BIAMIHHOCTEH MK IIOKa3HUKAMH JOCIIDKYBAaHUX TPYII

[TpoBexeHHi JOCITiKEHHS 3aCBIIYMIN, IO MOJIEIIOBAHHS MATOJIOTI MPUKYCY NPUBOAUTH 10
BIpPOTiJTHOTO 3pOCTaHHsI aKTUBHOCTI kucioi ¢ocdarazu (P < 0,05) Ha Tii He3MiHEHOi aKTHBHOCTI
nyxHoi (ocdarasu. [linBuilieHHS piBHA AKTUBHOCTI KHCHIOi Qocdara3u 3acBiquye aKTHBAIIIIO
0CTe00JIaCTiB KiICTKOBOT TKAHWHHU IIEJIeT TBAPUH Ta, BiIIIOBIHO, MOCHUIICHHS ITPOIIECiB Pe30pOIIii.

Kpim TOro, MopenroBaHHS MATOJIOTIi MPHUKYCY MPU3BOAWUTH JO HE3HAYHOI TEHJECHIIi
3pOCTaHHSl SIK aKTUBHOCTI €JlacTa3H (JeCTPYKTHBHOTO (epMeHTy, 1o Oepe ydacTb y pyHHYBaHHI
KOJIareHy KICTKOBOI TKaHWHM), TaK 1 3arajibHOi MPOTEONITUYHOI aKTHBHOCTI, IO XapaKTEepPH3YeE
CTYIIHb 3alJIbHUX peakiii y TKaHuHax (Tadi. 3).

Tabmuns 3. BmuB maromorii mpuKycy Ha aKTHUBHICTh TPOTEONITHYHHUX (DEPMEHTIB
aITBBEOJISPHOTO BIIPOCTKY ITyPiB

Ne ['pynu mypis AKTHBHICTB eacTa3, MK-KaT/Kr | 3arajgpHa IpOTEOJIiTHYHA aKTHBHICTh, HKAT/KT
1 | IurakTHA 16,98 £0,72 35,83+ 6,71
2 [Tarosnoris npuxycy 20,41 + 1,50 43,90 £ 7,90

P>0,05 P>03

IIpumiTka: P — BipoTigHicTh BIIMIHHOCTEH MiK TOKQ3HIUKAMH JTOCHIDKYBaHUX TPYIT

TakuM YMHOM, TPOBEACHI OIOXIMIYHI JIOCII/PKEHHS CHPOBATKH KPOBI 1 KICTKOBOI TKAHUHH
ANBBEOJISIPHOTO BIPOCTKA MIYpiB 13 3MOJIEIBOBAHOIO ITATOJIOTIEI0 TPUKYCY JO3BOJIMIM 3POOHTH
HACTYITHI BUCHOBKH.

BucnoBku. [laTonoris npukycy MpHBOJUTH J0 MOCHIICHHSI pe30pOiii KICTKOBOT TKAaHWHH, 110
3acBiUy€ MiIBUIICHHS aKTHBHOCTI KUCIOT (ocdaTa3u B aJbBEOISIPHOMY BIJIPOCTKY HHXKHBOT IIEIeH
urypiB. KpiM TOro, MopymieHHs: pUKycCy, BIPOTiJHO, B IEBHIM Mipi TajJbMy€e NPOIECH OCTEOTeHE3y B
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KICTKax IIeNer, M0 MiATBEPIKYEThCS 3HIDKEHHSIM aKTHBHOCTI MapKepa OCTEOOJIaCTIB - JIY)KHOI
¢docdarasu sk y cCHpOBaTIli KPOBi, TaK i B aJIbBEOJISPHINA KiCTIII.

[Ipu npoMy HamMK He BUSBJIICHO 3MiH BMICTY OCHOBHUX MiHEpaJbHUX KOMIIOHEHTIB B KiCTKOBiH
TKaHHUHI.

BcraHoBsI€HI IOPYILICHHS CBITYaTh PO HEOOXIIHICTH CBOEYACHOI JIIArHOCTUKH Ta KOMILUICKCHOTO
JIKYBaHHS MATOJIOT1i PUKYCY VIS TTOTIEPEeKEHHSI TATOJIOTTIHOT pe30pOIlii KiICTKOBOT TKAaHUHH.
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KEYWORDS spectra. The spectral data confirms the preferably planar conformation for

the compounds with side five-membered aromatic rings. In the case of six-
membered aromatic cycles the steric hindrances appears, which induces
definite violation in planarity of such molecules, but only slight distortion
of conjugation between their fragments. In the cases, when additional
steric hindrance exists (ortho-substituents in the side rings), the planarity
of styryl fragments, and especially — the conjugation of pyridine moiety
with the cycle at C-8 decreases substantially.

The intramolecular charge transfer from the side aromatic to the central
pyridine moiety takes place at excitation of the studied distyrylpyridine
molecules. In the excited S; state many of them must become more
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bicyclopentano[b,e]pyridines, NMR
spectra, chemical synthesis,
molecular geometry, conformation,
electron structure

Copyright: © 2018 Valyuk V.F. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Introduction. Three main directions can be classified among synthetic ways of getting
dicyclopentanopyridines:

1. Condensation of aldehydes and ketones with ammonium and amines;

2. High-temperature reactions of cyclopentanone and its derivatives with amines;

3. The use of 1.5-diketons to develop a dicyclopentanopyridine system.

The first studies of the reaction of aldehydes and ketones with ammonium were done by
Hanch. In 1920 A.Ye Chychybabin was the first to use cyclic ketones in this synthesis. It has been
found out that condensation can go on in different ways and it depends on both the aldehyde nature
and the reaction conditions. V. Balian, R. Jeyaraman, studying the condensation of cyclic ketones,
namely cyclohexanone and cycloheptanone with aromatic aldehydes in the presence of ammonium
acetate, found out that azabicycloketones were formed in this reaction [1-3].

So, when condensation conditions are identical, cyclohexanone gives azabicycloketones, and
cyclopentanone — 8-aryliden-1,2,3,5,6,7-dicyclopentano[b,e]pyridines. The authors assume that the
reason of such behavior of cyclopentanone is possibly in its conformational differences from
cyclohexanone. Cyclopentanone mostly exists in “half-chair shape” conformation, and negatively-
charged carbanione centers, which play a major role in the formation of azabicycloketones, are
difficult to spatially attack with positive centers of iminodycarbonine ion, which is formed of aromatic
aldehydes and ammonia [4-6].
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Thus, it is assumed that in this reaction the development of benzylidencyclopentanone, formed
of cyclopentanone and benzaldehyde, occurs first; it takes part in this trimolecular condensation with
further creation of 8-aryl-diaryliden-1,2,3,5,6,7- dicyclopentano[b,e]pyridines. This mechanism
describes the interaction of reactants quite objectively, it has some inaccuracy though [7]. Modeling a
molecular structure shows a close spatial contact between Cg-hydrogen and hydrogen atom of
benzylidene grouping. The purpose of the research is to work out synthesis methodology of 8-aryl-3,5-
di[(E)-1-aryliden]-1,2,3,5,6,7- hexahydrocyclopentano[b,e]pyridines and to identify the conformation of
synthesized compounds in solutions by comparing chemical sal shifts in tH-NMR spectra.

Results and Discussion. Stereo-chemical modeling confirms that
hexahydrocyclopentano[b,e]pyridines may exist in the form of three geometric isomers: EE-, EZ- and
ZZ-, which differ by configuration from substituents near double C=C-links of styryl groupings [8-9].

Among them EZ- and ZZ-isomers are compounds with complicated steric effect and changed
conjugation of n-system, where styryl residues leave the area of a molecule to a great extent. Steric
obstacles are fewer in number in conformations of EE-isomer [10-11]. Thus the formation of mostly
EE-isomers is expected to occur in the conditions of carrying out the synthesis of 8-aril-3,5-di[(E)-1-
aryliden]-1,2,3,5,6,7- hexahydrocyclopentano[b,e]pyridines.

'H-NMR and *C-NMR spectra prove that synthesized dicyclopentanopyridines are symmetric
compounds, in which signals of atom-substituents in 2 and 6, 3 and 5 positions of central core coincide
(symmetry group C»). Due to this coincidence proton signals of aryliden groups have twice as higher
intensity as similar protons of aryl residue in position 8. Proton signals of methyl groups look like
complex multiplets which are in strong, about 3 m.p., fields. Methyliden protons are descreened
considerably, which is why their signals are shifted to “aromatic” area of spectrum, up to 7.5.m.p.
These data, along with fluorescence spectra and statistics of quantum-chemical calculations, are the
main proof in favor of EE-configuration of synthesized compounds. In the studied reaction of three-
component condensation we could get hexahydrocyclopentano[b,e]pyridines, which had EZ-
configuration (compounds 1.1-1.2), only in some cases.

1_1: R1=0‘H, R3=H;
1.2- R;=0H, R,=CI; R2

Fig. 1. Hexahydrocyclopentano[b,e]pyridines with EZ-configuration (compounds 1.1-1.2)

EZ-configuration of compounds 1.1-1.2 is confirmed with data of spectra *'H-NMR (Fig. 2.),
where signals of atom-substituents in positions 2 and 6, 3 and 5 of central core are not equivalent,
contrary to 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7- hexahydrocyclopentano[b,e]pyridines with EE-
configuration (Fig. 1.) [12-15].

Each proton gives its signal in NMR spectrum of EZ-isomer 1.1. Proton signals of methyl
groups look like multiplets which are at 1.4-3.0 m.p. As it was expected, proton signals of every
aromatic core look like duplets with constant spin-spin interaction (KCCB) of 8 Hz and 2 Hz, and
duplet of duplets with the same constant values. Proton signals of one of the cores were considerably
shifted to weak fields comparing with the other two. Most likely they belong to protons of aromatic
residue in position 8. Signals of methyliden protons were shifted to weak fields, up to 8.6 m.p. Proton
signals of hydroxygroups were separated as to their position in spectrum. Two of them are at level
12.3 and 12.4 m.p., and another one — at 4.6 m.p. Strong-field position of the latter shows its
significant screening/covering with cyclic flows of aromatic residue, which is most likely possible for
proton of hydroxygroup residue in position 8. A significant shift of signals of the first two protons to
weak fields, up to 12.6 m.p., is possible when they form intra-molecular hydrogenous bond. Such
assumption is confirmed with color reaction (intensive brown coloring) of compounds 1.1-1.2, treated
with alcohol solution of ferric chloride (111). Computer-aided modeling of ZZ-isomer geometry states
that such compound as EE-isomer must have degenerate (simplified) spectrum *H-NMR [16]. Due to
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compound symmetry and fast exchange of conformations for styryl residues, signals of symmetrically
positioned protons in EE-isomer must coincide as well.
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Fig. 2. Molecule geometry (optimized within P33 method) and spectrum *H-NMR 4-chloro-2-3.5-
di[(E)-1-(5-chloro-2-hydroxy phenyl)methyliden]-1,2,3,5,6,7-1,2,3,5,6,7-
hexahydrocyclopentano[b,e]pyridine
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Along with 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7- hexahydrocyclopentano[b,e]pyridines,
the products, which were not mentioned in this reaction of three-component condensation of
aldehydes, cyclopentanone and ammonium acetate (ammonium), were singled out and characterized,
namely diarylidencyclopentanones 1.3-1.6 (Fig. 3.). These compounds were registered in reaction
mixture using TLC method in all cases, but they could be received only when the reaction was stopped
at early stages, heating period was short and the product mixture was further separated by means of
column chromatography [17-20].

. R1y3=ﬂ_. R,=0CHj;;
! R;=0CH; R.—=0H,R:=H;
. Rys=H.R-=F;

. Rys=H,Ry=CT:

[ —y
[ap By RN % ]

Fig. 3. Diarylidencyclopentanones 1.3-1.6
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In case of the interaction between 9-antracencarbaldehyde and 2-hydroxy-1-
naphtalenaldehyde, only diarylidencyclopentanones were formed, which probably can be explained by
spatial obstacles during condensation of these aldehydes.

RCOH + +  NH4OAc HO0. R . R

Fig. 4. Diarylidencyclopentanones 1.7-1.8

So, in the condensation reaction of aldehydes, cyclopentanone and ammonium acetate or
ammonium, besides EE- and EZ-isomers of 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-
hexahydrocyclopentano[b,e]pyridines, diarylidencyclopentanones were also formed.

Fig. 5. EE- and EZ-isomers of 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-
hexahydrocyclopentano[b,e]pyridines, diarylidencyclopentanones

All the received 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-hexahydrocyclopentano[b,e]pyridines
as well as diarylidencyclopentanones were received in a chromatographically clean form and
characterized by physical-chemical analysis methods. Masses of molecular ions of all substances
correspond to calculated values based on mass-spectrometry data. Molecules of 8-aryl-3,5-di[(E)-1-
aryliden]-1,2,3,5,6,7-hexahydrocyclopentano[b,e]pyridines must differ significantly in the geometry of
conjugated molecule part both in a regular state and in a very labile state.

They can be classified into two groups according to this parameter:

a) Derivatives, where indirect substituent R is pentatomic heterocycle, are mostly in planar
conformation;

b) In cases when side substituents R are hexamerous aromatic cycles, molecule loses planar
nature because of steric obstacles. In this situation cycle at C-8 shifts away from the area of a central
pyridine ring the most, at angle ~50°.

In case of ortho-substituted compound, all side benzene cycles come out of the pyridine
moiety area at a big angle due to steric obstacles. This conformation state of molecules is confirmed
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with *H-NMR spectra. It is known that proton escape from the area of conjugated system of multiple
bonds leads to the shift of its signal in the spectrum into a strong field [21]. Comparing the signal
position of ortho-protons of side substituents for compounds 8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-
hexahydrocyclopentano[b,e]pyridines in a much stronger field than proton of residue in position 8 of
dicyclopentanopyridine (Table 1). At the same time, the opposite is seen for all other compounds 1.3-
1.5: regardless of the solvent used, signals of ortho-protons of the residue at C-8 are in much stronger
fields. This situation is typical for the solutions both in low-polar chloroform and in high-polar
DMSO. In our opinion, this fact is a direct proof that in the solutions only molecules of the derivatives
with pentamerous cycles are mainly in planar conformation and other compounds 1.3-1.5 are in non-
planar one. At least one aromatic residue in their molecules has a considerable deviation from the area
of pyridine moiety. Further specification of molecule conformation state of pyridines 1.3-1.5 can be
done based on the chemical shifts of proton signals of methyl groups. Depending on their spatial
position, aromatic residues can screen uncover these protons [22-25].

Thus, symmetry of the molecules of dicyclopentanopyridines causes the situation when proton
signals of two aryliden residues in their 'H-NMR spectra coincide in pairs. Because of this, they differ
in intensity from proton signals of aryl residue. Due to such unique peculiarity in the structure, the
feasibility to identify conformation of these compounds in solutions by means of comparing chemical
signal shifts in their H-NMR spectra was found. Spectroscopic findings state that compounds with
pentamerous heteroaromatic substituents have the highest planar conformation. If substituents are
hexamerous aromatic cycles, they move from the molecule area to the angle at which conjugation
among individual molecule parts maintains. Provided additional steric difficulties occur (ortho-
constituent in side rings), planar state of styryl fragments and in particular conjugation of pyridine
moiety with a cycle in position 8 decreases considerably.

Table 1. Data of !H-NMR spectroscopy for derivative compounds from
dicyclopentano[b,e]pyridine, used to restore their conformation in solutions

2-Ta 6- 1-Ta7-

8cmpw1 _ -
Compound Solvent | Scrupus™ | 3(Ce)* | — gg)ﬂés g%ﬂ[zas
M| 5rH) | )

8-(4- methoxyphenyl)-3,5- di [(E)-1-(4-
1.3 | methoxyphenyl) methylidene]-1,2,3,5,6,7-|CDCl; |7.54 |7.32 |0.22 |3.10-3.18|2.92-3.00
hexahydrodicyclopenta[b,e]pyridine C34H31NO3
4-3,5-di[(E)-1-(4- hydroxy-3-  methoxyphenyl)
methylidene]-1,2,3,5,6,7- CDCl; |7.05 |[6.90 |0.15
hexahydrodicyclopenta[b,e]pyridine-8-il-2- DMSO (718 (7.04 |0.14
methoxyphenyl C3sH31NOg
3,5-di[(E)-1-(4-fluorophenyl)methylidene]-8-(4-
1.5| fluorophenyl)- 1,2,356,7-|CDCl; |747 |7.24 |0.23 |3.13-3.21|2.96-3.04
hexahydrodicyclopenta[b,e]pyridine CsiHaoFsN
* Chemical shifts (p.p.m.) for ortho-protons of the styryl moieties or of the cycle at C-8 of pyridine moiety

14 3.09-3.17 | 2.95-3.03

Experimental. Materials. General methodology of synthesis of 8-aryl-3,5-di[(E)-1-
aryliden]-1,2,3,5,6,7- hexahydrocyclopentano[b,e]pyridines.

Two methods with the use of improved methodology were used to carry out synthesis of
dicyclopentanopyridines, the initial variant of which was described by V. Balian, R. Jeyaraman [1].

The solution of benzaldehyde (10 mmol), cyclopentanone (5 mmol) and ammonium acetate
(50 mmol) and 30 %-hydrogen pyroxide (5 mmol) was exposed in ethanol (25 ml) for 1 hour at
temperature 70-80°C. Then reaction mixture was cooled, and as a result sediment was formed after 12
hours of exposure at room temperature. It was filtered and washed with acetone. Cleaning of the
compounds was done with column chromatography on silica gel, using the mixture of chloroform-
methanol (98:2, v/v) as eluent. Recrystallization was done from acetone.

Instruments. *H-NMR spectra were measured on spectrometer Varian Mercury (400 MHz).
Thin-layer chromatography (TLC) was done on Silufol UV - 254 plates in chloroform-methanol
system, 9:1.

Quantum-chemical calculations of 8-aril-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-
hexahydrocyclopentano [b,e] pyridines geometry were made with semi-empirical methods AM1 and
PM3, using MOPAC 6.0 program.
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Reagents and solvents. The solvents, used for synthesis, were classified as “clean”. The
control over the reaction and purity of synthesized compounds was exercised by thin-layer
chromatography (TLC) on silica gel-60, F-254, 5x20 cm (Selecto Scientific, USA) in chloroform-
methanol mixture (98:2, 9:1, 85:15, v/v) using Y ®-detector with irradiation equal to 254 and 356 nm.

Conclusions.  Series  were  synthesized:  8-aryl-3,5-di[(E)-1-aryliden]-1,2,3,5,6,7-
hexahydrocyclopentano[b,e]pyridines. The possibility to identify the conformation of synthesized
compounds in solutions by means of comparing chemical signal shifts in spectra tH-NMR was found.

It has been established that the compounds with pentatomic heteroaromatic substituents have
the highest planar conformation. If the substituents are hexamerous aromatic cycles, they leave the
molecule area and move to the angel where conjugation among individual molecule parts maintains
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BBenenmue. Yxe MHOTO BpeMEHH KaK ITPOUCXOUT MHTEHCUBHOE Y CUCTEMATHYECKOE Pa3BUTHE
UCCIIeIOBaHNH B 001aCTH MEXaHOXMMUU TTOJIMMEPOB.

MexaHOXHMHUYECKUE SIBICHHUS OYeHb IUPOKO PACIpPOCTPaHEHBI B MPHUPOJAE, MEXaHHYECKHN
paspbiB CBsi3edl HaOMIOJaNM TpPU BCEX BHJAX MeEXaHMYECKOW OOpa0OTKH TBEpABIX IOIUMEPOB,
pe3anuii, ppesepoBaHum, U3MEITBUCHUH, CKATHH M PACTSDKCHUH, BATBIIEBAHUU H JIP.

Jisi MOHMMaHUS MEXaHMYECKHX CBOMCTB IOJIMMEPOB HEOOXOAMMO PACCMOTPETH MPOLECCHI,
pasBUBaroIIrecs npu 1eOpMUPOBAHUH HOIMMEPOB M MEXaHU3M Ipoliecca UX pa3pyLICHuUsI.

B nepBbie rumoreza 0 TOM, YTO XUMHUYECKHE CBSA3M MOXHO Pa3opBaTh YMCTO MEXaHHUECKUM
myTeM Obuta Beicka3aHa [lItaynuarepom B 1930 1. [1].

Pabotaronie B pasiMUHBIX OTpACisiX HCCIENOBATENH, HHXEHEPhl M KOHCTPYKTODBI
(UKCUPYIOT, YTO HAPSLy C MEXaHWYECKUM HaNpsDKEHHEM Ha MOJMMEpPbI AeCTPYKTHBHOE BO3ZCHCTBHE
OKa3bIBAIOT OIPOMHOE KOJIMYECTBO XMMHUYECKHX PEarcHTOB, a TAKXKE MOIOIIME CPEICTBA, MOPCKas
BO/1a, BBIXJIOIHBIC I'a3bl, KOTOPBIE MBI BIPaBE HA3bIBATh arPECCUBHBIMU CPEIAMHU.

BaxueiimmM neopMaliiOHHBIM CBOMCTBOM SIBIISIETCSI TTOJI3y4eCTh — CBOMCTBO TBEPBIX TEI
MEJIJICHHO HAKaTUTMBATh Jie)OpMAaIliH NP BO3ACHCTBHU TIOCTOSHHBIX HAIIPSDKECHHH.

Kak wu3BecTHO, TONMMEpPHI 3aHUMAIOT IPOMEKYTOUHOE TIIOJIOKEHHE MEXIy BS3KHMHU
KHUJKOCTSMH M YIPYTHMH TBEPJABIMH TellaMH U TIOJNHAs AedopMarus Mon3ydecTd (€n) sBISIETCS
CyMMOH ympyrod (&), yHOpYyro-sJacTU4HOW (HEycTaHOBHMBLIEHCS) (€y-) M  BSI3KOTEKyde
(ycraHoBHBLICHCS) geopManuu (€s)

En=¢&y +8y—3 + &; (1)

KpuBoii mon3yuyectn 0ObIYHO HA3bIBAIOT TpaduK 3aBUCUMOCTH JeOpMal OT BPEMEHH IpU
JEHCTBUH MOCTOSHHOTO HANPSDKEHUS. XapaKTepHasl KpUBas B TAKUX YCJIOBHSIX JJIS1 HOJIMMEPOB UMEET
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cnenyromuii Buf (puc.l). Ha Helt MOKHO BBLACIHTE TPU ydyacTKa ynpyras aedopmanus onuchIBaeTCs
g
1o 3akoHy I'yka: &, = —

E
nedopmarris,
®) A
== '///__;-
€2
€1
Bpemd, (t)

Puc. 1. Xapaxmephas kpueas noazyuecmit. & — ynpyeas 0eqopmayusi; & - ynpyeo-siacmuiHasl
Ooepopmayus, & - esi3komexyuas oepopmayus

Teopus MoOJ3ydecTH pa3BUBACTCS YXKE JTaBHO. 32 ATOT MEPHOJ ObUTH MPEIIOKEHBI pa3HbIC
KOHIICTIIMH, U3 KOTOPBIX HanOoJee pacipoCTPAHCHHOU SBIISCTCS TEOPHS HACTCICTBEHHOCTH.

Dra Teopus OCHOBaHA Ha MPCACTABICHMM bONbIIMAHA, YTO TIOJ3y4eCTh 3aBUCHUT OT
TPEANIECTBYIONIMX Ae(hOpMAIHil M UTO KaXK/1ast CTYTIeHb Harpy KEHHUS 1aeT He3aBUCHMBII BKJIa/] B KOHEUHYIO
JiehopMarinio, TaK YTo MOJHAS AehopMarliisi MOXKET OBITh IOyYeHa CYMMUPOBAHHUEM BCEX BKIIAZIOB.

[Ton3yyecTs MOTUMEPOB B TAKOM CITydae OMHMCHIBACTCS C MOMOIIBIO YpaBHEHUEM OOJIbIIMaHa-
BonwTeppa [2]:

e(t) =22+ [ p(t - Do (t)de )
@Oyuakuuio @(t — 7) Has3pBalOT (YHKIMEH NaMsATH, KOTOpas YYUTHIBAET BCIO MPEABICTOPUIO
oOpa3siia, T.e. BIUSHUE MPEAbLIYINNX JehOpMAITHiA.
Paccmorpum pesyasntat. [lpupona cpenpl BiauseT Ha moi3ydecTb. Ha pwuc.2 mpuBeneHb
JIAHHBIE TIPOBEICHHBIX HAMU JKCIEPUMEHTOB, B YaCTHOCTH KPHBBIE TOJI3YUYECTH IMOJIUIPONHIICHA B
Pa3IMYHBIX PACTBOPaX AJIEKTPOIUTOB.

g, %
~[10% NaOH
4.0
0% CH3COOH
0
3.0
20 ~130% H2SO4
? OU%0 2504
800 H2S04
1.0 /—/ BO3IYX
0
400 800 t, BpeMs

Puc. 2. Kpugvie nonzyuecmu noiunponuiena 8 pasuvix pacmeopax 31eKmpoaumos npu
60°C u 0=5,2 mIla 1 - 10 % NaOH; 2 - 60 % CH3COOH; 3 — H,0; 4 — 30 % H»SO04; 5 — 60 % H,SO0y4;
6- 80 % HS0s; 7- 6o30yx
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Kak BUIHO, ¢ yBeNTWYEHHEM KOHIICHTPAIIMHM CEPHOW KHCIOTHI TOI3y4YeCTh MOJIHMIIPOIMICHA
CHI)KAeTCsl. DTO CBSA3aHO C OJTHOBPEMEHHBIM BIIMSIHUEM JBYX 3 (ekToB (Tadu.1).

OTH 3G deKThL:

a) yBeJIMYCHHE TOBEPXHOCTHOW SHEPTMM Ha TpaHHIE pasiena MHonuMmep-cpena (Ymp), UTO
NPEMSITCTBYET 00Pa30BAHUIO HOBOW TIOBEPXHOCTH NIPU PACTSHKCHUU MOJTUMEpA.

0) yMeHbIIeHHEM COPOIMH BOJBI MOJUIPOITWICHA, CepHAsl KUCIOTa B 3aMETHOW CTETICHH HE
pacTBopsieTcss B TOJHIIPONHIICHE, a COPOLUsS BOJBI MOJMMEPOM YMEHBIIACTCS MPOMOPIHOHATBEHO
AKTUBHOCTH BOJIbI B PACTBOpPaX CEPHON KHCIIOTHI.

Tabnuna 1. 3nageHus Yu.p, C ,9,20 W &— JUISI CHCTEMBI TIOJUTIPOTIHIICH-BOTIHBIC PACTBOPHI CEPHOM
kucioTsl ipu 20 °C, o= 5,2 mlla

Konuentparus H.SO4 % (macc) Yop 5 KK/ M2 Ch,0 ., % (macc) g, %
0 10 0,06 14
30 45 0,03 1,3
60 55 0,005 14
80 - - 1,3

BriBoabl. HyHO OT™MeTUTH, 4TO Ipu HanpsbkeHud 2,6 mIla v HUKe, KpUBBIE MOJI3YYECTH B
pacTBOpax 3JIEKTPOJIUTOB COBMAIAIOT C KPUBOW MOJI3YUYECTH Ha BO3IAYXE.

JnutenbHoe NPUMEHEHHUE MOJIMMEPHBIX MaTEpPUaIoB B TAKUX YCJIOBHUSX BbI3bIBACT U3MCHEHHE
(dhopMBbI H3nIenHu 6€3 MOTepH IETOCTHOCTH.

VYike HeT COMHEHMH, YTO Takue (yHAaMEHTalbHbIC pa3feibl (GU3MKU U XUMHHU TOJIUMEPOB,
KaK TEOpHs MIPOYHOCTH, IPOOIEMBI JOITOBEYHOCTH, MIEPEPa0OTKH TTOJIMMEPHBIX MaTEPHAJIOB U IpyTrue
BOMPOCHI HM3TOTOBIICHHUSI M OKCIUTyaTallMd W3ACTUi HEBO3MOXKHO aHAIM3UpoBaTh 0e3 ydera
MeXaHOXMMHWYECKUX SIBIICHUH.

JIUTEPATYPA
1. Ulraynunrep I'. Beicokomonekynsipabie oprannueckue coeaunenns. OHTU. 1935. c. 21.

2. Androwe B. H., Reed P. E. Molecular structure in polymers Adv. Polym. Scl., v27, Berlin,
1978. p. 1-66.
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ABSTRACT

Endemic plants in Georgia (Glaucium corniculatum) were studied for the
content of alkaloids. This plant is from the family Papaveraceae. The
plants that we studied were collected in the city of Kharagauli (Glaucium
corniculatum), In different years and different growing seasons. It is

KEYWORDS known that the chemical composition of plants is affected by ecological
. and climatic conditions. A plant species that grows in different
Alkaloid, - conditions contains different substances. The content of the amount of
|dentification, alkaloids in the grass of Glaucium corniculatum is from 3 to 4 %,
Chelidonine, depending on the phase of vegetation. Identification of alkaloids is
Sangumarlne, performed on liquid chromatography. The herb contains isoquinoline
Berberine, alkaloids:  chelidonine, ~Sanguinarine, Berberine, Chelerythrine,
Chelerythrine, kontizine.
Kontizine

Copyright: © 2018 Kymaramsuaun H. H., Kaxunsze H. A. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Beenenne. Ha KaBkaze Glaucium Bcrpedaercs BIOJIb BCEIO YEPHOMOPCKOTO MOOEPEXbs OT
Tamanckoro mnosyoctpoBa Ha ceBepe A0 p. Hopox (Ha rpammne ¢ Typruei) Ha rore. IImupoko
pacnpoctpaHeH B 3anaaHoil [py3un, KonxeTnHCKOW HU3MEHHOCTH, HA YePHOMOPCKOM ITOOEpEKbe, B
roponie Ilotu. Pacrer Ha Oepery mMops, M0 KaMEHHUCTHIM, CKAJIUCTHIM CKJIOHAM H OCHIISIM, MadoK
porateiii -Glaucium corniculatum pacrer mo mossiM, y IOpOr, Ha COPHBIX KAMEHHCTBIX MeCTax, Ha
CKIIOHaX, 0COOCHHO MEJNOBHIX. J[eKOpaTHBHOE U SJJOBHTOE PaCTEHUE.

B HapomHOW MeauITHE HACTOM M OTBap MavKa poraTtoro IMPAUMEHSIOT Kak CHOTBOPHOE (JIJIst AeTei)
1 MPOTHBOINA0ETHUECKOE CPEJICTRBO, a TPAaBY MayKa JKeJITOro UCIIOJb3YIOT KaK MOYETOHHOE CPEICTBO TPH
MOYEKaMEHHOM 0O0JIC3HH, a TAKKE KaK YCIIOKAUBAOIIee U MPOTHBOIMA0ETHUECKOE CPEJICTBO.

Pactrenusi, ucrmonb3yeMble B HApOJHOW MEAWIIMHE, SBISIOTCS HCTOYHHKOM OOHApYKCHUS
OMOJIOrMYECKU aKTHBHBIX BEIECTB TAKUX KaK aJKajJoubl, (DEHOJbHBIC COSJMHEHUS, YIPUPHBIC Maca,
JKUPBI, (EPPOMOHBI, TJIMKO3MJIbI, KOTOPBbIE 4YacTO SBISICTCS OCHOBOM JIJIsl CHHTE3a HOBBIX
JIEKapCTBEHHBIX BEIIECTB.

M3BecTHO, YTO HA XUMHUYECKUW COCTaB PACTEHHUI OKa3bIBAIOT BIIMSHUE 3KOJIOTMUYECKUE U
KJIMMaTU4eCKue ycaoBus. [103ToMy 4acTo OJIH U TOT 5K€ BUJI PACTCHUS, PACTYILUM B PA3IUYHBIX YCIOBHUSIX
COJIEP>KUT pa3HbIe BelecTBa. FIMEHHO 3THM 1 00BSCHSACTCSI MHTEPEC K YIKe U3YYCHHBIM PACTCHUSIM.

Pe3yabTaThl ucciaenoBanus. J{Jis U3BICUECHUN aJKaJOUI0B B BUI€ OCHOBAaHUN PacTUTEIbHOE
ceipbe oOpabatwiBany 1menoynbiM (NH4OH) pactBopoM juis mepeBojia COJei ankajiouioB B
OCHOBaHMS, IIOCIIE€ YEro OCHOBAaHUS AaJKAJIOWAOB W3BICKAJIU HEMOSPHBIMU OPraHUYECKUMU
pactBoputessiMa  (xjopodopm). st OYMCTKM OT TpPUMEceH, IONyYeHHBI pacTBOp OCHOBAaHUM
JIKaIonJ0B 00padaTsiBasii cinadbiM pacTBopoM kuciotel (H2SO4), nocne dyero ankanouasl o0pa3yoT
COJTH, HEPACTBOPUMEIEC B OPTaHIMUECKUX PACTBOPHUTEIISIX U MIEPEXOISIINE B BOAY.

[Ipr HEOOXOMWMOCTH BOIHBIM pPAcTBOpP COJIEH QJIKAJIOWIOB CHOBAa IIOMIICIAYUBATN U
obOpabaTsiBaI OpraHudecKuM pactBoputesieM. [Iporecc mpomopKamy moka He ObUT ITOTyIeH pacTBOP
CMECH aJIKaJOMJIOB JOCTATOUYHOW YMCTOTHL. [Ipu M3BJIEUEHUM aJIKaJOUJIOB B BHJIE COJIEH ChIpbE
obOpabaTsiBasiy C1A0BIM PACTBOPOM KHCIIOTHI (YKCYCHOM) B BOJIE.
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Jliis uneHTHUKAINE alTKalou0B MOXHO HCIIONB30BaTh MX (PH3MKO-XMMHUYECKUE CBOMCTBA:
oTpeJiesieHIe TEMIIEPaTyphl IIaBJICHHsI, ONpeielicHHEe YAeIbHOrO BPAICHUs] ONTHYECKUX U30MEPOB, a
Takke cpaBHeHne ux Y®-, UK-, SAMP 1H chnektpoB co chekrpamul CTaHIAapTHBIX OOpPa3IioB.
OnTrManbHBIMH METOJAMHU ISl XapaKTEPUCTUKM KAaueCTBEHHOTO M KOJMYECTBEHHOTO aHaHu3a
ANKaJIOWJHOTO COCTaBa PACTUTENBHOTO CBIPbs SIBISIIOTCA XpoMmaTorpaduyeckue meroabl (BOXKX,
KX u TCX).

Hcmonp30Bany ompeneneHns alKalonaoB B pacTeHHsx merogoMm BDOXXX. Konmentparms
pacTBOPOB CTaHAAPTHBIX O0Opa3OB TOTOBHWIIM ITyTeM pacTBOpeHHs HaBeckn B 12 % ykcycHO#
kuciaore, cocrapasuia 0.1-0.2 %, o0bem pactBopa 500 wmiin. Xpomarorpaduueckas YHCTOTA
CTaHIAPTHBIX O00pa3oB cocraBimsmia Oonee 99 %. PabGora BeMOMHATACHE Ha KHIAKOCTHOM
xpomatorpade bpupmbr Agilent HP 1100. XpomaTorpadndeckre KOJOHKH MOIOUPATHCH IO TPUHITAITY
Pa3IMYHON MOJSIPHOCTH.

Uccnemyemple Hamu pacTeHusi Obun coOpanbel B T. Xaparaynu (Glaucium corniculatum B
pasHble TOABI W pasHble mepuoabl. M3 obpasza Glaucium corniculatum 2016 roma, B Mae mecsiie
BBIJICTICHBI 5 QJIKAJIOWJI0B WICHTU(UIIUPOBAHBI XCIICPUTPHUH, CAHIBUHAPWH, XCIHMJIOHHH, OepOepuH,
KONTU3WH, OAHO He wuaeHTuunmuposaH (puc.l.). B o6paz 2017 roga B wurone Mecsue
uaeHTHGHUCUpOBaHbl (pUC.2.) CaHTBHHAPWH, XEIWJOHWH, HaMW4yWe 3 ankajouaa He HaOiromaeTcs.
CocTaB u CTPYKTYpHBIC ()OPMYJIbI BBIICICHHBIX AJIKAJIOW/IOB PUBEICHBI B TaduIe 1.

W3yden a AuHaMKKa HAKOTUICHUS aJIKallOWIOB B TPaBE MadKa B TEUCHHUE BETETAIIMOHHOTO [IEPHO/IA
10 TO1aM. Y CTAaHOBJICHO, YTO MaKCHMaJIbHOE KOJMUYECTBO AJTKAIOUIOB cofepKuTes (okoito 4 %) B iepruos
aKTHBHOTO POCTa M IBeTeHus. B eproy mmogoodpa3osanwms B utose 2017 roxa oxodo 3 %.
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Puc. 1. Xpomamoepagusi sxempama, 1-xeaudonun, 3-canesunapun, 5-6epbepun, 2-xonmusu, 6-
xenepumpun
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Puc. 2. Xpomamoepagpus sxcmpama 3-canegunapun, 4- xenepumpun, lu2-neusgecmmuuiil.
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Tabmuua 1. ®opmyIibl BEIACICHHBIX ANKaJIOUA0B

Aunkanonns! Glaucium corniculatum 2016 rozga, B No Aunkanonns! Glaucium corniculatum 2017 roaa, B

Ne o
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BrIBOABI.

1. TpaBa coaep>KUT M30XUHOIMHOBBIC anKaIouabl. [ pynmna OeH30(peHAHTPUANHA ATKATOU/IbI
CaHTrBUHAPHH XCIUJIONH U XCJICPUTPUH, TPYIINA JUU30XUHOIMHA — alKaaou 6epOepuH.
2. Conmepxxanue cyMMbl ankamousioB B TpaBe Glaucium corniculatum or 3 mo 4%, B

3aBUCUMOCTH OT (1)331)1 BEreTranuu.
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ARTICLE INFO ABSTRACT

Received: 03 May 2018 This work has studied the composition and structure of Natural Zeolites

Accepted: 29 May 2018 (Clinoptilolite, Mordenite, Lomontite, Analcime, Phillipsite) of Georgia,

Published: 12 June 2018 methods of analysis of rentgenography and thermography. It has been
proven that the process of dehydration occurs when zeolites are heated to

KEYWORDS a temperature of 300 °C. But some of them (lomontite, analcime,

mordenite) lose water to a higher temperature without demolishing the
crystal structure. The results of the research which we have made to
identify the natural zeolites of Georgia are almost identical to the studies
of foreigner scientists.

Zeolite, Thermal analysis,
Rentgenigraphic analysis,
dehydration
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BBenenue. [IpupoiHbIe 1IEOTUTHI CETMMEHTAIIMOHHOTO TIPOUCXOK/ICHHSI CYUTAIOT MOJIE3HBIMU
MUHepajgaMu OJaromaps CBOMM IIOBEPXHOCTHBIM U CTPYKTYPHBIM cBoicTBaM. OHHM HAXOJSAT ITUPOKOE
MPUMEHEHUE B MPOMBIIUIEHHOCTH, CEJIHCKOM XO3AHCTBE, HKOJIOTHYECKUX MpoOIeMax, B Pa3InIHBIX
mporieccax OMOIOTUIECKON TeXHOMOTHH 1 ap. [1].

B Hacrosiee BpeMs HM3BECTHO CBBIIIE COPOKa PA3IMYHBIX THIIOB TPUPOIHBIX IEOJIUTOB,
OTIIMYAIOIIUXCSA APYT OT JIPyra CTPYKTYPHBIM CTPOCHHEM, KATHOHHBIM COCTaBOM M COOTHOIIEHHEM
kpeMuus u amomunus [2]. [Ipyn koMHATHOH TemmepaType U HOpMaIbHOM BIQXKHOCTU TPU KOMIIOHEHTA
WX CTPYKTYpHI (CKEJIeT, KAaTHOHBI U BOJA) HAXOIATCS B COCTOSIHUM paBHOBecHs. [Ipu HarpeBanuu Boja
HAaYMHAET BBIICTISTCS M3 CTPYKTYPHI M TIOSTOMY paBHOBECHE paspymiaercs. Bo Bpems nerumpaTariuu
HAYMHAIOTCS TIPOIIECCHI, KOTOPhIE CIOCOOCTBYIOT HOBOMY paBHOBECHIO. B mpoliecce aeruaparaiuu
IICOJUTHI HAXOJATCS B METAaCTaOWJIILHOM COCTOSHHM. Temreparypa TePMHUYECKOrO pa3pylICHHS
3aBUCHUT OT CKOPOCTH U JUTUTEIHHOCTH Harpesa [3].

I'py3ust 6orata MECTOPOXKICHUSIME MMPUPOIHBIX IICOIUTOB 0CATOYHOT0 IPOUCXOXKIeHUS. Tak, n3
JIECSITH HauOoJlee BaXKHBIX TPUPOJHBIX IEOIHTOB B 'py3uM WMMeeTcsl IIeCTh MPEICTaBHUTENEH 3THX
MuHepasoB, uMeHHO: Kinnnonrunomnur, I'eitnanaut, JlomoHtuT, AHansimmM, Mopaenut u Ouimuncur [4]

Hamu ObutM uccneoBaHbl CIIEIYOIINE IIEOJIUTO - COJEPKAIIUE TOPHBIC TTOPOJIBI:

—  KimHONTHIIONHUT - TeIaHIUTOBBIE TIOPOJIBI MECTOPOXKIeHHST XeKopa3yia, B ommsu Ten3amuy;

—  @OuwumIcuTsl ropHBIX mopo [ ypuiickoro xpedTa, Boim3u ¢. LLyxyTr 1 AXaauxCKo# JIeTpecuH;

— Mopaenutcoaepxaiiue nopojasl paitoHa bonuucu - PareBanu;

— JlomaHTHTCONEpXKAIIIHE TIOPOBI B OKpECTHOCTSX TOmmmcH;

— AHanBIIMM 0CaTOYHEIX TOPO B I'enaTckom paiione, B 6musu Kyranch.

Pe3yabTaThl nccnenoBanus. VneHTudukanus NCCIeIOBaHHBIX IICOJIUTOB ObLIa IPOU3BEACHA
C peHTreHorpapuieckuM MeTooM. B Tabi. 1 mpuBeneHO coiepkaHue THX IEOJIUTOB B MOPOJAX H
COITYTCTBYIOIIME UM MHHEPAJIbI, a B Ta0J1. 2 MPUBEICHBI PEHTTEHOUPPAKTOMETPUIESCKHIE TOKA3aTEIH
3THX 00pasnoB. VccienoBanue MpoBeIeHO HA PEHTEHOBOM JHU(PPAKTOMETPEe, CKOPOCTh CKAHUPOBAHHUS

10/20=1 rpam/cek. (Cu, K7 uznyuenue, I =12 \ipa, Ni -¢puntp, V=30Kkv).
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Tabmuma 1. CopepkaHue LEOJIMTOB B TOpPOAE€ W MHHEpPATIOTHUECKHH  COCTaB
HEOIUTU3UPOBAHHBIX Ty(POTEHBIX 0CaJOYHBIX TOPOJ

ConepxaHue OCHOBHOTO
Ne Heonut o ComnyTCTBYIOIINE MUHEPAIIBI
MHHepana (1ieonmra), %
TUIarMoKJIa3, XJIOPUT, MOHTMOPUIUIOHUT, PY/IHBIH
1 Anansuum 70-80 » XIIOPHT, P » PYA
MHUHEpAI
2 JloMoHTHT 60 TUTArHOKJIA3, XJIOPUT, KaJIbIWT, PYJHBINH MUHEpaIl
3 MopaeHut 65-70 MOHTMOPHJIJIOHHT, KBapll, XJIOPHT, CENIaIOHHUT
4 | KimHO NTHIONAT 70-80 MOHTMOPHJIIOHHT, CJIE/IBI ITOJICBOTO AT, KBAPIL
5 Ounnuncur 65-90 MOHTMOPHJIIOHHT, Py/IHBIH MUHEpaI, aH/Ie3HT,
(Typwust) OHOTUT, MOHOKJIMHHBIA ITMPOKCEH
6 Ounnmrncut 70-75 TUIaruoKJa3, MMPOKCEH, OMOTHT, MOHTMOPHILIOHUT,
(Axammmxe) MarHeTHT

Tabmuma 2.  PentreHommdpakromMeTpuyeckde — IMOKa3aTeldd  HEKOTOPBIX  00pas3loB
LEOIUTCOAEP)KaX opox I'py3un

Ananmeimm (Iestaty) | @uowwmenr (Lyxymn)|  KmmorrmemomwT (Xekopmyia) | Jlomortwr (Tormicn) | Mopnenwnt (PateBann)
[ d I d | d I d | d
14 9,79 5 10,4 51 8,792 14 10,42 50 13,59
39 7,06 5 9,07 19 7,694 16 7,375 100 9,075
70 5,54 30 7,12 10 6,707 6 4,874 37 6,56
12 4,91 20 6,21 12 5,155 6 4,770 48 4,49
20 471 7 5,30 22 5,096 18 4,418 75 4,28
50 4,16 15 4,90 20 4,623 30 4,311 62 3,996
14 3,53 9 4,24 13 4,357 4 4,022 62 345
100 3,39 30 4,05 100 3,905 25 3,850 100 3,215
70 3,31 100 3,17 14 3,520 16 3,786
36 3,19 24 2,91 36 3,391 22 3,633
80 2,86 18 2,73 49 3,178 100 3,440
34 2,70 10 2,51 23 2,955 14 3,278
40 2,41 10 2,51 23 2,955 14 3,278

18 2,782 10 3,121
6 2,530 10 2,940
12 2,417 7 2,867

OueHb BaXXHO M3YYEHHE LIEOJIMTOB BO BpPEeMs JAETHIApATallid, UMEHHO B 3TOM COCTOSIHUHM OHHU
0071a/1a10T COPOLIMOHHBIMU U KaTaJIUTUYeCKUMH cBokcTBamu [4]. [Ipouecc meruaparaiu M3y4aroT
tepmorpaBumeTpudeckumu DTA u DTG wmerogamu [3]. Hamu Obul mpoBeleH TEPMOJIU3 IIECTH
00pa3IoB LIEOTUTOB, YTOOBI YCTAaHOBHUTH ONTHMAlbHbIE WHTEpBajbl MX nerujaparanuu. Ha puc. 1
npuBefienbl TG u DTA KpuBble H3YYEHHBIX [EOJHMTOB, KOTOpPHIE XOPOIIO COOTBECTBYIOT
JUTEepaTyPHBIM JaHHBIM [5].

Tepmuueckuii ananmu3 (Tabn.  3) I[EONUTCOAESPIKAIIMX IOPOJ  OCYIISCTRBIISLICS  Ha
nepuBarorpade tuna upmu "Mom" (BEHTpHS).

OG6pasipl Harpesamuch 10 Temneparypsl 1000°C -co ckopocteio 10°C\mun. Bec HaBeckw -
300 mr. YyscrBurtensHocTh ramBanomerpa DTA DTT-115, TG-200, r-1200. DrtanoHoM ciyxuia
TEPMOMHEPTHAsI OKHCH AIIFOMUHHUSL.

W3 nanHbIX, NpuBEIEHHBIX B Ta0.3, cieayet, yto ans AHanbuuMma (I'py3usi, MecTopokaeHne
I'enatn) Ha kpuBoi [ATA, xapakTepHO Hanmuume IBYX 3HI03((EKTOB C MaKCUMyMaMH TEMIIEpaTyp
90 u 380°C, uTo CBHAETENHCTBYET OO0 ATAHOM BBIACICHUM Biard. BTopoil sHmosddexr mpu
JalpHeHeM HarpeBaHiuu o0pasia nepexoauT B 9k303¢ ekt ¢ MakcuMyMoM nuka B npenenax 430°C.
[losiBienne »storo »3¢ddexra sBIIETCS TMOKa3aTeleM HEKOTOPBIX CTPYKTYpPHBIX HW3MEHEHHH B
Amnaneninme. [loTeps Biarsm uMeeT MeCcTo B IUPOKOM HHTepBaje temmepatyp (40-600°C).

JlepuBarorpadyudaeckne HMcciaeaoBanus o0pasioB AHanbimMma Mectopoxaeuus Val Duron
(Uranus) [5]- Taxke Mokasaid HalH4yhe JBYX SHA03(Q(EKTOB ¢ MHHUMAILHBIM BBIJICIICHHEM BOJIBI
npu temneparype 100°C u makcumanbHbiM mipu 350°C. OOmmiast motepst Biard mo kpuso TG st
o0pasnoB AHanbiuMa u3 ['pysun n Urammu cocrasiser 10 %. CKopocTh Bo3pacTaHUs TEMITEPaTyPhl
nipu 3toM 66112 20°C/MUH.
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Ta6m/1ua 3. TepMOFpaBI/IMeTpI/I‘lCCKI/IC OKa3aTeJIiM HCKOTOPBIX 06pa3u013 HOCOJIUTCOACPKAINX
nopon, moABCPruyThbiX TCPMUUICCKOMY aHATIU3Y

Ilotepst Macchbl LEOIUTOB, Temneparypnblii |  Temmneparypa
Heomutst HarpeTsIxX 10 DTA UHTEpBaJ; MaKCHUMaJIbHOI
temmeparypsl 1000°C, % nerunparanuy, °C| gernpararuu, °C
Tun i TemnepaTypHblil
C | uHTepBaJ YHAOTEpP-
pearin MrIgeckoro addexra, °C
9HJIO. 90
50-340 90
AHamsIM 94 0. | 380 340-420 50-600 380
ok30. | 430
sHmo. | 120 50-190 120
sHmo. | 250 190-320 50-700 250
JlomoHTHT 10,7 sHmo. | 440 320-490 440
sHmo. | 520 490-540 520
sumo. | 120 40-320
sHpo. | 760 680-780 50-600 120
Moppennut 95 su0. | 880 820-930
KmmnontH- sgmo. | 120 40-150 120
JIOIHT 135 S0, | 270 150-320. 50-500 170
sumo. | 140 40-160 140
supgo. | 170 160-220 170
DuUIICHT 159 sHmo. | 240 220-280 40-430 240
(Typums) ! aHmo. | 390 280-430 390
sHmo. | 540 450-580
R — supo. | 140 50-200 140
(Axammixe) 174 sHmo. | 240 200-310 50-380 240
) supo. | 340 310-380 340

Takum o0pa3oM, MONy4YeHHBIE HAMHU Pe3yNbTaThl U JaHHBIE, NMPHUBEACHHBIE B padore [5],
YKa3bIBaIOT HAa UICHTHYHOCTh TEPMHUYECKOTO MOBENICHHST 000UX 00pa3IoB.

JlomonTuTy MecTopokaenusi ['pysuum Ha kpuBoii DTA cBoOiCTBEHHO HamWMuue YETHIpEX
3H103(hGeKTOB ¢ MakcuMyMamu Temiieparyp: 120°, 250°, 440° u 520°C. OgHako BbIZCJICHUE BJIATH, B
OCHOBHOM, TIPOMCXOMT B TPH dTalla: YeTBepThIi dH103(D(dEKT npeacTaBieH BechbMa €i1ado, MpH HEM
noteps Beca (Biaru) He3HaunTebHa, O0mas noteps Maccol cocranisier 10,7 %.

Ha xpuBoit DTA ¢ukcupyrorcs Takke ABa BBICOKOTEMIIEPATYpHBIX d(dexTa MpH
temneparypax 720° u 880°C.

[lony4yeHHble JaHHBIE HAXOAATCS B MOJIHOW COBMECTHMOCTH C pe3yJbTaTaMU HCCIIEIOBaHUS
aomonTuTa Mectoposkaenus Nasik (Mumus), npusenenusiMu B padbote [4]. Kpussie DTA u DTG
PErUCTPUPYIOT MOTEPIO BIaru B Tpu 3Tama B oOmactu Temmeparyp: 100°, 240° u 400°C, npuuem,
OCHOBHas OTEPS BOABI POUCXOUT B quana3one remmeparyp 240-400°C.

Hasmune yeTBepToro nuka BbAEICHUS BOABI Al oOpasua u3 [ pys3un, no-BuauMoMy, CBSI3aHO
KaK C NPHUCYTCTBHEM DAa3JIUYHBIX MPHUMECEH B LEOJUTCOAEPKALIeH MOpoJe, TaK U C HEKOTOPBIM
pasIn4ureM yCIOBHUH SKCIIEPUMEHTA.

I xpuBoit DTA Mopaenuta mectopoxkaenus PareBanu-bomaucu (I'py3us) xapaxkTepHO
NPUCYTCTBHE TpeX dHA03PdexToB npu Temneparypax: 120°, 760° u 880°C. OcoOeHHO CBOWCTBEHEH
9TOMY MUHepally MepBbli dHI03(QdeKT, Mpu KOTOPOM TPOHMCXOIHT, TIIABHBIM 00pa3oM, Ipoliecc
JETUpaTalii B XapakTepHoM TtemieparypHoMm wuHTepBane (40-380°C). BricokoremmnepaTypHbIe
3¢ eKkThI, 110 Bcel BEpOSATHOCTH, CBSI3aHBI C MPUCYTCTBHEM B TOM 00pa3iie MOHTMOPHUIUIOHHTA.

Jlannble, mpuBeneHHbIC B paboTe [5], mpu MpoBeAeHIH TEPMUYECKOTO aHAIN3a IBYX 00pa3ioB
Mopaenuta mecropoxaennit Morden (Kanama) m Poona (Muamsi) ykasplBalOT Ha JBYXCTaJUIHOE
BbIAENeHne BoAbl ipu 60° u 160°C.

[Tonnas moteps Biaru npoucxoaut npu Harpese a0 300°C u coctaBnger ~15 % oT ucxonHo
Macchl. MOPIIEHUT CITOCOOCH K AeruapaTamnuu gaxe npu Harpese 10 800°C.

Hns Knunontunonura (MectopokieHue Xekopasyia), Kak cieayer u3 KpuBbix DTA,
BBIICJICHHE BOJBI IPOUCXOAUT B JBa »Tana: 120° u 170°C.

OOmiass moteps Maccel HaOmoJaeTcs B HIMPOKOM wHHTepBaie Temmeparyp 50-500°C wu
coctasiseT 13,5 %. [logoOHble pe3ynbraTsl noiayueHs! it KinunontunonutoB Mectopoxaennii CLLIA
u Utanuu [5]. OOmmas noreps Biaark Npy HarpeBanuu 3Tux oopaszuos (10 800°C) cocrasmnsier ~ 15 %.
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Uccnenoanne nByx oopasnoB Owrnuncura (MectopoxkaeHull ['ypun u Axanmuxe) mokasano
HalMuue TSITH 3HA03Q¢ekToB ¢ Makcumymamu: 140°, 170°, 240°, 390° u 540°C, mnst mepBoro
MHUHEpaja 1 Tpex 3H103pPekToB ¢ Makcumymamu mpu 140°, 240° u 340°C ans BTOporo MuHepaa.

Oo6mas notepst Binaru cocranisiet 17,4 u 15,9 % cooTBeTCTBEHHO.

O6pasupl  pummuncuta Mectopoxaenus Casal Bronori (B 0mm3u Puma, Wrtamus) Taxoke
XapaTeKpHU3yIoTCA TSTHIO CTaIWsSMHU BBIIECTICHUS BIard mpu temmeparypax: 70°, 120°, 140°, 180° u
320°C ¢ momHBIM pa3pylieHueM CTpykTypbl npu Temmeparype 400°C [5]. Takum obOpasom, 3TOT
oOpa3zery Mo CBOMM TEPMHYECKUM cBoiicTBaM Onu30k Duummmncuty mectopoxkaerus ['ypun (I'py3us).
ITo marnbIM Tabx 2. MOXKHO CKa3aTh, YTO B OCHOBHOM IIEOJHTCOAEPIKAIIIE TIOPOIBI BOAY TEPAIOT MPH
HarpeBanuu 10 300°C, HO HEKOTOpPBIE W3 HUX TOJBEPTarOTCS IETHApATAIlid MPH Oojiee BBl OKHUX
TeMIeparypax, 0e3 pa3pyleHns] KPUCTAIUTMIECKOW CTPyKTypsl (JlomoHTHT, AHambiium, MopaeHuT).
Hamu onpeneneHo MakcUMalbHOE COEpPKAHKE BIIATH, PACCYATAHHOE 10 Pe3yIbTaTaM TePMHIECKOTO
aHanmm3a B mepecdere Ha 1/100r meomura. [lomydeHHBIE AaHHBIE CPAaBHEHBI C pe3yJbTaTaMH,
NpUBEICHHBIME B pabote [6] (Tab. 4).

Tabnuna 4. MakcumanbHOE COJIEp)KaHHE BIIATH B IIEOJIMTaX HEKOTOPBIX MECTOPOXKICHHN
I'py3un, CILIA u bonrapun

Ieonutsl ['py3un Conepxarane Hy0, /100r | eonntel CIIA u Bonrapuu | Cogepskarue H»0, r/100r
AHansnuM 10,4 Ananbium (CIIIA) 6,5
JIoMOHTHT 12,0 - -
MopaeHut 10,5 MopaeHut

(bonrapus) Mopaenut 13,7
(CIITA) 10.0
KnunonTumoaut 14,8 Knunontumoaut
(bomrapwus)
Kaunontunonur 14,0
(CIITA) 24,0
Owrmuncut (Axammxe) 20,9 - -
Omwuncut (ypust) 18,7 - -
o ® o ) o ®
3 3 3
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N R T

0 100 300 500 700 900 0 100 300 500 700 900 0 100 ~ 300 500 700 900
TC T€ T°€
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Puc. 1. Kpugvle mepmuueckoeo ananuza npupooHslX Yeoaumos HeKOmopblx MeCmopOo’CcOeHUll
Tpysuu: 1) mopoenum, 2) nomoumum, 3) ananvoium, 4) kaunonmuoooum, 5) urruncum (Axamyuxe),

6) punnuncum (I'ypus)
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PesynbraThl, npuBegeHHbIE B TaOMMUAX 2 M 3, MO3BOJSIOT COCTABHUTH Dsifl, XapaKTePU3YIOIIUHA
aJICOPOLIIOHHYIO CIOCOOHOCTH LICOJTUTOB B 3aBUCUMOCTH OT UX Pa3HOBUIHOCTEH, KOTOPasi yMEHBIIACTCS B
crenytomeld nocaenoBateabHocTy: Oummuncent (Axanuuxe) > Oummun- cut(lypust) > KnmunonTumnoiaut
(Xexopazyna) > Jlomontut (Toummcu) > Mopaenut (PateBann) > Anansimm (I” cnatu).

st OONMBIIMHCTBA MPUPOJHBIX IIEOTUTOB MPOLECC; ACTHAPATAlMd B OCHOBHOM UMEET MECTO
MIpH HarpeBa| HUM MUHEpaToB 10 TemmepaTypsl 300°C, TO3TOMY B 3TOM CiTydae BBHIIICYKAa3aHHBIA PsiJI
aZICOPOIIMOHHON CIIOCOOHOCTH TIO BOZAE TMPETEepIeBacT HEKOTOPOE W3MEHEHHWE U BBITJIAIUT
cienyromuM obpazom: Owrmmunent (Axammuxe) > Owumncur (Uypust) >  KnmHomTmimomut
(Xexopazyna) > Mopaenurt (PareBann) > Jlomontur (TOmmmcn) > Aransimm (I'ematn).

BeiBoabl. B npoBeneHHON paboTe MBI yCTAHOBHIIN ONTUMAJFHBIE TEMIIEPATYPHBIE HHTEPBAIIBI
B KOTOPBIX MPOUCXOIUT JACTHApATANNS MPUPOJHBIX IIEOJIMTOB HEKOTOPHIX MECTOpOXIeHM [ 'py3uwu,
MOJTydYeHHbIE JTaHHBIE CBHUACTENBCTBYIOT O CYIIECTBOBAHHH OTIENBHBIX YYacTKOB B CTPYKTYpe
[IEOJTUTOB, CIIOCOOHBIX C PA3IMYHON AKTUBHOCTBIO YJEPKUBATh MOJIEKYJIBl BOABl M CTaJUNHHO
(cTymeH4aTo) BBIACISTH €€ B IIPOLIECCE HArPEeBaHUs STUX MaTepHAIIOB.
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Beenenue. Metmmmmxnonentaaued (ML) sBaseTcs 1IEHHBIM CHIPEEM TSI OPTaHUIECKOTO
CHUHTE3a, NIPUMEHSEMBIX JJIS MOJYYEHUS Pa3IMYHbIX MOHOMEPOB, aHTUIETOHALIMOHHBIX NPUCAN0K, B
CHHTE3€ (PM3HOJIOTMYECKH aKTHBHBIX BEIECTB M JPYTUX MPOAYKTOB MAJIOTOHHAXHOW Xumuu [1—4].
Haunbonee BakHbIM wncTOUHWMKOM TonydeHuss MUTIJ sBisitoTcss MPOAYKTHI MUPONU3a HEPTIHBIX
¢pakuuii, W3 KOTOPBIX €ro BBIENAIOT HApsAy C LHUKIONEHTAJHEHOM M apOMaTHYEeCKUMH
yraeBogoporamu [1].  JlpyruM MNEpCEeKTHBHBIM METOJOM €ro TOIy4eHHsS MOXKET CTaTh
KaTaJIMTHYECKOE JeTuApHpoBaHre MetwinukionenreHoB (ML), kotopoe nmpoBoasST B NPUCYTCTBUU
AIIOMOXPOMOBBIX, ATIOMOMOJIMOJICHOBBIX M IKEJE300KCHIHBIX KaTalnu3aTopoB [5—7]. YuuTsiBas
UMEIOUINICA ONBIT NPUMEHEHUS >KEIe30aJIOMOMArHUEBBIX cucTeM il Cs-AeTHAPOLUKIN3ALUT
nunepuwieHa [8], MpencTaBisI0O HMHTEpPEC HM3Yy4UTh HMX CBOMCTBAa B Jerugpuposanun  MIIIL
[Ipeamnonaranock, 9to Onaroaaps c1aboi M30MEPU3YIOLIEH aKTUBHOCTH ATHX KaTalIW3aTOPOB MOYKHO
CBECTH K MUHMMYMY 00Opa3oBaHue O€H30l1a, KOTOPOE SBISIETCS PE3YJIbTATOM JIETHAPOU30MEPH3AIINI
MIUIT u OOBYHO COMYTCTBYET €ro JerWApHpOBaHU0. JKenaTenbHO OBLIO TaKKe BBIICHHUTH
BO3MOXXHOCTh ~ HCIIOJIB30BAHUS  JKEJE30MarHueBbIX cucteM i momydenus MIIIL]  Cs-
JeTuaporMKIn3aned  rexkcaaneHoB. COIOCTaBICHHE AaKTHBHOCTH O3THUX  KaTalM3aTOPOB B
neruapupoBannd MUIT u Cs-merunaponukin3aniy TeKCaIueHOB MHTEPECHO W B TEOPETHUIECKOM
IJIaHe, TMOCKOJIBKY TO3BOJIMIO OBl BBISIBHUTH OCOOCHHOCTH KaXKIOW M3 ITHUX PEaKIMid W O0OCYIUTh
crenu(uKy akKTUBHBIX IIEHTPOB, OTBETCTBEHHBIX 3a UX NMPOTEKAHUE.
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Hapsiny ¢ BeIOOpoM onTuManbHOro Karanusatopa aeruapuposanust MUII apyroit BakHoi
CTOpPOHOM paccMaTpuBaeMoro mnpouecca spisgercss Boiaesnenne MIII u3 peakimoHHON cMecH,
cojepikamiel erkue oneduHsl — NpoaykThl Kpekunra MLUIL, a Taxke 3HaYUTEIBHOE KOJIUYECTBO
HenpopearupoBaBmmx MIII. Tak kak temmeparypa kunenus 1- m 3-MLII (75.2 u 75.8° C [9])
ommska k Ttemneparype kunenus MIIILJ] (72.5—73°C [10]), BbIOeNUTh TOCHETHUN OOBIYHOM
pextudukanueil odeHp TpyaHO. I3Becten cmoco6 [7], korma MIIIJ] BHauame mnoaBepraroT
IAMEpHU3alliy, Ui Yero KaTajau3aT BBIACPKUBalOT B aBTokiaBe mpu 140—150° C, a 3arem
MOJIBEPTal0T aTMOC(EPHO-BaKYyMHON PEKTHU(HUKAIUN C IETbI0 BBIAENEHUS n3 Hero auMmepa. Cam
JUMep MOHOMEpHU3yroT, HarpeBas ero no 400—420° C. OmHako mpu TakoM croco0Oe BBIIETECHUS
Hapsny ¢ numepunzanueii ML/ MoxeT mpoucXonnuTh U COAMMEPHU3AIUS €ro C APYTUMH OJie(hHHAMHE
WIH TAE€HAMU, HaXOISAIINMHUCA B JACTUAPOTEHU3aTe. DTO MPUBOIUT K OECHOIE3HOMY PacX0IOBAHHIO
gactid MIIIIJI, cHIKEHHWIO €ro BHIXOJAAa W YHCTOTHL. AHAJIOTHYHAs TpoOJieMa BO3HUKACT W IIPH
BBIICTICHUH IUKJIONEHTamueHa w3 mpoaykToB Cs-muponmuza [11]. IlosTomy mpencTaBisiioch
HEOOXOIUMBIM MPEAJIOKHUTH Takyro TexHosoruto Beiaenenus MUII, npu koTopolt ux guMepu3anuu
npemecTBOBaio Obl Ooyee WM MEHee MOJHOE yNalleHHe JIETKHX oileuHOB W m3omepoB MIIIL
[Ipeamonaranoch, YTO HAWIYYIIMM OOpPa3oM 3TOr0 MOXHO JOCTHYH C TOMOMIBIO a3e0TPOITHON
pexTudukanueii, mogo0paB NOAXOISIINHN IS ATOH LENU a3e0TPOIIOOPa3yIOIINi areHT.

JKCHepUMEHTAIBHAA  4YacTh.  AJIIOMOXKEJIE30MarHWeBbIE  KaTalu3aTopbl  TOTOBWIIU
COBMECTHBIM OCakJeHHeM cMmecH ruapokcunoB Al, Mg u Fe u3z 0,5 H pacTBOpoB WX HUTpATOB
paccunTaHHbIM KojuuecTBoM pactBopa LiOH. Brioop LiOH B kauecTBe ocamuTesnsi OObSICHACTCS
OOHapyKEHHBIM HAMHU MPOMOTHPYIOIIUM JeHCTBHeM HOHOB Li* B peakimu Cs-IerHIpOIHKIN3ANNM
nunepwieHa [8]. Ocagok THAPOKCHAOB mocie 12 9 co3peBaHWs TPOMBIBAM Ha (GHUIBTpe [0
HEUTpPAJIbHOM peakUMu U HCYe3HOBeHHA HOHOB NOs, mocie 4Yero Cymuid HOpd KOMHATHOH
temmeparype, 3atem mpu 120°C B teuenue 5 4 u npokanuBanu B mydene npu 550°C. Ilomydyennsie
o0pa3ier m3menpyanu, oroupanu ¢ppakmuio 0,5— 1,0 MM u 3arpy’kanu B KBapleBbId peakTop. Takum
o0Opa3om ObLTH TIpUTOTOBIEHBI 00pasibl Ne 1—4 ¢ cootHomenuneM Al,Oz: MgO=5: 95 (mac.) mpu
conepxkanuu Fe,O3 2.0; 5.0; 10.0; 20.0 % cootBetcTBeHHO; 00pa3ipl Ne5,6 ¢ cootHomeHneM AlxOs :
MgO =10 : 90 (mac.) nmpu coaepxkannu Fe;O3 2 u 5 % cooTBETCTBEHHO.

HermnpupoBanue MIIII npoBoaWiM HAa YCTaHOBKE NPOTOYHOTO TUNA C 3arpy3Kou
karanmsatopa 17 u 50 cm3 npu 600—625° C 1 00beMHOMN CKOPOCTH mojiaun yriaesoaopoaos (V) 1 ut
npu pa3daBieHUH BOASHBIM mapoM 11:1 mMonb: Monb. [InurensHOCTH ombiTa 1—2 4 ¢ mocneayromieit
pereHepanuel Karaanu3aTopa mapoBo3AyITHON cMechio pu 650° C B TeueHue 2 4.

B kauecTBe CBHIpbS HCIOJB30BAIM YIJICBOJOPOJHYIO CMECh, coneprkaiyro (mac. %): 1-
MmeTwiimkionesreHa — 63.0; 3-merwimukinonenrena — 14.7; 4-metwnumkiionesreHa — 6.1;
uukiorekcena — 1.5; merunuukionentada — 14.0. [9KX-ananu3 npoayKToB peaKLMy BBINOJIHSIIN Ha
KoJloHKe 8M X 3MM, copepxkamer 10 % tpuxpesundocdara Ha xpomocopbe. Temneparypa aHanuza —
80° C, mocie a:mronpoBaHus OeH3051a TeMIlepaTypy cTyneH4aro nogaumanu 1o 120° C.

Breigenenne MIIII/] w3 karanm3ata mnpoBoAwiu cieayromuMm oOpa3oM. CHavama B
PEAKIMOHHYIO CMECh J00aBIIAIN B KAYECTBE a3e0TPONodpasyoeil 106asku aneton® [12], uto maBano
BO3MOXKHOCTB OTTOHSITh HE TOJBKO JIETKue yriieBoopoabl, Ho 1 M. Ky0OoBblil ocTaTOK BHIIEPKUBAIIH
B aBTokmare (145°C, 30 mun) mis mumepmsanumu MIII/], mocne dero cmech moaBepraii MpOCTOM
quctiuisiiyu. [Ipu 5ToM BHavale OTTOHSUIM OCTATKH OJie(PUHOB, a MOCIIe MOBBIIICHUST TEMITEPATyphl B
kyoe 0 180—200°C mpotekaina peakius MOHOMepU3anuy 1 oTrorsu ML/,

IIpeBpaienns rekcaauena-2,4 IMpOBOIMIN HA aHAJIOTUYHOM ycTaHoBke npu 575°C, V—1,0 u?
U paz0amiieHuH BOAsSHbIMH mnapamMu 1:11 momb/mMosb. [DKX-aHanu3 BBINOJHSIM NPH KOMHATHOM
TEMIIEpaType C UCHOJb30BAaHUEM KamwumipHoW KomoHkH (40m x 0,25 ™M), cMoueHHOU
JTUOYTHUIISTHPATOM TPUITHIICHIJINKOJIS.

Pe3ynbTaThl mpoBEACHHBIX HCCIICIOBAaHUH TpeICTaBIeHBI B Ta0. Nel—4.

!B3aThIii BMECTO alleTOHA METUIITUIKETOH He 00pa3yeT a3e0TPOIHBIX CMecell i HE MOKET OBITh HCIIONb30BaH
st orronku MITT
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Tabmuuma 1. Belxom W cocTaB NPOAYKTOB NETHAPHUPOBAHUS METHJILMKIONCHTEHA Ha
JKelle30MarHueBbIX KatanuzaTopax. t 600-625° C, pa3basnenue napamu Boasl 11:1 mons/mMonb

CocraB kaTtanu3ara, Mmac.%
]
< Coctas s = R
g KaTalu3aTopa g E % E g
X g ) X
8 1SSl By E| B E|E| 2| E|EY =%
a °c 2 S| =T 2 Pl EH =28
5 “g 3% S| 5| 5| 2| 5| g/£9 5¢
= S i S| < | =] €| g|Fg &
é Al,O3: Fe203, o] E E E ES
MgO % A > e
5
T
1 5:95 2 600 | 72.0 7.8 45.0 6.7 28| 345 25103 | 04 | 248
620 | 71.8 8.2 39.0 54 191 417 341 03| 01| 298
2 5:95 5 600 | 59.3 8.8 394 5.2 2.3 | 40.6 32| 03] 02| 240
618 | 70.0 8.4 30.3 5.4 2.6 | 49.3 34103 | 03| 350
3 5:95 10 610 | 56.0 9.8 29.1 5.3 191 48.2 44104 | 09 | 270
625 | 61.7 9.9 234 4.0 18| 523 75 08 | 0.3 | 323
5 10:90 2 605 | 67.7 11.3 31.0 | 11.0 49| 38.8 26| 04 - 26.3
625 | 59.0 134 15.0 8.2 3.7 46.9 107 1.7 | 04 | 277
6 10:90 5 605 | 54.9 12.7 9.1 5.8 2.7 58.0 95| 15| 07 | 318
625 | 61.3 10.2 12.9 3.0 191 56.6 1231 20 | 1.1 | 347

Tabnmuma 2. VM3omepHBI cOCTaB HEMPOPEardpoOBaBIIMX METHIIIITKIONEHTEHOB (Moi. %) B
OIBITax Ha JKEJIE30MarHUEBbIX KaTanu3aTopax npu 625°C

Home CocraB KaTajauzaTtopa

o6pa31£)a Al,O3: MgO FezOI;, % I-MI 3o A-MII
1 5:95 2 84.2 11.7 4.1
2 5:95 5 79.1 14.1 6.8
3 5:95 10 80.1 13.7 6.2
5 10:90 2 66.1 23.5 10.4
6 10:90 5 72.5 16.9 10.7

[Mpumeuanne. M30MepHBI cocTaB METHIIIIKIONEHTEHOB (Mo, %): B ucxomnoit cmecn — 1-MUIT — 75.1; 3-MUII — 17.5;
4-MUIT — 10.7; B paBHOBecHOI cmecn — 1-MLIIT — 74.3; 3-MUIT — 19.0; 4-MLIT1 — 6.7

Tabnuna 3. Berxog METHIIIUKIIONIEHTAINEHOB TP JIETUPUPOBAHUN METUIIIHKIIOTICHTEHOB B
OCIIeI0BaTeIbHBIX ONbITaX Ha Kataamsatope Fe,03(5 %)-Al,0s-MgO (5:95). V=1u, pas6asnenune
napamu Boabl 10:1 Monb/MoIb

t oC Brixon kaTanuzara | Copnepxanne MUTIT | Brixog MUTTI
' Mmac. %
600 71.5 41.6 29.7
618 75.5 44.3 334
614 70 39.2 27.4
620 65.9 38.7 25.5
614 68.4 44.2 30.2
610 76.4 44 33.6
610 74.7 40.6 30.3
615 81 41.7 33.7

Ta6n1x1ua 4, I[aHHBIe 00 a3CO0TPOIHBIX CMECAX all€TOHA C U30MEpaMU MECTWIUKIIOIICHTCHA

Homep |Bsixon, mac. % Kommnonent txurl | txun2 |t kun. Aseorpona | Coneprkanne Tun
(bpakiyu | OT 3arpy3Kku KOMITIOHEHTa | a3e0Tporia
1 2 °c 1, mac. %
24 |85 Aueron |3-u4-MIIT|562 |82 |50 511 T'omoro-
' ) 75.2 ' ' TEHHBIH
7-14 20.6 --4ee 1-MII1T 56.2 75.8 52.5 69 -

*]1Ba OIM3KOKUITININX OMHAPHBIX a3€0TpoIa
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PesyabTatel u o0cy:xaenue. Kak BugHO w3 Tabn. 1, wWcciuenoBaHHBIC KaTallM3aTOPBI
OKa3ajauch akTUBHbIMU B neruapupoBannu MUII, uro no3Bonuno nmonyyats MUII/ ¢ Beixogom 1o
35 mac. % mpu oOmeM BbIXOAE XHUAKUX NponykToB 60—70 mac. %. C yBenmuueHHEM cojep)KaHus
Fe>O3 B karanmuzarope ot 2 1o 10 % copepxanne ML/ B »kuAKUX MPOAYKTaxX peakiUy BO3pacTaeT
(Tabn. 1, oOpasupsl 1—3), YTO CBHUICTENLCTBYET O BO3PACTAaHUM JCTHAPUPYIONICH aKTHBHOCTH
KaTann3atopoB. IIOCKOJBKY BBIXOH JKMIKHX MPOAYKTOB MPU 3TOM CHHXKAETCS, YAAETCS AOCTUYb
MakcuManbHoro Beixoma MIIIJ] mpu 5 %-uHoMm comepkanun Fe,O3 B xaranu3zarope. AHalornyHas
3aBHCUMOCTb JICTUAPUPYIONICH aKTUBHOCTH Katanu3aTopa oT coaepxanus Fe,Oz oTMeuanach u panee
MpH W3YYCHWH JETHAPOTEHH3AllMM H-TIEHTEHOB Ha JKEJIe30MarHWeBBIX Karajm3aTopax [8].
IlpencraBisino  HMHTEpEC  CONOCTaBUTh  ACTHIAPUPYIOLIYH0  aKTUBHOCTb  JKEJI€30-MarHUEBBIX
KaTaJIu3aTOPOB C MX aKTHBHOCTHIO B Ce-IeTUAPOIMKIN3ALINN TeKcaaneHa-2,4, B X0Ae KOTOPOH Takxke
obpazyercs MIUIIJ [13]. Kak Buano, Beixogast MIIITJ] neBenmku (2.5—4.0 %) u, xax mpaswuiio,
CYIIIECTBEHHO HIKE BBIXO/JOB OIHOBPEMEHHO OOpasyromierocs NpHW 3TOM OeH30ja — TPOAyKTa
apoMmatu3aluu TrekcagueHa-2,4. [losToMy ykazaHHBIH CIOCOO Mano HMHTEPECeH Ui MOMYYEeHHUS
MUIIA. OnHako HaiiieHHBIC 3aKOHOMEPHOCTH ITO3BOJISIOT BBICKA3aTh HEKOTOPHIC COOOpaKECHUS O
MpUPOJEC AKTUBHBIX IIEHTPOB, OTBETCTBEHHBIX 3a neruapupoBaHue U Cs-IeTUIPOLMKIN3AIUIO,
MakcuManbHbIi Beixo MIIIT/] nocturaercs npu coaepxxannu Fe,Oz 2 %. Ananornynasi 3aBUCUMOCTh
BBIXOJIOB LIMKJIONIEHTaAHEHa OT cojepkanusi Fe Oz oTmeuanach paHee NpU ACTHIPOIMKIU3AINH
MUIICPUIICHA Ha JKeJIe30MarHueBbIX Karanu3atopax [8]. B ormuume or MIUIIJ Beixonm OeHzona —
MPOJYKTa apOMaTH3alUN TeKcalieHa — HEMPEPhIBHO BO3pacTall ¢ yBenndeHueM coaepxkanus Fe,Osz
1o 20 %. ITockonpKy apoMaTH3AIHsI BKITFOYAET PSJ] TIOCIEI0BATEIbHBIX CTAANN AeTuAprupoBanus [14],
ee MOXXHO pacCMaTpHWBaTh KaK aHaJOl pEeakluu JerHJIphpOBaHHUA. TakuM 00pa3oM, CYIIECTBYIOT
pasubie o0iactu conepxanus Fe,Os, mpu KOTOPBIX HAOMIOJAIOTCS MaKCHMaIbHbIE BBIXO/IBI TPOAYKTOB
Cs-1eruapoLrKIN3alui, C OJHOM CTOPOHBI, U MPOIYKTOB AECTHIPUPOBAHHUS U apOMaTU3alUU — C
npyroii. C momompio DIIP panee Oputo mokaszano [8], 4TO TpWM MalbIX KOHIEHTpamusx Fe B
JKEJIC30MarHUEeBbIX CUCTEMAaX HAXOAWUTCA B BUJAE HM30JUPOBAHHBIX MOHOB. Takoe COCTOSHUE IENaeT
BO3MOKHOHW OTHOTOYEYHYIO aJICOPOIMIO JAWEHA C OTPHIBOM B OJHOM aKT€ OJHOTO aToMa BOJOPOa,
ATIIBHOE TIOJNOKEHHE KOTOPOro OJarompHsATCTBYeT €ro JIuMHHUpoBaHuio. OO0pa3oBaBIIMACS
MUCHWIBHBIM paauKall, BO3MOXKHO, UHUKIMW3YETCS B IHKJIONECHTCHWIBHBIA, KOTOPBIA 3aTeM
npespariaercs B nukioaneH. C yBennueHneM cojepxanus Fe nmosiBisercs, a 3aTeM 1 HaKaljuBaeTcs
HinuHe bHas (asa.

Hanuuue B mmuHenu O0JU3KO PacloNoXeHHbIX aTOMOB Fe /ieaeT BO3MOXKHOM JIBYXTOUCYHYIO
aZIcOpOIMIO C OTPHIBOM B OJIHOM aKTe JABYX aTOMOB BOJOpPOJA, T. €. OJAaronpusATCTBYET YHUCTOMY
JIETUAPHUPOBAHUIO WIIH APOMATH3AIUH.

Hapsiny ¢ conepxanunem Fe;Oz cocTaB MpoyKTOB peakiuy B 3HAYUTENLHON Mepe 3aBHCUT H
ot cootHoutenus: Al,Oz u MgO B xartanuszarope. Xots Beixogq MLUII/I Ha oOpasuax 2 u 6 npu 620°C
(Tabn. 1) mpuMepHO OJMHAKOB, COJIEpKAaHME apOMATUYECKUX YTIIEBOJIOPOJIOB, OCOOCHHO OEH30:a, B
KaTajun3aTe CyIIeCTBEHHO BBINIe Ha oOpasne 6, y kotoporo Bheime cogepxkanne Al,Os. Kpome Toro,
oOpasery 6 xapakTepusyeTcsi W 0OJiee BBICOKOW KPEKHPYIOIIEH aKTHBHOCTBIO, YTO BBIPAKAETCS B
MEHBIIIEM BBIXOJI€ KHUIKHX MPOIAYKTOB U B 00Jee BHICOKOM COJIEP’KaHUHM B HUX MPOJYKTOB KPEKHHTA.
AHanornuHasi kaptuHa HabOmomaercs u it obpasmoB ¢ 2 % FexOs (tabn. 1, obpasuer 1 u 5).
[Mono6ueIit 3ddekT MOKHO OOBSACHHTH OOJiee CHIIBHBIMH KHCIOTHBIMH CBOWCTBaMH 00Opa3ioB ¢
MOBBIIICHHBIM cojepxanreM AlyOs, MPUBOIANIMMU K YCHUIICHUIO KPEKUPYIOIIECH W M30MEPU3YIONICH
AKTUBHOCTH KaTaju3aropa. ITo crocoOCTByeT pacmmpenuto Cs-IMKia B MECTUUICHHBIA, KOTOPBIA B
YCIIOBHSIX OIBITOB JIETKO jneruapupyercs B oenson. Conepxanue Al,Oz B katanu3arope oTpaxkaeTcs u
Ha U30MEPHOM cocTaBe Henpopearuposasiiero MIIII. Kak BuaHo u3 Ta0i. 2, Ha 00pasiie ¢ MEHbIIHM
conepkanueM Al,Oz moyis 1-METHIIMKIIONEHTEHA BhIIe, YeM B paBHOBecHOH cmecu MIIII. Ilpu
bosee BoicokoM cozepxkanuu AlpOs B KaTanuzarope A0 |-METHIIIIUMKIONCHTEHA OJM3Ka MM JIaxe
HIKE PaBHOBECHBIX 3HaUYCHUU. ECI HOMMyCTUTH, YTO JieTde IUMUHAPYETCS BOJAOPOJ, HAXOISIIITHICS
y TPETHYHOTO aToMa yriepoaa, To 3- u 4-MIII nomkHbl ObITE O0Jiee peaKIIMOHHOCTIOCOOHBI, YeM 1-
MUII. B TakoMm city4ae, npy NOHWKEHHON M30MEPU3YIOLIEH aKTUBHOCTH KaTaanu3aTopa CMeCh JOJKHA
oOoramaTbcsi MOCJIEAHUM M30MEPOM, UYTO U MMEET MecTO B JeHcTBUTENbHOCTH. Ha oOpasne ¢ Ooinee
BBICOKUM coaepkanueM Al,Os m3omMepu- 3ylomas akTHBHOCTH yBenuuuBaercs u gons 1-MIIIT B
cmecn ymenbpmaercs. OOpazernr 2, TOKa3aBIIMK Jydllid€ pe3yJIbTaThl, OBLUT HCIIOIB30BAaH B
MperapaTuBHbIX 1ensax. B tabn. 3 mpuBeneHs! mpanHbie 1o Bbixogam MIIIIJ] B mocnemoBarenbHBIX
ombiTax Mo geruapupoBanuio MIII ¢ NpoMeXyTOUHBIMU OKHUCIUTENBHBIMU pPEreHEPALUSIMU
katanuzaropa. Kak BugHo 3 1ada. 3. Beixoapl. MIIIJ] qocTaTO9HO YCTONYHMBEI U COCTABIISIOT 26—
33%. OObenuHeHHBbIH KaTanusar, coxaepxkasmmi 39,2 % MIII/, noxBepraiu a3eoTPOIHOM
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pextudukanmu. Kak Buano u3 tabn. 4, npu pextudukanuu cmecu 40,0 r neruaporennsara ¢ 66,8 r
areToHa Ha J1abopaTOpHON KOJIOHKE 3((EeKTUBHOCTHIO 40 TEOPETHYECKUX TapENIOK (OMPEICIICHO MPH
TIOJTHOM OPOIICHUH) TpH (IIerMOBBIX unciax 15—20 nomyuens! ¢ppakuuu, coaepxkamue 3- u 4-MLIT
(ppakuun 2—4) u [-MUIl (ppakuum 7—14). [nsa ¢pakuuii, oTOOpaHHBIX B OYEHb Y3KHX
TEMIIEPATypHBIX IpeNienax, ONpeAeTeHbl COCTaB M TeMIEepaTyphl KUIEHMs a3€O0TPOIHBIX cMecei
anerona ¢ nzomepamu MIIIIL, npencrasnenssie B Tabn. 4. Cneayer OTMETHUTh, YTO B IMTEPAType TaKue
JTaHHBIE OTCYTCTBYIOT. [locie Toro, Kak OBUTH OTOOPAHBI a3€0TPONHBIE cMecH areToHa ¢ 3- u 4-MLI1,
a Taroke amertoHa ¢ 1-MUII, pexrtndukanuio mpekpariaiy, KyOOBBIiI OCTaTOK OTMBIBAJIA BOJOHW OT
areToHa W TOCNe BBICYIMIUBaHUS monasepranu auMepmsarmu ML/ B aBTokmase. Berxox xyOoBoro
ocratka —51 % ot 3arpy3ku. [IpoxyxTs! aumepuzaun nanee HarpeBanu A0 180—200° C u oTroHsm
oOpazyromuiicss MoHOMep. B pesymbrate Takod 00paOOTKM TONMy4deHB! (PAKIUH TPOIYKTa C
conepkanuem 85—95 %) MIII/] ¢ o6muM Beixomom 30 % Ha HCXOAHBIN aeruaporenusar wim 76 %0
ot coaeprkanust MU/ B kaTanuzare.

[Ipennoxennsiii  crnocod Beimenenuss MUIIJ myrem mnpeaBapuTedbHON —a3e0TPOMHON
pextudukanun ucxoausix MU mozBonsier nzdexkars cogumepusanuto ML/ ¢ comyTcTByromummMu
oneprHAMHI U TEM CaMbIM YMEHBIINTH OTEPH AWEHA MPH ero BbineneHnn. Kpome Toro, crnocoOHOCTh
METHJIIMKIIONIEHTEHOB K OOpa30BaHMIO a3e0TPONOB C AaIeTOHOM TI03BOJISIET BBIACTATH HX U3
pPEaKIMOHHOM CcMecH, IOBTOPHO HANpaBisATh Ha JETHJIPUPOBAHME U TEM CaMbIM IIOBBIIIATh
3¢ GEeKTUBHOCTD HMCTONB30BaHMS CHIPBSl B 3TOM Ipoliecce. B uTore, a3eoTponHyr0 peKTUPHUKALUIO C
allEeTOHOM MOXKHO paccMaTpuBaTh Kak croco0 BbiueiaeHus 1-MIIIT u3 cMecu M30MepoB, YTO MOXKET
NPEICTABUTh U CAMOCTOSATEIIbHBINA HHTEPEC.
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