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INTRODUCTION

As the requirements of competitive advantage
have evolved, the need for web-based information
systems for business processing in a health insurance
computerized system has been emphasized. Factors
influencing business performance in a health-
insurance e-business system were identified. Web-
based technology can deliver extraordinary
opportunities to reengineer the business operations
in the health-insurance systems. Web-based
technology is considered an emerging area and an
important tool for improving business operations in
various organizations [1]. Web-based business
processes make the business more competitive, and
more efficient. Strategic web-based business
processing in a health-insurance environment is a
growing requirement for improving productivity and
profitability.

Web-based systems are delivered to the end
users from a web server over an Internet. The web
browser allows a single interface to work across
different operating systems, such as Windows, Mac
OS, and Linux. Web-based systems can be used to
implement online customer billing systems, insurance
claim processing systems and perform many other
functionalities. One important business Web-based
application is an on-line insurance claim processing
system. Project is targeted at modernizing the claims
and customer service environment.

1. Provide foundational enhancements to the
processes and systems that support claims and
customer service.

2. Movement towards Service Oriented
Architecture.

UDC 681.3

A. S. BORANBAYEV

CONCEPTS OF DEVELOPMENT OF WEB-BASED INFORMATION
TECHNOLOGY SYSTEMS FOR BUSINESS OPERATIONS IN AN

INSURANCE INDUSTRY
(Represented by academician of NAS of the RK M.O. Otelbayev)

The main objective of this article is to describe the approach concerning the construction and execution of the
developed web-based information system. The concept behind the developed Java based information system is
discussed in this article.

3. Leverage existing environment while iteratively
implementing enhancements and new business
innovations.

The developed Information System addresses the
front end of claims processing that receives, validates
and routes claims to adjudication. Claims adjudication
refers to the determination of a member�s payment,
or financial responsibility, after a medical claim is
applied to the member�s insurance benefits. The new
system delivers: 1)Increased claim volume;
2)Increased quality and customer satisfaction.

The information managed by this type of
application is important to the insurance business that
will want to generate financial reports, such as the
number of sales receipts, outstanding claims, and
etcetera. Usually such applications store information
in a relational database system, such as Oracle, or
Microsoft SQL Server. Modern web-based
information systems require a mix of web site
development techniques together with traditional
information system development competencies, such
as programming and database design.

The purpose of this article is to describe a
research project, which involved the building of a web-
based information system for an organization working
in the insurance industry. In the article, the research
design and methodology behind the developed web-
based information system are introduced; the J2EE
application framework is described; the concepts
behind the development of exception handling
component in the process of building the application
are discussed. The information system was developed
using a methodology, which was designed to assist in
the custom development projects.
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OVERIVEW OF THE INFORMATION
SYSTEM

Information Analysis
The Unified Modelling Language (UML) was

used for specifying requirements from the technical
perspective. UML use cases were developed to
describe the major functionality of the proposed
system, including components such as: claim
processing, claim inquiry, and claim correction. This
is a data intensive application that was implemented
around a relational database. UML was heavily used
in the development of class diagrams. The use of
Object Oriented (OO) principles and mechanisms,
such as encapsulation and inheritance, was made.
UML sequence diagrams were also used to create a
technical design.

Design Overview
Web-based applications have various design

concerns such as presentation, business logic, data
access and security [1] [3]. A separation of design
concerns into code layers has several advantages:
ease of maintenance, the ability to implement design
patterns, and the ability to select specialized
techniques for specific concerns. Separating a project
into layers can result in dependencies between those
layers. For example, a single use case involving simple
data entry and inquiry usually must integrate
presentation, business logic and data access together
to deliver required functionality [3]. Therefore, there
must be a defined strategy to manage the dependency
relationships [1].

The following roles are identified in a development
team. (1) Front end developers are developing Java
Server Pages (JSPs), Action/ActionForm classes. (2)
Service developers are developing application
services and integrating the different parts of the
application used by these services. (3) Integration
developers are developing integration artifacts such
as Data Access Objects (DAO).

The developed application combines design
patterns, configuration files and reusable code [1].
This application uses Spring�s Inversion of Control
to manage dependencies [4]. The code that we write
is dependent on the objects it uses. It is responsible
for creating these objects. This may result in tight
coupling, but we would prefer that our code be loosely
coupled. Dependency injection is a technique that
helps us to accomplish this goal. Dependency
Injection is a form of Inversion of Control (IoC) [5].

When applications use dependency injection, the code
becomes much cleaner and easier to follow. It is also
loosely coupled, allowing for easier configuration and
testing. The developed application uses several Spring
application context files to define dependencies
between the layers.

The developed application consists of two distinct
parts: code and configuration. Code resides in a
particular application layer and focuses on a particular
piece of the application solution. This could be
presenting data to the screen, connecting to a
database. Configuration glues the various layers of
the application together. Separating configuration from
code allows us to manage configuration independently,
giving us the flexibility of applying different
configurations to the same code base. For example,
DAO implementation knows that it is using Java
Database Connectivity (JDBC) to connect to a
database through a data source, but it does not know
anything about the implementation of that data source
[1]. It may point to the remote database or a local
database. Regardless of where the data source comes
from, the DAO implementation will operate on the
data source in the same manner. Likewise, a Service
object may depend on a DAO, but it does not know
whether the DAO is implemented via JDBC, or
Hibernate [1]. The service object interacts with the
DAO in the same way, regardless of the DAO�s
implementation.

Spring framework allows us to manage our
application�s entire configuration through a Spring
application context, defined by a set of Extensive
Markup Language (XML) files. We could define the
application context in one file [1]. However, by
defining it in groups of smaller files, we can simplify
configuration management.

The developed application has separated its
configuration from its code. We can use an alternate
configuration set targeted specifically towards
development.

The developed application defines two
configuration sets: default and standalone. The
default configuration set connects to the development
database using the datasource defined in Java Naming
and Directory Interface (JNDI). It uses fully
developed application services and DAOs. The
standalone configuration set is the most flexible
environment for development. This configuration set:
(1) Connects to either a locally installed database or
the development database using a
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DriverManagerDataSource; (2) Uses developed
application Services and DAOs; (3) Spring application
contexts can be run and tested entirely outside of the
application server.

The developed application is configured by its
application context. The application context may be
defined in XML file. A configuration set is a set of
XML files that define one application context. The
configuration set consists of two parts: service and
web. The service part defines services, DAOs, and
resources for the Service and Integration layers. The
web part defines components for the presentation
layer [1].

The following will be typically required to develop
a User Interface screen [1]: (a) Action, ActionForm
classes and validation.xml; (b) Service interface and
implementation class; (c) DAO interface and
implementation class; (d) Dependency management
between all of the above.

Web Layer
The developed application uses the Struts

framework concepts and JavaScript to implement
presentation concerns. When using Struts framework
for development, at first we setup the Action Servlet
in web.xml; then we setup configuration, action
mappings, form beans and local forwards in the struts-
config.xml; and at last we setup validation rules in
validation.xml.

There are two types of validations that are
required: data format validation and business logic
validation. Data format validations are best done in
the presentation layer, while business logic validations
are best done in the Service layer. Business logic
validation errors, which occur in the service layer,
should be handled by throwing custom exceptions.

The developed application uses the Spring
framework to maintain dependencies between code
artifacts in applications. Some of these dependencies
(for example between Action class and ActionForm)
are configured in �struts-config.xml�, while some
others (for example between Service and DAO) are
configured in Spring application context files
(applicationContext.xml).

Integration Layer
Integration layer is used to integrate with the

external resources such as databases. Access to
databases using JDBC is encapsulated in DAO. The
developed application supports the use of direct JDBC
calls to access relational databases. The application

uses Spring framework�s template classes:
JdbcTemplate [1]. When using direct JDBC to access
relational databases, it is recommended that the
application�s DAOs extend from Spring framework�s
JdbcDaoSupport. The JdbcTemplate class manages
resources used in accessing databases (for example
a PreparedStatement). The developed application
inserts the data source into DAOs using application
configuration files.

Business logic was declared as interfaces. All
service implementations implement one or more
business interfaces. It is recommended that the
service layer throws custom business exceptions
when there are business rule validation errors. The
developed application adopts a declarative transaction
management approach based on the Spring
framework [7]. This is implemented using Aspect-
Oriented Programming (AOP). The testable
functions of the application were developed based
on the JUnit Framework [6].

EXCEPTION HANDLING CONCEPTS

Software applications should properly handle
errors that are encountered. It is the application�s
responsibility to properly identify the reason for an
error that it encountered and to propagate the
meaningful error message to the end user, so that
the appropriate action can be taken to fix the error.

Exceptions are objects that store information
about the occurrence of an unusual or error condition.
There are two types of exceptions, checked and
unchecked in Java [1]. The checked exception is
handled by the programmer, and the unchecked
exception may occur anywhere in the application and
known as a run time exception [1]. This article
explains how the checked and unchecked
exceptions are handled in the developed J2EE Web-
based application [9]. User defined exceptions were
created for the checked exceptions and are handled
properly in the application. Unchecked exceptions
are handled at the point where they occur and are
carried out to the controlling layer, where this
exception is wrapped in the user defined exception.
The exception handling has been extended to log the
exceptions raised in the application to the log files.
These log files are used to debug the errors. In the
developed application the technical exceptions are
logged in the log file and also converted into a
meaningful message, and displayed to the end user.
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Error table is used to store error codes and
respective meaningful error messages [9]. In the
application, whenever any checked exception occurs,
it is wrapped into user defined exceptions and based
on the type of the exception; the error code will be
set in the user defined exception class. This error
code will be used to show the meaningful error
message to the user [9]. These techniques provides
good maintainability to the application.

The scope of Exception Handler component
1. On any exception in Services, Exception

Handler returns exception details with exception code
to the caller.

2. When the caller invokes Error Handler
component with error messages then:

a. Get the error message as mentioned above.
b. Wrap the exception to appropriate Service

exception and throw to the client.
3. Collect all the exceptions and get the user-

friendly message from the error table with the help
of Error DAO based on the exception code available
in the exception object.

4. The external application needs to handle the
exceptions thrown by the Services.

5. At the controlling layer, log the exception and
its stack trace will be logged to log file using the Log4j
component.

CONCLUSION

The paper presented the results of the developed
project created for an insurance company. The

project was aimed at developing a web based system,
to support the management of information for a claim
processing system. The system supports, through a
relational database and a web server. The scalable
architecture runs on a variety of configurations.

The architecture is fully Web based and the
standard client requires only the availability of a
browser. The author has presented various concepts
behind the developed Information System. Some
important architectural topics and technologies were
addressed. The information is intended to help
developers build their own Information systems.

Many organizations all over the world
increasingly use Web-based Information Systems for
the implementation of their user interface. Real-time
Web-based access to enterprise software applications
has become a critical part of many systems. Intensive
technological change in hardware and networking
software [10] has provided more choices than it had
in the past [11]. Therefore, the rational selection and
development of web-based applications is of
increasing importance for the whole area of health
insurance and its numerous applications.
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Резюме

Маћаланыѓ маћсаты Веб аћпараттыћ жљйенi жасай-
тын жќне имплементтейтiн ќдiстi суреттеп к/рсету. Бџл
маћалада келтiрiлген аћпаратты жљйенi жасайтын ќдiс
Java технологиясына сљйенедi.

Ðåçþìå

Öåëü ñòàòüè ñîñòîèò â òîì, ÷òîáû îïèñàòü ìåòîä, ïî
êîòîðîé áûëà ðàçðàáîòàíà è èìïëåìåíòèðîâàíà Âåá èí-
ôîðìàöèîííàÿ ñèñòåìà. Ìåòîä ðàçðàáîòêè èíôîðìàöèîí-
íîé ñèñòåìû, îáñóæäàåìûé â ýòîé ñòàòüå, îñíîâàí íà òåõ-
íîëîãèè Java.

Êàçàõñêèé óíèâåðñèòåò òåõíîëîãèé è  áèçíåñà
ã. Àñòàíà                                             Ïîñòóïèëà 18.05.09 ã.

INTRODUCTION

The development of software programs by groups
of people is often done using version control systems
(VCSs) [1]. Today these tools play an important role
in software configuration management [2].  In the
beginning of the project development, our team had
problems with collaborative software development.
To overcome some of these problems, the team
decided to integrate CVS (Concurrent Versions
System) into our development process [3].  This
article presents some guidelines for using CVS [3]
during the development of Information Systems, and
discusses their effectiveness based on the real life
experiences.  Some tasks are being presented, so
each developer may perform during a working session

UDC 681.3

A. S. BORANBAYEV

SOFTWARE MANAGEMENT USING CONCURRENT VERSIONS
SYSTEM IN THE PROCESS OF DEVELOPMENT

OF INFORMATION SYSTEMS
(Represented by academician of NAS of the RK M.O. Otelbayev)

This article discusses some of the problems that arise during the development and maintenance of large software
applications in a distributed workgroup. The article specifies certain guidelines to follow while using CVS for management
of software development process.

in order to interface with the CVS repository in a
shared project development environment.

CVS is an open-source version control system
[4].  It supports the storage of source code.  CVS
enables multiple developers to work simultaneously
on a given project, whether editing separate files or
working in concert on the same file, without loss of
data.  Each developer works on their own local copy
(sandbox) of the project.  The changes they make
are merged together (if needed) and returned to the
master repository as a new version.

DEVELOPMENT FLOW USING CVS

While developers are working on the same
content, CVS allows keeping a history of changes
and allows developers to undo changes if necessary.
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If two developers make changes to the same part of
the content, the system can notify them of the conflict
during the synchronization process.  CVS usually has
a client/server architecture [4].  Bellow are some
important terms related to CVS [5]:

• Repository.  This is where all the code, along
with the versioning meta-data, is stored.

• Version - identifies the version of a file.
• Branch.  Very often it is required to split the

content into different �branches�.  The same code is
duplicated in the repository, and changes are made
to each of them separately.  For example, several
programmers are working on a program.  One of
them may need to implement new features that will
impact the program.  This can be done in a new
branch, so it will not affect the work of other
developers.  In the mean time the other developers
will work on the �main� branch.  Later it is possible
to put changes from one branch into another.

• Merging.  When developers are done
making changes to the code, the different copies of
the code eventually will need to be merged and turned
into one.  The developer needs to identify and resolve
conflicts between the different versions.  Very often
if two developers make changes to the same file, but
in different places, then both changes can be applied,
one at a time.

The following is a high-level flow diagram (�A
day in the life�) of the process that is followed by
Project Development in relationship to version
management using the CVS repository.  The diagram
is expanded to show the touch points needed for the
Build Manager, Developers and the Team Lead, to
present an example picture of the development
process in the open development environments.

USING CVS WITH RAD

Many organizations all nowadays use the Rational
Application Development (RAD) tool for WebSphere

for development purposes [].  It is critical that the
developer have a valid Unix ID on the server, where
the CVS master repository is located.  It is also critical
that the developer has requested and installed a copy
of the RAD development tool on their local
workstation.  Once the access is granted the
developer is able to access CVS from RAD.

Expanding a location in the CVS Repository view
reveals branches and versions.  The main integration
branch usually is called HEAD, and it holds the
Project�s current development state.  The developer
can expand the HEAD branch to view the projects
in the CVS Repository.

Working with a Shared Project
The purpose of using CVS is to allow multiple

developers to work as a team on the same Project.
For our project, the hierarchy of a Project was created
before the development began.  The project
repository can be shared by each Project developer
using CVS.  A developer usually begins their work
by adding the selected project to their local
workspace.

Once a developer has checked-out the latest
version Project artifacts from the repository to their
own workspace, they can begin to work on specific
components.  For example, the developer can start
by expanding down through the directory structure
and locate a module to be changed.   The important
thing to remember is that no component can be deleted
from the HEAD or Release branches without an
approved Change Request.

DAILY BEST PRACTICES

Changes and updates are always ongoing
throughout the software project.  The key to working
smoothly is keeping the individual workstation
Sandbox synchronized with the CVS repository and
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vice-versa [6].   Since developers make changes
often, they are required to commit their changes to
the repository on a frequent basis and refresh their
copies by retrieving the changes made by their
teammates [6].  The CVS Repository allows for a
description of the changes made for each commit.
The developer MUST make meaningful comments
that specify the change made, function affected,
Change Request (CR) or Defect addressed, etc.

Updating Sandbox Repositories on the
Local Workstation

1. Each developer must update their
workstation version of the Project at the beginning
of every work day.  It would be wise to update at
midday and also immediately after any major Project
activity.  Frequently updating the local workspace
reduces the risk of major merge processing later.

2. Careful developers usually ensure the clean
compile of any component before they commit when
using CVS, thereby avoiding any gratuitous break in
the build.  However, by committing and updating often,
and executing builds for all changes, it is simple to
use CVS to identify the latest code change and work
within the team to resolve a conflict.

Synchronizing with the Repository
The developed can select the necessary project,

then select Team > Synchronize with Repository.
Then the developer can compared the project with
the repository, and the differences are usually
displayed in the Synchronize view.  This view allows
developers to update resources in the Workbench
with newer content from the repository, commit
resources from the Workbench to the repository, and
resolve conflicts that may occur in the process.

Developers can add any new components to
version control by selecting the Project in the
Synchronize view, right-clicking and then selecting
Commit.

Unit Testing
Unit testing is usually done in the workspace of

each developer [7].  Once a developer completes
their unit test, it is important to share the updates
with their team by synchronizing any changes they
have made to the repository.   It is critical that all
updates be made before turning instructions over to
the Build Manager to create an integrated application
build for the deployment.  The Development Team

Lead coordinates this process, notifying developers
of the planned build and the deadline for updating
CVS prior to handing the build instructions to the Build
Manager.

BUILDS

After successful unit testing by each part of the
development team, the Development Lead
coordinates an application build for the first level of
Application String Test.

Creating the Build Instructions
The Development Lead notifies the team of the

deadline for synchronizing all changes to CVS.   The
Development Lead creates the build list and
instructions for the build and communicates them to
the Build Manager.

Creating the Unprotected String Test Build

The Build Manager always retrieves the
components from the CVS Repository just prior to
executing the build.  No components are taken from
local workspaces.

If there are any problems with the build, the Build
Manager works with the Development Lead to
resolve the errors.  During String Test, errors may
indicate that components must be further modified.
The developer then reiterates the process steps in
this document for editing, adding, or deleting
components from both their workspace and the CVS
repository until a working version of the application
is built.

Moving to Open System Integration Testing
(SIT)

When the development is determined to be ready
to move to Open SIT test, the Development Lead
instructs the Build Manager to tag the components
that comprise the SIT build.  The CM Focal must
ensure that the correct Configuration Items have been
documented as captured for the Open SIT Test
Environment baseline at this time.

Build for Open SIT and Deploy
The Build Manager tags the component in CVS

for the SIT build.  Once the build is successful, the
QA/Test team is contacted and asked to accept the
deployment of the application code.  Upon receipt of
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that approval, the Build Manager deploys the
application to the Open SIT Test Environment.

CONCLUSION

At the end I would like to say that in order to see
the benefit to using software configuration
management tools, the tools must be applied in
conjunction with good software design principles.
This article described the design process our team
followed, and outlined how we incorporated CVS into
the process.  CVS can play an important role in the
successful development of Information systems [8].

After observing how our team members used
CVS, the productivity benefits were noticeable.  The
CVS conflict resolution features were always
successful in integrating developer changes into the
repository.  Adopting CVS lead to improved
coordination between team members.  Before we
introduced CVS, team members were personally
notifying other team members of any development
progress. The developers had to email other team
members, or chase them down over the phone or in
person in a timely manner.  Even when the team
members took the time to do it, it wasn�t clear what
changes had been made and how the changes would
impact others. With the help of CVS a team member
can know what code changes have been committed
since the last development session.
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Ðåçþìå

Â ñòàòüå îáñóæäàþòñÿ íåêîòîðûå ïðîáëåìû, êîòîðûå
âîçíèêàþò âî âðåìÿ ðàçðàáîòêè è îáñëóæèâàíèÿ áîëüøèõ
ðàñïðåäåëåííûõ èíôîðìàöèîííûõ ñèñòåì. Ïðåäëàãàþòñÿ
ìåòîäû èñïîëüçîâàíèÿ ñèñòåìû ïàðàëëåëüíûõ âåðñèé äëÿ
óïðàâëåíèÿ ïðîöåññîì ðàçðàáîòêè èíôîðìàöèîííûõ ñèñ-
òåì.

Резюме

К/лемдi таратылѕан аћпараттыћ жљйелердi ћџрѕан-
да жќне оларды /ндегенде байћалатын  кейбiр проблема-
лар талћыланады. Аћпараттыћ жљйелердi ћџру процесiн
басћару љшiн параллельдi нџсћалар жљйесiн ћолдану
ќдiстерi џсынылады.

Êàçàõñêèé óíèâåðñèòåò òåõíîëîãèé è  áèçíåñà
ã. Àñòàíà                                             Ïîñòóïèëà 18.05.09 ã.
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ÔÈÇÈÊÀ

ÓÄÊ 621.039.531: 620.187.3

Ê.Â.ÖÀÉ

ÎÑÎÁÅÍÍÎÑÒÈ ÐÀÄÈÀÖÈÎÍÍÎÃÎ ÏÎÂÐÅÆÄÅÍÈß ÑÒÀËÈ
12Õ18Í10Ò, ÎÁËÓ×ÅÍÍÎÉ ÄÎ ÄÎÇ 26-59ÑÍÀ Â ÐÅÀÊÒÎÐÅ ÁÍ-350

(Ïðåäñòàâëåíà àêàäåìèêîì ÍÀÍ ÐÊ Á.Í. Ìóêàøåâûì)

Ìåòîäîì ïðîñâå÷èâàþùåé ýëåêòðîííîé ìèêðîñêîïèè èññëåäîâàíà ìèêðîñòðóêòóðà ñòàëè 12Õ18Í10Ò � ìà-
òåðèàëà øåñòèãðàííîãî ÷åõëà ñáîðêè ÖÖ-19, îáëó÷åííîé â ðåàêòîðå ÁÍ-350 äî äîç 26-59ñíà â èíòåðâàëå òåìïåðà-
òóð 330-423îÑ.

Ðàçâèòèå ðàäèàöèîííî-èíäóöèðîâàííûõ äå-
ôåêòîâ â àóñòåíèòíûõ ñòàëÿõ â ðåçóëüòàòå äîë-
ãîâðåìåííîãî íåéòðîííîãî îáëó÷åíèÿ ïðèâîäèò
ê èçìåíåíèþ èõ ñòðóêòóðíî-ôàçîâîãî ñîñòîÿíèÿ
è ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ [1]. Òàêèå ÿâëå-
íèÿ êàê ðàäèàöèîííîå ðàñïóõàíèå è îõðóï÷èâà-
íèå ñèëüíî ñîêðàùàþò ñðîê áåçîïàñíîé ýêñïëóà-
òàöèè ñòàëüíûõ êîíñòðóêöèé àêòèâíûõ çîí â ðå-
àêòîðíûõ óñòàíîâêàõ. Ýòî àêòóàëèçèðóåò ïðîâå-
äåíèå äåòàëüíûõ ìàòåðèàëîâåä÷åñêèõ èññëåäî-
âàíèé âëèÿíèÿ îáëó÷åíèÿ íà äåãðàäàöèþ ìèêðî-
ñòðóêòóðû ñòàëåé.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Îáúåêòîì èçó÷åíèÿ â ðàáîòå ÿâëÿëàñü
àóñòåíèòíàÿ ñòàëü 12Õ18Í10Ò-ìàòåðèàë øåñòè-
ãðàííîãî ÷åõëà òåïëîâûäåëÿþùåé ñáîðêè (ÒÂÑ)
ÖÖ-19, äëèòåëüíîå âðåìÿ îáëó÷àâøåéñÿ â ðåàê-
òîðå ÁÍ-350 (ã.Àêòàó) âáëèçè öåíòðà àêòèâíîé
çîíû (ö.à.ç.). Ìàêñèìàëüíàÿ ïîâðåæäàþùàÿ äîçà,
íàáðàííàÿ çà âñå âðåìÿ ýêñïëóàòàöèè ÒÂÑ, ñî-
ñòàâèëà 58.9 ñíà ïðè ñêîðîñòè ïîâðåæäåíèÿ
1.2×10-6 ñíà/ñ. Õèìè÷åñêèé ñîñòàâ ñòàëè â ñîñòî-
ÿíèè ïîñòàâêè ñëåäóþùèé (â âåñ.%): C-0.12; Cr-
17.00; Ni-10.66; Ti-0.50; Si-0.34; Mn-1.67; P-0.03;
S-0.01; Fe-îñò. Îáðàçöû äëÿ èññëåäîâàíèÿ âûðå-
çàëèñü èç ñòåíêè (ñåðåäèíû ãðàíè) øåñòèãðàííî-
ãî ÷åõëà ñ ïÿòè îòìåòîê â çàâèñèìîñòè îò ðàñ-
ñòîÿíèÿ îò ö.à.ç., êîòîðûì ñîîòâåòñòâîâàëè ðàç-
ëè÷íûå äîçîâûå è òåìïåðàòóðíûå õàðàêòåðèñ-
òèêè îáëó÷åíèÿ (ðèñ.1). Äëÿ õàðàêòåðèçàöèè ìèê-
ðîñòðóêòóðû îáëó÷åííîé ñòàëè 12Õ18Í10Ò ïðè-
ìåíÿëàñü ìåòîäèêà ïðîñâå÷èâàþùåé ýëåêòðîí-
íîé ìèêðîñêîïèè (ÏÝÌ) (ýëåêòðîííûé ìèêðîñêîï
JEM-100CX). Óòîíåíèå ÏÝÌ-îáúåêòîâ ïðîèçâî-
äèëîñü ñ ïîìîùüþ ñòðóéíîé ýëåêòðîïîëèðîâêè â
ýëåêòðîëèòå ñîñòàâà: 20%HÑlO4+ 80%C2H5OH.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ
Èçâåñòíî [1,2], ÷òî ñîñòîÿíèå äåôåêòíîé ìèê-

ðîñòðóêòóðû ïðè íåéòðîííîì îáëó÷åíèè, ïðåæäå
âñåãî, îïðåäåëÿåòñÿ äîçîé è òåìïåðàòóðîé îáëó-
÷åíèÿ ( îáëT ). Ïî ðåçóëüòàòàì ÏÝÌ-èññëåäîâàíèé
ñòàëü ÷åõëà ñáîðêè ÖÖ-19 (ñì, íàïðèìåð, ðèñ.2)
ñîäåðæèò ðàäèàöèîííûå äåôåêòû ñëåäóþùèõ
òèïîâ: âàêàíñèîííûå ïîðû, äåôåêòíûå ïåòëè
Ôðàíêà, âòîðè÷íûå âûäåëåíèÿ, ñåòêó äèñëîêàöèé,
à òàêæå ìåëêèå êîìïëåêñû äåôåêòîâ (ìê-äåôåê-
òû). Ñðåäíèå ðàçìåðû d  è ïëîòíîñòü ρ  äåôåê-
òîâ, ðàññ÷èòàííûå èç ÏÝÌ-ñíèìêîâ, ïðèâåäåíû
íà ðèñ.3 â çàâèñèìîñòè îò óñëîâèé îáëó÷åíèÿ.
Îñîáûé èíòåðåñ ïðåäñòàâëÿþò îòìåòêè «-160»,
«0» è «+160ìì» îò ö.à.ç., êîòîðûì îòâå÷àþò áëèç-
êèå  çíà÷åíèÿ äîç 55.7, 58.9 è 55.4ñíà, à 

îáëT

 èçìå-
íÿåòñÿ â èíòåðâàëå 330÷370îÑ. Çäåñü íàáëþäà-
åòñÿ ñíèæåíèå ïëîòíîñòè ïåòåëü Ôðàíêà â 5 ðàç,
ïëîòíîñòè âòîðè÷íûõ âûäåëåíèé â 4 ðàçà, ïîÿâ-
ëÿåòñÿ è èíòåíñèâíî ðàçâèâàåòñÿ âàêàíñèîííàÿ
ïîðèñòîñòü. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî îï-
ðåäåëÿþùèì ôàêòîðîì ôîðìèðîâàíèÿ äåôåêòíîé
ñòðóêòóðû ìàòåðèàëà ñáîðêè íà ó÷àñòêå ìåæäó
îòìåòêàìè «-160» è «+160ìì» ÿâëÿåòñÿ îáëT .
Äàííûé âûâîä îòíîñèòñÿ ê âàêàíñèîííûì ïîðàì,
âòîðè÷íûì âûäåëåíèÿì è ïåòëÿì. Ñîãëàñíî èñ-
ñëåäîâàíèÿì îáëó÷åííûõ àóñòåíèòíûõ ñòàëåé
(íàïðèìåð, [3]) äàííûå òèïû äåôåêòîâ âíîñÿò
îñíîâíîé âêëàä â ðàäèàöèîííîå óïðî÷íåíèå.

Â ìîäåëè äèñïåðñíûõ áàðüåðîâ [3] âêëàä
ðàäèàöèîííûõ äåôåêòîâ â óïðî÷-íåíèå ñòàëè ïðî-

ïîðöèîíàëåí d⋅ρ . Íà îòìåòêàõ «-160ìì» è
«0ìì» â ìèêðîñòðóêòóðå íàáëþäàåòñÿ âûñîêîå
ñîäåðæàíèå âòîðè÷íûõ âûäåëåíèé è ïåòåëü ðèñ.4,

totρ  â ìàòåðèàëå ñáîðêè èçìåíÿåòñÿ â äèàïàçîíå

ÄÎÊËÀÄÛ ÍÀÖÈÎÍÀËÜÍÎÉ ÀÊÀÄÅÌÈÈ ÍÀÓÊ ÐÅÑÏÓÁËÈÊÈ ÊÀÇÀÕÑÒÀÍ      2009. ¹3
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Ðèñ.1. Ïàðàìåòðû îáëó÷åíèÿ îáðàçöîâ ñòàëè ñ 5-òè îòìåòîê ÒÂÑ ÖÖ-19

                                      à                                                           á                                                             â
Ðèñ.2. Ïðèìåðû äåôåêòíîé ìèêðîñòðóêòóðû íà îòìåòêàõ «0», «+160»,«+300»

(à - ïîðû è âûäåëåíèÿ; á � ïåòëè Ôðàíêà; â � äèñëîêàöèè è ïîðû) ´100000.
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ÔÈÇÈÊÀ

Â íàñòîÿùåå âðåìÿ îðòîñóëüôàòû CaSO4,
àêòèâèðîâàííûå ðåäêîçåìåëüíûìè èîíàìè (Dy3+,
Eu3+), ÿâëÿþòñÿ ýôôåêòèâíûìè è øèðîêî ïðèìå-
íÿåìûìè ìàòåðèàëàìè äëÿ äîçèìåòðèè γ- è ðåí-
òãåíîâñêèõ (Õ) ëó÷åé. Ôîñôîðû CaSO4:Mn, äàâ-
íî èñïîëüçóþòñÿ â êà÷åñòâå äîçèìåòðîâ âàêóóì-
íîé óëüòðàôèîëåòîâîé (ÂÓÔ) ðàäèàöèè [1] è êàê
îáúåêòû ñðàâíåíèÿ ïðè ðàçðàáîòêå ñåëåêòèâíûõ
äîçèìåòðîâ áûñòðûõ íåéòðîíîâ [2]. Âåäóòñÿ èñ-
ñëåäîâàíèÿ ðàçëè÷íûõ ëþìèíîôîðîâ íà áàçå ùå-
ëî÷íîçåìåëüíûõ ñóëüôàòîâ äëÿ îñâåòèòåëüíûõ
ïðèáîðîâ è ïëîñêèõ ïëàçìåííûõ òåëåâèçèîííûõ
äèñïëååâ [3-6]. Ê ÷óâñòâèòåëüíûì ìåòîäàì èñ-
ñëåäîâàíèÿ ýëåêòðîííî-äûðî÷íûõ ïðîöåññîâ îò-
íîñèòñÿ ìåòîä òåðìîñòèìóëèðîâàííîé ëþìèíåñ-
öåíöèè (ÒÑË). Èññëåäîâàíèþ ÒÑË â ñîåäèíåíè-
ÿõ ñî ñòðóêòóðîé CaSO4 ïîñâÿùåíû ìíîãî÷èñ-
ëåííûå ðàáîòû. Íàèáîëåå èçó÷åíû ïðîöåññû
ÒÑË â CaSO4:Dy3+, CaSO4:Eu3+ è CaSO4:Sm3+ ôîñ-
ôîðàõ, îáëó÷åííûõ Õ-ëó÷àìè [7-10]. Ðàäèàöèîí-
íûå äåôåêòû â íîìèíàëüíî ÷èñòîì êðèñòàëëå
CaSO4, Õ-îáëó÷åííîì ïðè 77 Ê, èññëåäîâàíû
ìåòîäîì ÝÏÐ [10]. Îáíàðóæåíû äâà òèïà SO4

--
ðàäèêàëîâ, ðàñïîëîæåííûõ îêîëî êàòèîííûõ âà-
êàíñèé (vc) è ñòàáèëüíûõ äî 395 è 465 Ê, ñîîò-
âåòñòâåííî. Îáùåïðèíÿòî, ÷òî äåôåêòîîáðàçî-
âàíèå â ñóëüôàòàõ ùåëî÷íîçåìåëüíûõ ìåòàëëîâ,
â ÷àñòíîñòè â CaSO4, ñâÿçàíî ñ ðàñïàäîì âîç-
áóæäåííûõ îêñèàíèîííûõ êîìïëåêñîâ SO4

2-.
Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ

ëþìèíåñöåíöèè (ôîñôîðåñöåíöèè) âî âðåìÿ (ïîñëå)
âîçáóæäåíèÿ CaSO4:Tb3+,Na1+ ôîòîíàìè 4-12 ýÂ,
à òàêæå ÒÑË ëþìèíîôîðîâ, ïðåäâàðèòåëüíî îá-
ëó÷åííûõ ôîòîíàìè ðàçíûõ ýíåðãèé èëè ýëåê-
òðîíàìè 5-10 êýÂ. Öåëüþ ðàáîòû ÿâëÿåòñÿ âû-
äåëåíèå îñíîâíûõ ìåõàíèçìîâ ïåðåäà÷è ýíåðãèè,
ïîãëîùàåìîé îñíîâíûì âåùåñòâîì ëþìèíîôîðà,
öåíòðàì ëþìèíåñöåíöèè − èîíàì Òb3+, çàìåùà-

Æ.Ð. ÀÇÌÀÃÀÍÁÅÒÎÂÀ, À.×. ËÓÙÈÊ,
À. ÌÀÀÐÎOÑ,  Ò.Í. ÍÓÐÀÕÌÅÒÎÂ, Á.Æ. ÒÎÊÑÀÍÁÀÅÂ

ÒÅÐÌÎÑÒÈÌÓËÈÐÎÂÀÍÍÛÅ È ÒÓÍÍÅËÜÍÛÅ
ÏÐÎÖÅÑÑÛ Â ËÞÌÈÍÎÔÎÐÀÕ  CaSo4:Tb3+,Na1+

Â CaSO4:Tb3+,Na1+ èçó÷åíû ïðîöåññû âîçáóæäåíèè ñâå÷åíèÿ Tb3+-öåíòðîâ ïðè ïðÿìîì âîçáóæäåíèè Tb3+ ôîòîíàìè 5,9 ýÂ,
ïåðåäà÷å ïðèìåñíûì öåíòðàì ýíåðãèè îò âîçáóæäåííûõ (íàïðèìåð, ôîòîíàìè 8,44 ýÂ) îêñèàíèîíîâ, à òàêæå ïðè ðåêîìáè-
íàöèè ýëåêòðîíîâ è äûðîê, ñîçäàâàåìûõ ôîòîíàìè ñ hν > 9,5 ýÂ. Íàðÿäó ñ òåðìîñòèìóëèðîâàí-íîé ëþìèíåñöåíöèåé â
CaSO4:Tb3+,Na1+ îáíàðóæåíû òàêæå èçëó÷àòåëüíûå òóííåëüíûå ðåêîìáèíàöèè ìåæäó ïðîñòðàíñòâåííî ðàçäåëåííûìè è
ëîêàëèçîâàííûìè ýëåêòðîíàìè è äûðêàìè. Îáñóæäàåòñÿ âîçìîæíîñòü ïîëó÷åíèå äëÿ òåðáèåâîãî ñâå÷åíèÿ âûõîäà η > 1
ïðè âîçáóæäåíèè CaSO4:Tb3+,Na1+ èçëó÷åíèåì êñåíîíîâîãî ðàçðÿäà.

þùèì áëèçêèå ïî èîííîìó ðàäèóñó Ñà2+. Îñîáîå
âíèìàíèå óäåëåíî ðàçäåëåíèþ ïðîöåññîâ âîçáóæ-
äåíèÿ ëèíåé÷àòîãî Tb3+-ñâå÷åíèÿ ôîòîíàìè, âû-
çûâàþùèìè âîçáóæäåíèå èëè èîíèçàöèþ îêñèà-
íèîíîâ SO4

2-, à òàêæå âûäåëåíèþ íà ôîíå ÒÑË
òóííåëüíîé ëþìèíåñöåíöèè, ïîäðîáíî èçó÷åííîé
ðàíåå â ùåëî÷íîãàëîèäíûõ êðèñòàëëàõ (ñì., íà-
ïðèìåð, [11]).

Îáúåêòàìè èññëåäîâàíèÿ áûëè ôîñôîðû
CaSO4:Tb3+, Na1+ ãäå èîíû Na+ áûëè ââåäåíû â
êà÷åñòâå êîìïåíñàòîðà çàðÿäà. Â äàëüíåéøåì
ëþìèíîôîð CàSÎ4:Òb3+(1 ìîëü%),Nà1+(3 ìîëü%)
áóäåò èìåíîâàòüñÿ CàSÎ4:Òb,Nà-1, à CàSÎ4:
Òb3+(4 ìîëü%),Nà1+(12 ìîëü%) − CàSÎ4:Òb,Nà-
2. Ïîðîøêè ñ ðàçìåðàìè çåðåí ~6 ìêì áûëè ñèí-
òåçèðîâàíû â Èíñòèòóòå ôèçèêè Òàðòóñêîãî óíè-
âåðñèòåòà ïî ìåòîäèêå, îïèñàííîé â [3]. Â êà÷å-
ñòâå èñõîäíûõ âåùåñòâ èñïîëüçîâàëèñü CaSO4-
2H2O, TbO2, NaCl è (NH4)SO4 (äëÿ êîìïåíñàöèè
àíèîííîé ÷àñòè). Èçìåëü÷åííàÿ øèõòà ïðîêàëè-
âàëàñü äâà ÷àñà ïðè 7500Ñ, ïîñëå áûñòðîãî îõ-
ëàæäåíèÿ ïðîìûâàëàñü äèñòèëëèðîâàííîé âîäîé,
îòôèëüòðîâûâàëàñü è âûñóøèâàëàñü ïðè 1300Ñ.

Èçìåðåíèÿ ïðîèçâîäèëèñü íà äâóõ ýêñïåðè-
ìåíòàëüíûõ óñòàíîâêàõ Èíñòèòóòà ôèçèêè (äå-
òàëüíîå îïèñàíèå ñì. â [12]). Ïðè èññëåäîâàíèè
ñïåêòðîâ âîçáóæäåíèÿ ëþìèíåñöåíöèè è ÒÑË
èñòî÷íèêîì ÂÓÔ-ðàäèàöèè ÿâëÿëñÿ ðàçðÿä âîäî-
ðîäà â ïðîòî÷íîé êâàðöåâîé ëàìïå, ñîåäèíåííîé
ñ ìîíîõðîìàòîðîì ÂÌÐ-2. Ïðè èçìåðåíèè ñïåê-
òðîâ âîçáóæäåíèÿ, ïóòåì âàðüèðîâàíèÿ øèðèíû
ùåëåé âàêóóìíîãî ìîíîõðîìàòîðà, ïîääåðæèâà-
ëîñü ïîñòîÿíñòâî ÷èñëà ïàäàþùèõ íà îáúåêò
âîçáóæäàþùèõ ôîòîíîâ. Äëÿ íîðìèðîâêè èñïîëü-
çîâàëîñü ñâå÷åíèå ýòàëîííîãî ôîñôîðà - ñàëèöè-
ëàòà íàòðèÿ - ñ ïîñòîÿííûì êâàíòîâûì âûõîäîì
η = 0,60±0,03 â äèàïàçîíå 4.5-11.5 ýÂ. Ïîñëå îá-
ëó÷åíèÿ îáúåêòà ôîòîíàìè ðàçíûõ ýíåðãèé ïðè
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80 èëè 300 Ê èçìåðÿëèñü êðèâûå ÒÑË (íàáîðîì
ôèëüòðîâ âûäåëÿëàñü îáëàñòü 1,8-2,6 ýÂ, ãäå îñó-
ùåñòâëÿþòñÿ èçëó÷àòåëüíûå ïåðåõîäû â Tb3+) ñî
ñêîðîñòüþ íàãðåâà â = 10 Ê/ìèí. Äëÿ ëþìèíîôî-
ðà, ïðåäâàðèòåëüíîãî îáëó÷åííîãî ýëåêòðîííûì
ïó÷êîì (5 êýÂ, 300 íÀ, ïÿòíî ~2 ìì2) ïðè òåìïå-
ðàòóðå 5 Ê, ÒÑË èçìåðÿëàñü ñ â = 10 Ê/ìèí äëÿ
íàèáîëåå èíòåíñèâíîé ëèíèè ñâå÷åíèÿ Tb3+ (2,27
ýÂ), âûäåëÿåìîé äâîéíûì ìîíîõðîìàòîðîì
ÄÌÐ-4.

Íà ðèñ. 1 ïðèâåäåíû êðèâûå ÒÑË äëÿ äâóõ
èäåíòè÷íûõ ëþìèíîôîðîâ CàSÎ4:Òb,Nà-1. Îäèí
îáðàçåö áûë ïðåäâàðèòåëüíî îáëó÷åí 15 ìèí ïðè
80 Ê ôîòîíàìè ñ hν = 10.5 ýÂ (~1014 ôîòîíîâ/ñì2),
ñåëåêòèâíî ñîçäàþùèìè, êàê ïîêàçàíî â [6], ðàç-
äåëåííûå ýëåêòðîíû (å) è äûðêè (h). Âòîðîé ëþ-
ìèíîôîð áûë îáëó÷åí ïðè 5 Ê ýëåêòðîíàìè
(5 êýÂ, 30 ìèí), ñîçäàþùèìè â òîíêîì ñëîå (~1�
2 ìêì) çíà÷èòåëüíî áîëüøóþ ïëîòíîñòü ðàçëè÷-
íûõ ýëåêòðîííûõ âîçáóæäåíèè, ÷åì ýòî äåëàëè
ôîòîíû 10,5 ýÂ. Äëÿ ïåðâîãî ëþìèíîôîðà èíòåí-
ñèâíîñòü ÒÑË, ðåãèñòðèðóåìîé äëÿ Òb3+-ñâå÷å-
íèÿ, ïàäàëà äî íóëÿ ïðè íàãðåâå îò 390 äî 450 Ê.
Ñ äðóãîé ñòîðîíû, ïîä ñóùåñòâåííî áîëåå èí-
òåíñèâíîé ÒÑË, èçìåðåííîé äëÿ ñâå÷åíèÿ 2,27 ýÂ
â ïîäâåðãíóòîì ýëåêòðîííîìó îáëó÷åíèþ îáðàç-
öå, íàáëþäàëñÿ «ïüåäåñòàë» ïðèìåñíîãî ñâå÷å-
íèÿ, ïðàêòè÷åñêè íåçàâèñèìîãî îò òåìïåðàòóðû
â îáëàñòè 120-420 Ê è î÷åíü ìåäëåííî ñïàäàþ-
ùåãî ñî âðåìåíåì. Êàê ïîêàçàëè äîïîëíèòåëü-
íûå ýêñïåðèìåíòû, âòîðàÿ ñòàäèÿ «ïüåäåñòàëà»
ïîëíîñòüþ èñ÷åçàåò ëèøü ïîñëå ïðîãðåâà âûøå
500 Ê. Îòìåòèì, ÷òî ðîñò äîçû îáëó÷åíèÿ ôîòî-
íàìè 10,5 ýÂ âåäåò ê íàêîïëåíèþ ñîçäàííûõ è
ëîêàëèçîâàííûõ e (h), à ïîñëå 30-60 ìèí îáëó÷å-
íèÿ íàñòóïàåò íàñûùåíèå îñíîâíîãî ïèêà ÒÑË
ïðè ~235 Ê.

Àíàëîãè÷íîå ñâå÷åíèå, íå çàâèñÿùåå îò òåì-
ïåðàòóðû â øèðîêîé îáëàñòè, èçó÷åíî â êðèñòàë-
ëàõ KCl è KBr (ñì., íàïðèìåð, [11]) è íåñîìíåí-
íî ñîîòâåòñòâóåò òóííåëüíûì ðåêîìáèíàöèÿì
ìåæäó ïðîñòðàíñòâåííî ðàçäåëåííûìè ëîêàëè-
çîâàííûìè e è h. Òóííåëüíàÿ ëþìèíåñöåíöèÿ
(ÒË) îñóùåñòâëÿåòñÿ áåç ïîïàäàíèÿ e è h â çîíó
ïðîâîäèìîñòè è âàëåíòíóþ çîíó, ñîîòâåòñòâåí-
íî. ÒË ïðîïàäàåò ïðè íàãðåâå îáðàçöà ëèøü ïîñ-
ëå òåðìè÷åñêîé èîíèçàöèè ýëåêòðîííîãî èëè äû-
ðî÷íîãî öåíòðîâ çàõâàòà. Â KCl ê òàêèì öåíò-
ðàì îòíîñÿòñÿ àâòîëîêàëèçîâàííàÿ äûðêà, ñïî-
ñîáíàÿ ê ïðûæêîâîé ìèãðàöèè ëèøü ïîñëå íàãðå-

âà äî ~210 Ê, èëè äûðêà, ëîêàëèçîâàííàÿ îêîëî vc
è íåïîäâèæíàÿ äî ~250 Ê [13]. Â MgO òåðìè÷åñ-
êàÿ èîíèçàöèÿ äûðêè, ëîêàëèçîâàííîé îêîëî vc,
îñóùåñòâëÿåòñÿ ïðè 420 Ê. Â CàSÎ4 àâòîëîêà-
ëèçîâàííîé äûðêå ñîîòâåòñòâóåò îäèí òèï èç SO4

-

-ðàäèêàëîâ, èçó÷åííûõ ìåòîäîì ÝÏÐ [7,9].
Ïî äàííûì ðàáîòû [3], ïîäòâåðæäåííûì è

íàøèìè èçìåðåíèÿìè ïðè ïðÿìîì ôîòîâîçáóæ-
äåíèè îêñèàíèîíîâ SO4

2- ôîòîíàìè 8,44 ýÂ â ñïåê-
òðå èçëó÷åíèÿ çàðåãèñòðèðîâàíà â îñíîâíîì
5D4→

7FJ ñåðèÿ ýëåêòðîííûõ ïåðåõîäîâ ìåæäó
ýíåðãåòè÷åñêèìè óðîâíÿìè 4f8 êîíôèãóðàöèè Òb3+

èîíîâ. Â ñïåêòðå ñòàöèîíàðíîé êàòîäîëþìèíåñ-
öåíöèè CàSÎ4:Òb,Nà-1 òîæå äîìèíèðóþò ýòà ñå-
ðèÿ ñ íàèáîëåå èíòåíñèâíîé ëèíèåé èçëó÷åíèÿ ïðè
2,27 ýÂ (5D4→

7F5) Íà ðèñ. 2 ïðèâåäåí ñïåêòð ôîñ-
ôîðåñöåíöèè, èçìåðåííûé ïîñëå îáëó÷åíèÿ ëþ-
ìèíîôîðà CàSÎ4:Òb,Nà-1 ýëåêòðîíàìè 5 êýÂ ïðè
5,5 Ê è ïîñëåäóþùåé ïàóçû, â òå÷åíèå êîòîðîé
èäåò áûñòðàÿ ôàçà çàòóõàíèÿ ïîñëåñâå÷åíèÿ.
Ïðè ïîñëåäóþùåì èçìåðåíèè ñïåêòðà â îáëàñòè
1,8-3,5 ýÂ çàòóõàíèå ôîñôîðåñöåíöèè óæå íåçíà-
÷èòåëüíî. Â ñïåêòðå òàêîé ÒË, âîçíèêàþùåé ïðè
ðåêîìáèíàöèè ïðîñòðàíñòâåííî ðàçäåëåííûõ ëî-
êàëèçîâàííûõ e è h, òîæå çàðåãèñòðèðîâàíà
5D4→

7FJ ñåðèÿ ýëåêòðîííûõ ïåðåõîäîâ â 4f8 êîí-
ôèãóðàöèè Òb3+ èîíîâ. Êðîìå èíòåíñèâíîé ëèíèÿ
ñâå÷åíèÿ 2,27 ýÂ â ÒË âèäíû è ìåíåå âåðîÿòíûå
ïåðåõîäû ñ óðîâíÿ 5D4 íà 7F6 (2,54 ýÂ), 7F4 (2,13
ýÂ) è 7F3 (2,02 ýÂ). Íî íàèáîëåå âàæíî, ÷òî â ñïåê-

Ðèñ. 1. Íîðìèðîâàííûå êðèâûå ÒÑË ëþìèíîôîðà
CaSO4:Tb,Na-1, îáëó÷åííîãî  ôîòîíàìè ñ hν = 10.5 ýÂ

ïðè 80 Ê (êðèâàÿ 1) èëè ýëåêòðîíàìè 5 êýÂ ïðè 5 Ê
(2, ðåàëüíàÿ èíòåíñèâíîñòü ïðèìåðíî íà äâà ïîðÿäêà
âûøå). Íà âñòàâêå ïðèâåäåíû ñïåêòðû ñîçäàíèÿ ïèêîâ

ÒÑË ~235 (3) è 185 Ê (4). Êðèâûå ÒÑË èçìåðåíû
äëÿ ñâå÷åíèÿ Tb3+, â = 10 Ê/ìèí.
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ÔÈÇÈÊÀ

òðå ÒË (òóííåëüíîé ôîñôîðåñöåíöèè) âèäíû è
èíòåíñèâíûå ëèíèè ïðè 2,55-3,35 ýÂ, ñâÿçàííûå ñ
âîçáóæäåíèåì Òb3+ äî áîëåå âûñîêîãî ïî ýíåð-
ãèè óðîâíÿ 5D3 è ïîñëåäóþùèìè èççëó÷àòåëüíû-
ìè ïåðåõîäàìè íà 7F5 (3 ýÂ, íàèáîëåå èíòåíñèâ-
íàÿ ëèíèÿ) è äðóãèå 7FJ óðîâíè. Ïðè÷èíû ðàçëè-
÷èÿ â ïðîöåññàõ âîçáóæäåíèÿ ïðèìåñíîãî ñâå÷å-
íèÿ ïðè ïåðåäà÷å èîíàì Òb3+ ýíåðãèè îò âîç-
áóæäåííîãî îêñèàíèîíà èëè ýíåðãèè, âûäåëÿåìîé
ïðè òóííåëüíîé ðåêîìáèíàöèè ïðîñòðàíñòâåííî
ðàçäåëåííûõ ëîêàëèçîâàííûõ e è h, áóäóò äåòàëü-
íî ðàññìîòðåíû â ñïåöèàëüíîé ïóáëèêàöèè.

Áûëè èçìåðåíû òàêæå êðèâûå ÒÑË ôîñôîðà
CàSÎ4:Òb,Nà-2, îáëó÷åííîãî ïðè 80 Ê ôîòîíàìè
ñ ýíåðãèåé 10 èëè 11.5 ýÂ. Êàê è â îáðàçöå ñ ìåíü-
øåé êîíöåíòðàöèåé Òb3+ èîíîâ â ÒÑË íàáëþäà-
þòñÿ ïëîõî ðàçðåøåííûå ïèêè ïðè ∼110 Ê, 150,
185 è 235 Ê. Ïðè÷åì ïèêè 185 è 235 Ê âîçíèêàþò
ëèøü ïîñëå îáëó÷åíèÿ ôîñôîðîâ ôîòîíàìè ñ hν
≥ 9,5 ýÂ (ñì. âñòàâêó íà ðèñ. 1). Íà ðèñ.3 äëÿ
ëþìèíîôîðîâ ñ îáåèìè êîíöåíòðàöèÿìè òåðáèÿ
ïðèâåäåíû ñïåêòðû âîçáóæäåíèÿ ôîñôîðåñöåí-
öèè ðàâíûìè êâàíòîâûìè äîçàìè ôîòîíîâ ðàç-
íûõ ýíåðãèé ïðè 80 èëè 300 Ê. Êàê âèäíî èç ñïåê-
òðîâ, ôîñôîðåñöåíöèÿ â îáîèõ ôîñôîðàõ ïîÿâëÿ-
åòñÿ ïîñëå èõ îáëó÷åíèâ ôîòîíàìè ñ ýíåðãèåé
âûøå 9.5 ýÂ. Ýòî åùå îäíî ýêñïåðèìåíòàëüíîå
ïîäòâåðæäåíèå îáëàñòè íà÷àëà ñîçäàíèÿ ðàçäå-
ëåííûõ å è h (òî åñòü øèðèíû ýíåðãåòè÷åñêîé
ùåëè Åg) â CàSÎ4 (ñì. òàêæå [6]).

Íà ðèñ. 4 ïðèâåäåíû ñïåêòð âîçáóæäåíèÿ äëÿ
èçëó÷åíèÿ Tb3+ (â îáëàñòè 2,27 ýÂ) â
CàSÎ4:Òb,Nà-1 è CàSÎ4:Òb,Nà-2, âûäåëåííîãî
êîìáèíàöèåé ôèëüòðîâ. Â ðàáîòàõ [3,6] øèðîêóþ

ïîëîñó âîçáóæäåíèÿ ñ ìàêñèìóìîì îêîëî 8,4 ýÂ
èíòåðïðåòèðóþò êàê ôîòîâîçáóæäåíèå îêñèàíè-
îíîâ SO4

2-. Ýòà ïîëîñà ïðèñóòñòâóåò, êàê îêàçà-
ëîñü, â ñïåêòðàõ âîçáóæäåíèÿ CàSÎ4, ëåãèðîâàí-
íûõ íå òîëüêî èîíàìè Òb3+, íî è èìåþùèìè ñî-
âåðøåííî äðóãèå ñïåêòðû èçëó÷åíèÿ èîíàìè Dy3+

è Gd3+. Ïðåäïîëàãàåòñÿ, ÷òî â ôîñôîðå
CàSÎ4:Òb,Nà-2 ïîñëå âîçáóæäåíèÿ îêñèàíèîíà
SO4

2- ôîòîíîì 8,4 ýÂ ýíåðãèÿ ìîæåò áûòü ïåðå-
äàíà ñðàçó äâóì ïðèìåñíûì èîíàì [3,6]. Âåñü-
ìà èíòåíñèâíàÿ â CàSÎ4:Òb,Nà-2 óçêàÿ ïîëîñà
âîçáóæäåíèÿ â îáëàñòè 5,9 ýÂ (ñì. ðèñ. 4) èíòåð-
ïðåòèðîâàíà (ñì. [6] è öèòèðóåìóþ òàì ëèòåðà-
òóðó) êàê ïðÿìîå âîçáóæäåíèå Tb3+-öåíòðîâ ïðè
ýëåêòðîííûõ ïåðåõîäàõ 4f8 → 4f74d, Âåðîÿòíîñòü
òàêèõ ïåðåõîäîâ çíà÷èòåëüíî âûøå, ÷åì äëÿ ïå-
ðåõîäîâ ìåæäó óðîâíÿìè 4f8-êîíôèãóðàöèè. Òàê
êàê èíòåíñèâíîñòü ñâå÷åíèÿ Tb3+-öåíòðîâ ïðè
âîçáóæäåíèè îêñèàíèîíîâ (hν = 8,4 ýÂ) çíà÷èòåëü-
íî âûøå, ÷åì ïðè ïðÿìîì âîçáóæäåíèè Tb3+ ôî-
òîíàìè 5,9 ýÂ, òî ïðèâåäåííûå íà ðèñ. 4 ðåçóëü-
òàòû íå ïðîòèâîðå÷àò ïðåäïîëîæåíèþ [3,6] î
âîçìîæíîñòè ïîëó÷åíèÿ ïðèìåñíîãî ñâå÷åíèå ñ
êâàíòîâûì âûõîäîì η > 1 â CàSÎ4 ñ áîëüøîé
êîíöåíòðàöèåé òåðáèÿ (4 ìîë%). Ðàññìîòðèì ýòîò
âîïðîñ áîëåå ïîäðîáíî.

Â íàñòîÿùåå âðåìÿ äåëàþòñÿ ïîïûòêè èñ-
ïîëüçîâàòü ïðîöåññû ôîòîííîãî óìíîæåíèÿ [6]
èëè äðîáëåíèÿ ôîòîíîâ [3-5] äëÿ ïîëó÷åíèÿ íà
îñíîâå CàSÎ4 ýôôåêòèâíûõ ñïåêòðàëüíûõ òðàíñ-
ôîðìàòîðîâ ðåçîíàíñíîãî ñâå÷åíèÿ êñåíîíîâîãî
ðàçðÿäà (8,44 ýÂ) â âèäèìîå ñâå÷åíèå ñ êâàíòî-
âûì âûõîäîì η > 1. Ýêñïåðèìåíòàëüíûå äàííûå,
ïðèâåäåííûå â íàñòîÿùåé ðàáîòå, íàäåæíî ïîä-

Ðèñ. 2. Ñïåêòð ôîñôîðåñöåíöèè CaSO4:Tb,Na-1,
èçìåðåííûé ïîñëå äâóõìèíóòíîãî îáëó÷åíèÿ ýëåêòðîíàìè

5 êýÂ è 10 ìèí ïàóçû ïðè 5,5 Ê

Ðèñ. 3. Ñïåêòðû âîçáóæäåíèÿ ôîñôîðåñöåíöèè äëÿ
ôîñôîðîâ CaSO4:Tb,Na-1 (êðèâàÿ 1) è CaSO4:Tb,

Na-2 (êðèâûå 2 è 3) èçìåðåííûå ïðè 300 Ê (1,3) è 80 Ê (2)
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òâåðæäàþò îïðåäåëåííóþ â [6] äëÿ CàSÎ4  âåëè-
÷èíó Eg = 9,5 ýÂ. Ñîîòâåòñòâåííî, ïî ýíåðãåòè-
÷åñêèì ñîîáðàæåíèÿì íåëüçÿ ïîëó÷èòü ñâå÷åíèå
ñ η > 1 çà ñ÷åò ñîçäàíèÿ îäíèì âîçáóæäàþùèì
ôîòîíîì 8,44 ýÂ äâóõ e-h ïàð: ïåðâè÷íîé, îáðà-
çóþùåéñÿ ïðè ïîãëîùåíèè ôîòîíà, è âòîðè÷íîé,
ñîçäàííîé çà ñ÷åò èçáûòî÷íîé êèíåòè÷åñêîé
ýíåðãèè ãîðÿ÷åãî ýëåêòðîíà ïðîâîäèìîñòè èç ïåð-
âè÷íîé e-h ïàðû.

Íàøè ðåçóëüòàòû, îäíàêî, ñîãëàñóþòñÿ ñ
ïðèíöèïèàëüíîé âîçìîæíîñòüþ ïîëó÷åíèÿ Tb3+-
ñâå÷åíèÿ ñ η > 1 (ñì. [3,6]) çà ñ÷åò ïåðåäà÷è ýíåð-
ãèè îäíîãî âîçáóæäàþùåãî ôîòîíà ñ hν = 8,44 ýÂ
îäíîìó èëè ñðàçó äâóì ïðèìåñíûì öåíòðàì. Ïðè
ïåðåäà÷å ýíåðãèè îäíîìó öåíòðó çà ñ÷åò ïîñëå-
äîâàòåëüíûõ êàñêàäíûõ ïåðåõîäîâ âîçìîæíî
èñïóñêàíèå äâóõ êâàíòîâ ñâå÷åíèÿ. Îäíàêî, âå-
ðîÿòíîñòü êàñêàäíîãî èçëó÷åíèÿ â CàSÎ4:Òb3+

ìàëà [4,5], òàê êàê âåðõíèé óðîâåíü 1S0 äëÿ 4f→4f
ïåðåõîäîâ ðàñïîëîæåí âûøå, ÷åì óðîâíè ýíåð-
ãèè äëÿ ïåðåõîäîâ, èìåþùèõ ïî ïðàâèëàì îòáî-
ðà áîëüøóþ âåðîÿòíîñòü. Òåîðåòè÷åñêóþ âîç-
ìîæíîñòü ïåðåäà÷è ýíåðãèè îò ñåíñèáèëèçàòîðà
ñðàçó äâóì ëþìèíåñöèðóþùèì èîíàì àêòèâàòî-
ðà âïåðâûå ðàññìîòðåë Äåêñòåð [14]. Ïîñëåäó-
þùàÿ ýêñïåðèìåíòàëüíàÿ ïðîâåðêà ãèïîòåçû íà
ñèñòåìå Zn2SiO4:Mn íå ïîêàçàëà ïðåâûøåíèÿ η
= 1 [15]. Âåðîÿòíîñòü ìåõàíèçìà Äåêñòåðà íèç-
êà. Íåäàâíî ýôôåêò Äåêñòåðà áûë ïðåäïîëîæè-
òåëüíî îáíàðóæåí äëÿ ôîñôîðà CàSÎ4:Òb3+,Na1+

ñ 4 ìîëü% Òb3+, ãäå ýôôåêòèâíîñòü ñâå÷åíèÿ Òb3+-
öåíòðîâ íåçíà÷èòåëüíî ïðåâûøàëà åäèíèöó ïðè
âîçáóæäåíèè ðåçîíàíñíûì ñâå÷åíèåì Xe-ðàçðÿ-
äà [3]. Íàøè ýêñïåðèìåíòàëüíûå äàííûå äëÿ

ëó÷øåãî îáðàçöà CàSÎ4:Òb,Nà-2 äàþò äëÿ ýôôåê-
òèâíîñòè Òb3+-ñâå÷åíèÿ ïðè âîçáóæäåíèè hν =
8,44 ýÂ âåëè÷èíó η = 0,94 ± 0,05 (îïðåäåëåíà îò-
íîñèòåëüíî ñâå÷åíèÿ ñàëèöèëàòà íàòðèÿ ñ η =
0,60 ± 0,03). Óæå îòìå÷àëîñü, ÷òî â íàøåé ñèñ-
òåìå êðîìå îñíîâíîé ñåðèè èçëó÷àòåëüíûõ ïå-
ðåõîäîâ 5D4→

7FJ íàáëþäàþòñÿ è ïåðåõîäû
5D3→

7FJ (îñîáåííî ýôôåêòèâíî â ôîñôîðåñöåí-
öèè, ñì. ðèñ. 2). Èõ ó÷åò îñòàâëÿåò âîçìîæíûì
ïîëó÷åíèå ïðèìåñíîãî ñâå÷åíèÿ ñ η > 1 ïðè ïå-
ðåäà÷å ýíåðãèè âîçáóæäàþùåãî ôîòîíà ñðàçó
äâóì Òb3+-öåíòðàì ëþìèíåñöåíöèè. Ê ñîæàëåíèþ,
îñíîâíîå ñâå÷åíèå 5D3→

7FJ ëåæèò â ñïåêòðàëü-
íîé îáëàñòè, íåáëàãîïðèÿòíîé äëÿ ÷åëîâå÷åñêî-
ãî ãëàçà.

Îòìåòèì, ÷òî âåëè÷èíó η > 1 äëÿ ñóììàðíî-
ãî ñâå÷åíèÿ óäàëîñü ïîëó÷èòü â ñèñòåìå
Al2O3:Mg,Ti ïîñëå ôîòîñîçäàíèÿ ýêñèòîíîâ ôîòî-
íàìè 9 ýÂ ïðè 80 Ê [16]. Ïðè÷åì îäèí èç äâóõ
ôîòîíîâ, èñïóñêàåìûõ ïîñëå ïîãëîùåíèÿ âîçáóæ-
äàþùåãî ôîòîíà, áûë ðåçóëüòàòîì òóííåëüíîé
ðåêîìáèíàöèè. Èìåííî ïîýòîìó â íàñòîÿùåé ðà-
áîòå îñîáîå âíèìàíèå áûëî óäåëåíî ïîèñêó òóí-
íåëüíûõ ïåðåõîäîâ â ôîñôîðåñöåíöèè, êîòîðûå è
áûëè îáíàðóæåíû â CàSÎ4:Òb,Nà-1 (ñì. ðèñ. 1, à
òàêæå [6]). Òóííåëüíûå ïåðåõîäû â áîëåå ñëîæ-
íûõ ïî ñòðóêòóðå ñóëüôàòàõ ùåëî÷íûõ ìåòàë-
ëîâ èññëåäîâàëèñü â [17].

Î÷åâèäíî, ÷òî âîïðîñ î âîçìîæíîñòè ïîëó-
÷åíèÿ ïðèìåñíîãî ñâå÷åíèÿ ñ η > 1 ïðè âîçáóæ-
äåíèè CàSÎ4:Òb3+,Nà1+ èçëó÷åíèåì Xe-ðàçðÿäà
òðåáóåò äàëüíåéøåãî èçó÷åíèÿ. Íóæíî ó÷èòû-
âàòü, ÷òî íàøè ôîñôîðû N1 è N2 îêàçàëèñü íå
äîñòàòî÷íî ñòàáèëüíûìè. Èõ õàðàêòåðèñòèêè
íåñêîëüêî ìåíÿþòñÿ ïðè äëèòåëüíîì õðàíåíèè, è
åùå ñèëüíåå - ïðè äëèòåëüíîì îáëó÷åíèè ýëåêò-
ðîíàìè 5 êýÂ ïðè 5 Ê. Ýëåêòðîíû íå òîëüêî âîç-
áóæäàþò èíòåíñèâíóþ ëþìèíåñöåíöèþ, íî è ïðè-
âîäÿò ê íàêîïëåíèþ äåôåêòîâ (íàïðèìåð, èîíîâ
SO3

-), ïðîÿâëÿþùèõñÿ â âûñîêîòåìïåðàòóðíûõ
ïèêàõ ÒÑË (450-700 Ê).
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Резюме

CaSO4:Tb3+,Na1+ люминофорында Tb3+ иондарын 5,9
эВ фотондармен тiкелей ћоздыру кезiнде Tb3+-
центрлерiнiѓ сќулеленуi жќне 8,44 эВ фотондар энергия-
сымен ћозѕан оксианиондардан, сондай- аћ hν > 9,5 эВ
фотондардыѓ ќсерiнен пайда болѕан электрондар мен
кемтiктердiѓ рекомбинациялануы кезiнде б/лiнетiн энер-
гияныѓ ћоспа центрлерiне берiлу процестерi ћарастырыл-
ѕан. CaSO4:Tb3+,Na1+ фосфорыныѓ термоынталандырыл-
ѕан люминесценциясы сонымен ћатар, кеѓiстiкте б/лiн-
ген жќне орныћћан электрондар мен кемтiктердiѓ ара-
сындаѕы туннельдiк сќуле шыѕара рекомбинациялануы
аныћталѕан. Ксенон разрядыныѓ сќулеленуiмен CaSO4:Tb3+,
Na1+ ћоздыру арћылы тербий жарћырауыныѓ кванттыћ

шыѕымын η > 1 алу мљмкiндiгi талћыланады.

Summary

In CaSO4:Tb3+,Na1+, the excitation processes of Tb3+

centres are caused by the direct excitation of Tb3+ by 5.9-eV
photons and due to the energy transferred from an excited
oxyanion or released at the recombination between electrons
and holes formed by photons of hν > 9,5 eV. In parallel with
thermostimulated luminescence the radiative tunnel
recombination between spatially separated localized electrons
and holes has been revealed in CaSO4:Tb3+, Na1+. The prospects
for obtaining the efficiency of Tb3+-emission with quantum yield
above unity at the excitation of the phosphor by Xe-discharge
emission are analyzed.
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Ââåäåíèå
Ïðîöåññ ðàäèàöèîííîãî çàõâàòà 12Ñ(4Íå,γ)16O,

íàðÿäó ñ òðîéíûì ãåëèåâûì çàõâàòîì (ïðîöåññ
Ñîëïèòåðà), ïðèñóòñòâóåò â öèêëå òåðìîÿäåðíûõ
ðåàêöèé äëÿ çâåçä íà ãîðÿ÷åé ñòàäèè èõ ðàçâè-
òèÿ, êîãäà òåìïåðàòóðà âíóòðè çâåçäû ñîñòàâëÿ-
åò ñîòíè ìèëëèîíîâ Êåëüâèíîâ [1 ]. Ñòîëü âûñî-
êèå òåìïåðàòóðû äàþò âçàèìîäåéñòâóþùèì ÷à-
ñòèöàì äîñòàòî÷íî ýíåðãèè äëÿ óâåëè÷åíèÿ âå-
ðîÿòíîñòè ïðîõîæäåíèÿ êóëîíîâñêîãî áàðüåðà, à
çíà÷èò, âûõîä òàêîé ðåàêöèè çàìåòíî âîçðàñòà-
åò. Ýòà ðåàêöèÿ ïðèâîäèò ê îáðàçîâàíèþ ñòàáèëü-
íîãî ÿäðà 16Î, êîòîðîå ÿâëÿåòñÿ ïðîìåæóòî÷íûì
çâåíîì â ïðîöåññå îáðàçîâàíèÿ áîëåå òÿæåëûõ
ýëåìåíòîâ, íàïðèìåð, ñ ïîìîùüþ ðåàêöèé
16O(4Íå,γ)20Ne è 20Ne(4Íå,γ)24Mg è ò.ä. Îäíàêî,
äîâîëüíî äîëãî ñóùåñòâîâàëè áîëüøèå íåîïðå-
äåëåííîñòè â òî÷íîì îïðåäåëåíèè ñêîðîñòè ðå-
àêöèè 12Ñ(4Íå,γ)16O, íî ñðàâíèòåëüíî íåäàâíî
ïîÿâèëèñü íîâûå, èçìåðåííûå ñ õîðîøåé òî÷íî-
ñòüþ ýêñïåðèìåíòàëüíûå äàííûå â îáëàñòè ýíåð-
ãèé 1.9-4.9 ÌýÂ [2 ], êîòîðûå, ïî-âèäèìîìó, óñò-
ðàíÿþò áîëüøóþ ÷àñòü ýòèõ íåîïðåäåëåííîñòåé.

Ðàíåå íàìè áûëà ïîêàçàíà âîçìîæíîñòü îïè-
ñàíèÿ àñòðîôèçè÷åñêèõ S-ôàêòîðîâ ëåã÷àéøèõ
ÿäåð íà îñíîâå ïîòåíöèàëüíîé êëàñòåðíîé ìîäå-
ëè (ÏÊÌ) ñ çàïðåùåííûìè ñîñòîÿíèÿìè (ÇÑ).
Òàêàÿ ìîäåëü ó÷èòûâàåò ñóïåðìóëüòèïëåòíóþ
ñèììåòðèþ âîëíîâîé ôóíêöèè (ÂÔ) îòíîñèòåëü-
íîãî äâèæåíèÿ êëàñòåðîâ ïðè ðàçäåëåíèè îðáè-
òàëüíûõ ñîñòîÿíèé ïî ñõåìàì Þíãà [3 ]. Èñïîëü-
çóåìàÿ êëàññèôèêàöèÿ îðáèòàëüíûõ ñîñòîÿíèé
ïîçâîëÿåò àíàëèçèðîâàòü ñòðóêòóðó ìåæêëàñòåð-
íûõ âçàèìîäåéñòâèé, îïðåäåëÿòü íàëè÷èå è êî-
ëè÷åñòâî ðàçðåøåííûõ (ÐÑ) è çàïðåùåííûõ ñî-
ñòîÿíèé â ìåæêëàñòåðíûõ ïîòåíöèàëàõ, à çíà÷èò
è ÷èñëî óçëîâ ìåæêëàñòåðíîé ðàäèàëüíîé ÂÔ [4 ].
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Â ïîòåíöèàëüíîé êëàñòåðíîé ìîäåëè ðàññìîòðåíà âîçìîæíîñòü îïèñàíèÿ àñòðîôèçè÷åñêîãî S-ôàêòîðà ðà-
äèàöèîííîãî 4Íå12Ñ çàõâàòà ïðè ýíåðãèÿõ 0.1-4.0 ÌýÂ.

Â äàííîé ðàáîòå íà îñíîâå ïîòåíöèàëüíîé
êëàñòåðíîé ìîäåëè ñ çàïðåùåííûìè ñîñòîÿíèÿ-
ìè ìû ðàññìàòðèâàåì àñòðîôèçè÷åñêèé S-ôàê-
òîð ðåàêöèè ðàäèàöèîííîãî 12Ñ(4Íå,γ)16O çàõâà-
òà íà ðàçëè÷íûå ñîñòîÿíèÿ ÿäðà 16Î ïðè ýíåðãè-
ÿõ îò 0.3 äî 4.0 ÌýÂ, à äëÿ ñðàâíåíèÿ ðåçóëüòà-
òîâ íàøèõ ðàñ÷åòîâ èñïîëüçóåì, â îñíîâíîì, íî-
âûå ýêñïåðèìåíòàëüíûå äàííûå ðàáîòû [2].

Ïîòåíöèàëû è ôàçû ðàññåÿíèÿ
Âíà÷àëå çàìåòèì, ÷òî âûïîëíèòü òî÷íóþ

êëàññèôèêàöèþ ÇÑ è ÐÑ â ñèñòåìå 16 ÷àñòèö, çà
èñêëþ÷åíèåì S-ñîñòîÿíèÿ 4Íå12Ñ ñèñòåìû, íå
ïðåäñòàâëÿåòñÿ âîçìîæíûì èç-çà îòñóòñòâèÿ
òàáëèö ñõåì Þíãà. Ïîýòîìó äëÿ ïîñòðîåíèÿ ïî-
òåíöèàëîâ ðàññåÿíèÿ è ñâÿçàííûõ ñîñòîÿíèé (ÑÑ)
èñïîëüçîâàëîñü êà÷åñòâåííîå ïðåäñòàâëåíèå î
÷èñëå ÇÑ â çàäàííîé ïàðöèàëüíîé âîëíå. À èìåí-
íî, ïîòåíöèàë êàæäîé ñëåäóþùåé ïàðöèàëüíîé
âîëíû îáû÷íî èìååò íà îäíî çàïðåùåííîå ñî-
ñòîÿíèå ìåíüøå � ïðèìåðíî òàêàÿ òåíäåíöèÿ
íàáëþäàëàñü äëÿ áîëåå ëåãêèõ êëàñòåðíûõ ñèñ-
òåì â ÿäðàõ ñ ìàññîé ìåíüøå èëè ðàâíîé âîñüìè
[5 ].

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ áûëè ïîëó÷åíû
áîëåå òî÷íûå, ÷åì ïðèâåäåíû â íàøåé ðàííåé
ñòàòüå [6 ], ïîòåíöèàëû 4Í12Ñ âçàèìîäåéñòâèé,
êîòîðûå ìîæíî èñïîëüçîâàòü òåïåðü äëÿ ðàñ÷åòîâ
àñòðîôèçè÷åñêèõ S-ôàêòîðîâ ðåàêöèè 12Ñ(4Íå,γ)16O
çàõâàòà ïðàêòè÷åñêè ïðè ëþáûõ íèçêèõ ýíåðãè-
ÿõ. Óòî÷íåíèå ïàðàìåòðîâ âçàèìîäåéñòâèé äëÿ
ñâÿçàííûõ ñîñòîÿíèé îáóñëîâëåíî òåì, ÷òî ïðè
ïåðåõîäàõ èç ñîñòîÿíèé êîíòèíóóìà äëÿ ýíåðãèé
ïîðÿäêà 1-100 êýÂ íà ðàçëè÷íûå ñâÿçàííûå óðîâ-
íè ÿäðà 16Î òðåáóåòñÿ ìàêñèìàëüíî òî÷íîå âîñ-
ïðîèçâåäåíèå èõ ýíåðãèè ñâÿçè.

Ïðè âûïîëíåíèè ðàñ÷åòîâ áûëà ïåðåäåëàíà
êîìïüþòåðíàÿ ïðîãðàììà, îñíîâàííàÿ íà êîíå÷-
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íî-ðàçíîñòíîì ìåòîäå (ÊÐÌ) è íàïèñàííàÿ ðà-
íåå íà ÿçûêå TurboBasic (TB) [7 ]. Ïðîãðàììà
ïåðåâåäåíà íà ÿçûê Fortran 90, êîòîðûé ïîçâîëÿ-
åò çàìåòíî ïîäíÿòü òî÷íîñòü âñåõ âû÷èñëåíèé
è, íàïðèìåð, ïîëó÷àòü áîëåå òî÷íûå çíà÷åíèÿ
ýíåðãèè ñâÿçè ÿäðà â äâóõ÷àñòè÷íîì êàíàëå. Òå-
ïåðü àáñîëþòíàÿ òî÷íîñòü ïîèñêà ýíåðãèè ñâÿ-
çàííûõ óðîâíåé 4Íå12Ñ ñèñòåìû ðåàëüíî ñîñòàâ-
ëÿåò 10-6 ÌýÂ, òî÷íîñòü ïîèñêà íóëÿ äåòåðìèíàí-
òà 10-15, à âðîíñêèàíû êóëîíîâñêèõ ôóíêöèé íà-
õîäÿòñÿ íà óðîâíå 10-15-10-20 [7].

Ðàññìîòðèì òåïåðü êëàññèôèêàöèþ îðáè-
òàëüíûõ ñîñòîÿíèé 4Íå12Ñ ñèñòåìû, ãäå ñïèí S è
èçîñïèí T ðàâíû íóëþ, êîòîðàÿ ïîçâîëÿåò îïðå-
äåëèòü îáùåå êîëè÷åñòâî ÇÑ â ïîòåíöèàëå S-âçà-
èìîäåéñòâèÿ. Âîçìîæíûå îðáèòàëüíûå ñõåìû
Þíãà ñèñòåìû 4Íå12Ñ îïðåäåëÿþòñÿ ïî òåîðå-
ìå Ëèòëâóäà [8 ], ÷òî â äàííîì ñëó÷àå äàåò {444}×
× {4} = {844} + {754} + {7441} + {664} + {655} +
+{6442} + {6541} + {5551} + {5542} + {5443} +
+{4444} [6]. Ñõåìû {4} è {444} ñîîòâåòñòâóþò
ÿäðàì 4Íå è 12Ñ â îñíîâíîì ñîñòîÿíèè. Â ñîîò-
âåòñòâèè ñ ïðàâèëàìè [8] ìîæíî ñäåëàòü âûâîä,
÷òî ðàçðåøåííîé áóäåò òîëüêî ñõåìà {4444}, à
âñå îñòàëüíûå îðáèòàëüíûå êîíôèãóðàöèè çàï-
ðåùåíû. Â ÷àñòíîñòè, âñå âîçìîæíûå êîíôèãó-
ðàöèè, ãäå â ïåðâîé ñòðîêå íàõîäèòñÿ ÷èñëî áîëü-
øå ÷åòûðåõ, íå ìîãóò ðåàëèçîâûâàòüñÿ, òàê êàê
â S-îáîëî÷êå íå ìîæåò áûòü áîëüøå ÷åòûðåõ
íóêëîíîâ.

Èñïîëüçóÿ ïðàâèëî Ýëèîòà [8] ìîæíî îïðå-
äåëèòü îðáèòàëüíûå ìîìåíòû, ñîîòâåòñòâóþùèå
ðàçëè÷íûì ñõåìàì Þíãà. Òîãäà ïîëó÷èì, ÷òî
îñíîâíîå ñîñòîÿíèå (ÎÑ) ÿäðà 16Î ñ ìîìåíòîì
L = 0 ìîæåò ðåàëèçîâàòüñÿ äëÿ ñëåäóþùèõ îð-
áèòàëüíûõ ñõåì {4444}, {5551}, {664}, {844} è
{6442}. Ýòîò ðåçóëüòàò ìîæíî èñïîëüçîâàòü äëÿ
îïðåäåëåíèÿ ÷èñëà ñâÿçàííûõ çàïðåùåííûõ ñî-
ñòîÿíèé â ïîòåíöèàëå îñíîâíîãî ñîñòîÿíèÿ. Ïî-
ñêîëüêó â ÎÑ ðàçðåøåíà òîëüêî ñèììåòðèÿ
{4444}, òî îñòàëüíûå ñõåìû áóäóò çàïðåùåíû è
òàêîé ïîòåíöèàë 4Íå12Ñ âçàèìîäåéñòâèÿ äîëæåí
èìåòü ÷åòûðå ñâÿçàííûõ çàïðåùåííûõ ñîñòîÿ-
íèÿ è îäíî ðàçðåøåííîå ñîñòîÿíèå ïðè ýíåðãèè
ñâÿçè 4Íå12Ñ ñèñòåìû â ÿäðå 16Î [6].

Äëÿ îïèñàíèÿ ïðîöåññîâ óïðóãîãî ðàññåÿíèÿ
4Íå íà ÿäðå 12Ñ è ñâÿçàííûõ ñîñòîÿíèé ýòèõ êëà-
ñòåðîâ, ïîòåíöèàë âçàèìîäåéñòâèÿ âûáèðàëñÿ â
îáû÷íîì âèäå

V(r) = -V0exp(-αr2)

ñî ñôåðè÷åñêèì êóëîíîâñêèì âçàèìîäåéñòâèåì
ïðè Rc = 3.55 ôì è ñòðîèëñÿ èñõîäÿ èç òðåáîâà-
íèé îïèñàíèÿ òàêèõ õàðàêòåðèñòèê, êàê ýíåðãèÿ
ñâÿçè, çàðÿäîâûé ðàäèóñ, êóëîíîâñêèé ôîðìôàê-
òîð ïðè ìàëûõ ïåðåäàííûõ èìïóëüñàõ, âåðîÿò-
íîñòè ýëåêòðîìàãíèòíûõ ïåðåõîäîâ ìåæäó ñâÿ-
çàííûìè óðîâíÿìè è ïàðöèàëüíîé ôàçû óïðóãîãî
ðàññåÿíèÿ. Â ðàáîòå [6] áûë íàéäåí ïîòåíöèàë
âçàèìîäåéñòâèÿ äëÿ îñíîâíîãî 1S-ñîñòîÿíèÿ ÿäðà
16O â 4Íå12Ñ êàíàëå è äðóãèå ïîòåíöèàëû äëÿ ÑÑ,
óäîâëåòâîðÿþùèå îïèñàííûì âûøå òðåáîâàíèÿì.

Çäåñü ìû óòî÷íèëè ïàðàìåòðû ïîòåíöèàëîâ
ÑÑ äëÿ áîëåå ïðàâèëüíîãî îïèñàíèÿ ýíåðãèé ñâÿ-
çè, â ÷àñòíîñòè, äëÿ  ÎÑ 1S - ñîñòîÿíèÿ ïîëó÷åíî
        V1S = 256. 845472 ÌýÂ,  α = 0.189 ôì-2.   (1)

Òàêîé ïîòåíöèàë èìååò ÇÑ ïðè ýíåðãèÿõ: -
37.56; -80.80; -134.46; -197.25 ÌýÂ, â ïîëíîì ñî-
îòâåòñòâèè ñ âûïîëíåííîé âûøå êëàññèôèêàöè-
åé ÇÑ è ÐÑ. Êîíå÷íî-ðàçíîñòíûì ìåòîäîì [7]
íàéäåíà ýíåðãèÿ ñâÿçè -7.161950 ÌýÂ ïðè ýêñïå-
ðèìåíòàëüíîé âåëè÷èíå -7.16195 ÌýÂ [9 ] è çàðÿ-
äîâûé ðàäèóñ 2.705 Ôì ïðè ðàäèóñàõ 4Íå:
1.671(14) ôì [10 ] è 12Ñ: 2.4829(19) ôì [11 ], à ýê-
ñïåðèìåíòàëüíîå çíà÷åíèå ðàäèóñà ÿäðà 16Î ðàâ-
íî 2.710(15) ôì [9].

Äëÿ ïîòåíöèàëà 2S-óðîâíÿ ñ ýêñïåðèìåíòàëü-
íîé ýíåðãèåé ñâÿçè -1.113 ÌýÂ [9] òàêæå ïîëó÷åíû
áîëåå òî÷íûå ïàðàìåòðû âçàèìîäåéñòâèÿ V0 =
97.7285 ÌýÂ, α = 0.111 ôì-2 ñ òåì æå êóëîíîâñ-
êèì ðàäèóñîì. Ïîòåíöèàë òî÷íî âîñïðîèçâîäèò
êàíàëüíóþ ýíåðãèþ, èìååò çàïðåùåííûå ñâÿçàí-
íûå ñîñòîÿíèÿ ïðè òðåõ ýíåðãèÿõ -16.0, -38.2 è -
66.2 ÌýÂ è äàåò ñðåäíåêâàäðàòè÷íûé ðàäèóñ
2.97 ôì. Ìîæíî ïîñòðîèòü è ïîòåíöèàë ñ ÷åòûðü-
ìÿ çàïðåùåííûìè ñâÿçàííûìè ñîñòîÿíèÿìè è ïà-
ðàìåòðàìè V0 = 143.1092 ÌýÂ, òîé æå øèðèíû è
êóëîíîâñêèì ðàäèóñîì, êîòîðûé âîñïðîèçâîäèò
ýíåðãèþ ÑÑ, è ïðèâîäÿò ê ÇÑ ïðè -16.9, -40.5,
-70.6 è -106.1 ÌýÂ, à çàðÿäîâûé ðàäèóñ îêàçûâà-
åòñÿ ðàâåí 3.07 ôì.

Ïðè óòî÷íåíèè ïàðàìåòðîâ ïîòåíöèàëà ñâÿ-
çàííîãî 1Ð - ñîñòîÿíèÿ ïîëó÷åíû ñëåäóþùèå çíà-
÷åíèÿ: V0 = 104.11325 ÌýÂ, α = 0.16 ôì-2 ïðè òà-
êîì æå êóëîíîâñêîì ðàäèóñå. Ýòîò ïîòåíöèàë
ñîäåðæèò ñâÿçàííûå çàïðåùåííûå ñîñòîÿíèÿ ïðè
ýíåðãèÿõ -19.2 è -48.6 ÌýÂ è ðàçðåøåííîå ñîñòî-
ÿíèå ïðè -0.0450 ÌýÂ, â ïîëíîì ñîãëàñèè ñ äàí-
íûìè [9]. Ìîæíî ïðåäëîæèòü è ïîòåíöèàë ñ òðå-
ìÿ ÇÑ è ïàðàìåòðîì ãëóáèíû V0 = 161.2665 ÌýÂ,
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ïîêàçàííîìó íà ðèñ.7 øòðèõ-ïóíêòèðíîé ëèíèåé.
Îí âïîëíå îáúÿñíÿåò ýêñïåðèìåíò ïðè ýíåðãèÿõ
â îáëàñòè 0.9 - 3.0 ÌýÂ, íî íå îïèñûâàåò ðåçî-
íàíñ ïðè 2.46 ÌýÂ, ïîñêîëüêó îí îáóñëîâëåí ïî-
âåäåíèåì Ð-ôàçû ðàññåÿíèÿ, èìåþùåé ðåçîíàíñ
â ýòîé îáëàñòè ýíåðãèé. Ïðè ýíåðãèÿõ îò 2.5 äî
3.0 ÌýÂ ðàñ÷åòíûé S-ôàêòîð â öåëîì ïåðåäàåò

ïîëîæåíèå è âûñîòó ïèêà îáóñëîâëåííîãî ðåçî-
íàíñîì â D-âîëíå ðàññåÿíèÿ ïðè ýíåðãèè 2.69 ÌýÂ,
íî øèðèíà óðîâíÿ îêàçûâàåòñÿ íåñêîëüêî áîëü-
øå ýêñïåðèìåíòàëüíîé. Âåëè÷èíà ðàñ÷åòíîãî S-
ôàêòîðà 2+ ðåçîíàíñà, îêàçûâàåòñÿ, î÷åíü ÷óâ-
ñòâèòåëüíà ê ãëóáèíå ïîòåíöèàëà â D-âîëíå - åå
óâåëè÷åíèå íà 0.05 ÌýÂ ïðèâîäèò ê áîëåå ðåçêî-
ìó ïîäúåìó ôàçû ðàññåÿíèÿ è, ïðàêòè÷åñêè íå
èçìåíÿÿ ïîëîæåíèå ðåçîíàíñà, óìåíüøàåò åãî
âåëè÷èíó ïðèìåðíî â òðè ðàçà.

Åñëè äîïóñòèòü, ÷òî ýêñïåðèìåíò âêëþ÷àåò
ñå÷åíèÿ ñ ïåðåõîäîì íà 1Ð óðîâåíü, òî ìîæíî
ðàññìîòðåòü Å2 ïðîöåññ èç Ð-âîëíû ðàññåÿíèÿ
íà ñâÿçàííîå 1Ð-ñîñòîÿíèå ÿäðà 16Î ïðè ýíåðãèè
-0.045 ÌýÂ (ðèñ.6). Ðåçóëüòàòû ýòîãî ðàñ÷åòà äëÿ
âòîðîãî âàðèàíòà ïîòåíöèàëà ñâÿçàííîãî 1Ð-ñî-
ñòîÿíèÿ, ïîêàçàííûå íà ðèñ.7 ïóíêòèðíîé ëèíèåé,
âïîëíå ïåðåäàþò ôîðìó ðåçîíàíñà ïðè 2.46 ÌýÂ.
Åñëè èñïîëüçîâàòü ïåðâûé, èç ïðèâåäåííûõ âûøå
âàðèàíòîâ 1Ð âçàèìîäåéñòâèé ñ äâóìÿ ÇÑ, òî
âåëè÷èíà ïèêà 1- ðåçîíàíñà óìåíüøàåòñÿ ïðèìåð-
íî â äâà ðàçà.

Äâîéíîé øòðèõ-ïóíêòèðíîé ëèíèåé ïîêàçàíû
ðåçóëüòàòû ðàñ÷åòà Å2 ïåðåõîäà èç G-âîëíû íà
1D ñâÿçàííîå ñîñòîÿíèå, êîòîðûå ïðàâèëüíî ïå-
ðåäàþò ïîëîæåíèå è øèðèíó ìàêñèìóìà 4+ ðåçî-

Ðèñ.6. Ñïåêòð óðîâíåé ÿäðà 16Î

Ðèñ.7. Àñòðîôèçè÷åñêèé S-ôàêòîð ðàäèàöèîííîãî 
4
Íå

12
Ñ çàõâàòà.

Êâàäðàòû - ýêñïåðèìåíòàëüíûå äàííûå, âçÿòûå èç îáçîðà [18], íèæíèå òðåóãîëüíèêè èç [19 ] è âåðõíèå òðåóãîëüíèêè èç
[20 ], ðîìáû èç ðàáîòû [2]. Êðèâûå - ðàñ÷åòû S-ôàêòîðà äëÿ ðàçíûõ ïåðåõîäîâ
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íàíñà, íî åãî âåëè÷èíà îêàçûâàåòñÿ ïðèìåðíî â
äâà ðàçà ìåíüøå ýêñïåðèìåíòà. Ñëåäóåò îòìå-
òèòü, ÷òî íå óäàëîñü íàéòè òàêèå ïàðàìåòðû ïî-
òåíöèàëà äëÿ  G-âîëíû, ÷òîáû ïðàâèëüíî îïèñàòü
âåëè÷èíó S-ôàêòîðà ïðè ýíåðãèè 4+ ðåçîíàíñ.
Åñëè ïîòåíöèàë ýòîé âîëíû ñîäåðæèò îäíî (VG =
110.7 ÌýÂ, αG = 0.127 ôì-2, ÇÑ: -13.6) èëè äâà ÇÑ
(VG = 222.4 ÌýÂ, αG = 0.127 ôì-2, ÇÑ: -42,8; -14.6),
òî ðàñ÷åòíàÿ âåëè÷èíà ïèêà 4+ ðåçîíàíñà çàìåòíî
óìåíüøàåòñÿ, à óìåíüøåíèå ÷èñëà ÇÑ äî îäíîãî
(VD = 254.8 ÌýÂ, αD = 0.592 ôì-2, ÇÑ: -57.0) èëè
âîîáùå áåç ÇÑ  (VD = 57.7833 ÌýÂ, αD = 0.1 ôì-2)
â ñâÿçàííîì 1D ñîñòîÿíèè íå ïðèâîäèò ê ñóùå-
ñòâåííîìó óâåëè÷åíèþ S-ôàêòîðà â îáëàñòè 4+

ðåçîíàíñà.
Äîïîëíèòåëüíî áûëè ðàññìîòðåíû ñå÷åíèÿ Å4

ïåðåõîäà èç G-âîëíû íà îñíîâíîå 1S-ñîñòîÿíèå
ÿäðà 16Î è Å1 ïåðåõîäà èç G-âîëíû íà ñâÿçàííîå
1F ñîñòîÿíèå � îíè îêàçàëèñü íà íåñêîëüêî ïî-
ðÿäêîâ ìåíüøå ïðåäûäóùåãî Å2 ïðîöåññà.

Íåïðåðûâíîé ëèíèåé íà ðèñ.7 ïðèâåäåíà ñóììà
âñåõ òðåõ Å2 ïåðåõîäîâ, êîòîðàÿ â öåëîì îïèñû-
âàåò ýêñïåðèìåíòàëüíîå ïîâåäåíèå àñòðîôèçè-
÷åñêîãî S-ôàêòîðà ïðè ýíåðãèÿõ îò 0.9 äî 4.0 ÌýÂ.

Íàø ðàñ÷åòíûé S-ôàêòîð ïðè 300 êýÂ, îáóñ-
ëîâëåííûé Å2 ïðîöåññîì ñ ïåðåõîäîì èç D-âîë-
íû íà ÎÑ ÿäðà, îêàçûâàåòñÿ ðàâåí 16.0 êýÂ áí, à
ïðè 100 êýÂ åãî âåëè÷èíà íåñêîëüêî áîëüøå -
17.5 êýÂ áí.  Îäíàêî, ýòè ðåçóëüòàòû çàìåòíî
ìåíüøå èçâåñòíûõ äàííûõ, ïðèâîäÿùèõ, íàïðè-
ìåð, ê SE1 = 79(21) èëè 82(26) êýÂ áí [21 ] è SE2 =
120(60) êýÂ áí [18], à ìåòîäîì ãåíåðàòîðíûõ êî-
îðäèíàò [22 ], ó÷èòûâàþùèõ ðàçëè÷íûå êëàñòåð-
íûå êîíôèãóðàöèè, ïîëó÷åíî SE1 = 160 êýÂ áí è
SE2 = 70 êýÂ áí ïðè 300 êýÂ. Òåì íå ìåíåå, èç
èìåþùèõñÿ ýêñïåðèìåíòàëüíûõ äàííûõ, ïðèâå-
äåííûõ íà ðèñ.7, íå ñëåäóåò, ÷òî ïðè ýíåðãèÿõ
íèæå 1 ÌýÂ S-ôàêòîð èñïûòûâàåò ÿâíûé ïîäúåì
è ïðè 300 êýÂ èìååò çíà÷åíèÿ ïîðÿäêà 100 êýÂ áí.

Çàêëþ÷åíèå
Òàêèì îáðàçîì, ïðîâåäåííûé êà÷åñòâåííûé

àíàëèç ÷èñëà ÇÑ è ÐÑ â ìåæêëàñòåðíûõ âçàèìî-
äåéñòâèÿõ 4Íå12Ñ ñèñòåìû è ïîëó÷åííûå íà åãî
îñíîâå ïàðöèàëüíûå ïîòåíöèàëû, ñîãëàñîâàííûå
ñ ôàçàìè óïðóãîãî ðàññåÿíèÿ è ýíåðãèÿìè ñâÿ-
çàííûõ ñîñòîÿíèé ÿäðà 16Î, äàþò âîçìîæíîñòü
ïðèåìëåìîãî îïèñàíèÿ ïîâåäåíèÿ àñòðîôèçè÷åñ-
êîãî S-ôàêòîðà ïðè ýíåðãèÿõ îò 0.3  äî 4.0 ÌýÂ.
Òàêîé ðåçóëüòàò âïîëíå ìîæíî ðàññìàòðèâàòü,
êàê îïðåäåëåííîå ñâèäåòåëüñòâî â ïîëüçó ïîòåí-

öèàëüíîãî ïîäõîäà â êëàñòåðíîé ìîäåëè, êîãäà
ìåæêëàñòåðíûå âçàèìîäåéñòâèÿ, ñîäåðæàùèå
ÇÑ, ñòðîÿòñÿ íà îñíîâå ôàç óïðóãîãî ðàññåÿíèÿ
êëàñòåðîâ, à êàæäàÿ ïàðöèàëüíàÿ âîëíà îïèñû-
âàåòñÿ ñâîèì ïîòåíöèàëîì, íàïðèìåð, ãàóññîâî-
ãî âèäà ñ îïðåäåëåííûìè ïàðàìåòðàìè.

Òàêîå ðàçäåëåíèå îáùåãî âçàèìîäåéñòâèÿ ïî
ïàðöèàëüíûì âîëíàì ïîçâîëÿåò äåòàëèçèðîâàòü
åãî ñòðóêòóðó, à äàæå êà÷åñòâåííàÿ êëàññèôèêà-
öèÿ îðáèòàëüíûõ ñîñòîÿíèé ïî ñõåìàì Þíãà,
êîòîðàÿ äàåò âîçìîæíîñòü îïðåäåëèòü íàëè÷èå
è êîëè÷åñòâî çàïðåùåííûõ ñîñòîÿíèé, ïðèâîäèò
ê âïîëíå îïðåäåëåííîé ãëóáèíå âçàèìîäåéñòâèÿ,
÷òî ïîçâîëÿåò èçáàâèòüñÿ îò äèñêðåòíîé íåîäíîç-
íà÷íîñòè ãëóáèíû ïîòåíöèàëà, ïðèñóùåé îïòè÷åñ-
êîé ìîäåëè. Ôîðìà êàæäîé ïàðöèàëüíîé ôàçû
ðàññåÿíèÿ ìîæåò áûòü ïðàâèëüíî îïèñàíà òîëü-
êî ïðè îïðåäåëåííîé øèðèíå òàêîãî ïîòåíöèàëà,
÷òî èçáàâëÿåò íàñ îò íåïðåðûâíîé íåîäíîçíà÷-
íîñòè, êîòîðàÿ òàêæå èìååò ìåñòî â êëàññè÷åñ-
êîé îïòè÷åñêîé ìîäåëè.

Êîíå÷íî, âñå ñêàçàííîå âåðíî òîëüêî â ñëó-
÷àå òî÷íîãî îïðåäåëåíèÿ ôàç ðàññåÿíèÿ èç ýêñ-
ïåðèìåíòàëüíûõ äàííûõ ïî óïðóãîìó ðàññåÿíèþ.
Îäíàêî, äî íàñòîÿùåãî âðåìåíè, äëÿ áîëüøèí-
ñòâà ëåã÷àéøèõ ÿäåðíûõ ñèñòåì, ôàçû ðàññåÿ-
íèÿ íàéäåíû ñ äîâîëüíî áîëüøèìè îøèáêàìè,
êîòîðûå èíîãäà äîõîäÿò äî 20-30%. Ýòî î÷åíü
çàòðóäíÿåò ïîñòðîåíèå òî÷íûõ ïîòåíöèàëîâ ìåæ-
êëàñòåðíîãî âçàèìîäåéñòâèÿ è ïðèâîäÿò, â èòî-
ãå, ê áîëüøèì íåîäíîçíà÷íîñòÿì â êîíå÷íûõ ðå-
çóëüòàòàõ, ïîëó÷àåìûõ â ïîòåíöèàëüíîé êëàñòåð-
íîé ìîäåëè. Â äàííîì ñëó÷àå, ñêàçàííîå âûøå
èìååò îòíîøåíèå ê íåêîòîðîé íåîäíîçíà÷íîñòè
ïîòåíöèàëà 4Íå12Ñ óïðóãîãî ðàññåÿíèÿ â D-âîëíå.
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Резюме

Потенциалды кластерлiк љлгiде ћуат 0.1-4.0 МэВ бол-
ѕандаѕы радиациялыћ 4Не12С-ћармаудыѓ астрофизика-
лыћ S-факторын сипаттау мљмкiндiгi ћарастырылѕан.

Summary

The astrophysical S-factor of radiative 
4
He

12
C capture at

energies 0.1-4.0 MeV was calculated within the frames of the
potential cluster model.

Àñòðîôèçè÷åñêèé èíñòèòóò
èì. Â.Ã. Ôåñåíêîâà ÍÖ ÊÈÒ ÍÊÀ ÐÊ,
ã. Àëìàòû                                          Ïîñòóïèëà 6.04.2009 ã.
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âåêÐàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü
öèêëîãðàììû ìàøèíû-àâòîìàòà ïîçâîëÿåò ïî-
âûñèòü  íàäåæíîñòü ðàáîòû îòäåëüíûõ ìåõà-
íèçìîâ, ïóòåì âàðüèðîâàíèÿ èõ ôàçîâûõ yãëîâ
ñðàáàòûâàíèÿ.

ËÈÒÅÐÀÒÓÐÀ

1. Miner M.A. Cumulative damage in fatigue. ASME. Journal
of applied mechanics. Vol. 67, 1945, pp. A169-F164.

2. Srivastava A.K., Newcombe W.R. Synthesis of couple
curves by multifactor optimization. ASME. Paper ¹ 73-WA/
DE-14, 1973.

Резюме

Жџдырыћты жќне рычагты механизмдер мен цик-
лограмма негiзiнде орындалатын машина-автоматтардыѓ
арасындаѕы байланыс зерттеледi.  Машина-автоматтар-

дыѓ  сенiмдiлiгiн арттыру  мќселесi оныѓ жџмыс ресур-
сын т/мендететiн механизмдердi iске ћосатын фазалыћ
бџрыштыѓ кеѓеюiне ќкеп соѕады. Механизмдердi iске
ћосатын фазалыћ бџрыштарды /згерту мљмкiншiлiгi ар-
ћылы машина-автомат циклограммасыныѓ  математи-
калыћ моделi жасалды.

Summary

The connection between reliability of the machine -
automaton device executed on base cams and lever mechanisms
and cyclogramm is investigated. The task of increase of reliability
of the machine - automaton device is reduced to expansion phase
angles of operation of mechanisms lowering a resource its work.
The mathematical model cyclogramm of the machine -
automaton device with an opportunity of a variation of phase
angles of operation of mechanisms is developed.

ÈÌÌàø ÌÎÍ ÐÊ èì. Äæîëäàñáåêîâà
ã. Àëìàòû                                           Ïîñòóïèëà 15.05.09 ã.

Èç îáøèðíîãî êðóãà çàäà÷ êèíåìàòè÷åñêîãî
ñèíòåçà ðàçëè÷íûõ ìåõàíèçìîâ ìîæíî âûäåëèòü
çàäà÷è âîñïðîèçâåäåíèÿ òî÷íîãî èëè ïðèáëèæåí-
íîãî  çàêîíà äâèæåíèÿ  èëè çàäàííîé òðàåêòîðèè
(òî÷êè) âûõîäíîãî çâåíà ïðè îïðåäåëåííîì çàêî-
íå äâèæåíèÿ âõîäíîãî çâåíà. Ïðè èññëåäîâàíèè
äèíàìè÷åñêîé ìîäåëè ìåõàíèçìà âîçíèêàþò çà-
äà÷à Êîøè è êðàåâûå çàäà÷è äëÿ äèôôåðåíöè-
àëüíûõ è äðóãèõ óðàâíåíèé, îïèñûâàþùèõ äâè-
æåíèÿ çâåíüåâ ñ ó÷åòîì ìàññî-èíåðöèîííûõ õà-
ðàêòåðèñòèê è äðóãèõ ôàêòîðîâ. Äëÿ êðàåâûõ
çàäà÷ ïðîèçâîëüíàÿ òðàåêòîðèÿ äîëæíà ïðîéòè
÷åðåç çàäàííûå íà÷àëüíóþ è êîíå÷íóþ òî÷êè, à
äëÿ çàäà÷è Êîøè � ÷åðåç íà÷àëüíóþ. Ýòè çàäà÷è
òåñíî ñâÿçàíû ñ âûøåóêàçàííûìè çàäà÷àìè.

Â èíòåðïîëÿöèîííûõ ìåòîäàõ êèíåìàòè÷åñ-
êîãî ñèíòåçà íà îñíîâå îáîáùåííîãî ïîëèíîìà
ïîèñê èñêîìûõ ïàðàìåòðîâ ðû÷àæíîãî ìåõàíèç-
ìà çàâèñèò îò ÷èñëà ïîëîæåíèé âõîäíîãî è âû-
õîäíîãî çâåíüåâ. Í.È. Ëåâèòñêèì â [1] óñòàíîâ-
ëåíî, ÷òî äëÿ ñèíòåçà ïåðåäàòî÷íîãî ÷åòûðåõ-
çâåííîãî ìåõàíèçìà íåîáõîäèìî çàäàòü òðè ïî-

ÓÄÊ 521.01

Á.Ê. ÑÈÍ×ÅÂ

ÎÏÒÈÌÈÇÀÖÈÎÍÍÛÉ ÑÈÍÒÅÇ ÌÅÕÀÍÈÇÌÎÂ
( Ïðåäñòàâëåíà àêàäåìèêîì ÍÀÍ ÐÊ  Ã.Ó.Óàëèåâûì)

Â ðàáîòå ïðåäëîæåí íîâûé òî÷íûé ìåòîä êèíåìàòè÷åñêîãî ñèíòåçà ìåõàíèçìîâ.

ëîæåíèÿ âõîäíîãî è âûõîäíîãî çâåíüåâ, à â ñëó-
÷àå çàäàíèÿ äâóõ ïîëîæåíèé ýòèõ çâåíüåâ çàäà÷à
ñèíòåçà áóäåò èìåòü áåñ÷èñëåííîå êîëè÷åñòâî
âîçìîæíûõ ðåøåíèé. Ñîâðåìåííûå ìåòîäû êè-
íåìàòè÷åñêîãî ñèíòåçà ÷åòûðåõçâåííûõ ìåõà-
íèçìîâ [2,3], îñíîâàííûå íà àïïðîêñèìàöèîííîì
ïîäõîäå è êâàäðàòè÷åñêîì ïðèáëèæåíèè, ñâîäÿò-
ñÿ ê ðåøåíèþ ñèñòåìû êâàäðàòíûõ óðàâíåíèé
ëèáî ê èòåðàöèîííîé ïðîöåäóðå ðåøåíèÿ íåñêîëü-
êèõ ñèñòåì ëèíåéíûõ óðàâíåíèé, â êîòîðûõ òðóä-
íî âûáðàòü íà÷àëüíûå çíà÷åíèÿ èñêîìûõ ïàðà-
ìåòðîâ. Â ðàáîòå [4] ïðåäëîæåí ÷èñëåííûé ìå-
òîä êèíåìàòè÷åñêîãî ñèíòåçà ðû÷àæíûõ ìåõà-
íèçìîâ.

Ñòàâèòñÿ çàäà÷à. Ðàçðàáîòàòü òî÷íûé ìå-
òîä êèíåìàòè÷åñêîãî ñèíòåçà ÷åòûðåõçâåííûõ
ìåõàíèçìîâ ñ ðàçëè÷íûìè êèíåìàòè÷åñêèìè ïà-
ðàìè íà îñíîâå ìåòîäîâ îïòèìèçàöèé.

Ðåøåíèå çàäà÷è. Êèíåìàòè÷åñêàÿ ñõåìà
÷åòûðåõçâåííîãî ìåõàíèçìà, ïðåäñòàâëåííàÿ íà
ðèñóíêå 1, îïèñûâàåòñÿ âåêòîðíûì óðàâíåíèåì

                    00321 ���� llll  ,                  (1)

00321 ���� llll
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óðàâíåíèé, îñíîâàííîé íà èñõîäíûõ óðàâíåíèÿõ
êèíåìàòèêè. Ïðåäëîæåíî íîâîå íàïðàâëåíèå â
êèíåìàòè÷åñêîì ñèíòåçå, îòëè÷íîå îò èíòåðïî-
ëÿöèîííîãî, êâàäðàòè÷åñêîãî è àïïðîêñèìàöèîí-
íîãî ïîäõîäîâ, � îïòèìèçàöèîííûé ñèíòåç ìåõà-
íèçìîâ.
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Резюме

Механизмнiѓ кинематикалыћ синтезiнiѓ жаѓа наћ-
ты ќдiстерi џсынылѕан.

Summary

New exact method of kinematical synthesis of mechanisms
has been proposed in the paper.

Àëìàòèíñêèé òåõíîëîãè÷åñêèé
óíèâåðñèòåò                                     Ïîñòóïèëà   04.04.09 ã.
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Ç.Ì.ÌÓËÄÀÕÌÅÒÎÂ, Ì.Å.ÀÃÅËÜÌÅÍÅÂ,
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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÌÅÇÎÃÅÍÍÛÕ ÑÈÑÒÅÌ
Â ÓÑËÎÂÈßÕ  ÆÈÄÊÎÉ ÔÀÇÛ

Â ðàáîòå ïðåäñòàâëåíû ïðîáëåìû è ïðåèìóùåñòâà êîìïüþòåðíîãî ìîäåëèðîâàíèÿ ïîâåäåíèÿ íåìàòè÷åñêèõ
æèäêèõ êðèñòàëëîâ â óñëîâèÿõ æèäêîãî àãðåãàòíîãî ñîñòîÿíèÿ. Ïîêàçàíà ìåòîäîëîãèÿ èñïîëüçîâàíèÿ òàêîãî
ïîäõîäà ïðè  ïðåäñêàçàíèè òåìïåðàòóð ôàçîâûõ ïåðåõîäîâ íà âîçìîæíîì  æèäêîêðèñòàëëè÷åñêîì ñîåäèíåíèè.

Â ðàáîòå ðàññìàòðèâàåòñÿ ïðîáëåìà âûáî-
ðà óñëîâèé ìîäåëèðîâàíèÿ ìåçîãåííûõ ñèñòåì,
îáëàäàþùèõ äàëüíåé îðèåíòàöèîííîé óïîðÿäî-
÷åííîñòüþ â æèäêîì àãðåãàòíîì ñîñòîÿíèè.

Ïðè àòîìèñòè÷åñêîì ïîäõîäå ðàâíîâåñíîå
âðåìÿ ìîäåëèðîâàíèÿ â ìîëåêóëÿðíîé äèíàìèêå
ëåæèò â ïðåäåëàõ îò 600 ïñ äî 1÷2 íñ [1]. Èìå-
þòñÿ èññëåäîâàíèÿ ïðè âðåìåíàõ è áîëüøèõ óêà-
çàííîãî èíòåðâàëà, íî îíè ïîñâÿùåíû èññëåäî-
âàíèþ íåáîëüøîãî êîëè÷åñòâà òåìïåðàòóðíûõ
òî÷åê, ÷òî íå ïîçâîëÿåò ýôôåêòèâíî ïðåäñêàçû-
âàòü òåìïåðàòóðû ôàçîâûõ ïåðåõîäîâ. Íåîáõî-
äèìî îòìåòèòü, ÷òî ïðè ýòîì ìîäåëèðîâàíèå ñî-
âåðøàåòñÿ ñ çàäàíèåì ãðàíè÷íûõ óñëîâèé ïóòåì
ðàçìåùåíèÿ êàæäîé èç ìîëåêóë â îòäåëüíóþ
ÿ÷åéêó.

Îäíàêî ïîñëåäíåå ïðîòèâîðå÷èò ðåàëüíîñòè
èññëåäóåìîãî îáúåêòà, íàõîäÿùåãîñÿ â ìåçîôà-
çå â æèäêîì àãðåãàòíîì ñîñòîÿíèè, êîãäà ïðèñóò-
ñòâóåò òîëüêî îðèåíòàöèîííàÿ óïîðÿäî÷åííîñòü,
ïðè ýòîì íè î êàêîé ïðîñòðàíñòâåííîé ïåðèîäè-
÷åñêîé óïîðÿäî÷åííîñòè ãîâîðèòü íå ïðèõîäèòñÿ.

Â òî æå âðåìÿ âîïðîñ î ïîëó÷åíèè ïðàêòè-
÷åñêè çíà÷èìûõ ñîåäèíåíèé ÿâëÿåòñÿ êðàåóãîëü-
íûì â ìàòåðèàëîâåäåíèè ýëåêòðîííûõ ìàòåðèà-
ëîâ. Ðåçóëüòàòû ìîäåëèðîâàíèÿ â òàêîì ïðèáëè-
æåíèè íåêîòîðûõ íåìàòè÷åñêèõ æèäêèõ êðèñòàë-
ëîâ íà îñíîâå àðèëïðîïàðãèëîâûõ ýôèðîâ ôåíî-
ëîâ (ÀÏÝÔ) ïîêàçûâàþò õîðîøóþ êîððåëÿöèþ
ñ ýêñïåðèìåíòàëüíûìè äàííûìè [2-4]. Â ýòîì
ñìûñëå èíòåðåñíà ïðåäñêàçàòåëüíàÿ ñèëà òàêî-
ãî ïîäõîäà, ÷òî ñîáñòâåííî ñîñòàâëÿåò îñíîâíîé
èíòåðåñ ê èñïîëüçîâàíèþ ìåòîäà ìîëåêóëÿðíîé
äèíàìèêè.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ âûÿñíå-
íèå óñëîâèé ìîäåëèðîâàíèÿ ïîâåäåíèÿ êëàñòåðîâ

íåìàòè÷åñêèõ æèäêèõ êðèñòàëëîâ, ðàñïîëîæåí-
íûõ â îäíîé ÿ÷åéêå, à òàêæå îïðåäåëåíèå òåìïå-
ðàòóð ôàçîâîãî ïåðåõîäà íà ãèïîòåòè÷åñêîì ñî-
åäèíåíèè ÀÏÝÔ, èññëåäîâàííîì òåîðåòè÷åñêè
â [5].

Äëÿ ïðîâåäåíèÿ äàííîé ðàáîòû áûë èñïîëü-
çîâàí èçâåñòíûé íàáîð ïðîãðàìì GROMACS
[6,7], âåðñèè 3.3.2 [8], ïðåäíàçíà÷åííûé äëÿ ìî-
äåëèðîâàíèÿ ïîâåäåíèÿ ìîëåêóëÿðíûõ ñèñòåì ïðè
èçìåíåíèè òåìïåðàòóðû è äàâëåíèÿ. Òåïëîòû
îáðàçîâàíèÿ öåíòðàëüíûõ ìîëåêóë êëàñòåðà ðàñ-
ñ÷èòûâàëèñü ñ ïîìîùüþ êâàíòîâîõèìè÷åñêîãî
ìåòîäà MNDO. Ðàñïðåäåëåíèå ìîëåêóë ïî ýíåð-
ãèè ïî ðàññòîÿíèþ îò öåíòðà êëàñòåðà ñîîòâåò-
ñòâîâàëî ñóììàðíîé ýíåðãèè âñåõ ìîëåêóë, íà-
õîäÿùèõñÿ â äàííîì ñåãìåíòå. Óêàçàííîå ðàñ-
ñòîÿíèå ñîîòâåòñòâóåò áîëüøåìó ðàäèóñó ñåã-
ìåíòà îòíîñèòåëüíî ðàíåå îïðåäåëåííîãî öåíò-
ðà. Ýòî ïîòðåáîâàëî ñîçäàíèÿ ñïåöèàëüíîé ïðî-
ãðàììû. Çíà÷åíèÿ òåïëîòû îáðàçîâàíèÿ îïðåäå-
ëÿëîñü â ðàìêàõ GROMACS. Öåíòð êëàñòåðà
îïðåäåëÿëñÿ ïóòåì íàõîæäåíèÿ êîîðäèíàò ìîëå-
êóë, èìåþùèõ ìàêñèìàëüíûå è ìèíèìàëüíûå
çíà÷åíèÿ.

Ìåòîäèêè ñîçäàíèÿ  èñõîäíîãî êëàñòåðà, ïðî-
âåäåíèå ýêñïåðèìåíòà è àíàëèçà ïîëó÷åííûõ ðå-
çóëüòàòîâ îïèñàíû â [2-4].

1. Îñîáåííîñòè ìîäåëèðîâàíèÿ â æèä-
êîì àãðåãàòíîì ñîñòîÿíèè

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè èñ-
ïîëüçîâàíû íåìàòè÷åñêèå æèäêèå êðèñòàëëû c
îòðèöàòåëüíûìè çíà÷åíèÿìè äèýëåêòðè÷åñêîé
àíèçîòðîïíîñòè � ìîäåëüíàÿ ìîëåêóëà 4-ìåòîê-
ñèáåíçèëèäåí-4�-áóòèëàíèëèí (òåìïåðàòóðà ïëàâ-
ëåíèÿ � 294Ê, òåìïåðàòóðà ïðîñâåòëåíèÿ �  320Ê)
[9] (ÌÁÁÀ) è  ìîëåêóëà ôåíèëïðîïàðãèëîâîãî
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ýôèðà ï-ôòîðôåíîëà (òåìïåðàòóðà ïëàâëåíèÿ �
306Ê, òåìïåðàòóðà ïðîñâåòëåíèÿ � 326Ê)
(ÔÝÔ)[10].

Áûëè ïðîâåäåíû ýêñïåðèìåíòû ïî êîìïüþ-
òåðíîìó ìîäåëèðîâàíèþ ïîâåäåíèÿ êëàñòåðîâ ñ
ìîëåêóëàìè, ðàçìåùåííûõ â îäíîé ÿ÷åéêå ïðè
ðàçëè÷íûõ âðåìåíàõ ìîäåëèðîâàíèÿ � 10 è 850
ïñ. Ìîëåêóëû áûëè îðèåíòèðîâàíû ïëàíàðíî ïî
îòíîøåíèþ ê ïîäëîæêå. Íàïðàâëåíèå äèðåêòîðà
ñîîòâåòñòâîâàëî îñè OY, îñü OZ áûëà ïåðïåí-
äèêóëÿðíà ïëîñêîñòÿì XOY, â êîòîðûõ ðàñïîëà-
ãàëèñü ìîëåêóëû. Îáùèé ðàçìåð êëàñòåðîâ ñî-
ñòàâëÿë ïðÿìîóãîëüíèê 7õ7õ8 ìîëåêóë, ïðè ýòîì
îäíà èç êðàéíèõ ïëîñêîñòåé XOY áûëà âûáðàíà
â êà÷åñòâå ïîäëîæêè. Îòæèãàåìûå ìîëåêóëû

ñîñòàâëÿëè êóá ñ ðàçìåðàìè 7õ7õ7 ìîëåêóë îò-
íîñèòåëüíî ïîäëîæêè. Îòæèã êëàñòåðîâ  ñ ìîëå-
êóëàìè ÌÁÁÀ ïðîâîäèëñÿ ïðè òåìïåðàòóðå
250Ê,   à ñ ìîëåêóëàìè ÔÝÔ � ïðè 300Ê.

Ðåçóëüòàòû èññëåäîâàíèé ïðåäñòàâëåíû â
Òàáëèöàõ 1-2 è Ðèñóíêàõ 1-2.

Êàê âèäíî èç òàáëèöû 1,  â ðåçóëüòàòå îòæè-
ãà ïðè òåìïåðàòóðå, ñîîòâåòñòâóþùåé êðèñòàë-
ëè÷åñêîìó ñîñòîÿíèþ, ïðîèñõîäèò èçìåíåíèå ãåî-
ìåòðèè èñõîäíûõ ìîëåêóë. Ýòî ïðîÿâëÿåòñÿ â
èçìåíåíèè òåïëîòû îáðàçîâàíèÿ è äèïîëüíîãî
ìîìåíòà ìîëåêóë, ÷òî ïîäòâåðæäàåò âàæíîñòü
ó÷åòà ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ ïðè
èññëåäîâàíèè ôèçèêî-õèìè÷åñêèõ ñâîéñòâ ìåçî-
ãåííûõ ñîåäèíåíèé. Óâåëè÷åíèå âðåìåíè îòæèãà

Òàáëèöà 1. Òåïëîòû îáðàçîâàíèÿ è ïîëíûå äèïîëüíûå ìîìåíòû ìîëåêóë ÌÁÁÀ è ÔÝÔ, ïîäâåðãíóòûõ îòæèãó
ïðè  ðàçëè÷íîé äëèòåëüíîñòè âîçäåéñòâèÿ

                                           ÌÁÁÀ                                                ÔÝÔ

ñîñòîÿíèå ÄfH, êêàë/ìîëü d, Äåáàé ñîñòîÿíèå ÄfH, êêàë/ìîëü d, Äåáàé

Èñõîäíàÿ ìîëåêóëà 31,66882 2,657 Èñõîäíàÿ ìîëåêóëà 0,73524 3,568
Ìîëåêóëà -îòæèã 10 ïñ 138,16021 3,348 Ìîëåêóëà -îòæèã 10 ïñ 40,15207 2,891
Ìîëåêóëà - îòæèã 850 ïñ 122,99048 3,157 Ìîëåêóëà - îòæèã 850 ïñ 34,50985 3,335

Òàáëèöà 2. Íåêîòîðûå õàðàêòåðèñòèêè êëàñòåðîâ (ñòåïåíü óïîðÿäî÷åííîñòè S, èíôîðìàöèîííàÿ ýíòðîïèÿ Sinf,
ýíåðãèè ñâÿçè Åñâ, êîýôôèöèåíò ñàìîäèôôóçèè ìîëåêóëû k, íàõîäÿùåéñÿ â öåíòðå êëàñòåðà), ïîäâåðãíóòûõ

îòæèãó ïðè 10 è 850 ïñ

ìîëåêóëà/ 10 ïñ 850 ïñ

âðåìÿ S, Sinf, Åñâ, k, S, Sinf, Åñâ, k,
îòí.åä.  îòí.åä.  êÄæ/ìîëü íì2/ñ îòí.åä.  îòí.åä.  êÄæ/ìîëü íì2/ñ

ÌÁÁÀ 0,22 4,52 41329 2 0,02 4,58 44378 26
ÔÝÔ 0,40 4,51 34343 16 0,00 4,59 37079 2

                             ÌÁÁÀ                                                                       ÔÝÔ

Ðèñ. 1. Ðàäèàëüíîå ðàñïðåäåëåíèå ìîëåêóë ïî òåïëîòå îáðàçîâàíèÿ ìîëåêóë êëàñòåðîâ, ñîñòîÿùèõ èç ÌÁÁÀ è ÔÝÔ
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ÕÈÌÈß

ïðèâîäèò ê ðîñòó çíà÷åíèé äèïîëüíîãî ìîìåíòà,
ñäâèãàÿ åãî ê çíà÷åíèÿì èñõîäíîé ìîëåêóëû.

Òåïëîòû îáðàçîâàíèÿ â ñëó÷àå îòæèãîâ èìå-
þò ñðàâíèìûå çíà÷åíèÿ, ðàçíèöà ìåæäó íèìè
äîñòèãàåò 15 � 6 êêàë/ìîëü. Ïîëó÷åííàÿ ðàçíèöà
ìåæäó çíà÷åíèÿìè òåïëîòû îáðàçîâàíèÿ äëÿ 10
ïñ è 850 ïñ ñðàâíèìà ñ ðàçëè÷èåì â òåïëîòå îá-
ðàçîâàíèé êîíôîðìàöèé îðãàíè÷åñêèõ ñîåäèíå-
íèé. Ìîæíî óòâåðæäàòü, ÷òî òî÷íîå çàäàíèå
âíóòðåííèõ õàðàêòåðèñòèê, â ÷àñòíîñòè òîðñèîí-
íûõ óãëîâ, äëèí ñâÿçåé, çàðÿäîâîãî ñîñòîÿíèÿ,
ÿâëÿåòñÿ îïðåäåëÿþùèì ïðè ïðîâåäåíèè êîìïü-
þòåðíîãî ìîäåëèðîâàíèÿ êëàñòåðà, ìîëåêóëû
êîòîðîãî ðàñïîëàãàþòñÿ â  îäíîé ÿ÷åéêå.

Áûëè ïîëó÷åíû  çàâèñèìîñòè ðàäèàëüíîãî
ðàñïðåäåëåíèÿ ìîëåêóë ïî òåïëîòå îáðàçîâàíèÿ
Í(R) (ðèñ.1) è èõ óñðåäíåííûõ çíà÷åíèé Íñð(R)
(ðèñ.2).

Èç ðàäèàëüíîãî ðàñïðåäåëåíèÿ ìîëåêóë Í(R)
áûëî óñòàíîâëåíî, ÷òî  óâåëè÷åíèå âðåìåíè îò-
æèãà ïðèâîäèò ê ñìåùåíèþ ïèêà êðèâîé ê öåíòðó,
ïðè ýòîì ïðîèñõîäèò ïîÿâëåíèå ìîëåêóë íà áîëåå
îòäàëåííûõ ðàññòîÿíèÿõ îò öåíòðà. Òàêîå ïîâå-
äåíèå ïðîÿâëÿåòñÿ äëÿ êëàñòåðîâ, ñîäåðæàùèõ
ÌÁÁÀ è ÔÝÔ, ÷òî ñâèäåòåëüñòâóåò îá îáùèõ
òåíäåíöèÿõ ïðè òàêèõ óñëîâèÿõ ìîäåëèðîâàíèÿ.

Áûëî îáíàðóæåíî èç êðèâûõ Íñð(R), ÷òî ýòè
âåëè÷èíû ïðàêòè÷åñêè íå ìåíÿþòñÿ âî âñåì êëà-
ñòåðå, çà èñêëþ÷åíèåì êðàÿ êëàñòåðîâ. Ýòî ïî-
çâîëÿåò ãîâîðèòü î òîì, ÷òî  óñëîâèÿ ìîäåëèðî-
âàíèÿ áëèçêè ê ðàâíîâåñíûì óñëîâèÿì â îñíîâ-
íîé ÷àñòè êëàñòåðà áåç ó÷åòà ãðàíè÷íîé îáëàñòè.

×òî êàñàåòñÿ ñòåïåíè óïîðÿäî÷åííîñòè, òî
çíà÷åíèÿ èõ êàòàñòðîôè÷åñêè óìåíüøàþòñÿ (ñì.
òàáëèöà 2)  äëÿ êëàñòåðîâ ñ ìîëåêóëàìè ÌÁÁÀ

è ÔÝÔ. Ýòè èçìåíåíèÿ ñîãëàñóþòñÿ ñ íàáëþäàå-
ìûìè çíà÷åíèÿìè èíôîðìàöèîííîé ýíòðîïèè
(òàáëèöà 2). Î÷åâèäíî, ìîäåëèðîâàíèå ïîäîáíûõ
ñèñòåì ïðè áîëüøèõ âðåìåíàõ òåðÿåò âñÿêèé
ñìûñë. Ïðè 850 ïñ âîçðàñòàåò âåëè÷èíà ýíåðãèè
ñâÿçè, êîòîðàÿ îïðåäåëÿåòñÿ ðàçíèöåé ìåæäó
ñóììîé ýíåðãèé îáðàçîâàíèÿ îòäåëüíûõ ìîëåêóë
è ýíåðãèåé âñåãî êëàñòåðà. Ýòî ñâÿçàíî, ïî-âè-
äèìîìó, ñ ðàñøèðåíèåì îáúåìà êëàñòåðà, êîòî-
ðîå ïðèâîäèò ê óâåëè÷åíèþ ñðåäíåé ýíåðãèè äëÿ
ìîëåêóë íàõîäÿùèõñÿ íà ïåðèôåðèè êëàñòåðà.
Ýòî õîðîøî íàáëþäàåòñÿ â ñëó÷àå êëàñòåðà ñ
ìîëåêóëîé ÔÝÔ. Îäíîé èç ïðè÷èí ðàçëè÷èÿ â
çíà÷åíèÿõ êîýôôèöèåíòà ñàìîäèôôóçèè ìîëåêó-
ëû, íàõîäÿùåéñÿ â öåíòðå êëàñòåðà, ìîæåò áûòü
ðàçíèöà â ïîëÿðíîñòè èññëåäóåìûõ ìîëåêóë, ÷òî
èçìåíÿåò õàðàêòåð ìåæìîëåêóëÿðíîãî âçàèìî-
äåéñòâèÿ.

Ïðè áîëüøèõ âðåìåíàõ ïðàêòè÷åñêè èñ÷åçà-
åò îðèåíòàöèîííàÿ óïîðÿäî÷åííîñòü (ñì. òàáëè-
öà 2), õîòÿ òåìïåðàòóðû îòæèãà, èñïîëüçîâàííûå
â ïðåäñòàâëåííûõ ýêñïåðèìåíòàõ, ñîîòâåòñòâó-
þò êðèñòàëëè÷åñêèì ñîñòîÿíèÿì ÌÁÁÀ [9] è
ÔÝÔ [10]. Â òîæå âðåìÿ ïðîâåäåíèå ýêñïåðèìåí-
òà ó÷èòûâàåò òîëüêî èçâåñòíûå ïîòåíöèàëû ìåæ-
ìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ è æèäêîå àãðå-
ãàòíîå ñîñòîÿíèå. Ëåãêî ðåàëèçóåòñÿ ðàñøèðå-
íèå îáúåìà êëàñòåðà, íàáëþäàåìîå ýêñïåðèìåí-
òàëüíî ïðè òàêèõ âîçäåéñòâèÿõ íà ñèñòåìó [11].
Ïðàêòè÷åñêîå èñ÷åçíîâåíèå óïîðÿäî÷åííîñòè
ïðè áîëüøèõ âðåìåíàõ ìîäåëèðîâàíèÿ, îçíà÷à-
åò, ÷òî âîçìîæíûé  ïîòåíöèàë ìåæìîëåêóëÿðíî-
ãî âçàèìîäåéñòâèÿ, îòâåòñòâåííîãî çà ñóùåñòâî-
âàíèå äàëüíåé îðèåíòàöèîííîé óïîðÿäî÷åííîñòè
â íåìàòè÷åñêèõ æèäêèõ êðèñòàëëàõ, ïî-âèäèìî-

                            ÌÁÁÀ                                                                       ÔÝÔ

Ðèñ. 2. Ðàäèàëüíîå ðàñïðåäåëåíèå ìîëåêóë ïî òåïëîòå îáðàçîâàíèÿ îäíîé ìîëåêóëû
â êëàñòåðàõ, ñîñòîÿùèõ èç ÌÁÁÀ è ÔÝÔ
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Ðèñ. 3. Òåìïåðàòóðíûå çàâèñèìîñòè ñòåïåíè óïîðÿäî÷åííîñòè (À) è èíôîðìàöèîííîé ýíòðîïèè (Á) ï-íèòðî-ôåíèëïðî-
ïàðãèëîâîãî ýôèðà ôåíîëà ïðè ïëàíàðíîé è ãîìåîòðîïíîé îðèåíòàöèÿõ ïîäëîæêè

ìó, áóäåò ïîòåíöèàëîì ïðèòÿæåíèÿ. Ðåçóëüòàòû
êîìïüþòåðíîãî ìîäåëèðîâàíèÿ ïîêàçûâàþò, ÷òî
êðèâûå òåìïåðàòóðíûõ çàâèñèìîñòåé ñòåïåíè
óïîðÿäî÷åííîñòè, èíôîðìàöèîííîé ýíòðîïèè,
îáúåìà ÿ÷åéêè, ñîäåðæàùåé èññëåäóåìûé êëàñ-
òåð, ôóíêöèè ðàñïðåäåëåíèÿ ïàð ìîëåêóë èìåþò
õàðàêòåðíûå òî÷êè ïåðåãèáà, ñîîòâåòñòâóþùèå
îáëàñòÿì òåìïåðàòóð ôàçîâûõ ïåðåõîäîâ, îïðå-
äåëåííûì ýêñïåðèìåíòàëüíî [2-4]. Âðåìÿ ìîäå-
ëèðîâàíèÿ ïðè òàêîì ýêñïåðèìåíòå äîëæíî îï-
ðåäåëÿòüñÿ âûáðàííîé ìåòîäèêîé íàãðåâà ñèñ-
òåìû [8]. Îäíèì èç ñïîñîáîâ óìåíüøåíèÿ âëèÿ-
íèÿ ãðàíè÷íûõ óñëîâèé ÿâëÿåòñÿ óâåëè÷åíèå êî-
ëè÷åñòâà èññëåäóåìûõ ìîëåêóë. Ýòî ïðèâîäèò
ê óñèëåíèþ êîîïåðàòèâíûõ ýôôåêòîâ.

2. Îïðåäåëåíèå òåìïåðàòóð ôàçîâûõ
ïåðåõîäîâ â ìåçîãåííûõ ñîåäèíåíèÿõ

Èñïîëüçóÿ äàííûé ïîäõîä, íàìè áûëè ïðîâå-
äåíû èññëåäîâàíèÿ ïî îïðåäåëåíèþ òåìïåðàòóð
ôàçîâûõ ïåðåõîäîâ ãèïîòåòè÷åñêîãî ñîåäèíåíèÿ
� ï-íèòðî-ôåíèëïðîïàðãèëîâîãî ýôèðà ôåíîëà,
êîòîðûé, êàê ïîêàçàëè ðåçóëüòàòû êâàíòîâîõèìè-
÷åñêîãî ðàñ÷åòà [5], äîëæåí îáëàäàòü áîëåå âû-
ñîêîé ìåçîãåííîñòüþ ïî ñðàâíåíèþ ñ èçó÷åííû-
ìè íàìè àðèëïðîïàðãèëîâûìè ýôèðàìè ôåíîëîâ.
Îñíîâàíèåì äëÿ òàêîãî óòâåðæäåíèÿ ÿâëÿåòñÿ
ðåçóëüòàò êâàíòîâîõèìè÷åñêèõ èññëåäîâàíèé î
ñîâïàäåíèè íàïðàâëåíèé  âåêòîðà äèïîëüíîãî
ìîìåíòà è  ïðîäîëüíîé îñè ìîëåêóëû.

Êëàñòåð èìåë ðàçìåð 13õ13õ18 ìîëåêóë. Îò-
æèãè ïðîâîäèëèñü ïîñëåäîâàòåëüíûå. Ïîèñê
ïðîâîäèëñÿ ïóòåì âûáîðà òåìïåðàòóðíûõ òî÷åê,

ñ  èíòåðâàëîì 50.ìåæäó ñîñåäíèìè òî÷êàìè.
Ýêñïåðèìåíòû ïðîâîäèëèñü ïðè ïëàíàðíîé (ï) è
ãîìåîòðîïíîé (ã) îðèåíòàöèÿõ ìîëåêóë êëàñòåðà
îòíîñèòåëüíî ïîäëîæêè [2-4]. Íà÷àëüíàÿ òåìïå-
ðàòóðà áûëà âûáðàíà â îáëàñòè êîìíàòíîé èç
ñîîáðàæåíèÿ áëèçîñòè ñòðóêòóðû ìîëåêóëû
ñòðóêòóðàì ìîëåêóë, ðàíåå èññëåäîâàííûõ [2-4].

Ðåçóëüòàòû èññëåäîâàíèé ïðåäñòàâëåíû íà
Ðèñóíêàõ 3-9.

Êàê âèäíî íà ðèñ.3À, êðèâàÿ òåìïåðàòóðíîé
çàâèñèìîñòè ñòåïåíè óïîðÿäî÷åííîñòè ïðè äâóõ
îðèåíòàöèÿõ ïîäëîæêè èìååò õàðàêòåðíûå ïåðå-
ãèáû. Îíè ïîçâîëÿþò ïðåäïîëàãàòü, ÷òî âîçìîæ-
íîå çíà÷åíèå òåìïåðàòóðû ïëàâëåíèÿ ýòîãî ñî-
åäèíåíèÿ ìîæåò ëåæàòü  â îáëàñòè 283Ê,  ïðî-
ñâåòëåíèÿ � 338Ê . Çäåñü ó÷òåíà ïîãðåøíîñòü
äëÿ îáëàñòè ïëàâëåíèÿ â -20 [2-4]. Íàëè÷èå ÷åò-
êîãî ïåðåãèáà â îáëàñòè ìåçîôàçû ïðè 303Ê ïî-
çâîëÿåò ïðåäïîëàãàòü ñóùåñòâîâàíèå ñìåêòè÷åñ-
êîé ôàçû, ïðåäøåñòâóþùåé íåìàòè÷åñêîé.

Êàê âèäíî íà ðèñ.3À, ãîìåîòðîïíàÿ îðèåíòà-
öèÿ ïðèâîäèò ê ðîñòó óïîðÿäî÷åííîñòè ïî ñðàâ-
íåíèþ ñ ïëàíàðíîé. Ýòî ìîæåò áûòü ñâÿçàíî ñ
îòñóòñòâèåì ïîäëîæêè â íàïðàâëåíèè OZ, ÷òî
ïîçâîëÿåò â ìåíüøåé ñòåïåíè íàðóøàòü èñõîä-
íóþ óïîðÿäî÷åííîñòü ñ ðîñòîì òåìïåðàòóðû.

Îáíàðóæåííûå òî÷êè íà êðèâûõ ðèñ.3À õîðî-
øî ñîãëàñóþòñÿ ñ âèäîì êðèâîé òåìïåðàòóðíîé
çàâèñèìîñòè èíôîðìàöèîííîé ýíòðîïèè (ðèñ.3 Á).

Íà êðèâûõ ðàñïðåäåëåíèÿ H(R), Hñð(R), N(E)
(ðèñ.4-6) âèäíî, ÷òî ñ ðîñòîì òåìïåðàòóðû ïðî-
èñõîäèò ðàñøèðåíèå îáúåìà êëàñòåðà. Ïðè ýòîì
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                                 À                                                                         Á

Ðèñ. 4. Êðèâûå çàâèñèìîñòåé H(R) ïðè òåìïåðàòóðàõ 283, 303, 338Ê è ðàçëè÷íûõ îðèåíòàöèÿõ ïîäëîæêè

                               À                                                                              Á

Ðèñ. 5. Êðèâûå çàâèñèìîñòåé Hñð(R) ïðè òåìïåðàòóðàõ 283, 303, 338Ê è ðàçëè÷íûõ îðèåíòàöèÿõ ïîäëîæêè

ãîìåîòðîïíàÿ îðèåíòàöèÿ ïðèâîäèò ê åãî áîëü-
øîìó ðîñòó (ðèñ.4-5), ñîõðàíÿÿ ïðàêòè÷åñêè íå-
èçìåííûìè ïîëîæåíèå ïèêîâ íà êðèâîé Í(R)
(ðèñ.4Á) ïðè R=5÷6 íì è óâåëè÷èâàÿñü íà ïåðè-
ôåðèè êëàñòåðà (ðèñ.4Á-5Á). Êàê âèäíî íà ðèñ.6,
ñ ðîñòîì òåìïåðàòóðû ïðîèñõîäèò ïåðåîïðåäå-
ëåíèå ìîëåêóë ïî ýíåðãèè ñ íåêîòîðûì óìåíü-
øåíèåì ïðè òåìïåðàòóðå ïðîñâåòëåíèÿ (338Ê).

Âëèÿíèå îðèåíòàöèè ïîäëîæêè íà ïðîöåññû,
ïðîèñõîäÿùèå ïðè ôàçîâûõ ïåðåõîäàõ, õîðîøî
ñîãëàñóþòñÿ íà êðèâûõ òåìïåðàòóðíûõ çàâèñè-
ìîñòåé îáúåìà ÿ÷åéêè V, êîëè÷åñòâà ìîëåêóë Ì,

íàõîäÿùèõñÿ â òåëåñíîì óãëå 100 îòíîñèòåëüíî
íàïðàâëåíèÿ äèðåêòîðà, è ýíåðãèè ñâÿçè Åñâ
(ðèñ.7). Ïðè ãîìåîòðîïíîé îðèåíòàöèè íà êðèâûõ
Ì-ã è Åñâ�ã îñîáåííî îò÷åòëèâî ïðîÿâëÿåòñÿ
ïåðåãèá ïðè 320Ê â îáëàñòè ìåçîôàçû. Ìîæíî
ïðåäïîëîæèòü, ÷òî îí ñâÿçàí ñ ðàñïàäîì äèìå-
ðîâ, êàê ýòî íàáëþäàëîñü íà äðóãèõ ÀÏÝÔ [12].

Íåîáõîäèìî îòìåòèòü, ÷òî ïðèñóòñòâèå ýëåê-
òðè÷åñêîãî ïîëÿ íå ïðèâîäèò ê ðîñòó óïîðÿäî-
÷åííîñòè ïðè 320Ê, êàê íàáëþäàëîñü ýòî äëÿ ðà-
íåå èññëåäîâàííûõ ïîëÿðíûõ ÀÏÝÔ [12]. Ïî-
âèäèìîìó, ýòî ñâÿçàíî ñ ëó÷øåé óïîðÿäî÷åííîñ-
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Ðèñ. 6. Êðèâûå çàâèñèìîñòåé N(E)  ïðè òåìïåðàòóðàõ 283, 303, 338Ê è ðàçëè÷íûõ îðèåíòàöèÿõ ïîäëîæêè

               À                                                     Á                                                      Â

Ðèñ.7. Òåìïåðàòóðíûå  çàâèñèìîñòè îáúåìà ÿ÷åéêè V (À), êîëè÷åñòâà ìîëåêóë Ì (Á)
è ýíåðãèè ñâÿçè Åñâ (Â) ðàçëè÷íûõ îðèåíòàöèÿõ ïîäëîæêè

òüþ ýòîãî ñîåäèíåíèÿ çà ñ÷åò ñîâïàäåíèÿ íàïðàâ-
ëåíèé âåêòîðà äèïîëüíîãî ìîìåíòà ñ ïðîäîëü-
íîé îñüþ ìîëåêóëû. Ýòî íàõîäèò õîðîøåå ñîãëà-
ñîâàíèå íà êðèâîé òåìïåðàòóðíîé çàâèñèìîñòè
äèïîëüíîãî ìîìåíòà âñåãî êëàñòåðà, ãäå îò÷åò-
ëèâî âèäíû õàðàêòåðíûå ïåðåãèáû (ñì.ðèñ.8À).

Ïðè÷èíîé íàáëþäàåìîé óïîðÿäî÷åííîñòè
ÿâëÿåòñÿ íåáîëüøàÿ ïîäâèæíîñòü (ðèñ.8Á) êàê
äëÿ ìîëåêóëû îêîëî ïîäëîæêè (s-ï, s-ã), òàê è â

öåíòðå êëàñòåðà (ñ-ï, ñ-ã). Ïðè òåìïåðàòóðå 320Ê
â öåíòðå êëàñòåðà íàáëþäàåòñÿ ìàêñèìóì êðè-
âîé ñ-ã è s-ã, ÷òî ìîæåò áûòü ñâÿçàíî ñ ðàñïà-
äîì äèìåðíûõ îáðàçîâàíèé ïðè ãîìåîòðîïíîé
îðèåíòàöèè. Ïðè ïëàíàðíîé îðèåíòàöèè â ýòîé
òî÷êå íàáëþäàåòñÿ ñïàä (ñ-ï è s-ï). Èçìåíåíèå
íàïðàâëåíèÿ íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ,
ñòåïåíåé ñâîáîäû ïåðåäâèæåíèÿ ÿâëÿåòñÿ îñíîâ-
íîé ïðè÷èíîé âëèÿíèÿ îðèåíòàöèè ïîäëîæêè.
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Êàê âèäíî íà ðèñ.9, óñèëåíèå óïîðÿäî÷åííî-
ñòè ïðè ãîìåîòðîïíîé îðèåíòàöèè âèäíî ïî õà-
ðàêòåðó èçìåíåíèÿ ôóíêöèè ðàñïðåäåëåíèÿ D(á)
êîëè÷åñòâà ïàð ìîëåêóë, íàõîäÿùèõñÿ ïîä óãëîì
á (ñì. ðèñ.9Á). Çäåñü íå ïðîèñõîäèò ñòîëü çàìåò-

íîãî óâåëè÷åíèÿ ïàð ìîëåêóë ïðè á=900, êàê íà
ðèñ.9À. Îáùèå òî÷êè ïåðåñå÷åíèÿ êðèâûõ D(á)
â ïðàâîé è ëåâîé ÷àñòè ãðàôèêà ñîñòàâëÿþò: À �
450 è 1250 è Á � 400 è 1300, ñîîòâåòñòâåííî. Íå-
áîëüøàÿ ðàçíèöà ìåæäó ýòèìè çíà÷åíèÿìè äëÿ

                              À                                                                             Á
Ðèñ.8. Òåìïåðàòóðíûå  çàâèñèìîñòè äèïîëüíîãî ìîìåíòà ìîëåêóë êëàñòåðà d (À)

è êîýôôèöèåíòà ñàìîäèôôóçèè k(Â) ïðè ðàçëè÷íûõ îðèåíòàöèÿõ ïîäëîæêè

                              À                                                                        Á

Ðèñ. 9. Ôóíêöèè ðàñïðåäåëåíèÿ D ïàð ìîëåêóë â êðèñòàëëè÷åñêîì ñîñòîÿíèè (1, Ò=280Ê), ïëàâëåíèè(2) (1, Ò=283Ê),
ôàçîâîì ïåðåõîäå èç ñìåêòè÷åñêîãî â íåìàòè÷åñêîå ñîñòîÿíèå (3, Ò=303Ê), ìåçîôàçå (4, Ò=320Ê), ïðîñâåòëåíèè (5,

Ò=338Ê)  ïðè  ïëàíàðíîé (À) è ãîìåîòðîïíîé  îðèåíòàöèÿõ (Á) ïîäëîæêè
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äâóõ îðèåíòàöèé, ïî-âèäèìîìó, ìîæåò áûòü ñâÿ-
çàíà ñ îáùèì õàðàêòåðîì âîçìîæíîãî îñòîâà
äàííîãî êëàñòåðà [2-4].

Òàêèì îáðàçîì, ðåçóëüòàòû èññëåäîâàíèÿ
îñîáåííîñòåé ìîäåëèðîâàíèÿ ìåçîãåííûõ ñèñ-
òåì â ïðèáëèæåíèè æèäêîãî àãðåãàòíîãî ñîñòîÿ-
íèÿ ïîêàçûâàþò ýôôåêòèâíîñòü íåáîëüøèõ âðå-
ìåí, çíà÷åíèÿ êîòîðûõ îïðåäåëÿåòñÿ ìåòîäèêîé
«íàãðåâà» [8]. Ïîêàçàíî, ÷òî êðèòåðèåì ïðàâî-
ìåðíîñòè èñïîëüçîâàíèÿ òàêîãî ïîäõîäà ìîæåò
áûòü ñîîòâåòñòâèå òî÷åê ïåðåãèáîâ íà êðèâûõ
òåìïåðàòóðíûõ çàâèñèìîñòåé ñòåïåíè óïîðÿäî-
÷åííîñòè, èíôîðìàöèîííîé ýíòðîïèè, îáúåìà
ÿ÷åéêè è äðóãèõ ïàðàìåòðîâ ñ ýêñïåðèìåíòàëüíî
îïðåäåëåííûìè òåìïåðàòóðàìè ôàçîâûõ ïåðåõî-
äîâ. Íà ïðèìåðå ïðåäïîëàãàåìîãî ìåçîãåííîãî
ñîåäèíåíèÿ ïðîäåìîíñòðèðîâàíà îáùàÿ ìåòîäî-
ëîãèÿ ïîèñêà òåìïåðàòóð ôàçîâûõ ïåðåõîäîâ.
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Summary

The problems and advantages of a computer modeling of
the nematic liquid crystals behaviour in the conditions of a
liquid phase are presented in the work. The methodology of use
of such an approach is shown at prediction of temperatures of
phase transitions on a possible liquid crystal compound.

Резюме

Жџмыста сџйыћ агрегаттыћ кљйдегi нематтыћ сџйыћ
кристалдардыѓ iс-ќрекетiне ћолданылатын компью-
терлiк модельдеу ќдiсiнiѓ проблемалары жќне артыћшы-
лыћтары џсынылѕан. Мљмкiн сџйыћ кристалдыћ ћосы-
лыстаѕы фазалыћ ауысуларды болжау кезiндегi осындай
жолдыѓ ћолдану ќдiсi к/рсетiлген.

Èíñòèòóò îðãàíè÷åñêîãî ñèíòåçà
è óãëåõèìèè
ã. Êàðàãàíäà                                        Ïîñòóïèëà 22.05.09 ã.
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Ñ Å É Ñ Ì Î Ë Î Ã È ß

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ âûäåëåíèå â
ïðîñòðàíñòâå çåìíîé êîðû ëîêàëüíûõ îäíîðîä-
íûõ ó÷àñòêîâ, îãðàíè÷åííûõ íåîäíîðîäíîñòüþ
îêðóæàþùåãî èõ ïðîñòðàíñòâà è ïðè ýòîì âûÿñ-
íèòü êàêîâà ãåîìåòðèÿ òàêèõ ñòðóêòóð ñ ïîçèöèè
ýêâèâàëåíòíîñòè ìàññû èíåðòíîé è ìàññû âåñî-
ìîé (m j ≡ mq).

Íàäî îòìåòèòü, ÷òî èñïîëüçóåìûå êîñâåííûå
ïðîãíîçíûå õàðàêòåðèñòèêè î ñòðîåíèè çåìíîé
êîðû, òàêèå êàê ïëîòíîñòü, òåìïåðàòóðà, ïîòåí-
öèàë, íå âñåãäà ïîçâîëÿþò äîáèòüñÿ íåîáõîäè-
ìîãî ðåçóëüòàòà. Ïîýòîìó ñòîèò ïðîáëåìà âû-
áîðà âíóòðåííèõ êîîðäèíàò íà çåìíîé ïîâåðõíî-
ñòè, ïîçâîëÿþùèõ âûÿâèòü ìåõàíèçìû äåôîðìà-
öèîííûõ ïðîöåññîâ â ïîâåðõíîñòíûõ ñëîÿõ Òÿíü-
Øàíÿ, êîòîðûé ìîæíî áûëî áû èñïîëüçîâàòü äëÿ
ðåøåíèÿ ðàçëè÷íûõ ôèçè÷åñêèõ çàäà÷.

Â ñâîå âðåìÿ îòìå÷àëîñü, ÷òî «íà òåððèòî-
ðèè Òÿíü-Øàíÿ âûäåëÿþòñÿ äâà âèäà êðóïíîìàñ-
øòàáíûõ äâèæåíèé: âåðòèêàëüíûå è ãîðèçîíòàëü-
íûå, è êîòîðûå âî âðåìåíè è ïðîñòðàíñòâå âçàè-
ìîñâÿçàíû» [1].

Ãëàâíàÿ ñóùíîñòü â èçó÷åíèè ëþáîãî ïðî-
ñòðàíñòâåííîãî ïðîöåññà äîëæíà ñîîòâåòñòâî-
âàòü îòíîøåíèþ êàêèì-òî ðåàëüíûì çíà÷åíèÿì.
Âñå ñâîéñòâà ýòîãî ïðîöåññà  ìîãóò áûòü âûðà-
æåíû ìàòåìàòè÷åñêè â âèäå âåëè÷èí, ò.å. ÷èñ-
ëàìè, ïîêàçûâàþùèå îòíîøåíèå ýòèõ ñâîéñòâ ê
äðóãèì ñâîéñòâàì [2]. Óñòîé÷èâûå ÷èñëîâûå
çíà÷åíèÿ ÷àñòî ïðîÿâëÿþòñÿ â ìîäåëÿõ ðàçðó-
øåíèÿ, êàê ñîâîêóïíîñòü óïðóãîé îáðàòèìîé äå-
ôîðìàöèè, ðàçóïðî÷íåíèÿ, îñíîâàííîé íà ìèíè-
ìàëüíûõ ýíåðãåòè÷åñêèõ çàòðàòàõ, êðàòíûõ âå-
ëè÷èíàì √å, √3 èëè √ð.

Çíà÷åíèÿ ïîòåíöèàëà èëè óñêîðåíèå ñèëû òÿ-
æåñòè âñåãäà ïðèâÿçûâàþòñÿ ê îïðåäåëåííûì

ÓÄÊ 523. 4

ÃËÀÒÎËÅÍÊÎÂ À.È.

 ÃÅÎÄÈÍÀÌÈÊÀ Â ÏÎÂÅÐÕÍÎÑÒÍÛÕ ÑËÎßÕ
ÇÅÌÍÎÉ ÊÎÐÛ ÒßÍÜ-ØÀÍß, ÊÀÊ ÐÅÇÓËÜÒÀÒ

ÂÇÀÈÌÎÄÅÉÑÒÂÈß ÄÂÓÕ ÏÎËßÐÍÛÕ ÎÑÅÉ ÏËÀÍÅÒÛ
(Ðåêîìåíäîâàíà àêàäåìèêîì Ðîãîâûì Å.È.)

Íà çåìíîé ïîâåðõíîñòè âûÿâëåí ãåîìåòðè÷åñêèé õàðàêòåð ïðîÿâëåíèÿ òîæäåñòâåííîñòè ãðàâèòàöèîííîé è
èíåðòíîé ìàññ íà îñíîâå ìåõàíèçìà âçàèìîäåéñòâèÿ äâóõ ïîëÿðíûõ îñåé ïëàíåòû, â ðåçóëüòàòå ÷åãî ìåæäó
îñÿìè ñîçäàåòñÿ îáëàñòü äèíàìè÷åñêîãî ðàâíîâåñèÿ â âèäå àñåéñìè÷åñêîé çîíû

ïîâåðõíîñòÿì. Òàêèå îáðàçîâàíèÿ áûëè íàéäå-
íû íà çåìíîé ïîâåðõíîñòè îðîãåíà Òÿíü-Øàíÿ
ïóòåì âûäåëåíèÿ âûñîò ñ ïðèáëèçèòåëüíî îäè-
íàêîâûìè ãðàâèòàöèîííûìè ìàññàìè (â ìåòðè-
÷åñêîì èñ÷èñëåíèè äîïóñêàëàñü íåçíà÷èòåëüíàÿ
ðàçíèöà â ÷åòûðåõçíà÷íûõ îòìåòêàõ âûñîò ëèøü
â äâóõ ïîñëåäíèõ ÷èñëàõ îòñ÷åòà) [3].

Îêîíòóðåííûå âûñîòàìè ïîâåðõíîñòè â ìåñ-
òàõ äèíàìè÷åñêè àêòèâíûõ çîí ïðèîáðåòàþò, êàê
ïðàâèëî, ïðàâèëüíóþ ãåîìåòðè÷åñêóþ ôîðìó â
âèäå òðàïåöèé, ïàðàëëåëîãðàììîâ, òðåóãîëüíèêîâ
è òàê äàëåå. Íåîáõîäèìî ïîìíèòü, ÷òî äåôîðìà-
öèÿ â âûäåëåííûõ ñòðóêòóðàõ îñíîâàíà íà ôîð-
ìå èõ ïîâåðõíîñòè. Âûïóêëàÿ ñòðóêòóðà íå ìî-
æåò ìåíÿòü ñâîþ ôîðìó, òîãäà êàê âîãíóòàÿ ìî-
æåò èçãèáàòüñÿ, ò.å. äåôîðìèðîâàòüñÿ. Íàêîïëåí-
íàÿ ïîòåíöèàëüíàÿ ýíåðãèÿ òàêèõ ñòðóêòóð ÷åðåç
ãðàâèòàöèîííûå ìàññû â èõ âåðøèíàõ çà ñ÷åò
íàñûùåíèÿ èõ âûïóêëîé (âîãíóòîé) ïîâåðõíîñòè
ýíòðîïèåé áóäóò îòëè÷àòüñÿ îò èäåàëèçèðîâàí-
íîé ïëîñêîé ìîäåëè.

Çàêîíû ñîõðàíåíèÿ èìïóëüñà è ìîìåíòà èì-
ïóëüñà ñâÿçàíû ñ îñîáûìè òî÷êàìè ñèñòåìû. Â
òðåóãîëüíîé ñèñòåìå îñíîâíûõ òàêèõ òî÷åê òðè:
öåíòð ìàññ (öåíòð òÿæåñòè); öåíòð èíåðöèè (öåíòð
îïèñàííîé îêðóæíîñòè) è îðòîöåíòð. Òîæäåñòâåí-
íîñòü ïðèíöèïà ýêâèâàëåíòíîñòè è èíåðòíîñòè
ìàññ â ñèñòåìå äèïîëÿ (òðåóãîëüíèêà) îáóñëîâ-
ëåíà òðåìÿ ìàññàìè â âåðøèíàõ òðåóãîëüíèêà,
ñâÿçàííûõ ñáàëàíñèðîâàííûìè íåïîäâèæíûìè
òî÷êàìè � öåíòðîì ìàññ è öåíòðîì èíåðöèè.

 Äâèæåíèå ýíåðãèè â ïëîñêîì ïðîñòðàíñòâå
îñíîâàíî íà ôîðìèðîâàíèè ïàðàëëåëüíûõ ñáàëàí-
ñèðîâàííûõ ñèñòåì, ïðè÷åì òî÷êè â êàæäîé îò-
äåëüíîé ñèñòåìå îáúåäèíåíû ñâîèì öåíòðîì
òÿæåñòè è èíåðöèè. Ïîî÷åðåäíîñòü ïåðåëîæåíèÿ
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ñèëû ñ öåíòðîâ îäíîé ñèñòåìû íà öåíòðû äðóãîé
èëè íà èõ ïîâåðõíîñòè, â èòîãå è ñîçäàåòñÿ ìåõà-
íèçì êîëåáàòåëüíîãî äâèæåíèÿ. Äëÿ òàêèõ ñèñ-
òåì öåíòðû ìàññ è èíåðöèè îñòàþòñÿ ïîñòîÿí-
íûìè âî âðåìåíè.

Êðîìå òîãî, ñòðóêòóðà, çàíèìàÿ îïðåäåëåí-
íîå ïðîñòðàíñòâî, ñâîèìè îñîáûìè òî÷êàìè ïðè-
âÿçûâàåòñÿ ê øèðîòàì, ÷òî â èòîãå îïðåäåëÿåò
ñêîðîñòü âðàùåíèÿ ýòèõ òî÷åê íà ïîâåðõíîñòè,
êîòîðàÿ ðàâíà V= 0,4651Cosö, êì/ñ, ãäå ö � ãåî-
ãðàôè÷åñêàÿ øèðîòà.

Ãåîìåòðèÿ ïëàñòè÷åñêîé çîíû â øàðå,
îãðàíè÷åííîé ïîëÿðíîé ñèììåòðèåé

Íà ïîâåðõíîñòè øàðà ïðè äîñòàòî÷íîé âåëè-
÷èíå âíóòðåííåãî äàâëåíèÿ (âíåøíåå äàâëåíèå
ñ÷èòàåòñÿ ôèêñèðîâàííûì) îáðàçóåòñÿ ïëàñòè-
÷åñêàÿ çîíà, îãðàíè÷åííàÿ â ñèëó ïîëÿðíîé ñèì-
ìåòðèè øàðîâûì êîëüöîì, è êîòîðàÿ çàïîëíÿåò
÷àñòü øàðà. Ïðè äàëüíåéøåì óâåëè÷åíèè âíóò-
ðåííåãî äàâëåíèÿ ÷èñòî óïðóãàÿ çîíà «âûðîæäà-
åòñÿ» âî âíåøíþþ ñôåðó � â øàðå îáðàçóåòñÿ
îáëàñòü ñ ÷èñòî ïëàñòè÷åñêèì ñîñòîÿíèåì [4].

Â ðåçóëüòàòå àíàëèçà ìåòðè÷åñêîé ïðî÷íîñ-
òè ïîâåðõíîñòè ïëàíåòû áûëà âûäåëåíà óïðóãî-
ïëàñòè÷åñêàÿ çîíà, êîòîðàÿ ñòÿíóòà íà øèðîòå
ö=41° ñ.ø. ìåæäó äîëãîòîé ë=73°,9 è ë=78°,5 è
òî÷êîé ë=80°,27 â.ä íà øèðîòå ö=45° ñ.ø. Ïðè
ýòîì, âåêòîðíûå ïîëÿ íà ñôåðå îáÿçàòåëüíî èìå-
þò âûòàëêèâàþùèå èëè âòÿãèâàþùèå òî÷êè.

Òàêîé ïîäõîä ïîçâîëèë îáîçíà÷èòü (âûäå-
ëèòü) íà ïîâåðõíîñòè ðåëüåôà äâå êîíñòðóêöèè â

øèðîòàõ ö = 40°÷42°, êàæäàÿ èç êîòîðûõ ñèì-
ìåòðè÷íî îðèåíòèðîâàííû îòíîñèòåëüíî ïîëÿð-
íûõ îñåé ë=73,9° è ë=78,5°. Ïëîòíîñòü ñèëû êàæ-
äîé ôèãóðû îïðåäåëÿåòñÿ îòíîøåíèåì âíåøíèõ
èëè âíóòðåííèõ ñèë íà âûäåëåííóþ ïëîùàäü. Íà
ðèñ.1 ïîêàçàí ìåõàíèçì ñâÿçè óïðóãîé è ïëàñòè-
÷åñêîé çîí â ðåëüåôå íà øèðîòå ö = 41°, îòíîñè-
òåëüíî äâóõ îñåé: îñè âðàùåíèÿ è îñè ìàññ ñ îò-
ðèöàòåëüíûì è ïîëîæèòåëüíûì ïîòåíöèàëîì ñî-
îòâåòñòâåííî êàæäàÿ, è íàõîäÿùèõñÿ íà ôèêñè-
ðîâàííîì ðàññòîÿíèè â 368 è 391 êì äðóã îò äðóãà.

Ïðè ðàñ÷åòå ïîñòîÿííîãî ìàãíèòíîãî ïîëÿ
Çåìëè íà îñíîâàíèè êîýôôèöèåíòîâ Ãàóññà â ñâîå
âðåìÿ áûëè îïðåäåëåíû êîîðäèíàòû âûõîäà äâóõ
ìàãíèòíûõ ïîëþñîâ íà ïîâåðõíîñòè Çåìëè, îðè-
åíòèðîâàííûõ âäîëü ïîëÿðíîé îñè: èñòèííîãî è
ãåîìàãíèòíîãî. Â íàñòîÿùåå âðåìÿ ïðèíÿòûå
êîîðäèíàòû âûõîäà èñòèííîãî ìàãíèòíîãî ïîëþ-
ñà íà çåìíóþ ïîâåðõíîñòü: ë = 73° c.ø., ë = 100°
ç.ä. Ðàñ÷åòíîå çíà÷åíèå êîîðäèíàò âûõîäà ãåî-
ìàãíèòíîãî ïîëþñà â ñåâåðíîì ïîëóøàðèè ðàâíî
78,5 ñ.ø., 69,1 ç.ä., ïðè ýòîì, îñü äèïîëÿ íàêëîíå-
íà íà óãîë 11°,5 ê îñè âðàùåíèÿ Çåìëè [5]. Èçâå-
ñòíî òàêæå, ÷òî ëèíèÿ òîêà I = 0 ïîñòîÿííîãî
ìàãíèòíîãî ïîëÿ (ìàãíèòíûé ýêâàòîð), ïåðåñåêàåò
ãåîãðàôè÷åñêèé ýêâàòîð â òî÷êå 23° ç.ä. è îòñòó-
ïàåò îò íåãî â âîñòî÷íîì ïîëóøàðèè ê ñåâåðó [6].

Ïðèíöèï âçàèìîäåéñòâèå äâóõ ìàññ â
ñóáïàðàëëåëüíûõ êîíñòðóêöèÿõ

Êàæäàÿ êîíñòðóêöèÿ èìååò ñâîé ïîòåíöèàë
è, ñëåäîâàòåëüíî, ñâîå ñîñòîÿíèå ñðåäû. Ñóòü

 Ðèñ. 1 Âèçóàëèçàöèÿ îñè âðàùåíèÿ è îñè ìàññ íà çåìíîé ïîâåðõíîñòè Òÿíü-Øàíÿ
(îêîíòóðåííûå öèôðû - ãëóáèíà ýíåðãåòè÷åñêèõ óðîâíåé îò çåìíîé ïîâåðõíîñòè, êì)
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ñàìîîðãàíèçàöèè ñ ïàðíûõ ñòðóêòóðàõ çàêëþ÷à-
åòñÿ âî âçàèìîäåéñòâèè äâóõ ïàð ñèë ñ äâóìÿ
öåíòðàìè èíåðöèè. Ïî îòäåëüíîñòè, â êàæäîé
ñèñòåìå ñ ýêâèïîòåíöèàëüíîé ïîâåðõíîñòüþ,
îäíî è òî æå àáñîëþòíîå çíà÷åíèå ìàññû ìîæåò
îòíîñèòüñÿ êàê ê íàïðÿæåííîñòè ãðàâèòàöèîííî-
ãî ïîëÿ, òàê è ê èíåðöèîííîñòè. Ìàññà ïîäâåð-
æåíà äâóì ôèçè÷åñêèì õàðàêòåðèñòèêàì, ïîëó-
÷àåòñÿ êàê áû «äâå â îäíîì», ò.å. â äàííîé ïàðå
ñòðóêòóð m ~ (J/R2) - ïðåäñòàâëÿåò ãîðèçîíòàëü-
íóþ êîìïîíåíòó íàïðÿæåííîñòè, à m ~ (F/q) - âåð-
òèêàëüíóþ ñîñòàâëÿþùóþ íàïðÿæåííîñòè ãðàâè-
òàöèîííîãî ïîëÿ.

Íà çåìíîé ïîâåðõíîñòè âäîëü øèðîòû ö = 41°
ñ.ø. âûäåëåíû äâå êîíñòðóêöèè ñ ÷åòêîé ñèì-
ìåòðèåé îòíîñèòåëüíî îñè âðàùåíèÿ è ïëîñêîñòè
îðáèòû Çåìëè. Îòíîñèòåëüíî äîëãîòû ë = 73°,9
ñ.ø. îñíîâíîå ñèëîâîå ïîëå ïðåäñòàâëåíî äâóìÿ
òðàïåöèÿìè èç 3-õ òûñÿ÷íèêîâ. Îñü îäíîé ñòðóê-
òóðû (ïîëÿðíîé) îðèåíòèðîâàíà â íàïðàâëåíèè
ñåâåð-þã, îñü äðóãîé (ýêâàòîðèàëüíîé) â âîñòî÷-
íî-çàïàäíîì íàïðàâëåíèè ïîä óãëîì 23° ê øèðî-
òå 41° ñ.ø. è îòðàæàåò ñëåä ïëîñêîñòè ýêëèïòèêè
(ðèñ.1). Ñóäÿ ïî ïëîùàäè òðàïåöèé ýêâàòîðèàëü-
íîå ïîëå â 3,72 ðàçà èíòåíñèâíåå ïîëÿðíîãî ïîëÿ.
Ðàçìåð ñëåäà ëèíèè òîêà â äàííîé êîíñòðóêöèè
ïðåäñòàâëåí âåêòîðîì 4038 ì (þã) è 4048 ì (ñå-
âåð) ðàâåí 191,5 êì.

Íà ýòîé æå øèðîòå 41°, íî âîñòî÷íåå ~391
êì âûäåëÿåòñÿ êîíñòðóêöèÿ, âêëþ÷àþùàÿ ñåðèþ
ñòðóêòóð ïðàâèëüíîé ôîðìû, îáúåäèíåííûõ åäè-
íîé îñüþ, è ðàññìàòðèâàëàñü â âèäå ãåîäèíàìè-
÷åñêîãî äèïîëÿ. Íà çåìíîé ïîâåðõíîñòè åãî îñü
îðèåíòèðîâàíà ïî ïàðàëëåëè â âèäå ñëåäà (âåê-
òîðà) ìåæäó âûñîòíûìè îòìåòêàìè 4049 ì (þã)
è 4048 ì (ñåâåð) äëèíîé 87,5 êì (ðèñ.1). Ãåîãðà-
ôè÷åñêèå êîîðäèíàòû îñåâîãî ñëåäà ýòîãî âåê-
òîðà: ìåæäó 40° 45′ è 41° 31′ç.ä âäîëü ìåðèäèàíà
ë = 78° 32′ñ.ø., ïîëíîñòüþ ñîîòâåòñòâóþò ðàñ-
÷åòíîìó çíà÷åíèþ êîîðäèíàò äëÿ   ãåîìàãíèòíîé
îñè ë = 78°,5 ñ.ø.[5].

  Ãåîäèíàìè÷åñêèé äèïîëü â äàííîé êîíñòðóê-
öèè ñîäåðæèò äâà êðûëà, ñäâèíóòûå ïî íàïðàâ-
ëåíèþ îñè âðàùåíèÿ íà 70 êì è îòñòîÿùèå äðóã
îò äðóãà íà 72 êì. Ëåâîå êðûëî íà ïëîñêîñòè
èìååò âèä ïðÿìîóãîëüíîãî òðåóãîëüíèêà, â âåð-
øèíàõ êîòîðîãî ïîìåøåíû âûñîòû 4-õ òûñÿ÷íè-
êè ñ ïîòåíöèàëîì ∆h0 è ∆h1 ì (äâå âûñîòû 4093
ì è îäíà 4094 ì). Ïðàâîå êðûëî òàêæå ñîäåðæèò
ïðÿìîóãîëüíûé òðåóãîëüíèê ñ âûñîòàìè â âåð-

øèíàõ 3-õ òûñÿ÷íèêè (3081-3082-3045 ì). Êàòå-
òû ýòèõ òðåóãîëüíèêîâ îðèåíòèðîâàíû ïî íàïðàâ-
ëåíèþ ãëàâíûõ îñåé ñæàòèÿ è ðàñòÿæåíèÿ. Îñü
ñæàòèÿ îòêëîíåíà íà 345°÷348°À â çàïàäíîì íà-
ïðàâëåíèè îòíîñèòåëüíî ìåðèäèàíà. Òàêèì îá-
ðàçîì, çàïàäíîå êðûëî, ñîñòîÿùåå èç 4-õ òûñÿ÷-
íèêîâ, ñîîòâåòñòâóåò ïîëîæèòåëüíîìó ïîòåíöè-
àëó, à âîñòî÷íîå, 3-õ òûñÿ÷íèêè, ê îòðèöàòåëüíî-
ìó. Ïî öåíòðó, ìåæäó ýòèìè òðåóãîëüíèêàìè è
ïðîñòèðàåòñÿ ñëåä îñè ìàññ.

Â øèðîòíîì íàïðàâëåíèè ö= 41° ðàññòîÿíèå
ìåæäó ñëåäîì îñè ìàññ è ïîëÿðíîé îñüþ âðàùå-
íèÿ êîëåáëåòñÿ îò 368 äî 391 êì. (±23 êì). Îñî-
áåííî íåîáõîäèìî ïîä÷åðêíóòü, ÷òî â îáåèõ êîí-
ñòðóêöèÿõ ïðåîáëàäàåò óñòîé÷èâàÿ ïîëÿðíàÿ
ñèììåòðèÿ îòíîñèòåëüíî îñè âðàùåíèÿ è îñè
ìàññ.

Ñóììàðíûé ìîìåíò èíåðöèè ïàðàëëåëü-
íûõ îñåé âðàùåíèÿ è ìàññ

Â äàííîé ñèòóàöèè èìååì äâå ïîëÿðíûå ïà-
ðàëëåëüíûå îñè - ë=73,9° è ë=78,5°. Îòíîñèòåëü-
íî ïîòåíöèàëà âûñîò ïîëÿðíîãî äèïîëÿ, íóëåâàÿ
ïîëÿðíàÿ îñü ñ ìîìåíòîì èíåðöèè JÎ(ë=73,9°) =
11,616*1011 êãì2 íà øèðîòå ö = 41° îòîøëà îò îñè
ìàññ ê çàïàäó íà ðàññòîÿíèè l = 368 êì. Êñòàòè,
ýòîò îòðåçîê â ðàäèàíàõ ðàâåí 368/6371 ≈ 0,05776
ðàä, ò.å. â äåñÿòü ðàç ìåíüøå êîýôôèöèåíòà Ýé-
ëåðà (10kÝ). Ïðåäïîëîæèòåëüíî, â ýòîì îñíîâíóþ
ðîëü âûïîëíèëè ñèëîâûå ñòðóêòóðû îñè ìàññ,
ñóììà  êîòîðûõ ðàâíà (2875+3013+4623+4922) =
15443, ÷òî íà (15443 � 15410) = 33 êì áîëüøå
ðàçìåðà îðáèòàëüíîé ñòðóêòóðû, ðàñïîëîæåííîé
íà ïîëÿðíîé îñè âðàùåíèÿ (ë=73,9°).

Íà îñíîâå òåîðåìû Ãþéãåíñà-Øòåéíåðà
ñóììàðíûé ìîìåíò èíåðöèè ïîëÿðíûõ îñåé ðàñ-
ñ÷èòàí ïî ôîðìóëå J = JÎ + l2*h = 23,804*1011 êãì2,
ãäå q(∆h) = 17 ì � óñëîâíàÿ âåëè÷èíà ïîòåíöèàëà
(âûñîòà h = 3017 ì), ÿâëÿþùàÿñÿ öåíòðîì ìàññ
îñíîâíîé ñòðóêòóðû 5888 êì. Çíà÷åíèå q(∆h) =
17 ì îòíîñèòåëüíî ïîòåíöèàëà îêîíòóðåííûõ òî-
÷åê ñòðóêòóðû õàðàêòåðèçóåò å¸ âîãíóòîñòü.

Ôóíêöèîíàëüíûé ñêà÷îê ìåæäó ïàðàë-
ëåëüíûìè îñÿìè

×åì îáúÿñíèòü ôîðìèðîâàíèå äâóõ îñåé, îò-
ñòîÿùèõ äðóã îò äðóãà íà ðàññòîÿíèè 368 êì è
391 êì â øèðîòíîì íàïðàâëåíèè ë = 41°? Â îñíî-
âó èçìåíåíèÿ íàïðÿæåíèé óïðóãîãî è ïëàñòè÷íî-
ãî õàðàêòåðà çàëîæåí ïðîìåæóòîê âðåìåíè ìåæ-
äó äâóìÿ ïîñëåäîâàòåëüíûìè ôèêñèðîâàííûìè
ïî îòíîøåíèþ ê çâåçäàì ïðîõîæäåíèÿ ãåîãðàôè-
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÷åñêîãî çâåçäíîãî ìåðèäèàíà. Ïðîìåæóòîê ýòîò
ðàâåí ∆Ò = 235,91 ñåê, ò.å. ýòî âðåìÿ, çà êîòîðîå
Çåìëÿ ñîâåðøàåò îäèí îáîðîò âîêðóã ñâîåé îñè
â ìåæçâåçäíîì ïðîñòðàíñòâå.

 Àíàëèç ñåéñìè÷åñêîãî ðåæèìà ñ Ê ≥ 10 ïî-
êàçàë, ÷òî íà çåìíîé ïîâåðõíîñòè èç-çà ðàçíîñòè
ïîòåíöèàëîâ ìåæäó îñüþ âðàùåíèÿ è îñüþ ìàññ
÷åòêî âûäåëÿåòñÿ îãðàíè÷èòåëüíàÿ çîíà â êîí-
òóðíûõ òîïîãðàôè÷åñêèõ ãðàíèöàõ ïðèìåðíî â
îäèí ãðàäóñ, ò.å.åäèíèöà. Óñëîâíî êîîðäèíàòû
çîíû ìîæíî îáîçíà÷èò ö = 39° - 40° è ë = 76° -
77° (ðèñ.2).

Èçâåñòíî, ÷òî íà øèðîòàõ ö = 39°15′ íîðìàëü-
íîå íàïðÿæåíèå â íàïðàâëåíèå ìåðèäèàíîâ îá-
ðàùàåòñÿ â íóëü [4]. Äàííàÿ çîíà, ëåæàùàÿ ìåæ-
äó îñÿìè âðàùåíèÿ è ìàññ, ïðåäñòàâëÿåò îáëàñòü
ñîïðèêîñíîâåíèÿ ïëàñòè÷íîé çîíû ñ óïðóãîé.
Ñëåäîâàòåëüíî, ïðè ñîïðèêîñíîâåíèè ïàðàëëåëü-
íûõ ëèíèé ñ ïðîòèâîïîëîæíîé íàïðàâëåííîñòüþ
ñèëîâûõ òîêîâ, ïðîèñõîäèò èõ îòòàëêèâàíèå (ñì.
ðèñ.2). ×òî ïðèâîäèò ê äèíàìè÷åñêîìó ðàâíîâå-
ñèþ  ñèñòåìû. Ïðèáëèçèòåëüíî ýòî ïðîèñõîäèò
íà ãëóáèíå ïîðÿäêà ~ 4000 êì. Â ðåçóëüòàòå íà
øèðîòàõ ö = 41°÷42° ìåæäó ýòèìè äâóìÿ êîíñò-
ðóêöèÿìè ïîÿâëÿåòñÿ ëèíèÿ «ñäâèãà», êîòîðàÿ
ïðîõîäèò ïðèáëèçèòåëüíî ïî ìåðèäèàíó ë =
76,3°÷76,64° è äåëèò ðàññòîÿíèå ìåæäó îñÿìè íà
äâà ó÷àñòêà: ñî ñòîðîíû îñè âðàùåíèÿ � 230 êì,
ñîîòâåòñòâåííî, ñî ñòîðîíû îñè ìàññ � 138 êì.

Ñêîðîñòü âðàùåíèÿ íà ýòîé øèðîòå ðàâíà V41° =
0.4651*Cosö = 0.351 êì/ñ.

 Ïðè îòíîøåíèè ëèíåéíûõ ðàçìåðîâ ìåæäó
ëèíèåé «ñäâèãà» è îñÿìè âäîëü øèðîòû ö = 41° ê
ïðîìåæóòêó âðåìåíè ∆Ò = 235,91 ñåê óñòàíîâëå-
íî, ÷òî âðåìåííàÿ öèêëè÷íîñòü îñè âðàùåíèÿ
ñîîòâåòñòâóåò êâàäðàòó âðåìåíè, íåîáõîäèìîãî
äëÿ ïðîõîæäåíèÿ îò îñè ìàññ äî ãðàíèöû ðàçðû-
âà - ∆t230 = (∆t138)2.

  Íà çåìíîé ïîâåðõíîñòè íàáëþäàþòñÿ êîñ-
âåííûå ïðèçíàêè ñëåäîâ âûõîäà ëèíèè  ðàçðûâà,
êàê ðåçóëüòàò âçàèìîäåéñòâèÿ äâóõ àíòàãîíèñ-
òè÷åñêèõ îñåé. Ýòî, ïðåæäå âñåãî, ðåçêîå èçìå-
íåíèå ðóñëà ð.×ó îòíîñèòåëüíî çàïàäíîãî ïîáå-
ðåæüÿ îçåðà Èññûê-Êóëü, ãðàíèöà ðàçäåëà ïðå-
ñíîé è ñîëåíîé âîäû íà îçåðå Áàëõàø, à òàêæå
ïðîÿâëåíèå ðàçðûâà áåðåãîâ Îáè ñ îáðàçîâàíè-
åì Îáñêîé ãóáû, êàê ðåçóëüòàò âñòðå÷è îñåé âðà-
ùåíèÿ è ìàññ íà øèðîòàõ 70°-75° ñ.ø.

Ïî÷åìó íà ïëîñêîñòè ñëåäû ôèçè÷åñêèõ ïî-
ëåé îòîáðàæàþòñÿ ÷åðåç ïðàâèëüíûå ôèãóðû?
Îáúÿñíèòü ýòî ìîæíî ïîâåðõíîñòíûìè âîëíàìè,
êîòîðûå áûâàþò äâóõ òèïîâ: âîëíû Ðýëåÿ è âîë-
íû Ëÿâà. Â âîëíå Ðýëåÿ ñìåùåíèå ÷àñòèö ëåæèò
â âåðòèêàëüíîé ïëîñêîñòè, à ñàìè ÷àñòèöû îïè-
ñûâàþò ýëëèïñ, äâèãàÿñü ïðîòèâ ÷àñîâîé ñòðåë-
êè. Â âîëíàõ Ëÿâà ñìåùåíèå ÷àñòèö ïðîèñõîäèò
â ãîðèçîíòàëüíîé ïëîñêîñòè ïåðïåíäèêóëÿðíî ê
íàïðàâëåíèþ ðàñïðîñòðàíåíèÿ âîëí. Â ñâÿçè ñ

Ðèñ.2 Êàðòà ýïèöåíòðîâ çåìëåòðÿñåíèé ýíåðãåòè÷åñêîãî êëàññà Ê≥11 çà ïåðèîä 1970-2006 ãîäû (íàáëþäàåòñÿ îáëàñòü
ðàçðûâà ìåæäó ìåðèäèàíàìè λ = 76° - 77° è øèðîòàìè ö = 39° � 40°)
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òåì, ÷òî âåëè÷èíà ñìåùåíèÿ ïîâåðõíîñòíûõ âîëí
ìàêñèìàëüíà íà ïîâåðõíîñòè, ýòî è ïîñëóæèëî
îñíîâîé èçó÷åíèÿ íàðóæíûõ ñëî¸â Çåìëè òîëùè-
íîé â ñîòíè êèëîìåòðîâ, ðàâíîé ïðèìåðíî îäíîé
òðåòè äëèíû âîëíû. Â ñîâîêóïíîñòè âîëíû Ðý-
ëåÿ, âîëíû Ëÿâà, à òàêæå ïîòåíöèàë ñèëû òÿæåñ-
òè, è ñîçäàþò íà ñôåðè÷åñêîé ïëîñêîñòè òîò ðè-
ñóíîê, êîòîðûé ðåàëüíî îòîáðàæàåòñÿ íà çåìíîé
ïîâåðõíîñòè ðåëüåôà.

Âûâîäû
1. Íà çåìíîé ïîâåðõíîñòè Òÿíü-Øàíÿ ïî øè-

ðîòå ö = 41° âûäåëåíû äâå êîíñòðóêöèè, îáúåäè-
íÿþùèå ðÿä òîíêèõ ñòðóêòóð ïðàâèëüíîé ôîðìû
ñ ïîòåíöèàëîì ñèëû òÿæåñòè ðàâíîé åäèíèöå, ïðè
ýòîì, ïðîöåññó íàêîïëåíèÿ ýíåðãèè â ñðåäå ñòà-
âèòñÿ åñòåñòâåííûé ïðåäåë � ëèíåéíûé ðàçìåð,
÷åðåç îãðàíè÷èòåëè íàïðÿæåíèé � çàöåïëåíèé.
Îðèåíòèðîâêà âûäåëåííûõ ñòðóêòóð â ïðîñòðàí-
ñòâå îðîãåíà ñòðîãî ïðèâÿçàíà ê ñóáãîðèçîíòàëü-
íîìó íàïðàâëåíèþ ãëàâíûõ ýôôåêòèâíûõ íàïðÿ-
æåíèé ñæàòèÿ è ðàñòÿæåíèÿ, ê îñè âðàùåíèÿ, ê
íàïðàâëåíèþ âðàùåíèÿ ïëàíåòû.

 2. Â ïîâåðõíîñòíîì ñëîå êîðû ìàññèâíûå
ñòðóêòóðû ðàçíîãî ìàñøòàáíîãî óðîâíÿ, ÿâëÿþò-
ñÿ, â îäíîì ñëó÷àå, ïðîâîäíèêàìè, â äðóãîì �
èñòî÷íèêàìè èçëó÷åíèÿ ôèçè÷åñêèõ ïîëåé, ñâÿ-
çàííûõ íà çàïàäå ñ îòðèöàòåëüíûì ïîòåíöèàëîì
îñè âðàùåíèÿ, íà âîñòîêå ñ ïîëîæèòåëüíûì ïî-
òåíöèàëîì îñè ìàññ. Â ðåçóëüòàòå, ìåæäó îñÿìè
îáðàçóåòñÿ îáëàñòü äèíàìè÷åñêîãî ðàâíîâåñèÿ,
ïðîåöèðóåìàÿ íà çåìíóþ ïîâåðõíîñòü â âèäå
àñåéñìè÷åñêîé çîíû.

 3. Ãåîìåòðè÷åñêèé ðèñóíîê, îòîáðàæàþùèé
ãåîêèíåòèêó ëîêàëüíîãî ó÷àñòêà ãåîëîãè÷åñêîé
ñðåäû â ðåëüåôå Òÿíü-Øàíÿ, îñíîâàí íà îáúå-
äèíåíèè òî÷å÷íûõ ïîòåíöèàëîâ ïî íîðìàëè ê ïî-

âåðõíîñòè â âèäå òðåõâåðøèííèêîâ, îñîáûå òî÷-
êè â êîòîðûõ, òàêèå êàê îðòîöåíòð, öåíòð òÿæåñ-
òè, öåíòð îïèñàííîé îêðóæíîñòè, ÿâëÿþòñÿ òî÷-
êàìè çàöåïëåíèÿ, íîñÿùèå â äåôîðìàöèîííîì
ïðîöåññå êîíêðåòíóþ ôóíêöèîíàëüíóþ íàãðóçêó.

4. Ïðåäëîæåííûé ìåòîä îöåíêè íàïðÿæåííî-
ãî ñîñòîÿíèÿ â ïîâåðõíîñòíîì ñëîå êîðû ïîçâî-
ëèò â ñâîåì ðàçâèòèè îáúÿñíèòü ôèçèêî-ãåîãðà-
ôè÷åñêèå ÷åðòû êîíòèíåíòîâ, ëèòîñôåðíûõ áëî-
êîâ è ìåõàíèçìû íîâåéøåãî ãîðîîáðàçîâàíèÿ.
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Резюме

Жердiѓ екi полярлыћ /стерiнiѓ /зара ќрекетiнiѓ меха-
низмiне негiзделген жердiѓ љстiнде гравитациялыћ жќне
инерттi массалардыѓ геометриялыћ џксастыћ сипаты
аныћталды.

Summary

On terrestrial surface is revealled geometric type of the
manifestation identity engraving and inert masses on base of
the mechanism of the interaction two arctic axes of the planet
with the result that area of the dynamic balances between axes
in the manner of aseismatical zone.

Èíñòèòò ñåéñìîëîãèè ÌÎÍ ÐÊ      Ïîñòóïèëà 22.05.09 ã.
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Ã Î Ð Í Î Å    Ä Å Ë Î

Ïîíÿòèå ôëþèäà äàåò ïðåäñòàâëåíèå î âñåõ
ôîðìàõ æèäêîôàçíûõ êîìïîçèöèé ïðèñóòñòâóþ-
ùèõ â ïîâåðõíîñòíûõ ñëîÿõ çåìíîé êîðû. Âîäà
ÿâëÿåòñÿ îñíîâíûì êîìïîíåíòîì âñåõ ðàçíîâèä-
íîñòåé ôëþèäîâ. Âñå ãîðíûå ïîðîäû, ñëàãàþùèå
çåìíóþ êîðó, âêëþ÷àþò âîäó â òîé èëè èíîé ñòå-
ïåíè ñâÿçàííóþ ñ íèìè. Ïðèðîäíûå âîäû, ðàñïî-
ëàãàþùèåñÿ íà ïîâåðõíîñòè Çåìëè (ïîâåðõíîñò-
íûå âîäû) è âîäû, íàõîäÿùèåñÿ â Çåìíîé êîðå �
ïîäçåìíûå ïðåäñòàâëÿþò ñîáîé åäèíóþ ñèñòå-
ìó. Â ýòîé ñâÿçè, èçó÷åíèå ñâîéñòâ ôëþèäîâ ïî-
çâîëèò ïîëó÷èòü â ïåðñïåêòèâå äîïîëíèòåëüíóþ
èíôîðìàöèþ î ãåîëîãè÷åñêîì ñòðîåíèè íåäð.

Ïðè ïðîâåäåíèè ýêñïåðèìåíòàëüíûõ ðàáîò
ó÷èòûâàëèñü îñîáåííîñòè ïîâåäåíèÿ êàæäîãî
óðîâíÿ åäèíîé ôëþèäîñîäåðæàùåé ñèñòåìû.
Èçìåðåíèå ïàðàìåòðîâ îòêëèêà êîìïîíåíòîâ ãîð-
íûõ ïîðîä è êàòàëèòè÷åñêè àêòèâíûõ âåùåñòâ
íà âíåøíåå ýëåêòðîñòàòè÷åñêîå èëè ïåðåìåííîå
ýëåêòðîìåõàíè÷åñêîå âîçäåéñòâèå ïðîèçâîäèòñÿ
íà àíàëèçàòîðå ñïåêòðà ÑÊ4-56, êîòîðûé ïîçâî-

ÓÄÊ 662.02: [531.72 + 544.33

 Ã.Æ. ÌÎËÄÀÁÀÅÂÀ

ÏÀÐÀÌÅÒÐÛ ÎÒÊËÈÊÀ
ÏÐÈ ÓËÜÒÐÀÇÂÓÊÎÂÎÉ ÎÁÐÀÁÎÒÊÅ ÔËÞÈÄÎÂ

(Ïðåäñòàâëåíà àêàäåìèêîì ÍÀÍ ÐÊ Å.È.Ðîãîâûì)

Ïðè óëüòðàçâóêîâîé îáðàáîòêå æèäêèõ êîìïîíåíòîâ ãîðíûõ ïîðîä èíòåíñèâíîñòü óëüòðàçâóêîâîãî âîçäåé-
ñòâèÿ (ÓÂ) íåîäèíàêîâà â ïðåäåëàõ îáúåìà óëüòðàçâóêîâîé âàííû. Èìååò ìåñòî çàâèñèìîñòü àáñîëþòíûõ çíà÷å-
íèé àìïëèòóäû îòêëèêà æèäêîñòè íà ÓÂ - âîçäåéñòâèå â îáëàñòè íèçêèõ ÷àñòîò, â ïðèñóòñòâèè íåêîòîðûõ êàòàëè-
òè÷åñêè � àêòèâíûõ âåùåñòâ è ñòðóêòóðèðîâàííûõ îáðàçöîâ, àáñîëþòíàÿ âåëè÷èíà îòêëèêà è ôîðìà ñèãíàëà
çàâèñÿò îò âèäà êàòàëèòè÷åñêè-àêòèâíîãî âåùåñòâà è îñîáåííîñòåé åãî ñòðóêòóðû.

ëÿåò èçìåðÿòü àìïëèòóäíî-÷àñòîòíûå ïàðàìåò-
ðû â äèàïàçîíå ÷àñòîò îò 50 Ãö äî 50 êÃö. Ïðå-
äåëû ÷óâñòâèòåëüíîñòè ýòîãî ïðèáîðà ïîçâîëÿ-
þò èçìåðÿòü àìïëèòóäó îòêëèêîâ â ïðåäåëàõ îò
0,1 äî 80 µÂ.

Äëÿ ïðîâåäåíèÿ ðàáîò ñ æèäêèìè âåùåñòâà-
ìè èçãîòîâëåíû ñòåêëÿííûå êþâåòû ñ ðàçíîé ãåî-
ìåòðèåé ðàáî÷åãî ïðîñòðàíñòâà: d 5 ìì, d 10 ìì,
d 20 ìì.

Äëÿ ðàçäåëåíèÿ ôðàêöèîííîãî ñîñòàâà äèñ-
ïåðñíûõ ìèíåðàëîâ èñïîëüçóþòñÿ ñèòà ñ äèàìåò-
ðîì îòâåðñòèé îò 40 µêì äî 1 ìì.

Ðàáîòû ïî îòðàáîòêå ðåæèìîâ ñîãëàñîâàíèÿ
âíåøíåãî âîçäåéñòâèÿ ñ âíóòðåííèì îòêëèêîì
èçó÷àåìîé ñðåäû íà ïåðâîì ýòàïå èññëåäîâàíèÿ
ïðîâîäèëè ñ ïîìîùüþ óëüòðàçâóêîâîé âàííû ÄÀ-ÇÀ
ñ ðàáî÷åé ÷àñòîòîé 40,8 êÃö. Èçó÷åíèå ïàðàìåò-
ðîâ îòêëèêà ìàòåðèàëû èññëåäîâàíèÿ îñóùåñòâ-
ëÿëè ñ ïîìîùüþ ÷èñòûõ ìåòàëëîâ, êðèñòàëëè-
÷åñêèõ ìèíåðàëîâ, ñòðóêòóðèðîâàííûõ ìåòàëëîâ
(ñåòêè) è äèñïåðãèðîâàííûõ ìèíåðàëîâ.

Òàáëèöà 1. Àìïëèòóäíûå çíà÷åíèÿ îòêëèêà æèäêîé ñðåäû íà îñíîâíîé ÷àñòîòå â ðàçíûõ òî÷êàõ çàìåðà

¹ òî÷êè çàìåðà                                                      Ïîêàçàíèÿ àíàëèçàòîðà ñïåêòðà ÑÊ4-56, ìÂ
âîäà âîäîïðîâîäíîé ìèíåðàëèçàöèè íåôòü Êóìêîëüñêîãî ìåñòîðîæäåíèÿ

1 42 >40
2 20-30 30-40
3 20-30 <40
4  32 35
5 40 35
6 40 32
7 40 38
8 42 32
9 40 34
10 42 36
11 42 32
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ÃÎÐÍÎÅ ÄÅËÎ

Â òàáëèöå 1 ïðåäñòàâëåíû ðåçóëüòàòû çàìå-
ðîâ àìïëèòóäû â ðàçëè÷íûõ òî÷êàõ óëüòðàçâóêî-
âîé âàííû, íàïîëíåííîé íåôòüþ èëè âîäîé.

Êàê âèäíî èç òàáëèöû 1 èíòåíñèâíîñòü ïðî-
öåññà óëüòðàçâóêîâîé îáðàáîòêè íåîäèíàêîâà â
ïðåäåëàõ îáúåìà âàííû. Òàê äëÿ âîäû âîäîïðî-
âîäíîé ìèíåðàëèçàöèè àìïëèòóäíûå çíà÷åíèÿ îò-
êëèêà îäèíàêîâû âáëèçè ìåñòà êðåïëåíèÿ ïüåçî-
ýëåìåíòà (òî÷êè 5, 6, 7) ðèñ. 1, à â óçëàõ è ïó÷íî-
ñòÿõ ñòîÿ÷åé âîëíû ñóùåñòâåííî îòëè÷àþòñÿ �
ìàêñèìàëüíûé ðàçáðîñ àìïëèòóäû ñîñòàâëÿåò ~
50%.

Â âàííå, çàïîëíåííîé íåôòüþ, êàðòèíà ðàñ-
ïðåäåëåíèÿ èíòåíñèâíîñòè îòêëèêà íà ðàáî÷åé
÷àñòîòå âàííû èìååò äðóãîé âèä: çíà÷åíèÿ èí-
òåíñèâíîñòè óëüòðàçâóêîâîãî âîçäåéñòâèÿ ìàêñè-
ìàëüíû âáëèçè îäíîãî èç áîðòîâ âàííû (òî÷êè 1,
2, 3), âáëèçè ïüåçîýëåìåíòà (òî÷êè 5, 6), à â ìå-
ñòàõ çàêðóãëåíèÿ âàííû (òî÷êè 8, 11) çíà÷åíèÿ
îòêëèêà ìèíèìàëüíû. Ìàêñèìàëüíûé ðàçáðîñ
ïîêàçàíèé ñîñòàâëÿåò ~ 20%.

Îòñþäà ñëåäóåò âûâîä î çàâèñèìîñòè èíòåí-
ñèâíîñòè âîçäåéñòâèÿ îò ñâîéñòâ èçó÷àåìîãî ìà-
òåðèàëà è ôîðìû ñðåäû ðàñïðîñòðàíåíèÿ âîçäåé-
ñòâóþùåãî ñèãíàëà. Ïîýòîìó ñëåäóþùèé ýòàï èñ-
ñëåäîâàíèÿ ïðåäóñìàòðèâàåò èçó÷åíèå âëèÿíèÿ
÷èñòûõ ìåòàëëîâ, ðàñïîëîæåííûõ ïîïåðåê ëèíèè
äåéñòâèÿ ìåõàíè÷åñêîãî âîçäåéñòâèÿ, íà èçìå-
íåíèå ÷àñòîòû îòêëèêà.

Òàê, ìåäíûå ïëàñòèíû â îáðàáàòûâàåìîé
âîäå èçìåíÿþò ðàáî÷óþ ÷àñòîòó âîçäåéñòâèÿ îò
40,8 êÃö äî 36,7 êÃö, ïðè÷åì àìïëèòóäà îòêëèêà
ìàêñèìàëüíà ïî ñðàâíåíèþ ñ èñõîäíûìè çàìå-
ðàìè è îäèíàêîâà âî âñåì ýòîì äèàïàçîíå. Êðî-
ìå òîãî, ïîÿâëÿåòñÿ äîïîëíèòåëüíûå îòêëèêè íà
÷àñòîòàõ 25 è 17 êÃö, àìïëèòóäíûå çíà÷åíèÿ êî-
òîðûõ â 2-3 ðàçà ìåíüøå, ÷åì àìïëèòóäà ðàáî-

÷åé (îñíîâíîé) ÷àñòîòû. Çäåñü æå âûÿâëÿåòñÿ
ðÿä äîïîëíèòåëüíûõ ãàðìîíèê, àìïëèòóäà êîòî-
ðûõ â 8 � 10 ðàç ìåíüøå îñíîâíîãî âîçäåéñòâèÿ.
Èçìåíåíèå ôîðìû ìåäíîãî îáðàçöà (ãðåáåíêà
ïðàâèëüíîé ôîðìû ñî ñêâàæèíîñòüþ 2 ìì) ïðè-
âîäèò ê ïîÿâëåíèþ àâòîâîëíîâûõ êîëåáàíèé â
ýòîì æå äèàïàçîíå ÷àñòîò ñ ïåðèîäîì ô > 5 ñ.

Ïðè çàìåðàõ â ýòèõ æå óñëîâèÿõ ìåòàëëè÷åñ-
êèé êîáàëüò ðàñøèðÿåò ïîëîñó ðàáî÷åé ÷àñòîòû
îò 40,8 äî 35 êÃö, ãäå àìïëèòóäà îòêëèêà îäèíà-
êîâà äëÿ âñåãî äèàïàçîíà. Íà ÷àñòîòàõ 25 êÃö è
17 - 18 êÃö âîçíèêàþò âñïëåñêè, àìïëèòóäà êî-
òîðûõ â 3-4 ðàçà ìåíüøå îñíîâíîé. Âî âñåì ñïåê-
òðå íàáëþäàåòñÿ ðÿä ãàðìîíè÷åñêèõ ñîñòàâëÿ-
þùèõ, âåëè÷èíà êîòîðûõ â 10 -12 ðàç ìåíüøå îñ-
íîâíîãî ñèãíàëà. Êðîìå òîãî, îòìå÷àåòñÿ ïîÿâ-
ëåíèå íèçêî÷àñòîòíîé ñîñòàâëÿþùåé â ñïåêòðå,
àáñîëþòíàÿ âåëè÷èíà êîòîðîé < 2,0 êÃö.

Ïîÿâëåíèå îòêëèêà â îáëàñòè íèçêèõ ÷àñòîò
õàðàêòåðíî äëÿ ðåàêöèé, ïðîòåêàþùèõ íà ãðàíè-
öå ðàçäåëà ôàç «æèäêîñòü-ãàç» ïðè óëüòðàçâóêî-
âîé îáðàáîòêå. Ïîýòîìó íàìè âûïîëíåíû çàìå-
ðû ïàðàìåòðîâ îòêëèêà â íèçêî÷àñòîòíîì äèà-
ïàçîíå äëÿ âåùåñòâ â ìåòàëëè÷åñêîì ñîñòîÿíèè
(ïàðû Cr-Mg, Al-Al ðàçìåùåííûå ïîïåðåê ëèíèè
óëüòðàçâóêîâûå âîëíû) è â èîíèçèðîâàííîì ñî-
ñòîÿíèè - 1% ðàñòâîð ìàðãàíöåâîêèñëîãî êàëèÿ.

 Â îáëàñòè ÷àñòîò îò 50 Ãö äî 2000 Ãö âåëè-
÷èíà îòêëèêà ìîæåò ñóùåñòâåííî èçìåíÿòüñÿ íà
âñåé èññëåäóåìîé øêàëå ÷àñòîò, ïðè ýòîì íàè-
áîëüøèå çíà÷åíèÿ àìïëèòóäû íàáëþäàþòñÿ
âáëèçè ñàìûõ íèçêèõ ÷àñòîò. Ñîâîêóïíîñòü ïî-
ëó÷åííûõ äàííûõ ñâèäåòåëüñòâóåò î òîì, ÷òî
âåëè÷èíà îòêëèêà è, ñîîòâåòñòâåííî, èíòåíñèâ-
íîñòü âíåøíåãî âîçäåéñòâèÿ ñóùåñòâåííî çàâè-
ñÿò îò âèäà ìàòåðèàëà è ôîðìû ñðåäû ðàñïðîñ-
òðàíåíèÿ.

Ðèñ. 1. Ñõåìà ðàñïîëîæåíèÿ òî÷åê çàìåðà äëÿ îïðåäåëåíèÿ àìïëèòóäû îòêëèêà
íà îñíîâíîé ÷àñòîòå ìåõàíè÷åñêîãî âîçäåéñòâèÿ
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Áëàãîäàðÿ áîëåå âûñîêèì ÷àñòîòàì è, ñëå-
äîâàòåëüíî, ìàëûì äëèíàì âîëí, èìååò ìåñòî
ðÿä îñîáåííîñòåé âçàèìîäåéñòâèÿ óëüòðàçâóêî-
âûõ âîëí ñ âåùåñòâîì. Ââèäó ìàëîé äëèíû âîë-
íû óëüòðàçâóêà (â âîäå � 1,5 � 10-2 ÷ 1,5 � 10-4 ñì)
õàðàêòåð åãî ðàñïðîñòðàíåíèÿ îïðåäåëÿåòñÿ â
ïåðâóþ î÷åðåäü, ìîëåêóëÿðíîé ñòðóêòóðîé ñðå-
äû, ïîýòîìó, èçìåðÿÿ ÷àñòîòó è àìïëèòóäó ïàðà-
ìåòðîâ îòêëèêà èçó÷àåìîé æèäêîñòè ìîæíî ñó-
äèòü î ðåàêöèè ìîëåêóë íà âíåøíåå âîçäåéñòâèå.
Æèäêîñòè è òâåðäûå òåëà, êàê èçâåñòíî, ïðåä-
ñòàâëÿþò ñîáîé õîðîøèå ïðîâîäíèêè óëüòðàçâó-
êà, à â âîçäóõå è â ãàçàõ èñïîëüçóþò çâóêîâûå
êîëåáàíèÿ íèçêèõ ÷àñòîò. Â íàøåì ñëó÷àå àíà-
ëèçàòîð ñïåêòðà ïîçâîëÿåò îòñëåäèòü îñîáåííî-
ñòè ïîâåäåíèÿ îáåèõ ôàç íà ãðàíèöå ðàçäåëà
«âîäà-âîçäóõ». Äðóãàÿ îñîáåííîñòü óëüòðàçâóêà �
ýòî âîçìîæíîñòü ïîëó÷åíèÿ áîëüøîé èíòåíñèâ-
íîñòè äàæå ïðè ñðàâíèòåëüíî íåáîëüøèõ àìïëè-
òóäàõ êîëåáàíèé, ò.ê. ïðè äàííîé àìïëèòóäå ïëîò-
íîñòü ïîòîêà ýíåðãèè ïðîïîðöèîíàëüíà êâàäðàòó
÷àñòîòû. Èçâåñòíî, ÷òî óëüòðàçâóêîâûå âîëíû
áîëüøîé èíòåíñèâíîñòè ñîïðîâîæäàþòñÿ ðÿäîì
íåëèíåéíûõ ýôôåêòîâ. Òàê, äëÿ èíòåíñèâíûõ
ïëîñêèõ óëüòðàçâóêîâûõ âîëí ïðè ìàëîì ïîãëî-
ùåíèè ñðåäû (æèäêîñòè, òâåðäûå òåëà) ñèíóñîè-
äàëüíàÿ âîëíà èçëó÷àòåëÿ ïðåâðàùàåòñÿ ïî ìåðå
åå ðàñïðîñòðàíåíèÿ â ñëàáóþ ïåðèîäè÷åñêóþ
óäàðíóþ âîëíó «ïðÿìîóãîëüíîé ôîðìû»; ïîãëî-
ùåíèå òàêèõ âîëí çíà÷èòåëüíî áîëüøå, ÷åì âîëí
ìàëîé àìïëèòóäû. Êðîìå òîãî, ðàñïðîñòðàíåíèþ
óëüòðàçâóêîâûõ âîëí â ãàçàõ è æèäêîñòÿõ ñîïóò-
ñòâóåò äâèæåíèå ñðåäû, òàê íàçûâàåìîå àêóñ-
òè÷åñêîå òå÷åíèå, ñêîðîñòü êîòîðîãî çàâèñèò îò
âÿçêîñòè ñðåäû, èíòåíñèâíîñòè óëüòðàçâóêà è åãî
÷àñòîòû.

Ê ÷èñëó âàæíûõ íåëèíåéíûõ ÿâëåíèé, âîçíè-
êàþùèõ ïðè ðàñïðîñòðàíåíèè èíòåíñèâíîãî óëü-
òðàçâóêà â æèäêîñòÿõ, îòíîñèòñÿ àêóñòè÷åñêàÿ
êàâèòàöèÿ. Èíòåíñèâíîñòü, ñîîòâåòñòâóþùàÿ
ïîðîãó êàâèòàöèè, çàâèñèò îò ðîäà æèäêîñòè è
ñòåïåíè åå ÷èñòîòû, ÷àñòîòû çâóêà, òåìïåðàòó-
ðû è äðóãèõ ôàêòîðîâ. Â âîäîïðîâîäíîé âîäå,
ñîäåðæàùåé ïóçûðüêè âîçäóõà, íà ÷àñòîòå 20 êÃö
îíà ñîñòàâëÿåò äîëè Âò/ñì2. Íà âûñîêèõ ÷àñòî-
òàõ â óëüòðàçâóêîâîì ïîëå ñ èíòåíñèâíîñòüþ íå-
ñêîëüêî Âò/ñì2 âîçíèêàåò ôîíòàíèðîâàíèå æèä-
êîñòè è ðàñïûëåíèå åå ñ îáðàçîâàíèåì òîíêîäèñ-
ïåðñíîãî òóìàíà.

Ïðåäåëüíàÿ èíòåíñèâíîñòü èçëó÷åíèÿ óëüò-
ðàçâóêà îïðåäåëÿåòñÿ ïðî÷íîñòíûìè è íåëèíåé-

íûìè ñâîéñòâàìè ìàòåðèàëà èçëó÷àòåëåé, à òàê-
æå îñîáåííîñòÿìè èñïîëüçîâàíèÿ èçëó÷àòåëåé.
Äëÿ äîñòèæåíèÿ áîëüøèõ èíòåíñèâíîñòåé, êîòî-
ðûå ìîãóò áûòü ïîëó÷åíû ñ ïîâåðõíîñòè èçëó-
÷àòåëÿ, ïîëüçóþòñÿ ôîêóñèðîâêîé óëüòðàçâóêà.
Íàïðèìåð, â ôîêóñå ïàðàáîëîèäà, âíóòðåííèå
ñòåíêè êîòîðîãî âûïîëíåíû èç ìîçàèêè êâàðöå-
âûõ ïëàñòèíîê èëè èç ïüåçîêåðàìèêè, íà ÷àñòîòå
0,5 ÌÃö óäàåòñÿ ïîëó÷èòü â âîäå èíòåíñèâíîñòè
óëüòðàçâóêà áîëüøèå, ÷åì 105 Âò/ñì2. Äëÿ óâå-
ëè÷åíèÿ àìïëèòóäû êîëåáàíèé ÷àñòî ïîëüçóþò-
ñÿ ñòåðæíåâûìè êîíöåíòðàòîðàìè.

Òàêèì îáðàçîì, ïðèâåäåííàÿ èíôîðìàöèÿ
ñâèäåòåëüñòâóåò î òîì, ÷òî äëÿ äàííîãî ýòàïà
èçó÷åíèÿ îòêëèêà íà ÓÇ-âîçäåéñòâèå íåîáõîäè-
ìî ïðîâîäèòü èññëåäîâàíèå ïîâåäåíèÿ æèäêîñòè
êàê â íèçêî÷àñòîòíîì (èíôîðìàöèÿ î ãàçîâûõ
âêëþ÷åíèÿõ), òàê è âûñîêî÷àñòîòíîì äèàïàçîíå
(èíôîðìàöèÿ î ìîëåêóëÿðíîé ðåàêöèè íà âîçäåé-
ñòâèå).

Êðîìå òîãî, íåîáõîäèìî çíàòü àêóñòè÷åñêóþ
àêòèâíîñòü ìàòåðèàëîâ, èìåþùèõ ðàçëè÷íîå èç-
ìåíåíèÿ ñâîéñòâ â õîäå ÓÇ-îòðàáîòêè ò.ê. àêóñ-
òè÷åñêèé êîíöåíòðàòîð ñîçäàåò íåïîñðåäñòâåí-
íî ñõîäÿùåéñÿ âîëíîâîé ôðîíò; ïàññèâíàÿ ëèíçà
èëè çåðêàëî èçìåíÿåò àêóñòè÷åñêóþ äëèíó ïóòè
òàêèì îáðàçîì, ÷òî ïðåîáðàçóåò ïëîñêèé èëè ðàñ-
õîäÿùåéñÿ ôðîíò â ñõîäÿùèéñÿ. Â êà÷åñòâå êîí-
öåíòðàòîðîâ èñïîëüçóåòñÿ ñôåðû, ëèíçû, òðóá-
êè, çîíàëüíûå äèñêè è ò.ï.

×òîáû ïîëó÷èòü ïðåäñòàâëåíèå î ìåõàíèç-
ìå âçàèìîäåéñòâèÿ ìàòåðèàëîâ ðàçëè÷íîãî õè-
ìè÷åñêîãî ñîñòàâà è ôîðìû â óëüòðàçâóêîâóþ
âàííó ñ âîäîé ïîìåùàëè âûáðàííûå âåùåñòâà
ïîïåðåê íàïðàâëåíèÿ ÓÇ-âîëíû â îáëàñòè ðàñïî-
ëîæåíèÿ èçëó÷àòåëÿ. Âûñîòà âîäíîãî ñëîÿ âàí-
íû - 30 ìì. Èçìåðèòåëüíûé ùóï àíàëèçàòîðà
ñïåêòðà ÑÊ4-56 ïîìåùàëè â öåíòðàëüíóþ ÷àñòü
èññëåäóåìîãî âåùåñòâà.

Â òàáëèöå 2 ïðèâåäåíû ðåçóëüòàòû çàìåðîâ
ïàðàìåòðîâ îòêëèêà ðàçíîðîäíûõ ìàòåðèàëîâ íà
óëüòðàçâóêîâîå âîçäåéñòâèå â âîäíîé ñðåäå ïðè
ñîáñòâåííîé ÷àñòîòå èçëó÷åíèÿ 40,8 êÃö. Ïðåä-
ñòàâëåííûå â òàáëèöå ðåçóëüòàòû çàìåðîâ ñâè-
äåòåëüñòâóþò î òîì, ÷òî ðåàêöèè îòêëèêà íåî-
äèíàêîâû äëÿ êàæäîãî âèäà âûáðàííûõ ìàòåðè-
àëîâ: èìååò çíà÷åíèå íå òîëüêî ôîðìà êîíöåíò-
ðàòîðà, íî è ñòðóêòóðíûå îñîáåííîñòè èçó÷àå-
ìîãî âåùåñòâà.

Òàê ðàçìåùåíèå ìåëêîé ñåòêè èç æåëåçíîé
ïðîâîëîêè íàä ÓÇ - ïîòîêîì ïðèâîäèò ê ïîÿâëå-
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íèþ íèçêî ÷àñòîòíûõ êîëåáàíèé â âèäå àâòîâîë-
íîâîé ðåàêöèè, à òàêæå ïîÿâëÿþòñÿ çíà÷èòåëü-
íûå (1/3 îò àìïëèòóäû èñõîäíîãî ñèãíàëà) âñïëåñ-
êè íà ÷àñòîòàõ 25 è 17-18 êÃö. Ïîâåäåíèå ñðåäû
ñ íèõðîìîâûì êîëüöîì èç ñïèðàëüíîé ïðîâîëîêè
ïîäîáíî ïðåäûäóùåìó êîíöåíòðàòîðó, íî ïðîìå-
æóòî÷íûå ãàðìîíèêè îòñóòñòâóþò. Íàèáîëüøåå
êîëè÷åñòâî ïðîìåæóòî÷íûõ îòêëèêîâ èìåþò ãîô-
ðèðîâàííûé àëþìèíèé (36, 24,5; 17,6; 3 êÃö) è
àñáåñò (39,5; 38,6; 25,7; 8,7 êÃö), íî äëÿ àñáåñòà
âèäíû õàðàêòåðíûå ñìåùåíèÿ îòêëèêà â îáëàñòü
âûñîêèõ ÷àñòîò.

Ñëîæíàÿ ñòðóêòóðà ïîïåðå÷íîãî ñðåçà äåðå-
âà (ñîñíà) îáóñëàâëèâàåò óñèëåíèå ÓÇ-ðåàêöèè
ïî âñåé øêàëå àíàëèçàòîðà ñïåêòðà, àìïëèòóäà
êîòîðîé ñîñòàâëÿåò 8-10% îò àìïëèòóäû èñõîä-
íîãî ñèãíàëà, êðîìå òîãî, âáëèçè îñíîâíîé ÷àñ-

òîòû ïîÿâëÿåòñÿ ïèëîîáðàçíîå èçìåíåíèå ôîðìû
ñèãíàëà îòêëèêà â äèàïàçîíå ÷àñòîò 35,6-40,8 êÃö.
Ïîäîáíûì îáðàçîì âîçäåéñòâóåò íà îçâó÷èâàå-
ìóþ ñðåäó ðàçíîâèäíîñòü êâàðöà - ìîðèîí, íî ñ
áîëüøèì (2,5 ðàçà) óñèëåíèåì ñèãíàëà ðåàêöèè
ïî âñåé øêàëå è áîëüøèì äèàïàçîíîì ïèëîîá-
ðàçíîãî îòêëèêà âáëèçè îñíîâíîé ÷àñòîòû (35-
41êÃö). ×èñòûå ìåòàëëû Ño , Ñu , Âi , Zn �òàê-
æå èìåþò ñâîè îñîáåííîñòè â ðàñïðåäåëåíèè
îòêëèêà íà ÓÇ - âîçäåéñòâèå íà ÷àñòîòíîé øêà-
ëå àíàëèçàòîðà ñïåêòðà.

Îòñþäà ñëåäóåò, ÷òî â çàâèñèìîñòè îò çàäà÷
íàïðàâëåííîãî èçìåíåíèÿ ñâîéñòâ îáðàáàòûâàåìîé
ñðåäû ìîæíî èñïîëüçîâàòü êàæäûé ìàòåðèàë è
ôîðìó êîíöåíòðàòîðà ïî ñâîåìó íàçíà÷åíèþ.

Òàêèì îáðàçîì, ïðè óëüòðàçâóêîâîé îáðàáîò-
êå æèäêèõ êîìïîíåíòîâ ãîðíûõ ïîðîä èíòåíñèâ-

Òàáëèöà 2. Ðåçóëüòàòû çàìåðîâ ïàðàìåòðîâ îòêëèêà ðàçëè÷íûõ ìàòåðèàëîâ
íà óëüòðàçâóêîâîå âîçäåéñòâèÿ (íà ÷àñòîòå 40,8 êÃö-âàííà ÄÀ-3À)

Èçó÷àåìûé ìàòåðèàë Îòêëèê íà îñíîâíîé Îòêëèê íà äðóãèõ Ôîðìà ñèãíàëà
÷àñòîòå, ìÂ  ÷àñòîòàõ, êÃö/ìÂ

Æåëåçíàÿ ñåòêà (0,64 ìì) 200-450 25/100; 17-18/100 Àâòîêîëåáàíèÿ
íèçêî÷àñòîòíûå

Al-ãîôðèðîâàííûé 350 24,5/150; 17,6/100;
36/100; 3/60-100

Íèõðîì-ñïèðàëü 200-460 - Àâòîâîëíîâûå êîëåáàíèÿ,

âûñîêî÷àñò. îáëàñòè -
ïÿòíî àìïëèòóäíîå

Êîíöåíòðàòîð ñôåðè÷åñêèé 25/100; 17/100 Ïèëîîáðàçíûé â ïðåäåëàõ
ñ æåëåçíûìè èãëàìè 400  36,6-40,7 êÃö

Êîíöåíòðàòîð ëèíåéíûé 430 25/120; 17/120 Ïî âñåé øêàëå
ïîëîñà ~60 ìÂ

Ñåòêà ÏÀÍ 420 25/120; 17/120 -

Àñáåñò 420 39,5/350; 38,6/350; Òðèïëåò âáëèçè

25,7/120; 8,7/80 îñíîâíîé ÷àñòîòû
Äåðåâî (ïîïåðå÷íûé ñðåç) 420 25/120; 17,3/<100; Ìíîãî âñïëåñêîâ ñ

8-9/70  àìïëèòóäîé 30 ìÂ,

ïèëà 35,6-40,8 êÃö
Êâàðö- ìîðèîí 420 25/120; 17-18/100 3,5/80 Ïî âñåé øêàëå ïîëîñà

> 80 ìÂ ïèëà -35-41 êÃö

Êîáàëüò-ïëàñòèíêà 420 25/120; 17-18/100 Ïîÿâëåíèå íèçêî
÷àñòîòíîãî çâóêà (ñâèñò),
ìíîãî âñïëåñêîâ >50 ìÂ

Ìåäü-ïëàñòèíà 420 25/100; 17/60 ìÂ Ïèëà 36,7-41 êÃö
ìíîãî ãàðìîíèê

äî 25 êÃö > 50 ìÂ

Âèñìóò 450 - Ïèëà 35-41 êÃö

Öèíê ãðàíóëèð. 450 Ïðè ñìåùåíèè ãðàíóë â -
 ñòîðîíó îò öåíòðà èçëó÷àòåëÿ

 41,3/800 ìÂ
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íîñòü ÓÇ - âîçäåéñòâèÿ íåîäèíàêîâà â ïðåäåëàõ
îáúåìà óëüòðàçâóêîâîé âàííû. Äëÿ âîäû âîäî-
ïðîâîäíîé ìèíåðàëèçàöèè àìïëèòóäíûå çíà÷åíèÿ
îòêëèêà îäèíàêîâû âáëèçè ìåñòà êðåïëåíèÿ ïüå-
çîïðåîáðàçîâàòåëÿ, à â óçëàõ è ïó÷íîñòÿõ ñòî-
ÿ÷åé âîëíû ñóùåñòâåííî îòëè÷àþòñÿ - ìàêñè-
ìàëüíûé ðàçáðîñ àìïëèòóäû ñîñòàâëÿåò ~ 50%.
Â âàííå, çàïîëíåííîé íåôòüþ, êàðòèíà ðàñïðå-
äåëåíèÿ èíòåíñèâíîñòè èçëó÷åíèÿ íà îñíîâíîé
÷àñòîòå èìååò äðóãîé âèä: ÓÇ - âîçäåéñòâèå
ìàêñèìàëüíî âáëèçè îäíîãî èç áîðòîâ âàííû,
îñòàëüíûå çíà÷åíèÿ îòêëèêà ìåíüøå, ðàçáðîñ
ïîêàçàòåëåé ~ 20%.

 Èìååò ìåñòî çàâèñèìîñòü àáñîëþòíûõ çíà-
÷åíèé àìïëèòóäû îòêëèêà æèäêîñòè íà ÓÂ - âîç-
äåéñòâèå â îáëàñòè íèçêèõ ÷àñòîò.

Êðîìå òîãî, ïðè ÓÇ - îáðàáîòêå âîäû è åå
ðàñòâîðîâ â ïðèñóòñòâèè íåêîòîðûõ êàòàëèòè÷åñ-
êè � àêòèâíûõ âåùåñòâ (Fe, Al, Cu, Âi , Zn, íèõ-
ðîì) è ñòðóêòóðèðîâàííûõ îáðàçöîâ (äðåâåñèíà,
àñáåñò, ñåòêè è äð.), àáñîëþòíàÿ âåëè÷èíà îò-
êëèêà è ôîðìà ñèãíàëà çàâèñÿò îò âèäà êàòàëè-
òè÷åñêè-àêòèâíîãî âåùåñòâà è îñîáåííîñòåé åãî

ñòðóêòóðû. Ñëåäîâàòåëüíî, ïî ïîâåäåíèþ îáðàç-
öîâ ôëþèäîâ èç íåäð ìîæíî áóäåò ñóäèòü î íà-
ëè÷èè òåõ èëè èíûõ ïîëåçíûõ èñêîïàåìûõ.

Резюме

Ультрадыбыс ваннасыныѓ к/лемiнде тау жынысы-
ныѓ сџйыћ компоненттерiн ультрадыбыспен /ѓдеу ба-
рысында ультрадыбыстыћ ќсер ету ћарћыны бiркелкi
емес. Сџйыћ жаѓѕырыѕыныѓ тербелiс шегiнiѓ абсолюттiк
мќндерiнiѓ тќуелсiздiгi орын алады – ультрадыбысћа.
Т/менгi жиiлiктiѓ аймаѕындаѕы ќсерi, кейбiр каталити-
калыћ белсендi заттыѓ ћатысуында белгiнiѓ формасы мен
жаѓѕырыћтыѓ абсолюттiк м/лшерi каталитикалыћ
белсендi заттыѓ ћџрылыс ерекшелiгiне тќуелдi.

Summary

At the ultrasonic treatment of liquid components of rocks,
the intensity of ultrasonic impact (UI) is not the same in the
limits of the volume of ultrasonic. There is a dependence of
absolute values of response amplitude of liquid to UI � impact
of the low frequency range in the presence of some catalytically
active substances and structured samples, the absolute value of
response and the form of signal depend on the kind of
catalytically active substance and particularities of its structure.

Èíñòèòóò Ãîðíîãî äåëà èìåíè Ä.À. Êóíàåâà,
ã. Àëìàòû                                             Ïîñòóïèëà 26.03.09 ã.
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Ò Å Õ Í Î Ë Î Ã È ß

Èç òðåõ àãðåãàòíûõ ñîñòîÿíèé âåùåñòâà æèä-
êîå ÿâëÿåòñÿ íàèáîëåå ñëîæíûì äëÿ àíàëèòè÷åñ-
êîãî îòîáðàæåíèÿ. Ýòà ñëîæíîñòü óñóãóáëÿåòñÿ
ïðè ðàññìîòðåíèè ñâîéñòâ ðàñïëàâëåííûõ âå-
ùåñòâ � ìåòàëëîâ, øëàêîâ, ìàãìû è ò.ï. Â ñâîþ
î÷åðåäü, èç ðàçëè÷íûõ ôèçèêî-õèìè÷åñêèõ
ñâîéñòâ ðàñïëàâîâ íàèáîëåå òðóäíûì äëÿ ôîð-
ìàëèçàöèè íà îñíîâå ôóíäàìåíòàëüíûõ õàðàêòå-
ðèñòèê âåùåñòâà îêàçûâàåòñÿ âÿçêîñòü. Òàê,
äàæå äëÿ ïðîñòûõ âåùåñòâ, à ñðåäè íèõ äëÿ ñà-
ìûõ îäíîòèïíûõ è ïðåäñòàâëåííûõ øèðîêèì
ìíîæåñòâîì � ìåòàëëîâ, íà îñíîâå âñåñòîðîí-
íåãî àíàëèçà ðàçëè÷íûõ ìîäåëåé âÿçêîñòè �
êâàíòîâî-õèìè÷åñêèõ, òåðìîäèíàìè÷åñêèõ è äðó-
ãèõ � àâòîðû îáîáùàþùåé ìîíîãðàôèè [1] ïðè-
õîäÿò ê âûâîäó, ÷òî åäèíñòâåííî äîñòàòî÷íî äî-
ñòîâåðíûì èñòî÷íèêîì ñâåäåíèé î âÿçêîñòè æèä-
êèõ ìåòàëëîâ ïðè ðàçëè÷íûõ òåìïåðàòóðàõ ÿâ-
ëÿåòñÿ ýêñïåðèìåíò, àíàëèòè÷åñêîå îïèñàíèå êî-
òîðîãî âîçìîæíî ëèáî ñòàòèñòè÷åñêèìè àïïðîê-
ñèìèðóþùèìè ìîäåëÿìè, ëèáî ïîëóýìïèðè÷åñ-
êèìè ìîäåëÿìè ñ äâóìÿ èëè áîëåå ïîäãîíî÷íû-
ìè ïàðàìåòðàìè.

Ïî-âèäèìîìó, âîçìîæíîñòü óñèëåíèÿ ôóíäà-
ìåíòàëüíîé ÷àñòè ïîäîáíûõ ìîäåëåé äîëæíà îñ-
íîâûâàòüñÿ íà íîâîì ïîäõîäå ê ïîíèìàíèþ æèä-
êîãî ñîñòîÿíèÿ. Ââèäó äîñòàòî÷íî øèðîêîãî è ãëó-
áîêîãî èññëåäîâàíèÿ ýòîãî ñîñòîÿíèÿ âûõîäîì
èç ñóùåñòâóþùåãî ïîëîæåíèÿ ìîæåò áûòü áî-
ëåå îáîáùåííîå ïðåäñòàâëåíèå î æèäêîì ñîñòî-
ÿíèè êàê îá îäíîì èç òðåõ àãðåãàòíûõ â ðàìêàõ
îáúåäèíÿþùåé èõ ìîäåëè. Èìåííî íà ýòî è íà-
ïðàâëåíà ðàçðàáîòêà åäèíîé êîíöåïöèè õàîòèçè-
ðîâàííûõ ÷àñòèö, îïðåäåëÿþùèõ ïî ñîîòíîøå-
íèþ òðåõ èõ ðàçíîâèäíîñòåé � êðèñòàëëîïîäâèæ-
íûõ, æèäêîïîäâèæíûõ è ïàðîïîäâèæíûõ � óñòîé-
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Âïåðâûå ðàññìîòðåíà âîçìîæíîñòü ñîçäàíèÿ îáîáùåííîé ïîëóýìïèðè÷åñêîé ìîäåëè âÿçêîñòè ðàñïëàâîâ
íà îñíîâå êîíöåïöèè õàîòèçèðîâàííûõ ÷àñòèö ñ ó÷åòîì ñòåïåíè àññîöèèðîâàííîñòè êëàñòåðîâ.

÷èâîñòü êàæäîé ôàçû è òåìïåðàòóðíûå çàâèñè-
ìîñòè èõ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ [2-5].

Ñóùíîñòü êîíöåïöèè ñîñòîèò â èñïîëüçîâà-
íèè ðàñïðåäåëåíèÿ Áîëüöìàíà äëÿ ðàçäåëåíèÿ
âñåõ ÷àñòèö íà òðè ñîðòà ïî òåïëîâûì áàðüåðàì
ïëàâëåíèÿ è êèïåíèÿ òàê, ÷òî ïîäáàðüåðíûå ïî
òåïëîòå ïëàâëåíèÿ ÷àñòèöû, íàçâàíûå êðèñòàë-
ëîïîäâèæíûìè, îòâå÷àþò çà äàëüíèé ïîðÿäîê
ñâÿçè â ïðåäåëàõ êðèñòàëëà èëè â ñîñòàâå çàðî-
äûøåé òâåðäîé ôàçû â æèäêîñòè èëè ãàçå ñî ñâîåé
äîëåé â îáùåì ÷èñëå ÷àñòèö ñ çàïàñîì òåïëîâîé
ýíåðãèè RT è â òî÷êå ïëàâëåíèÿ � RTm:
 Ðcrm = 1 � exp[�RTm/(RT)] = 1 � exp(�Tm/T);   (1)
íàäáàðüåðíûå ïî òåïëîòå êèïåíèÿ ÷àñòèöû, íà-
çâàííûå ïàðîïîäâèæíûìè, îòâå÷àþò çà ïîëíóþ
õàîòèçàöèþ ëþáîãî ñîñòîÿíèÿ, ò.å. çà íóëåâîé
ïîðÿäîê ñâÿçè, ñî ñâîåé äîëåé, íàõîäèìîé ïî çà-
ïàñó òåïëîâîé ýíåðãèè â òî÷êå êèïåíèÿ RTb:

       Pvm = exp[�RTb/(RT)] = exp(�Tb/T);       (2)
íàäáàðüåðíûå ïî òåïëîòå ïëàâëåíèÿ, íî ïîäáà-
ðüåðíûå ïî òåïëîòå êèïåíèÿ ÷àñòèöû, íàçâàííûå
æèäêîïîäâèæíûìè, îòâå÷àþò çà áëèæíèé áåñ-
ñòðóêòóðíûé ïîðÿäîê ñâÿçè ñî ñâîåé äîëåé
Plqm = 1 � Pcrm � Pvm = exp(�Tm/T) � exp(�Tb/T). (3)

Íåîáõîäèìî èìåòü â âèäó, ÷òî ôàçîâûå áà-
ðüåðû äîëæíû îòëè÷àòüñÿ â çàâèñèìîñòè îò òîãî,
ñ êàêîé òî÷êè çðåíèè ðàññìàòðèâàåòñÿ ñèñòåìà.
Åñëè àíàëèçèðóåòñÿ åå ñîñòîÿíèå ïðè ôàçîâîì
ðàâíîâåñèè, òî ñëåäóåò ó÷èòûâàòü òîëüêî çàïàñ
òåïëîâîé ýíåðãèè â òî÷êå ôàçîâîãî ïåðåõîäà, ñî-
îòâåòñòâåííî RTm è RTb, òàê ÷êàê â ýòîì ñëó÷àå
ýíåðãèÿ íå ïîãëîùàåòñÿ è íå âûäåëÿåòñÿ è êîí-
òàêòèðóþùèå ôàçû èìåþò åäèíûé êðèòè÷åñêèé
ìîëüíûé çàïàñ òåïëîâîé ýíåðãèè. Åñëè æå ðàñ-
ñìàòðèâàåòñÿ ïðîöåññ ïåðåõîäà îäíîé ôàçû â íîé â
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Äëÿ ïðèìåðà ïðèâåäåì îáðàáîòêó äàííûõ ïî
âÿçêîñòè ñåðåáðà, ðàíåå îñóùåñòâëåííóþ òîëü-
êî ïî ìîäåëÿì (4)-(6) [17].

Äëÿ ñåðåáðà â ðàáîòå [1] ñî ññûëêîé íà ïåð-
âîèñòî÷íèê [18] ïðèâîäÿòñÿ äàííûå ïî êèíåìà-
òè÷åñêîé âÿçêîñòè ïðè ðàçëè÷íûõ òåìïåðàòóðàõ.
Òåìïåðàòóðû ïëàâëåíèÿ è êèïåíèÿ âçÿòû èç ñïðà-
âî÷íèêà [19]: Tm = 1235 Ê è  Tb = 2443 Ê, ∆Hò =
11283 Äæ/ìîëü.

Â êà÷åñòâå ðåïåðíîé òî÷êè âûáðàíû íàèáî-
ëåå áëèçêèå ê òåìïåðàòóðå ïëàâëåíèÿ äàííûå ïî
Tr = 1293 Ê è νr = 3,98⋅10-7 ì2/ñ.

Ðåçóëüòàòû ðàñ÷åòîâ ïî ÷åòûðåì ìîäåëÿì è
ïî óðàâíåíèÿì (18), (19) â ñîïîñòàâëåíèè ñ ýêñ-
ïåðèìåíòàëüíûìè äàííûìè ïðèâåäåíû â òàáëè-
öå è íà ðèñóíêå.

Èç ïîëó÷åííûõ äàííûõ ñëåäóåò, ÷òî òåìïå-
ðàòóðíàÿ çàâèñèìîñòü âÿçêîñòè ïî (4), îïðåäåëÿ-
åìàÿ âëèÿíèåì òîëüêî äîëè êðèñòàëëîïîäâèæíûõ
÷àñòèö, îêàçûâàåòñÿ íàèáîëåå ñëàáîé è íàèáî-
ëåå ñèëüíî îòêëîíÿþùåéñÿ îò ýêñïåðèìåíòàëü-
íûõ äàííûõ.

Íåñêîëüêî ñèëüíåå çàâèñèìîñòü ïî (5), ó÷è-
òûâàþùàÿ äîïîëíèòåëüíîå âëèÿíèå æèäêîïîä-
âèæíûõ ÷àñòèö, íî òàêæå îñòàþùàÿñÿ âäàëå-
êå îò îïûòíûõ çíà÷åíèé. Ïî-âèäèìîìó, â äàí-

íîì ñëó÷àå óìåíüøåíèþ âÿçêîñòè ñ òåìïåðà-
òóðîé ñïîñîáñòâóþò íå òîëüêî æèäêîïîäâèæ-
íûå, íî è ïàðîïîäâèæíûå ÷àñòèöû ñîãëàñíî
ìîäåëè (6).

Òåìïåðàòóðíûå ìîäåëè âÿçêîñòè ñ ó÷åòîì ï-
÷àñòè÷íûõ êëàñòåðîâ â çàâèñèìîñòè îò ïðèðîäû
âåùåñòâà ÷åðåç ∆Hò ïî (18) è ÷åðåç òåïëîâóþ
ýíåðãèþ RTò ïî (19) òàêæå ñèëüíî îòêëîíÿþòñÿ
îò  ýêñïåðèìåíòàëüíûõ äàííûõ.

Ìîäåëè âÿçêîñòè ïî (6) è ïî (20) (ñ ó÷åòîì
àññîöèàöèè êëàñòåðîâ) îêàçûâàþòñÿ áîëåå òî÷-
íûìè ïî îïèñàíèþ òåìïåðàòóðíîé çàâèñèìîñòè.
Ñðåäíåå çíà÷åíèå = 1,82. Êîýôôèöèåíò êîððå-
ëÿöèè äëÿ ìîäåëè (6) ñîñòàâëÿåò R = 0,991, äëÿ
îáîáùåííîé (20) � 0,990, ÷òî óêàçûâàåò íà èõ
èäåíòè÷íîñòü è äîñòàòî÷íîñòü ïðèìåíåíèÿ ìî-
äåëè áîëåå îáùåãî âèäà.

Òàêèì îáðàçîì, ñ ó÷åòîì ñòåïåíè àññîöèè-
ðîâàííîñòè êëàñòåðîâ â êà÷åñòâå îáîáùåííîé
ìîäåëè âÿçêîñòè ðàñïëàâîâ â ïîëíîì äèàïàçîíå
òåìïåðàòóð ìîæíî èñïîëüçîâàòü ìîäåëü (20) ñ
ðåïåðíîé òî÷êîé âáëèçè òåìïåðàòóðû ïëàâëåíèÿ
Tr = 1293 Ê è ír = 3,98⋅10-7 ì2/ñ ïî êèíåìàòè÷åñ-
êîé âÿçêîñòè ñåðåáðà ñ íàõîæäåíèåì äîâåðèòåëü-
íîãî èíòåðâàëà è ñ îêðóãëåíèåì

í = (0,183/Ò 1,82) ± 1,57⋅10-9, ì2/ñ.

n � êèíåìàòè÷åñêàÿ âÿçêîñòü, Ò � òåìïåðàòóðà. Òî÷êè � ýêñïåðèìåíòàëüíûå äàííûå [18],
1 � ïî (4), 2 � ïî (5), 3 � ïî (6), 4 � ïî (20), 5 � ïî (18), 6 � ïî (19)
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Резюме

Алѕашћы рет кластерлердiѓ байланыстар дќрежесiн
ескере отырып бейберекет б/лшектер тџжырымдамасы
негiзiнде балћымалардыѓ тџтћырлыѕыныѓ  жалпылама
жартылай  эмпиризмдiк  љлгiсiн жасаудыѓ  мљмкiншiлiгi
ћарастырылды.

Summary

For the first time the opportunity of creation of the
generalized semiempirical model viscosity of melts on the basis
of the concept chaotical particles in view of a degree associativity
clusters is considered.

Õèìèêî-ìåòàëëóðãè÷åñêèé
èíñòèòóò èì. Æ. Àáèøåâà                Ïîñòóïèëà 22.05.09 ã.
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Ì Å Ä È Ö È Í À

Âåëèêèé ôèçèîëîã È. II. Ïàâëîâ [9] â ñâîèõ
òðóäàõ íå ðàç ïîä÷åðêèâàë òî, ÷òî äèôôåðåíöè-
ðîâî÷íîå èëè èíà÷å âíóòðåííåå òîðìîæåíèå �
ñàìàÿ ëàáèëüíàÿ, ò. å. íåóñòîé÷èâàÿ ôîðìà ñðå-
äè ðàçëè÷íûõ ïðîöåññîâ ìîçãîâîé êîðû. Îí ñ÷è-
òàë, ÷òî íàðóøåíèå äèôôåðåíöèðîâî÷íîãî òîð-
ìîæåíèÿ â íåðâíûõ öåíòðàõ ÿâëÿåòñÿ ñàìûì ðàí-
íèì ïðîÿâëåíèåì ïîðàæåíèÿ ôóíêöèîíàëüíîé äåÿ-
òåëüíîñòè öåíòðàëüíîé íåðâíîé ñèñòåìû ïðè ðàç-
ëè÷íûõ ïàòîëîãèÿõ.

À Í.À. Áåðíøòåéí [3] ñ÷èòàë, ÷òî â ôèçèî-
ëîãèè äâèæåíèÿ ñàìûì ãëàâíûì

äåéñòâóþùèì ïðîöåññîì ÿâëÿåòñÿ ïðîöåññ
êîîðäèíàöèè äâèæåíèÿ.

Îñëàáëåíèå âíóòðåííåãî òîðìîæåíèÿ â êîð-
êîâîì îòäåëå äâèãàòåëüíîãî àíàëèçàòîðà êàê ïðî-
ÿâëåíèå íàðóøåíèÿ ïðîöåññà êîîðäèíàöèè äâèæå-
íèÿ áûëî îïèñàíî ìíîþ áîëåå ÷åì 50 ëåò òîìó
íàçàä ïîä íàçâàíèåì «ñèìïòîì ñêðûòîé ñèíêè-
íåçèè».

Ñèìïòîì ïðîÿâëÿåòñÿ òåì, ÷òî ïðè âîëåâîì
äâèãàòåëüíîì àêòå ñîêðàùåíèå îäíèõ ãðóïï
ìûøö ñîïðîâîæäàåòñÿ âîçíèêíîâåíèåì íåïðîèç-
âîëüíîé ñêðûòîé àêòèâíîñòè, ò. å. ñêðûòîé ñèí-
êèíåçèè äðóãèõ ãðóïï ìûøö, îïðåäåëÿåìîå ïðî-
ÿâëåíèåì ýëåêòðè÷åñêîé èìïóëüñàöèè â ìûøöàõ,
íå ó÷àñòâóþùèõ â äâèãàòåëüíîì àêòå è âîçíèê-
íîâåíèåì ñîïðîòèâëåíèÿ ê ïàññèâíîìó äâèæåíèþ
â ñóñòàâàõ ïîêîÿùåéñÿ êîíå÷íîñòè.

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñèìïòîì ñêðû-
òîé ñèíêèíåçèè ÿâëÿåòñÿ ðàííèì ïðîÿâëåíèåì êàê
î÷àãîâîãî ïîðàæåíèÿ äâèãàòåëüíîé çîíû êîðû
ãîëîâíîãî ìîçãà, òàê è ðàííèì ñèìïòîìîì âîç-
íèêíîâåíèÿ ýíöåôàëîïàòèè ðàçëè÷íîãî ïðîèñ-
õîæäåíèÿ [1, 2, 4].

Íàáëþäåíèÿ ñâèäåòåëüñòâóþò, ÷òî ðàçíûé
óðîâåíü ñîâåðøåíñòâîâàíèÿ äèôôåðåíöèðîâî÷-
íîãî òîðìîæåíèÿ â äâèãàòåëüíîì àíàëèçàòîðå
îáóñëàâëèâàåò ðàçëè÷íóþ ñòåïåíü ïîëíîòû äâè-
æåíèÿ ó ÷åëîâåêà â åãî îíòîãåíåòè÷åñêîì ðàçâè-
òèè. Òàê, íàïðèìåð, õàîòè÷íîñòü äâèæåíèÿ ó ìëà-
äåíöåâ, íåóâåðåííîñòü è ìåäëèòåëüíîñòü, à òàê-
æå ñêîâàííîñòü, ò. å. îòñóòñòâèå ñâîáîäû äâè-
æåíèÿ ó ñòàðèêîâ, îáóñëîâëåíî íåäîðàçâèòèåì
âíóòðåííåãî òîðìîæåíèÿ ó ïåðâûõ è ñëàáîñòüþ,

Á. À. ÀÒ×ÀÁÀÐÎÂ

Î ÑÈÌÏÒÎÌÀÕ ÑÊÐÛÒÎÉ ÑÈÍÊÈÍÅÇÈÈ
ò. å. íàðóøåíèåì åãî ôóíêöèîíèðîâàíèÿ ó âòî-
ðûõ.

Ó ñòàðèêîâ èç-çà îñëàáëåíèÿ ïðîöåññà âíóò-
ðåííåãî òîðìîæåíèÿ â äâèãàòåëüíîì àíàëèçàòî-
ðå, ìûøöû, êîòîðûå íå äîëæíû ó÷àñòâîâàòü â
ñîâåðøàþùåìñÿ àêòå äâèæåíèÿ, ôàêòè÷åñêè íå
áåçäåéñòâóþò, à íàîáîðîò ìåøàþò â ðàáîòå
ìûøö, ñîâåðøàþùèõ âîëåâîé äâèãàòåëüíûé àêò.

Â ïðîòèâîïîëîæíîñòü óêàçàííîìó âûøå, ó
ìîëîäûõ ëþäåé, îñîáåííî, íàïðèìåð, ó ãèìíàñ-
òîâ èëè òàíöîâùèö, èç-çà âûñîêîé ñòåïåíè ñîâåð-
øåíñòâà âíóòðåííåãî òîðìîæåíèÿ â äâèãàòåëü-
íîì àíàëèçàòîðå, âîëåâîå ñîêðàùåíèå êàêîé-ëèáî
îòäåëüíîé ãðóïïû ìûøö, ñòàíîâèòñÿ ñâîáîäíûì
â ðåçóëüòàòå îäíîâðåìåííî âîçíèêàþùåãî òîð-
ìîæåíèÿ äðóãèõ ãðóïï ìûøö íåïîñðåäñòâåííî íå
ó÷àñòâóþùèõ â äàííîì àêòå äâèæåíèÿ.

Ìåòîä èññëåäîâàíèÿ ñèìïòîìà ñêðûòîé ñèí-
êèíåçèè çàêëþ÷àåòñÿ â òîì, ÷òî ó áîëüíîãî â ñïî-
êîéíî ëåæà÷åì ïîëîæåíèè èññëåäîâàòåëåì (âðà-
÷îì) îïðåäåëÿåòñÿ ñòåïåíü ñâîáîäû ïàññèâíîé
ïîäâèæíîñòè êèñòè â ëó÷åçàïÿñòíîì ñóñòàâå ïðà-
âîé èëè ëåâîé ðóêè åãî. Çàòåì èññëåäîâàòåëü, íå
ïåðåñòàâàÿ äâèãàòü êèñòü áîëüíîãî, ïðåäëàãàåò
åìó ìåäëåííî ïîäíèìàòü è îïóñêàòü ñîîòâåò-
ñòâóþùóþ íèæíþþ êîíå÷íîñòü. Åñëè ïðè ýòîì
èññëåäîâàòåëü áóäåò îùóùàòü ñîïðîòèâëåíèå
ïàññèâíîìó äâèæåíèþ êèñòè, ñèìïòîì ñ÷èòàåò-
ñÿ ïîëîæèòåëüíûì.

Êîãäà ñèìïòîì ñêðûòîé ñèíêèíåçèè ÿâëÿåò-
ñÿ ðåçêî âûðàæåííûì, îí ïðîÿâëÿåòñÿ è òîãäà,
êîãäà áîëüíîé ïîäíèìàåò è îïóñêàåò íèæíþþ
êîíå÷íîñòü ïðîòèâîïîëîæíîé ñòîðîíû. Â îòäåëü-
íûõ ñëó÷àÿõ ñèìïòîì ïðîÿâëÿåòñÿ äàæå, êîãäà
áîëüíîé, ïîëó÷èâ óêàçàíèå ïîäíÿòü íèæíþþ êî-
íå÷íîñòü, åùå íå ïîäíÿë åå. Ïðè ðåçêî âûïàæåí-
íîì ñèìïòîìå ñêðûòîé ñèíêèíåçèè, êîãäà ïàññèâ-
íîå äâèæåíèå â ëó÷åçàïÿñòíîì ñóñòàâå ñèëüíî
çàòðóäíåíî, ó áîëüíûõ îòìå÷àþòñÿ è äðóãèå ïà-
òîëîãè÷åñêèå ïðîÿâëåíèÿ: îñëàáëåíèå ïàìÿòè,
îáùàÿ ñêîâàííîñòü, ãèïîêèíåçèÿ, óõóäøåíèå ïî-
÷åðêà.

Êðîìå òîãî, ïðè íàëè÷èè âûðàæåííîãî ñèìï-
òîìà ñêðûòîé ñèíêèíåçèè, íàáëþäàåòñÿ åùå è
äðóãîé ôåíîìåí. Åñëè ïðåäëîæèòü áîëüíîìó, ÷òî-
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áû îí îäíîé ðóêîé ñîâåðøèë äâèæåíèå êèñòè äðó-
ãîé ðóêè, òî áîëüíîé ýòîãî ñäåëàòü èëè íå ìîæåò,
èëè îáúåì ïàññèâíîãî äâèæåíèÿ ðóêè áóäåò íå-
çíà÷èòåëüíûì, òîë÷êîîáðàçíûì.

Íàëè÷èå ñèìïòîìà ñêðûòîé ñèíêèíåçèè ìîæ-
íî ôèêñèðîâàòü çàïèñüþ áèîòîêîâ ìûøö ïðåä-
ïëå÷üÿ ñïîêîéíî ëåæàùåé ðóêè â îòâåò íà ïîäíè-
ìàíèå è îïóñêàíèå îäíîé íîãè (ðèñ. 1 è 2).

Ñèìïòîì ñêðûòîé ñèíêèíåçèè ïî õàðàêòåðó
åãî ïðîÿâëåíèÿ è ïðîèñõîæäåíèÿ èìååò ìíîãî
îáùåãî ñ òàê íàçûâàåìûìè «ñèìïòîìîì ïðîòè-
âîäåðæàíèÿ» è «ñèìïòîìîì óçäû» [8].

1. «Ñèìïòîì ïðîãèâîäåðæàíèÿ» çàêëþ÷àåò-
ñÿ â òîì, ÷òî ïðè ïîïûòêå ïðîèçâåñòè ïàññèâíîå
äâèæåíèå â êàêîé-ëèáî êîíå÷íîñòè ó áîëüíîãî
íåïðîèçâîëüíî âîçíèêàåò çíà÷èòåëüíîå ñîïðîòèâ-
ëåíèå âñëåäñòâèå íàïðÿæåíèÿ ìûøö-àíòàãîíèñ-
òîâ, äåéñòâóþùèõ â ïðîòèâîïîëîæíîì íàïðàâëå-
íèè. À ïðè «ñèìïòîìå óçäû» áîëüíîé, âûïîëíÿÿ
êàêîå-ëèáî äâèæåíèå, íå çàêàí÷èâàåò åãî, êàê áû
ñäåðæèâàåìûé óçäîé. Íàïðèìåð, âûïîëíÿÿ ïàëü-
öåíîñîâóþ ïðîáó, îñòàíàâëèâàåò ïàëåö, íå äîâî-
äÿ åãî äî êîíöà.

Ñèìïòîì ñêðûòîé ñèíêèíåçèè â îäíèõ ñëó÷àÿõ
ÿâëÿåòñÿ ÿâíûì ïðèçíàêîì ïàòîëîãèè, à â äðóãèõ �
ìîæåò íàáëþäàòüñÿ ïðè íåêîòîðûõ ôóíêöèîíàëü-
íûõ íåéðîäèíàìè÷åñêèõ ñäâèãàõ â íîðìå.

Òàê, ïî íàáëþäåíèþ îäíîãî àâòîðà [5], ó ìà-
ëîòðåíèðîâàííûõ ëþäåé èëè æå ó òðåíèðîâàííûõ,
íî â ìîìåíò óñòàëîñòè, â ïåðèîäû ïåðåòðåíèðî-
âîê îäíîâðåìåííî ñ ðàáîòàþùåé ìûøöåé ïðî-
öåññ âîçáóæäåíèÿ ðàñïðîñòðàíÿåòñÿ è íà ìûø-

öû àíòàãîíèñòû, à òàêæå äàæå íà ñèììåòðè÷-
íûå ìûøöû äðóãîé êîíå÷íîñòè.

Òàêèì îáðàçîì, ñèìïòîì ñêðûòîé ñèíêèíå-
çèè èëè ïîäîáíûå åìó ïðîÿâëåíèÿ íåñîâåðøåí-
ñòâà êîîðäèíàöèîííûõ âçàèìîîòíîøåíèé â äâè-
ãàòåëüíîì àêòå ìîãóò íàáëþäàòüñÿ íà ðàçëè÷-
íûõ òðàïàõ îíòîãåíåòè÷åñêîãî ðàçâèòèÿ âñëåäñò-
âèå íåïîëíîãî ôîðìèðîâàíèÿ ôóíêöèè äâèãàòåëü-
íîãî àíàëèçàòîðà èëè îíè ìîãóò áûòü ðåçóëüòà-
òîì ïàòîëîãè÷åñêèõ èçìåíåíèé ïîëíîöåííî
ñôîðìèðîâàâøåãîñÿ äâèãàòåëüíîãî àíàëèçàòîðà.

Ìû ïîëàãàåì, ÷òî âîçíèêíîâåíèå ñèìïòîìà
ñêðûòîé ñèíêèíåçèè ñâÿçàíî ñ íàðóøåíèåì êîð-
êîâîé íåéðîäèíàìèêè.

Òàê, ñèãíàë ê äåéñòâèþ, ïîñòóïàþùèé â äâè-
ãàòåëüíûé àíàëèçàòîð, êîòîðûé ïðåäíàçíà÷åí íà
ñîêðàùåíèå êàêîé-ëèáî îäíîé ãðóïïû ìûøö, íà-
ïðèìåð, ñãèáàòåëåé ïðàâîãî áåäðà, íå òîëüêî íà-
ïðàâëÿåòñÿ â êîðêîâûå öåíòðû ýòîé ãðóïïû ìûøö,
íî «ðàçëèâàåòñÿ» ïî äðóãèì êîðêîâûì öåíòðàì
ìûøå÷íûõ ãðóïï êàê ïðàâîé, òàê è ëåâîé ïîëî-
âèíû êîðû ãîëîâíîãî ìîçãà. Ó çäîðîâûõ ëþäåé â
ýòî âðåìÿ âîçíèêàåò ïðîöåññ òîðìîæåíèÿ â íå-
ðâíûõ öåíòðàõ êîðû ãîëîâíîãî ìîçãà îñòàëüíûõ
ìûøå÷íûõ ãðóïï, êðîìå öåíòðà ñãèáàòåëåé áåä-
ðà. Â ðåçóëüòàòå ïðîèñõîäèò ðàññëàáëåíèå âñåõ
äðóãèõ ãðóïï ìûøö è èçîëèðîâàííîå ñîêðàùåíèå
òîëüêî ñãèáàòåëåé ïðàâîãî áåäðà.

Òàêîé òîðìîçíîé ïðîöåññ È.Ï. Ïàâëîâ íàçû-
âàë äèôôåðåíöèðîâî÷íûì òîðìîæåíèåì è ñ÷è-
òàë, ÷òî îíî ïîÿâëÿåòñÿ â òîì æå íåðâíîì öåíò-
ðå (àíàëèçàòîðå), ãäå âîçíèêàåò ïðîöåññ âîçáóæ-

Ðèñ. 1. Ýëåêòðè÷åñêàÿ àêòèâíîñòü ìûøö ïðè âûçûâàíèè ñèìïòîìà
 ñêðûòîé ñèíêèíåçèè (ñèìïòîì îòðèöàòåëüíûé)

 Óñëîâíûå îáîçíà÷åíèÿ: 1. Ýëåêòðîìèîãðàììà ðàçãèáàòåëåé ëó÷åçàïÿñòíîãî ñóñòàâà
2. Ýëåêòðîìèîãðàììà ñãèáàòåëåé ëó÷åçàïÿñòíîãî ñóñòàâà

3. Ýëåêòðîìèîãðàììà ïðÿìîé ìûøöû áåäðà âî âðåìÿ àêòèâíîãî ïîäíèìàíèÿ íîãè
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äåíèÿ, êîòîðûé äîëæåí ïîäâåðãíóòüñÿ äèôôåðåí-
öèðîâî÷íîìó òîðìîæåíèþ [9].

Åùå â 1950 ã., èçó÷àÿ íàëè÷èå ñèìïòîìà ñêðû-
òîé ñèíêèíåçèè ó áîëüíûõ ñ ãèïåðòîíè÷åñêîé áî-
ëåçíüþ, ìû ïðèøëè ê âûâîäó î òîì, ÷òî ýòîò ñèì-
ïòîì îáóñëîâëåí ïîðàæåíèåì ëîáíûõ äîëåé ãî-
ëîâíîãî ìîçãà [1]. Ýòî ñîîòâåòñòâóåò äàííûì
èññëåäîâàíèé äðóãèõ àâòîðîâ.

Òàê, Ì.Á. Êðîëü ñ÷èòàë [6], ÷òî «ëîáíûå äîëè
ãîëîâíîãî ìîçãà èãðàþò ðîëü òîðìîçÿùåãî èëè
äåíåðâàöèîííîãî öåíòðà». II.Ë. Áåðíøòñéí â ñâî-
åé êíèãå [3], ïîñâÿùåííîé ôèçèîëîãèè äâèæåíèÿ,
ïèøåò, ÷òî ïðè ïîâåðõíîñòíîì âçãëÿäå íà áîëü-
íîãî ñ ïîðàæåíèåì ïðåìîòîðíîé çîíû ìîæíî óâè-
äåòü, ÷òî åãî äâèæåíèÿ íåëîâêè. Ïñèõîëîãè÷åñ-
êèå ïàññèâíûå ýëåìåíòû, ÷åðåäóþùèåñÿ âî âñÿ-
êîì äâèæåíèè ñ àêòèâíûìè (îïóñêàíèå ðóêè ïîñ-
ëå åå ïîäíÿòèÿ, îòïóñêàíèå êíîïêè ïîñëå íàæè-
ìà íà íåå), ó íåãî îäèíàêîâî àêòèâíî, òðåáóåò
îñîáîãî àêòà âíèìàíèÿ è îñîáîãî óñèëèÿ âîëè. Ó
ïðåìîòîðíîãî áîëüíîãî íå âûïàäàþò íèêàêèå
äâèæåíèÿ èç íèæåëåæàùèõ óðîâíåé öåíòðàëüíîé
ñèñòåìû, â ÷àñòíîñòè âîçìîæíîñòü ïðîèçâîëüíûõ
äâèæåíèé. Îíè ñòàíîâÿòñÿ òîëüêî ñêàíäèðîâàí-
íûìè è íàïðÿæåííûìè, áîëüíîé ëèøàåòñÿ ñïî-
ñîáíîñòè áåññîçíàòåëüíî ðåãóëèðîâàòü äâèæåíèÿ.

Ñëåäóåò îòìåòèòü, ÷òî îïèñûâàåìûé íàìè
ñèìïòîì ñêðûòîé ñèíêèíåçèè íåêîòîðûå àâòîðû
[7, 10, 11], íàçûâàÿ åãî ïî-äðóãîìó, òðàêòóþò êàê
èçìåíåíèÿ òîíóñà ìûøö, âîçíèêàþùåãî âñëåä-
ñòâèå íàðóøåíèÿ ôóíêöèè ïîäêîðêîâûõ îáðàçî-
âàíèé. Ïî íàøåìó óáåæäåíèþ òàêîå ïîíèìàíèå

óêàçàííîé íàó÷íîé ðåàëüíîñòè ÿâëÿåòñÿ îøèáî÷-
íûì.

Ñèìïòîì ñêðûòîé ñèíêèíåçèè ÿâëÿåòñÿ êëè-
íè÷åñêèì ïðîÿâëåíèåì äåôåêòà ôóíêöèîíèðîâà-
íèÿ ïðåìîòîðíîé çîíû êîðû ãîëîâíîãî ìîçãà,
îáóñëîâëåííîãî îñëàáëåíèåì âíóòðåííåãî, ò. å.
äèôôåðåíöèðîâî÷íîãî òîðìîæåíèÿ â äâèãàòåëü-
íîì àíàëèçàòîðå.

Ïðàêòè÷åñêîå çíà÷åíèå ñèìïòîìà ñêðûòîé
ñèíêèíåçèè çàêëþ÷àåòñÿ â òîì, ÷òî îí ìîæåò
ñëóæèòü ðàííèì äèàãíîñòè÷åñêèì ïîêàçàòåëåì
ýíöåôàëîïàòèè ðàçëè÷íîãî ïðîèñõîæäåíèÿ èëè
ëîêàëüíîãî ïîðàæåíèÿ ïðîìîòîðíîé çîíû êîðû
ãîëîâíîãî ìîçãà, îáóñëîâëåííûõ îñîáåííîñòÿìè
ïðèðîäû âíóòðåííåãî òîðìîæåíèÿ êàê ôèçèîëî-
ãè÷åñêîãî ôåíîìåíà.
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ÄÂÈÃÀÒÅËÜÍÎÃÎ ÀÍÀËÈÇÀÒÎÐÀ

Êàê èçâåñòíî êðàåóãîëüíûì âîïðîñîì ôèçè-
îëîãèè òðóäà ÿâëÿåòñÿ ïðîáëåìà óòîìëåíèÿ è, â
÷àñòíîñòè, óñòàíîâëåíèå íàëè÷èÿ è ñòåïåíè âû-
ðàæåííîñòè åãî ó ðàáîòàþùåãî ÷åëîâåêà.

Â ïðåäëîæåííûõ â ëèòåðàòóðå ìåòîäèêàõ
äèàãíîñòèêè óòîìëåíèÿ èìåþòñÿ ñóùåñòâåííûå
íåäîñòàòêè.

Âî-ïåðâûõ, â òåñòàõ, ïðåäíàçíà÷åííûõ äëÿ
îïðåäåëåíèÿ íàëè÷èÿ óòîìëåíèÿ, íå ïðîâîäèòñÿ
äèôôåðåíöèàöèÿ ñòåïåíè íàãðóçêè äëÿ îòäåëüíûõ
ëþäåé, â ñîîòâåòñòâèè ñ èõ èíäèâèäóàëüíûì ôè-
çè÷åñêèì ðàçâèòèåì.

Ïî ëèòåðàòóðíûì äàííûì, óòîìëÿåìîñòü
îáû÷íî îïðåäåëÿåòñÿ ýðãîãðàôîì ïóòåì çàïèñè
ñîêðàùåíèÿ ìûøö ïðè îïðåäåëåííîé ôèçè÷åñêîé
íàãðóçêå îäèíàêîâîé äëÿ âñåõ èññëåäóåìûõ.
Îäíàêî, òàêîé ïîäõîä ìîæåò èçâðàòèòü èñòèííóþ
êàðòèíó, ò. ê. îäíà è òà æå íàãðóçêà íå ÿâëÿåòñÿ
àäåêâàòíûì, ò. å. îäèíàêîâûì, ôèçè÷åñêèì óñè-
ëèåì äëÿ ðàçíûõ ëþäåé ñ ðàçëè÷íûì ôèçè÷åñ-
êèì ðàçâèòèåì.

Âî-âòîðûõ, ïðè îïðåäåëåíèè íàëè÷èÿ óòîìëå-
íèÿ íå ó÷èòûâàåòñÿ çíà÷åíèå ïðîäîëæèòåëüíîñòè
èíòåðâàëîâ ìåæäó îòäåëüíûìè ìûøå÷íûìè
ñîêðàùåíèÿìè, èáî ïðè îòíîñèòåëüíî ìàëîé ìû-
øå÷íîé íàãðóçêå íåáîëüøèå ïðîìåæóòêè âðåìå-
íè ìåæäó îòäåëüíûìè ñîêðàùåíèÿìè ìûøö ìî-
ãóò äàòü ïîêàçàíèÿ íà íàëè÷èå óòîìëåíèÿ ó èñïû-
òóåìîãî ïðè äåéñòâèòåëüíîì åãî îòñóòñòâèè, à
èçëèøíå áîëüøèå ïðîìåæóòêè âðåìåíè ìåæäó
ñîêðàùåíèÿìè ìûøö ìîãóò äàòü ïîêàçàíèÿ íà
îòñóòñòâèå óòîìëåíèÿ ïðè åãî íàëè÷èè. Ýòî ñâÿ-
çàíî ñ òåì ÷òî, ïî äàííûì íåêîòîðûõ ó÷åíûõ [4],
ïðè íàðàñòàíèè óòîìëåíèÿ ìûøö ñîîòâåòñòâåííî
âîçðàñòàåò è âðåìÿ îòäûõà íåîáõîäèìîå äëÿ âîñ-
ñòàíîâëåíèÿ èñõîäíîãî ñîñòîÿíèÿ.

Ó÷èòûâàÿ íåäîñòàòêè èìåþùèõñÿ â ëèòåðà-
òóðå ìåòîäèê îïðåäåëåíèÿ ìûøå÷íîãî óòîìëå-
íèÿ, íàìè áûë ïðåäëîæåí íîâûé ìåòîä, ñóùíîñòü
êîòîðîãî ñâîäèòñÿ ê òîìó, ÷òî ïðîâîäèòñÿ èñïû-
òàíèå ôóíêöèîíàëüíîãî ñîñòîÿíèÿ íåðâíî-ìû-
øå÷íîé ñèñòåìû ñ ïîäà÷åé íàãðóçêè èñïûòóåìûì

â ñîîòâåòñòâèè ñ îñîáåííîñòÿìè ôèçè÷åñêîãî
ðàçâèòèÿ êàæäîãî èç íèõ è âðåìåííûìè ïàðàìåò-
ðàìè èñïûòàòåëüíîãî ïåðèîäà îäèíàêîâûìè äëÿ
âñåõ, íî íå ïðèâîäÿùèõ ê âîçíèêíîâåíèþ ïðèçíà-
êîâ óòîìëåíèÿ ïðè åãî ôàêòè÷åñêîì îòñóòñòâèè
[1,2].

Ïî íàøèì äàííûì, ó çäîðîâûõ ëþäåé â ñî-
ñòîÿíèè íîðìû ïðè ìàêñèìàëüíîé ìûøå÷íîé
íàãðóçêå ñ ðèòìîì ñîêðàùåíèÿ ìûøö ÷åðåç êàæ-
äûå 10 ñåê. â òå÷åíèå 2 ìèí., ñî ñòîðîíû ôóíê-
öèîíèðóþùèõ ãðóïï ìûøö íå íàáëþäàåòñÿ ïðè-
çíàêîâ óòîìëåíèÿ, à ïðè íàëè÷èè ó èñïûòóåìîãî
ëåãêîé ôîðìû óòîìëåíèÿ, ïðèçíàêè åãî ïîÿâëÿ-
þòñÿ òîëüêî ê êîíöó ýòîãî ñðîêà èñïûòàíèÿ. Ýòè
äàííûå ñîãëàñóþòñÿ ñ íàáëþäåíèåì Á.Í. Äåäîâà
[3]. Ïî åãî óòâåðæäåíèþ, ó ÷åëîâåêà ïðè îòñóò-
ñòâèè óòîìëåíèÿ è ñîêðàùåíèè ìûøö ñ èíòåðâà-
ëîì âðåìåíè 10 ñåê., ìûøöà ìîæåò ôóíêöèîíè-
ðîâàòü äîëãî, íå ïðèõîäÿ â ñîñòîÿíèå óòîìëåíèÿ.

Ïðåäëàãàåìûé íàìè ìåòîä äèàãíîñòèêè
óòîìëåíèÿ ñâîäèòñÿ ê ñëåäóþùåìó.

1. Èñïûòóåìûé ñæèìàåò äèíàìîìåòð êèñòüþ
ðóêè ñ ìàêñèìàëüíûì óñèëåíèåì è ñ èíòåðâà-
ëîì âðåìåíè ìåæäó êàæäûì ñæàòèåì 10 ñåê. â
òå÷åíèå 2 ìèí. Ïðè ýòîì ïðîèçâîäèòñÿ 12 öèê-
ëîâ ñæàòèÿ ïî 10 ñåê. êàæäûé, èç êîòîðûõ 2,5
ñåê. ÿâëÿåòñÿ âðåìåíåì àêòèâíîãî ìûøå÷íîãî
óñèëèÿ è 7,5 ñåê. âðåìåíåì îòäûõà (ðàññëàáëå-
íèÿ ìûøö).

2. Ðåãèñòðàöèÿ âåëè÷èíû ðàçâèâàåìûõ óñè-
ëèé öèêëîâ ñæàòèÿ äèíàìîìåòðà â òå÷åíèå äâóõ
ìèíóò ïðîèçâîäèòñÿ íà ôîíå èìåþùåãîñÿ ñâå-
äåíèÿ î âåëè÷èíå ñèëû ìûøö èñïûòóåìîãî â íîð-
ìå è ôàêòè÷åñêè áóäåò ïðåäñòàâëÿòü èç ñåáÿ åãî
ýðãîãðàììó.

Òàêèì îáðàçîì, ïðåäëàãàåìûé íàìè ìåòîä
îïðåäåëåíèÿ óòîìëÿåìîñòè ìûøö, îñíîâàííûé íà
âûïîëíåíèè èñïûòóåìûì ìàêñèìàëüíîãî âîëå-
âîãî ìûøå÷íîãî óñèëèÿ ïðè ìèíèìàëüíîì âðå-
ìåíè ìåæäó ñîêðàùåíèÿìè ìûøö, âîññòàíàâëè-
âàþùåå â íîðìå èñõîäíîå ñîñòîÿíèå äâèãàòåëü-
íîãî àíàëèçàòîðà, ïîçâîëÿåò ôóíêöèîíèðîâàòü
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Ðèñ. 1. Ïåðâûé òèï ýðãîãðàìì.
Óñëîâíûå îáîçíà÷åíèÿ: F êã. - ñèëà ìûøö êèñòè ðóêè; t ñåê. - âðåìÿ â ñåêóíäàõ; N - ïðåäåëû ñèëû ìûøö êèñòè â íîðìå

íåðâíî-ìûøå÷íîìó àïïàðàòó íà ãðàíèöå ïðåäå-
ëà ôèçèîëîãè÷åñêîé âîçìîæíîñòè.

Èññëåäîâàíèÿ, ïðîâåäåííûå ñ èñïîëüçîâàíè-
åì ïðåäëàãàåìîé ìåòîäèêè, ïîêàçàëè íàëè÷èå ó
îáñëåäîâàííûõ ïÿòè ðàçëè÷íûõ òèïîâ ýðãîãðàìì,
÷òî ñâèäåòåëüñòâóåò î ñòîëüêèõ æå ðàçíûõ ôóí-
êöèîíàëüíûõ ñîñòîÿíèÿõ äâèãàòåëüíîé çîíû êîðû
ãîëîâíîãî ìîçãà (äâèãàòåëüíîãî àíàëèçàòîðà).
Ýòè ðàçëè÷èÿ èëëþñòðèðóþòñÿ ïîêàçîì íèæå
ýðãîãðàìì îáñëåäîâàííûõ (ðèñ. 1, 2, 3, 4, 5).

Ïåðâîå. Íîðìàëüíîå ôóíêöèîíàëüíîå ñîñòî-
ÿíèå äâèãàòåëüíîãî àíàëèçàòîðà (ðèñ. 1, ïåðâûé
òèï ýðãîãðàìì).

Ïðè ìàêñèìàëüíîì, íî êðàòêîâðåìåííîì
ìûøå÷íîì íàïðÿæåíèè, ïîâòîðÿþùåìñÿ ÷åðåç
êàæäûå 10 ñåê. â òå÷åíèå 2 ìèí., íåðâíàÿ ñèñòå-
ìà ôóíêöèîíèðóåò ñ ïîëíûì ýôôåêòîì, ïîêàçû-
âàÿ îòñóòñòâèå èñòîùåíèÿ íåðâíî-ìûøå÷íîé
ñèñòåìû. À åñëè ïðè ýòîì è ïðîÿâëÿåòñÿ íåêîòî-
ðîå åå îñëàáëåíèå, òî è îíî âûðàæåíî íåçíà÷è-
òåëüíî. Ïåðâûé òèï ýðãîãðàìì ñâèäåòåëüñòâóåò
î õîðîøåì âûñîêîì óðîâíå ñèëû îñíîâíûõ íå-
ðâíûõ ïðîöåññîâ, äîñòàòî÷íîé ñòåïåíè óðàâíî-
âåøåííîñòè èõ, îáóñëîâëåííîé, ïî âñåé âåðîÿò-
íîñòè, îáåñïå÷åííîñòüþ ïðîöåññà âîçáóæäåíèÿ
ýíåðãåòè÷åñêèì ïîòåíöèàëîì.

Âòîðîå. Íàõîæäåíèå äâèãàòåëüíîãî àíàëèçà-
òîðà â ñîñòîÿíèè ïðåâåíòèâíîãî òîðìîæåíèÿ (ðèñ.
2, âòîðîé òèï ýðãîãðàìì). Ïî ìíåíèþ íåêîòîðûõ
àâòîðîâ, òàêîå ñîñòîÿíèå òàêæå íàçûâàåòñÿ «îïå-
ðàòèâíûì ïîêîåì» èëè «àäàïòàöèåé».

Â ñîñòîÿíèè ïðåâåíòèâíîãî òîðìîæåíèÿ íå-
ðâíûå êëåòêè íà ñëàáûå ðàçäðàæèòåëè îòâå÷à-
þò ñëàáûì ýôôåêòîì, à íà ñèëüíûå - íàðàñòàþ-
ùèì ýôôåêòîì.

Â ýòîì ñîñòîÿíèè ôóíêöèîíàëüíàÿ íàãðóç-
êà íà íåðâíóþ ñèñòåìó, îñîáåííî â íà÷àëüíûõ
åå ýòàïàõ, íå ïðèâîäèò ê èñòîùåíèþ ýíåðãåòè-
÷åñêîãî ïîòåíöèàëà âîçáóæäåíèÿ. Èñòîùåíèå
ýíåðãåòè÷åñêîãî ïîòåíöèàëà âîçáóæäåíèÿ, êàê
ïðàâèëî, âîçíèêàåò â êîíå÷íûõ ýòàïàõ ñåðèè ôè-
çè÷åñêèõ íàãðóçîê è òåì ñàìûì íåðâíàÿ ñèñ-
òåìà, ïîäâåðãàþùàÿñÿ ôóíêöèîíàëüíîé íàãðóç-
êå, âñòóïàåò â ïîëîæåíèå çàïðåäåëüíîãî òîð-
ìîæåíèÿ òîëüêî íà ýòèõ ïîñëåäíèõ ýòàïàõ íà-
ãðóçîê.

Àíàëèç èìåþùåãîñÿ íàó÷íîãî ìàòåðèàëà ïî-
êàçûâàåò, ÷òî ñîñòîÿíèå ïðåâåíòèâíîãî òîðìî-
æåíèÿ áëèæå âñåãî ïðèìûêàåò ê íîðìå, ò. å. îíî
êàê áû ÿâëÿåòñÿ ïðîìåæóòî÷íîé ôîðìîé ìåæäó
íîðìîé è ïàòîëîãèåé ôóíêöèîíàëüíîãî ñîñòîÿíèÿ
äâèãàòåëüíîãî àíàëèçàòîðà.
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Ðèñ. 2. Âòîðîé òèï ýðãîãðàìì.
Óñëîâíûå îáîçíà÷åíèÿ: F êã. -ñèëà ìûøö êèñòè ðóêè;

t ñåê. - âðåìÿ â ñåêóíäàõ: N - ïðåäåëû ñèëû ìûøö êèñòè â íîðìå

Ðèñ. 3. Òðåòèé òèï ýðãîãðàìì. Óñëîâíûå îáîçíà÷åíèÿ: F êã. � ñèëà ìûøö êèñòè ðóêè;
t ñåê. � âðåìÿ â ñåêóíäàõ; N � ïðåäåëû ñèëû ìûøö êèñòè â íîðìå

Òðåòüå. Ñîñòîÿíèå óðàâíèòåëüíîé ñòàäèè
òîðìîæåíèÿ (ðèñ. 3, òðåòèé òèï ýðãîãðàìì).

È. Ï. Ïàâëîâ [1] ñ÷èòàë ñíèæåíèå ýôôåêòà
îò ñèëüíîãî ðàçäðàæåíèÿ, âîçíèêàþùåãî ïðè ïî-
âûøåííîé âîçáóäèìîñòè êîðêîâûõ êëåòîê, óðàâ-
íèòåëüíîé ñòàäèåé òîðìîæåíèÿ.

Ïðè ýòîì ñîñòîÿíèè íà ýðãîãðàììå ìûøå÷-
íàÿ ñèëà â íà÷àëå èñïûòàíèÿ íà óòîìëåíèå âû-
ÿâëÿåòñÿ â ïðåäåëàõ íîðìû èëè âûøå íîðìû,
íî çàòåì ñòàíîâèòñÿ âèäíûì âîçíèêíîâåíèå
ïðèçíàêà ïðîãðåññèðóþùåãî óòîìëåíèÿ. Â
ýòîì ñîñòîÿíèè óñëîâèÿ èñïûòàíèÿ ïî íàøåé

ìåòîäèêå èññëåäîâàíèé äëÿ äâèãàòåëüíîãî
àíàëèçàòîðà îêàçûâàþòñÿ ñâåðõñèëüíîé íà-
ãðóçêîé, ïðèâîäÿùåé ê óãíåòåíèþ ïðîöåññà
âîçáóæäåíèÿ â ðåçóëüòàòå ïðåâàëèðóþùåãî
âëèÿíèÿ âîçíèêàþùåãî çàïðåäåëüíîãî òîðìî-
æåíèÿ. Ïî âñåé âåðîÿòíîñòè èñòîùåíèå ïðî-
öåññà âîçáóæäåíèÿ íàñòóïàåò â ðåçóëüòàòå
íåäîñòàòî÷íîñòè âîññòàíîâëåíèÿ èçðàñõî-
äîâàííûõ ýíåðãîðåñóðñîâ.

×åòâåðòîå. Ñîñòîÿíèå óëüòðàïàðàäîêñàëü-
íîé ñòàäèè çàïðåäåëüíîãî òîðìîæåíèÿ (ðèñ. 4,
÷åòâåðòûé òèï ýðãîãðàìì).
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Ðèñ. 4. ×åòâåðòûé òèï ýðãîãðàìì.
Óñëîâíûå îáîçíà÷åíèÿ: F êã. - ñèëà ìûøö êèñòè ðóêè; t ñåê. - âðåìÿ â ñåêóíäàõ;

N - ïðåäåëû ñèëû ìûøö êèñòè â íîðìå

Ðèñ. 5. Ïÿòûé òèï ýðãîãðàìì. Óñëîâíûå îáîçíà÷åíèÿ F êã � ñèëà ìûøö êèñòè ðóêè;
t ñåê. - âðåìÿ â ñåêóíäàõ; N - ïðåäåëû ñèëû ìûøö êèñòè â íîðìå

Ñíèæåíèå ýôôåêòà îò ñèëüíîãî ðàçäðàæåíèÿ
ïðè ïåðâîíà÷àëüíîé ñëàáîñòè ïðîöåññà âîçáóæ-
äåíèÿ, È.Ï. Ïàâëîâ íàçûâàë ïàðàäîêñàëüíîé ñòà-
äèåé çàïðåäåëüíîãî òîðìîæåíèÿ [5].

Äëÿ ýòîãî ñîñòîÿíèÿ õàðàêòåðíî ñíèæåíèå
ñèëû ìûøö äî ïðîâåäåíèÿ äèàãíîñòè÷åñêîé ïðî-
áû íà óòîìëåíèå. À âî âðåìÿ æå ïðîâåäåíèÿ èñ-
ïûòàíèÿ íà íàëè÷èå óòîìëåíèÿ ïðîèñõîäèò ïðî-
ãðåññèðóþùåå ñíèæåíèå ñèëû ìûøö, ñâè-
äåòåëüñòâóÿ îá èìåâøåì ìåñòî èñòîùåíèè íå-
ðâíî-ìûøå÷íîé ñèñòåìû. Òàêîå ñîñòîÿíèå äîë-
æíî áûòü îáóñëîâëåíî ñëàáîñòüþ ïðîöåññà âîç-
áóæäåíèÿ èç-çà ïîâûøåííîé èñòîùàåìîñòè ýíåð-
ãåòè÷åñêîãî ïîòåíöèàëà êëåòîê.

Ïÿòîå. Ñîñòîÿíèå íåóðàâíîâåøåííîñòè
íåðâíûõ ïðîöåññîâ (ðèñ. 5, ïÿòûé òèï ýðãîã-
ðàìì).

Âîëíîîáðàçíûå ýðãîãðàììû õàðàêòåðèçóþò
íåóðàâíîâåøåííîñòü âîçáóäèòåëüíîãî è òîðìîç-
íîãî ïðîöåññîâ. Ïî âñåé âåðîÿòíîñòè òàêîå ñî-
ñòîÿíèå ÿâëÿåòñÿ ñëåäñòâèåì íàðóøåíèÿ ðàñõî-
äîâàíèÿ è âîññòàíîâëåíèÿ ýíåðãèè ïðîöåññà âîç-
áóæäåíèÿ.

Ñëåäóåò îòìåòèòü, ÷òî ýòî ñîñòîÿíèå âûäåëå-
íî íàìè êàê ñàìîñòîÿòåëüíîå ñóãóáî óñëîâíî, èáî
ñëàáàÿ ñòåïåíü âîëíîîáðàçíîñòè êðèâûõ â ýðãîã-
ðàììàõ ìîæåò èìåòü ìåñòî è ïðè äðóãèõ ôîðìàõ
ôóíêöèîíàëüíîãî ñîñòîÿíèÿ íåðâíîé ñèñòåìû.

Â çàêëþ÷åíèå îòìåòèì, ÷òî â ñîãëàñèè ñ ëè-
òåðàòóðíûìè äàííûìè è íà îñíîâàíèè èìåþùå-
ãîñÿ ó íàñ ôàêòè÷åñêîãî ìàòåðèàëà, ìû ñêëîííû
îáúÿñíÿòü ìåõàíèçì óòîìëåíèÿ ìûøö ðàçâèòè-
åì çàïðåäåëüíîãî òîðìîæåíèÿ â äâèãàòåëüíîé
çîíå êîðû ãîëîâíîãî ìîçãà.
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Ôèçèîëîãè÷åñêèé ìåõàíèçì ïðîèçâîëüíûõ
äâèæåíèé ðàñøèôðîâàí â íàóêå â äîñòàòî÷íîé
ñòåïåíè.

Ñ÷èòàåòñÿ, ÷òî âñÿêîå âîëåâîå äâèæåíèå ó
÷åëîâåêà ïðåäñòàâëÿåò èç ñåáÿ äâèãàòåëüíûé
ñòåðåîòèï, îïðåäåëÿþùèéñÿ ñìåíîé î÷àãîâ âîç-
áóæäåíèÿ è òîðìîæåíèÿ â êîðå ãîëîâíîãî ìîçãà.
Ïðè äðóãèõ ðàâíûõ óñëîâèÿõ ñèëà ñîêðàùåíèÿ
ñêåëåòíûõ ìûøö çàâèñèò îò èíòåíñèâíîñòè âîç-
áóäèòåëüíîãî ïðîöåññà â äâèãàòåëüíîì àíàëèçà-
òîðå.

Â íàñòîÿùåå âðåìÿ ïîëó÷èëî îáùåå ïðèçíà-
íèå ìíåíèå, ÷òî óòîìëåíèå �ýòî ñíèæåíèå ðàáî-
òîñïîñîáíîñòè ïðåæäå âñåãî êîðêîâûõ êëåòîê,
ãëàâíûì îáðàçîì â ðåçóëüòàòå ðàçâèòèÿ â íèõ
îõðàíèòåëüíîãî òîðìîæåíèÿ èëè ïî ïðè÷èíå ïåð-
âè÷íîãî îñëàáëåíèÿ ïðîöåññà âîçáóæäåíèÿ
âñëåäñòâèå èñòîùåíèÿ (ðàñõîäîâàíèÿ) ýíåðãå-
òè÷åñêîãî ïîòåíöèàëà êëåòîê èëè æå èç-çà çàïàç-
äûâàíèÿ ñâîåâðåìåííîãî âîññòàíîâëåíèÿ èçðàñ-
õîäîâàííîãî ôóíêöèîíàëüíîãî ïîòåíöèàëà èõ. Ïðè
ýòîì ñ÷èòàåòñÿ, ÷òî óðîâåíü ðàáîòîñïîñîáíîñ-
òè êîðêîâûõ öåíòðîâ äâèæåíèÿ â êàæäûé îòäåëü-
íûé ìîìåíò îïðåäåëÿåòñÿ àëãåáðàè÷åñêîé ñóì-
ìîé ýòèõ ïðîöåññîâ.

Ïî ìíåíèþ èññëåäîâàòåëåé, íàðóøåíèå êîð-
êîâîé íåéðîäèíàìèêè, îáóñëîâëåííîå âîçíèêíî-
âåíèåì îõðàíèòåëüíîãî òîðìîæåíèÿ, ïðîòåêàåò
îáû÷íî ïðîÿâëåíèåì åãî ðàçëè÷íûõ ôàç - ïàðà-
äîêñàëüíàÿ, óðàâíèòåëüíàÿ è óëüòðàïàðàäîêñàëü-
íàÿ, ÷òî ñâèäåòåëüñòâóåò î ïàðàáèîòè÷åñêîé ïðè-

ðîäå òîðìîæåíèÿ â öåíòðàëüíîé íåðâíîé ñèñòå-
ìå âî âðåìÿ ìûøå÷íîé ðàáîòû [5].

Ñîñòîÿíèå óòîìëåíèÿ âîçíèêàåò òîãäà, êîãäà
íåðâíûé öåíòð ðåãóëÿöèè äâèæåíèÿ íàõîäèòñÿ â
ñîñòîÿíèè óðàâíèòåëüíîé, óëüòðàïàðàäîêñàëüíîé
èëè êîíå÷íîé ñòàäèè çàïðåäåëüíîãî òîðìîæåíèÿ.

Ïðè íîðìàëüíîì ôóíêöèîíàëüíîì ñîñòîÿíèè
íåðâíîãî öåíòðà ðåãóëÿöèè äâèæåíèÿ èëè êîãäà
ýòîò öåíòð íàõîäèòñÿ â ôàçå ïðåâåíòèâíîãî òîð-
ìîæåíèÿ, íàãðóçêà íà íåðâíóþ ñèñòåìó, ïîäàâà-
åìîé ïðè íàøåì ìåòîäå èññëåäîâàíèÿ íå ñîïðî-
âîæäàåòñÿ âîçíèêíîâåíèåì ïðèçíàêîâ óòîìëåíèÿ.

Ñëåäóåò îòìåòèòü è òî, ÷òî ðåêîìåíäóåìûé
íàìè ìåòîä èññëåäîâàíèÿ íå òîëüêî èìååò íå-
ïîñðåäñòâåííîå îòíîøåíèå ê äèàãíîñòèêå óòîì-
ëåíèÿ, íî îí òàêæå ïðåäñòàâëÿåò îïðåäåëåííóþ
öåííîñòü äëÿ îöåíêè ôóíêöèîíàëüíîãî ñîñòîÿíèÿ
äâèãàòåëüíîãî àíàëèçàòîðà ïðè ðàçëè÷íûõ ïàòî-
ëîãèÿõ öåíòðàëüíîé íåðâíîé ñèñòåìû, â ÷àñòíî-
ñòè ïðè ýíöåôàëîïàòèÿõ ðàçëè÷íîãî ïðîèñõîæäå-
íèÿ.
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ÌÅÄÈÖÈÍÀÏÐÀÂÈËÀ
äëÿ àâòîðîâ æóðíàëîâ HAH PK

Â æóðíàëàõ ïóáëèêóþòñÿ íàó÷íûå ñòàòüè è çàìåòêè, ýêñïðåññ-ñîîáùåíèÿ î ðåçóëüòàòàõ èññëåäîâàíèé â ðàç-
ëè÷íûõ îáëàñòÿõ åñòåñòâåííî-òåõíè÷åñêèõ è îáùåñòâåííûõ íàóê.

Æóðíàëû ïóáëèêóþò ñîîáùåíèÿ àêàäåìèêîâ HAH PK, à òàêæå ñòàòüè äðóãèõ ó÷åíûõ, ïðåäñòàâëåííûå äåé-
ñòâèòåëüíûìè ÷ëåíàìè HAH PK (àêàäåìèêàìè HAH PK), íåñóùèìè îòâåòñòâåííîñòü çà äîñòîâåðíîñòü è çíà÷è-
ìîñòü íàó÷íûõ ðåçóëüòàòîâ è àêòóàëüíîñòü íàó÷íîãî ñîäåðæàíèÿ ðåêîìåíäóåìûõ ðàáîò.

Ïðåäñòàâëåííûå äëÿ îïóáëèêîâàíèÿ ìàòåðèàëû äîëæíû óäîâëåòâîðÿòü ñëåäóþùèì òðåáîâàíèÿì:
1. Ñîäåðæàòü ðåçóëüòàòû îðèãèíàëüíûõ íàó÷íûõ èññëåäîâàíèé ïî àêòóàëüíûì ïðîáëåìàì â îáëàñòè ôèçèêè,

ìàòåìàòèêè, ìåõàíèêè, èíôîðìàòèêè, áèîëîãèè, ìåäèöèíû, ãåîëîãèè, õèìèè, ýêîëîãèè, îáùåñòâåííûõ è ãóìàíè-
òàðíûõ íàóê, ðàíåå íå îïóáëèêîâàííûå è íå ïðåäíàçíà÷åííûå ê ïóáëèêàöèè â äðóãèõ èçäàíèÿõ.
Ñòàòüÿ ñîïðîâîæäàåòñÿ ðàçðåøåíèåì íà îïóáëèêîâàíèå îò ó÷ðåæäåíèÿ, â êîòîðîì âûïîëíåíî èññëåäîâàíèå è
ïðåäñòàâëåíèåì îò àêàäåìèêà HAH PK.

2. Ñòàòüÿ  ïðåäñòàâëÿåòñÿ â  îäíîì ýêçåìïëÿðå.  Ðàçìåð  ñòàòüè íå äîëæåí ïðåâûøàòü 10 ìàøèíîïèñíûõ
ñòðàíèö (ñòàòüè îáçîðíîãî õàðàêòåðà � äî 20 ñòð.), âêëþ÷àÿ òàáëèöû, ðèñóíêè, àííîòàöèþ â íà÷àëå ñòàòüè ïåðåä
îñíîâíûì òåêñòîì (àííîòàöèÿ äî 1/3 ñòð. ÷åðåç 1 êîìïüþòåðíûé èíòåðâàë, 12 ïò), ñïèñîê ëèòåðàòóðû,
íàïå÷àòàííûõ â ðåäàêòîðå Word, øðèôòîì Times New Roman 14 ïò, ñ ïðîáåëîì ìåæäó ñòðîê 1,5 êîìïüþòåðíûõ
èíòåðâàëà, ïîëÿ � âåðõíåå è íèæíåå 2 ñì, ëåâîå 3 ñì, ïðàâîå 1,5 ñì. Êîëè÷åñòâî ðèñóíêîâ � íå áîëåå ïÿòè (äëÿ
ñåðèé áèîëîãè÷åñêàÿ, ãåîëîãè÷åñêàÿ, ôèçèêî-ìàòåìàòè÷åñêàÿ, õèìè÷åñêàÿ � íå áîëåå 10). Â íà÷àëå ñòàòüè ââåðõó
ñëåâà ñëåäóåò óêàçàòü èíäåêñ ÓÄÊ. Äàëåå ïîñåðåäèíå ñòðàíèöû ïðîïèñíûìè áóêâàìè (êóðñèâîì) � èíèöèàëû è
ôàìèëèè àâòîðîâ, íèæå òàêæå ïîñåðåäèíå çàãëàâíûìè áóêâàìè (ïîëóæèðíûì øðèôòîì) � íàçâàíèå ñòàòüè;
çàòåì ïîñåðåäèíå ñòðî÷íûìè áóêâàìè â êðóãëûõ ñêîáêàõ � íàçâàíèå îðãàíèçàöèè(èé), â êîòîðîé âûïîëíåíà
ðàáîòà, è ãîðîä. Ïîñëåäíÿÿ ñòðàíèöà ïîäïèñûâàåòñÿ âñåìè àâòîðàìè. Ïðèëàãàåòñÿ ýëåêòðîííûé âàðèàíò íà íî-
âîì CD-äèñêå.

3. Ñòàòüè ïóáëèêóþòñÿ íà ðóññêîì, êàçàõñêîì, àíãëèéñêîì ÿçûêàõ. Ê ñòàòüå íåîáõîäèìî  ïðèëîæèòü  àííîòà-
öèþ  (íå ìåíåå   1/3   ñòð.)  è íàçâàíèå ñòàòüè íà äâóõ ÿçûêàõ (íà êàçàõñêîì è àíãëèéñêîì èëè íà ðóññêîì è
àíãëèéñêîì) íà îòäåëüíîé ñòðàíèöå è ñâåäåíèÿ îá àâòîðàõ (Ô.È.Î., ó÷åíàÿ ñòåïåíü, ó÷åíîå çâàíèå, àäðåñ,
ìåñòî ðàáîòû, òåëåôîí, ôàêñ, e-mail) òàêæå íà îòäåëüíîé ñòðàíèöå.
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