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PLIABILITY OF FAULTS IN OPEN STACK VERSIONS

Maksymovych O.V., Melnyk V.M., Bortnyk K.YaLavrenchuk S.V., Samarchuk V.F. Pliability of faults in open
stack versions. Stacks of cloud-management have become an important elements in cloud computing. They are serving as the
resource managers for cloud platforms. While their functionality has been constantly expanding, their fault resilience remains
under-studied. This article presents a fault resilience systematic study of OpenStack — a popular cloud-management stack for the
open source. We have built an example fault-injection framework directing service communications during the external requests
processing, both among OpenStack services and between OpenStack and external services, and have thus far uncovered 23 bugs
in two OpenStack versions. Our findings hut light on defects in the design and implementation of advanced cloud management
stacks from a fault-resilience perspective.

Keywords: reliability, fault-injection framework, fault-resilience perspective, cloud-management stack, open stack.

MaxkcumoBu4 O.B., Measuuk B.M., Boptauk K.51., Jlappenuyk C.B., Camapuyk B.®. CriiikicTs 10 300iB Bepciii
Binkputux crekiB. Cmexu ynpasninna cloud’amu cmanu eaxciueum enemenmom cloud obuucnens. Bowu cayeyiomo
Mmenedacepamu pecypcie ons cloud-niamgpopm. YV moii wac sk ixws @ynkyionanvHicms ROCMIHO POMUPIOEMBCA, IXHSA
cmitikicms 00 36018 He 00 Kinys eusuena. L] cmamms npesenmye cucmemne docnioxcens cmitxkocmi do 360ie Open Stack —
nonynsiprozo cmexy kepyeanns cloud’amu na 6asi 6iokpumozo kody. Cmeopeno Rpukiad CmMpyKmypu HAnpagiaouoeo
KOMYHIKAYitIHO20 cepeicy 01 2eHepY8aHHs NOMUWIOK Ni0 uac oOpoOKu 306HIWHMIX 3anumie, 01 pobomu K ceped cepeicie
OpenStack, max i ons pobomu mixnc OpenStack ma soeniwminu cepsicamu, i, Maxum YUHOM, GUABLEHO HA Oanuil MomeHm 23
Heobpobneni nomuiku y 06ox eepcisx OpenStack. IIpopobreni nowyku npoceimmunu noisid HeOOMKU 8 NPOEKMYSaHHi i
peanizayii nowupenux cmexie ynpasninns cloud’amu 3 mouxu 30py nepcnexmuéu cmiikocmi 0o 300i8.

KoniouoBi ciioBa: HamilHICTB, CTPYKTYpa TeHEPyBaHHS IOMIJIOK, IIEPCIIEKTHBA CTIMKOCTI A0 3001B, CTEK YIIpaBIiHHS
cloud’om, BigkpuTHii cTek.

MaxkcumoBuu O.B., Measnuk B.M., BoptHuk K.5., Jlappenuyk C.B., Camapuyk B.®. YcroiiuuBocTh K c00IM
BepcHii OTKPBITHIX cTekoB. Creku ympasmenust cloud’amu cramu BakubiM diementoM cloud-eramcnennit. OHE Cy)at
MeHemkepamu pecypcoB mias cloud-mmatopm. B To Bpemst kak WX (YHKIHOHAJIBHOCTH MOCTOSHHO PACHIUPSIETCS, WX
YCTOHYMBOCTH K COOSIM HE ZI0 KOHLIA H3y4eHa. JTa CTaThs IPEACTABISICT CHCTEMHOE HCCIICA0BAaHUE YCTOHYMBOCTH K c6osiM Open
Stack — momymsiproro crexa ympasnenust cloud’om Ha 6ase orkpsiroro koma. Co3maH MpUMEP CTPYKTYPHI HAIPABISIOIIETO
KOMMYHUKAIIMOHHOTO CEepBHCA UL T€HEpaIy OMMOOK Ipu 00paboTKe BHEIIHMX 3allpocoB, A PaOOTHI KaK CPEIU CEpBUCOB
OpenStack, tak u mst pabotsr Mesxay OpenStack u BHeUIHUMYU CepBHCaMH, U, TAKHM 00pa3oM, 0OHAPY)KEHO Ha JaHHBI MOMEHT
23 wHeobpaborandbie ommOKH B ABYX Bepcmsix OpenStack. Ilponenanmbie TOWMCKH CHETaNM IPOCBET HA HENOCTATKA B
TPOCKTHPOBAHNM W pPEealN3allil PACIIPOCTPAHCHHBIX CTEKOB ympasienus cloud’amur ¢ TOYKM 3peHHs] TEpPCIEKTHBBI
YCTOWMYMBOCTHU K COOSIM.

KitoueBble cj10Ba: HaJIEKHOCTh, CTPYKTypa T'€HEpPALMH OIIMOOK, IEPCIICKTHBA YCTOMYMBOCTH K cOOSM, CTEK
yIIpaBieHHs 00JIaKOM, OTKPBITHIT CTEK.

Introduction

With the virtual machine (VM) technology development in both: software design and hardware
support, cloud computing has become a major computing platform. In addition to public cloud services
that have been available since the early stage of cloud platform deployment [1], there is an evolving
demand for other types of cloud platforms, particularly, private and hybrid clouds. The demand leads to
the role transition from cloud users to a cloud users and providers combination, broadening the scope of
cloud providers from major IT companies to any size organizations. It has also prompted the cloud
management stack research and development — a new software stack functioning as a high-level cloud
operating system and remains key to resource management in cloud platforms.

In recent years an attention to cloud-management stacks from academy and industry has led to a
rapid increase in the number of features. However, fault resilience of this layer, as an optional feature, is
still regarded and remains under-studied, despite its importance demonstrated by real-world failures and
its significant impact on managed cloud platforms [2, 3, 4]. Fault-resilience-related issues constantly stun
the users of cloud-management stacks. For example, when faults occur, VM creation may fail or take
some long time, and VMs may be marked as successfully created but lack critical resources (IP
addresses), thus remaining unusable. A fault resilience investigation of cloud-management stacks is long
overdue that demystifies the above issues.

In this paper, the first systematic study on the fault resilience of OpenStack is present, as a popular
open source cloud-management stack. The conventional wisdom in the fault-injection literature as well as
its application in fault-injection studies directing large-scale distributed systems [5, 6, 7], that studied the

© Maxkcumosuu O.B., Mensauk B.M., boptauk K.41., JlaBpenuyk C.B., Camapuyk B.®D.
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OpenStack execution in the two common faults presence with the cloud environment: server crashes and
network partitions. OpenStack is considered fault-resilient during the external request processing, if it
maintains correct and steady states and behaviours, even in case of faults occurrence. As external requests
are an important source of inputs to OpenStack and usually trigger state transitions, focusing on
OpenStack’s fault resilience during external request processing. We insert faults into inter-service
communications during request processing, as they characterize service collaboration of which design and
implementation is difficult to be fault resilient. Specifically, there are targeted communications among
OpenStack’s computing, image, identity services, as well as external services such as databases,
hypervisors, and messaging.

An approach is taken in this fault-injection study, to expose high-level OpenStack semantics
(service A sends a request R to service B via communication channel C) by supplementing its wrapper
layer of communication libraries with our sorting and module of coordination. Exposing, instead of
inferring, high-level semantics reduces the amount of logs, simplifies the extraction of communication
patterns and facilitates efficient fault injection. This approach can also be easily integrated into
OpenStack’s notification mechanism. It closely mirrors OpenStack’s existing logging infrastructure. To
mean broader, this white-box approach is valuable to the DevOps integration current trend [8], allowing
developers and operators to better understand the software functioning in realistic deployment
environments. It facilitates the spectrum design of approaches to hardening cloud-management stacks,
such as fault-injection studies, and online fault detection and analysis, which are planned to explore in
future.

11 external APIsl of OpenStack were been studied and for each APl were been executed late
request with identifying all fault injection cases, each corresponding to the combination of a fault type
and location in the request execution path. A single-fault injections were conducted by re-executing the
same request and iterating through the fault-injection cases, each time injecting a distinct fault into the
execution flow. Upon completion of fault injection experiments, the results were checked against
predefined specifications regarding the expected states and OpenStack behaviours. When specifications
are violated, the execution of OpenStack and bugs identifying were manually investigated.

Two OpenStack versions were studied, namely, "essex™ and "grizzly", the latter being the first
version of the most recent release series, and identify in total 23 bugs. As in the preliminary work version
[9], those bugs were been categorized into seven groups and performed an in-depth study for each
category. several common fault-resilience issues were been identified then in OpenStack, such as
permanent service blocking due to the timeout protection lack, irrecoverable inconsistent system states
due to the lack of periodic checking and state stabilization, and misleading behaviours due to code
checking of the incautious return. The major contributions of this paper are three-fold:

1. Applied fault-injection techniques to cloud management stacks and presented design and
implementation for an operational prototype fault injection framework for this emerging software
layer, using OpenStack as the study target.

2. Conducted the first systematic fault-resilience OpenStack study, identifying 23 bugs.

3. Categorized bugs, presenting deep analysis for each bug category, and discussing related fault
resilience issues.

Cloud-Management Stack and OpenStack Background

It is briefly discussed cloud-management stacks and then provided background information about
OpenStack, concentrating on its components, supporting services, communication mechanisms, and
threading model. Cloud-management stacks are an emerging software layer in the cloud ecosystem. They
are responsible for the cloud platforms formation and management. A cloud management stack manages
cloud platforms via distributed services cooperation, which including an external API service for
communicating with external users, an image service for managing VM images (registration and
deployment), a computer service for managing VMs (creating and deleting VMSs) on supporting hosts, a
volume service for managing persistent storage used by VMs (providing block devices and object stores)
and network services for managing networks used by VMs (creating and deleting networks, manipulating
firewalls on supporting hosts). Its own service as a cloud-management stack requires external services to
fulfil its functionality. In particular, it often relies on a hypervisor, described in [10] (Xen), [11] (KVM) or
[12] (Hyper-V) for managing VMs.

© Maxkcumosuu O.B., Mensauk B.M., boptauk K.41., JlaBpenuyk C.B., Camapuyk B.®D.



Hayxosuil srcypuan "Komi roTepHo-iHTErpoBaHi TEXHOJIOTIi: OCBiTa, HAyKa, BUPOOHULITBO" 7
Jlyyvk, 2015. Bunyck Ne 21

OpenStack is a state-of-the-art open source cloud management stack [13], implemented in Python.
It contains several common services, such as a computation service group, an image service group,
network service, and several persistent storage services. Other OpenStack services in a typical cloud
setting include an identity service for validating services and users and a dashboard service for graphical
interface providing to users and administrators. OpenStack relies on hypervisors installed on computer
nodes (where VMs run) for VM management and uses database service to store persistent states related to
its managed cloud.

OpenStack employs two major communication mechanisms. Compute services use remote
procedure calls (RPCs) compatible to the Advanced Message Queuing Protocol (AMQP) for internal
communications within the service group. Other OpenStack services conform to the RE presentational
State Transfer (REST) architecture and communicate with each other via the Web Server Gateway
Interface (WSGI). OpenStack uses the SQL Alchemy library to communicate with database back ends,
such as MySQL and SQLite. Interaction with hypervisors is inattentive to virtualization drivers.
Specifically, OpenStack designs a common hypervisor-driver interface and implements drivers using
common hypervisor APIs (libvirt and Xen). Its services are implemented as green threads via event let
and green let libraries, which employ a user-level cooperative multithreading model: a thread runs non-
pre-emptively until it surrenders control. Upon thread yielding, a hub thread turn out to be active, makes a
scheduling decision and then transfers control to the scheduled thread. This model requires several
standard Python libraries to be patched with green thread-compatible implementations in order to prevent
I/0 functions issued by one green thread from blocking the other in same process.

Project Scope, Design Principles, Components and Workflow Overview

This section presents the project scope, followed by our design principles discussion. It is present
an overview of the components and the workflow of our fault-injection framework. The fault-resilience-
related programming bugs are target in OpenStack. They affect OpenStack’s inherent fault-resilience
from its design and implementation perspective. Configuration bugs, in contrast, are considered faults in
this article. For example, a mistaken configuration may lead to network partitions, which are used for
fault injection in our framework. Bugs that can only be manifested by a sequence of faults are not in this
paper scope, due to single-fault injections use.

Design builds on prior research in distributed systems tracing, fault injection, and specification
checking. Instead of proposing a new fault-injection methodology, it is discussed experience in building
an operational fault-injection prototype for OpenStack, following below design principles. Cloud
management stacks rely on the services cooperation distributed to a cloud environment to fulfil their
functionality. This cooperation requires fault-resilient communication mechanisms. Given the service
communications importance and the fast advances of sophisticated single-process debugging techniques,
fault injection prototype targets service communications in OpenStack.

Domain knowledge has proven valuable for debugging, monitoring, and analysing distributed
systems. In [14] showed that developers of applications running in a distributed environment were willing
to expose and exploit domain knowledge in a production-level tracing infrastructure designed for
application transparency, despite the infrastructure’s decent performance without such knowledge. In our
prototype OpenStack’s high-level semantics expose the fault-injection module and achieve high fault-
injection efficiency by injecting faults to high-level communication flows but generic low-level events in
runtime systems or operating systems. It is extremely difficult and costly to thoroughly investigate every
aspect of the cloud-management stacks fault resilience. It is focused on common cases, injecting common
faults during the processing of OpenStack’s most commonly used external APIs. These faults are based
on existing knowledge related in works [6, 7], and experience with large-scale production-level cloud
systems. The APIs selection is based on experience with OpenStack several experimental deployments.

To simplify adoption of our framework, it is used building blocks that cloud-management stack
developers are aware with. The choice between the high-level semantics exposure and inference is an
exemplification of this principle, because developers have built logging and notification mechanisms
exposing such information. Another example is that it is used hybrid approach to implement OpenStack
specifications, combining imperative checking via generic Python scripts with declarative checking via
the SQL Alchemy library, both of which are widely employed by developers of OpenStack.

© Maxkcumosuu O.B., Mensauk B.M., boptauk K.41., JlaBpenuyk C.B., Camapuyk B.®D.
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Our fault-injection framework consists of a logging and coordination module, a fault injection
module, and a specification-checking module. The logging and coordination module is responsible for
logging communications among services during external request processing and coordinating the
execution of OpenStack and a fault-injection controller. The fault injection module is conceptually
composed of a fault injection controller running at a test server node and fault-injection stubs running
with OpenStack. The fault injection controller manufactures information collected by the logging and
coordination module, makes fault injection decisions, and demands fault-injection stubs to inject faults
into OpenStack. The specification-checking module verifies whether the internal states and the externally
visible behaviours (HTTP status code returned to external user) of OpenStack at the end of each fault-
injection experiment comply with predefined specifications. Fig. 1 presents a system overview and a high-
level workflow, latter discussed in next.

The workflow consists fault-free execution, fault injection, and specification checking. For given

Tablel — Communication log format external request, it starts with fault-free OpenStack
Attribute Value/Explanation execution resulting in successful request processing.
Identi?er | Unique for each comnmmication The logs produced during the fault-free execution are
Tag Unique for each extemal request fed to a parser to generate an execution graph (next
Timestamp | Physical time detailed), describing communications among services.
Entity OpenStack/external service name Combining the execution graph and a predefined fault
Type RPC cast/call/reply, REST request/response,|  Specification, the framework generates a test plans

database/hypervisor/ shell operation collection, each consisting of a fault type from the
Direction | Send/receive, call/retum fault specification and a fault-injection location in the

execution graph. Fault-injection experiments are then conducted via logging and coordination module and
the fault-injection module collaboration, with each experiment corresponding to a test plan. The results of
experiment are checked against predefined state and behaviour specifications. It is manually identified
experiment bugs causing specification violations.

| Test Plan X
1 1
"""""""""""""""" 1]
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Fig. 1 — System overview and workflow

Logging and Coordination

After the framework overview we start an in depth discussion of its major components with the
logging and coordination module. Following the domain specific information design principle exposing to
the fault-injection controller, logging and coordination module openly maintains high-level several
communications types’ semantics in its logs, including RPC, REST, database, hypervisor and shell
operations. Key attributes in communication log are enumerated in Table 1. A unique tag is created when
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OpenStack receives an external request. The tag is then broadcast through OpenStack services along the
request processing path. Recent OpenStack versions employ similar techniques for tracing the request
processing within service groups. In contrast, the framework assigns a system-wide unique tag to each
external request and traces its processing within the entire stack scope. Unique tags facilitate the log
entries extraction related to a given external request. Otherwise, concurrent request processing would
cause OpenStack to generate intertwined log entries and increase complexity of the log analysis.
Although study currently boards fault injection during the single external request processing, the unique
tag is still useful in that. It distinguishes the logs related to request processing from those generated by
background tasks, such as periodic service liveness updates.

Boxes in fig. 1 with a solid border represent framework OpenStack and major components. Boxes
with a dashed border represent key non-executable objects in the framework. Three stages: fault-free
execution, fault injection and specification checking are separated by arrows: step «log OpenStack
communications» in a fault-free execution, step «convert logs» to an execution graph, step «log
communications» in a fault-injection experiment and pause communicating entities during logging, step
«send logs» to fault-injection controller, step «make fault-injection decisions» according to a test plan,
step «inform fault-injection stub» of the fault-injection decisions, step «inject faults», step «resume
execution», step «collect results» from fault-injection experiments, step «check results» against
specifications, step «report specification violations.

System-wide tag broadcast requires modifications to the communication mechanisms in
OpenStack. Specifically, it is inserted a new field representing unique tags in both request contexts used

by OpenStack services and thread-

. 1 KVM local storage for those services.
Library Xen MySQL SQLite | \When a green service thread is
—— activated during the request

processing, it updates the tag value

Wrapper OpenStack SQLAlchemy in its thread-local storage with
hypervisor driver either the tag in the activating

request if such a tag exists, or a

OpenStack OpenStack core application logic newly initialized one. The thread
associates this tag to all inter-

service communications during its

Wrapper OpenStack OpenStack OpenStack current actlvatlo'n. Framewor_k
Rest layer AMQP AMQP cannot trace a unique tag once It

broadcasts across the OpenStack

boundary to external services.

Library Httplib RabbitMQI Qpid|| Subproces Consequently, if an OpenStack
l’ service communicates with an

Fig. 2 — Illustration of logging instrumentation external . service, V\{hiCh in turn
communicates ~ with  another

OpenStack service, then our framework will treat the second communication independent from the first
one. So far, it is not encountered such cases in this study, and the logging mechanism suffices for the use.

Implementation Pattern

There is the logging module implement by supplementing the communication layers between
OpenStack and external services and libraries. On the whole, this module can be implemented at several
layers along with communication paths: inside the logic of the OpenStack’s core application where high-
level communications are initiated, at OpenStack’s wrapper layer of communication libraries, in
communication libraries themselves, and in system libraries and interfaces. The logging arrangement
resides at OpenStack’s communication libraries wrapper layer as shown in Fig. 2. The advantages of
logging at this layer are two-fold. First, semantics of the high-level can be precisely exposed instead of
being incidental at this layer. Second, logging at this layer suffers minimum implementation effort,
because it combines communications invented from and destined for OpenStack services. From one side,
this layer is shared across OpenStack services and can use the same implementation to log
communications from different services. On the other side, this layer is implemented at the
communication category granularity (one implementation for all AMQP client libraries) and can use the
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0 same implementation to log
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;_jﬁ* individual services.
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communications, and in the AMQP

50 by interface of OpenStack for logging RPC
—§ communications. For logging

H communications  between OpenStack

&6 : =5 and hypervisors, we implement a
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v & € U . . .

. e OpenStack selects to communicate with

Fig. 3 - Execution graph illustration for VM creation, consisting of REST hypervisors. Communications between
and RPC communication paths. Solid arrows represent active executions ~OpenStack and hypervisors are thus
and dashed one represent idleness or waiting for the function call return intercepted and recorded by the logging
driver. We insert logging snippets into the SQL Alchemy library for logging database operations. The
compute service gears a helper function to perform shell operations on local hosts. We also supplement
that function to log such operations.

One drawback of this integrated user-level logging implementation is logging incompleteness.
Compared to a system-level logging approach targeting a language level interface (Java SDK) or an
operating system interface, the approach is incomplete in that it can only cover major communication
mechanisms and is unaware to other channels (a customized socket communication). It need to submit
that in a well-designed cloud management stack, the majority of inter-service communications are
conducted via several well-defined interfaces, which were instrumented in the study on OpenStack.
Additionally, system-level approaches usually lead to a significantly larger number of logs, humiliating
system performance and necessitating the use of advanced log parsing and inference logic in the fault
injection module. In the framework, there are traded logging completeness for simplicity in exposing
high-level semantics and potentially high logging performance.

RPC communications within the compute service group is realised in part by modifying
OpenStack’s AMQP implementation. Such modifications cannot form a complete RPC communications
picture, because the RPC caller and called (or producer and consumer in AMQP terminology) is
decoupled by an AMQP broker. RPC cast from an OpenStack compute service is sent to AMQP
exchange at the broker and then routed to a message queue. Another compute service subscribing to the
message queue then receives the RPC, thus effecting the RPC cast. RPC calls are similar except that the
return value goes through the AMQP broker as well.

For fine-grained fault injection control, it is intended to differentiate two stages of RPC message
propagation — the first from the RPC caller to the AMQP broker and the second from the AMQP broker to
the RPC collie. A direct solution would be to extend our logging module to the AMQP broker
implementation (either Rabbit MQ or Qpid). This solution requires a general-purpose AMQP broker to
include OpenStack-specific programming logic. Moreover, retrieving unique tags from RPC messages at
an AMQP broker implies the abstraction layers elevation from the message transferring protocol
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(detailing packet formats) to a high-level RPC message with application semantics incurring significant
implementation overhead.

The implementation leaves the AMQP broker intact and instead logs its activity via RPC
trampolines — compute service proxies responsible for RPC forwarding. The created trampoline for each
compute service is modifying OpenStack’s client-side AMQP implementation so that RPCs addressed to
a service are delivered instead to its trampoline. The trampoline records those RPCs and forwards them to
the original destination. From the execution flow logging perspective, RPC trampolines represent the
AMOQP broker, thus completing the RPC communications picture.

Generating detailed logs with high-level semantics, the logging scraps also serve as coordination
points, synchronizing the OpenStack execution and fault-injection servers. During fault-injection
experiments, the logging module sends log messages to a fault-injection server and then blocks the logged
OpenStack service. The server makes decisions of fault-injection, injects faults once necessary, and
resumes the logged service execution by replying a «continue execution» message to the logging module.
The logging module use for coordination is also one major difference between our implementation and
the existing notification mechanisms in OpenStack.

Fault Injection

The fault-injection module is responsible for extracting execution graphs from logs, generating test
plans, and injecting faults to OpenStack. An execution graph depicts the OpenStack execution during the
external request processing. It is directed acyclic graph extracted from logs of fault free request
processing procedure with each vertex representing in OpenStack a communication event. Each event is
characterized by the communicating entity (an image-API service) and the communication type (REST
request send operation). Edges represent causality among events. An edge connects two vertices: 1) if
they form a sender-receiver pair or 2) if they belong to the same service and one precedes other. Fig. 3
shows a simplified execution graph related to a VM-creation request.

A test plan consists of three elements: an execution graph, a fault-injection location, and a fault
type. Two types of faults are studied: servercrash6 and network partition. These fault types are common
failure causes in cloud environments and are well-studied in the literature. Other fault types, such as
invalid inputs [15] and performance degradation [16] are not considered here. Correlated faults are also
common in real-world deployments but are not within the scope of this work, due to the limitation
imposed by our current single-fault injection implementation.

Procedurel Test Plan Generation
test_plans < an empty list
for all node in exe graph do
for all fault in fault specs do
if fault can be injected to node then
new_plan « Test Plan (exe graph, node, fault)
test_plans.append(new plan)
return test_plans

Procedurel demonstrates the test plans generation. Iterating over an execution graph, the algorithm
accounts for all fault types applicable to each vertex (a sender server crash targeting REST
communications can only be inserted to the vertices performing REST request or response send
operations) and makes accordingly test plans. This procedure provides an opportunity for global testing
optimization: global because the fault-injection module has a view of the entire execution flow. For
example, execution-graph vertices can be clustered by customized criteria, each cluster assigned with a
testing priority. Vertices can then be selectively tested within each cluster to reduce overall testing cost.
Given that a fault-injection experiment in the framework takes several minutes to complete and that an
exhaustive set of test plans for one external request usually leads to hundreds of experiments, such a
global optimization opportunity provided by an execution graph is valuable and worth further exploration.
For test plan generation, a fault specification is used to define the faults types to be injected and the types
of communications in which faults are injected. AS a test-case filter, the fault specification functions
enabling the design of experiments set focusing only on a specific fault type (sender-server-crashes)
and/or a specific communication type (REST communications). The specification format can be extended
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to support other filters, such as confining fault injection to OpenStack services subset. A test plan is
fulfilled via the test server cooperation and the logging and coordination module. The test server
initializes the execution environment and then re-executes the external request to which the test plan
resembles. Then, the test server employs the same log parsing logic for execution graph generation to
analyse each log sent by the logging and coordination module. It tracks OpenStack’s execution by using
the execution graph in the test plan until the fault-injection location has been reached. A fault is then
injected as plan specified. And OpenStack runs till the request processing is completed.

Faults of the server-crash are injected by killing relevant service processes via system.
Configurations of system are modified such that when it stops the relevant services, a signal SIGKILL is
sent, instead of the default signal SIGTERM. Forcing them to drop packets from each other, network-
partition faults are injected by inserting IP-tables rules to service hosts that should be network-partitioned.

Specification Checking

The specification-checking module is responsible for verifying whether the results collected from
OpenStack executions with injected faults comply with expectations on the states and OpenStack
behaviors. Writing specifications for a large-scale complex distributed system is notoriously difficult, due
to the numerous interactions and implicit inter-dependencies among various services and their execution
environments. It is a key task for developing an effective specification checking module. In effect, the
coverage and the states and behaviors granularity in the specifications determine the checking module
ability to detect erroneous behaviors and target system states. A few approaches have been reported in the
literature, including relying on developers to generate specifications [17], reusing system design
specifications [6], and employing statistical methods [18]. To the best of our knowledge, OpenStack does
not provide detailed and comprehensive specifications on system behaviors or state transitions during the
external requests processing. The specifications that are used in this study are generated based on
OpenStack understanding, existing knowledge in fault-resilient system design, and first principles, which
mirrors the developer specification-generation approach. Specifically, specifications generated manually
by inferring OpenStack developers’ expectations on system states and behaviors. This process requires
extensive reverse-engineering efforts, such as source-code reading and log analysis. Specifications
generated in such a manner may require further debugging and refinements (similar to fixing incorrect
expectations in [17]). Such specifications are best-efforts, with a coverage constrained by OpenStack
understanding. Such specifications usefulness also is demonstrated by the bugs identification reported in
this paper.

Specification 1 VM State Stabilization Specification
query = selectVM from compute database

where VM.state in collection(VM unstable states)
if query.count() = 0 then

return Pass
return Fail

Specification-Generation Guidelines listed below are usable specification-generation guidelines.
“Do not block external users™ announce that OpenStack shouldn’t block external users due to faults
during request processing. “Present clear error messages via well-defined interfaces” says that
OpenStack should expose clear error states to external users via well-defined interfaces and avoid
confusing information. “Stabilize system states eventually” informs that upon restoration of faulty
services and with the quiescence of externally triggered activities, OpenStack should eventually stabilize
inconsistent states caused by faults during request processing time.

Specification checking can be implemented via a general-purpose programming language or a
specially designed specification language, using an imperative approach or a declarative approach.
Following the using developer-familiar building blocks principle, a hybrid approach is adopted, applying
declarative checking on persistent states stored in OpenStack’s databases and imperative checking on the
other states and OpenStack behaviors. Database-related checks are implemented via the SQL Alchemy
library and others are implemented as generic scripts. This hybrid approach largely imitates OpenStack’s
existing implementation: Open Stack adopts the same approaches to controlling its states and behaviors.
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Specifications implemented for OpenStack’s states stored in databases and local filesystems and
OpenStack’s behaviors, such as the Http status code returned to an external user after processing a
request. The specified expected states of cloud platforms are managed by OpenStack, such as the local
hypervisors states on compute hosts and the Ethernet bridge configurations.

Specification 2 Ethernet Configuration Specification
if(VM.state = ACTIVE) and
((VM.host.Ethernet not setup)
or (network controller.Ethernet not setup)) then
return Fail
return Pass

Specification 3 Image Local Store Specification

guery = select image from image database
where image.location is local

if local image store.images = query.all() then
return Pass

return Fail

Below was present three specification examples. Specification 1 indicates the VM state
stabilization expectation. The VM state after the external request processing (VM creation) and a
sufficient quiescence period should enter as table state (the ACTIVE state, indicating the VM running
activity) instead of remaining in a transient state (the BUILD state, indicating the VM creation process).
This is a using example declarative checking on database states.

Specification 2 requires VM actively running, the Ethernet bridges on the compute host where that
VM resides and the host running the network controller service have been correctly set up. It is checked
whether the bridges have been associated with the correct Ethernet interfaces dedicated to the subnet to
which the VM belongs. It exemplifies the imperative checking on OpenStack-managed cloud platforms.

Specification 3 checks whether the database maintained states of OpenStack image service
regarding the image store in the local filesystem are in accordance with the filesystem. It requires that if
an image is uploaded to the local image store and thus exists in the filesystem of the image service host,
the nits location attribute in the image database should be local, and vice versa. This specification shows a
combined check on the database views and the service host filesystem.

Results

Here is discussing the bugs uncovered by our framework applied to OpenStack essex and grizzly
versions, and find 23 bugs in total: 13 common to both versions, 9 unique to essex, and 1 unigque to
grizzly. The study covers three OpenStack service groups: the identity service (keystone), the image
service (glance), and the compute service (nova). For external services, the framework supports the Qpid
messaging service, the MySQL database service, the libvirt service for hypervisor interaction and the
Apache Http server used as an image store for OpenStack.

The identity service is configured to use UUID tokens for authentication. Regarding the image
service, it is configured to use a local filesystem or Http server as its backend store. As for the compute
service, QEMU is used as the backend hypervisor, controlled by the libvirt interface. In essex, itis limited
the reconnection from the Qpid client library to the backend broker equal 1.

OpenStack services run in VMs with 1 virtual CPU and 2GB memory. All OpenStack VMs run on
an HP Blade System c7000 enclosure, each blade equipped with 2 AMD Opteron 2214HE (2.2GHz)
processors and 8GB memory. For each fault-injection experiment, all services are deployed in one VM by
default, each started as a single example. There are two exceptions to the above placement guideline. If a
shell-operation fault should be injected to a compute service, then that service is placed in one VM and
the other services are placed in another VM in order to prevent interference among similar shell
operations of different services. If a network partition fault should be injected, then the pair of to be
partitioned services are placed in two VMs and the other services are launched in a third VM.

There are tested 11 external OpenStack APIs, inject 3848 faults, implement 26 specifications,
detect 1520 violations and identify 23 bugs. The results are summarized in Table 2. The table shows the
bugs significance and issues discovered in our study, because they are manifested (I) in several frequently
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used APIs and (I1) in numerous locations along the execution paths of those APIs. The former observation
is drawn from the fact that the bugs sum in the table exceeds by far the number of distinct bugs. The fact
is that the ratio of specification violations to bugs is greater than 1 for each API, which is also shown in
Fig. 4.

The bugs are classified into seven categories (Table 3) and present deep discussion of each
category. Compared to our preliminary work [9], this article contains newly-identified bugs in OpenStack
and also discusses the bugs evolution and fixes across the two OpenStack versions that is studying,
demonstrating the OpenStack’s fault resilience improvement and the outstanding issues.

Table 2: Summary of fault-injection results.

Faults Specification Violations Bugs
API essex grizzly essex grizzly essex grizzly
crash | part | crash | part | crash | part | crash | part | crash | part | crash | part

VM create 217 | 133 | 311 | 229 | 93 43 | 150 | 49 8 6 3 2
VM delete 79 61 102 | 82 51 15 45 23 9 5 5 2
VM pause 24 17 35 29 16 13 6 4 5 6 2 1
VM reboot 64 36 139 | 104 9 11 0 5 3 4 0 1
VM rebuild 159 | 106 | 242 | 183 | 103 | 67 0 13 5 5 0 1
VM image

create 142 | 119 | 171 | 150 | 59 | 106 | 90 79 4 2 3 3

(local)
VM image

create 107 | 92 171 | 150 | 24 84 79 71 3 2 3 3

(http)
VM image

delete 59 44 22 15 23 37 12 9 3 2 2 2

(local)
VM image

delete 59 44 22 15 23 37 10 8 2 2 1 1

(http)
Tenant create 7 6 7 6 0 6 0 6 0 1 0 1
User create 7 6 7 6 0 6 0 6 0 1 0 1
Role create 7 6 7 6 0 6 0 6 0 1 0 1
User-role 9 |8 |10 |9 o |8 0 |9| o0 | 1] 0|1
create
Sum 940 | 678 | 1246 | 984 | 401 | 439 | 392 | 288 | 42 38 19 20

The results of image service APIs are broken down according to whether a local file system or an
Http service is used as the image store. Specification violations related to an APl are counted as the
number of fault-injection experiments in which at least one violation is detected. The network-partition
fault is shortened to "Part."”
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Table3: Bug Categories 1000 [ essex
Count B erizzly
Category commo esxse grizzl
n only y only 100}

Timeout 1 1 0 g
Periodic 6 4 0 2 |
checking %j
State 1 0 1 5
transition g 10
Return code 4 1 0 =
checking =
Cross-layer 0 1 0 i3]
coordination 8, 1 " _I]_
Library 0 1 o | @ T LA Fy R
interference Bug id
Miscellaneou 1 1 0 Fig. 4: Bug distribution. The Y-axis is the number of fault-injection
S experiments in which at least one specification violation leading to th:
Total 13 9 1 given bug identification is detected

Timeout is a common mechanism in distributed systems to avoid one faulty service from
indefinitely blocking other services and affecting system-wide functionality. OpenStack extensively uses
the timeout mechanism with settings scattered across multiple service configurations to control various
timeout behaviors of OpenStack services and external supporting services. Setting correct timeout values
is known to be difficult. Given the numerous interactions and inter-dependencies among service groups
and the deployment environments variety, it is very difficult if not impossible for OpenStack to provide a
comprehensive set of timeout values covering all execution paths that can block the system.

For example, REST communications, one of the two major communication mechanisms used in
OpenStack, fall out of the safety net of the timeout mechanism in the OpenStack essex version.
Consequently, service is waiting for a response from another service via the REST mechanism may be
indefinitely blocked if the two services become network partitioned after the request is sent but before the
response is received. This also exemplifies the advantage of an execution-graph-based fault injection over
coarser-grained approaches [19], such a bug can hardly be efficiently revealed by the latter due to the
requirement on the synchronization between fault injections and send or receive operations.

This bug is fixed in the OpenStack grizzly version by supporting timeout values for REST
communications and exposing such settings in its configurations. For instance, the image client library
provides a default 600 seconds timeout. The identity client library, on the other hand, uses a default value
of None, effectively disabling the timeout mechanism. While a system-wide default timeout value for
REST communications might be a better solution, the fault OpenStack resilience has been clearly
enhanced due to this critical timeout setting support.

Periodic checking is another critical mechanism for achieving fault resilience in OpenStack. In a
cloud environment where faults are in evitable, periodic checking can monitor service liveness, resume
interrupted executions, clean up garbage, and prevent resource leakage.

The fault-injection framework identifies several bugs caused by the lack of proper periodic
checking mechanisms. Take the processing of a VM creation request as an example. During fault-free
request processing, the VM state transits from None (non-existence) to BUILD (under construction) to
ACTIVE (actively running). If the execution is interrupted after the VM has transited to BUILD, it is
possible that, in essex, the VM indefinitely remains in that transient state. This is a bug because VM
creation should cause the VM to enter a stable state (ACTIVE if the processing is successful but
otherwise ERROR) in a timely manner, despite faults. This bug can be fixed by a periodic checking logic
that converts VM’s state from BUILD to ERROR if the related VM creation request is detected as failed.
A bug fix has been integrated into grizzly, conducting such a transition based on a configurable VM
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creation timeout value. This fix although effective in preventing the prolonged BUILD state, leads to a
state transition bug.

Another bug in both OpenStack versions that can be fixed by periodic checking is related to
database access in a fault-handling logic. OpenStack implements a decorator function wrap instance fault,
injecting a fault record into a database table upon VM related faults detection. This fault-handling logic
fails when the VM related fault that it intends to log is itself a database fault (database service crash fault
during a VM creation). In such situation the fault record is discarded, making it difficult for post mortem
fault analysis. This bug can be fixed by keeping a temporary log of the fault messages that cannot be
stored in the designated database table at the time when they are generated. Then periodically checking
the database service state and merging those temporary messages into the database when possible.

OpenStack maintains a large number of states in its databases, with complicated state-transition
diagrams among them. A tool indicates that in faulty situations users may experience problematic state
transitions. For example, grizzly employs a periodic task to convert a VM from BUILD to ERROR if it
exceeds the maximum time that a VM is allowed to remain in BUILD. However, OpenStack does not
cancel the VM creation request related to that VM. If a VM creation request experiences a transient fault,
then a VM may transit from BUILD to ERROR and then to ACTIVE, because it can be created after the
execution of the periodic task and the fault disappearance.

The state transition from ERROR to ACTIVE without external event triggering can be confusing
and problematic. According to experience, upon VM creation error receipt an external user is likely to
issue another VM creation request. The bug fix for the previous periodic-checking-related problem
induces a new state-transition bug, potentially creating more VMs than needed for an external user. It
suggest canceling an external request and negating its effect once it is believed to be erroneous in addition
to the state stabilization employed by OpenStack.

Return code is commonly used as an indicator of the execution state from a function callee to its
caller. Although thorough checking on return codes has long been established as a good programming
practice, prior work has identified return code related bugs to be a major bug’s source even in well-
organized projects [20, 21]. Study on OpenStack confirms this observation. For example, during the
processing of a VM creation request, when the identity service cannot authenticate a user-provided token
passed from a compute API service due to an internal fault, it returns an error code to the compute API
service correctly indicating the service fault. Due to a flawed return code checking logic the compute API
service attributes such an error to the token invalidity generates a misleading error message accordingly
and returns it to the external user.

Another example in this category is related to the execution of shell commands. OpenStack
compute services implement a common function for executing shell commands allowing the caller to
specify a list of expected return codes. If the return value falls out of that list, an exception is raised. A
common bug pattern related to improper use of this function results from disabling its return code
checking logic causing OpenStack when executing under faults, to deviate from expected execution flows
without being detected. During the network setup procedure related to a VM creation, the brctl addif
command is used to associate an Ethernet interface with a bridge on the compute host where the VM is
placed. OpenStack assumes that the command can be fruitfully executed without checking its return code
proceeds to start the VM. So, the VM may lose network connectivity if a fault occurs during execution of
that command.

OpenStack relies on various supporting services to maintain its functionality and supports
interaction with multiple services in each external service category via set of abstraction layers. Take the
RPC messaging services as an example. OpenStack implements a unified layer for the AMQP protocol
used for RPC communications, giving operations to a lower layer implemented for a specific AMQP
broker. The lower layer is a client-side library wrapper provided by its corresponding broker such as
RabbitMQ and Qpid. This client-side library comprises messaging implementation details and is
responsible for the actual communication with the AMQP broker.

This valuable and well-designed multi-layer abstraction stack imposes stringent requirements on
cross layer coordination. Incorrect interpretations of one layer behaviors may lead to subtle bugs in
another layer. The Qpid client library is configured to automatically reconnect the AMQP broker after a
connection disruption in essex. A threshold value is designed to control the maximum reconnections
number. A connection maintained by the client library resides in a temporary erroneous state until the
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threshold is reached at the time the connection enters a permanent erroneous state. The OpenStack client
library wrapper does not coordinate properly with the client library regarding the temporary-permanent
error state transition and causing the wrapper to vainly retry a connection that has been marked as
irrecoverable by the client library.

The extensive external libraries use commonly found in large-scale software systems may lead to
unexpected library interference. OpenStack uses a patched version of Python standard library functions to
support cooperative thread scheduling. Subtle incompatibility in the patched functions, however, can
engender bugs that are hard detected. Take the communication between OpenStack and Qpid broker again
as an example. During a reconnection from the Qpid client library to a Qpid broker service the client
internally uses a conventional consumer/producer synchronization via a select/read call pattern on a pipe.
Due to incompatibility between the patched version of select and its counterpart in Python standard
library, this Qpid client library, when invoked in essex, may perform a read on the pipe read-end that is
not yet ready for reading, thus permanently blocking an entire compute service.

The framework also detects a simple implementation bug: in essex, when a fault disrupts a
connection opening procedure in the Qpid wrapper layer, a subsequent open call is issued without first
invoking close to clean up sour states in the connection object resulting from the previously failed open,
causing all following retries to fail with an «already open» error message.

Comparing the results of the two versions, there are identified several interesting aspects in the
OpenStack’s fault resilience evolution. Using timeouts to limit the distributed operations execution is a
well-known and important approach to fault-resilience improvement [22]. Use of timeout for REST
communications effectively solves the indefinite sender blocking issue in essex. Systematically
configuring timeouts also remains an open question. Different components in a REST communication
flow (WSGI pipeline) have different default timeout values. The timeout settings of some important
supporting services cannot be controlled by OpenStack. For example, OpenStack does not specify the
timeout for SQL statement execution, thus causing long blocking time if the SQL statement issuing
service and the database backend is network partitioned. These issues need to be properly addressed
further improving the OpenStack fault resilience.

Carefully checking return codes enables prompt error detection. In grizzly, during the VM deletion
request processing the compute service issues a RPC call instead of a RPC cast as in essex to the network
service, demanding the latter to reclaim relevant network resources. This modification allows the compute
service to detect errors in the network service and reacts accordingly (transiting the VMtothe ERROR
state), reducing the possibility of network resource leakage under faults.

By simplifying the cross-layer coordination, OpenStack reduces the bugs hiding chances between
abstraction layers. By disabling automatic reconnection in the Qpid client library and reserving full
control only in its wrapper layer OpenStack avoids the bug discussed before. Confining the decision-
making logic regarding a specific aspect of cloud-management stack to a single layer, instead of
coordinating the decision making in different layers, is considered a good design practice.

Discussions

The framework can be applied to solve fault-resilience issues related to cloud-management stacks
in real-world deployments. One of Amazon’s cascading failures [3] was caused by a memory leakage bug
on storage servers, which was triggered by the data-collection server crash, the subsequent inability to
connect to that failed server from storage servers, and the deficient memory reclamation for failed
connections. This bug can be detected by the framework via the crash fault combination injected to the
data-collection server and specification on the memory usage of the data reporting logic on storage
servers. The framework needs to be extended for supporting multiple faults injection and scaling
specification-checking logic from an individual request to multiple requests. Such improvements will
enable the framework to handle complicated issues with multiple root causes [2].

One may consider the generality of this study in two aspects: the implementation reusability and
findings applicability to other cloud-management stacks. As to implementation reusability, the fault-
injection module and the specification-checking module of the framework are reusable in relevant studies
for other cloud-management stacks. The logging and coordination module and the specifications used for
checking the behaviors and states of OpenStack are domain-specific and require porting efforts. This also
holds the study across two OpenStack versions. Such cross-version porting is straightforward. The
logging and coordination module integrated in OpenStack contains some code lines, most of which are
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reusable across the two versions. Specifications need to be moderately adjusted to handle with minor
semantic (database schema changes) evolution.

Regarding the findings, the specific bugs and the related analysis presented in this work are
OpenStack specific and cannot be sweeping to other cloud management stacks. The bug categories and
the related fault-resilience issues are general. Despite the numerous differences in the detailed design and
implementation of cloud-management stacks, many of them [23, 24] share common high-level scheme.
They have similar service groups, rely on similar external supporting services, and employ similar
communication mechanisms. The findings in this article have the potential to elucidate fault resilience in
other cloud management stacks with a similar design.

The execution graphs and test plans use is optional. Instead of obtaining an execution graph related
to request processing and generating test plans based on the graph before fault-injection experiments, an
experiment could be started without prior knowledge and inject faults when a relevant communication
event occurs.

Our choice of the execution graph use is mainly for future framework extensibility. On the one
hand, an execution graph depicts the entire execution flow related to the external request processing and
thus allows an intelligent test planner to conduct fault injection experiments with better test coverage and
less resource consumption. On the other hand, execution graphs are useful for fault-resilience studies
other than our current fault-injection framework, such as graph-comparison-based online fault detection
[18].

In The framework is required that the external request processing during a fault-injection
experiment match its execution graph up to the fault-injection location. The communication events
observable by our framework in fault-free execution generally need to be deterministic. This requirement
is satisfied in most of experiments. There are cases where additional care is required to accommodate
nondeterminism. One source of nondeterminism is periodic tasks, which is resolved by deferring the tasks
interfering with experiments. Another source is environmental inputs. The operations taken by a compute
service for network setup on its local host depend on whether the compute service and network service
are co-located on the same host. There are handled such cases by annotating related execution graphs so
that all the paths observed in fault-free execution are marked as valid.

Related Work

Cloud-management stacks are type of distributed system. Our fault resilience study of this layer
benefits from prior research on fault pliability of distributed systems in general and cloud systems. Here is
compared the result of this work with existing fault resilience studies and execution path extraction and
specification checking with similar techniques employed in distributed systems debugging and failure
detection.

Fault injection is commonly used to study the cloud systems fault resilience. FATE is a fault-
injection framework directing the recovery logic in cloud applications and exploring failure scenarios
with multiple-failure injection [6]. In the work [5] crash faults were been injected to components on
Hadoop’s compute nodes and studied their effects on application performance. The framework targets
cloud-management stacks and examines the recovery logic by conducting single-fault injection during the
external requests processing. Similar to the target of FATE, it is studied the recovery logic functionality
and correctness, which is difficult to be made correct.

Failure of Service (FaaS) is proposed as a new generic service to improve the cloud applications
fault resilience in real deployments [25]. It is suggested that an alternative approach for cloud-
management stacks, presenting an integrated fault-injection framework with domain knowledge. By
combining them, cloud management stacks may enhance fault resilience by better balancing the cost and
fault injection coverage.

Model checking in [7] is another common approach to examining the distributed systems fault
resilience. Compared to our fault-injection-based approach, it checks the target system more thoroughly
by exploring all possible execution paths instead of those observed by a fault-injection framework. This
same thoroughness requires the extensive domain knowledge use in order to make it practical to check
highly complicated operations in cloud-management stacks of the VM creation.

Execution path have been extensively used for workload modeling [26, 27], performance [28] and
correctness debugging [18, 29], and evolution analysis [30] in distributed systems. Such information is
exposed via special logging modules or inferred in sophisticated post-processing. Applying existing
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knowledge to the framework, execution paths is extracted relating to external request processing via user-
level logging, which explicitly exposes high-level semantics.

Prior research has explored various approaches to specification checking in distributed systems.
Regarding specification expression, imperative approaches [31, 32] and declarative approaches [6, 17]
have been studied. In our framework, a hybrid approach is employed in expressing specifications on the
states and behaviors of cloud-management stacks, combining imperative and declarative checking.
Similar combinations have been used to query and analyze distributed trace events [33]. Regarding
specification generation, our and most existing approaches require developers to implement
specifications. Recent advances in filesystem-checker testing leverage the characteristics in the checkers
to automatically generate implicit specifications [34]. The applicability of similar approaches to cloud-
management stacks remains an open question for today.

10 Conclusions

In this article, a systematic study is conducted on the fault resilience of OpenStack. It is designed
and implemented a prototype fault-injection framework that injects faults during the external requests
processing. Using this framework, it is uncovered 23 bugs in two OpenStack versions, classified them
into seven categories, and presented deep discussion of the fault resilience issues, which must be
addressed in order to build fault-resilient cloud-management stacks. In future for the research can be
taken refining and automating specification generation logic in fault-resilience areas and exploring
potential use of execution graphs.
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AUDIO PLAYER WITH A LIBRARY OF DELPHI

MaxkcumoBuu O.B., Meabnuk K.B., Measnuk B.M., I'apaii O.C. Aynionieep 3 (poHoTekoI0 3aco0aMu MOBHU
Delphi. ¥ crarri npezcraBiena po3poOka aymiomieepa st IIEPCOHATBHUX KOMIT IOTEpiB, MIO JO3BOJISE: BiATBOPIOBATH ay[Iio
(aiiy B 3pydHOMY [UISL KOPHCTYBada BUTIII; KaTAIOTi3yBaTH BCi aymio ¢aiiim i 3a06e3MeYnT JOCTYN A0 HUX B OJXHOMY MicCIli,
IIOTOKOBO BiATBOPIOBATH ay/io 3aIMCH 3 comianbHoi Mepexi VK.

Kurouosi ciioBa: Aymiomeepa, aymio daiim, mosa Delphi.

Kmumiok M., Meabank K.B., Measuuk B.M., I'agaii O.C. Ayauomnieep ¢ hoHoTEeKo# cpeacTBamMu si3bika Delphi.
B crarbe npejicrasieHa pa3paboTKa ayauoIUieepa sk [EPCOHANBHBIX KOMIIBIOTEPOB, YTO TO3BOJISIET: BOCIIPOU3BOAUTE AyIHO
(aiinbl B y100HOM JUISL [OJIB30BATENS BUJIE, KATAIOIU3UPOBATH BCE ayauo (ailibl U 00eCIenTh JOCTYIl K HUM B OJHOM MECTE,
[OTOKOBO BOCIIPOM3BOIUTH ay/O 3aIiCH U3 counanbaoii cetn VK.

KuoueBble ciioBa:. aymnoruieepa, ayauo daiis, si3sik Delphi.

Maksymovych O.V., Melnyk K.V., Melnyk V.M., Gaday O.S. Audio player with a library of Delphi. The article
presents the development of the audio player for PC that allows you to play audio files in user-friendly form; all audio files have
to be gathered in catalog and access one place, to play audio thread from VK social network.

Keywords:. Audio player, audio files, Delphi

The scientific problem description. Regarding to availability of portable devices presence or
absence for audio recordings reproducing, the main one to play audio recordings is the computer. Listen
to audio recordings is an integral lively part of the most people. An important aspect for them contains the
number of users increasing to the global Internet, so there is also a real need in the software that interacts
with a global network. The number of this type software is large enough, and the time, when the user had
to be able to play single audio recordings on the hard drive, is really gone off. To realize that, the users
today have to get some minimum list of options, good and simple interface for using etc. A large list of
audio players raises before users the problem how to choose the best option.

Particularly, the famous audio player Winamp offers the fast scaling of the program window size,
the track (song) automatic recognition, the tags filling, album artwork finding, the library import from
iTunes, the plugins extensions support, that add various functionality: the reading of lossless formats, the
work with the disk appearances, etc. One of the disadvantages in user program using takes the tangled
interface [1].

For example, an audio player named AIMP, is a modified Winamp player alternative, has an
advanced built-in equalizer (18 sound versus frequencies opposite to 10 one in Winamp) with the set of
different audio effects, the possibility of simultaneous work with several playlists (now playing one and
second is editing), the built-in tag editor and the ability to download skins.

AIMP natively supports lossless appearances in availability of the markup file CUE. It has the
possibility to use some different ways of outputting the signal for better sound like DirectSound, ASIO
and WASAPI. AIMP also holds the listening to radio stations from Internet. The drawback is the small
navigation controls in this player, the media library opens in a separate window, and the tags are not
loading automatically.

One of the multifunctional audio player is aTunes, which has its own multiplatform ability,
customizable interface, automatic album covers download, but the engine in Java is quite resource-
volume and the list of the radio stations has to be added manually. Audio player foobar2000 gives to user
himself the ability to customize the interface. It owns a small program size, easy interface, great set of
plugins that extend the player functionality. As the shortcoming can be included uncomfortable graphical
interface in the basic Assembly and no automated plug-in settings. A media player named Songbird is
built with the Mozilla engine Firefox is cross-platformer and it can be used as a full-fledged browser on a
separate tab (password Manager, protector from pop-up Windows). The music information import about
composition is performing from iTunes and automatically watches the tracks changes in the specified
folder and sync the music library.

The aim of the article. In this work we present the audio player development for PC that allows
you to play audio files in user-friendly form; to catalog all the audio files and provide access to all of
them in one place; to play threadlike audio from VK social network.
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Result and discussions. The audio player which is called Art Player consists of two parts: the
audio player and music library. All two parts located in the same window, with the ability to switch over
between them. A program algorithm is depicted in the block diagram shown in fig.1.

To display the window to the
last user it need to carry out some
actions such as: to initialize the device

bibmioTeka
3aroBHeHa?

to play audio with plugins to work with

Hi different formats; create all the
necessary lists for using during the
program work; to create the class
examples to provide the tags computing
Aa i of the audio data; completeness
checking for the database. All the
3anoBHeHHs functions and procedures described
bomorexy below are built on the Delphi language.
PoGora 3 ' Having tested for the database
oHoTEKO .
o content and to reveal its empty, the
program gives the choice for the user to
start filling the database while
p4 v connected to the Internet: VK or to

¢ finish the work.

Bi,[[’l:BOpeH]?ISI To fill in the database it should
aymiogaiinis have data that retrieved by the file
search on user’s hard drive, and meet
v our parameters (*.mp3 format, *.aac,

. *mda file size larger than 1 MB).
Japepuuerii poborn Search of the audio files is carried out
using the JvSearchFilesl, and when

Fig.1 The Algorithm of the program. Block diagram each file that meets our requirements is
fond, the procedure is called:

Jla

TMainView. JvSearchFileslFindFile(Sender: TObject; const AName: string);

After all the files are fond, the database is filling in agreement with three categories: song,
albums, and artists that are filling three tables. While filling the database, it is used another two
procedures: the procedure for obtaining tags from audio files GetTagFromTrack(source: string;
cover:boolean) and the procedure to obtain the image GetArtistimage(const Artistname: string).

The first procedure is responsible for receiving and processing the audio file tags and it is
calling 2 parameters: source — the file from which the data is retrieved, and cover — the switcher to work
with the cover or not.

The album artwork processing is to bring all covers to a single extension, size, format, for the
working ease with them on next, files playback and the library operating. The covers are stored on disk in
subfolder "Data/Cache™ of the program folder. The saving of the all covers in one place increases the time
of filing the database, but can significantly speed up the program on the next.

It is also three categories created for the sample: songs, albums, artists. The file selecting is
performing using SQL queries with timely sorting data to growth the first letter of the keyword. The data
is placed in a visible list, named DBL.ist, with which the user works, and also in few invisible lists, which
are responsible for the covers and files.

The color scheme adaptation is based on the album composition cover of the song that is
playing. For such adaptation are responsible next procedures: BlurArtwork, GetPixelCorol, Applycolors.

For playing files statistics, aloums and artists, the ChangePlaycount procedure is created and
the same for all categories. The part of the code for tracking playback of the compositions is shown
below:

ADOQueryl.close;
ADOQueryl1.SQL.Clear;
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ADOQueryl.SQL.Add('SELECT Playcount FROM Tracks WHERE Tracks=" +
quotedstr(titlel) + ' AND Albums="+ quotedstr(alouml) + ");

ADOQueryl.Active := true;

plent := ADOQueryl.Fields[0].asInteger;

plent := plent + 1;

ADOQueryl1.SQL.Clear;

ADOQueryl.SQL.Add('UPDATE Tracks SET Playcount="+ IntToStr(plcnt) +
"WHERE Tracks=" + quotedstr(titlel) + '"AND Albums="+
quotedstr(albuml) + ");

ADOQueryl.ExecSQL;

S The procedure
A 14 = PlayerArtPlayFile is responsible for audio
E— playback. The procedure receives the
argument that is excepting the path to the
file that has to be played. The program
passuord includes a free play option that allows
you to diversify the play of the selected
composition.
o Internet services, which the
developed product interacts with, there
. ) ) are more than one year. Therefore, they
Fig. 2 The login Window VK have already developed server-side
methods via convenient API. To be able to use the methods VK API it need to create create an application
on the server, putting in the title, the list of the user data to which it will be accessed.

After creating the app its ID will be accepted, that has to be specified during an authorization
procedure. The authorization also should be done through the browser, in this case through an instance of
the system browser, embedded in the program. After the successful authorization is done in the ribbon,
navigate line gets the token key, which grants access to the user data. Similarly to VK on the website
Last.fm, there is also necessary to create your account and the app through which it will communicate
with the API. After registration the api_key will be accessible, which will be used for interaction with the
API.

Phone or email

Program testing

After the first time starting the program you are prompted to fill in the library, or to leave the
program. The rate of the filling for the library depends on the disk size loaded with other programs at
before time from the number of files that hold into the program filter in agreement with its size and
extension.

After clicking on the corresponding icon the VK login window has the appearance shown in
fig.2. The working case of this window together with VK is shown on fig.3.

Fig. 3. The playlist when you work with VK Fig.4. Song
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The first icon displays a list of all songs, the second icon displays a list of all the albums in the

music library, and the third list displays all the performers available in the music library (Fig.4).

Conclusions. The audio player constructed by Delphi means with Internet services support,

which has such available features as audio playback MP3 format, AAC, simple and handy interface with
customizing of the color scheme for application depended from the album composition cover and the
song that's playing and the metadata supporting (tags) for files. It also holds the streaming audio play
from VK social network with the ability to view compositions texts and the support of the music files
ordering using the music library.
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VJIK 004.54 (045)
Boptauk K.4.
Jlyupkuii HalioHaIBHUKA TEXHIYHUHA YHIBEPCHUTET

CTPYKTYPA CUCTEMHU BAT'ATOIIAPOBOTI'O NEPHENTPOHY JIJISI MOBLJIbHUX
MPUCTPOIB

Boprauk K.SI. CTpykTypa cHcTemMu 0araTomapoBoro mepuentTpoHy s MOOIIbHHUX NpucTpoiB. PosrmsHyro
CTpyKTypy cucremu Ha uimi (SOC) GaraTomapoBoro IMepuenTpoHy i MOOLIbHEHX mpucTpoiB. CHcTeMa NpHIATHA ISt
MPUCTPOiB, $IKI MarOTh MOTpedy y peamizamii (yHKmii po3mi3HaBaHHA 00pa3iB 1 SKi MAarOTh OOMEKEeHI OOYHCITIOBAJIBbHI
MOXIHBOCTI. [IpoBeneHO MpPOEKTYBaHHS CHUCTEMH, a TaKoX ii Bepudikamis Ha creniami3oBaHii MakeTHiN mmartdopmi. Js
PO3pOOIICHHST TIPOTPaMHOTO 3a0e3MeUeHHs] BUKOPUCTAHO MOBY MOJISIIOBAHHS Ta CHHTE3y HporpamHoro 3abesmeuenHs VHDL.
JloBeneHo, IO NEpEHECEeHHS HEHPOHHWX OOYHCIEHb 3 LEHTPAIBPHHX IIPOIECOpIB 3arajJbHOrO IPH3HAYEHHS Ha amapaTHi
mwiathopMu Ha 0a3i mporpaMoBaHUX JOTiYHMX iHTErpambHux cxem (FPGA) 3HauHO OPHCKOPIOE POGOTY alTOPHTMIB
pO3Mi3HAaBaHHS.

KirouoBi cioBa: mporpamoBada oriuna interpanbHa cxema (FPGA), cucrema ma wuimi (SoC), 6araromaposmit
nepuentpon (MLP), mrryuna ueiiporna mepexa (ANN).

Boprauk K.fI. CTpykTypa cHcTeMbl MHOIOCJIOIHOr0 mepcenTpoHa JJs MOOMJILHBIX ycTpoiicTB. PaccMorpena
cTpykTypa cucreMbl Ha unme (SOC) MHOTOCIONHOTO MepCenTpoHa Uisi MOOWIIBHBIX ycTpoiicTB. CHcTeMa MPHTOOHA ISt
YCTPOHCTB, KOTOpBIE HYKHAIOTCSI B peanu3anud (QYHKOMH pAcIOo3HaBaHUS o00pa3oB U HMEIONMX OTrPaHUYCHHEBIE
BBIYHCIIUTENBHBIE BO3MOXKHOCTH. [IpOBEIEHO MPOEKTHPOBAHUE CHCTEMBI, a TAakKe ¢ BepH(HKamus Ha CIICIHAIN3HPOBAHHON
MakeTHOH Muiatdopme. [lnst pa3paboTKM IPOrpaMMHOrO OOECTICUCHUS] HCIIONB30BAH SI3BIK MOJCIHPOBAHMSI W CHHTE3a
nporpammMHoro obecnedenns VHDL. Jloka3ano, 94To mepeHOC HEHPOHHBIX BBIYUCICHHI OT LEHTPAIBHBIX IIPOIECCOPOB OOIIETO
Ha3HAuCHWs HA arapaTHble WAThopMbl Ha 0a3e MPOrpaMMUPYEMBIX JIOTHIECKUX HHTErpatbHeix cxeM (FPGA) 3naunTensHo
ycKopsieT paboTy alnropuTMOB pPacliO3HABAHHS.

KioueBble caoBa: mporpaMmupyemasi Jormdeckass uHrerpansHas cxema (FPGA), cucrema na umme (SoC),
mHuorocioinbri epcentpor (MLP), nckyccrBennas neiiponnast cets (ANN).

Bortnyk Ka. Structure of the system based on Multi-Layer Perceptron for Smart Devices. The structure of the
system on chip (SoC) multilayer perceptron for mobile devices was observed. The system is suitable for devices that need to
implement the function of pattern recognition and which have limited computing power. A system design and its verification
made on a specialized prototyping platform. For software development language used simulation and synthesis software suite
VHDL. It is considered that the transfer of neural computation from the CPU of general purposes to hardware platform based on
field-programmable gate array (FPGA) significantly speeds up recognition algorithms.

Keywords: field-programmable gate array (FPGA), system on chip (SoC), Multilayer Perceptron (MLP), artificial neural
network (ANN).

AxTyajpHicTh mpodaemu. [Tonmut Ha «PO3yMHI» MPUCTPOI CIIOKUBYOI ENEKTPOHIKU 3pocTae. Lle
MOTHUBYETbCS ~ IIMPOKAM  BUKOPHCTaHHSIM  HEJOPOrMX BOYJOBaHUX  EIEKTPOHHHUX  IMPHCTPOIB
pi3HOMaHiTHOro mnpu3HaueHHs. OKpiM Toro, OakaHO, MO0 EIEKTPOHHI NMPUCTPOi MaiHM 3AATHICTH
BiIUyBaTH 1 pO3YMITH iX OTOUEHHS Ta aJanTyBaTH iXHI CEPBICH BIiAMOBIAHO JO KOHTEKCTY.

HlItyyni Heiiponni Mepexxi (ANN) MoxyTh OyTn 00OpaHi [uis i€l MeTH y mepury 4epry, y 3B's3Ky 3
X IIMPOKUM CIIEKTPOM 3aCTOCOBHOCTI.

bararomaposuii nepuentpon (MLP) € oxniero 3 HaitOunbm yacto BukoprcroByBanux ANN gepes
HOro 3MaTHICTh MOJETIOBATH HEJIHIHI CHCTEMU 1 BCTAHOBJIIOBATH MEXi HENMIHIHUX pillleHb B 3a7adax
Kiacudikamii, Takux sk onTuyHe posmizHaBaHHSA cumBoniB (OCR), iHTeneKkTyaldbHUH aHali3 AaHHUX 1
00po0Ku/ po3mi3HABAHHS 300paXKCHb.

Opnak, ockimeku MLP BuMarae Hajq3BUYaifHO BHCOKOI TPOIYCKHOI 3JaTHOCTI, #Oro
o0uncioBajdbHa CKIAAHICTH BKpall HeOakaHa Uil BUKOHAHHS OIEpaliii B PEeKHMi peasbHOro yacy,
0co0nMMBO A1 BOYZOBAaHUX MPUCTPOIB, SKI MAIOTh OOMEXKEHHS Y CBOIX MOXIUBOCTSIX OOpPOOKH NaHHX.
[IpuBaGmuBe BHUpILICHHS ILOrO MOJSAra€ B PO3POOLI CHeliali3oBaHUX amapaTHUX 3aco0iB Ui
npuckoperns MLP.

Anapatha peanizamisst MLP Oyna HaraapHOIO TEMOIO MPOTATOM 0araThOX POKiB, B OCHOBHOMY Y
MUTAHHSIX TOYHOCTI, HEOOXIJHOTO MPOCTOPY 1 MIBHIAKOCTI 00poOku. Pi3Hi peamizawmii oOnamHanHsa ams
MLP Oynu ycmimrHIMH, HAPUKIAA, METOJ MIPOSKTYBAHHSI CIIELialli30BaHUX IHTErpaJbHUX cXeM. THM He
MEHII, MTOBHA amapaTHa peanizalisi He € eeKTHBHOI 3 TOYKH 30pYy BapTOCTI MPHUCTPOIO Ta CKIaIHOCTI
foro peanizarmii.

OcCTaHHIM YacoM akKTHBHO JOCTIIKYETbCS IEpEeHACTPOIOBaHa OOYHCIIOBANbHA TapajurMa, B
paMKax sKoi po3poOJICHO psJ MPOrpaMOBaHMX JIOTIYHUX iHTerpanbHux cxeM (FPGA). Ane xoda Kiibka
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amapaTHUX peali3aliil 3 BukopuctanasM FPGA Bike Oynin 3amporioHOBaHi, anapartHa peanizanis B MLP,
K 1 paHillle, 3aJUIIAETHCS CKIQAHIM 3aBIaHHSAM sl BOYZOBaHHUX TOAATKIB.

Ockinbky, pi3Hi MeToan MpeoOpoOKH i mocToOpoOku MOXyTh OyTH cymimieHi 3 MLP B peansHuX
JOJaTKax, CHCTeMa MOBHHHA HACTPOIOBATUCH BIAMOBIZHO 10 AoAaTKiB. Kpim Toro, icHye BaxxinBa
BHMOra J0 MPOEKTYBaHHS amapaTHOro 3a0e3MEeYeHHs TaKUM YWHOM, 1100 BHECEHHS 3MiH B CTPYKTYpPY
Mepexi He MPUBOJIIIIO 1O HEOOX1THOCTI anmapaTHOl MOJICpHi3aIlii.

i mpobnemn MOXYTh OyTH TIOJ07aHI 32 JOMOMOTOK KOMOIHOBAaHOTO MPOrPaMHOTr0/armapaTHOTO
Meroay mpoektyBaHHs. Lleli MeTox 3IiMCHIOETbCS NUIIXOM aHami3y pPi3HUX YacTHH ajroOpuTMy Ta
peanizamii Horo HaHOUIBII BUMOIJIMBHX JIAHOK Ha IIBUAKHUX amnapaTHUX MPUCTPosiX. CIyKHTH LbOMY
MOXe Tak 3BaHa cucreMa Ha uimi (SOC), mo CKIaJaeThess 3 MIKpOMIpolecopa Ta amapaTHHX
npucKopioBauiB Ha 0a3i FPGA, mo Moke 3HAYHO MPHUCKOPUTH PoOOTY, 30epiraiour 3HaAYHOIO MipOIo
THYYKICTb CyTO IMPOrpaMHUX MOZAETEH.

V wiii cratTi onucano apxitekrypy MLP-S0C cmapt-nonartkis i BOynoBaHux npuctpois. Y SoC
MOXXHa BHOCHTH 3MIHHU B CTPYKTYpY Mepexi i JonaTkiB 6e3 Moaudikamii anapaTHUX 3aco0iB.

3aBaannsa 3 peanizanii MLP-SoC. Hamorwo meroro € pospooka MLP-SoC, ska moxke Oytu
BUKOpUCTaHa JUig BOyOOBaHMX mdojatkiB. Y xomi peamizaumii MLP-SoC na wMakerHii miatdopmi
MPEACTaBICHHS JaHUX, TOYHICTH 1 amapaTHi KOMIIOHEHTH BiJirpaloTh BaXKJIMBY POJIb Y BUOOPI MPOEKTHUX
pillIeHb.

Maxkerna maargopma. s po3poOku Ta mepeBipkn SOC HaWOIMBII JOLITFHO BUKOPUCTATH
ocHoBany Ha FPGA makerny mnatdopmy XILINX X2CV8000, sxa cramna momyjspHOIO came 4epes
MOXJIUBICTh HIBHJIKOT'O MaKETyBaHHS 1 IepeBipKH BOYIOBaHUX JOAATKIB.

MakeryBaHHA BCbhOro mnpoekty uimboBoi SOC B FPGA pae TouHe 1 IIBMAKE YSBICHHS MPO
MaiOyTHill mpUCTpiid.

3BHUaiiHO, JesKi OCHOBHI KOMIOHEHTH, BKJIIOYAIOUM LEHTPaJbHUH NpOLECcOp, CUCTEMH LIHMH i
BHYTpPILIHIX KOMYTOBaHUX OJIOKiB, BHOHMparOTbcs [UIA MPOEKTYBAaHHS peanbHOi mIaTopMu Ha
BUpoOHMITBI. OpHade, I poO3poOKM i TECTyBaHHS ANTOPUTMIB NOJATKY AOCTaTHHO BOYIOBAaHUX Yy
MmakeTHy miardopmy. Hampuknan, mikpornpomecop LEON 2 BOynoBanmii B FPGA, mmna AHB/APB
AMBA, npusHaueHa I 3B'13Ky MK BHYTPILIHIMA KOMIIOHEHTaMH, TAKOXK Bxke BOyznoBaHa B FPGA.

Ha nonarok no mikpocxemu FPGA, MakerHa matdopma npornonye nam'ate Ha ocHoBi SDRAM
qiniB po3mipoM 128 Mb i ¢nem-nam'site posmipom 8 M6. biiok nam'siti SDRAM BUKOpPHCTOBYETHCS SIK
OIlEepaTUBHUM 3amaM’ATOBYYUH MPUCTPiH, y TOW yac, K Ha 6a3i ¢uem-mam'sati opranizoBano [13I1 mus
30epiranHs nporpamHoro 3abesnedenns. Ha pucynky 1 300paxeno MakeTHy miatdopmy, o Ma€e JOCUTh
KOMIIaKTHUH po3mip 112 Ha 129mm.

g

Pﬁc. 1. Maxkerna miardopma XILINX X2CV8000

MLP nast o6po6xu/po3nisHaBanHs 300paxkenb. MLP s o6poOku/po3ni3HaBaHHs 300paskeHHS
CKJIaJIA€ThCs 3 BY3/IiB 00pOOKH AaHUX, PO3TALIOBAHHUX LIAPAMH.

Sk mpaBuiio, BiH BHMarae TphOX abo Oinbplie miapiB By3JiB 0OpOOKW: BXigHHHA mIiap, oauH abo
JIeKiIbka BHYTPIIIHIX LIapiB Ta BUXiOHHHA mpomapok. KoxkeH By301 0oOpoOKH B OMHOMY KOHKPETHOMY
mapi MOBHICTIO 200 YaCTKOBO MOB'SI3aHO 3 KOKHUM BY3JIOM IIApy, IO PO3TAIIOBAaHHUN BHILE i HHXKYE 32
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HBOT0. 3BaKCeHI 3'€/IHAHHS BU3HAYAIOTh MMOBEMIHKY B MEPEXi 1 HAJAIITOBYIOTHCS IiJ 4ac TPEHYBaHHS
MEpexi 3a JOMOMOT OO CITEIiaTbHOTO aJITOPUTMY 3BOPOTHOTO MOIITHUPEHHS.

[Tix yac po3mizHaBaHHS, BXIMHUI BEKTOP MOAAETHCSA HA BXiTHOrO Iiap. Jis HaCTyIMHUX IapiB, BXif
B KOXKEH BY30II € CYMOO CKJIIPHUX JOOYTKIB €IEMEHTIB BXiIHOTO BEKTOpPA 3 BIAMOBIJHUMH iM BarOBUMHU
KoeillieHTaMu .

sum; = w; eout;,

Ie W;j - Bara MiJKIOUeHHs By3i1a 10 By3na Jl, a outj - Buxin 3 By3na J.

Buxin By3na |, ne out; = F(Sum;), sikuii moTiM po3cHIIa€ThCs BCIM By3lIaM B HacTynmHoMy miapi. Ll
oreparlisi MOBTOPIOETHCS JIJIS BCIX MIApiB MEPeXi JOTH, MOKW BUXITHUM mIap He Oyne MOCATHYTO, A€ i
00YHNCITIOETHCS BUXITHUH BekTOp. F — e (yHKIisg akTUBalil KOXKHOrO By3sa. Y AKOcTi QyHKIIT akTUBaLil
Haifuacrilie BUKOPUCTOBYETHCS CHTMOBUAHA (QYHKLISA a00 QyHKIis rinepOonivHOro TanreHca. ¥ tadnuii
1 nokazani anapaTHi oOMexeHHs A HiaboBoi SOC.

Tabmuus 1.
AmnapaTHi KOHCTaHTH 1[iTE0BOT SOC
Ha3zpa mapametpy 3HaueHHS

MakcuManbHe YHCIIO BXiTHUX BY3JIiB 1000
MaxkcuMaiabHe YUCIIO BHYTPILIHIX BY3IiB Ta IIapiB 128/2
TounicTh BaroBoro KoedimieHra 12 6it (3HaKOBMIA)
TounicTs BUX0Ay QyHKIIT akTHBAIi] 9 6iT (3HAKOBWMIA)
Jliarma3oH BXiJHHUX JaHUX 0...255
Jliarma3oH BUXIJHHUX JAHUX -255 ... 255

BukopucranHs THIy JaHMX 3 IUIABAlOYOK DPO3PSIHICTIO (Bard, BXOAM, BUXOIM) B HEHpPOHHIH
MepeKi Moxe OyTH HEMpaKTUYHUM il BOyJOBaHUX allapaTHUX 3ac00iB, TOMY BapTO BUKOPUCTATH THII
JaHUX 3 (DIKCOBAHOIO PO3PSAHICTIO JUISI 3HAYEHB BAr, BXOJIIB 1 BUXOJIIB.

He3nakoBi 8 OiTHI BHKOPHCTOBYIOTHCS JUIS TPEACTaBICHHS BXiJHMX 3HAUeHb, Y TOM 4ac, sK
3HaKkoBi 9 OITHI BUKOPUCTOBYIOTHCS AJISl BUXIOHMX 3HauYeHb (QYHKUIl akTHBamii, 00 BOHU MOXYTh OyTH
Bin’emHuMu. KoedimieHTn Bar 30epiraioThCsi B TaOMWIi Bar 3a JOMOMOrOI0 3HAKOBHX 12 OiTHHX 3
(iKCOBaHOIO PO3PAIHICTIO.

Besnocepenns anapatHa peani3alis meBHOT (YHKIIIT akTHBAIlil HE BiAMOBIA€ 3aBIaHHIO, OCKUTEKU
NPHUCTPId TMOBHMHEH MaTH MOXIIUBICTh 3MiHM KOH(pirypamii. ToMy cii BHKOpUCTaTH TaOJHUIIO
BiAMOBiAHOCTI 30€piraHHs BUXiIHUX 3Ha4YeHb Ui BU3HaueHHA (QyHKUiH akTuBauii. Ilpm BHKOpucTaHHI
BOr0 METOJY, KiJIbKa PI3HUX (QYHKIIH aKTHBALil MOXXYTh OyTH peati3oBaHi arapaTHO.

Crpykrypa MLP-SoC. Puc. 2. nmokasye 3aransny ctpykrypy MJIII-SoC. Bona Bkmiouae B cebe
LEON 2 (ocuoBHmii mpouecop), MLP chiBnporecop (HEHpOHHHX OOYHCIICHB), KOHTpOJIEP Mam'sTi
SDRAM, intepdeiic kamepu i mmuy AHB/APB AMBA. Bci mi kommoHeHTH 00'emHani B FPGA
MakeTHOI mIaTdopMHu.

LEON 2 sBaste coboro 32-po3psanuit RISC-npouecop cymichuii 3 apxitekryporo SPARC V8. Bin
JIETKO TPOTPAMYEThCA 1, TAKAM YHHOM, AyXKe MiaxomuTh 1 SoC.

OxpiM Toro, mporpaMHe 3a0e3nedeHHs1, Hanmcane MoBoro C, Moke OyTu 6e3nocepeTHb0 BUKOHAHE
Ha siipi LEON 2 3 BukopucTtanHsam 3aco0y Kpoc-TpaHCIISILIi.

[TporpamyBanus sapa LEON 2 (puc. 3.) Moxe OyTH 3AifiCHEHO 3 BHKOPHCTaHHSM BiIKPUTOrO
tpanciaropa MmoBu VHDL B xon FPGA makerHoi mnatdopmu. Kontponep inTepdeiicy kamepu i cxema
BBOny/BuBOAY 12C 371aTHI 00pOOIATH AEKiNbKa NAaTYUKIB 300pa’keHHS] 3 BUKOPUCTAHHAM iX (hikcoBaHOI
JIOTIKH.
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Bbrok  xocT-iHTepdeiicy Hece BimNmoBimanbHICTH 3a oOciayroByBaHHs mmwmHH Mk MLP
CIIBIPOLIECOPOM Ta 1HITMMH KOHTPOJIEPAMH.

Bin ckiamaerbes 3 1BOX 0JI0KIB mpsiMoro goctymy ao nmam'sati (DMA), Bxiqaoro DMA i BuxigHoro
DMA. Bxigauit DMA npuiimMae 670K TaHUX i3 30BHIIIHBOI mam'sTi i 30epirae iioro y Bximaux Oydepax
(2K x 8 bitiB). [IBa Oydepu 3aBxk ¥ rOTOBI s MPUHAOMY TAHHX, @ iHII 30€piratoTh AaHi IS OJAJIBIINX
obuucnens. [licnsa npuiioMy naHux 0510k xocT-iHTepdeiicy mocunae curaai 1o 6moky MLP, mob nmouatu
o0uHncIIeHHs 3ajadi Uil MOTOYHOro BXigHOro curHany. Komm oOuucrieHHsS 3aBepUIyeThCS, BHXITHUI
DMA 6ok mepenae 3reHepoBaHi O0joku ganux 3 MJIII Gioky B 30BHIIIHIO Mam'aTh. BUKopHCTaHHS
DMA noToky AaHuX € KOPUCHUM, KOJIH PO3MIp 1 KiTbKiCTh BXIAHUX/BUXITHUX JaHUX JOCHUTH 3HAYHI.

Jlnst Toro, mo6 BpaxyBaTH oOMexeHHs, onucaHi B Tabmumi 1, 6mok MLP ckmamaeTsest 31 cxoBHIIY
JaHUX 1 OOYMCIIOBaNbHOrO MOAyJs. € TpU pI3HUX MOCTIHHUX OJIOKIB mam’ATi: Tadmuus QyHKIiH
aKTUBawii , paiin pericTpy BHyTPIIHIX BY3JiB 1 TAOMUI Bar.

OyHKIiA aKTUBalii, HAMPUKIaA, CATMOBHUHA a00 TiMepTaHreHLialbHa, MOXYTh OyTH pealizoBaHi
B TaOnuui GyHKIIH akTBalii 6e3 3MiHU anapaTHUX 3ac00iB.

Tabnuus Bar mictute 128K * 19 6it, 12 GiT BUKOPUCTOBYIOTBCS ISl 30€pEKEHHSI 3HAUSHHS Bary i
7 0iT BUKOPUCTOBYIOTBCS I 30€peKeHHs 1HIeKCY BHYTPIIIHBOIO By3JIa.

daiin pericTpy BHYTpIIIHIX By3JiB MicTUTh 128 * 24 OiT ans 30epiraHHs MepexifHUX pe3yabTaTiB
BHYTPILIHIX BY3JiB.

Puc. 5. nokazye cxemy o04nCIIOBaIBHOrO MOAYJsl. Momynb o04YMCIeHHs! OTpUMY€ BXiTHI CUTHAIU
3 BXimHOrO Oydepa i 0OUMCIIIOE 3HAYEHHS AKTUBAIlii BCIX BY3JIB INApiB MOCTIIOBHO 0 OOYMCICHHS
3Ha4YeHHb BUXiOHMX BY31iB. [loTiM BiH BiAmpaBiise BUXiIHI 3HAUEHHS U OJIOKY XOCT-iHTepdency s
30epexxeHHs ix B mam'sti SRAM. Puc. 5 Takox JeMOHCTpYy€e TOUHICTh BOYJOBaHOI JIOTIKH.

[Iporpamua peamizarmis MJII1-S0C mMoxe OyTH MOBHICTIO cuHTe30BaHa Ha ocHoBI VHDL Momeni i
nepenani B FPGA (XILINX X2CV8000) makernoi miardopmu.

s apxitektypa MIJIII-SOC 3a0e3neuye mBHAKY 0OpoOKYy HEHpOHHUX 3B'S3KIB 1 TpaHC(EPHHX
¢dyHKIH, 1 700pe miaxoauTh st HelipoHHuX Moxaeneid MLP-tumy. TakroBa yacrora FPGA 30 MI. Leit
TAKTOBUH CHI'HAJ MOJAETHCS B yCi KOMIIOHEHTH MaKeTHOI IIaT(hOPMH.

Hdennodes r’1arrhe E' ‘
Y
Fraqroesser =aga Dala B
From inpue Butfer

SAT: Saturation, TRN: Truncation, Act. Table : Activation function tabls

Puc. 5. Cxema obunciroBaiasaoro moayiss MLP crmiBnponiecopa

Mpuxnan nogatky: Cucrema posmisHaBanusi cumBoJiB (OCR). OCR mporiec, 3a 10mMoMoroo
SKOTO KOMIT'IOTEp MEePEeBOANUTH OLM(POBaHi 300paskeHHs CUMBOIMIB Y TeKCT. Ll cuctema € oCHOBOIO ayist
0araThoX Pi3HHUX THUIIIB BOYIOBaHUX JOJATKIB, TAKUX SIK MOPTATUBHI MEPEKIIaaadi, NEKTPOHHI CIOBHUKH
1 HIOACHHUKH. AJTOPUTM LITBOBOI CUCTEMH PO3Mi3HABAHHS CKIAJA€ThCS 3 TPHOX OCHOBHHUX €TalliB, SIK
MOKa3aHo Ha puc. 6.

[o-nepue, orpumanHs 300paxenHs 3i ckanepa MKM MT9V112, niaknrouenoro o iHTepdeiicy
KaMepH.

[o-npyre, monepenHboi 00POOKH, SIKa BUKOHYETHCS JIJIS TOTO, 100 CETMEHTYBATH 300paXCHHS Ha
OKpeMi CHMBOJH, BUKOPHCTOBYIOUM METOJ TicTorpaMm. BupiieHi cHMBONHM MEpeTBOPIOIOTHCS B OiHApHI
marpuii 300paxenb (0 abo 255). Toxmi mpoBOIUTHCS HOPMYBaHHS MOXMIMX 1 MiATOHKA pPO3MIpYy 110
OTpUMaHHS BXigHOro 300paxkeHHss MLP po3mipom 30X24 (B mikcemsix).

OCKUTBKH CTPYKTypa HEHpOHHOI Mepexi (4ucio By3miB, (QyHKLIi akTHBALIl) MOXE 3MIHIOBATHCS
JUTsI KOHKPETHOTO JI0JIaTKa 3 METOI0 IMiJBUIIICHHS TpoayKTUBHOCTI, a SOC s MLP noBunHa npuitHsTH
ui 3MiHM 0e3 3MiHM KoH(]irypauii amapatHoi miuatdopmu, To, mo0 mokazaTu 3xatHicte MLP_SoC mo
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NepeHanalTyBanHs, ciain noOyayBatm nBa MLP wHa Tiii ke apxitektypi. Tabmunst 2 mokasye
KoH(pirypauii peanizoBanux MLP.
Recognition step

(MLP SoCh

A captured image (320 X 240)

iching and dama collection. The imuge
s beem shown b0 have good preciice
Mementation wo use Is a modified versio
& performed, the sorver gets user rating
Amaron Web Services APL and pasrsor—ip
Lihe review excerpts, lnks o fall versk
m. Since the input Image s small, thy
wer Is on average 0OKD, and most of
@ from ot database that the server ser
match

Preprocessing step ~Q

I A1 collecton, The

Post-processing

Make decision using
Values of output nodes

Qutputs
«—

Puc. 6. [Totik 06poOku peamnizoBanoi cucremu OCR

OCKITBKH CTPYKTYpa HEHPOHHOT Mepexi, YMCIIO By3JiB, QPyHKIIl akTHBamii, MOXKe 3MiHIOBATUCS
JUTsl KOHKPETHOTO J0JaTKa 3 METOI0 MifBHIeHHS npoaykTuBHOCTI, A SOC mis MLP moBunHI npuitHsTH
ui 3MiHM 0e3 3MiHM amapaTHoi Twiatdpopmu. To mo6 mnokasarn 3aatHicT MLP_SoC  no
NepeHanalTyBanHs, ciin noOyayBatm nBa MLP Ha Tiii ke apxitektypi. Tabmunst 2 mnokasye
koH(irypauii peamizoBanux MLP. Kinpkicte BHyTpimmHiX By3miB KokHoro MLP  BuGupaerscs
BUTIAKOBUM YMHOM (3 ~ 5% Bix 4ynciia BXiJHHUX BY3I1iB) Ta (IKCYETHCS il 4ac TPEHYBAaHHS 1 TECTOBOTO
po3Mi3HaBaHHS.

Tabmug 2
Kondirypauii MLP mepex
Ha3zBa mapametpy Bepcisn 1 Bepcis 2

Bys3niB BXiTHUX/BHYTPILIHIX/BUXITHUX 720/24/26 720/32/26

lNnep6omiuno- Curmoinza
Tun GyHKUiT akTHBALil .
Tun komyTauii By3miB [ToBHMI YacTkoBuit
Tum anroput™My HaBYaHHS 3BOPOTHE MOIIUPEHHS 3BOPOTHE MOIIUPEHHS
Bincorok po3nizHaBaHHS 94% 98%

Inme BaxknuBe murtanHs ans ouinku MLP-SOC e mBuuakicts posmizHaBaHHs. Clnin mepeBipuTH
HEeoOXiIHUH Yac poOOTH KOKHOTO MOAYNA cucTeMu posmizHaBaHHS Ha MLP. ¥V sxocti TecToBoro 3paska
OyB B3sTHIA JoKyMeHT po3mipom 320X240 (mikceniB), mo Mictuth 260 CHMBOIIIB.

VY Tabnuii 3 HaBeeHI Yyac BCIX MOJIYJIB, 3aTPauyeHU JJ1s1 BUKOHAHHS [[LOTO 3aBJAHHS.

TakuMm 4MHOM, cHUCTeMa pO3Mi3HaBaHHS 3[4aTHa O0OpoONATH Maike 43 cuMBonu B cekyHay. MLP
obunciieHHs 3aliMae Bcroro 3.9 cex, B TOH 4ac sk mporpamua peajizaiist ninsoBoi MLP 3aiimae axx 869
CeKyHJ Ii yac BUKOHaHH: Ha npouecopi LEON 2.

Taonuus 3
IIBUAKICTE KOXKHOTO MO/l OOPOOKH TS CHCTEMHU ONITHYHOIO PO3ITi3HABAHHS CHMBOJIIB
Crapnia anropurmy Mopnynb Yac
CerMeHTyBaHHS CHMBOJTIB ITporpama na LEON 2 690 mcek
[liaroroBka i HOpMaTi3aIlist IIporpama na LEON 2 1240 mcex
Heiiponna mepexa AnapaTtHi 3acobu 3980 mcex
Pimenns i 3amuc pe3ynprarty [Iporpama ma LEON 2 120 mcex
Bcroro 6030 mcek
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Leit pe3ynbTaT B OCHOBHOMY JOCSTHYTHMH 3a paxyHOK OOUYHMCIEHHA HelpoHHOi Mmepexxi MLP
CIIBIIPOLIECOPOM, II0 MPUCKOPHUIIO Iporec y 223 pa3iB NOPIBHAHO A0 MPOrpaMHOI peatizarii.

Komepuiiini cucremn mnporpamHoro 3abesmedenHss OCR, peamizoBani s cepBepiB abo
HACTUIBHUX KOMITIOTEPIB, fAKi 3a3BUYail MalOTh OUIBII BHCOKi amapaTHi MOXIMBOCTI, Taki SIK MOTYXHI
mpolecopy, He 3aiiMaloTh Oarato dacy ais posmisHaBaHHS. OJHaK, MOOUIBHI MPHUCTPOI YacTO MAlOTh
OOMEXEHHS Yy CBOIX amapaTHUX MOXJIHMBOCTAX 4Yepe3 BUMOIH OO0 OOMEKEHHsS CHOKHBAaHHS
eNeKTPOEHeprii.

Takum 4YMHOM, amapaTHE TPUCKOPEHHS € KpalluM pilleHHAM Ui peamizamii  QyHKIiH
posmizHaBaHHs 00pa3iB y MPUCTPOAX 3 0OMEKEHUMH 00UNCIIIOBaIbHUMHU MOYKIUBOCTSIMH.

BucnoBku. Y wmiii cratri Oyna 3ampomoHoBaHa apxitektypa MLP-SoC npupmatHa s
MajorabapuTHUX IHTENEKTyalbHUX MPUCTPOiB. ApXiTekTypa Oyma BumpoOyBaHa 1 TmepeBipeHa 3a
nonoMororo MakerHoi matpopmu FPGA. Ilnardopma mae MoxnuBicTs 0€3 3MiHM ICHYIOYOTO
obyiagHaHHs MOOyayBaTH pi3HI BapiaHTH NMPHUKIAAHUX CHCTeM HUIsixoM pekoHdirypamii SOC. Otxe,
MLP-SoC pmouiapHO BUKOpPHCTATH Uil MOOUTBHUX MPUCTPOIB, SIKI NOTPEOYIOTh (QYHKLIT po3mi3HaBaHHS
o0pa3is.

1. Weanop AWM. TTonco3HaHme HCKyCCTBEHHOTO MHTEILIEKTA:IIPOrPAMMHpPOBAHHE aBTOMATOB HEHpPOCETEBOH GHOMETPHH
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ABTOMATHU30BAHA IHOOPMAIIIMHA CUCTEMA OBJIIKY TA PYXY TOBAPIB HA
CKJIAI 3ACOBAMMHU RAD STUDIO 2010

I'puniok C.B., MickeBuu O.I. ABTOoMaTH30BaHa iHdopmauiiiHa cucTema o0Jiky Ta pyxy ToBapiB Ha ckJjaai. B
CTaTTi PO3TISIOAETHCS CTBOpEHHs iH(opMariitaoi cucremu 3acobamu Rad Studio 2010, ska mpusHadeHne s aBTOMATH3AII]
poboru Ha cxiazi. [lana mporpama 3abe3mnetdye KOHTPOJIb 00JIiKy Ta pyXy TOBapiB Ha CKJIaJi MiANIPUEMCTBA.

Kuarouosi cioBa: inpopmariiiHa ciucTemMa, aBTOMaTH3AIlis, TporpaMa, 0a3a JTaHux.

I'puniok C.B., Muckesnu O.1. ABToMaTu3upoBaHHasi ”HGOPMAaNMOHHAS CHCTEMA y4eTa M ABUKEHHsI TOBAPOB Ha
ckmage. B cratee paccmarpuBaercs cosmande HH(OpMarmoHHOM cucreMsr cpexctBamu Rad Studio 2010, kortopas
MpeAHa3HauYeHa Ul aBTOMATH3alMu paboTel Ha ckiafe. JlanHas mporpamma oOecredmBacT KOHTPOJb ydeTa M JBHKCHHS
TOBApOB Ha CKJIaJe NPeIIPHITHS.

KiioueBble cjioBa: nH(OpMaIMOHHAas CHCTEMa, aBTOMaTH3alus, IporpamMma, 0asza JaHHbIX.

Grunjuk S., Miskevych O. Automated information system of accounting and movement of goods at the moment.
This article describes how to create an information system means Rad Studio 2010, which is designed to automate the warehouse.
This program provides accounting and control of the movement of goods in the warehouse of the company.

Keywords: information system, automation, application database.

Beryn. Tepmin «iHdopmariiiHa cucTema» HalKUTh 10 KJIAacy MNPOTPAaMHHUX MPOAYKTIB, MIO
aBTOMATH3YIOTh BeleHHs Oi3Hecy. CucreMa Ha3MBAETHCS IH(POPMALIHOIO, SIKIIO BOHA MiATPHUMYE
iHpopMaliiiHe 3a0e3neueHHs Oi3HECy.

Indopmaniiina cucrema — 1e CyKymHicTh 3acobiB 300py, 30epiraHHs, mepeaadi, oOpoOmeHHs
iHpopmauii B meBHii [IpO 11 gocArHeHHS MOCTaBICHOI METH Y MPOLIEC] YIpaBIiHHS.

ABtomatm3oBaHa IC — cykymHicTe iHoOpMalii, pi3HUX METOIB 1 Mojenel, amapaTHHX,
MPOrpaMHUX, OPTaHi3allifHUX, TEXHOJIOTIYHUX 3aco0iB 1 BiamoBimHuX ¢axiemiB. OTke, iHpoOpMamiliHa
chUcTeMa - 1 OpraHi3aliiHO BIOpSAKOBaHAa CYKYIHICTH (axiBuiB, iH(OpMaLiiHUX pecypciB Ta
iHpOpMaLifHIX TEXHONOTiH, 30KpeMa 3 BUKOPUCTAHHSIM 3aC00iB 00UYHMCIIOBAIIbHOI TEXHIKH 1 3B'SI3KY, 11O
peanizoByIOTh Taki iH(poOpMaIliifHi mporecH, K OTPUMaHHS BXiIHUX JaHWX; 0OpoOKa IMX JaHUX i/abo
3MiHa BJIACHOTO BHYTPILIHBOrO CcTaHy (BHYTpILIHIX 3B'S3KiB/BIJHOCHH), BHIaya pe3yjibTaTy abo 3MiHa
CBOT'O 30BHINIHBOrO CTaHy (30BHINIHIX 3B'f3KiB/BimHOCHH). 3a mormoMorow IC HamaeThbCs MOXIHBICTDH
BCTAQHOBIICHHS 3B'SI3Ky MK yciMa elleMeHTaMH Oi3Hec-NPOoIleciB MiAMPUEMCTBA, M0 MOKPAIIye
MOXIIMBOCTI TUIAHYBaHHS, KOHTPONIO W perymoBaHHsS mponeciB. [Hpopmaniiina cuctema, npu
(opMyBaHHI SIKOi BUKOPUCTAHO MPUHLIMI 3BOPOTHOrO 3B'SI3KY Ha BCiX PiBHSAX ympasiiHH#A i cydacHi IKT,
3a0e3neuye 3B'SI30K MK €IEMEHTAaMH CUCTEMH YHPaBIiHHA W eleMEeHTaMH Oi3Hec-IpoLeciB, TOOTO Mixk
yciMa eramaMd NPUHHATTS pillieHb, a TaKoX HaJa€ MOXIMBICTb HAKOIMWYEHHS NaHUX, aHalizy i
MOZIETIOBAHHS.

VY OUIBIIOCTI BUMAAKIB JJ1si CTBOPEHHSI BIACHOI iH(OpMAIiiiHOT cuCcTeMU HEMOXKIMBO 00iiTHCs 0e3
BHKOpHCTaHHs 0a3 nanux. Baxknuor ocobnuBictio CYB/] € 3a0e3mneucHHss BUKOHAHHS 3alUTIB 10 0a3u
manux. e oxmniero BaximBoI ocoOnuBicTIO OinbmiocTi cydacHux CYBJl € 3a0e3neueHHS pexuMy
MyneTHIOCTYITY [1,2].

IMocranoBka npo6aemu. Toprieis € oAHIEIO 3 HANOLIBIINX TaTy3ei eKOHOMIKK OyAb-sKOi KpaiHu
AK 32 00CSITOM JisTBHOCTI, TakK 1 38 YMCENbHICTIO 3aiHATOrO B Hili EpCoHaNy, a MiAMPUEMCTBA i€l ramy3i
€ HalOUIbII MacoBUMU. [lisTBHICTE TOPrOBUX HiANPHEMCTB IOB'S3aHA 13 3aI0BOJICHHAM MOTped KOKHOI
JIOAWHY, CXWJIbHA A0 BIUTMBY Oe31iui (pakTOpiB 1 OXOIUIIOE HIMPOKUH CIIEKTp MUTaHb OpraHizamiiHo-
TEXHOJOTTYHOIr0, €KOHOMIYHOrO i (hiHAHCOBOTO XapakTepy, IO BHUMAraroThb MOBCSKICHHOTO PillIEHHS.
JluHamiYHa KOHKYPEHTHE CEpEJIOBUIIE, HOBI YMOBHU BEJICHHS Oi3HECY BHCYBAIOTh ITiIBUIICHI BUMOTH JI0
opraHi3alii ynpasiIiHHS Ha TOPrOBEIFHOMY MiAIPHEMCTBI.

Buxogsuu 3 cydyaCHMX BHMOT, IO HPEA'SBISIIOTHCSA IO SIKOCTI pOOOTH CyYacHHX TOPTOBEIBHHX
MIAMPUEMCTB, HE MOXHa HE BiJ3HAYUTH, IO ePEKTHBHA po0OTa HOro ILUIKOM 3aJIGKHUTh Bl PiBHS
OCHAIlleHHsI KoMMaHii iHdQopMamiiHuMHu 3acobaMu Ha 0a3i KOMI'IOTEPHHX CHCTEM aBTOMATH30BAHOTO
CKJIQJICBKOTO OOJTIKY.

Komn'torepuuii 00mik Mae cBOI OCOOMMBOCTI 1 pagUKaIbHO BiPI3HAETHCA BiJ 3BUYAMHOTO.
Komm'torep monermye o00diK, CKOpOUYyIOUM 4Yac, MOTPIOHWH Ha OQOpPMIIEHHS JOKYMEHTIB Ta
y3arajbHEHHs] HAKOMMYEHUX JaHUX A aHajli3y XOJy TOPTOBENbHOI MisNIBHOCTI, HEOOXiAHOro Iis
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yhnpaBiiHHSA Helo. TakuM 4MHOM, NpH 3acTOCYBaHHI KOMI'IOTepa “KUIBKICTh MEpPEeXOIWTh B SIKICTH':
301TbIIEHHS] MIBUAKOCTI PO3PaxyHKiB pOOUTH MOKJIMBHM SIKICHE TOJNIMIICHHS caMoi CXeMH MOOYyIOBH
toprisii [3].

AXTyaJbHICTh CTBOPEHHS aBTOMAaTH30BaHOI iHQoOpMamiiiHOI cucTeMHu s OOJiKy TOBapiB Ha
CKJIaJli TOJSITa€ B TOMY, IO IIO BiJl JOCTOBIPHOCTi, 00'€KTMBHOCTI Ta IOBHOTH BiJIOOpaXKeHHS OOMIKY
TOBapiB ¥ 3BITHOCTI rocmofapchbKuX (akTiB, MOB'SI3AHUX 13 PYXOM TOBapiB 3aJICKUTh MPAaBHILHICTH
BH3HAYEHHS, a TAKOXK MPaBIUBICTh 1 HEYNEPEHKEHICTh YCiX CYTTEBUX ISl KOPUCTYBaUiB MOKAa3HUKIB, SIKi
XapaKTepU3YIOTh Pe3yNbTaTH FOCIOAAPCHKOI iSUTBHOCTI Ta peanbHuil piHAaHCOBHIA CTaH MiAMPUEMCTBA.

MeTo10 poGOTH € CTBOPEHHS MPOEKTY aBTOMAaTH30BaHOI iH(opMauiiHOi cucTeMH ISl 00Ky Ta
PYXy TOBapiB Ha MiAPHUEMCTBI.

J1o OCHOBHHX €TaIiB CTBOPEHHS JaHOi CHCTEMH HaJIeXKaTh:

a) JOCTIKCHHS MOCTABJICHOT 3a/1a4i Ta MPeAMETHOT 001acTi;

0) IoCHiKEHHs iICHYIOUUX 1H()OPMAIIfHUX CHCTEM JUIsl aBTOMATH3allii poOOTH MiIPHEMCTB,;
B) PpO3p0o0OKa KOHIIEMIIT aBTOMATH3aLil JIsTIbHOCTI MiAPHEMCTBA,;

r) po3poOKa MPOEKTYy aBTOMAaTU30BAHOI CHCTEMH;

1) po3poOKa MPOTOTHITY CHCTEMH Ta HOTO peaizaris.

[ndopmaniiiny cucremy OyIOb-KOrO MiANPHEMCTBA MOXKHA MPEACTABUTH PI3HOMAHITHUMHU
iHpOpMaLiiHIMH TOTOKaMU - JIOKYMEHTIB, PO3IOPSKEHb, 3alUTiB, SKI HUPKYIIOIOTh YyCEepeauHi
MiAMPUEMCTBA, BUXOATH 32 MEXI IMiIIPHEMCTBA 200 BXOMIATH 13 30BHINIHBOTO cepeoBuiia. Ha cydacHmnx
MiAPUEMCTBAX TNPAKTUYHO Bcs poboTa 3 iHQOpMAI€l0 aBTOMAaTHU30BaHA, PO3POOJIEHO CIeliaibHi
MpOrpamy, siKi Jar0Th 3MOTY BECTH Ha KOMIT'IOTEpi OyXranTepcbKuid 00J1iK, JOKYMEHTOO00IT, MApKETUHTOB1
JOCHIPKEHHsI, IPOBOJUTH MPOrHO3YBaHHS 1 CTpaTeriuHe IUIaHyBaHHS TOIIO. AJie, KpiM aBTOMaTH3allii,
aKTyaJbHUM 3aJMIIAETHCA MUTAHHS MPO eeKTUBHY MOOYIOBY iH(OpMAIiifHOI CUCTEMH Ta OomTHUMi3amil
iH(pOpMaLiHIX TOTOKIB.

HasBHiCTh BiUTaropkeHOT aBTOMATH30BAHOI 1H(QOPMAIIIHOI CHCTEMU 3HAYHO CHPOIIYE IMPOIEC
ynpaBiiHHs mignpueMmcTBoM. IC mae 3Mory cBoewacHo 3i0paTH, BiACOPTYBaTH, OINpPAaLIOBATH MOTPIOHY
iHpopMaLilo i TPUHHATH MpaBUIbHE DIlIeHHS. [HKOMM HECBOEYacHO MPHUUHATE PIlIEHHS BHACTIIOK
HecTadi a0 HECBOEYACHOTO HAAXOMKEHHs iH(opMalii Moxke MpPU3BECTH OO0 3aruOelni MignpueEMCTBA.
Tomy cTBOpeHHIO i migTpUMII eeKTUBHOro (PyHKIiOHYBaHHS iH(HOpPMALiIHHOI CUCTEMH MiAIPUEMCTBA
CITif] IPUIUIATH BEIHUKY yBary.

VY cyuacHoMmy iH(pOpMaLiHHOMY CycHiNbCTBI 00poOka iHQoOpMamii € HeoOXiOHOK YMOBOIO
opranizanii BUpoOHUITBA. sl MPUIHATTS €EKTUBHUX YIMPABIIHCHKUX PillIeHb BUHUKAE HEOOXiAHICTB,
BpPaxoBYIOUM PI3HOMaHITHI (pakTopH, oOpoONsSTH 3HAYHY KUTbKiCTh iHQopmauii. CTpiMKe 3pocTaHHS
00csTY HayKOBO-TEXHIYHOI iH(OpMAIIii, 3 0MHOTr0 OOKY, 1 PO3BUTOK OOYUCITIOBAIEHOI TEXHIKH, 3 THIIOTO
00Ky, BUKIHMKalI{ HEOOXiJHICTh CTBOPCHHA HOBHX iH(opMamiiHuX TexHonorid. EmekTpoHHI cxoBuIa
iHpopMaLii JO3BONMIM KOMITAKTHO 30epiratu, 6araToKpaTHO BUKOPUCTOBYBATH, COPTYBaTH, pearyBaty,
BimoOpa)kaTH Ha eKpaHi AWCIUIes], a MPpU HEoOXiITHOCTI OTPUMYBATH KOMii JOKYMEHTIB Ha marepi. Taxi
iHpopMaLiiiHi cucTemMu 3abe3medyBand JIOCTyHn A0 iH(GopMalii BEIMKOMY YHCIY KOpPUCTYBadiB
HE3aJIOKHO Bil iX reorpadiuHOro MiCIe3HAXO/DKCHHS 1 JIO3BOJSUIM OMEPYBATH BEIUKUMHU 00’ €MaMu
JaHUX.

baza nanux (B/]) — 1e 3Ha4YHa KUIBKICTh OJHOPIJHUX JAHHUX 3 KOHKPETHOI MPEAMETHOI ramysi, sKi
30epiraloTeCs B IaM’ATi KOMI 10Tepa.

JismpHICTE 3 MOIIYKY MPUHHATHUX 3acO0IB IS aBTOMAaTH30BaHOi 0OpOOKH iH(oOpMamii cipusiia
CTBOPEHHIO Ha moyatky 60-x pokiB creniallbHUX MPOrpaMHUX KOMIUIEKCiB, «CHcTeM KepyBaHHS 0a3aMu
nannx» (CKB/I), siki mOBHHHI HaJaBaTH KOPHCTYBaueBl CIOCOOU BBEICHHS, 30€pPEKCHHS TaHUX, a TAKOK
OIUCY CTPYKTYpH AaHuX. Paiiny, B SKUX 3a0e31euyBanoch 30epe:KeHHsI JaHUX 1 OMUC IX CTPYKTYPH i SKi
sHaxoaunuck mia ynpasainasm CKBJI, Oynu HasBaHi 6aHkamu qaHux, a misHime «basamu manux» (BJI).
CKB/l moBrHHA TaKOX HaJaBaTH MEXaHI3MH IOLIYKY JaHMX 3a 3allUTaMU KOPUCTYBadiB, 3a0e3medyBaTH
3aXHCT AaHUX BiJl HEKOPEKTHOT'O OHOBJICHHSI T2 HECAHKIIOHOBAHOTO JOCTYIY, MIATPUMYBATH 0a3u JaHUX
B aKTyajbHOMY cTaHi [4].

OCKITbKM TIPOMOHYETHCS, 10 00poOka iHdopmamii Oyae MPOBOAUTHECS Ha POOOYMX MICISIX 3a
JONIOMOTOI0 TIEPCOHAJIILHOIO KOMM'IOTEpa, Ciifg BUOpaTu pensuiiiHy Mmonens naHux. Bubepemo 3
pemsniinux CYB/] - CYBJ] Access. Bona mae 3pyunuii inTepdeiic, a Takox HaiiOinbLI MOMMpPEHa cepes
iHmmx CYB/.

CVYB/] no3Bonsie minTpuMaTH NOCHIAIbHY IUTICHICTB, 3a1aBaTH OOMEXKEHHS Ha TOJIs (B TOMY YHCII
- Ha IOYATKOBI 3HAYCHHS, 32 3aMOBYYBAaHHSIM).
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Y CYBJ] Access € HACTyITHI OCHOBHI THITH JTJAaHWUX: TEKCTOBUH, YMCIOBUH, JIYWILHUK, JOTTYHUH,
rpoIIoBUi, nata / Jac.

OcHoBunmu ob'ekramu CYBJ] € tabmuui, dopmu (BXimHi 00'€KTH), 3amuTH, 3BiTH (BHXIiIOHI
00'extH). [Ipy BUKOpUCTaHHI IpOrpaMyBaHHs MPSIMO JOIATKOBO 3aCTOCOBYIOTH TaKi 00'€KTH, SIK MAaKpOCH
1 Momyi.

CYBJ Access n03BoJisie IpaLioBaTH B JIOKATHHOMY Ta MEPEKEBOMY PEXKHMI.

s B3aeMogii kopucTyBaya 3 623010 TaHUX BUKOPHCTOBYIOTHCS IPOTPaMHi KOMIUIEKCH — CHCTEMU
kepyBaHHs 0a3amu qanux (CKB/).

Cyuacni CKB/] 3a6e3neuyioTs:

a) Habip 3aco0iB T MIATPUMKH TAOIHUIh i CITIBBITHOIICHH MK 3B’SI3aHUMH TAOJTHUIISIMHU;

0) BBemeHHs, Momudikamilo iHpopMarii, MOmyK i mpeacTaBieHHs iH(popMallii B TEKCTOBOMY abo
rpagivHOMY BUTJISI;

B) 3aco0H IporpaMyBaHHS, 32 IOOMOT' OO SIKHX BU MOKETE CTBOPIOBATH BIIACHI JIOAATKH.

Omxe, UIsl CTBOPSHHS 0a3u JaHUX 1 pOOOTH 3 HEIO KPiM KOMIT toTepa MOTPIOHO MaTH BiAIOBIIHHIMA

nporpamunii mpoaykt — CKB/I. Po6ora 3 6a3amu gaHUX Mae Taki eramnu:
a) CTBOPEHHS CTPYKTYypH 0a3u IaHUX;
0) BBeEICHHS MaHUWX,
B) penaryBaHHs CTPYKTYPH i JaHHX;
r) momyk iHdopmarii B 6a3i JaHUX;
1) Oo(OpPMIICHHS 3BiTiB.

CrtpykTypHa cxema iHpopMaLiiiHOI cucTeMH OOJiKy Ta pyXy TOBapiB Ha CKIaJi MpeAcTaBicHa Ha

puc. 1.

Pozxip Tosapie
Poxia @ idCode -

KnienTu 7 Homep gokymeHTa = = Kog posxogy
¥ idCode o = = Knient Hasea Tosapy =
ABpesiaTypa Aata onepauii Kinekicre
KnigHT HaknagHi satpaTtu CanHKLi BUMIp
Aapeca LiiHa -
Homep knieHTa
Po3paxyHKoEHE ™
Mpuxia Toeapis
¥ idCode -
K
04 MpUxoAY oo Toeapm
Hazea Tosapy ————-___________________ n -
S e | ¥ idCode
. CanHUL BUMIp
Mpuxia Hasea ToBapy

Kinbkicrs
i . Kinekicte
# Homep gokymenTa Llina -

[Jata onepauji Llina

HaknagHi saTpatu Cyma
MocTaqansHukm

OauHnLi Bumip ™

¥ idCode
MocTavansHUE

Appeca

KomeHTapii

Puc. 1 — CtpykrypHa cxema 0a3u naHux iHopManiiHoOi cucTeMu

CyuacHi mporpaMHO — IHCTpYMEHTaJbHI 3acodu po3poOku [13 XapaKTepu3ylOThCS BEIUKOIO
PI3HOMAaHITHICTIO XapaKTepUCTUK. Tak, B TaHUW Yac IHCTPYMEHTAIbHI 3aC00U JO3BOJISIOTh!
a) 0Oa3ylounMch Ha CTaHJAPTHUX KOMIIOHGHTAaX CTBOpIOBaTH iHTepdeiic mnporpamu B
3aJIeXHOCTI BiJl CTaHy CUCTEMH IepeaBaTH yIPaBIiHHS Pi3HUM MpoLecaMm;
0) cTBOprOBaTH 0a3M JAHKX i 00OTOHKH /ISt 6a3 TaHUX;
B) BUKOHYBaTH KOPEKTHY OOpPOOKY BHHSATKOBHUX CHTYAIliif, IO JO3BOJSE ITiJBHIIUTH
HaaifHicTs 113.
CyuacHi 3aco0u po3pOOKH XapaKTepU3YIOThCA TAKUMH MapaMeTpaMu
a) miaTpuMKa 00'€KTHO — OPIEHTOBAHOTO CTHJIIO IPOrpaMyBaHHS ;
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6)
B)
r)

)

¢)
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MOXIUBICTh BuKopucTtaHHsi CASE — TexHomorii st mpoeKTyBaHHsS PO3pOOIIIOBAHOT
CHCTEMH, BHUKOPHCTAaHHS Bi3yaJlbHUX KOMIIOHEHT JUIsI HAOYHOTO MPOEKTYBaHHS
iHTEpdeEicy;

HasIBHICTh Bi3yaJIbHOI TEXHOJOTIT pO3pO0KH IHTEpeEiicy;

MOXJIUBICTh BUKOPHCTAHHS QITOPUTMIB pesimiiHOl  anreOpu IUis  YHOpaBIiHHA
pensiiHuMu 6a3aMu JaHUX;

HaJIaHHs KOLITIB CHHXPOHI3amlii i KOHTPOJIO BepCiii CKIaJOBUX YacTHH MpoekTy ( Il
KOIITH BUKOPUCTOBYIOTBCSI MpH PO3poOLi mporpamHOro 3abe3neueHHs TIpynamu
IPOrpamicTiB ) ;

CTBOPEHHS IHCTASIIIHHMX TAaKeTiB Uil MOIIMPEHHs PO3pOOJIEHOr0 MpPOrpaMHOro
3a0e31eUCHHS.

IIpr cTBOpEHHI NUPOTOTHUIY NPOrPaMHOrO 3a0e3ledeHHs] TONOBHUMH KPHUTEPIIMH BUOOpY
MPOrpaMHO- IHCTPYMEHTAIBHHX 3aC00iB PO3POOKH €:

a)
6)
B)

MIBUIKICTH PO3POOKH JOJATKIB,;
3py4YHICTh BUKOPUCTAHHS;
MOXKJTUBICTh IIBUKOT'O BHECCHHSI 3MIH Y POTpaMmy ;

3abe3neynTy MiHIMaJIbHUN Yac PO3pOOKHM MOKHA TiINBKM MPH BUKOHAHHI X yMOB. Buxomsum 3
HaBEIEHUX BUMOT, BUIUINMO HACTYIIHI XapaKTEPUCTUKU 3aCO01B PO3POOKH MPOrpamMHOro 3a0e3reueHHs

a)
6)
B)
r)
1)
e)
)
3)
iy
K)

BapTicTh IDE;

HEeBHCOKa MOTpeda pecypcis,

HAOYHICTBH PO3pOOKH iHTEpEiicy;

HaJlaH1 MOXKJIMBOCTI po00TH 3 0a3aMu TaHUX;

HIBHJIKICTH POOOTH PO3pOOICHOr0 MPOrpaMHOro 3abe3neueHHs;
00poOKa BUHSATKOBUX CUTYAIlil;

9yac CTBOPEHHS PO3pOOIEHOro NporpaMHoro 3ade3nedeHHs,
3pYYHICTh €KCILTyaTalii;

3ac00HM KOHTPOJIO BEPCiii CKIIaZIOBUX YaCTHH MPOCKTY;
HasBHICTB 3py4YHOI AOBiIKOBOI CUCTEMH.

s BuOopy iHCTPYMEHTAIBHOTO 3aC00Y CKOPHCTAEMOCS METOJIOM BapiaHTHHX Mepex. Lleit meron
npu3HadeHUil a1 BHOOpY HaMKpamoro BapiaHTa 3 JEKUIBKOX 3alpOlOHOBAHUX 1 CKIAJAEThCA 3
HACTYIHHUX €TaIliB:

a)
6)

B)
r)

BH3HAYEHHS KPUTEPIiiB , 3a IKUMH OyJie 3po0seHe MopiBHAHHS 1

CTYIEHEM IX Ba)KJIHMBOCTI ;

KOXKCH BapiaHT OLIHIOETHCSA 32 OTPUMAHHMM IEPETiKOM KpPUTEPIiB (BUXOIUTH YUCENbHE
3HAYCHHS - OIIHKA) ;

3HAXOJPKEHHS 3arajbHOIl KUTBKOCTI OaiB Ui KOKHOTO 3 BapiaHTiB (MOKHA BPaxOBYBaTH
Ba)KJIMBICTb KPUTEPIiB).

B pesymbraTi 3acTOCyBaHHS METOAY BapiaHTHHX MEPEX BCTAHOBJIECHO, IO KpalluM
IHCTpyMEHTAJILHUM 3acO00M 3 TOYKH 30py PO3pOOHMKA B IaHOMY BUNaIKy € cepenosuine RAD Studio
2010, a came Delphi 2010 [4].

['onoBHOrO hopmoro manoi nporpamu € Forml 3 im'sim Sklad. dakTuyno BoHa Oyna 3reHepoBaHa
aBTOMaTH4HO. binbricts Windows-mporpam MaroTh TOJIOBHE MEHIO, SIKE TIPEICTABIISIE COOOK0 i€papXiuHy
CTPYKTYpY BUKOHYIOUMX (yHKUiH Ta KomaHn. st CTBOpPEHHS TOJIOBHOTO MEHIO BHUKOPUCTOBYETHCS
eneMeHT ympasiiHHg MainMenu, po3MilieHuid Ha TaHedl eJIeMEeHTIB. Y TOJOBHOMY MEHIO OyIyTh
PO3MIIIYBATHCh HACTYIHI MYHKTH BEPXHBOTo piBHsA: «Daiin», «CtBoputu», «Ilomyk», «3Bit» Ta «IIpo

porpaMmy».
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l'onoBHE BikHO IporpaMu MpeacTaBieHe Ha PUC. 2.

MITI Mowwk 3BT Mpo Nnporgasy

,] Crnan ] Fosxia Toseapy ] e
BuSepiTe narty anepadlil

Oaraonepauii  [o1.04.2006 -

Beepite HarknagHi sarpark

SEeperTH SkiHH

MeOowk. [ OaraDnepaumd] Packons ~ [Hamrmenosane toeapa [Ea.msm [Konuvuecreo|lena Curraa

=] 3|
g 1z1z.=201=2 zoo
T 9 zaoazola 320
B 10 01.04.2014 o
H 11 31.03.2015 o
H 36 01.04. 2003 300
H 40 14.04. 2011 1000
H 41 ze.04.2012 vo
H 42 01.04.2013 zoo
44 01.04.2013 zoo
B 46 13122014 ==
N 46 01.04.2015 o

-
-
< >

Puc. 2 —T'onoBHe BikHO TporpaMu

BucnoBku. CTBOpeHa aBTOMaTH30BaHa iHpOpMAaIiiiHa cucTeMa MOKpanlye eeKTHBHICTE pOOOTH
mianpueMcTBa. Jlianor 3 KopUCTyBaueM 3AIMCHIOETHCS 3a JOMOMOIOI PO3POOJIEHOr0 MpPOrpaMHOrO
iHTEpdeiicy.

Buxoasum 3 cyyacHHX BHMMOT, IO NPEA'SBISIIOTECS A0 SIKOCTI pOOOTH CyYaCHHMX TOPTOBEIBHHX
MiAMPUEMCTB, HE MOXHA HE Bi3HAYUTH, M0 ePEKTHUBHA po0OTAa HWOT0 IUIKOM 3aJICKHUTh B PiBHSA
OCHallleHHsI KommaHii iHopmamiiHuMHU 3aco0aMu Ha 0a3i KOMI'IOTEPHHX CHCTEM aBTOMAaTH30BAHOTO
CKJIaJICBKOTO OOITIKY.

Po3poOuBIIM  KOHIEMILII0 aBTOMAaTU30BAHOTO MPOTPaMHOrO  pilleHHs Oyino  po3pobieHo
aBTOMaTH30BaHy iHQoOpMaliiiHy cuteMy OONIKy Ta pyXy ToBapiB Ha mianpueMcTBi. CTBOpeHa cucTema
aBTOMaTH3allil HampaBJieHa HAa aBTOMATU3Aallil0 HEBEIWKHUX IIANPUEMCTB Ta JO3BOJISE pealli3oBaHi Bci
($yHKLIOHATIbHI BUMOTH.

1. Asromarmzanus pabotu NIPEANPUATUSL [Enexrponnnit pecypc] / Pexum JIOCTYILY:
http://www.mlsit.com.ua/products/archimed — 16.03.2012. — Ha3ga 3i cropinku uTepuery.
2. ABromarH30BaHa cucrema KepyBaHHS [Enexrponnuii pecypc] / Pexum JIOCTYIIY:

http://uk.wikipedia.org/wiki/ ABromaTnzoBana cucrema kepyBanss — 21.04.2012. — Hassa 3i cropinku [utepHeTy.

3. HudopmarmonHble TexHOIOTHH B dKoHOMHEKe [Enexrponnuii pecypc] / Mouceerko E.B., Jlapymmna E.I'. — Pexxum
nocrymy: http://abc.vvsu.ru/Books/up_inform_tehnol_v_ekon/page0005.asp — 16.04.2012. — Hassa 3i cropinku
Inrepuery.

4. Omiitank A.B., llanpka B.M. Indopmaniiiai cucremu i rexuomnorii y ¢inancoBux ycranoax [Tekcr] / A.B.OmiifHuk,
B.M.IIIauska — HaBuyansuuii nocionuk - JIssis: "Hosuit CeiT-2000", 2006 - 436 ¢ ISBN 5-7218-0099-2.
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YK 004.434
I'y6ans I'. M.
Jlyupkuii HanioHaIBHUKA TEXHIYHUHA YHIBEPCHUTET

AHAJII3 JESIKMX KOMAH/] MOBY CTBOPEHHSI MATEMATHYHUX TEKCTIB
LATEX

I'y6ans I M. AHani3 resiIkMX KOMaH/ MOBHM CTBOPeHHSI MaTeMaTHYHHUX TeKCTiB LATEX. VY craTTi JOCHIKYIOTECS
KJIACH IOKYMEHTIB, fKi 3a0€311eUy0Th PO3IMHPEHHS MOXINBOCTEH 3aaHHS PO3MipiB MIPUQTIB, IPHU IBOMY, SIK JOKAJIBHO, TaK i

riobansHo. [IpoaHanizoBaHO AesiKi KOMaHIHN, SKi BAKOPHCTOBYIOTHCS Y MOBI CTBOPEHHS MATEMAaTHIHUX TEKCTiB LATEX.

Kurouosi ciioBa: posumpeni po3mipu mpudTis, Kitac memoir, footnotesizes, LATEX, naket empheq.

I'yoans I H. AHanu3 HeKOTOPbIX KOMAaH/A fA3bIKA CO3JAaHHS MaTeMAaTHYeCKHX TeKCTOB LATEX. B crartse

UCCIICIYIOTCSL KJIACChI JOKYMEHTOB, 00ECIICYNBAOIINX PACIIMPEHHE BO3MOXKHOCTEH 3aJaHKs pa3MepOB LIPU(TOB, IPU ITOM, KaK
JIOKaIBHO, TaK W rio0anbHO. [IpoaHann3MpOBaHO HEKOTOpHIE KOMAaH[bI, HCIONB3yeMbIC B SI3bIKE CO3/IAHUS MaTEMaTHYECKUX

TEKCTOB LATEX.

KiroueBble ciioBa: paciiipeHHbie pa3Mepsl mpudTos, kiacc memoir, footnotesizes, LATEX, maker empheq.

Hubal H. M. Analysis of some commands of the LATEX language of mathematical texts . The document classes,
providing the extension of opportunities to set font sizes while both locally and globally are investigated in the article. Some
commands in the LATEX language of the mathematical texts are analyzed.

Keywords: extended font sizes, the memoir class, footnotesizes, LATEX, the empheq package.

Beryn. PoGora 3 cucremoro LATEX, npu3sHaueHoro 1jis CTBOPEHHS MATEMATHYHUX TeKCTiB [1, 2, 5-
10, 12-15] noxiOHa 1O mporpamyBaHHS, THM OLUIbIIe, IO Il CUCTEMa pO3paxOBaHAa HAa BUKOPUCTAHHS
TEKCTOBOI'0 PEKUMY, KOMaHIHOTO psKa i 6araTtbox KoHQIrypamiinux gaimis [3, 4, 11].

VY craTTi DOCHIKYIOTbCS KiIachd JOKYMEHTIB, SIKi 3a0e3NedyroTh PO3LIMPEHHS MOMKIMBOCTEH
3aJaHHs PO3MIpiB WPU(TIB, IPU LBOMY, AK JIOKAJIBHO, TakK i rnodansHo. [Ipu 1boMy BUKOPHCTOBYIOTHCS
nmaketu moresize, anyfontsize, mathptmx, Imodern. HaBoastecst i aHAMi3yrOThCS JSIKi KOMAHIH, SKi
BUKOPHCTOBYIOTHCS Y MOBi CTBOPEHHS MaTeMaTHYHUX TeKCTiB LATEX.

OcHoBHa yacTuHa. Y jgokymentax LATEX MOKHA 3MIiHIOBATH PO3MIp IWPUPTY SAK JOKATBHO
(3MiHIOBAaTH PO3MIp HIPUPTY OKpEMHUX JITEp), TaK i 100aIbHO (3MIHIOBATH PO3MIp HIPU(TY y BCHOMY
nokymeHTi). [Ipu 3miHi po3mipy mpudTy ri1o0aibHO 3MIHIOETBCS PO3MIp MPUQTY HE TUTBKA OCHOBHOT'O
TEKCTy, a ¥ po3Mmip WpHUQTYy 3aroloBKiB, BHHOCOK, KOJIOHTHUTYJIB, KoidoHOU(p Ta iH. Tomy iHOAi
JOLTEHO 3MIHIOBAaTH WIPUQT JIOKATBHO.

o6 3minuTH THOGamBPHO po3Mip mpudTy B Kiacax nokymeHtiB article, report i book (3a
3aMOBYYBaHHAIM y IHMX Kiacax 3afaHo po3Mip mpudty 10pt), HeoOXiAHO 3MIHMUTH OIIIIO Kiacy, sKa
BiAnoBigae 3a po3mip mpudry. Hanpuknazn, posmip mpudty 11pt y kiaci nokymenra article 3agaerbcs
TaKOI KOMaH/OIO:

\documentclass[11pt]{article}

Sxmo HeoOXiTHO BUKOPHUCTATH PO3MIKMPEHi po3Mipu MWPpU(TIB Yy OCHOBHUX KJacax, MiJKITI0Yar0Th
nakern extsizes. Ili makern renepyrots mpudtu posmipis 8pt, 9pt, 14pt, 17pt i 20pt. Hanpuxiazn,
mpud T po3mipiB 17pt i 14pt y ximacax extreport i extarticle renepyroTbcs TAKHMH KOMaHIaMH:

\documentclass[17pt]{extreport}
\documentclass[14pt]{extarticle}

Krnacu gokyMeHTiB amS MaloTh Oifble po3MipiB WpHQTIiB, HIK CTAaHIAPTHI KIIACH.

1106 3MiHUTH po3Mipu MIPH(TY JOKATBHO Yy CTaHAAPTHUX Kiacax JOKYMEHTIB (pOo3MipH CIIOBa,
a03ally, BHHOCKH), HEOOXiJHO BHKOPHUCTOBYBATH MAaKpOCH, SKi 3aJal0ThCsS OJHHM OIEpaTopoM abo
OTOYEHHSIM:

\begin
\end
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Hanpuknan,
{\large Lle Ginbmmmii po3mip mpudry.\par}

\begin{footnotesizes}
Posmip mporo mpudty Mae po3mip mwpudTy BUHOCKH.
\end{footnotesizes}

[Taker moresize nae moxuBicTh BukopucraT Makpocu \ssmall i \HUGE. Makpoc \ssmall rerepye
po3mip mpudTy B Mexax Mk \scriptsize i \tiny, a makpoc \HUGE renepye po3mip mpudry Outbmmii Bif
HaWOLIBII JIOMYCTUMOTO 32 3aMOBYYBAHHSIM.

Cranapthi po3mipu mpudris y LATEX 3Benemo y tabmuio 1.

Onuis knacy | 10pt | 11pt | 12pt
\tiny Spt | 6pt | 6pt

\scriptsize 7pt | 8pt | 8pt

\footnotesize | 8pt | 9pt | 10pt
\small 9pt | 10pt | 11pt
\normalsize | 10pt | 11pt | 12pt
\large 12pt | 12pt | 14pt
\Large 14pt | 14pt | 17pt
\LARGE 17pt | 17pt | 20pt
\huge 20pt | 20pt | 25pt
\Huge 25pt | 25pt | 25pt

Ta6n. 1. Crangaptai po3mipu mpudris y LATEX

[IpoGiemy 36ibIIEeHHs PO3MipiB cTanaapTHuX mpudTis y LATEX 3a nonomororo makpoca \HUGE
MOXHa PO3B’SI3aTH, BUKOPUCTABIIN THNU MacmiTaboBanux mpudri 3 makera PSNFSS. Hanpuknaz, y

Ki1aci JokyMeHTa article MokHa MigKITIOYMTH TMakeTH Mathptmx i moresize i BHKOpHCTaTH MaKpOCH
\HUGE, \ssmall:

\documentclass{article}

\usepackage{mathptmx}

\usepackage[10pt]{moresize}

\begin{document}
{\ssmall Po3mip mpudty 3HaxoquThcs B Mekax Mix \Scriptsize i \tiny}
{\HUGE Po3wmip mpudty Oinbimii Big 25pt}

\end{document}

AHAJOTiYHUM TIAKeTOM [0 Takera mMoresize e maker anyfontsize. VY upomy makeri
BUKOPUCTOBYEThCS KoMaHaa \fontsize 3 1Boma 000B’I3KOBUMHU apryMEHTaMH: HOBOTO pO3Mipy MpUPTy i
baselineskip:

\fontsize{size}{baselineskip}

PosrnsHeMo kiac JOKyMEHTIB MeMmoir, sikuii 3a0e3mnedye po3ummpeHi po3mipu mpudTis Big 9pt 1o
60pt rmodansHo. [Ipu 11bOMy BUKOpHCTOBYIOTBCs Taki omii: 9, 10, 11, 12, 14, 17, 20, 25, 30, 36, 48, 60pt.
Hanpukiazn, po3mip mpudty 25pt y kiaci memoir reHepyeThes TAKOK KOMaH/I00:

\documentclass[25pt, extrafontsizes]{memoir}

Jns 3agaHHs po3MipiB mpudTiB Outeimx Bixm 25pt HeoOXimHO BHKOpHCTOBYBaTH maker Latin
Modern B T1 koayBaHHI 3a JOMOMOTOK TAKUX KOMaHI:

\usepackage{lmodern}
\usepackage[T1]{fontenc}
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11100 3MiHUTH po3MipH MIPU(TIB JOKAIBHO y KIIaci JOKYMEHTIB MEMOil BUKOPUCTOBYIOTh MaKpOCH
AK 1 B CTaHgapTHHX Kiacax. Ha KiHmsx Tabnuii craBgaptHux posmipis mpudris y LATEX
BUKOPHCTOBYIOTBCS Taki Makpocu kiacy memoir: \minuscule i \HUGE.

PosrisiremMo aesiki KOMaHIH, SIKi BHKOPHCTOBYIOTBCS IJIs IPEACTABICHHS MaTEMaTHYHOTO TEKCTY.

PosrisiHeMO MOXIJIMBOCTI 3MIHM MDKpSAAKOBUX iHTepBasiB. 1100 BCTaHOBUTH OXMHApHH,
MONBIHHUN MDKPSIKOBHI iHTEpBaJl a00 MKPsAKOBUI iHTepBal 1,5 psaka, HEOOXiHO MiIKITIOYUTH MaKeT
setspace i Bukopucratu onHy 3 komana \singlespacing, \doublespacing a6o \onehalfspacing BimmoBinHo.
HaBenemo npukiiag TEKCTy 3 BUKOPHCTaHHAM KoMaHu \singlespacing:

The state of a symmetric system of finitely many identical particles is determined by a solution of
the Cauchy problem for the BBGKY hierarchy of equations with initial data possessing the factorization
property (the chaos property).

HaBenenwuii npukiiaja TEKCTy 3 BUKOpUCTaHHAM Komanu \onehalfspacing mae Bursi:
The state of a symmetric system of finitely many identical particles is determined by a solution of
the Cauchy problem for the BBGKY hierarchy of equations with initial data possessing the factorization

property (the chaos property).

PosrisiHeMO BUTNAAOK, KOJNM BUHHMKA€E HEOOXiAHICTH MOMICTUTH (opMyildy B pamky. HaBememo
NPUKIIAJ CTBOpeHHs (hopmyiu B pamii B orodeHHi align. IIpu usomy npeacrasumo oneparop \Aboxed:

\makeatletter
\newcommand\Aboxed[1]
{\@Aboxed#1\enddne}
{\settowidth
\@templ{$\displaystyle#1{}$}

}

\setlength\@templ
{\@templ+\aboxsep+\aboxrule}
\global\@templ=\@templ\kern\@templ
&

\kern-\@templ\boxed{#1#2}
\makeatother

VY IOKyMeHTI 3BepHeMOoch 10 orepaTopa \AboXed 3a T0mOMOror Takoro Komay:

\begin{align}
\Aboxed{&\frac{d}{dt}F(t)=\mathcal{ A}F(t)}\\
&\F(t)=U(t)F(0)

\end{align}

HaBenenuii kox renepye Takuil TEKCT:

d _
G FO=AFO

(1)
F(t) = U®F(0)

VY Bumnankax, Kol BUHHKAa€ HEOOXiHICTb CTBOPUTH JiBY PIrypHY AYKKY B CUCTEMi HyMEpOBaHHUX
pIBHSIHB, sKa 3aJaeThCsi OTOUeHHsM Subequations, HeoOXiAHO MiJKIIOYUTH TMaker empheq 3
BuKopucTtanHsaM komanau \empheglbrace. [Tpu nboMy BUKOPUCTOBYETBCS TaKHA KOJI:

\begin{subequations}
\begin{empheq}[left=\empheglbrace]{align}
&\frac{d}{dt}F(t)=\mathcal{ A}F(t)}\\
&\left.{F(t)}\right|_{t = 0}= F(0)
\end{empheq}
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\end{subequations}

HaBenenuii kox reHepye TakHil TEKCT:

Ero=aF0 ©
fFO., = FO @

Inoni OyBae 3pyuyHO HymepyBaTH a03auM sl TOAAJBIIOTO PELEH3yBaHHS JOKYMEHTa. Y LbOMY
BUIIAJKy BH3HA4YMMO orepaTtop \Header 3a 10moMororw Takoro Komay:

\newcounter{vcount}

\def\Header#1

{\medskip\hbox{\bfseries #1}\setcounter{vcount}{1}
\everypar{\arabic{vcount}}

\stepcounter{vcount}}

3BCpHyTI/ICB A0 IbOro oneparopa y TEKCTI JOKYMETHA MOXXHA TaK:

\Header{Introduction}
The evolution of states of many-particle systems is described by the BBGKY hiararchy of
equations.

A solution of the Cauchy problem for the BBGKY hierarchy of equations is represented as the
expansion over particle groups whose evolution is governed by the cumulants.

States of many-particle systems can be described in terms of the one-particle distributio function
that satisfies the kinetic equation.

HaBenenwii kon reHepye Takuid TEKCT 3 HyMEPOBAaHMUMH ab3aliamMu:

Introduction

1. The evolution of states of many-particle systems is described by the BBGKY hiararchy of
equations.

2. A solution of the Cauchy problem for the BBGKY hierarchy of equations is represented as the
expansion over particle groups whose evolution is governed by the cumulants.

3. States of many-particle systems can be described in terms of the one-particle distributio function
that satisfies the kinetic equation.

BucHoBku. VY cTarTi [AOCHIKEHO KIacH JIOKYMEHTIB, fAKi 3a0e3leuyloTh PO3MIMPEHHS
MOXIIMBOCTEH 3alaHHS PO3MIpiB MIPUQTIB, MPH LBOMY, K JIOKaIbHO, Tak i rimodansHO. [Ipu mpomy
BUKOPHCTAHO TakeTH Moresize, anyfontsize, mathptmx, Imodern. IIpoananizoBano komMaHH, SKi
BUKOPHCTOBYIOTHCS y MOBi CTBOPEHHsS MaTeMaTH4HuX TeKCTiB LATEX s 3MiHM MDKPSIKOBHX
iHTEepBaNiB, NpEACTaBIeHHA (OPMyIM B paMili, CTBOPEHHS JiBOi (QIrypHOi OYXXKKH Yy CHCTEMI
HYMEpPOBaHMX PiBHSIHb, TEHEPYBaHH: HyMepalii ab3ariB.
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YK 004.021
Komro6a A 1O., JlaBpenuyk C.B., Ocramuyk P.B.
Jlyupkuit HalioHaIBHUK TEXHIYHUHA YHIBEPCHUTET

METO/IMKA ITOBYJI0BHU AJITOPUTMIB FTEHEPALIL BAPIAHTIB T'OJIOBOJIOMKH
CYJIOKY

Kouroba A.1O., Jlapenuyk C.B., Ocranuyk P.B. Meroauka nodyaoBu ajaropurmiB resepauii BapiaHTiB roJioBo-
aomkn Cynoky. OnHiero 3 HaHIiKaBIMMX 3a4ad 3 KOMOIHATOPHKHM € 3ajada Mpo 3HAXO/PKCHHS BCIX MOJMJIMBHX BapiaHTIB I'pH
Cynoky Ta 1 pisHOBUAiB. KiTbKiCTh TaKMX BapiaHTIB € YHUCIIOM JOCHTH BUCOKOTO MOPSIKY, TOMY HaiOUIBII BaXKIIMBOIO € HE TaK
mpo0OyieMa IMOIIYKY BCIiX IMX BapiaHTIB Ta IX KUIBKOCTI, SIK MpoOiieMa po3poOKH 3arajbHOI METOMWKH IOOYIOBU alrOpUTMIB
reHepanii pi3HHX BapiaHTiB ToioBosoMKH Cynoky. 3a3BHUaif, Iii aNTOPUTMHU TeHEPYIOTh HE BCIO MHOKMHY BapiaHTIB, a JIUIIE
nesKky i migmuoxudy. Ilpu oMy BaxkmuBUME Oyiau © 3HAHHS PO BCi TOAATKOBI OOMEXKEHHS, IO MPU3BOAATH 10 MOSBH i€l
miaMHOXKHUHE. Po3pobrieHa MeToguka € Takoio, Mo 1 MOXKHa pO3BUBATH ISl Oyab-sIKMX Pi3HOBUAIB maHoi rpu. Kpim mworo,
TIepe/] TUM SIK 11 3aCTOCOBYBATH, HCOOX1THO, OMICATH BCl BXiJHI OOMEXCHHS.

KumarouoBi cioBa: nmatuncbkuii kBaapar Eitepa, romosomomka Cymoky, 3amada 3 kombinaropuku, VBA, web-rpa
Cymoky, JavaScript.

Komioba A.1O., JlaBpenuyk C.B., Ocranuyk P.B. MeTroauka mocTpoeHusi ajJropuTMOB reHepanud BapHAHTOB
rojaoojoMkn Cynoky. OnHoll U3 Hamboiee MHTEPECHBIX 337ad 10 KOMOMHATOPHKE SIBISCTCS 3a7ada O HAXOXKACHUH BCEX
BO3MOXHBIX BaprnaHTOB Urpsl CymoKy M ee pa3HOBHAHOCTEH. KommdecTBO TakMX BapHaHTOB SIBISETCS YHCIOM JIOCTATOYHO
BBICOKOT'O ITOPSIIKA, TIO3TOMY HauOoIee BayKHOH SIBISIETCS HE CTOIBKO MPOOIeMa IONCKA BCEX 9THX BapHAHTOB M MX KOJIHUUYECTBA,
Kak mpobiemMa pa3paboTku o0Iel MEeTOANKH HOCTPOCHHS aJITOPUTMOB I'€HEpaliK PA3INIHBIX BAPUAHTOB rOI0BOJIOMKH CymOKYy.
B GonmbIIMHCTBE CITy4aeB 3TH aJTOPUTMEI TeHEPUPYIOT HE BCE MHOKECTBO BapHAHTOB, a TOIBKO HEKOTOPOE €ro MOAMHOKECTBO.
ITpn sTOoM BaskHBEIMU OBUTH OBI 3HaHMS 000 BCEX MOMOJHHUTENIBHBIX OTPAHUYCHMSX, KOTOPBIC NPUBOMASAT K IOSBICHHIO 3TOrO
nogMHOXecTBa. PazpaboranHast MeTOAMKa TaKOBa, YTO €€ MOXKHO Pa3BHBATh I JIOOBIX Pa3HOBHIHOCTEH MaHHOH Hrpsl. Kpome
3TOTO, TIeper] TeM Kak ee IPUMEHSTh, HeOOXOANMO, OIMCATh BCE BXOSIIIE OrPAHNICHUS.

KuaoueBble c10Ba: JTaTHHCKHI KBagpat Diinepa, romoBoiaomka Cymoky, 3agada mo kombuHatopuke, VBA, web-urpa
Cymoky, JavaScript.

Kotsyuba A Yu, Lavrenchuk S.V., Ostapchuk R.V. The technique of building algorithms generate variations
Sudoku puzzles. One of the most interesting problems in combinatorics is the problem of finding all possible Sudoku game and
its varieties. The number of such choices is the number of very high order, and most important is not the problem of finding all
these options and their number, as the problem of developing a common technique of building algorithms generating various
options sudoku puzzles. Typically, these algorithms do not generate a whole set of options, but only some subset of it. It would
be important knowledge of all additional restrictions that lead to the emergence of this subset. The method is such that it can be
developed for any species of game. In addition, before its use, it is necessary to describe all incoming limitations.

Keywords: latin square Euler, Sudoku puzzle, the problem of combinatorics, VBA, web-game Sudoku, JavaScript.

Beryn. Onnicero i3 Haii6iibm nonynspaux romosononomok XXI cr. € Cymoky. Ii icropis mounna-
€THCS 3 Tpallb BiZIOMOrO MIBEHIIapCHKOro MaTeMaTHKa, MexaHika Ta ¢disuka Jleonapna Einepa (1707 —
1783 p.p.). Y cBOiX mpamusx BiH JOCITI)KyBaB Pi3HOBHIM ‘“MaridyHuX KBaapartiB” 3 KUTBKICTIO KOMIpOK 9,
16, 25 ta 36. Takox BiH 3aiiMaBCs JIOCIDKEHHSAM ““MariyHUX KBaJpaTiB”, B SKUX Y PSIKAX Ta CTOBIIISIX HE
HOBTOPIOIOTHCS CUMBONH (CIIOYATKY 1€ OYyIIH JIiTepH JaTHHCHKOro andasiry). Taki KBaJpaTH Ha3HBAIHUCS
1€ JIATHHCBKUMH. Y Cy4acHOMY BHUIJISIAI TOJIOBOJIOMKY CYAOKY BIiepiie omyOnmikyBamu B 1979 poui B
xypHaini Word Games magazine. ABropom ronoBosioMku 0yB ["'apBapa ['apic. BiH BUKOpHCTaB IpHHIHMIT
JTaTHHCBKOTO KBajpaTa Eiinepa i 3acTocyBaB #oro B Matpuili po3mipHicTio 9x 9, moaaBiiu mpu nbomy
J0AaTKOB1 OOMEXEHHs — U(pU He TOBUHHI MOBTOPIOBATHUCS Y 9-TH BHYTPIIIHIX KBaJIpaTax pO3MipHICTIO
3x3. B kBitHi 1984 poky 1ms ronoBojoMka Oyna omyOiKOBaHA BHIABHHUIITBOM 30IpHHKIB DPi3HHX
TOJIOBOJIOMOK, AMOHCBbKOO Kommasiero Nicoly Inc., mix 3aronoBkoM “UHCIIO BUKOPUCTOBYETHCS JIHIIE
onuH pa3”. Ha3By ronoBonomili naB KepiBHUK BuaaBHULTBA — Kaji Maki. Su mepeknaeTbest sk 4mcio, a
docu — six equne. 12 nucromana 2004 poky razera The Times Brepiie Ha cBOiX CTOpiHKax omyOiKyBajia
ronoBonoMky Cynoky. Llg myOnikamist crana ceHcamiero, TOJOBOJIOMKA IIBUAKO MOIIMpHUIIAcS MO BCiH
Bpuranii, ABctpanii, Hosiit 3enannii Ta HaOyna nomymsipaocti y CHIA.

3’sBIIIOCS OaraTo Pi3HOBHIIB Ii€T TOJOBOJIOMKH (KUIbKicTh HaiBinomimmx csarae 30). PosrisiHemo
KOPOTKO JesIKi 3 HUX:

1. Crpiuku. YV MaTpuili HOPOXHIX KOMIpOK po3MipHicTio 9x 9 skuMoch (BimMiHHHM Bij GL10r0)
KOJbOPOM, HAIPHKIIAJ, CipuM 3ahapOOBYIOIOTECS TPYITH 10 7 KOoMipok (puc. 1).
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Puc. 1. PiznoBup ronoBonomku Cynoky — “Crpiuku”

HaeTtbest Habip uudp, AKUM HEoOX1THO 3aITOBHUTH 3adapOoBaHi KoMipku. Jlami ogepKyeThCs CYOKY, SKE
HEeoOXiHO PO3B’s3aTH

2. Bynisai. YaBumo, mo MaTpuist 3 81-1 KOMIpKH € CKyMUeHHSM TaKoi K KUTBKOCTI Pi3HOIOBEPXO-
BUX OyIAMHKIB, PO3TallIOBAHUX MOPYY OAMH 01 ogHoro. Ilpu oMy criocrepirad AUBUTHCA Ha 1Li OyIiBi
3BepXy 1 Hexall 4ucio, HamucaHe “Ha Jaxy OyIOMHKa”, O3HA4ae KUTbKicTh Horo moBepxiB. [loGmmzy
KOMIIJIeKCY OyBelb BEIITAIOThCs iHII croctepirayi. O0Xons4n JaHuH KOMIUIEKC 3 PI3HUX CTOPiH BOHH
MOXYTh OaUUTH JHIIE Ti OYAMHKH, SKi HE 3aKPUTi BUIIUM OyTUHKOM. BifImoBiTHO 1 3’ SABISIOTHCS YHCIa,
SIKi 03HAYAIOTh KUTBKICTh BUIMMUX 3 JISIKOI CTOPOHU OyaiBensb (puc. 2).
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Puc. 2. PiznoBup ronosonomku Cynoky — “byaisni”

Bci inmi npaBunia 3anoBHeHHS € cTaHAapHUMU 11 CynoKy.

3. Hiaronansna Cymoky. e pisnoBun Cynoky, sikuii 3ycTpiuaerbesi Haivactime. s ioro Bu-
pillIeHHS BUKOPUCTOBYIOTh CTaHAAPTHI IPaBUJIa AJS CyA0KY. BiAMIHHICTD Bif 3BUYAHHOTO MOJISTAE JINIIIE
B TOMY, IO JOAAETHCA LIe OJHE OOMEKEHHS — HU(PU HE MOBUHHI MOBTOPIOBATHCS MO BiAMIYEHHX Aiaro-
Hasix (puc. 3).
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Puc. 3. PiznoBup ronoBoiomkn CyaoKy 3 JOAaTKOBUMHU oOMexeHHsMH — “Jliaronansna Cynoky”
Ile Oynu pisnoBumu Cynoky (He BCi, a JHINE, HA HANIy AYMKY, HAWBiIOMIII), B OCHOBI SKHX

JeKUTH TpaBuilo, chopmyipoBane ['apBapaom ["apicom (Hamaii Taki pi3HOBUAM HAa3UBATUMEMO KIIACHY-
HUMH pizHOBUAaMu Cynoky). ByBaroTh 1ie it Taki pi3HOBUIM, y SKUX KOMIPKU pO3TaIlIOBaHi B3arali He 3a
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Iapicom (HexnacuuHi pi3HOBHIM). CHUIBHEM y BCIX IIMX TOJOBOJIOMKAaX 3QJIMINAETBhCS JIMIIE T€, L0
3aKiIaAeHo y iX Ha3Bi — “€nuHe uncno”.

IHocTanoBKa HayKoBOI MPo0JeMH Ta ii 3HaYeHHS. 3 MOSIBOIO TAKHUX T'OJIOBOJIOK, BUHUKJIA TOCHTh
LiKaBa, i HA HAIly TyMKY, HE JAOCTi/KeHa 10 KiHIls MpobiieMa reHepallii pisHUX BapiaHTIB TOJOBOJIOMKH
Cynoky. Hexaii mMu mMaeMo chpaBy 3 CaMHM IIEpIIMM KJIAQCHYHMM Pi3HOBUIOM IIi€i TOJOBOJIOMKH,
3anporioHoBaHuM ["apBapiom ["apicom (kmacuuHe cynoky). Ha maHuii 4ac He iCHye anroputMmy, siKHid Ou
3MIr 3reHepyBaTH AOBUIBHHIA BapiaHT 3 MHOXKHMHHM BCIX MOXXJIMBHX BapiaHTiB Wi€i TOTOBOJIOMKH. s
MOoOYZAOBH TaKOTO alNrOpUTMY HEoOXimHO Oyno O cnovatky po3B’si3aTH ONHY 3 HEPO3B’SI3aHUX, HAa HAIIy
IYMKY, 3a1a4 3 KoMOiHaTopuku: “CKUIbKH BChOTO € BapiaHTIB KinacuuHoi rpu Cynoky”. Bupimenns wmiei
3a1adi JI03BOJNIMTH TEHEPYBaTH HE JIMIIEC BapiaHTW wLi€l T'pu, a W BapiaHTH KIACHYHUX PI3HOBUIIB
ronoBonoMku Cyznoky Takux ak: “Crpiuku”, “Bynini” tomo. KpiM Toro sikimo po3poOUTH 3arajbHy
METO/IMKY, siKa O JO3BOJIsIIA 1€ 3HAXOAUTH BC1 MOXJIMBI BapiaHTH Ul BUNAKIB KIIACHYHUX PI3HOBUIB 3
JOJAaTKOBUMH OOMEXKEHHSIMH — Hampukiaj, niaroHansHa CynoKy TOWIO, TO MOXHa Oyno O po3mouaTu
poOOTY Haj 3arajbHUM AJITOPUTMOM, KUK aB OM 3MOr'y pO3B’s3yBaTH BiANOBiAHI KOMOIHATOPHI 3a4a4i
HeksacuuHuX pizHoBuAiB Cynoky. | sik pe3ynpTatr — CTBOPUTH MPOrpaMHUN KOMILIEKC, SKUi OU TeHepy-
BaB pi3Hi BapiaHTu pi3HOBUAIB I'pu Cynoky. Lle nano 6 MOXIMBICTH AOCHIAKYBATH aJITOPUTMH PO3B’S3Y-
BaHHA pi3HOBHIIB CylOKy, IIyKaTd MIiHIMAJIbHY KUTBKICTh MiIKa30K (KJIIOYIB) HE JIMIIE JUIS KIACHYHOL
rpu Cyznoky, a i A7 iHIIMX HEKITACUYHHUX il pI3HOBUIIB.

Brache po3po0ui Takoi METOAWKY 1 MPUCBAYEHA JaHa Mpars.

AHaji3 ocTaHHIX AoCHiKeHb Ta myOsikaniid. binblie mi3HATHCS NPO JATHHCHKUIA KBajpaT
Eiinepa moxHa 3 enekrpoHHOro pecypey [1]. ¥V mwxepenax [2, 3] HaBeneHo HalBijoMilli KIacH4Hi Ta
HEKJIACUYHI PI3HOBHIM CyIOKy. BapiaHT omHOro 3 HaiiCKIagHIIMX CyIOKy HaBeleHo y mpami [4].
Indopmaniro mpo MiHIMadbHY KUIBKICTh MiIKa30K (KIIOYIB) Uil TOro, IIOO0 CyJOKY Oyno 3amaHo
OJIHO3HAYHO MO)KHA 3HAWTH B €IEKTPOHHHUX pecypcax [5, 6]. s mocmimkeHHS METOIUK BHPIIICHHS
CYIOKY MOYKHa BUKOpucTaTH jxkepena [3, 7-9]. BucHOBKH 1mpo cydyacHi alropuT™MHy reHepallii BapiaHTiB
ronoBoioMku Cymoky MoxHa 3poouth 3 pooit [10-12]. [ns BUBUCHHS TEXHOJIOTI HANMCAHHS MPOrpaM
MoBoto VBA ta ckpunriB MoBoro JavaScript moxxna Bukopucratu mpaii [13] ta [14] BinmoBigHo.

Mera poGoTm — po3poOka METOAWKH HAaNHMCAaHHS AJITOPUTMIB TeHepaulii pi3HUX BapiaHTIB
ronoBonioMkr Cyzmoky. Citii 3ayBakKUTH, II0O METy MOXKHa PO3JIUIMTH Ha MOYATKOBY (BJIAacHE sika i €
OCHOBHOIO BHIIEC(OPMYIIEOBAHOI METOI0 pOOOTH) Ta KiHIEBY (€auHa mpoliiema, sika CTOITh Ha 3aBaji ii
NpaKkTHYHOI peanizalii — I OOYMCIIOBallbHA MIBUAKOMIS CYYaCHHUX MEPCOHAIBHUX KOMII IOTEpIB).
KinneBoro MeToro poOOTH € HaMMCAaHHS aJrOpUTMY T'eHepalil BCiX MOXJIMBHX BapiaHTIB KIACHYHOI TPH
Cynoky.

Po3podka merogukm. CrodaTKy TEOPETHYHO pPO3POOMMO METOAMKY, fKa B pa3l HAsBHOCTI
HeoOxiaHoi obummoBanbpHOl WBKUAKOAI cydacHux [IK mo3BonuTh po3B’s3aTu 3amady 3 KOMOIHATOPHUKH:
“CKiJIbKH BCBOTO € BapiaHTiB KiacuuHoi rpu Cynoky”.

OueBUAHO, KUIBKICTh BCIX MOXKJIMBHX BapiaHTIB KJIACHYHOTO CYJOKY HE MOKHa OOYHCIIOBATH 32
dhopmyoro

N=f[i!. L)

JlocuTh 4acTo B JIITEpaTypi 4 B EIEKTPOHHHX pecypcax [5, 12] mOMMIKOBO BBaXKaroTh, IIO IIyKaHa
KITBKICTB BCIX MOMKIIMBHX BApiaHTIB KIACHYHOrO Cyaoky carae mopsaky 107 (eBaxko, mobadmT, mio
caMe TaKoro IMOPSJKY € BEIMYMHA, IO OOYMCITIOEThCs 3a (opmyinoro (1)). OdeBuaHO, MO TOAATKOBI
oOMexeHHs1, siki Ha kBazapar Eiepa posmipictio 9x9 naxma apsapa Iapic (a came, mudpu He
MOBUHHI TIOBTOPIOBATUCS y 9-TH BHYTPIIIHIX KBajapatax po3MipHicTIO 3x 3) Mpu3BeayTh 0 CYTTEBOrO
3HWDKEHHS MOPSIKY IIyKaHoi kimbkocTi. IIpu mpomy ¢opmyna (1) B3aram Hisk He momomoxe. LlikaBe
pimeHHs wiei 3anavi HaBeneHe y npaui [12]

2297902829591040 ~ 2.3-10% .
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Hagenenwmii pe3ynbraT Bakko 0e3 TOBENEHHA NMPHUHHATH HA Bipy, XOua BiH € JOCHTH PEajliCTUYHUM.
HagiTb, SKIIO NpUIYCTUTH, IO 1S KUTBKICTh 1 € PO3B’SI3KOM BHUIEC)OPMYIHOBAaHOI 3a1a4i 3 KOMOiHATO-
PHUKH, TO HEOOX1IHO HABUMUTHCS T€HEPYBATH BC1 MOXKITUBI BapiaHTH Li€1 TOJIOBOJIOMKH.

Jlnst Toro 1mo0, Bei mudpu y 9-tu BHYTpiHIX KBajpatax (Hazeemo ix Omokamu (puc. 1-3)) He
MOBTOPIOBAJINCS, MOKHa 3amoBHIOBaTH CyIOKY 3a TaKOI0 CXEMOI0: OepeMo crovarky mepury nugpy i
po3kiagaemMo 1 mo Oyiokax Tak, o0 He MOpyHIHUTH 0a30Bi OOMEXKEHHS JIATHHCHKOTrO KBajapata (mudpu
MOBUHHI OyTH PI3HUMH Yy KO)KHOMY PSJIKY Ta CTOBIILI), Jajli aHAJIOTIYHO 1O KOMIpKaXx, sIKi 3aJIHIIHIACS
po3KIIamaeMo Apyry nudpy i Tak mani ax a0 ocTaHHbOI 9-i mudpH, I K01 MO3UIlii B OJIOKaX BKe
OyayTh OIHO3HAYHO BU3HAYEHI. J[11s1 O1bII0T HAOYHOCTI MOJANBIINX BUKIAZO0K BBEIEMO TTO3HAYCHHS IS
uux mudp, AKi noAaxi Ha puc. 4.

) ) [] [] [] ]
IR DR RUSE RUPERITERUN EIIFERLITER

Agy i Ay

'(]?1 . "]31 . }]91 '(]'Irg H '(]sg E '(.Igg

Ay Ay Ay | A5 é Ayg é Ayg
P i ag ] Aagsiagiag]:

Aye : Ayg

A i Ay i Myr | Apg§ Ay i Ay

App | gy | Agr | gy gy Ay [ gy DAy i Ay,

Puc. 4. Ilo3HaueHHS [T 3aIIOBHEHOTO BapiaHTY CYIO0KY

3TigHO 3 HaBEACHUMH Ha pHC. 4 MO3HAYCHHSAMHU IS TOTO, 100 B KOXHOMY OJIOIN 3ycTpidaiacs
yuine ogHa nrdpa, HeoOXiTHO KOXKHIA UG Pi TOCTABUTH Y BIANOBIAHICTH JESIKE MPABHUIIO

(aklliakzzi“"ak99)' 2

y skomy K, K,,...,Ks =1,9 . Chopmyimroemo e taki ymosu Ha uncna K, K,,...,Ky, mo6 BukonyBammcs
0a30Bi oOMexeHHs (HaJgalli Tak Ha3MBaTUMEMO OOMEKEHHS, sIKi OyJM XapaKTepHi Ie JUIs JTATHHCHKOTrO
kBagpata Eiinepa). flkmo muoxuny mudp Bix 1 mo 9 po3butu na 3 minvuHoxkuHH: R 2{1,2,3},

R, = {4,5, 6} Ta Ry = {7,8, 9}; TO mepiry ymMoBy (uuM(pu NOBUHHI OyTH PI3HUMH y KOKHOMY DPSIKY)
MOJKHA COPMYITIOBATH HACTYITHUM YHHOM: JUIs OYyIb-SIKHX KOPTEXKIB (ki K j) TaKuX, 110 (i, je R1) v
v(i, je Rz)v(i, je RS) NOBMHHA BHMKOHYBATHCSA YyMOBa (ki,kj ¢ Ri)/\(ki!kj ¢ Rz)/\(ki,kj ¢ RS) )
Hnst popmyaroBaHHS BiMOBiAHOI Apyroi yMoBH MHOXKHHY UG Bix 1 10 9 HeoOxinHO po30uTn Ha 3 iHII
migvuoxunn: C, = {l, 4, 7} ,C, = {2,5,8} Ta C, = {3, 6, 9} . Jaui uist 6yab-sIKHX KOPTEKIB (ki .k j) apyra

yMoBa (GopMyIIoeThes aHanoriuno. B cepenosumi MS Excel 3a momomororo VBA HeBakko HamucaTH
MaKpoc, KUl OM BHIaB BCi MOXJIMBI TpaBmia (2), ski y cmpomieHiit ¢opmi Jsierme Oyze 3amucatu y
BUTIAIL

(K, Ky Ky ). @)

[Mokaxemo fBa (hparMeHTH KOy BIIIOBIIHOTO Makpocy (puc. 5).
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1 5ub Nabors_spivpad()

2

s ! Nabors_spivpad Mampoc

4 ' Mampoc samscam 16.10.2015 [5PA) 305 Elself ({13 = 6) And (i6 = 5]) Then
5 506 Elself ((i3 = 9) &nd (i6 = &) Then
5 ' Couerarme RIaEMuw: Ctrldd 507 ElseIf (i3 = 3) &nd (i6 = 3)) Then
7 ' 508 ElseIf (i3 = 3) &nd (i6 = 9)) Then
g Din lich is Integer 509 ElseIf (i3 = 9) &nd (i6 = 3)) Then
q Din il As Integer 510 ElseIf (i3 = 6) &nd (i6 = 6)) Then
10 Dim i2 4s Integer 511 ElseIf ((i3 = 3) &nd (i6 = 6&)) Then
11 Dim i3 4s Integer slz ElseIf ((i3 = 6] &nd (i6 = 3)) Then
12 Dim i4 4s Integer 513 ElseIf ((i3 = 9) &nd (i6 = 9)) Then
13 Dim i5 4s Integer 514 Elze

14 Dim i Az Integer 515 lich = lich + 1

15 Dim i7 As Integer Sla Cells(lich + 32765, 1) = il

16 Dim i5 As Integer 517 Cells(lich + 32765, Z) = iZ

17 Dim i9 As Integer 518 Cells(lich + 32765, 3) = i3

15 lich = -32768 519 Cells(lich + 32765, 4) = i4

19 For il = 1 To 9 520 Cells(lich + 32765, 5) = i5

20 For i2 = 1 To 9 521 Cells(lich + 32765, &) = i6

z1 For i3 = 1 To 9 522 Cells(lich + 32768, 7) = 17

Z2 For i4 = 1 To 9 523 Cells(lich + 32765, &) = i8

] For i5 =1 To 9 524 Cells(lich + 32765, 9) = i%9

Z4 For i6 = 1 Tao 9 525 End If

25 For i7 = 1 To 9 526 Next i9

26 For i = 1 To 9 527 Hext i8

27 For i = 1 To & 528 Hext i7

28 If ((iZ = 2} dnd (i3 = 3} Then 520 Hext if

29 Elself ((iZ = 3] And (i3 = Z}) Then 530 Hext iS5

30 Elself ((iZ = 1] And (i3 = 1)) Then 531 Hext i4

31 Elself ((iZ = 1] And (i3 = 3)) Then 532 Hext i3

3z Elself ((iZ = 3] And (i3 = 1)) Then 533 Hext i2

33 Elself ((iZ = 2] And (i3 = Z}] Then 534 Mext il

34 Elself ((iZ = 1] And (i3 = Z}) Then 535 End 3ub

Puc. 5. Kon makpocy (mmoyatok i KiHellb), sSIKHid BHIa€ BCI MOXJIMBI MpaBuiia y BUrisii (2°)

Tenep 3anumaeThcs MOKa3aTH TAKOXK Y CKOPOUCHOMY BUIJISAl BIAMOBIIHUI pe3yabTaT (puc. 6).
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46650 45650
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46655 45655
46656 45656
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. PesynbraT pob0OTH BHIIEHABEIEHOTO MAKPOCY
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Puc.

3 LBOro PHCYHKY OYEBUAHO, IO BChOro € 46656 mpaBui Bumy (2°), 3a JOMOMOTOIO SIKUX MOXHA
CKJIACTH BCl BapiaHTH KJIACHYHOTO CyIOKy. [Ipu ckmaganHi BapiaHTiB CyJOKY CIIiJ 3a3HA4YHTH, 110 HE BCi
MpaBujIa MOXKHA MOEAHYBATU. TYT MaeThCs HA YBa3i, 110 SKIIO Mepiiil nudpi mocTaBUTH y BiAMOBIAHICT
oxHe 3 46656 mpaBui, TO Ipyrid (Pl MOXKHA CTABUTH Y BiAMOBIAHICTh OyIb-sKE MPABWIO 3 MHOKUHU
LIUX TpaBuiI, sKe “HEMae HIYOro CIUIBHOTO 3 MOMEpeaHIM MpaBUioM’ . A Terep MOSACHUMO, IO 03HAYaE
BHCIIB B3SITU Y JIATIKH.

Osnauennsn 1. JIBa npasuia Buay (2°) 6yaeMo Ha3UBATH MONCIUSUMU CYcioamu 200 TAKMMH, 10 He
Marwmy HiY020 CHiNbHO20, AKIIO Ha OJHAKOBUX MO3MLISIX HE Mae oqHakoBUX nu¢p. Taki mpaBuia Hagami
KOPOTKO Ha3MBATUMEMO CYCIOHUMU.

OuYeBHIHO, IO SKIIO CKIACTH MATpUIo po3mipHicTio 9x9 Taky, mob HOoMep psaka Oy Ow,
HanpuKiIaz, I(poro, a HoMep CTOBIILS — MO3ULIEI0, TO B KOKHY KOMIPKY TaKol MaTpHii MOKHa Oyno 6
3aMyucaTé MHOKHHU BCIX MOXJIUBUX IMPaBWI, Y SKAX HA BIIOBIIHIN MO3UIIii 3yCTPIiYa€THCS BIAMOBITHA
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uudpa. | AKII0 MOTYKHOCTI HUX MHOKMH OyAyTh OZHAKOBi, TO MOXHA MPUIYCTUTH, IIO MporpaMa Jana
MpaBUJIBHUN pe3ynbTaT. HeBaxkKo METOIOM BiJl CYIPTUBHOIO TIOKA3aTH, IO e KPUTEPiid € HeoOXiaHOIO
YMOBOIO TOBHOTH IIYKaHOI MHOXXMHHM TpaBwi. | mis Bumeonucanux 46656 mpasun Bunmy (2°), Oymno
MOKA3aHO, IO TakKi MOTY)KHOCTI B KOXHIA KoMipii Mmarpuii posmipHocti 9x9 € omHakoBuMH i

CTaHOBJISITH 4665% =5184.

st Toro, mo0 3HANTH KUTBKICTh BCIX MOMKJIMBHX BapiaHTIB KIACHYHOTO CYAOKY, HaM HEOOXiIHO
3HATH MHOXXMHY BCiX MHOXHH (HaOopiB) 3 9 mpaBumi, siKi MONApHO € MOXJIMBUMHU Cycigamu. SIKmio

HOTy)KHiCTI: TaKoi MHOXKMHH MMO3HAYMMO, 4YCpEe3 N TO, OYCBUJHO, pOBB’SBOK pO3I‘J'I$IHYTO‘1' 3.':1).'{8.‘-Ii 3

nab ?
KOMOIHATOpUKHU OyJie 3HaXOAUTHCS 32 (DOPMYIIOr0
N

=N__ -9l 3)

sudocu nab ’
TOOTO TSI TeHepalii BCIX MOXKJIMBHX BapiaHTiB irop, B mporpaMy HEOOXiAHO BHECTH:
- 46656 npasui (2°), yacTuHa 3 IKMX HAMU HaBEJCHA Ha puC. 6;

- MAacuB, €IEMEHTaMH, SKOTO € pi3Hi BiJICOPTOBaHI B MOPSAKY, HANpHKIAA, 3pocTaHHSI Habopu
(MacuBHM) 3 9-TH IIpaBUII, KOXKHI JIBa 3 SIKHX € MOXJIUBUMU cycinamu (ueit MacuB nosuHeH mictuta N
Ha0OpiB).

SIKIIO PUITYCTUTH, 10 HaBeaeHa y mpari [12] kinekicte N

=2297902829591040, o N,

He OyJe HAaTypaJbHUM YHCIOM, TOOTO MOXKHA BBaXKaTH, II0 BHIec(OpPMyIbOBaHa 3ajJada 3 KOMOiHATO-
PHUKH HE € PO3B’A3aHOIO.
Hani 3anmmmaetbes nuie 3a gonomoroto ['TIBY 3renepyBatu 2 uncna:

sudocu

- mepie YUCio (3 MHOKHHU {O,l, e Ny —

l} ) Oyze 3amaBatu HaOIp;

- Jpyre 4ucio (3 MHOKUHH {O,l, . 9!—1} ) Oyne 3agaBaTH MOPSIOK, TOOTO HOMEP MpaBHJIA JJIs

uudpu 1, Homep nmpaBmia A uudpu 2 i 1.4

OTxe, po3B’si3aHHS JaHOI KOMOIHATOPHOI 3a7adi 3BOAMTHCS JIMIIE A0 IMOMIYKY BCIX MOMJIHMBHX
PI3HHX Ta BiACOPTOBAHMX HAOOPIB 13 CYCIAHIX MPABHJI Ta MiAPAXyHKY KiMBKOCTI UX HAOOPIB.

Jnst BUpitIeHHs 1iel mpoOieMu IporoHyeMO HACTYITHUH alIrOpuTM:

1 eran. Bincopryemo Ta mpoHoMepyemo mpaBuia (sk Ha puc. 6). Po3i6’emo ix (Hamami HaOip
OyZIeMO OTOTOKHIOBATH 3 HOMEPOM, SIKHI HOMY BimmoBinae) Ha 9 MiTHOKKH, TAKKX, 1[0 B HUX KOJHI JBa
MpaBujIa He MOXYTb OyTH CyCiTHIMH. 3poOKMMO 1ie, HAaPHUKIA, MO HOPSIIKY

{1,2,...,5184}, {5185,5186,...,10368} , {10369,10370....,15552} ,
{15553,15554,...,20736} , {20737,20738,...,25920} , {25921,25922,...,31104},
{31105,31106,...,36288} , {36289,36290,...,41472} , {41473,41474,...,46656) . 4)

2 eram. JIns KOXHOTrO MpaBWJia BHECEMO MAacCHB BCIX MOMJIMBHX, HANpHUKIAA, HECYCIOHHX IO
BIJHOILICHHIO 10 HBHOTO MpaBwiI. MokHa OpaTW 1 MacwB CYCiIHIX MpaBmJ, MPOCTO NPU LBOMY JEIIO0
3MIHSIThCS HACTYIHI eTanu anroputMy. Jlopeudi, Ans gaHoi 3aa4i, BUMKCATH BCIX CYCiIiB, UM HE CYCiAiB,
JOCHTH TPYIOEMKHI mpouec HaBiTh i noTyxkHHX [IK. SIKIIO 3 MHOXKXMHHM BCIX HECYCIIHUX MpPaBUI
BUKJIIOYHUTH Ti TPaBUIIA, SIKi BXOIATH B OJHY 1 Ty X MiAMHOXHUHY (4), TO O€p»KHMO, IO ISl KOKHOTO
¢ikcoBanoro mpasuima Oyne 23500 HecycimHuX mnpaBmiI. A Temep ysABITH MATPHIO PO3MIPHOCTI
46656 x 23500 umcen Bim 1 1o 46656. Xoua BU3HAYCHHS CIEMEHTIB JAHOTO MAaCHBY MOXC 3alHSITH
SAKUICH Yac, e He HalOLIbIIa mpobiemMa, sika CTOITh Ha 3aBajii MOIIYKY BiZICOPTOBaHUX Pi3HUX HaOOpiB.

3 eran. Jlaxni 3anuimaeThes epeOdUpaTH npaBmia 3 nepumoi niaMHoKuHY (4). [Ipr KOXKHOMY TakoMy
BUOOpI mepedupatu mpaBwia 3 Apyroi miaMHOXKUHA (4) 1 T.0. Jns KoKHUX 3 9-TM BHOpaHHX IMPaBHII
MONIApHO TIEPEBIPATH, UM MOXKE Cepesl HUX 3HAWTHCSA Xoda O 2 HecyCigHMX mpaBwia (I mepeBipKu
BUKOPHCTOBYEMO BHIEC()OPMOBAHUI MAaCUB HECYCITHUX MPaBMII). SIKIIO HECYCITHUX MPaBUII HEMAE, TO
Takuil HaOip 3amucyeMo, B IPOTHIIKHOMY BUIIAJIKy PyXaeMOCS Jai.
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Po3outrs Ha migmHOKMHH (4) Mae cBoi Baromi mepeBarn. OnepikaHi B pe3ynbTaTi mepedopy
HaOOpW aBTOMAaTHYHO CTAIOTh BIACOPTOBAHMMH 1 SIK pe3y/lbTaT — HE MOXE 3 SIBUTUCS 1€ OJUH HaOip
piBHU# (3 TOYHICTIO J0 MEpEMillyBaHHs) SKOMYCh HaOOpY, KUl OyB y)Ke 3HalACHUH.

Bunukae JoriuHe 3anmuTaHHSA. fKka nOpoOieMa He JIO3BOIWTH MPOrPaMHO  peasti3yBaTu
BUIICONMCAHUN airoputM? A mpobieMa Mmonsrae y TOMy, L0 Ui TOBHOro mepedopy HeoOXimHO

npopobuti 5184° - 23500 omepariii. 3anuiaeThCa NMIIE CIPABa 33 MalMM: BHOPATH CEPEIOBMIIE Ta
00YHMCIIOBAIbHI TEXHOJOT1, sIKi O JO3BONMMIM 32 peabHUI MPOMDKOK 4acy MPOPOOHUTH TaKy KiIbKICTh
orieparfii.

Anpo6anisi po3po0d/ieHoi MeTOAMKH. Y 3B’SI3Ky 3 BHIICONMHMCAHMMHU MpobieMamu, Hamu Oyio
BUPILIEHO HAKJIACTH IOJATKOBI OOMEXEHHS: BUMOTH IJIsi BAKOHAHHs 0a30BUX OOMEKEHb IMepeMilaTH i

JOJIATH OOMEXEHHS PO Te, 10 kl, k2 yeeny k9 € PI3HUMH, TOOTO OOABUTH IIIE TPH YMOBH:

- ,kj) TaKkux, M0 (i,jeRl)v(i,jeRz)v(i,jGRS) [TOBHHHA
ok 2Cy) A (k. k; 2Cy);

,kj) TaKux, IO (i,jeCl)v(i,jeCz)v(i,jng) [TOBHHHA

Ui OyIb-SIKHX KOPTEXIB
BUKOHYBATHCS YMOBA (ki K ¢ Cl) A

(k
(k
st OyAb-SIKHX KOPTEXIB (ki
BHKOHYBATHCS YMOBA (ki K ¢ R1)/\(ki K, ¢ Rz)/\(ki K, ¢ RS) ;

Kk, #k, #...2K,.

B pesynbraTi Takux odmexeHb onep:xkumo 144 mpasuna. Ha nepmomy etami anroputMy MHOXHHY
IpaBUJI po3i0’€MO aHAJIOTIYHO 0 CYKYMHOCTI (4) Ha Taki MiIMHOXHHU:

{1,2,...,16}, {17,18,...,32}, {33,34,....48} ,

{49,50,...,64}, {65,66,....80}, {81,82,...,96} ,
(97,98,...,112}, {113,114,..,,128} , {129,130,...,144} @)

3acToCcyBaBIIM BUIICOMUCAHUN allTOPUTM 10 MHOKUHH LIUX MPABHJI Ta 70 CYKYITHOCTI ITiIMHOXXHH
(4°), onepxumo 664 nHaGopu. 3a dopmyinor (3) HEBaXKO MOpaxyBaTH, IO TaKAM YHHOM, MOXKHA
no0OyayBaTH alroput™, sikuii reHepyBatiume 664 -9!1= 240952320 BapianTiB rpi KIaCHYHOTO CYIOKY.
o i Oymno 3pobaeHo 3acodbamu Web-nporpamysannst. [Tokaxemo ¢parMeHT Koy MoBoro JavaScript, y
KoMy BBezieHO 144 npaBuiia ta 664 Habopu 3 9-Tu cycigHux npasui (puc. 7).

var pravylos=mew Array(ldd):

pravylos[01=[1,5,9,%,6,7,53,4,8]; pravylos[l]=[l,5,9,3,4,8,2,6,7]; pravylos[2]=[l,5,9,6,7,2,8,3,4]; pravylos[31=[1,5,%,8,3,4,6,7,2]; pravylos[4]=[1,&,8,2,4,9,3,5,7]; pravylos[5]
pravylos[l8]l=[2,4,9,1,6,6,3,5,7]1 pravylos[l7]=[Z,4,9,3,5,7,1,6,58]: pravylos[l8]l=[2,4,9,6,58,1,7,3,50: pravylos[l9]=[Z,4,8,7,3,5,6,0,1): pravyles[z20]=[Z,6,7,1,5,9,3,4,8]: pravy.
pravylos[32]=[3,4,8,1,5,9,2,8,7]; pravylos[331=[3,4,5,2,6,7,1,5,9]1; pravylos[34]=[3,4,5,5,9,1,7,2,60; pravylos[35]=[3,4,8,7,2,6,5,9,1]; pravylos[36]=[3,5,7,1,6,8,2,4,9]; pravy.
pravylos[48]1=[4,2,9,3,7,5,8,6,1]: #5,3,7,6,1,8] pravylos[50]=[4,2,9,6,1,8,5,3,7) pravylos[S1]=[4,2,2,8,6,1,3,7,5]: pravylos[52]=[4,3,8,2,7,6,9,5,1]1 pravy.
pravylos[a4]=[5,1,9,3,8,4,7,8,2] 9,4,3,8,6,2,71; pravglos[66]=[5,1,9,6,2,7,4,3,81; pravyles[671=[5,1,9,7,6,2,3,6,4]; pravylos[s8]1=[5,3,7,1,8,5,9,4,2]; pravy.
pravylos[=20]=[5,1,8,2,9,4,7,5,3]: %,4,2,9,5,3,71! pravylos[82]=[¢,1,68,5,3,7,4,2,9]: pravylos[a3]=[&,1,8,7,5,3,2,9,4]: pravylos[84]=[¢,2,7,1,9,5,6,4,3]: pravy!
pravylos[96]1=[7,2,6,3,4,8,5,9,11; pravylos[97]1=[7,%,6,5,9,1,3,4,8]; pravylos[98]=[7,%,5,8,3,4,9,1,5]; pravylos[991=[7,%,56,9,1,5,5,53,4]; pravylos[l000=[7,3,5,2%,4,9,6,8,1]; praw
pravylos[llz]=[3,1,6,3,5,7,4,2,2]: pravylos[ll3]=[%,1,6,4,9,2,3,5,7]! pravylos[ll4]=[2,1,¢6,7,3,5,9,2,4] pravyloes[l15]=[8,1,6,9,2,4,7,2,5]: pravylos[llel=[&,3,4,1,5,9,6,7,2]! 1
pravylos[128]=[%,1,5,2,6,7,4,8,3]; pravylos[l1258]1=[9,1,5,4,8,3,2,6,7]; pravylos[130]=[%,1,5,7,2,6,58,3,4]; pravyles[131]1=[%,1,5,58,3,4,7,2,6]; pravylos[l32]=[9,2,4,1,6,8,5,7,3]1; 1
var nabors=new Array(ccd:

nabors[0]=[1,22,33,58,79,90,99,120,131]; nabors[1]=[l,22,33,58,79,90,100,119,132]; nahors[2]=[1,22,33,58,79,90,103,116,135]; nabors[3]1=[1,22,33,58,79,90,104,115,136]; nabors[4]

nabors[131=[1,22,33,63,74,95,100,119,132] : nabors[l4]=[1,Z2,33,63,74,95,103,116,135] : nabora[15]=[1,2Z,33,63,74,95,104,115,136] ; nabors[16]1=[1,22,35,60,79,90,99,117,131]: nabe:
nabors[26]=[1,24,33,58,77,90,99,118,131]; nabors[27]=[1,24,36,58,77,89,99,118,130] ; nabors[28]=[1,24,41,56,77,82,99,118,139] ; nabors[29]=[1,24,43,56,77,84,99,118,137] ; nabors[:
nabors[39]=[1,30,36,58,71,89,99,128,130] : nabors[401=[1,30,41,58,71,82,99,128,135] ; nabors[411=[l,30,43,56,71,84,99,128,137] ; nabors[42]1=[l,31,33,56,72,90,99,125,131]; nabors[:
nabors[46]=[2,21,34,58,79,90,99,120,131]; nabors[47]=[2,21,34,58,79,90,100,119,132] ; nabors[48]=[2,21,34,58,79,90,103,115,135] ; nabors[49]=[2,21,34,58,79,90,104,115,136] ; nabor
nabors[59]1=[Z,21,34,63,74,95,100,119,132] : nabors[60]1=[2,Z1,34,63,74,95,103,116,135] : nabors[611=[2,21,34,63,74,95,104,115,136] ; nabors[§2]1=[2,21,35,59,78,92,100,119,129] ; nabc
nabors[72]=[2,24,34,59,78,89,98,119,132] ; nabors[73]=[2,24,36,57,78,89,98,118,132] ; nabors[74]=[z,24,46,55,78,89,98,123,132] ; nabors[75]=[2,24,48,53,76,89,98,122,132] ; nabors[’
nabors[851=[Z,29,35,59,70,92,100,127,125] : nabors[#61=[2,29,42,59,70,83,100,127,140] : nabors[87]1=[2,29,44,59,70,51,100,127,135] ; nabors[33]1=[2,32,34,59,69,01,100,126,132] : nabc
nabors[92]=[3,21,34,60,78,91,97,119,132] ; nabors[93]=[3,21,35,60,78,92,97,115,129] ; nabors[34]=[3,21,42,60,78,83,97,113,140] ; nabors[35]=[3,21,44,60,76,81,97,119,135] ; nabors[t
nabors[105]=[3,23,35,64,75,95,101,11%,133] : nabors[l061=[3,23,36,60,77,92,98,117,125] : nabors[l0T1=[3,23,42,60,80,83,57,117,140] ; nabors[103]1=[3,2%,44,60,80,81,97,117,138] ; nat
nabors[118]=[3,27,35,60,60,88,108,117,129] ; nabors[113]=[3,27,45,54,80,08,108,124,129]; nabors[lz0]=[3,27,47,56,80,08,108,121,129]; nabors[lz1]=[3,29,34,60,70,91,37,127,132] ; t

nabors[129]=[4,21,34,59,77,91,100,119,130] ;

nabors[142]=[4,24,36,57,77,59,58, 115, 1300 ;

nabors[155]1=[4,28, 36, 57,77, 85,110,118, 1300 ;

nabors[166]=[5,18,37,58,79,90,58,120,131];

nabors[179]=[5,18,37,63,74,95,100,119,132] ;
nabors[192]=[5,20,37,61,75,94,103,116,134] :
nabors [205]=[5,30,40,50,73,94,102,116,139] ;

nabors[2121=[5,17,38,58,79,50,93,120,131] ;

nabors[225]=[6,17,38,63,74,95,100,119,132] ;
nabors[2381=[6,20,38,63,73,95,104,114,136] :
nabors[251]=[6,29,39,51,76,95,101,115,140] ;
nabors[2561=07,17,38,63,74,96,104,113,136] :
nabors[2711=[7,19,39,64,75,95,101,113,133] ;

nabors[143]=[4,24,36,57,77,69,102,114,134] ;

nabors[167]=[5,18,37,58,79,90,100,113,132] ;

nabors[2131=[5,17,38,58,79,50,100,119,132] ;

nabors[1301=[4,21,36,57,77,91,100,11%,1300;

nabors[156]1=[4, 28, 46, 55,77, 85,110,123, 1300 ;

nebors[180]=[5,18,37,63,74,95,103,116,135] ;
nabors[1931=[5,20,40,61,73,94,102,116,134] :
nabors[206]=[5,30,4L,50,71,94,107,116,139] ;

nebors[226]=[6,17,38,63,74,95,103,116,135] ;
nabors[239]1=[6,20,40,63,73,93,104,114,134] :
nebors[252]=[6,29,42,51,70,95,108,115,140] ;
nabors[2591=[7,17,39,63,76,95,101,113,136] :
nabors[272]=[7,19,40,61,75,95,101,114,133] ;

nabors[1311=[4,21,46,55,77,01,100,123,130]

¢ nabors[l32]=[4,21,45,53,77,91,100,122,130] ¢

nabors[144]=[4,24,36,61,73,93,58,118,130] ; nabors[145]=[4,24,36,61,73,93,102,114,134] ; n

nabors[157]1=[4,28,48,5%,77,85,110,182,130] ;

nabors[168]=[5,18,37,58,79,90,103,116,135] ;

nebors[181]1=[5,18,37,63,74,95,104,115,136] ;
nabors[194]=[5,20,41,61,71,94,107,116,134] ¢
nabors[207]=[5, 30,44, 50,69,94,108,116,135] ;

nabors[2141=[5,17,38,58,79,50,103,116,135];

nebors[zz7]=[6,17,38,63,74,95,104,115,136] ;
nabors[z401=[6,20,46,63,73,67,104,114,144] ¢
nebors[253]1=[6,29,43,51,72,95,105,115,140] ;
nabors[z601=[7,17,42,63,70,95,108,113,136] ¢
nabors[2731=[7,19,42,64,70,95,108,113,133] ;

nebors[1581=[4,30,33,57,71,90,98,128,131]; :
nabors[163]=[5,18,37,58,79,90,104,115,136] ;
nebors[182]=[5,18,39,62,75,96,103,116,133] ;
nabors[1951=[5,20,44,61,69,594, 106,116,134 :
nebors[208]=[5,32,37,49,75,94,103,116,138] ;
nabors[2151=[6,17,38,58,79,90,104,115,136]: 1
nebors[228]=[6,17,39,63,76,95,101,115,136] ;
nabors[2411=[6,20,47,63,73,68,104,114,141] ;
nebors[254]=[6,31,38,52,74,95,104,115,137] ;
nabors[2611=[7,17,43,63,72,95,105,113,136] :
nabors[2741=[7,19,43,64,72,96,105,113,133] ;

Puc. 7. Yactuna npaBui Ta HaOOpiB, OTPUMAHMX MIPH peajtizalii BUIEONMHCAHOT METOJUKH

Jani mokaxemo, siK BifOyBa€eThCA reHepalisi BUIaJKOBOr0 Habopy:

- Hexaill 3 MHOKUHU {O,l, - 663} nami ['TIBY 3renepyBaB uncio 213;
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- Hexal 3 MHOXHHH {0,1, ey 9!—1} nam ['TIBY 3renepysas unciio 100330.

Tomi 3 meporo 3reHepoBanoro umcina 213 omepxkumo (i3 BpaxyBaHHSM 3MillleHHS Ha 1 B
iHIeKcax) HACTYITHI Habop Ta BiAmoBixHi mpasmia (puc. 8).

nahors[213]=[6,17,38,58,79,90,100,119,132];
pravylos[5]= [1,6,8,3,5,7,2,4,9];
pravyloa[l6]= [2,4,9,1,6,8,3,5,7];
pravylos[37]= [3,5,7,2,4,9,1,6,8];
pravylos[57]= [4,8,3,5,9,1,6,7,2];
pravylos[78]= [5,9,1,6,7,2,4,8,3];
pravylos[89]= [6,7,2,4,8,3,5,9,1];
pravylos[99]= [7,2,6,9,1,5,8,3,4];
pravylos[118]=[&,3,4,7,2,6,9,1,5];
pravylos[131]=[9,1,5,58,3,4,7,2,6];

Puc. 8. BunaikoBo 3reHepoBaHuii HaGip Ta BiAMOBIIHI HOMY MpaBHiia

Jlai mokaxemo, 110 3aBJISKU Ipyromy srenepoanomy unciay 100330 koprex (l, 2,3,4,5,6,7,8, 9)
NEPETBOPUTLCA B KOPTEK (5,8,1, 4,2,6,9,7, 3) , TOOTO Habip (6,17,38, 58,79, 90,100,119,132)
MIEPETBOPUTHCS B HAOIp (79,119, 6,58,17,90,132,100, 38) . B pesysbrati y Bimnosianiit web-peanizarii

PO3pO0IICHOT METOMKY OZEP)KUMO BHIIAJ0K KJIACHYHOrO CYAOKy (pHc. 9).

s

N, | RO N OO

Puc. 9. Ilpukian web-peanizariii po3po6iieHo1 MeTOqMKH TeHepallii BapianTiB kiaacuuHoi rpu Cymoky

Jasi mokakeMo, sIK ISl BUIIEOMUCaHUX [TapaMeTpiB (213;100330) BiZIOYBa€THCS B BUTIAIAKOBI

redepaitii 3 25-ma kmodamu (puc. 10)

Puc. 10. /IBa npuknanu ronosonomku CyaoKy, 300pakeHoro Ha puc. 9, 3 25-Ma kirodaMu
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BucnoBku. OTxe, mo4aTKOBY MeTy poOoTu peanizoBano. lllono peamizawii KiHIEBOi METH, TO TYT
HEeOoOXi/IHO I11e TONPAaLIOBATH B HACTYITHUX HAIPsIMKaXx:

- TO-TiepIie, MOKHA HAKJIAaCTH HE Taki CHIIbHI OOMexeHHsS (HalmpuKiIaJ, MOXKHA CIpoOyBaTH
JOCTIIUTH KIACHYHUI PI3HOBU AaHOI TOJIOBOJIOMKH — JliarOHAJIbHE CYJIOKY);

- mo-upyre, y OyAb-IKOMY BUNAJKy HEOOXiJHO CHpOOYBaTH OHI i3 HAWIIBUANINX JUIS TaKUX
3aja4 MoBH nporpamyBanHsi C++ abo Fortran (nmpu mpoMy Ba)JIMBO HABYHTHCS PO3IOIUIATH ONeparii
MIXK SIIpaMH KOMIT I0TEPIB JIOKaJIbHOT MEpexi);

- TO-TpeTe, € HekachuHi pisHoBUAM CymoKy, BUpilIeHHSI KOMOIHATOPHOI 3aa4i IS SIKUX MOXKE
moTpeOyBaTH 3HAYHO MEHINIOT KUTBKOCTI OTepaIlii.

Xoua B JaHiit po6oTi HaMu He Oys0 3HaiaeHO 3a Gopmyroro (3) uucio N BCIX MOXIIUBUX

sudocu
BapiaHTiB kinacuyHoi rpu CynoKy, aje Bce K Taku e(eKTHBHY METOAMKY, Ky MOXHA PO3BUHYTH IS
HEKJIACUYHUX PI3HOBHIIB Li€1 TOJIOBOJIOMKH OYyJI0 PO3pOOICHO, TOOTO 3 OCHOBHOIO (HE KIHIIEBOIO) METOIO
poboTH cripaBUIIHCS.
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VJIK 004.023
Mapuenko O.1., x.T.H., motiedT, Mapuerko O.0., acmipanr, OpinoBa M.M., K.T.H., AOICHT
HamionansHuil TexHIYHMIA yHIBepcHTET YKpainn « KUIBCHKUH MOMITEXHIYHUH IHCTUTYT»

CTPYKTYPA TA KPUTEPII KJIACU®IKAIIIT CIIOCOBIB PEAJI3ALIL TA IOKPAILIEHHS
HOomyKy 1o IEPEBY METOAOM MOHTE-KAPIO

Mapuenxko O.1., Mapuenko O.0. Ctpykrypa Ta kpurepii kiacudikauii cnnoco6iB peanizanii Ta nokpalueHHs IOIIYKY
no gepeBy Metonom MonTe-Kapio. V crarti, Ha OCHOBI OTPUMAHOI0 3 Pi3HUX JKEPEJI BEJIMKOro oocsry iHpopmartii mpo Homryk mo
nepeBy MerozoM Monte-Kapiio (MCTS), ocobmnuBocti HOro moBEAiHKY NMPH BUKOPHCTAHHI B PI3HUX BHIAJKAX Ta pealisalii 1poro
MeToy y 0araTtbox 3aCTOCYHKaX, IPOIIOHYEThCSI CTPYKTypa Ta Kputepil kiacudikanii pisHux crnocobis peainizamii merony MCTS,
HOro MmokpalieHHs Ta napanenizanil. Po3misHyTHil miaxin g0 knacugikamii sk Ui CyTO TEOPETHYHUX CIHOCOOIB TMOKPAIICHHS Ta
Haaroypkentst Meroxry MCTS 111 KOHKPETHUX CHTYaMiH, Tak 1 JUIst CiocO0iB MPHUIIBU/IIICHHS. POOOTH IPOrpaM, 110 pealli3yloTh LeH
METO/I, 32 JOIOMOrOI0 arapaTHUX 3acobiB. [lepenbadaeThes, 10 3aIPONIOHOBAHI CTPYKTypa Ta Kputepil kiacuikauii Moxyrs Oyrn
BUKOPHCTaHi st cucremarusanii 3HaHb npo Metox MCTS, neranmpHOi Kimacudikaiii crnocobiB peamizalii bOro MeToaa Ta
BUSIBJICHHSI HOBUX MOXJIMBOCTEH HOro MOKpaIeHHsl.

KomouoBi ciioBa: 3agaui mry4Horo inTesnexTy, nepeBa irop, momyk B aepeni, Mmeton Monte-Kapio, MCTS, crocoon
nokpamennss MCTS.

Mapuenko A.U., Mapuenko A.A. CTPpyKTypa U KPUTEPHH KJIACCH(UKAIMH CIHOCO00B peanu3alMu W YJIyqIlCHUS
noucka mo aepeBy meroqom Monrte-Kapmo. V crarbe, Ha OCHOBE HOIYYEHHOTO W3 Pa3HBIX MCTOYHHMKOB OOIBLIOrO 00ObeMa
uHpopmanuu o morcke 1o jgepesy meronoM Monre-Kapino (MCTS), 0coGeHHOCTSIX €ro MOBEACHHUs NMPH MCIIOIb30BAaHHU B Pa3HBIX
CIydasx M peal3alii STOr0 METOJa BO MHOTHX IPWIOKEHHMSX, NPeUIaraloTcs CTPYKTypa M KPUTEPUH KIacCH(UKAIUS Pa3HBIX
criocoboB peanusaruu mMeroga MCTS, ero ymyumienus n napauienu3anuy. PaccMOTpeH IOAXOA K KiIacCH(DUKAINHM KaKk Cyryoo
TEOPETHUECKUX CIIOCO00B yimydienus u Hactpoiiku merona MCTS [Uist KOHKPETHBIX CHTyallUi, TaK i CIIOCOOOB YCKOpeHHs! paboTh
HpOrpaMM, 4TO PEaIU3ylOT 3TOT METOJ, HPH IIOMOIUY aIlapaTHBIX CPeiCTB. [IpemmonaraeTcs, YTO NPEUIOKEHHBIE CTPYKTypa U
KpUTepUn KiaccH(HKalMU MOI'YT ObITh MCIIONB30BAaHbBI JJIs1 cHcTeMaTn3anuy 3Hanui o metone MCTS, neransHoil kiaccudukamn
CII0CO0O0B pean3alyy ATOr0 METo/Ia ¥ BBISBJICHHSI HOBBIX BO3MOKHOCTEH €r0 yIIydIIeHHS.

KmoueBble ci10Ba: 3a1a4n HCKYCCTBEHHOTO HHTEJ/LUIEKTA, JepeBbsl HIP, MOUCK B Jepene, MeTox MonTte-Kapso, MCTS,
MeToasl yayumenust MCTS.

Marchenko O.l., Marchenko O.O. Structure and criteria for classification of techniques for implementation and
improvement of Monte-Carlo tree search. Basing on large information taken from various sources about Monte-Carlo tree search
(MCTS) method, specific features of its behavior for various cases of usage, and implementation of this method for many
applications, the article proposes structure and criteria for classification of various techniques for MCTS method implementation,
improvement, and parallelization. An approach to classification of pure theoretical techniques for MCTS improving and tuning in
particular situations as well as techniques for hardware speedup of programs, which implement the method, is discussed. It is
supposed that the structure and criteria for classification can be used for systematization of knowledge about MCTS method, detailed
classification of implementation techniques of the method, and discovering of new possibilities for its improvement.

Keywords: artificial intelligence tasks, game trees, tree search, Monte-Carlo method, MCTS, MCTS improvement
methods.

ITocTanoBka HaykoBoi mpodaemu. Onniero 3 HaWOUIBII momMpeHux (Gopm momauHs iHGopMamii B
3aJa4ax MITyYHOTO IHTENEKTy € (hopMa y BUITIAAL JepeB MOCIITOBHHUX PIillleHb, a OXHUM 3 METO/IB IITYIHOrO
IHTETEKTy, mo OyB 3aIpONOHOBAaHMH BIIHOCHO HEAABHO 1 MPU3HAYECHHUH 111 BUKOHAHHS IIBHIKOTO TOIIYKY
NPaBWIIBHUX pilleHb y AepeBi iH(opmarii, € MeToq momyKky B AepeBi 3 BHKOPHCTaHHAM MeToxy MoHTe-
Kapmo (Monte Carlo Tree Search — MCTS) [2, 3]. 3amaui mTy4HOro iHTENEKTY Bif3HAYAIOTHCS HAI3BUYANHO
BEJIMKAM O0CSATOM JaHWX 1 BUCOKMMH BUMOTaMH IO IIBUAKOCTI iX 00poOKH. XapaKTepHUMH 1 MOMYIIPHUMHI
3aJja4aMyl MITY9HOTO IHTENEKTy, Ha SKUX, K MPaBHIIO, BUKOHYETHCS armpo0allis HOBUX METOIB, aJrOPUTMIB,
CTPYKTYp AaHUX € CKJIaJHI iHTeNeKTyaJlbHi irpH, HApPHUKIIaA, TaKi SK irpy B maxu 1a [o.

MCTS € meromom mHOHIyKy ONTHMAaldbHHUX DIlIEHb Yy 3aJaHid o0macTi 3a TOMOMOTOK BHIIAJKOBHX
3HauYeHb 13 33JaHOTO MPOCTOPY 3Ha4eHb i MOOYZOBH JepeBa IMOIIYKy 3a OTPHUMaHUMHK pe3ynasraramu. Llei
METOJ] BXXE BCTUT CYTTEBO BIUIMHYTH HAa PO3B’S3aHHS 3aJa4 INTYYHOTO iHTENEKTY, a OCOONMBO CKIJIQJIHUX
irpoBux 3amau (mraxu, [0, TOI0).

AHani3 gocaimkenb. 3a gac icHyBaHHA Meromy MCTS Oymo crBopeHO noctaTtHbO Oararo iHoro
BapiaHTiB Ta MoanQikamili 3 METOI0 MPUCKOPEHHs mpomuecy momyky. OnHi 3 mux Momudikariii 3pobieHi Ha
anroputMmiyaoMy piBHI MCTS, B Tolf Wac sk iHINI — Ha PiBHI po3mapaieneHHs Mpolecy mouryky. Llpomy
METOIY HPHUCBIYEHO BXKe 0araTo JOCIiHKeHb 1 myOmikamniif, Ha JeKijbKa 3 HUX aBTOPH ITOCHIIAIOTHCS B TaHIH
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poboti. HalOimpIn TPYHTOBHOIO Yy3arajbHIOIOU00 pobororo 3 Merony MCTS e orman 2012 poxy,
MiATOTOBIIEHUH JlecAThbMa MPOBIJHUMH BYCHHUMHM TiJ KepiBHUITBOM Kamepona bpoyHe, mo mociiKyoTh
neit meron [3], ane i B Hiit TakoXk BiACyTHs cTpora iepapxiuna kinacudikaiis crocodis peamizanii MCTS.

ABTOpHM BBaXKalOTh, IO CHCTeMaTH3amis iH(popMAaIii mpo pi3Hi MiAXOAM MO NMPHCKOPEHHS IOMIYKY
metogoM MCTS Ta 3HaXOmKEeHHS HOBMX KPHUTEPIiB JUIsI BUKOHAHHS TaKOTO MPHUCKOPEHHS A03BOMATH OLIbII
YiTKO BUSBUTH Il HE BUKOPHUCTAaHI MOMJIMBOCTI TTONIYKY ITUM METOZOM.

MeToro q1aHoi poGoTH € 3’CyBaHHS CTPYKTypH Ta KpuTepiiB mis kinacudikamii Ta crmcremMaTH3amii
indopmarii mpo crmocobu peamizaiii MetoAay morryky B gepeBi meromom Monte-Kapmo (MCTS) Tta
0co0IIMBOCTEH HOTro MOBEAIHKN IIPY BUKOPUCTAHHI B PI3HUX BHIaAKaX.

IMomyk B aepeBi 3 BukopucranusM Mmeroxy Monte-Kapio (MCTS). MonemtoBanHs MeETomoM
Monte-Kapio [1] € cTroxacTudHUM 1 32 JOMOMOIOK MOBTOPEHb TAKOTO MOJICIIOBAHHS MOKHA OTPHMATH
KopucHy iHpopmario. OcobnuBo 100pe Take MOAENIOBAHHS BHPIIIye IPOOJIEMH, y SIKHUX HEMa€e BiOMOTO
JIETePMIHOBAHOTO DIllIEHHs, 1 TOMY HOr0o Oy/I0 BHPIIIEHO 3aCTOCYBAaTH TAKOX N0 PIIEHHS TAKUX CKIATHUX
3a7a4 K MOZIENTIOBaHHS irop B maxu 1a [ o.

OnHe MonenoBaHHS Tpu MeTooM MoHTe-Kapio BUKOHy€e mporiec MOJEIIOBaHHS Bifl IEAKO1 TOTOYHOT
MO3MIIi1 10 KIHIIS TPpH, BUOMPAIOUH irpOBi XOIM BUIIQAKOBUM YHHOM. SIK TUTBKH MOZIEIIOBAHHS JOCSITAE KIiHIIS
TPH, BUKOHYETHhCS OOUHMCIEHHS OaliB /Ul KOXHOTO TpaBIsl Ta BCTAHOBIIOETHCS IepemMokens. I[Ipomec
MOJICTIIOBAaHHS TOYMHAIOYM Bim omHiei ¥ Tiei camoi MO3UIlii BUKOHYEThCS 0arato pasiB, MIiCIsA YOro
BIZIHOIIIEHHS YMCJIa BUTPAIIB /10 YHCIIA IIPOrpaiiB (opMye CyMapHy OIIHKY Hi€l TO3MIIi.

HesBaxkatoun Ha Te, 110 TaKe MOICITIOBAHHS BUKOPUCTOBYE TUTbKH IPAaBUIIA BIAMOBIIHOI rpu (maxw,
To, Tomio) mis BUOOPY HACTYHHX XOJiB, 3a JOIMOMOIOI0 MOBTOPEHb BOHO B 3MO3i HAaJaTH KOPUCHY
iH(OpMALIifO BITHOCHO TOTO, SIKMH XiJ € HaWKpamuMm B AaHii nosuuii [3, 4].

Jlns mokpamieHHs irpoBoi moTyxHOCTI MeTox MoHTe-Kapio OyB 3acTOCOBaHMA /0 AepeBa MOUIYKY
OmHI€ET 3 irop, 1, B pe3ynbrari, OyB OTpHMaHHI METOX IOUIYKY B JAEpeBi 3 BUKOPHCTAaHHIM MeTomxy MoHTe-
Kapimo — Monte-Carlo Tree Search (MCTS). Buepmie MCTS 6yB 3acrocoBanwmii B koMt 1oTepHiit rpi To [3]. 3
toro yacy MCTS orpumaB mupoKe BUKOPHCTAHHS, OCOONMBO B raiy3i 3araibHo-irpoBux 3amad — General
Game Playing (GGP) [5].

HoBe min-gepeBo MCTS acomitoeTbcsi 3 MOTOYHOIO ITO3MIIEI0 TPH SK KOpEHEBa BepIIMHA, a BCi
BEPLIMHM B IIbOMY IijI-IepeBi OynyTh 30epiratu aesKy KilbKicTh Burpamis i mporpamis [3]. Ha pucynky 1
HaBezieHo npukian aepesa MCTS, e B KOKHIHM BepIIMHI TOKa3aHO pe3yasTaT 0araTOKpaTHOTO MOJETIOBAHHS
rpu Bin wiel BepmuHM. Bei TepMiHadbHI (IMCTOBI) BepUIMHM 1 HETEPMiHAMbHI BEPIIMHU, [0 SIKHX
30epiraeThesi AOLIIBHICT J0aBaHHS HOBHX JIMCTiB-HALIAJKIB, HOpMYyIOTh MeKy (mepeaHiii GppoHT) aepesa

MCTS.

Puc.1. Ilpuxnao depesa MCTS

3aranbHuii minxin metony MCTS. 3 meroro 6inbin mmbokoro ananizy ocodnmuBocreit merony MCTS
PO3IIITHEMO HOTo 3arajbHUN MiAXia y OLTbI (hopMaTi3oBaHOMY BUTIIAI.

Sk Oymo ckazaHO, AE€PEBO IOUIYKY OYAYETHCS ILIAXOM JONaBaHHSA A0 HBOTO KOKEH pa3 IO OJHIH
BEpIIMHI BIiAMOBIHO 70 PE3yNbTaTiB MOAENIOBAHHS T'PU BiJ 3a/JaHOI BEPIIMHHM 1O 3aKiHYEHHS TPH, a
3aranpHUi miaxigx merogy MCTS ckiagaeTbes 3 4OTHPHOX MOBTOPIOBAHMX KPOKIB, MOKa3aHuX Ha puc.2 [3].

© Mapuenxo O.1., Mapuenxo O.0.



Haykosuii scypran KoM’ roTepHO-IHTErpoBaHi TEXHOIOT1i:0CBiTa, HayKa, BAPOOHUIITBO" 53
Jlyyok, 2015. Bunyck Ne21

IlosToploernen X pasis

Bnﬁ]p |- Posmupenns H MojeoBanns Hﬂcpeoﬁlmmeuﬁn

S

Puc.2. 3acanvnuii nioxio memooy MCTS

Kpoxk 1. Bu6ip. IlounHaroun Big MOTOYHOr0 KOPEHEBOTO By3Nia R i BHKOPHCTOBYIOUH 3aJaHy MOMITHKY
nepesa (Tree Policy), BuOHparoThest ONTHMANBHI BEPITHHU-HAIIAAKA (TOSICHIOETRCS HUKUE) JIOKH He Oyie
JIOCSATHYTA JOBUIbHA BEpIIMHA-THCT L.

Kpok 2. Posumpenns. fkmo L € HerepminampHOIO BepmmmHOK (TOOTO Ha Hi rpa me He
3aKiHYIY€TBCS), TO IONAETHCS HOBA BepmirHa V, T00TO BigOyBaeThes Cripo0a BUKOHATH YEPTOBHHN Xij 3TiAHO
npaBui Tpu. YeproBuil Xin i3 MHOKHHH MOXIMBHX B JAaHOMY CTaHI XOIiB OepeThCsl 3TiHO MONITHKH
posumpennst (Expansion Policy), sikoto, sk paBuiIo, € B3SATTS BHIIAJKOBOTO XOJY.

Kpoxk 3. MonenroBanns. [lounHaroun Bix B35AT01 BepminHN V BUKOHYETHCS TPOLEC MOACTIOBAHHS I'PH
JI0 TOCSATHEHHS pe3ynbraTy Res 3rinno mpuitasaToi momitukn monemosarus (Simulation Policy). Haituacrirme
OepeThCcst HAWMPOCTIIAa TOMITHKA MOJIEIOBAHHS, K4 HA3WBAETHCSA TONITHKOI 3a ymoBuanusMm (Default
Policy) i sika monsrae y B3ATTi BCIX HACTYIHUX XOJIiB BHITAJKOBHM YHHOM.

Kpoxk 4. IlepeoOumcnenHs. BpaxoByrounm OTpuMaHWil pe3yibTaT MOAEMIOBAaHHSI RES y 3BOpOTHOMY
MOPAAKY Bix BepmuHM L 10 KOopeHeBoi BepmMHN R BHKOHYETHCS KOPEKIIis 3HaYeHb aTpHOYTIB Y BEpIIMHAX
MOTOYHOT TTOCITIIOBHOCTI XOJIiB 3TiHO TIOITHKH 3BOPOTHOTO Tiepeobuncienus (Backpropagation Policy).

SIk pe3ynbpTaT ONHOKpPATHOrO BHKOHAHHA (DYHKIN{ IOIIYyKY, MOBEPTAETHCA OJHA 3 HOBUX BEPIINH,
OTPHMAaHMX IIiJ1 9ac IpoIiecy MOIIyKy Bix KopeHs R, 3HaueHHs pe3ynsTaTy SKOi € HalfKparum.

binemr ¢opmansHO 3arameHui migxix mMeroxy MCTS moxna 3ammcaté y BUDLAI QyHKIIT momryky
MCTS_Search [3].

function MCTS_Search (S) {

Create (R, S);

while WithinComputationalBudget do {
L = TreePolicy (R);

V = ExpansionPolicy (L);

Res = SimulationPoalicy (V);
BackpropagationPolicy (L, Res);

}
return BestChild (R);
}

MCTS_Search (S) — ¢ynkuis momyky B nepesi merogom MCTS, sika mpuiiMae y sIKOCTI mapamerpa
HOTOYHU# cTaH rpu (MO3uLi0) S i MoBepTae HAWKpAIILY 3 HOBHX, OTPHUMAHHX i/ YaC MOICITIOBAHHS, BEPIINH
nepeBa, TOOTO HOBUH HAMKpaIui Xifl BiJ JaHOI TTO3HUITi.

Create (R, S) — ¢yHKisi CTBOpPEHHsI HOBOI KOPEHEBOI BEpIIMHK R JIst 3a1aHOr0 MOTOYHOTO CTaHy IPH
S.

WithinComputationalBudget — GyieBa ¢yHKIisi, sika MOBepTa€e 3HAYCHHs TrUE, SIKIIIO O0YMCITIOBATbHHI
Oro/pkeT (3aJaHuil Yyac YK 3aj1aHa KUTbKICTh MOBTOPEHB) III¢ HE BUYEPIIABCSL.

TreePolicy (R) — dynxuis, sika peamisye aii nepiroro kpoky metony MCTS.

ExpansionPolicy (L) — dbyrxuis, sika peanisye aii gpyroro kpoky meroxy MCTS.

SimulationPolicy (V) — dyuxkuis, sika peanisye aii Tperboro kpoky meroxy MCTS.
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BackpropagationPolicy (L, Res) — ¢yHkuis, sika peanizye aii uerBeproro kpoky merony MCTS.

BestChild (R) — ¢ymkiist, sika Bu3Hayae i moBepTae HaWKpamly 3 HOBHX, OTPUMAaHUX I Yac
MOJIETTIOBaHHS BiJl KOPeHS R, BepImH nepesa, TOOTO HOBU HAWKpaIIi Xifl Bi JaHOI MO3UIITI.

[To6ynoBa nosinbHOro nepeBa MCTS (sik mpaBumiio, aepeBa IpH) BHKOHYETHCS IHKPEMEHTAIBHUM i
acuMeTpuuHuM criocobom. Ha koxHiit itepanii metomy MCTS BHKOpHCTOBYeThCS MONITHKA JAepeBa IS
3HaXOKEHHS HAWKpamoi s MPOIOBKEHHS I'pPH BEPIIMHHU y MOTOYHOMY JepeBi. Ilpu po3poObmi momiTuku
JlepeBa HAMAraroThes 30aTaHCyBaTH TIEBHUM YHHOM KinbKicmb docnioxcens (exploration), Bukonyroan Bubip
HOBOI BEPIIMHHM Yy THX YacTMHAX JAepeBa, fAKi OynM Ie HeJOCTaTHHO J00pe ONpamboBaHi, Ta KilbKiCMb
surkopucmans (exploitation), BukoHyro4n BUOIp HOBOT BEPIIMHH y THX YaCTHHAX JEPEBa, sKi BXKE € Ha JaHUi
MOMEHT HaiOLIbII epcreKTUBHUMA. [Tic/is bOr0 BUKOHYETHCSI MOJICTIOBaHHS (BHITaIKOBa 200 CTATHCTHIHO
pO3MoiIeHa MOCTIIOBHICT XOAIB I'PH 10 ii 3aKiHYCHHs), MMOYMHAKOYM Bil OOpaHOI BEpUIMHH, a IMOTIM
3HaueHHS JESKNUX BEPIIMH JIepeBa KOPETYIOThCA 3TiHO 3 OTpUMaHNM pe3yasTaromM. 11in gac Takoro mpomecy
JIOAETHCS OAHA BEpIIMHA-HAMIAIOK, SKa BIAMIOBiIa€ XOoy, BUKOHAHOMY Bifl OOpaHOI BEPIIMHHM, a KOPEKIlis
3HaueHb BEPIIMH BifOyBaeThCs y Ii BepmmHax-mpeakax. Haramaemo, Imo mix 4yac MOJENIOBaHHS XOIH
BUKOHYIOTBCS 3TiTHO MOJITHKH MOJCIIOBAHHS, sIKa y HAWIpOCTimoMy Bumaaky 3a ymoBuanusMm (Default
Policy) € mOMTHKOIO B3ATTS ONHAKOBO BHIIAJKOBHX XO/IIB.

CtpykTypa Ta kputepii k1acudikauii cnoco6iB peanizauii merony MCTS. 3rimHo po3risHyTOro
BumIe 3araypHOro migxoxy meroma MCTS noriuamm Oyne kinacu¢ikyBaHHS CITOCOOIB peaizarlii mboro
METO/a 3a Kpumepiem nokpaweHus koxcrnozo 3 emanie pooomu MCTS. 3 iHIIOT CTOPOHU, B MOMEPETHI POKH
Oyno 3’sicoBaHO, IO B MPHKJIAAEHHI A0 I'pu 10, 32 HAIBHOCTI OCTaTHBOI OOYMCITIOBAIBHOI MOTY)KHOCTI,
MCTS mpamroe Habararo Kparie, HiX iHIII METONH, B PE3yNbTaTi YOro, el MeTOJ] CTaB MapaaurMOI0 s
koM 'toreproi rpu ['o. Kpim toro, B [3] Oyno 3a3naueHo, mo 3 HeckiHueHHUM 4dacom meton MCTS Gyne
JTABaTH CXOIDKEHHS IO ONTHUMABHOI TPH, 1 MO 31 301IBIIEHHSM Yrclia MOICTIOBaHb, €()EKTUBHICTD TOIIYKY
metogoM MCTS 6Gyme mokpantyBaruce [6]. J{ist 30inbIIeHHS YnCiia MOAETIOBAHb OTPIGHO ab0 30IbITyBaTH
Yac BUKOHAHHS MOJENIOBAaHHS a00 30UTBIITYBaTH IIBHIKICTH MOJACTIOBaHB. lle Moxke OyTH MOCATHYTO 3a
JIOIIOMOT 00 Tapaenizamii MonryKy Ta oOurcieHb. BinmoBimHO X0 WBOTO, SukoHanus napanenizayii € we
00HUM Kpumepiem kaacugixayii memooie ma cnocobig peanizayii MCTS. B cBoro depry, 3a kpumepiem
opienmayii cnocoby napanenizayii Ha KOHKpemHi anapamui pecypcu, 4u 8i0CymHOCmi maxoi opienmayil,
icHyroui crocobm mapanenizanii MOXyTb OyTH TOAUIEHI Ha amapaTHO-He3aJeXHI CIocoOM Ta amapaTHO-
OpIEHTOBaHI CLIOCOOU.

3rifHO pO3MITHYTHX KPUTEPIiiB CTPyKTypa Kiracudikamnii OyJe Takoro, sIK TOKa3aHO Ha PUCYHKY 3.

MCTS € zaranpHUM METOIOM IIONIYKY B JEpeBi 3 BUKOPHUCTaHHAM Meromy Monte-Kapio, skomy
BIMIOBiJa€ IijJa MHOKMHA JIOCHTh DPI3HHUX alTOPUTMIB, AKi BiPI3HSIOTHCS BUKOPHCTAHUMH MOTITUKAMHU
JiepeBa, PO3MIMPEHHS, MOJIETIOBAHHS Ta 3BOPOTHOTO ITEPEOOUNCIICHHS.

B 3anexHOCTI BiJl BAKOPHUCTAHOI OMITHKH JIepeBa, TOOTO BUOOPY BEPUIMHHU B JEPEBi JUIS MOAATBIIOT0
MOJICITIOBAHHSI, BUALULSIFOTh HACTYIIHI IPYIIH aJrOPUTMIB, IO BiAMOBINa0Th 3araapHomMy metoxy MCTS [3]:

e Plain UCT (Upper Confidence bounds for Trees): mpsimuit crioci6 peasizarii 3riHO METOIY
MCTS 3 momitukoro BHOOpY JepeBa, y SKiif BHKOPHCTOBYETHCS METOJ BEPXHIX IOBIpYHX
rpanns UCB (Upper Confidence Bounds) y Burisizi, sk mo4aTkoBo Oyjio 3arpOIOHOBAHO B
[4];

e UCT: UCT-opienTtoBane mia-cimeicTBo crocoOiB peamizanii MCTS 3 momitukoio BuOOpY
JiepeBa, y SAKiil BUKOPHCTOBYETHCS JOBUILHHMM BapiaHT peamizailii MEeTOXy BEpXHIX TOBIpIHX
rpanuis UCB;

e Non-UCT: cimeiicTBO cmoco0iB peami3amii, [0 HPAmOIOTh 3TiJHO HABEACHOI'O BHIIE
3arajJpbHOTO MIAXOMy O TONIYKy B JAepeBi 3 BHUKOpPHCTaHHAM Metomxy Morre-Kapio 3
JIOBLTBHOIO TIOJTITHKOIO BHOOPY AepeBa, ane He BUKopucToByroTh UCT.
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Puc. 3. Cmpyxmypa xnacugixayii cnocobis noxpawenns MCTS

AHanoriuyHo icHyroTs TakoX pi3Hi BapianTtu peanizanii MCTS, ski opieHTOBaHI Ha MOKpAIIEHHS iHIINX
eraniB podot MCTS. Lle Mmoxxe OyTH IperMeToM MOAAJBINOI AeTamizallii 3araJbHAX CII0CO0IB OKPAIIEHHS
MCTS y 3ampononoBaHii kracuikarii.

3 wacy crBopenHs Mmeroga MCTS momykn Kpammx BapiaHTiB #Horo peamizarmii BigOyBamuch, B
ocHOBHOMY, cepen cimerictBa UCT-opieHToBaHMX crioco0iB. Ase 30BciM HemonaBHo, y ciudi 2015 poxky,
Tpicranom KasenaBe [7] OyB 3ampormoHOBaHWiI HOBWIA NMEPCHEKTHBHMII MiiXix, skuil BiH HazaB SHOT
(Sequential Halving applied to Trees), i sixmii mamexuts g0 Non-UCT cimeiicta cmoco6is MCTS.
3po3yMmino, MO MOCTIKEHHS MOKPAIleHH/IPUIIBHIICHHS boro crnocoly peanizamii MCTS me Tinbkn
MTOYNHAIOTHCS.

Pesynbryroua crpykrypa kinacudikamii crmocoOiB MOKpaiieHHs eramy BuUOOpY (IIOTITHKH epeBa)
MoKa3aHa Ha puc.4.

TToxpamenns
eTany pubopy
(TOMITHRY XepeBa)

I
| i |

U CT-opienTopant

- - E - 3 -
CIIOCOBH non-UCT enocodn

Plain UCT cnocid

SHOT cnioctd

Puc. 4. Cmpyxkmypa kaacugixayii cnocobis noxkpawenns emany eubopy (norimuxu oepesa)

Ha crorommimHiii geHs s po3mapaneneHHs momryky B aepeBi meromom MCTS ma amapartHo-
HE3aJIOKHOMY piBHI Oyl 3ampolOHOBaHI TpH 3arajibHUX IIAXOaM, SKi Oymm Ha3BaHII JIMCTKOBA
napaesisaliis, KopeHeBa Imapaseiisaliis i jepeBHa mapanerizamis [3].

i migxomm moka3aHi Ha pUCyHKax 5, 6, 7a, 70.
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Puc.7. Jlepesna napanenizayisn 3 2nobanshum m tomexcom (@) ma 3 rokanvhumu m iomexcamu (0)

Po3ristHeMo KojkeH 3 IUX MiAXOIB Hapaneti3allii OUTbII JeTanbHO.

JIucTroBa mapanerisaris SK BH3HaueHO B [8] — 1e BUKOHAHHS MHOKHHHM OIHOYACHUX MOJIETIOBAHD Bijl
BEepIIMHU-TINICTa, fKka Oyma [omaHa Ticis 3aKkiHYeHHA TPOIECY MOMIYKYy aKTyalbHOI BEpIINHH,
BUKOPHCTOBYIOYH MONITHKY JAepeBa. lmes momsrae y Tomy, mo0 OTpMMard Kpally CTaTHCTHKY Ha KOXKHIH
BEPLINHI-JIUCTKY 3a JOMOMOIO0 KpaIloi mo4atkoBoi omiHku. B [9] Taky cxemy Ha3Baim mapanemizariiero Ha
muctkax (at-the-leaves parallelization). TTizmime BKOpeHWBCS TepMiH «THCTKOBa mapanenmisamis» (leaf
parallelisation).

Kopenery mapanenizartito [8] iHomi masuBarors Oarato-mepeHuM MCTS, OCKITBKH J€KinbKa JepeB
momyky MCTS GymyroTbest ofHo9acHO (TOOTO TMapasieni3yloThcss Ha KOpeHi gepeBa). SIK TIpaBWIiIo, s
MOBIZIOMJICHHS TIPO Te€, SKUH Xix OyB OOpaHMH adrOpUTMOM y KOKHOMY 3 J1€peB, BHUKOPHCTOBYETHCS
iHpopMaris 3 mepmoro piBHs 1uX AepeB. OMHIEIO 3 TEpeBar TaAKOro MiAXOMY € Te, M0 KOXKEH MapaelbHAN
MOTIK MOYKE€ BUKOHYBATHCh MTPOTATOM (PiKCOBAHOTO Hacy i 3yMUHEHUH y Oyib-sIKHH MOMEHT.

JlepeBHa mapasenmizarlisi € IMpoIecoM, KU BUKOHYE JEKiIbKa OJHOYACHMX KPOKiB MOJAETIOBAHHS Ha
omHoMy W TOoMy K gepeBi [8]. B mpomy BHIAanKy BHHHKAE KilacH4HAa MpoOieMa IapajielbHOro
MporpaMyBaHHS, IO MONATAE Y HEAOIYIIEHH] OJHOYaCHOTO JTOCTYITY JI0 IepeBa 3 pi3HUX HOTOKIB. [ 1i0ro
MOTPIOHO 3a0€3MeUNTH eKCKIIO3MBHHUN JTOCTYN A0 meBHOro mij-nepeBa MCTS KoKHOMY HOTOKY, @ TaKoX
3poOnTH TaK, o0 BCi MOTOKM MPANOBAIN y Pi3HUX 00IaCTIX epeBa, TOKH M I0TeKC He Oyze 3BimbHeHuil. B
OnmHIN cXemi, 3amporoHoBaHii B [8], BHKOPHCTOBYeThCS TOOAIbHUI M’IOTEKC Ha KOPEHEBill BEpIIMHI
(puc.3a). Takuil MiAXiZ € PE3OHHUM y TOMY BHIAJKY, SIKIIO Yac BHKOHAHHS MOJETIOBAHHS € Habararo
JIOBIINM, HDX Yac BUOOPY BEPIINHU 3 IePEBa, OCKUTBKN OAWH IOTIK MOXKE IIPOXOANTH TI0 JIepeBy ab0 poOuTH
mepeoOUYHCITEH s Y IepeBi, B TOM 9ac, SK iHIM TTOTOKM BUKOHYIOTh MOJETIOBaHHs. B inmmii cxemi (puc.36)
BHKOPHCTOBYIOTBCS JIOKAJIbHI M FOTEKCH Ha KOXKHIM BHYTPIIIHIN BepHIMHI, AKa OMOKYEThCS 1 3BUIBHAETHCS
KO)KEH pa3, KOIU SIKUHCh MOTIK PUXOIUTH Y IF0 BEPIIHHY.

Sk 3a3Hauanocs BHINE, po3poOka, MocimimkeHHs 1 mapanenizamis SHOT-opieHTOBaHMX CIOCO0iB €
MEPCTIEKTUBHUMH HaIPSIMKaMH.

BiamoBimHO 10 pO3MIAHYTHMX BHWIIE KPHUTEPiiB CTpPyKTypa Kiacudikamii amapaTHO-HE3ATEKHHUX
crioco6iB peanizanii MCTS mae Bumsaz, mokasaHuil Ha pUCYHKY 8.
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Puc.8. Cmpyxmypa knacugixayii anapammno-unesanexcrnux cnocobig peanizayii MCTS.

Ha amapartHo-opienTOBaHOMY piBHI ToKpameHHs MCTS Bke BHKOPHCTOBYBaBCS LIMPOKHI CIIEKTp

yHIBEpCAJIbHHX, ClCHiaTi30BaHUX Ta 3Mimanux (riOpuIHMX) amapaTHUX IaTGopM i MyTbTHKOMIT FOTEPHUX
cucreM. Tomy mowartok miei rinkm Knacugikamii Moyke BUITISIIATH SK TOKa3aHO HAa PUCYHKY 9.

AnaparHo-
opieHToBaHi cnocobu
nokpatuerHs MCTS

]
| | i l

3rmiani N .
i el I T B R
APXITEKTYPH

Puc. 9. Cmpyxmypa xnacugbixayii anapamno-opienmoganux cnocobie peanizayii MCTS.

Jeramizamiss amapaTHO-OpieHTOBaHMX cHoco0iB mapanenizamii MCTS € HampsmMoM momaibIIMX

JIOCIHIKEHD.

BucHoBku. 3anponoHoBaHa KpHTepii Ta CTpykTypa kiacuikarii cmocobiB peamizamii momyky B

nepesi MmeroroM MCTS. OTpumani pe3ynbTaTé J03BOMASIOTh BUKOHATH CHCTEMATH3alil0 iHPOpMAIIio SIK PO
BKe icHytodi crrocodn peamnizamii MCTS, Tak i BUSBUTH IIle HE JOCTI/HKEHHI IIUTIXHM Ta BapiaHTH peaji3amii
poro Meroxy. [loganpmmm HapAMKOM JTOCTIKEHHS MOXKe OyTH SIK TTOJaJIbINa JIeTaji3amis 3apoloHOBaHOI
CTPYKTypH Kiacuikariii, Tak BracHe kimacudikaris icHyrounx crmocob6iB peamizarii metomy MCTS 3rigHo
JTAHWX KPUTEPIiB Ta CTPYKTYypH BPaxOBYIOUM OCOOIMBOCTI HOro TMOBENIHKM HPH BUKOPHCTAHHI B PI3HUX
BUITaJKaX.
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Anppymak [.€.
Jlyupkuii HarioHaIbHUNA TEXHIYHUH YHIBEPCHUTET

MYJIbTUBAPIATUBHUI METO AKICHOI'O AHAJII3Y MOJEJI HA OCHOBI
KJIACUDIKAIIIMHUX ITPABUIL

Anapymak 1.€. MynbTHBapiaTHBHHI MeTo/ sIKiCHOTO aHAJIi3y Mojesi Ha ocHOBI kJaacudikaniinux npasua. Y
po6OTi 3ampOIIOHOBAHO MiAXi[ SIKICHOTO aHaJIi3y CHCTEMH IPOTHUIIYXIMHHOTO IMyHITETY Ha OCHOBI MYJIbTHBAapIaTHBHOTO METOLY,
IO BKJTIIOYA€ AJITOPHUTM IIOCIIIZOBHOTO MOKPHUTTS. IIpy mboMy Ha BHXOAI OTPUMYEMO MHOXHHY KJIacH(iKamifHUX MpaBHII IS
MIPOTHO3YBAaHHS ()OPMH MATOJIOTIIHOTO HPOIIECY.

Ki1i04oBi ci10Ba: MynbTHBapiaTHBHHI METOJ, SKICHUH aHaNi3, MPOTHITYXIMHHUHA IMEHITeT, Au(epeHIlianbHi piBHIHHS
13 3ami3HEHHAM, KJIacu(iKaliifHi npaBuia.

Anjgpymak WU.E. MynbTUBapUATUBHUI METOJ aHA/IM3a MOJEJHM HA OCHOBe KJAacCH(PUMKALNMOHHBIX mHpaBuil. B
paboTe HpeIoKeH MOAXOA aHaIM3a CHCTEMBI MPOTHBOOIYXOJICBOTO MMMYHHTETa Ha OCHOBE MYyJIbTHBAPHATHBHOTO METOMA,
BKJTIOYAst aJITOPUTM IIOCIIEIOBATEIBHOTO MOKPHITHS. [Ipr 3TOM Ha BEIXOZIE MOTy9aeM MHOMKECTBO KIACCH(HUKAIIMOHHBIX MTPABUI
JUTSL TIPOTHO3UPOBAHUS (hOPMBI TATOIIOTHIECKOTO IPOIIECCa.

KiioueBble cjI0BAa: MyNbTHBAPHATUBHHN METOJ, KAUCCTBEHHBIM AaHAIN3, MPOTHBOOIYXOJEBBIH HMYHHTET,
nmuddepennuanbHble ypaBHEHNS C ONO3AaHIEM, KIaCcCU(UKAIIMOHHbIE TIPaBUIIa.

Andrushchak 1.Ye. Multivariate method of qualitative analysis models based on rules classication. In this work
proposes an approach qualitative analysis of the antitumor immunity from multivariate method comprising sequential algorithm
coverage. Thus the output we get the set of classification rules for predicting forms of pathological process.

Keywords: multivariate method, qualitative analysis, antitumor immunity, differential equations with delay,
classification rules.

3aBiaHHSIM METOLY € BCTaHOBJICHHA MeXaHi3MIB OaraTronmapaMeTpHYHHMX BIUIMBIB y MOZJENi
MPOTUITYXJIMHHOTO IMEHITETY.

3aranpHi imei Meroxy Oymau pospobneni B podori [Koch, 2013] mis Bunanxy 3P. YV npawniii
poboti ioro Oyne possuneHo mist OJIP. Ilpm upomy BukopucroByemo miaxix Monte-Kapio, skwuii
NoJIsira€ y BUMAAKOBil reHepanii mapamerpis Ta moOynoBi Ha ix ocHoBi Mozeni ®JIP. Jlami 3acTOCOBYIOTH
aJITOPUTM IHAYKLIT JiepeBa pillieHb. 3ayBakumMo, mo Meron podotu [Koch, 2013] 3acrocoByBaBcs jmIie
JUTSL IOCITIDKCHHS BIUIMBY ITOYATKOBUX YMOB Ha Tpaektopito cucremu ®JIP. B maniit poboti meTon Oyne
PO3BHHEHO JI0 MIBHJIKICHUX MapaMeTpiB cucTeMu (QyHKLIIOHANbHO-AU(epeHiaJbHIX PIBHSIHD TAKOXK.

OTXe, NPUIYCKAeTbCS iCHYBaHHS Mozedi Ha ocHOBlI @/IP mpu mouaTKOBHX 3HAYEHHSIX Ta
HIBUIKICHHUX MapaMeTpax i3 3alaHuX iHTepBaiB:

LY Ly - rF L, ®
dcd—ft)=§(m)aL(t—r)F(t—T)—uC(C—CO)’ (2)
LE_ pe—(u, +nrLOFO. ®
U)oL (1) - m(t) @

3 IIOYaTKOBUMHU yMoBamu 1ipu t € [—7,0]:
V)=V, F(t)=F,C(t)=C,m(t)=0.
Tyt o, — KoedilieHT PO3MHOKEHHS MyXJIHHHMX KIITHH, 0| — JKUTTE€BAa €MHICTh MOMYJIALIl

NyXJIMHHUX KJITHH, Y. - KoeQilieHT, [0 BU3HAYa€ IMOBIPHICTh HeWTpamizauii (pyiHyBaHHS:)

NyXJMHHOI KIITHHH aHTUTUIOM; f — KOE(illieHT, M0 3YMOBIIOE HMOBIPHICTh 3YCTpidi aHTHIEH-
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AHTUTLIO; M. - koedilieHT, 00epHEHHH [0 Yacy JKMTTA IUIa3MOKJITHH; O — IUBMJKICTH BUPOOHHIITBA
AHTUTLI OIHICIO IUIA3MOKIITHHONW; Ll — Koe(dilieHT, 0OEpHEHO NPOMOPLIHHMA IO 4acy pos3maiy
AHTWTLI, 7] — 4YUCJIO aHTUTLA, 1O BUMAra€ThCsd Ha HEMTpali3allilo OJHOTO aHTHIeHa, O — KOoe(illi€eHT,

10 BM3HAYa€ MIBUJKICTH 3arvOeii KIITHH 33 PaXyHOK IIOIIKO/DKYIOYOi Iii aHTHrena; Ll — KoedilieHT,

IO BPaxoBY€ IIBHJKICTb BiIHOBJICHHS IIOLMIKO/DKCHOrO opraHy; 7 — ¢asa 3ami3HeHHs (4ac, 3a SKui
3ilicHIOEThCS  (POpMYBaHHS KacKaly IUIa3MOKIITHH); £(m) — HemepepBHa He3pocTaroda (QyHKIlis

(0<&(m)<1), mo xapakTepusye HOPYIIEHHS HOPMAIbHOrO (hYHKIIOHYBaHHS IMYHHOI CHCTEMHU 4€pe3
3HAYHE MMOIIKOPKEHHS OpTaHa-MillleHi.
[Mapamerpu:
peP={(a,.0. v, o uc,p,u;n,0, 1y, :O‘Eﬂn <o <o,
O <O <O/ " <y <ya™ <o <a™\ud" <pe <pgt
p™M<p <p™ uM™ <pu <uf o™ <n <™ ,0™ <o <o™,
pa" < g < pr Y R
a MMOYaTKOBI YMOBU
(Lo R, Coimy) € X ={(Ly, . Comp) 1 L5 < Ly < Lg™ ™ <Ry < F™,
CM<C,<CM™,mM™ <m, <m™}c R .

Jani BUNaJKOBMM YMHOM T€HEPYBATHMEMO IIOYATKOBI 3HAUCHHS Ta 3HAYCHHS IIBUAKICHUX
nmapamerpis, ski 0 HaleXand NPaKTUYHO OOTrpyHTOBaHii obOnacti. [lyns kokHOro 3 HaOOpiB Takux
napaMerpiB 3IIHCHIOEThCS iHTerpyBaHHsa cucteMu (1)-(4) 3 oTpuMaHHSIM BiINMOBiTHHX TpaekTopiid. o
OTPUMaHUX PE3YJbTATIB Aaji 3aCTOCOBYETHCS allTOPUTM 1HIYKLIi JepeBa pillieHb 3 METOI 3HAXOMKECHHS
MEBHUX IAOJIOHIB sl IPUAHSATTS PillieHb.

OTxe, BIUIOMY MiAXiJ] BKIIOYAE TaKi 1’ ATh KPOKIB.

1. O3HaueHHs1 KjaciB TPaekToOpiii cucremu. 3a3HaYMMO, L0 B NPAKTHYHHUX 3aCTOCYBAHHSX
MepeBaKHO MAalOTh CHpaBy 3 Habarato CKIAAHIMMMHU (HOpMaMy MOBEAIHKU, MO0 OXapaKTepH3yBaTH ixX
MOHSITTSMU «CTiMKa-HEeCTiHKa» 1 BIiIIOBITHO BIATHCA JO aHAaJi3y BIACHUX 3HAYCHb a00 K CKCIIOHEHT
JlsamynoBa nuHaMiuHOi cucTeMH. ToMy BH3HaueHHs SIKICHMX ()OPM MpoLecy AOUIIBHO MepeiaTd 0
KOMIIETeHLii eKcrepTiB. B naHoMy BHIaAKy BHKOPHUCTOBYBAaTUMEMO KJacd, IMOB’A3aHi 3 (opMamMu
MATONIOTIYHOTO MpoIlecy: cyOKJIiHIYHA, TOCTpa, XPOHIYHA, JeTanbHa. J{Jis mo3HaueHHs KJIacy TPaeKTopii

BBOIUTBCA aTpuOyT Kiacy C, sikuil mpuiimae ogHe 3 4-X qUCKpeTHUX 3HaueHb C €1,4 .

2. lenepauisa MaTpuui BUNAAKOBUX NOYATKOBHX 3HAYeHb TAa MIBUAKICHUX mapametpis. [yis
TOro, MO0 AOCTIIUTH BECh MPOCTIP MOYATKOBUX 3HAUYEHb Ta MIBHAKICHHX MapaMeTpiB IMIOAO TeHepaii
KJIaciB TPAaeKTOpii, BU3HAYEHUX HA MEPIIOMY KpOIll, TeHEPYETHCS MATPHUI BUMAAKOBUX IMOYATKOBUX
3HAa4YeHb Ta IIBUJKICHUX MapaMeTpiB Ha OCHOBI MMOBIpHICHUX PO3MOALTIB Y BU3HAUYCHUX iHTEepBasiax. Y
JaHii poOOTI MU MPUITYCKAEMO, IIO TOYATKOBI 3HAUEHHS Ta WIBUJKICHI MapaMeTpH pO3MOALICHI
piBHOMIpHO Ha iHTepBanax. KoxkeH CTOBMUYMK BiANOBiga€ MHOXKHMHI 3HAUY€Hb OJHOTO MapaMmerpy -- abo
MoYaTKoBEe 3HaueHHs, abo MmBHAKICHUN mapameTp. KoxkeH psaok € HaOOpOM MOYaTKOBUX 3HAYEHb Ta

HIBUJIKICHUX TapaMeTpiB AJIs OMHOr0 3amycKy Mozesi Ha ocHoBi D/IP:
1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vo Fe C m o O v o a we o popomoo oy
2 2 2 2 2 2 2 2 2 2 2 2 2 2 Nx14
M=V, F C my a 60 y. a wu p° ug n o u, |eR

N N N N N

VoN FoN CoN mt;q ali\‘ 9|_N 7/|Iq a He P /U;\‘ n o /Ur:

3. 3anmyck mopedi i knacudikaniss Ha6opy BxigHux AaHux. KoxxeH HaOip moyaTKOBUX 3HaYeHb
Ta IBUAKICHUX MapaMeTpiB, 3reHePOBaHUX Ha APYroMy KpOI, BUKOPHUCTOBYIOTHCS B SIKOCTiI BXOAY IS
MOJIei MPOTUIYXJIMHHOTO iMyHITeTy. UncenbHe iHTerpyBaHHS PiBHSHB 3/AIHCHIOETHCS 3a JOIMOMOTOIO
merony Apnamca [Xaiipep, Hepcer]. Buxigni Tpaektopii Kiaacu]ikyloTbcs Ha OCHOBI KPHTEpiiB,
3alpoONOHOBAaHUX Ha MepHIoMy Kpowi. Buxomsum 3 pesynbraTiB kinacudikamii Habopam MOYaTKOBUX
3HAa4YeHb 1 MBUAKICHUX ITapaMeTpiB NPUIMCYIOTHCS  BiAMOBiIHI aTpHOyTH KiIaciB.
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4. IToOynoBa MaTpHii 3a1€KHOCTEH MK MOYATKOBUMH 3HAYEHHSIMH Ta MK IIBUAKICHUMH
napamerpamu. Meron TpuIlyckae, IO s (QOpPMH TpPAEKTOpili CHCTEMH CIIIBBIJHOIICHHS MDX
MOYaTKOBUMH 3HAYEHHSMH Ta MDK IIBUAKICHUMH 3HAYCHHSIMH € Ha0araTo BayKIMBIIIMMHU TOPIBHSAHO 3 iX
a0COMIOTHUMH 3HAaYeHHSIMH. ToMy OyIyeTbCsi MaTpHLs, IO BKIIOYAE iHPOPMALIIO Y KaTeropoBaHOMY
KOJIOBAHOMY BHIJISIII MPO CIIBBIJHOIIEHHA MDK MOYaTKOBMMH 3HAYEHHSAMU Ta MK IIBUAKICHUMH
napamMeTpamu.

C, €14 - 3nauenns atpubyTy Ki1acy, H0B’s3aHi 3 BIIIOBIAHIME GOpPMaMU TPa€cKTOPIii.

OTxe, Ha TAaHOMY KpOL YHCENbHI 3HAYEHHs MOYAaTKOBUX 3HAUYEHb Ta IIBUAKICHUX MapaMerpiB
TpaHC(OPMYIOTBCSL y KaTeropiasbHi 3HaueHHs aTpuOyTiB HaOopiB HaBUanmbHUX JAaHUX. OCKITbKH
HMOBIPHICTh PIBHOCTI BHIAJKOBHX YHCENl IOPIiBHIOE HYJIIO, TO Marpuus D Burisimae csoro pony
«OiHapu3alieio» CHiBBIJHOIIEHh MK MOYaTKOBHMH 3HAYEHHSMH Ta MDK IIBHAKICHUMH NapaMeTpaMu.
Tob6to matpuns D BrmouaTume nuie 3HaueHHs 0 Ta 2.

5. 3acrocyBaHHsl AJrOpUTMY TMOCJHIZOBHOr0 TOKPHMTTS /0 CHiBBiIHOIIEHb MK
MOYATKOBMMHM 3HAYEeHHSIMH Ta MDK MIBHAKICHUMH mnapaMerpamu. Matpuns OiHapHUX
coiBBizHomeHb D moGynoBana Ha kpoui 4, € HAOOPOM HaBYANBHUX JAHUX JJISl AJITOPUTMY MOCIiZOBHOTO
nokpuTTs. [loOynoBanuii Habip Kmacu@ikamifHUX MpaBHI MICTUTHME MEPEBIPKY CIIiBBIIHOIIEHb MiX
MOYaTKOBUMH 3HAYCHHSIMH Ta IIBUAKICHUMH [apaMeTpaMH B aHTEIEJeHTaX. B SKOCTI KOHCEKBEHTIB

npaBui OyayTh Kinacu Tpaekropiit mogeni C € 1, 4.

IIporpamua peanizanis MyJbTHBapiaTUBHOTO MeTOAY [Jsi MoOJedi NPOTHIYXJIMHHOIO
imynitery. [lns peamizanii mMeromy po3pobieHo maker Java-kimaciB rule.model. [lo cknamy makery
BXOIATh KiacH (puc.l):

beans-kmacu Attribute, Attribute_for_list ams poboTu 3 manumu BimnoBigHuX Tabmuik Ta Rule —
11l ipencTaBiieHHs npaBui. SQL-3amuTH o010 OTpUMaHHS BIAMOBITHMX JAaHUX Pealti30BaHO B Kiacax
AttributeListPeer ta TuplesPeer.

VYV xmaci Rule_set  30epiraetbcs HaOip HaBYaIbHHX mpaBwI. Jl0o TOro > JaHWH Kiac
0e3nocepeIHbO peatizye aNropuTM IOCTIIOBHOTO MOKPHUTTS. Kiac MIiCTUTh 4jIeHH. MEHEIXep AaHuX
m_dataManager, xem-radnuni HabopiB HaB4aapHUX AaHuX M_htTuples, ycix aTpuOyTiB 3 IX MOKINBUMH
sHaueHHsMu M_htAtt vals ta 6esmocepenbo MuokuHY npasuia m_htRule_set.

VY xouctpykropi kimacy Rule_set smificHioeThcs moOyaoBa xeri-tabmuis m_htTuples Ta
m_htAtt_vals, a Takox 3acTOCyBaHHS aJrOpPUTMY MOCTIIOBHOI'O TOKPHUTTS — 4Yepe3 BHUKIMK METOMY
Sequential_covering(m_htTuples, m_htAtt_vals). Orpumana MHO)XWHA ITPAaBUIJI BUBOJMTHCS B TEKCTOBHIA
(atin.

Knac Rule npussauennii jis 36epiraHHs OKpeMHX mpaBuil. Moro umeHamu Kimacy € [Bi Xelm-
tabmuui: m_htAntecedent — nanst 30epiraHHs aHTeceneHTy mnpaBmwiaa ta M _htConsequent — st
KOHCEKBEHTY. 3a JIOTIOMOI'0I0 METOLY .

public void conjunctCondition(Attribute_for_list attribute, String sAttribute_value)
3IIMCHIOETHCS KOH FOHKIIISI HOBOT YMOBH JI0 MTpaBuJja. 3a JOMOMOI 00 METOAY:
public Rule copy()

CTBOPIOEThCS «TIHOOKa» Kormist mpaBuia. [Ipu 1ipomy BukopucToByeThesi mporokon JOS (Java
Object Serialization).

[linpaxyHOK KiIBKOCTI TO3MTHBHHX Ta HETaTUBHUX HaBUAJILHUX HAOOpIB 3IIMCHIOETBCA Y
Mmerojax kiacy TuplesPeer.
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Puc. 1. ITaker rule.model

VY knaci fde.MultiVariateMethod (puc.2) 3xilicHIOETBCS TeHepalis BHIIAJKOBUX 3HAYCHBb
napamerpiB (Kpok 2):
M_x0 = dm.getRandomlnitial VValues();
M_rateConstants = dm.getRandomRateConstants();

Hani 3amyckaeTbess amier iHterpyBaHHs cuctemu @OJP. Ilpu mpomy excriepT 3aiCHIOE BUOIp
¢dopmu orpumanoi Tpaekropii (kpok 3). Ilicas 1BOro 3amycKaeTbcs KpPOK TeHepamil MaTpHili
B3a€MO3B’SI3KIB TapaMeTpiB (Kpok 4). 3ayBa)KMMO, 1110 TIOCIIIOBHICTh KPOKIiB 2-4 MO)KE BUKOHYBATHUCS 5K
3aBrofHo Oarato pasiB. Y OyIb- KW MOMEHT KOPHCTYBau MOXKE 3allyCTHTH aJlTOPUTM IHAYKLIl JepeBa
pimeHs (Kpok 5):

rule.model.Rule_set rule_set = new rule.model.Rule_set(rule_dataManager, sql0, rules_file_url);

baza manux fde, mo BukopucToByeThCs B makeri, peanizoBana B CYBJ] MySQL. Bona Bkirouae
Taki TaOIuIl:

attribute — onuc aTpuOyTiB I MOOYAOBH KiIacH(iKaIIHHUX MPaBUII, TOOTO B3a€EMO3B’SI3KIB MK
MOYAaTKOBUMH 3HAYCHHSIMH Ta MDK [IBUAKICHUIMHU KOHCTaHTAMU;

categorized_data — HaBuanpHi HaOOpH, IO BUKOPHCTOBYIOThCS B KiIacH(iKalliHHOMY alrOpHTMi
(B JaHOMy BHIIAJKy AlTOPUTMY IIOCIiJOBHOTO MOKPHTTS) i NPECTaBIAIOTH coOor0 Matpuiio D Ha
YEeTBEPTOMY KPOL,

init_values_values — matpuiist 3reHOpOBaHUX BHIIAJIKOBUM YHHOM IIOYATKOBHX 3HAUCHb:

Vo Fo G om
VZ R CZ om?|eRM*
VIR Ol m)

initial_values — omic movyaTkoBUX 3Ha4YeHb (BKIIOYAOYM MiHIMAaJbHI Ta MAKCHMAIJIbHI 3HAUYCHHS);

parameter_kind — Bux mapamerpy;

rate_constants — omuc MBUAKICHUX KOHCTAHT (BKITFOYAIOYH MiHIMANBbHI Ta MAKCUMAITBHI
3HAYCHHS);
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rate_ConStantS_Values — MaTpuls 3recHepoBaHNX BUTIAAKOBUM YMHOM H_IBI/IZ[KiCHI/IX KOHCTAaHT.

1 1 1 1 1 1 1 1 1 1
a. O v oa e o powomooopy,
2 2 2 2 2 2 2 2 2 2 Nx10
a Oy o” pe o p°opp om0 p, [€R
N N N N

S T S VA M TO /A S Tk

OcobOamnBocTi mporpaMHoi peasizanii Mojegi NPOTHNYXIMHHOrO imynirery. Ilaker
rule.model moxxe OyTH BHKOpPHCTaHUiA Uil IIMPOKOTO KJacy CHCTEM (YHKIIiOHAIbHO-IH(epeHIiaTbHUX
piBHsAHB. /s mporo Monmenb Ha OCHOBI (yHKUiIOHANbHO-AM(EpeHIiadbHUX PIBHSAHL MMOBHHHA OYTH
peai3oBaHa y BUTJISII BiIIOBIAHOTO MaKeTy Java-Kiacis.

Janmii maker Oynmo po3poOineHo B pobOoti [['Bosmembka, 2012]. [lns iHTerpamii 3 maxeTom
decision_tree.fde B xmaci TumorlmmunitySystemGraph, mo 3xilicHroe rpagiuHy Bizyamizawlito Mozeni,
Mopsiz 3 ICHYIOUMM OYJO J0JaHO HOBUH KOHCTPYKTOp, IIO BUKOPHCTOBYE MOCHJIAHHS 3a 3HAYEHHSM Ha
iHcrannito kracy MultiVariateMethod. V 1ipoMy KOHCTpYKTOpi AOIATKOBO CTBOPIOETHCS 00 €KT KIacy
JComboBox, 1o n03Bossie BUOHpaTu Gpopmy Tpa€eKTOpii Ta 3aIycKaTh BUKOHAHHS 4-TO KPOKY METOAY:

String[] classStrings = {"'subclinical™,"chronic","acute","lethal"};
JComboBox m_jcbClassName = new JComboBox(classStrings);
m_jcbClassName.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
JComboBox jcbClass = (JComboBox) e.getSource();
m_sClassName = (String)jcbClass.getSelectedltem();
mvm.m_sClassName = m_sClassName;
((AdvancedFrame)getParent()).dispose();
mvm.run4thStep();

b

| Java.awt

I Cnntainer-

decision_tree fde decision_tree fde

DataManager <————  MultiVariateMethod |

* graph_frame : AdvancedFrame
+ m_dataManager : DataManager
java.lang *+ m_sClasshMame : String

T * MultiVariateMethod(DataManager)
| String = + rundthStep() : void

java.util

| Hashtable<K, V> I‘%

medbicinvestigations.graph

AdvancedFrame I»-i—

yWorks UML Doclet
Puc.2. UML-niarpama kinacy MultiVariateMethod

Takox ¢y BHECTH BiMOBIAHI 3MiHHU y Ta0muIli 6a3u nanux fde B TakoMy mopsimky:
- OMMCATH yCi MOYATKOBI 3HAYCHHS Ta MIBHIKICHI KOHCTaHTH B Tabmmusx initial_values ra
rate_constants BigmoBimHO;
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- OIMCATH 3aJEKHOCTI MK MMOYaTKOBUMH 3HAYECHHSMH Ta MK IIBHIKICHUMH KOHCTAHTAMH, SIK1
JOCITi/DKyBaTHMEMO, y Tabmuii attribute;

- y Tabnui categorised_data crBopuTH nosns y BiIIOBIAHOCTI 3 JaHMMH Tabunui attribute.

IcHye ummano peanizaliii aaroOpuTMy MOCIIJOBHOI'O TOKPHUTTS MOOYJOBU KiacH(piKamiiHUX
npaBWiI, 30kpeMa y cknaai mporpam Mathcad, StatSoft Statistica i in. CyrTeBor0 mepeBaror naHoi
peainizaii € Te, 0 aJTOPUTM PO3BUHEHO /10 [HTEepHET-NIPOeKTyY, 1e 10 (popMyBaHHS HaBYAILHUX HAOOPIB
3aJTy4aroThCsl eKCIEePTH 3 [HTEpHET-I0CTYIOM, 110 3HAYHO PO3IIMPIOE Ta OallaHCye MHOKUHY HaBYAIbHHX
HaOopiB.
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I'pinuenko JI. T

JIynpkuii HarliOHAIBHUI TEXHIYHUH YHIBEpCUTET

NONEPEYHUWM 3TUH TOHKOI I30TPOH}10i NPSIMOKYTHOI IUIUTH, KOPCTKO
3AKPIIUIEHOT HA KOHTYPI

I'pinuenko JI.I'. Ilonepeunnii 3ruH TOHKOI i30TPONHOI NMPSIMOKYTHOI IUIMTH , KOPCTKO 3aKpimieHoi Ha KOHTYpi. B poboti
PO3IJISIHYTHI 3TMH TOHKOI i30TPOIHOI MPSIMOKYTHOI IUIMTH , 3 NEBHUMH TpaHHYHMMH ymMoBaMu UYepe3 06a3oBi ¢yHkuii i ¢yHkuii dopmu
BU3HAYeHi: (yHKUIS NIPOrHHy, KyTH MOBOPOTiB Hopmaneil. IIpoBemeHO 4YHCIIOBI PO3paXyHKH PO3IOALNY, IPOTHHY Ta 3TMHHUX MOMEHTIB B
TOJIOBHUX Iepepi3ax IIHTH.

KurouoBi ciioBa: rmTa, Hanpy»KeHHs, 3TUH.

I'punyenxo JL.I'. ITonmepeuHblii M3rud TOHKOH M30TPONMHOI MPAMOYIOJbHOMN IUIMTHI, KeCTKO 3aKpelieHHOH HAa KoHType. B
paboTe paccMOTpeH M3rHO TOHKOW M30TPOIHOU IPSMOYTOIBHOM IUIHTHI, C OIpe/eleHHBIMI TPAaHNYHBIME YCIOBUSIMH. Uepe3 0a3oBble HyHKIUH
u GyHKuu GOpMEI ompeeneHsl: GpyHKIus mporuda, yrisl MoBopoTa HopManel [IpoBeneHsl YUCIOBEIe pacueTsl A pacpeeNeHus Mporuda u
CTHHAIBHBIX MOMEHTOB B TJIABHBIX pa3pe3ax ILUIHTHL.

KiioueBble ¢/10Ba: IUIHTA, HANIPSDKEHHE, H3THO.

Grinchenko L.G. Transverse bend of thin isotope rectangular plate, rigidly fixed in the contour. In the work is studied the bend
of thin isotop rectangular plate, with definite limiting conditions. Through the basic functions and the functions of the form are determined
function of deflexion and angles of normal bending. Numerical calculations of distribution, bending and curving moments in main cutting of the
plate.

Keywords: flag, tension, bend.

Po3risiHeMO TOHKY NPSIMOKYTHY i30TpONHY ILIMTY 3 posmipamu B miani 2q; (j = 1,2) i ToBumHOI0O h OpCTKO
3aKpilIeHy Ha KOHTYpI 1 3aBaHTa)XCHY Ha BEPXHIH ITOBEPXHI CTAINM HABAHTAXKCHHIM Q(Xl, X, ) = (|, . 3run TaKoi mIaCTUHU

OIHUCYETHCSI AU epeHIATBHIM PiBHIHHSAM Y4€TBEPTOroO OpsKy [1-4]:

o'w o'w  o'w q
Tt PN RPN &)
0%, oX 0%, o0x, D
3
Ty W(X1,Xz) — OpOTHH IUITH, [ — Eh - 1l DUITHAPHYIHA XKOPCTKICTh, Ae E i V BixnosizHo Moxmyms HOmra i
12(1-v?)
koedimient Ilyacoma martepiamy rumurtn. Momentu Mip, Mp B IUIMTI  BU3HAYAOTBCS 33 (OpMynaMu:
o’w  o°w o’w  o°w
My =-— >tVv— | M, =-D stV —=> @)
OX; 0X; 0X, 0%,

gepe3 (QYHKIHIO TPOTHHY W (X3, Xp).Jlms po3paxyHKy HampykeHo-IeOpMOBAHOrO CTaHY IUIMTH HEOOXiTHO 3HATH (YHKIIIO
mporuy W (Xg, X). 3HaX0mMO ii 3 po3B’s3Ky qudepeHiianbHoro piBrsHus (1), 33 J0BITBHUBIIY IPH [BOMY Bi/IIIOBIJHI TpaHUYHI
YMOBH.3aranbHA O3B’ 130K HEOAHOPIAHOTO AndepeHitiansHoro piBasHus (1) mykaemMo y BUMISII CyMA

W=W, + W, ®

4 4 4
6\:\/+2 52W2+('9\:\I:0 4)
OX, OX[OX;  OX,

i wactkoBoro po3s’s3ky W.. HeoxHopiaHoro nudepenniansroro piBasuHs (1). Lleit po3s’s30k BUOMPAEMO Y BUTIISL

3aranbHOro po3s’s3ky W, OfHOPIHOTO HU(EPEHIIANTEHOTO PiBHAHHSL

2.2 2 o2
W*:qo(xl _al)'(XZ_aZ). (5)

8D
3arapHUI PO3B’ 530K OIHOPIAHOTO PIBHSIHHSA 4 IIyKaEMO y BUTIISI [5]:

W, =Z[fk[1](xl)cosék[2] X, + 12 (x,)cos U x| )
k=1

MMigcraBuBum Bupa3 (6) mo piBEsHHA (4) WiCHs PO3MUICHHS 3MIHHHX TPHXOAUMO MO CHCTEMH [BOX HE3B’SI3HHX

"
. . [ [B-11? ¢ [i] [3-11° ¢ L1 -0 i=
nmudepeHnianbHUX PiBHSHB fk (Xj)—25k fk (Xj)+5k fk (Xj) =0,j=1,2 @)
Ha  HeBimomi  QyHKIil fk[J ] (X j ) . YactkoBi  po3B’SM3KM  JaHOI  CHCTEMH  BHOMpPAaeMO y  BHIIBIIL
[i] — RpLil* [l
f () =R exp (A" x;). ®)
ze RiEj ]*, ﬂ,[kj ] HeBigomi mapamerpu. [ligcTaBisioun i po3B’si3KU 10 PiBHSAHD (7) OTPUMYEMO XapaKTEPUCTHYIHI PiBHSIHHS Ha
: 14 2 12 4
napameTpu ﬂ,[kj] : i{(” - 25&3 . i{(” + 5&3 M=o 9)
. j 3-j j 3-j
Kopeni ﬂ,[(i]z)k = 5& 1l ; A[(éh)k =— 5& I (10)

[MX PiBHSHB € KPaTHi, TOMY 3aralbHHUI PO3B’ 30K OAHOPIAHOTO piBHsHHS (4) HabyBae BUTISY:

[’e]

W, :kZzl{ [ RIS exp(5 s x1)+ R %, exp(SF] xl) ]cos(Sk[z] X, )+

(11)
+[RIZ exp(5x, )+ R x, exp(5x, )cos(6x, ) }
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OCKIiNbKY PO3MIAYBaHA 337ada € CHMETPUYHOI0 TO ITPOTHH IUTUTH ITOBMHEH OYyTH MapHOI0 (YHKINEI0 3MIHHUX
3MIHHHX X1, X,. [IpeacTaBuMo Horo y BUTIISIL:

w, =3 {[RIch(51x, )+ REE x,sh(5x, ) Jeos(57x, )+ o
k=1 12
+[REZch(58x, )+ REF x,sh(51x, )jcos(5x, ) }

Ipu 30impmrenHHi KimbkocTi Habmwkenb K excroHeHmiambhi (yHKIii cyTrTeBo 3pocraroth. Tomy mis Kpamioi
MOJKJIMBOCT] TIPOBEICHHSI YMCIOBHX PO3PAXyHKIB po3B’ 130K (12), HOpMyeMO TIpeICTaABUBILK HOTO y BUTIISII [6]:

w=3 [REot )+ R ot (e 00) +

(13)
[Rll(zk])q)m Rzﬁ) (Dgfg)(xz)]'cf](xl)},
e
Y (x ):7Ch(5'53ﬂ]xj) - Ul :ﬁ-ish(a'?ﬂ]x") (14)
NI exp(sta,)’ ‘" a, exp(sfa,)
Rl = R exp(o1 12): RY), = Ry, -2, exp(oF ')
Cl(x,)=cos(6:7x,); 61 = (Zkzal)ﬂ, S, —(Zkzl)” (15)

j
3aranpHuMit po3B’ 130K HEOAHOpiAHOTrO piBHsAHHA (1) oTpuMyemo 3a dopmysoro (3), BpaxoBytouH criBBiaHomeHHS (5),
(13). Iomamo #oro B 6e3p03MipHHX BETUIHHAX

w =455 [Re 0t (x)+ R0 (0 et 0c) +

(16)
[ 2 i ( )+ R . o (x, )hgu(xl) N (X12 la; _123()(22 la: —1)}.

(k) 2(k) 1(k

Jndepentiitoroan GyHKIIIO0 IPOTHHY W(Xl, X, )no sminHux X, , X, OTpUMyeMO BUpasH Ha KyTH MOBOPOTiB HOpManei J1o

CepeIHHOI MOBEPXHI INTUTH Micis aedopmartii
’

0= 20925 TRl ()RR, ) [et )+

1/ 2/ 2 _1
[leq)m + R[Z] d)if:)(xz)]ck” (x)+ Xl(XZ 4a2 )}

2(k)

an

= S0 = I8 [Rot )+ R0t 000 00 +

o )+ 5 o o ey 0 T

Hesinomi crami Xj = iaj Ma€eMO TPaHUYHI YMOBH: \% -0

(18)

=0; (19)

ne @; (Xi ) KYT TI0BOpOTY rpani X; = @, .

st 3pydHOCTI OOYHCICHB 3aIMIIEMO OTPHMAHI CIIIBBIIHOMICHHS B 6E3PO3MIPHUX 3MIHHIX
%
w="52 {RY - (&) +RY @8 ()] CH(&,) +
=y
- 2(& ~1)(E -1)

2

8a,

& =x;/la;(-1<¢&, <)
+[RE @ (£,)+ RE -2 (£)]-Clg) }+

aW q 1 K - ’ - ’
3| L3 ([, ol 60+, ol 6| e+
ax D a, = (20)

~ ~ ' a2 1
+[RE ol &)+ RE) -0 )] ¢ (&) }%Sz@f -2, -a}
1 1
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ow | Qgpa '
5X ( — ]{ {[Rl[(lll) cD[l]k) (51) + Rz[l(]k) -CDE(]k) (51)] CLEZ] (52) +
2 a, k—1

- ’ - ’ a2 1
[ o ) R o) | e S vz, 2|
1 2

NLil Nl
0l _ 2k

ze: RUL =200, _ :
(gAY (aa
D D
D (E) == exp{ Sia- 6)};%{ (1+¢)}
a. 1 a.
J(l_gj):|_'§j'exp|:_5k'J'(l+§j):|;
a, ; 2 a, ;
)]a; 5 1 {—a;- % }a;. =W
a,, 2 a, ' a,

q, 1 a. a.
g:i) (5 )_ eXp|: : a — (1_§j):|+2§2 'exp|:_5k : a ! 52 :|6k a; — (22)

3-]

66

21

, 1
ngl]()(gj) = 551 expl:_

! 1
@l[(Jk]) (51) :Zexp|:_5

[s}]

—1exp{—6k -a2(1+52)}+152 exp{—ék -a2(1+52)]6k 2.
2 a, 2 a, a,

[Tingcrasmroroun Bupasu (17), (18), (20) mo rpaHrdHIX yMOB % ~0; ¢ - ow
- 4=0; =
0%,

‘:1’1

ow
= O’ = —
\% &=l 2 ox,

1 BpaxoByIO4H, 1110 CE] M= C&Zl (1) =0 OTpUMYEMO cuCTEMY 2k 4+ 2 anre6paiunux piBHAHL HA HEBiZIOMi KOe(iLicHTH Ru(k) ,

&=1 -

(23)

1

&= =

Rll(ll]<) '(Dl[(li) @+ Rﬁ]k) '(pgl(]k) D=0,

RI[(Zk]) '(pl[(zk]) @+ R%{) '(pgﬂ) D=0,

K _ r - ’

S {[R% ot R ot @ o+

k=1

(24)

’ az
R 0 R ol @l el | 2 -y-o
1

1 1(k)

z{[Rf:: L (£)+RY -l @)]-cP @+

a2
{RW o' (@) +RE -l (1)] CP G 2 (& - =0
1

1(K) 1(k)

3 nepumx 2K pisnstab cucremu (24) 3uaxommmo:

i
(Dlék)(l) [il . (25)

1

[ _— _
2(k) j 1(k)
@)

[TigcTaBmsroun mi 38’S3KHU 0 IHIINX JBOX PiBHAHB JAHOI CHCTEMHU OTPUMYEMO CHCTEMY ABOX PIBHSHb 31 3MiHHIMH

.. . .. . 1 2
KOC(l)lHlGHTaMI/I Ha BU3HAYCHHS HEB1IOMHUX KOCCI)III1€HT1B R]F(]k) y Rg(]k)

>

© 21(k) (l)

m{ i (&)~ 2l éii)(@)]cz&”'a)}+ &€ -0=0
a’

(k)| 7 1(k)
Py ()

[1 [1] 1[(1l]<)( ) [1] 2
1(k) ( )_ P 2(]k) (l) C[ ](52) +
(26)

[N
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K [1] ( ) '
11 [1] (5 ) _ 1(k 43[1] (5) _CIZ] (1) +
Z{ { RN R (27)
' gD[l] (1) a
+RE) {@5& -2 w D W) |- CHEN+ (-1 =0,
2(k)
Cucremy pisusiub (26), (27) poss’ssyemo meTozioM Konokamiit. J[is 1meoro mpomikok ¢ e[0] Ta &, €[0:1]
po30buBaeMO Ha pAA  IHTEPBAIB JOBXKHUHOIO i 1 3amUCyeMO IO CHCTEMY DpIBHSHb I KOXHOI  TOYKH!
1 2 K-1 1 2 K-1
=0; =—,; =— .6, = Ta =0; = =—;. &, =—.
51 él K él K él K 52 52 K 52 K 52 K

Kimbkicts TowoK Komokamiii (mapamerp K) BuOHpaeMmo Tak, mo6 HOCSITH 3aIaHOI TOYHOCTI 3aJ0BOJNICHHS CHCTEMU
piBmsHb (26), (27). B paxyukax mokmageno  V = 0,3. Tounicts 3a10BONCHHS TpaHHYHIX YMOB TIEPEBIPSIH 32 MAKCHMAIHHHEM

BIiIXMJICHHSIM BiJl HYJIS JTiBHX 9acTHH piBHSHB (26), (27 mpu Bimomux yke Koedirienrax Ru(k) , TaOymIOI09H iX K (QyHKIIT Bif

51 ) 5 2 3 KDOKOM H=0.01.B pe3ynbTari Tabyisilii BCTAHOBJIEHO, IO IS IECATH TOYOK Konmokaifl (K =10) MakCHMaItbHe

BIXWJICHHS Bifl HYIIS 32 aOCOTIOTHOIO BEIMYMHOIO HA BCHOMY iHTEpBaIi e [_ 1;1]y BUIAJIKY, KOJIM BiHOIICHHS CTOPiH ITHTH

3a0BiNBHAE YMOBi: &1 —05: 06 07 0.8 0.9;1.041% piBHAHHS (26) He mepeBumye 9.551644-10°, mns pisHstHES (27) He
a2

nepesumye 4.864484-10°. V Bumazgky BigHOmeHms a MaKCUMaJbHE BIAXWICHHS BiX HYIS 3a

=1.11; 1.25; 1.43; 1.67; 2.00
a2
aBCOMIOTHOI0 BEMIMUMHOK [Is piBHanus (26) me mepesuirye 4.856289-10°, mus piBusmms (27) me nepesmutye 9.549409-10°,

TOOTO TOYHICTH 33JJOBOJICHHS TPAHUYHHUX YMOB € JOCTaTHBO BICOKA. 3HAIOYM  IapaMeTpu RUI

v (K) BHU3HA4Ya€EMO TIIPOTUH

W(Xl, Xz) B KOXHIM TOYI TUIATH, a Mafo4ud (QyHKIiO mporuHy 3a dopmymamu (2) Jerko 3HaXOAMMO MOMEHTH B IUIHTI.

33HI/IIHCMO BI/Ipa31/I JUI KpI/IBI/IH BOJIOKOH ‘{epe3 }IKi BHU3HA4YAKOTHCA 3FI/IHHi MOMECHTH B
o*w (o, [11 [11 no g (2
e LS5 ITRm om ")+ RE, -0l (2)] ce,) +

IUIHTI OX{ D )a i+

- " a; 1
+[RE -0l )+ R, -0l )] c () }+8ai<é§ 02—
1

1

o*w ~ ~ "
P (s LS o i ob @l @
+[§ff£) D) (&) +Rig,y - (@)]%“(51)} L& D2 a},
2
o ol (5)—exp[ - (1—5,)](592-[:'] +;exp[—5k-:"(1+¢3,)}(5k)2-[:"];

®£(i,”(§,)=exp{ 5, 33—(1 g)} g 26 exp[ &-Q(l—g,)}(m?(;] ¥

a a 1 a a ’
—8, (L E) |6 =T exp| =5, W E) () |
+exp[ a (+§)} &, 2% EXI{ a (+§)} () [agj]

- j !
IIPOBE/ICH] YHCIIOBI PO3PAaXyHKH PO3MOALTY IIPOTHHY Ta 3THHHUX MOMEHTIB B TOJIOBHHX Iepepizax (é: i = 0) vty Pesynprat

obuuciens rpadiuno npencrasnesi ua puc. 1, 3, 5, 7, 9.

[W-D
qo'al4

0,045
0,04 1
0,035
0,03 1
0,025
0,02 1
0,015 A
0,01 1
0,005
0

0,5 0,6 0,7 0,8 0,9 1

Puc. 1. 3mMiHa MakCHMaJIFHOTO MIPOTHHY IUTUTH B 3aJIEXHOCTI BiJ CIIiBBIAHOMIECHHS ii CTOPIH.
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My,
2
A..a- M.,
0.18 qo . af
0.16
0.14 1 0,09 -
0,08 -
012 0.07 4
0.1 | 0,06 -
0.08 0,05
0.06 0.04 1
0,03 -
0.04
0,02 -
0.021 0.01 -
0 T T T T T 0 T T T T T
05 06 0.7 08 0.9 1 4 0,5 0,6 0,7 0,8 0,9 1 a

Puc. 2. 3MiHa MaKCHMAaJIbHOTO 3THHHOI'O MOMECHTY M, /q,a’ B LEHTP1 IUINTH B 3AJISKHOCTI BiJl CITiBBIHOIICHHS 11

cropin. Puc. 3. 3MiHa MaKCHMaJIbHOIO 3rHHHOTO MOMEHTY )\ olg,al B LEHTPI IUTATH B 3AJIC)KHOCTI BiJI CIIiBBIJHOIICHHS 11

CTOpIH.
M,,
a0 -a My
o= n..a?
0,19
-0,195
00
0,21
0,205 ,
-0,21 015
0,215 - 02
0,22 o5
-0,225
03
-0,23
0235 ~% : . . . .
- ' ' ' ' ' a 05 06 07 08 09 1 &
05 06 07 08 09 1 4 o
a

Puc. 4. 3MiHa MaKCHMaJTEHOTO 3THHHOTO MOMEHTY M ! qoal2 Ha Kparo winTH ( X, =4a,, X = 0) B 3aJI€3KHOCTI BiJI

2

criBBiHOMmeHns {i cropin.Puc. 5. 3mina MakcumansHoTO 3ruEHOrO MoMenty M, /@, Ha kpato wmth (X, =a,; X, =0) B

3aJIeXKHOCTI Bi criBBigHOmeHHS ii cropin.Ha pucynkax 1-5 mpencrasieni rpadiki 3MiHH BiTHOCHHX BEJIMYUH IIPOTHHY W, Ta

3THHHUX MOMEHTIB Mu’ M 5, B LEHTPI TIMTH Ta Ha il KpasX B 3aJIC)KHOCTI Bijl CIIBBiJHOIIEHHS CTOPIH & / d, . 3anexHicTh

MaKCHMAITLHOTO TIPOTHHY TUTHTH (B if IienTpi) Bix cniBBinHOmEHNs g, /@, imocTpye pucyrok 1. I3 36insmennsam &, / d, mporun
najae i 1ocsarae HaliMEHIIOTO 3HAUCHHS JUTSl KBaAPATHOI IUTUTH. I'padiku 3MiHM MOMEHTIB M 11 (pmc.2) Ta M 5, (puc.3)
B IEHTpI IUIUTH MAIOTh NMPOTHICKHMI XapakTep: 301IbIICHHS a1/ d, TPUBOIUTH 10 3POCTAHHS MOMEHTY M 5y 1 TIaiHHSA
momenty M 11 - 13 30ibIICHHAM BiiHOUIEHHS &, / d, 3rUHHUN MOMEHT M 11 Ha Kparo TUHTH (X1 =a,X, = az) CYTTEBO

3pocrae (puc.4) B Toii e uac 3ruuumii moment M 5, (pmc.5) MaibKe He 3aI€KUTh BiJl CITiBBi THOIIEHHS CTOPIiH.
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YK 515.2
Iemainosa H.II., k.1.H., moi.
Opnecbka iepkaBHa akajeMis OyAiBHHUILITBA Ta apXiTEKTypu

TBIPAOTIVIBHE MOJEJIOBAHHSA CIIPSIKEHUX [TIOBEPXOHB HA BA3I
HAPAMETPUYHOI'O KIHEMATUYHOI'O 'BUHTA

IcmiioBa H.II. TBepaoTinbHe MoOJeNIOBAHHS CHPSIKEHHX NOBepxoHb «EBonbBeHTHHMIi reiikoin — KoHyc
o0epTaHHA» Ha 0a3i MapaMeTPUYHOro KiHEMATHYHOI0 FBHHTA. 3alpONOHOBAHO KOMII IOTEPHE TBEPIOTIIHHE MOJCIIOBAHHS
CHPSDKEHUX IOBEPXOHBb «EBONBEBEHTHHMIA rerikoi — KOHyC o0epTaHHsA» Ha 6a3i MapaMeTpHIHOrO KiHEMaTHIHOTO TBUHTA B CHCTEMI
aBromarmusoBanoro npoekrysammus CAIIP Autodesk Inventor.

Ki1104oBi c10Ba: cipspKeHi MOBEPXHI, TBEPAOTUIFHE MOJIETIIOBAHHS, KIHCMAaTHIHUH TBUHT.

Hcmannosa H.II. TBepaoTenbHOe MOIeTHPOBAHHE CONMPSKEHHBIX MOBEPXHOCTeH «JBOJbBEHTHBINH TreJIMKOUA —
KOHYC BpallleHHs» Ha 0a3e mapamMeTpH4ecKOro KMHeMATH4YecKOro BHHTA. [IpemToKeHHO KOMIBIOTEPHOE MOJCIHPOBAHHE
COMPSDKEHHBIX TOBEPXHOCTEH «DBOJIBBEHTHBIM T'eIIMKOHI — KOHYC BpAIIEeHHsS» Ha 0a3e mapamMeTpHIecKoro KHHEMaTHIeCKOro
BHHTA B CHCTEME aBTOMATH3UpoBaHHOTO TpoektupoBanust CAIIP Autodesk Inventor.

Ki1ioueBble ¢J10Ba: CONpsHKEHHBIE TOBEPXHOCTH, TBEPAOTEIFHOE MOJIEIHPOBAHIE, KHHEMAaTHIESCKIH BHHT.

Ismailova N.P Solid design of the attended surfaces of «Evol'ventnyy a helicoid is a cone of rotation» on the base
of self-reactance kinematics screw. Offered computer design of the attended surfaces of «Evol'ventnyy a helicoid is a cone of
rotation» on the base of self-reactance kinematics screw in a computer-aided design CADD Autodesk Inventor.

Keywords: attended surfaces, design, kinematics screw.

Ilocmanoexa naykoeoi npodnemu. IIpoekTyBaHHA CIPSHDKEHUX KPIBOMiHIMHUX MTOBEPXOHB AeTalei
B MalmMHOOYAyBaHHI BeIbMH TPYZOeMKUH  mpomec. KomnJioTepHE TBEPAOTUIBHE T'€OMETPUYHE
MOJIETIIOBAaHHS JeTaJiei B MAamMHOOyIyBaHHI Ui OOpOOKM CKIaJHUX CIPSDKEHHX KPIBOTIHIHHUX
MOBEPXOHb  MIJBHMILYE MPOAYKTHBHICTH  PO3PaxXyHKOBO-KOHCTPYKTOPCBKMX  POOIT 1  TOUHICTB
npodioBaHHS.

Ananiz oocnioxycens. llpu npodidoBaHHI CIIPSDKEHUX MOBEPXOHB JleTajeld B MalIMHOOYAyBaHHI
3aCTOCOBYBAJIMCH TPOXOiZorpadgu Ta eNeKTPOHHO-MOEIO0Ul yCTaHOBKH [1], sIKi Manu HU3BKY TOUHICTD
Ta MPOAYKTHBHICTH MOOYIOBH CIMEHCTBA TPOXOi[.

Komm’toTepHe TBepAOTiNbHE MOJENIOBAHHS CHPSDKEHUX KPIBOJMIHIHHUX IOBEPXOHb JAeTaliei B
MaIlIMHOOYAyBaHHI CKIaAHOI (GopMH BUpIilIye NpoOIeMy MiABUIIEHHS TOYHOCTI HpodimoBaHHS Ta
MPONYKTUBHOCTI Tpali KOHCTPYKTOpa. MeTo HaHOro MOCHIDKEHHS € po3poOKa KOMIIJIOTEpHOTo
TBEPJOTINEHOIO TEOMETPUYHOTO MOJCIIOBAHHS CIPSDKEHUX KPIiBONMIHIMHMX TOBEPXOHb JAeTaiedl B
MalMHOOYIyBaHHI.

Ocnosna uwacmuna. Po3riissHyTHH KiHEeMaTHYHUH METOA 1 anropuT™ (OpPMYBaHHS CHPSHKEHUX
MOBEPXOHb CTOCOBHO MOJIENIOBAHHS JAeTajiel MallMHOOYAyBaHHS Ha BEpCTaTax 3 YHCIOBHUM MPOrPaMHUM
yrnpaBiiHHAM. Kinemarnunuii rBUHT 100pe cebe 3apekOMeHAyBaB Juis (POPMYBAHHS CIPSDKEHHX JHHIHYaTHX
HOBerOHL[3], TOMY BCTAJIO aKTyaJIbHC 3aBAaHHA Z[OCHiZ[)KyBaTI/I MOXKJIMBICTD 34CTOCYBAHHS KiHEMaTHYHOI'O
[apaMETPUYHOrO TBHHTA JUIs COPSDKEHUX KPIBONIHIMHUX MOBepXoHb. METONMKA CKIAJaHHS MOJCTIOBAHHS
MPOCTOPOBOTO  MMapaMeTPUYHOr0 KiHEMAaTHYHOIO TBHHTA 3acHOBaHa Ha TeopeMax mpodecopa
A M.IlopxopuToga.

TpuBumipHa Mojenp KiHemaTHyHOoro rBuHTa BUkoHaHa B CAIIP Autodesk Inventor, mo €
CHCTEMOIO0 TapaMETPUYHOTrO0 MOJCITIOBAHHS, TOOTO 03BOJISIE AOBITBHO MIHATH PO3MIPH MPOEKTOBAHOI
KOHCTPYKIIi, MpH 1bOoMY 30epiratoun il KOHQIrypairo i HiliCHICTb.

[TapamerpuyHuMii KIHEMaTUYHUN TBUHT - 1€ IPOCTOPOBE 300paKEHHA TPHOX I'BHHTOBHUX PYXIB, 3 SIKHX
JIBa € TBUHTOBHMH, a TPETE - pe3yibTyounM [1]. 3a nOmMOMOrorw KiHEeMaTHYHOTO MBHHTA BU3HAYAIOTHCS
HACTYIHI TapaMeTpu:

Anroput™ o0y 1oBu:

1. AB - Biicrans Mi>k MUMOGDKHIME OCSMH | Ta | (3a7aHa Bpy4HY);
2. h; - xpok remikoina X (3amanuil BpydHy);
3. h; - kpok renikoina Xp (3aqanuii Bpy4dHy);
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4. v - KyT MiX MEMOGIKHUME OCSMH i Ta | (3a1aHuii Bpy4HY);
5. ®a - WBHAKICTH 00epTaHHs Oci i (3a1aHa BPY4IHY);
6. op - mWBHAKICTH 00epTaHHS OCi | (3a1aHa BPYUHY).

Heo0x11HO BUBHAYUTH:

7.  a-BigcraHb MK MUMOODKHHMHE OCSMH 1 T2 M (OTpHMMaHa aBTOMATHUYHO);
8. b - Bigcranp Mi>k MEMOOLKHAMH OCSIME | Ta M (OTpUMaHa aBTOMAaTHYHO);
9. f- mepenarne Bignomenns (f=a/b);

10. o - Kyr Mixk MUMOODKHEMH OCSIMH | Ta M (OTpUMaHKil aBTOMAaTHYHO);
11. B - xyr Mi>k MUMOODKHAMH OCSIMH | Ta M (OTPUMaHHI aBTOMATHYHO);

12. hp, - kpok remikoiga @ (OTpUMaHHiT aBTOMATHYHO);

13. ©p - mBHAKICTH 00epTaHHs oci M (OTpUMaHa aBTOMATHYHO).

TakuM 49uHOM, Ui (POPMYBAHHS [iarpamMd MPOCTOPOBOrO MapaMETPUYHOrO KiHEMATHYHOTO I'BUHTA B CHCTEMIi
CAIIP Autodesk Inventor mocraraso 3amatu mapamerpu AB, hy, hy, v, wa i @ (Ha puc.l), pemra mapamerpiB
OTprMaHa aBToMaTu4HO (puc.l).

L]

80,93

56,08 (107,628} - (119,012} 47
& A
B | A
= 226,64————p~
(131,927)
P
g

Puc.1 ITapameTprueckuii KHHEMAaTHYECKUI BUHT

IIpu dopmyBanHI TPOCTOPOBOI MOJENi KiHEMAaTHYHOrO MapaMeTPUYHOrO TBUHTA aBTOMATHYHO
CTBOpEHA 1 BipeJaroBaHa TaONUI MapaMeTpiB TPUBUMIpHOI Mojeni (puc.2), B sKii MOXKHA 3MIiHIOBATH
3Ha4YeHHS MPU3HAYCHUX U1 KOPUCTYBava MmapaMeTpiB.

[Ipy mpOMy KOXEH mHapamerp MoJelli NpuiiMae 3HAueHHS BiAMOBITHOrO MPH3HAYEHOTO ISt
KOpHUCTyBaua IlapameTpa, BKazaHoro B croBmUi «®opMmyna», Opd IbOMY [OYaTKOBUMHU € HACTYIHI
napamerpu: AB, v, @a, ©p, hy 1 h,.

IIpu ¢opmyBaHHI TpPUBUMIpHOI MOAENI KIHEMAaTHUYHOrO TBHHTA AaBTOMATUYHO CTBOpEHa 1
BipenaroBaHa TaONUIsl mNapaMeTpiB TPUBHMIPHOI MoOAENi, B SKii MOXHA 3MIHIOBaTH 3HAYCHHS
MpHU3HAYCHUX Ui KOpucTyBaua mapamerpiB. [Ipu mpomy KoKeH mapaMerp MOAENi NMpHiiMae 3HauYeHHS
BI[IMIOBIIHOT'O0 TMpPHU3HAYEHOI'0 ISl KOpUCTyBada mnapamerpa. [Ipu pospobui migmporpamu mo CAIIP
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Autodesk Inventor mo ¢opmyBaHHIO TPHUBHMIPHOI MOJETl KIHEMAaTHYHOrO MapaMEeTPHYHOrO TBHHTA,
CTBOpEHA TPUBUMIpHA MOJEIbh MOKE OYyTH BHKOpUCTaHa SK mabyioH (puc. 2), Mpu HbOMY Taki mapamMeTpu
K o, B, ®m, f, hy, @, b MoXyTB OyTH 00UKCIIeH] IO HaCTYTHUM (opMyITaM,

o, = \/a)f\ +wp — 20,0, c0S(180—y)
w,sin(180—
A ( }/) :?/_ﬁ

g SiN(180—y) -
1)

a:w,ecnm hl:07h2:0
a)m

_ ABw, cos 8
),

a =arcsin

[ =arcsin

b ,ecm h =0,h, =0

m

h,=b-tgaa=a-t9gf,ecom h =0,h, =0

TR P A L

[Z=0J Nposepxa  VMrcrpymerms Ynpaenerwe  Bun  Cpems  Vault  Hawano pobora

e

o
7 GT =) i osr B nppora @ Glosoe 5 pesa 6, Cueuesme rpaveii 5] How- | 52 [@/f  Eresme { twsenons & 65
[E| = 5 o - & o Towa - &1 5ot N « 3 L
| e e @ Coewur B Peneedy et Gbonowwa {55 Pasnenwrs &) Komwposarw ofwer | 2T 4 Towa & FE B | U sofeusa P Npaeuna comprxenns [#] pelf e

2D 503 ™ (&, PeSpo wecor [} Hacnenosane (300 (5 KombuswposaTe 3y Nepemecrurs Tena N Lo, nox bld & 8, Fowpa Fuo bl mcTosoi reTann

| zaws | Costats v | Varerms + | 5 | Macors | -l MracTmaccosan actarns | Mpoxania xofeneti | Kanswymrop |

x = @ x
Mogaesnb ~ 2]
v 4k
(85,736) ‘—‘
89,14 (66,6177 (38,39) .
£F, pes o [ o]
HerogHeie aaHHsIe
Ovarparmea euira
PaCCTOmME MEKLY CRPELMBSOWIAMHCA GEAMH 1] ]
135,00
Uron Mesay CKPEWIMBAIOW AMACH CCAMH | U | v
Toescpran onens
War renvioaa £1 i el
KulHeaTNECKOrD BUHTS
Uar ronviowaa £2 h2
85,85
CropocTs BpauLeHAR Ui wh
[——(80,273 1467—
F ( o (146, CKOpOCTS BpaUeHHA 0cH | wB
L \ b 226,74
Y] T Y .
A u 48\ A PaCCTORHME MEKAY CROBWMBSOUAMHCA GEAMM | H a
- \ .
B = \{: / (136,28) s sy PV
5 \ ( ) U1 ey CHPELMBAILIACA SR 1 o
. R S R Y b [nn] e
. P War remveouna @ o [136230148]
~~~~~~~ e CropocTs paers ocu m oh  [857358494] panc Cr
; Ward
= Penuc wapa i 130661654 v
Mepeaaroutios cTHowerHe [4/b] w0 [1E2eE0102 e
X4
T I |

Puc.3. I[I/Ial"paMMa MPOCTPAaHCTBCHHOI'O MAPaMCTPUICCKOI O KUHEMATHUYCCKOI'O BUHTA
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Puc.4. TpuBumipHa MOIeNTb TAPAMETPUIHOTO KiHEMATHYHOTO KiHEMaTHYHOTO TBHHTA.

300pakeHHI0O TapaMEeTpUYHOro KiHEMAaTHYHOr0 TBHHTA BIANOBiIAa€ CYKYIHICTH TIOCHiJOBHO
BUKOHYBaHHX FeOMETpHYHHX 00y0B. [IpencraBnenuii anroput™ mnporpamu (prc.5) omucye GpopMyBaHHS
JiarpaMy IpOCTOPOBOrO KIHEMAaTHYHOI'O TBUHTA 1 BUTSATAHHA 3 Hel TEOMETPUYHHX MTapaMeTpiB, HEOOXiTHUX
Ui TOOYAOBH TBEPAOTLIOr0 MozeoBaHHs «EBONBBEHTHUH Tefikoig — KOHYyC 00EpTaHHS».

e
( Hawamo ) : Llar 3,
| AHams [ OKHO ¢ HCXOIHBIMH H
N T En,_ ]_| : NOCTPOCHHAC 1 HOMYICHHLIMA
¥ ' JTHATPaMMEL I napaMeTpaMi
Bribop anpeca : | 1 T
COXpaHeHHA |
thaiinon : | Brigoi pesyibTaTOR pacqeToR B
: I | aokyment Word
|
Broa wazeasus : :: Bron HCXomHBIX :
MpoeKTa ¥ napaMeTpoB |
|

Konen

Puc. 5. AnropuT™ mporpaMmsl

Ha 6a3i po3po0iieHoro mpocTopoBoro NapaMeTpUyHOro KiIHEMaTHYHOTO TBUHTA OOy 10BaHO
TBep0TiIE MoIeoBan s (pic.4,5), CipsbKeHUX MOBEPXOHb «EBONBBEHTHHIA TEIIIKOI — KOHYC 00€pTaHHS»
3a JIOITOMOT'OF0 TTapaMETPUYHOr0 KiHEMaTHYHOTO TBUHTA.

J171st eBONTEBEHTHOTO TETIKOI/1a BUKOHYETHCS CITIBBITHOIICHHS

a=h-tga (1)

[Mpuitmaemo a=30 mm, =35, y=50°.
I3 ciBBigHOMmIeHHS (1) oTpuMano 3Ha4YeHHs h:
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a _ 30 __30 _ 45 8449.m

h = =
tga  tg35° 0.7002
B=y—a=50°-35 =15
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Puc.4. «EBOJBbBEHTHHIA T'eiKOi — KOHYC 00€pTaHHS» 3a JIOMOMOTOI0 TapaMETPHYHOTO

KIHEMAaTHYHOI'0 TBUHTA

Inventor Professional 2011  Kuwemansueckufi auur.iam
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Puc.4. «EBOJBbBEHTHHIA T'eiKOiA — KOHYC 00€pTaHHS» 3 JIOMOMOTOI0 TapaMEeTPHYHOT0

KIHEMAaTHYHOI'0 TBUHTA

V 1eii yac, MpaKTUYHO BCi MPOSKTHI PIllICHHS BUKOHYIOThCA 3a joroMoror CAITP. Ie no3Borse icTOTHO
CKOPOTUTH YaCc Ha TMPOCKTYBaHHSA. AJie HE 3aBXId 3a JONOMOIOI0 CTaHAApPTHUX 3ac00iB  KOMITIOTEPHOTO
MOJICTIIOBAHHSI MOKHA BUPIIINTH TOCTaBJIEHE 3aBJaHHSA. Y 3B'S3Ky i3 OUM BHHHMKa€ HEOOXIIHICTh y CTBOPEHHI
CHeLiaJIbHUX IANPOrpaM JUisi MOOYMOBH JESKUX BHIIB MOBEpXOHb. OAHUMH 3 TaKUX IOBEPXOHb € CIIPSDKEHI
MIOBEPXHi, TOMY 110 B HUX KPUBOJMIHIIHI i HaNpsIMHA, 1 yTBOPIOIOYA.

Cocob KOMIT'IOTEpPHOI'O MOJCTIOBAHHA T'€OMETPUYHOI MPOCTOPOBOI MOAETI MapamMeTpUIHOrO
KIHEeMaTUYHOTO TBUHTA, JIO3BOJSIOTH BUPIMINTH CKIaJHI 3aBJaHHS KOHCTPYIOBAHHS CIPSKSHHUX
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MOBEPXOHB, MiIBULIMTH TOYHICTH 1 MPOAYKTUBHICTD 1HKEHEPHOI Mpalli i CTBOPIOBATH KOHKYPEHTHO-3/1aTHI
BUpOOU B MalIMHOOYIyBaHHi, J1iTakoOyyBaHHi, KopabiaeOyJyBaHHI.

BucHoBKH Ta nepcrneKTHBYU MOAANBIIOTO JOCTIKEHHs. Y Pe3yabTaTi MPOBEIECHUX JOCIiIKEHb
MU 3p00iJH KOMII I0TEpHE MapaMeTpidHe TPEXMIipHE TBEPIAOTIIbHE MOJCTIOBAHHS CIIPSDKEHUX TOBEPXOHb
3a JOMOMOTOI0 MPOCTOPOBOrO MapaMeTPUYHOr0 KiHEMAaTHYHOTO TBHHTA. A TakoX HAaOIM3HINCH 0
pimieHHs TpoOJeMH MIIBUINEHHS TOYHOCTI MpOQiMOBaHHS ¢ MIABHIIEHHS MPOSYKTHBHOCTI
KOHCTPYKTOPCBKUX po0oT. Ilomanbiri AOCHiIKEHHS IPOBOAUTUMYTHCS Y HApsIMi PO3IIMPEHHS MOOYI0BU
COpPSDKCHUX KBA3irBUHTOBHUX IIOBEPXOHb Ha 0a3l mapaMeTpUYHOro KiHEMaTHMYHOrO TBHUHTA, TaKOX
HAOMM3UTHCS A0 BUPILIEHHS NPOOJEeMH BHUKIIOYEHHS iHTepdepeHUii mpu mpodilioBaHHS AeTaleld B
MaIlIMHOOYIyBaHHI.
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Jlyupkuit HalioHABHUK TEXHIYHUHA YHIBEPCHUTET

BHEJIPEHUE UHHOBAIIMOHHBIX TEXHOJIOI'MA CTPYHHOI'O TPAHCIIOPTA
IOHUIKOTI'O «$SKYWAY» B CYIHECTBYIOLIYIO TPAHCIIOPTHYIO CUCTEMY

Karanok A.K., Kenoounkmii S.K. BHeapeHue HHHOBAIMOHHBIX TEeXHOJIOTMii CTPYHHOTO TPAaHCHOPTA
FOuunKoro «Skyway» B CyHIeCTBYIOLIYI0 TPAHCHOPTHYIO cucTeMy. B cTaThe paccMOTpEeHBI WHHOBAI[MOHHBIE TEXHOIOTHH
cTpyHHOro Tpancmopra FOHumKoro «SKyway», CyIecTByOIe TPAaHCIOPTHBIE TEXHOIOTHH, & TAK)Ke COBPEMEHHbBIE CHCTEMBI
aBTOMATHIECKOTO YIPABJICHHS JOPOXHBIM IBIKEHHEM. PacckpbiTa Ba)KHOCTH pedopMaryy CyIIeCTBYIOMINMX TPAHCIIOPTHBIX
TEXHOJIOTHH, ¥ TIpeUTOkKEeHa BO3MOXKHOCTh BHEJPEHNUS TEXHOIOTHH TpaHcropTa KOHHUIKOTO B HUX ITyTEM CO3maHMs abCOMIOTHO
HOBO# CHCTeMBI (DYHKIHOHUPOBAHKS TPAHCIIOPTa. [IpOBEIeHBI CpaBHUTEIbHBIE XapAKTEPHCTHKA TEXHOIOTHH «SKYWay» 1 HbIHE
CYIIECTBYIOIIEH TPAHCIIOPTHOH CHCTeMBI. Taxoke, MPOBEACHB! (PUHAHCOBBIE PACcCUETHI AJISL CO3JAHUSI CTPYHHOTO TPAHCIOPTA.
Ipemnoxena morpeduocts Bueapernst ACY [ B «Skyway».

KuoueBble ciioBa: crpynssii, FOuumkuii, «Skyway», Tparcrnoprabie texuonoruun, ACY /1.

Karanok O.K., Kenoonupkuii S.K. BnpoBagixenHss iHHOBALiliHMX TeXHOJIOrili CTPYHHOro TPAHCHOPTY
IOHuupKoro «Skyway» B iCHYIO4y TPaHCHOPTHY cucTeMy. Y CTarTi PO3JISAHYTO iHHOBAI[iHI TEXHOJIOTii CTPYHHOrO
tpancropty FOHHIBKOTO «SKyway», icHyoui TpaHCIIOPTHI TEXHOJOT], 8 TAKOXK CYYacHi CHCTEMH aBTOMATHYHOTO YIPaBIiHHSI
JIOpOXKHIM pyxoM. Pacckpura BaxmuBicTe pedopmarii iCHYFOUMX TPAHCHOPTHHX TEXHOJOTiH, 1 3ampornoOHOBaHa MOKIIMBICTH
BIPOBAKEHHSI TEXHOJOTiN TpaHcopTy HOHMIIBKOro B HMX HIISIXOM CTBOPEHHS aOCOMIOTHO HOBOI CHCTEMH (DYHKI[IOHYBaHHS
TpaHcropty. [IpoBeIeHO MOPiBHAIBHI XapaKTEPUCTHKH TEXHOJIOT T «SKyway i HHHI iCHYr040l TpaHCIOPTHOI cucTeMu. Takok,
MpoBeIeHO (hiHAHCOBI paccyeT IJIsi CTBOPEHHS CTPYHHOTO TPAHCIOPTY. 3amporoHoBaHO noTrpeba BnposamxeHHs ACK JIP B
«Skyway».

Kurouosi ciioBa: crpyrnnit, IOunubkmii, «Skyway», Tpaucmopthi Texuosorii, ACK JIP

Kaganyuk A.K, Zhelobitskiy Y.K. Introduction of innovative technologies String Transport Unitsky «Skyway»
the existing transport system. The article examines innovative technologies String Transport Unitsky «Skyway», existing
transport technologies and modern automatic control system traffic. Rasskryta importance of reformation of existing transport
technologies and offered the possibility of introducing transport technologies Unitsky them by creating a completely new system
of functioning of transport. Comparative characteristics of the technology «Skyway» and now the existing transport system. Also
held Calculate your financing to create a string of transport. A need for the implementation of ATMS in «Skyway».

Keywords: string, Unitsky, «Skyway», transport technology, ATMS

IloctanoBka HayyHoii mnpoOiemMbl. TpaHCHOpTHBIE IyTH - JKUBUTEIBHBIE AapTEPHH
coBpeMeHHOro mupa. KpoBeHocHast cucrema rinodanbHON SKOHOMUKH JOJKHA MOIIEPKUBATHCA B TOHYCE
u O0OHOBNATHCA. CeromHs ypOBEHb Pa3BHTHSI TEXHOJOIMH JOCTUI TOTO, YTO Iepegada MH(opManuu B
Mo0yI0 TOUKY MUpa 3aHUMAaeT CYMTAaHHBIE CEKYH/IbI, TPAHCIIOPTUPOBKA K€ JIIOJeH MIIN TPY30B 3aHUMAET
3HAYUTENBHO OoMbIe BpeMeHu. [loTpeOHOCTh UenoBeka HMMEHHO B CKOPOCTHBIX IIEPEBO3KaX BO3PACTAET C
KaKIBIM JHEM.

[loMmumo ckopocTH, He MeHee BaKHBIM (pakTopom ocrtaércs Oe3omacHocTs. IIpoOmema
AaBapUHHOCTH B IOCIEIHEE IECSATUIIETHE MpHoOpena oco0yi0 OCTPOTY B CBSI3H C HECOOTBETCTBHEM
JOPOXKHO-TPAHCIIOPTHOM HMH(PACTPYKTYphl HOTPEOHOCTSAM OOLIecTBa M TOCYAapcTBa B 0Oe30macHOM
JOPOXKHOM [IBUKCHUH, HEAOCTATOYHOM 3(PPEKTUBHOCTHIO (PYHKIMOHHUPOBAHUSI CHCTEMBI OOECIIeUeHUs
0€30MacHOCTH JOPOXKHOTO JBMKGHUS W KpallHe HHU3KOW IUCHUIUIMHONW YYaCTHHKOB JOPOXKHOTO
nBwkeHus. Jlobas HemoctaToyHas HAaA&KHOCTH OOHOTO M3 COCTABJSIONIMX IMPHBOAUT K JIOPOXKHO-
TPaHCIOPTHOMY mpouciiecTBUIO. OOmee KOTUYECTBO JIOPOKHO-TPAHCIIOPTHBIX — IPOUCIIECTBUN
exeronHo cocrasinsier npuoausuTenbHo 200 THIC. M 3TO KOJMYECTBO PAacTET, OCOOEHHO 3a MOCIEIHHE
TOABI.

HapaBHe c BbIIIEyIOMAHYTHIMU (pakTopamMu ecTh el OAMH HE MEHee BaKHbBIM MPUOPUTETHBIN
KOMITaHEHT — CTOMMOCTh TEepeBO30K. [lepemerieHre maccaXupoB M TPaHCIIOPTUPOBKA IPYy30B TpeOyer
Oonee COBpPEMEHHBIE TEXHOJOI'MH, KOTOPHIC JOJKHBI YYMTHIBaTh KakK OBICTPOTY, JACLIEBU3HY TaK H
HKOJIOTMYHBIE CIIOCOOBI TOCTABKH .

© Karanrok A.K., XKenoouuxuii 5.K.
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B Hacrosimiee BpeMsi COBpEMEHHBI MUpP HaXOAWUTCSI Ha TPaHU SKOJUIOTHYECKOW KaTacTpo(bl
meper BCEM 4YENOBEYECTBOM CTOMT BeChMa BakKHAs 3aJada MO COBEPIICHCTBOBAHMSA TEXHOJOTHH H
TPAHCIIOPTHBIX YKOJIOTMYECKH O€30MacHBIX MOTOKOB. . XHMMHUYEcKHe KOMOMHATHI, (haOpHKH, 3aBOIBI HE
005agaT J0CTaTOYHO I(PPEKTUBHBIMH METONAMH  OYHCTKHM BPEJOHOCHBIX OTXONIOB, KOTOpPHIE elle
Oonpllie COCOOCTBYIOT 3arps3HEHUIO OKPYKAIOMIEH cpedpl M, TeM CaMbIM MPHHOCAT HEMONpaBUMBIHA
Bpel MPUPOJIE, & COOTBETCTBEHHO M caMOMy 4elloBeKy. [IpH co3aHMHM HOBBIX TPAHCHIOPTHBIX MOTOKOB,
paspymaercsi MOBEPXHOCTHBIA IMOYBEHHBIH CJIOH, HApYyIIAeTcsi PaBHOBECHOE COCTOSHHE, BO3HHKAET
HEOOXOMMOCTB IO CO3IaHII0 MHOTO()YHKIIMOHATBHOW HHPpacTpyKTyphl. CTpagaeT KUBOW MUD, pelbed
MECTHOCTH, OHOreoleHo3 U bnopazHooOpasue npuiieratouieli Tepputopun. Pacxomyercs Ooibliie eHHBIX
TEPPUTOPHI C TOUKH 3pEHUSI IKOHOMHUUECKON 1 MTPUPOTHOM.

He meHee BakHBIMU ITpoOIeMaMH Ha CETOAHSIIHUEN JEHb SBISIIOTCS (DYHKIMOHUPOBAHHUE CHCTEM
ACY I/ koTOpble MOYKHO KIaCCH(PUIUPOBATH MO CIETYIOUINM MPU3HAKAM:

BMECTUMOCTb MOJBMKHOI'O TPAHCIIOPTHOTO U IMACCa’KUPCKOI'0 COCTABOB,;

MPOTSHKEHHOCTH TPAHCIIOPTHBIX ITOTOKOB,

WHQPaCTPYKTypa TEXHHUECKOTO 0OCITYyKUBAHUS, © MHOTO€ APYTOE.

Becbma akTyadbHBIM Ha CETONHAIIHMKA JIGHb SBJIAETCS CO3JAaHUE COBEPIICHHO HOBOH
TPAHCIIOPTHOW TEXHOJOTMH CIIOCOOHOM MO0 MHOMY B3IJISIHYTh Ha pEIICHHE MOCTaBICHHOH MpoOIeMBbI
KOTOpasi MO3BOJHUT Pa3pelInTh paHee NMEPEeYUCICHHBIE HENIOCTATKH B OOJIACTH TPAaHCIIOPTHBIX IOTOKOB
Kak B oOmacTH 3Kojlorud Tak M chepe odcmyxuBanusi. [losTomy, mannas pabora OymeT HOCBSILIEHA
BOMPOCAM aHaJIHM3a COBPEMEHHBIX TEXHOJOTHH IO Pa3pelieHrIo MpobjeM B TPaHCIOPTHBIX MOTOKax. B
JAaHHOM HampaBJIeHWM OOJbLION BKkiIaa ObU1 caenaH belopyccknM ydeHBIM U HCCIEAOBAaTEIeM
Anaronmuem FOHunkum [2], koropas Bortomaercst B TexHomoruu «Skyway». B naHHOM HampaBieHHH
paboTanu u npyrue aBTopsi [1,6].

Ha ocHOBaHWMM TPOBEOCHHOrO aHajiu3a COOPMYIHPYEM KPUTEPHH, IO3BOJSIOLINE
chopMyIHpOBaTh LEMH A1l PELICHUS TOCTABICHHBIX 3aa4:.

® CpaBHHTENbHAs XapaKTepPUCTHKA TeXHJIOrHMM «SKyway» B CpaBHEHHHM C HBIHE
CyIIECTBYIOLIEH;

e notpedHocTh BHeApeHuss ACY J1J] B «Skyway»;

® DJKOHOMHYECKHMH paccuy€éT CTOMMOCTHM MPO3KTa OTHOCHUTENBHO  CYIIECTBYIOLIEH
TEXHOJIOTUU TPAHCIIOPTHOM CUCTEMBI.

[ cpaBHHMTENBHOTO aHallM3a MCHONB3YeM IPOEKTHOE PEIICHHE COBPEMEHHBIX CTPYHHBIX
texHonoruii Anaronus FOuukoro «Skyway» «ckopoctHoit RSW komrieke».

H3n0keHne 0OCHOBHOTO MaTepHajia H 000CHOBaHHe MOJTYy4YeHHBIX pe3yabTaToB. Komnanus Euroasian
Rail Skyway Systems Holding Ltd. (RSW systems) BnaneeT HHHOBAI[HOHHOW TEXHOJOTUEH TPaHCIIOPTA
HOBOTO nokoJieHns: «SKyWay», IMeroIero HeocnopuMble IPEUMYIIECTBA HaJl CyIIECTBYIOLIMMH BHIAMH
TpaHCIOpTa.

TpaHcnopT Ha OCHOBE OJTHX TEXHOJOTMH CMOXET 3aMEHUTh COOOM BEChb TOPOJICKOIA,
NPUTOPOIHBIN, MEKIYrOPOAHHHA TPAaHCIOPT W TPAHCIOPTHBIE TPY30MEPEeBO3KU. A TaKkkKe MOXKET

00BEIMHUTB BECh MUP B OJJHY BEICOKOCKOPOCTHYIO TPaHCIIOPTHYIO CETb.
Ha puc. 1 mpencraBieH oauH U3 TPOIKTOB CTPyHHOro TpaHcmopta HOHumKoro «SKyway»
«cxopoctHoit RSW komruteke». [2]
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Puc. 1 - OauH U3 Npo3KTOB CTPYHHOro Tpancnopta FOHumkoro «Skyway» «ckopoctHoit RSW kommiaexe»

IIpoBenem cpaBHeHUTeJbHAsi OLEHKA XaPAKTEPUCTHK TEXHOJOTHMH CTPYHHOro0 TpPaHCIOPTa
FOnunkoro «Skyway» «ropoackoii RSW kommnieke» 1 HbIHE CYIIeCTBYIOIIHX:
OcHOBHbIE XapPAKTEPUCTUKH :
1) Cxopoctb asrkenus — 10 500 km/d.
2) BMecTUMOCTB MTOJIBHYKHOTO COCTaBa!

naccaxupoB — 110 500 uenosex;

rpy30B — 110 100 ToHH.
3) Yxion nytu — 10 10%, npu cnenpaibaoM ucnonHennd — 10 30%.
4) Paccrosinue nepeBo3kr — 110 10 000 km.
5) O0BEM BBICOKOCKOPOCTHBIX MEXKIYTOPOIHBIX MEPEBO30OK

naccaxupoB — 10 1 MuH. macc./cyTky;

rpy30B — 110 100 TeIC. T/CyTKH.
6) CTouMOCTh BBICOKOCKOPOCTHOH Tpacchl 0e3 y4éra CTOMMOCTHU IMOJBHIKHOTO COCTaBa, MAacCaKUPCKUX
BOK3aJIOB, CTaHIMH 1 HHPpacTpykTypsl — oT 3 MuH. USD/km.
7) CebecToMMOCTh BBICOKOCKOPOCTHBIX TIEPEBO30K B 5 pa3 HmKe ceOECTOMMOCTH TEpPEBO30K
BBICOKOCKOPOCTHOM >KeNIe3HON 0POroil, moe3gaMu Ha MarHUTHOH MOIYIIKE, CaMOIETOM.
KonkypeHTHbIe mpenMyIecTBA:
1) YMeHbLICHHE KalTUTaTbHBIX 3aTPaT HA CTPOUTEIBCTBO:

3a CUET 3HAYMTEILHOTO YMEHBLICHUS U3bATHUS 3€MJIH I0J] TPacCy U HHQPAaCTPYKTYpy;

3a Cuér WCKIIOYEHHUS 3EMJISIHBIX HAChIed, BHIEMOK, TOHHENEH, MOCTOB, IIYTEIPOBOIOB,
MHOT'OYPOBHEBBIX Pa3BI30K U BOAOMPOIYCKHBIX COOPY KEHHI;,

3a CUET UCKITIOYEHHS OTPa)KICHUS JTMHEHHON YacTH BRICOKOCKOPOCTHOM TPacchl;

3a CY€T TOro, YTO TNepecedEHHBIH penbed MECTHOCTH, HHM3Kas MPOYHOCTH TMOJICTHIIAIOIINX
TPYHTOB U CIOXXHBIE TeorpadyecKiue U KIMMaTUIeCKUe YCIOBUS HE IPUBOIAT K yIOPOXKAHUIO PEIbCO-
CTPYHHOH 3CTaKabl;

3a C4ET YMEHBLICHHUS Ha MOPSIOK PECYpPCOEMKOCTH PENbCO-CTPYHHOM 3CTaKaAbl B CPABHEHHUH C
TPaIULMOHHBIMU TPAHCIIOPTHBIMHU 3CTaKaJaMH CO CIUIOMIHBIM MOJIOTHOM.
2) CHI)KEHHE IKCILTYaTallHOHHBIX U3/CPIKEK:

3a CU€T yMEHBIICHHsSI Pacxoia YHEPTUH U TOIINBA,

3a CU€T CHIDKEHMS PacXo/l0B Ha OOCITYKMBAIOLIUK TIEPCOHAT U €ro 3apaboTHYIO IIIaTy,

3a CU€T CHIKEHHS 00bEMOB MYTEBBIX U PEMOHTHO-BOCCTAHOBUTEIBHBIX Pa0OT;

3a CYET UCKITIOYCHHUSI HEOOXOMMOCTH B 3UMHHIA MIEPUOJ BPEMEHH OYHIIATH MYyTEBYIO CTPYKTYPY
OT HaJIeU U CHera.
3) CHmxeHne ce0eCTOMMOCTH BBICOKOCKOPOCTHBIX IEPEBO30K ITACCAKUPOB M TPY30B B TPH U OoJiee pas.
4) Bo3MOXXHOCTD INAJSIIErO OCBOCHUS M 3aCEICHHS HOBBIX TEPPHUTOPHU B TPYJHOMOCTYITHBIX MECTaXx,
KOM(pOPTHBIX IS TPOXKUBaHU (OCTPOBA, TOPBI, MIEITB( MOPS U 1p).
5) IloBbimeHne HAag&KHOCTH M OE30HACHOCTH BCEMOTOAHOM M KPYIVIOTOJUYHOW JKCIUTyaTaluu
BBICOKOCKOPOCTHOM TPaHCIIOPTHOM CUCTEMBI B JIIOOBIX MPUPOJHO-KITUMATUIECKUX YCIOBUSX.
6) BO3MOXKHOCTb COBMEULICHHS MYTEBOW CTPYKTYpPHI U OMOp C BO3IYLUIHBIMH M KaOCTbHBIMU JIMHHSIMH
3IIEKTpOIIepeaay U JIMHUSMHU CBsI3U (IIPOBOIHBIMH, ONITOBOJIOKOHHBIMH, PaIHOPEICHHBIMU, COTOBBIMH).
IKOJIOTHYHOCTD.
1) Hwuskasgs pecypcoéMKOCTh UM 9JHEPro3aTpaTHOCTh Ha BCEX CTaaUsIX OJKM3HEHHOTO LHUKIA
BBICOKOCKOPOCTHOW TPAHCIOPTHOH CHCTEMBI (IIPOCKTUPOBAHUE, CTPOUTENBCTBO, OSKCIUTyaTalus |
JEMOHTAX).
2) BeicokockopocTHasi aopora B O3CTaKaJHOM HCIOJIHEHWHM HE HapylaeT peibed MECTHOCTH,
OuoreoreHo3 U OMOpa3HOOOpa3ue MpHUIIerarolleid TEPPUTOPHH.

© Karanrok A.K., XKenoouuxuii 5.K.
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3) Jlopora He YHHUYTOKAET MIOMOPOHYIO TIOUBY U MIPOU3PACTAIONIYIO HAa Hel PACTUTEIBLHOCTb.
4) JTopora He MPEMATCTBYET:
JIBUKCHUIO TPYHTOBBIX M MIOBEPXHOCTHBIX BOJI;
MIEPEMEIICHUIO JIIOICH, TOMAITHUX U JUKUX KUBOTHBIX;
paboTe CeNbCKOXO03SICTBEHHOM, CTPOUTEIBHON U CIICIIUATbHON TEXHUKH.
Hané:xxHocTh U 0€30NMacCHOCTh.
1) Hasmyre y BBICOKOCKOPOCTHOTO MOJBIKHOTO COCTABa MPOTHBOCXOTHON CHCTEMBI.
2) JlecaTUKpATHBIN 3amac MPOYHOCTH HECYIMX CTPYHHBIX DJIEMEHTOB B TPAHCIIOPTHOM dCTaKa/Ie.
3) YeroiunBoCcTs K TONONENY, ONEACHEHHIO, CHOXHBIM 3aHOCaM, TyMaHaM, TMBUIBHBIM W TECYaHbIM
OypsM.
4) Han&kHOoCTh paboThl TPH JTIOOBIX SKCTPEMATBbHBIX TEMIIEpaTypax BO3ayXa.
5) Bricokast yCTOHYHMBOCTD K BAaHJAIU3MY U TEPPOPUCTHUCCKUM aKTaM.
6) YcroiunBOCTE K MPUPOAHBIMH KaTakiu3MmaM (P CIEIHATbHOM HCIOJHEHHH W MHUHUMAIBHOM
ynopoxxanun) [3]:
3eMiIeTpsiceHHsI — MarHuTynou 1o 10 6aminos no mkane Puxrepa;
HaBOJIHCHUS, pa3JIMBBI PeK — ¢ TIyOrHOM Bosbl 10 10 M u Gornee;
yparanHblii BeTep — co cKopocThio 1o 250 km/4 u Oodee;
IlyHaM# — C BbICOTOW BONHEI 110 20 M 1 Ooree.
I[loTpedHOCTH BHEApPEHUS] ABTOMATHYECKO# CHCTEMBI YNPABJIEHHSI JOPOKHBIM [BH:KEHHEM B
WHHOBAIIMOHHYI) TEXHOJIOTHIO CTPYHHOT0 TpaHcnmopTa «SKyway».
Kaxk u3Bectno, ACY I/l npeanazHaueHsl s
®  KOHTPOJISI MHTEHCUBHOCTH | 3arpy>keHHoctu nonoc JIJ1,
®  yIpaBIICHUS CBETOIUOTHBIM TA0JIO U PACIIEUIUTENIEM PEarcHTOB,
®  KOHTPOJIA 33 TOTOJJHBIMHU YCIIOBUSIMU M BUIMMOCTBIO Ha JIOpOTax,
®  KOHTPOJISA 32 COCTOSTHUEM JOPOKHOTO TIOKPBITHS,
® WT.I

Hcxons u3 onucanus TeXHOIOrHU «SKyway» 1 mpoBeIEHHBIX HCCIISNOBAHUN PELICHO, YTO
cTpyHHBIN TparcopT KOHuUIKOTO HE TpeOyeT BHEAPEH U aJbTEPHATHBHBIX CUCTEM YIPaBICHUS U
KOOpIMHHUPOBAHUS JBIKEHHS B CBOIO TEXHONOTHIO. [IoTOMY YTO TaHHAs CHCTEMa yIpaBlIeHUS yxKe
MPUCYTCTBYET B TEXHOJIOTMYECKOH LIEMOYKE U TO3BOJISIET B AaBTOMAaTHYECKOM PEXKHME B TIOJIHOM 0bieMe
€€ UCTIOJIb30BaTh.

Hamnpumep, KOHTpOIIb HaJl 3arpyKEHHOCTBIO MOJI0C MPOXOKICHUS B «SKyway» He HyXKEH, T.K.
noe3/a MepeMeraroTcs 0 PacliCcaHuo. Y IpaBlieHHe CBETOJUOAHBIMU TabI0 s BOOUTENEH
OTCYTCTBYET MOCKOJIbKY JBM)KEHHE TOABMKHOI'O COCTABa KOHTPOJIUPYETCSI C MyNbTa YIpaBICHUs
JHcTieTyepa TPaHCIIOPTHBIMU OTOKaMH. . Eciu cuctema npemycMaTpiBaeT HalWdue oreparopa, TO Bes
HeoOxoauMas: MH(opMauys NocTynaeT HENOCTPEACTBEHHO Ha AUCIICH MyIbTa yrpaBieHus. Takue
BO3MYIIAIOIIKE (GaKTOpPhl, KAK KOHTPOJb 32 MOTOJHBIMH YCIOBUSMH, OTpaHUYE€HHAs BUANMOCTD
JIOPO>KHOTO OKPBITHS, Y’KE HE OKa3bIBAET CYILIECTBEHHOT O BIUSHUS Ha 0€30MaCHOCTh IBUKEHUS,
MOCKOJIBKY TEXHOJIOIMYECKas [eMoYKa NepeMelIeH s TPAaHCIIOPTa MpeLycMaTPpUBaeT COBEPIICHHO HHBIE
METO/IbI TiepeMeneHns. MICKITIoueH sI MOTYT COCTaBUTh (POPC — MayKOpPHBIE 00CTOSITENbCTRA.

.JlaHHas TEXHONOrHUs NO3BOJISET 3HAYUTENHHO MOBBICUTH 0€30MIaCHOCTh NEPEMELICHNUS TTOABUKHBIX
00OBEKTOB.

Crpynnble TexHonoruu SkyWay coderaer B ceOe CBOMCTBAa TMOKOW HUTH U JKECTKOM OalIKH, 4TO
CYLIECTBEHHO MOBHIIIAET U3HOCOCTOWKOCTD HAMpPaBJISIOIIMX TPAHCIIOPTHOrO MOTOKa. B mraccu
MOJBMKHOIO TPAHCIIOPTA BCTPOEHBI AATYUKHU, CIIOCOOHBIE KOHTPOIMPOBATH OCHOBHBIE TEXHOJIOTHUECKHE
napamerpbl ¢ MOCJIEAYIOIEeH Beiadell HHPOpMAIMM Ha MOHUTOp, WM TUCIIIed HH()OpMaIlMOHHOTO
Tabsno. JaHHAs TEXHONOTHS MO3BOJIAET KCTPANIOINPOBATH CUTYA[UH IPEKIEBPEMEHHBIX
HEUCIIPaBHOCTEH, YTO B CBOIO OYEpe/lb MOBHIMIAET 0€30I1aCHOCTD dKCIuTyaTanun [4]
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. IIpoBezieM KOHOMHYECKOE 00OCHOBAHHME O IIEIECOOOPA3HOCTH UCTIONb30BAHUS
pa3padaTbIBaeMOro MPOIKTa OTHOCUTEIBHO CYILECTBYIOLICH TEXHOIOTHH TPAHCIIOPTHOH CHCTEMBI.
JlanHbie cBeneHbl B Tabmyiy Nel [5]

Tabmuma Nel. CpaBHUTENbHAS OIIGHKA SKOHOMHYECKOW II€1ec000pa3HOCTH pa3padaThiBAEMOro
MPOCKTA .

B MWIIMOHAX $YHTOB CTEPIMHIOE

OpHEHTMPOBOUHAA CTOMMOCTE paboT, MaH. dyHToR

Bupbi pabot 1rog 2ron 3rog

I I m | 1 I mj| | | mj|w

BbICOKDCKOPOCTHOH MEMQYTropoaHbIA
TPY20naccaMMpckii CTHO (NpoTAMEHHOCTE
OEeMOHCTPALHMOHHOID YYacTHa Tpaccel — 30 Km; 0,76|1,86| 3,08 |4,52|6,12|7,96(10,6815,4216,52| 19,215,158 2,10| 103,40
PacyETHaA CHOPOCTE ABMMEHHA — 80 500 km/u),
BCETO

B TOM YHChe:

1. BLICOKOCKOPOCTHOM (go 500 Km,fu)
MEHAYTOPOAHLIA rPY30NacCaMMpPCKHA KHHDYC, 0,20(0,46(0,86|1,12|1,18|1,18| 0,82 0,94 (1,06 |1,06|0,92| - 9,80
BCETD

B TOM YMChe.

1.1. NpoEKTMPOBAHWE BHICOKOCKOPOCTHOMO (A0 500
Kmy/u) rpysonaccamMperoro Hubyca 4-ro
NOHONEHKA (C Y4ETOM CTOMMOCTI pabouMx MecT B 0,18|0,36|0,54 (0,72 |0,720,54| 0,06 |0,06|0,06|0,06|0,06( - 3,36
KoHCTPYHTOpPCHOM BOpO M NpOrpaMmMHoro
obecneyeHua)

1.2, pasmelleyve 3aKa30E W eQUHUIHOS
(MHAMBMAYANEHOE) MSrOTOESHKWE BbICOHO-
CHOpOCTHOTO (a0 500 HM/Y) TPY30NaccaMMpCHOTo
toHMbyca (2 wr.)

1.3. paspaboTia TEXHONOMMM, NPOEKTMPOBAHKE K
M3rOTOB/MEHME TEXHONOMMYecKoro obopyaoeaHMa 1
OCHACTHH N7 M3rOTOBNEHWA BbICOKOCHOPOCTHBIX - |0,06(0,06|0,06|0,06(|0,12(0,12|0,12|0,12|0,06|0,06] - 0,84
MEHOYTOPOAHbIX TPY30MACcCaMMpCHIY KOHMOYCOB 1
MX IHCTLAYaTaL MK

1.4. 3KCNepTH3a AOKYMEHTALMM, 3AHNIOMEHKA,
MyCHO-HaNagouHbie paboTol, MCNBITAHMA M
C2pTUMHALMA BRICOROCKOPOCTHOMD - - |0,06|0,06|0,06(0,12|0,12|0,12|0,12|0,18|0,18| - 1,02
TPY30NACCaMMPCHOTO KHKBYCa MEMAYTOpoaHOTO
CTH

= - |0,12|0,18(0,24|0,30(0,42 (0,54 |0,66|0,66|0,54| - 3,66

1.5. npouue pacxodbl U HeNpeaBKMOeHHbIe 3aTpaTw | 0,02 | 0,04 (0,08 |0,10(0,10|0,10(0,10|0,10(0,10 | 0,20( 0,08 - 0,92

2. BuICOKOCKOPOCTHAA [go 500 Kmfu) penbco-
CTPYHHAA TPaHCMOPTHAA ICTaKafAa, BCero

0,14)|0,46(0,72|1,04(1,52|2,42 | 4,42 (9,02 |10,90(14,0410,74 0,80| 56,22

B TOM UMCne:

2.1. NPOEHTUPOBAHME BLICOKOCHOPOCTHOW (Lo 500
HM/u) pEnbCo-CTRYHHOR TREHCNOPTHOR 3CTaKans 4-
ra NOXOAEHMA (MpEnEapUTENBHO HANPAMEHHONA,
HEPa3PE2HOR M CTATMUECHN HEONPEASNMMOH), C 0,10|0,16(0,18|0,18(0,18|0,18(0,14(0,10| 0,06 - - - 1,28
YUETOM CTOMMOCTH paboumx MecT B
HOHCTpYHTOPCHOM BHOpO M MPOTPaMMHOro
obecneyeHua

2.2, pasMelleHMUe 33Ha30B W MITOTOBNEHUE
(CTPOMTEABCTEO) EBICOKOCKOPOCTHOM (A0 500 km/fu)
PENBCO-CTPYHHOM TRAHCMODTHOM 3CTaKaa0 0,02|0,14|10,24|0,48|0,84 |1,68|3,46|7,70|9,54 12,600 9,60 |0,80| 47,10
(AEMOHCTPAUMOHHAA BbICOXOCHOPOCTHARA
MEHOYTOpoAHaA Tpacca NpoTAMEHHOCTEIO 30 KmM)
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2.3. paspaboTHa TEXHOAOTWM, MPOSHTUPOBIHKUE U
M3rOTOENEHWME TEXHOAOTUUECHOTD 060Dy A0BIHMA M
OCHACTHY [LNA M3rOTOBAEHMWA PENbC0-CTPYHHON
MYTEB0H CTPYHTYPR! M ONOP (MPOMEHYTOUHBIX W
aHKEPHbIX) BblcoKocHopoCcTHOTO (A SO0 Hm/u)
MERIYTOPOJHOTO rpy30onaccammposoro CTHO

- |012|0,18|0,24|0,30|0,30|0,30|0,30| 0,18 |012|0,06| - | 210

2.4, SHCMIEPTU32 OOHYMEHTALIUM, 33HNHUYEHMA,
nycxo-HanafoYHbie paboTl, CNBITaHKA W
cepTHdUHaLMA PensCo-CTPYHHOM MyTeBOM
CTPYHTYPb! M ONOP (MPOMEMYTOUHBIX M 3HKEPHBIX)
BbICOKOCHOPOCTHOIO (500 Km/u) MexayropoaHoro
rpy3onaccamupckoro CTH

= - |0,06(0,06|0,06)0,06/0,120,12|0,12(0,12|0,18| - 0,90

2.5. npouve pacxofsl W HenpeasWaeHHbe 3aTpatw | 0,02 |0,0410,06(0,08) 0,14 10,201 0,4010,80(1,00 | 1,20{ 0,30 4,84

3. MudpacTpykTypa (MaccammprmMe CTaHLMH;

Hbie ne ; CHCTEMBL
i s 0,14|0,46|0,70|1,16| 1,80(2,32| 2,48|2,22| 1,46 | 1,10 0,66| - | 1452
JBTOMITHUYECKOID yNpaBneHHA, &MCHOCTH,

sHeproofecneyeHMA M CBAIM M Ap.), Bcero

B TOM YHCnEe:

3.1. NPOSKTUPOEAHME KAMAON0 KOHLIEMTA KaMAoro
INEMEHTA MHOPACTDYHTYPLI ANA MEXAYTOPOAHETD
BbICOKDCHOPOCTHOMD (A0 500 kmfu) CTHO 410
NOKONEHKA, C YYETOM CTOMMOCTY paBiouny MecT B
HoHCTpyHTOpCHOM G100 W NMpOrpamMmMHoro
obecneysHuA

0,12|0,30)0,36(0,72]1,20]1,50( 1,501 1,20/0,30 | - - - 7,20

3.2 pasmellieHue 3aHa30B W M3TOTOBAEHKWE
RasO070 KOHUENTa Haaoro snemedTa

MHPPACTPYKTYPE MEXAYTOPOAHETD
BoicokocHopocTHoro CTHO (ana 500 kmju)

- |0,06|012|0,18(0,24|0,36(0,48|0,60|0,78|0,78|0,36| - 3,96

3.3. pazpaboTia TEXHONOTMM, NPOEKTHPOBAHKE K
W3raToBNeHWe TexHonarmyeckora obopyaoBaHnA i
QCHACTHKA ANA MIrOTOBAEHMA KaMQ0r0 HOHUenTa
HaM0r0 3NeMEHTE MHBPaCTRYKTYP!
BbICOKOCHOpOCTHOTD (A0 500 KM/u)
MEHAYTOPOAHOIO FPY30Naccammpekoro CTH

- |006(0,08|0,10|0,14|0,18|0,18|0,12(0,10(0,06|0,06| - 1,08

3.4, IUCNEPTH3A AOKYMEHTALMK, J3HNIONEHWA,
HCNbITaHMA, NYCKO-HAaMa A0uHbIE pat'rcm:a H
CEPTHOMHALMA HAMAOTO KOHUEMTE Kamaoro - - |0,06|0,06|006|0,08|0,10(0,12|0,14(0,16|0,18| - 0,96
INemMeHTa MHPPACTRYKTYPR! BblCOKOCKOPOCTHOIO
MEMAYrOpoOAHOro rpysonaccamupexkoro CTHO

3.5. npouue pacxofdbl U HeNpeasWaeHHble 3aTpatw | 0,02 |0,04|0,08 |0,10|0,16(0,20| 0,22 |0,20|0,14|0,10({0,06| - 1,32

4. 3panmA (opucHele, nabopaTopHele,
NPOMIBOACTBEHHBIE W A.), CTPOMTENbHbIE
COOpYMEeHHA, 3emneoTeop, GnaroycTporcTeo,
HHMEHEPHbIe CETH, BCETO

0,08|0,18)|0,50|0,90| 1,32 |1,74| 2,66|2,92| 2,80|2,70| 2,56 |1,00| 19,36

B TOM YHCNe,

4,1, NPOeKTUPOBAHME HAMKAOTO JAAHNA,

3 g 0,060,14|0,30|0,50|0,60|0,40(0,30|0,14| - - | - - 2,44
COOPYHEHHWA, BnaroycTPOACTES, MHMEHEPHBIX

CeTel), ¢ yUETOM CTOMMOCTH pabioumnx mecT 8
KoHcTpyHTOpCKOM Biopo U NporpaMmHora
obecneyenHn

4.2. pasmelleHune 3aKa3oe Ha obopyaoeaHme,

3 : e - 10,10(0,20|C,40)1,00| 2,00 (2,40(2,40 | 2,40|2,40(1,00( 14,30
CTROMTE/NbHBIE M CTPOWTENBHO-MOHTaHbie pabotol

4.3, IKCNEPTHEE LOKYMEHTALWK, 33HIHMEHHA,

= - - - - (0,02]0,04|0,06)|0,08|0,10|0,10|0,02( - 0,42
WCNBITAHWA, NYCHO-HANAA0UHBIE pafoTe!

4.4, npodyme pacxodbl W HenpedeKaeHHe 3aTpatw 0,02 (0,04)0,10|0,2000,30|0,30|0,30(0,30(0,30 | 0,20| 0,14 - 2,20

5. MapHeTHHT, CO34aHHe KNHeHTCHOH a3kl M
33aHa30B, HOPMAaTHBHO-Npaeoean Ha3a,
opuamnyeckoe obecneyelmne, NaTenTHO- 0,20)0,20(0,30|0,30(0,30 0,30 0,20 10,30 0,30 10,30 0,30 0,30 | 3,50
NHUEH3MOHHAA paboTa, NMUEHIHOHHBIE NAATEMM
33 HCMONL3OBaHWE HOY-Xay W H306peTeHKiA
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BriBoabI M MepcneKTHBBI JaJIbHeliero uccaeropanusa. Ha ocHBaHMM TpOBEAEHHOTO
aHaJI3a U SKOHOMHYECKOH 11eneco00pa3sHOCTH MOXKHO CAENATh CIEeIYIONIHE BEIBOIDI:

1. PaccmaTpuBaemasi TEXHOIOTHS IOCTPOEHHSI TPAHCIOPTHBIX ITOTOKOB 00JIaaeT HOBU3HOM.

2. IlpucyTcTByeT 3KOHOMHYECKas 11e71ecO00pPa3HOCTh B MOCIEAyIomei pa3paboTKe CTPYHHBIX
texHonoruii Anaronus FOuuikoro «Skyway».

3. OTcyTCTBYET HEOOXOIMMOCTh B CO3/IaHUU JIOKaTbHOM cuctembl ACY JIJ1.

4. [IpumeHeHne JaHHBIX TEXHOJIOTUH 3HAUYNTEIBHO MOBBICUT OE30IIaCHOCTh MEPEMEILCHHS
TPaHCIIOPTHBIX CPENICTB.

1. Tomamescrkuii B. M. T-56. MogemoBanust cucrem. - K: Bupasauaa rpyma BHY, 2005. ~ 352 C.: in. ISBN 966-552-
120-9. —ct. 52-90

DnextpoHHbIit pecypce https://skyway.capital/tehnologiya/vidi_transporta/

OnektpoHHBI pechttp://skywayinvestgroup.com/akisioneramhtmil/texnologiya-sky-way/

OnextpoHHBI pechttp://www.cbst.by/rus/activity/traffic/asu/assud/

OnextpoHHBI pechttps://skyway.capital/tehnologiya/vidi_transporta/visokoskorostnoy transport/

Crenenko, LB. MonemoBanust cicrem: HaBd. 10ci6. [Emexrponnnii pecypce, teker] / LB. Crerenko ; M-Bo ocBitH i
Hayku Ykpainy, Yepkac. aepik. TexHoil. YH-T. — Yepkacu : YATY, 2010. — 399 c. ISBN 978-966-402-073-9. ct. 42-51.

Sk wn

© Karanrok A.K., XKenoouuxuii 5.K.



82 Hayxrosuii acypuan "KoMi roTepHo-iHTErpoBaHi TEXHOJIOTIi: OCBiTa, HAyKa, BUPOOHULITBO"
Jhyywvk, 2015. Bunyck Ne 21

V]IK 629.113(07):004.01:004.04
Karanrok O.K., x.1.1., gou. [Tomioryk M.M., K.T.H.
Jlyupkuil HarioHaIBHUK TEXHIYHUHA YHIBEPCHUTET

BUKOPUCTAHHS IHHOBAIIMHNUX TEXHOJIOT'TI B PO3II3HABAHHI
TPAHCIIOPTHHUX 3ACOBIB 3A JOIIOMOI'OIO PAJIIOJIOKAIIMHAX METO/IIB

Karanmwok O.K., Ioaimyk M.M. BukopucTanHsi iHHOBALiiiHUX TEXHOJIOrii B PO3Mi3HABAHHI TPAHCIOPTHHX 3aC00iB
3a I0NOMOroI0 pajiojokaniiHuX MeTodiB. B maHiil cTaTTi MPOBOAWTH aHANi3 PO3Ii3HABAHHA HOMEPHHUX 3HAKIB TPAHCIIOPTHHX
3ac00iB 3 TONANBIIOK iACHTU(IKALIEI 3 TOUYKU 30py OE3MEKH AOPOKHBOro pyxy. HeoOximHuM, A7si BUPIIIEHHS MOCTABICHHOI
3a7avi,€ MIyMONOJABIsAIoYa (iIbTpaliss 3 MOATHIIMM BHSBICHHAM CerMEHTamii. A HaiOUIbIl  NpPHBAaOIMBUM METOIOM
PpO3Mi3HaBaHHS € KOPEIALiHHI METOJ.

KuirouoBi cioBa: HoOMepHuii 3Hak, BimeocmoctepexeHHs, LOG-¢dinbrp, mikcenp, OiHapHe 300paKeHHS, AITOPHTM,
ckemeru3ais, Fahmy.

Karanwok A.K., Hoaumyk H.H. Mcnoab3oBaHHe MHHOBAMOHHBIX TEXHOJOTHiA B PACMO3HABAHUU TPAHCIOPTHBIX
CpelICTB € MOMOIIBIO PAIMOJIOKAIIMOHHBIX MeTOA0B. B aHHOW cTaThe MPOBOMUTCS aHATN3 PACIIO3HABAHWE HOMEPHBIX 3HAKOB
TPAHCIOPTHBIX CPEJCTB C AaJbHEHINCH UACHTU(UKAIIMEH ¢ TOUYKH 3pEHUs 0€30MMacCHOCTH JOPOXKHOrO ABMKEHUA. HeoOxoauMbIM B
pEIICHAN TIOCTaBJICHHOM 3aJadél 3CTh IIYMOIOJABISIOMAs (PUIBTpalUs CHUTHANIA C TOCIEeAYIoUeld cerMeHTanueil. A Hamboree
MPUEMJIEMBIM METO/IOM PACIO3HABAHUS, SIBJISETCS KOPPEISALUOHHBIA METO/.

KuaroueBble cjioBa: HOMEpHOH 3HAK, BuacoHaOmroneHwe, LOG-GmipTp, mukcenh, ABOMYHOE H300paKEHHE, aITOPUTM,
ckeneru3arst, Fahmy.

Kaganyuk A.K., Polischuk N.N. The Use of innovative technologies in recognition of transport vehicles by radio-
location methods. In this article an analysis is conducted recognition of registration numbers of transport vehicles with further
authentication from point of safety of travelling motion. By a necessity in the decision of the put task est' shumopodavlyayuschaya
filtration of signal with subsequent segmentation. And by the most acceptable method of recognition, there is a cross-correlation
method.

Keywords: license plate, video surveillance, LoG, filter, pixel, binary image algorithm, skeletize, Fahmy.

[ocTaHoBKa HayKoBOi Mpo6eMu. MicIie3HAXOKEHHS TPAHCIIOPTHUX 3aC00IB, IMIHHUX BaHTAXIB,
PYXOMHUX 00’€KTiB, pO3IMi3HABaHHI HOMEPHHX 3HAKiB HaOyBae Bce OLIBINOI 3HAYECHHS B IOBCIICHHOMY
KUTTI 1 €. BKpall aKTyajJbHi TpU CTBOPSHHI CydacHOI IH(PACTPYKTYypu Ha CHhOTOJCHHS
BoHU 103BONISIIOTH YIPaBIATH MapIIpyTaMi aBTOTPAaHCIIOPTHHX 3aco0iB, 3a0e3meuyBaTu Oesmeky
ABTOMAIIIMH 1 3IHCHIOBATH iX TIOUIYK y pasi BUKPaJCHHA, a00 IHIIUX XKUTTEBUX cUTyaliid. Taki cucreMu
JO3BOJISIIOTH B aBTOMATUYHOMY PEXHMI 3I1MCHIOBATH MPOMYCK Ha PESKUMHHHA 00’€KT, aBTOMAaTH3YyBaTH
MpoIec BUAAYi MPOIYCKIB ¢ OAAIBIINM BiICTEKEHHSAM B YMOBaX 3IiiICHEHHS MEPEBE3EHb.

CporogHi axktyaqpHUM € Oe3leKa JOPOXKHBOTO PyXy TPAHCIOPTHUX 3aco0iB Ta imeHTUdiKalis
aBTOMOOITIB 3a iX peecTpaliiHMM HOMEpPHHUM 3HaKoM. Po3po0ka Ta CTBOpPEHHS CHCTEM KOHTPONIIO Ta
pO3Mi3HABaHHS HOMEPHMX 3HaKiB MaloThb Bce Oulblle TOMMPEHHS y PI3HUX cdepax HapOAHOTO
rocrogapcrsa.[1].

AXTyanbHICTh 3a/1a4i B PO3Mi3HABaHHI HOMEPHHUX 3HAKIB TPAHCIIOPTHUX 3acO0iB MOJIATAE B TOMY, IO
3 KOKHUM JTHEM Ha LUIAXax cTae Ouiblle aBTOMOOUIIB, IO B CBOIO YEpry CTBOPIOE MPOOIEMH Y BEITHKHX
MicTax, OCOOIHMBO B «4acH IiK», TOMY BHHUKA€ TOTpeOa B CTBOPEHHI aBTOMAaTH30BaHUX CHCTEM KOHTPOIIO
Ta BiICTEXEHHS K TPAHCIIOPTHUX 3aC00iB, TaK i HOMEPHUX 3HAKIB PyXOMOT'O TPaHCIIOPTY.

AHani3 gociaimxeHb. Y paHuil yac ICHYe JOCHUTh BEIMKAa KUIBKICTh CHUCTEM pO3Ii3HABAHHS
HOMEpHUX 3HAKIB, aJie He BCi 3 HUX € SKICHOIO Ta HaAiiHOI mpoaykuieto. CHcTeMU 3 BUCOKOIO IIBUAKOAIEIO
1 TOYHICTIO PO3Mi3HABaHHS € KOMEPIIHHUMU, 3aCEKPEUCHUMU 1 IOPOTUMH, IO HE JTO3BOJISE 3IMCHUTHU iX
macose BrpoBapkeHHs [1,13]. Tomy, Hama 3amada monsirae B ToMy, 1100 BU3HAYUTH HAHOUTHII eeKTHBHI
cuctemu. [IpoBectn anami3 (yHKIIOHYBaHHS THX CHCTEM BHSBHUTH OCHOBHI METOIM iAeHTH]iKaLii,
CTBOPUTH paLliOHAJBbHUHA QITOPUTM W HALUIMTH 3yCHJUIS HA CTBOPEHHS 1 BIOCKOHAJICHHS PO3po0Isie Moi
CHCTEMH.

BaxnnBoro mpo6sieMoio B KOHTPOJIi HOMEPHHX 3HAKIB € BU3HAUYCHHS HaOLIbI e eKTUBHUX METO/IIB
00po0OKkH 300pakeHb Ta PO3Ii3HABAHHA ABTOMOOLTBHHX HOMEPHHMX 3HAKIB, a TaKOXX CTBOPEHHS HOBUX
KOMOiHOBaHUX a00 MOAM(DiKOBaHMX METOAIB IS SIKICHOTO PO3ITi3HABAHHS CUCTEMH B PEANbHOMY Yaci.

s mocsrHEHHS TOCTaBJICHOI Memy HeOO0XiJHO BUPIINTH HACTYIIHI 3a7a4i:

1. Ananiz MeroaiB i 3ailicHeHHS 00p0oOKH 300pakeHb IPH JIOKaTi3alii HOMEpHOro 3HaKa.

2. AHai3 MeTOdIB CerMeHTallii.

3. HocmimxeHHs: METOIIB pO3Ii3HaBaHHs 00pasiB.

4. Po3poOka 1 JOCTiPKEHHSI aIrOPUTMIB PO3Mi3HABAHHS CUMBOJIB.
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5. Bubip MeroaiB po3mizHaBaHHs 1 OLIHKA iX €()EeKTUBHOCTI.

6. Po3poOka cucremu s oOpoOku 300paXkeHHS 3 KaMep BiIeOCIOCTEPEKEHHS ISl pO3Mi3HABaHHS
HOMEpPHOT'0 3HaKa TPaHCHOPTHOTO 3aco0y.

B naniii craTTi He Oy/e MOKIMBUM PO3MIIHYTH BCi BKa3aHi METOIM 1 MOCTaBJICHI 3a/laud, TOMY MH
3YIUHUMOCh Ha MEPIIUX JBOX METOJaxX, Il aHalli3 METOMIB Mo o0poOIli 300pakeHb i aHaji3 METOIiB
cerMeHTalii

3amaua po3Mi3HABaHHS HOMEPHHX 3HAKiB pO30MBAaEThCA HAa TpPU €Tamu. TomnepenHs 0OpoOka
300pakKeHHS, CETMEHTAIlis, PO3Ii3HABAaHHS CUMBOIIIB.

[Momepenus 0O6poOKka 300paxkeHHS HEOOXiJHA JUIS IMOJNIMIICHHS Bi3yalbHOI SKOCTI 300pakeHHS i, B
KiHIIEBOMY MiICYMKY, JUIS JIOKaJli3alii HOMEPHUHN IUIACTHHHU.

CerMeHTaLisi IPOBOANTHCS 3 METOIO BUAUICHHS! CHMBOJIIB AJIS IOAAJIBIIOI0 pO3Mi3HABAHHS 00paHUM
METOJIOM.

VY 3B'I3Ky 31 CKIQJHICTIO MOCTaBJICHOI 3a/avi 110 O PO3Mi3HABAHHS aBTOMOOUIEHHUX HOMEpIB B ii
3arajpHii MOCTaHOBL, PIICHHAM SIK BCi€l 3a1a4i B LITOMY, TaK i OKpEMHX 11 aCIIEKTiB MPUCBSIYEHO BETHKY
KUIBKICTB POOIT.

Buknaa ocHoBHOro marepiany. Y CBITI BXe ICHYIOTb PO3POOKH, 5IKi CTOCYIOTHCS PO3Mi3HABAHHS
aBTOMOOUTFHMX HOMEPHHX 3HaKiB. Po3risiHemMo mesiki 3 HUX.

Cucrtema «ABTO-IHCIEKTOp» — MpOrpamMHO-allapaTHUN KOMIUIEKC, IO 3abe3neuye po3Mi3HaBaHHS
HOMEpIB PYXOMHX aBTOMOOLTIB, HaIiifHO Tpalioe B LIMPOKOMY Aiana3oHi 30BHIIIHIX yMOB, JIETKO
IHTErPOBaHUH 3 OXOPOHHUM 00JIaTHAHHSM, BUKOHABUYMMHU NPUCTPOSIMH 1 30BHILIHIMU 0a3aMH TaHHX.

EdexktuBHuii s BupimieHHS 3amad  peectpanii, imeHtudikamii Ta 3abe3medeHHs Oe3meKH
aBTOMOOLIIB, KOHTPOJIO TPAHCIOPTHUX MOTOKIB.

VY cucremi «ABro-lHCcmekTOp» peanizoBaHi (YHKIIOHaNBHI MOXIWBOCTI HEOOXiAHI IUIs
eexTHBHOrO BHpIlIEHHS 3aBIaHb Ha PI3HUX 00'€KTax: BiA 3abe3medeHHs] 30epeKeHHS aBTOMOOLUIIB B
MEKaxX aBTOCTOSHKM 10 KOHTPONIO 32 MEPECYBAaHHSIM TPAHCIOPTY B MacmuTabax MiANPHEMCTBA, OKPEMOi
MaricTpaiti, IIOro MicTa.

OcHOBHi (pyHKIIOHATBHI MOKJIMBOCTI TaHOI CHCTEMHU:

 PO3Mi3HABAHHS PEECTPALITHOrO HOMEpa aBTOMOOLIS;

e BUSIBJICHHS TIOSIBUM aBTOMOOUIS B Kapi;

e MOXKITUBICTh QJIAllTaIlii O CTAaHAAPTIB HOMEPIB OYb-IKOi KpaiHU CBiTYy;

e ycriniHa podoTta Moayisi B OyIb-KUX MMOTOJHUX YMOBAX;

¢ BUOIp Kaapy 3 ONTHUMaJBHUM PO3MIpPOM 1 YITKICTIO peecTpauifHOro HoMepa;

e OJJHOYACHE PO3IMI3HABAaHHS B 30HI KOHTPOIO JEKUIBKOX HOMeEpiB (mepekiaj Bileo300paKeHHS B
TeKCTOBUI opmar);

e cpeKTUBHA B3a€EMO/Iis 3 PI3HUMHU OXOPOHHHMHU CHUCTeMaMH (OXOPOHHOTO TelleOaueHHs, KOHTPOIIO
JOCTYIIY);

e 3amMuc KOKHOTO IPoi3ay, B'i3ay/BUi3 Ay TPaHCIIOPTHHUX 3aC00iB,;

e 3iCTaBJICHHS PO3MI3HAHOrO HOMepa 3 iH(opMmanicro 6a3u nanux (BracHoi abo 30BHINIHEBOT) [2].

AIIK «ABTOYparan» — anapaTHO-IIPOrPaMHUI KOMILJIEKC aBTOMaTHYHOTO PO3Ii3HABaHHS 300pakeHb
JepKaBHUX PEECTpaliiHIX 3HAKIB TPAHCHOPTHUX 3aCO0iB.

Bineo3zo0paxeHHsM, II0 HAIXOIUTh Ha KOMIT'IOTEP, Ja€ MOMKJIHMBICTH MPOBOAWUTH PO3Mi3HABAHHSA
peecTpamiiHUX 3HaKiB aBTOMOOLIIB; TeEpeBipKy IX 3a WiAKIIOYSHUMH 0a3aMH JaHUX 3 BHUJIAYCHO
MOBIJOMJIEHHSI OTlepaTopy Ta 30epexkeHHsAM iHpOopMalii mpo mpoi3a ado 3 BUKOHAHHSM iHIIOT MpU3HAYEHOT
il

I'myuki HamamryBanHs [10 mosBomsitoTs BukopucToBYyBatH AIIK «ABTOyparan» mjisi BUPILICHHS
YHCICHHUX 3aBAaHb MOB'SI3aHUX 3 PO3ITI3HABAHHIM aBTOMOOIIBHUX HOMEDIB.

Jns eekTHBHOrO BUKOPHCTAHHS CHCTEM IO iAeHTH]iKamii HOMEpHUX 3HAKiB, HEOOXiTHO
BUKOPHCTOBYBAaTH MOIYJIbHMH MPUHIIMII, SKIH MOXE JO3BOJIUTH MPOBECTH YHidikaiiro B OyJoBi Takux
CHCTEM.

Sxi mepeBaru Ja€ MOAYIbHUHA HpUHIMIT OyJOBU Takux cucteM? MOIynbHUN NPUHLUN JO03BOJISE
YTBOPIOBATH SIK PO3MOALTICHY MEPEKEBY KIIEHT — CEPBEPHY CHUCTEMY, TaK i OJHOYACHO JIOKAIbHY CUCTEMY,
JIe BHKOPUCTOBYETHCSI OOMEXKEHa KUIBbKICTh KOMIT'IOTEpPiB, L€ MO — IMeplie, Mo — Ipyre, MOAYIbHHUH
OPUHIUI J03BOJISE YJOCKOHAJNIOBATH JaHy CHCTEMY TaK 1 HapoOLIyBaTH, IONOBHIOIOYH il 1HIIMMH
MOJYJISIMU 3 KOHKPETHUMH (DYHKIIISIMH JUTsi KOHKPETHOTO MianpuemcTsa.|[3].

VY naHiii 0065acTi BeAyThCS TaKOXK JOCTIDKEHHS, Hanpukiaa, Fahmy [4], skuit 3anmpomnonyBaB MeTo
JIBOOIYHOT aCOIIaTUBHOI IMaM'ATi HEHPOHHOT MEpPEXi JUIsl YUTaHHS HOMEpHUX 3HakKiB. Lleit MeTon migxomuTh
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IUIsl HEeBEHMKOT KiTbKOCTi Mozeneid. [nmni komnanii, Taki sk Nijhuis i Ter Brugge et al [5] npononyBanu
BHUKOPHUCTAHHS HEYITKOI JIOT1KH 1 HSHPOHHUX MEPEX I HOMEPHUX 3HAKiB TPAaHCIOPTHHUX 3aco0iB. JlaHmii
METO/ [JI03BOJISIE BHUKOPHUCTOBYBATH HEUITKY JIOTIKY Ui CerMeHTalii 1 JUCKPETHO-4acoBi KIITHHHI
HEeWpOHHI Mepexi Ui BuauleHHS o3Hak. Lotufo, Morgan i Johnson [6] 3ampononyBain aBTOMaTH4HY
CHCTEMY pO3IMi3HaBaHHS HOMEPHOTO 3HaKa 3a JOINOMOIOI0 ONTHYHMX MeTodiB. Taki KoMmmaHii sK
posnizraBanusa cumBoiiB. S.K. Kim, D.W. Kim i H.J. Kim [7] 3anpononyBanu y po3mi3HaBaHHI CHMBOJIB
BUKOPHCTOBYBAaTH TE€HETHYHHH aJrOpUTM CEeTrMEHTAlli Ui JIoKalizalii oONacTi 3 HOMEPHHM 3HAKOM.
Hontani [8] 3amporionyBaB croci® BHITy4eHHS CHMBOJIIB 0€3 3HAHHS 1X MOJIOKEHHS 1 PO3MipiB 300paKeHHS.

Ha nHamioHanbHOMY piBHI pO3pOONIAIOTHCS CHCTEMH pPO3Mi3HABAHHS aBTOMOOUIBHUX HOMEPHUX
3HaKiB komnanielo «<E® E®», ska € mpoBigHMM BHUPOOHMKOM Ha YKpaiHCBbKOMY pUHKY. B manmii wac
KOMITaHis 3aiiMa€eThCsl BUITYCKOM CHCTEM Oe3leku 1 BigeocnocTepeskeHHs. BoHu BUpOOISIOTH 00IaiHAHHS
Ta MpOrpaMHO-anapaTHI KOMIUIEKCH, 110 MOKPHBAIOTH IIUPOKHUH CIIEKTp 3aBAaHb B 00iacTi Oe3mekd, Ta
KEepyBaHHsI TEXHOIOTTYHUMH IPOLIECAMHU.

Cucrema «HomepOK» mnpoBOmuTH 3axOIUIEHHsS BiJEOMOTOKY, PO3Mi3HABaHHS aBTOMOOLIBHUX
HOMEpIB B MOTOLI, 30epeXeHHA MOAil 3 3amUCOM HOMepa, yacy i Kajapy 3 HOMepoM. Y mporpami
nependadeHa MOXKIIMBICTh BHECEHHS PO3MI3HAHUX HOMEPIB y «OUMHII» 1 «IOpHUI» CIUCKH 1 IOJaBaHHA
KOMEHTapiB JI0 po3mizHaHoro Homepa [9].

[Tpu nokamnizamii HOMEPHOTO 3HaKa € 300pakeHHsI 3 KaMepH, SKi HalvacTile 3amyMiIeHi, pO3MHUTI.
Jns ycyHEeHHS aIUTHBHOIO Ta IMITyJbCHOTO IIYMY NPOBOAMTHCS MONEpenHsi o0poOKka Takoro CHrHary
KU 3rIIaJuKy€eThest pimbTpamu (raycoBckuii 1 Menianuuid Ginbrpn). [Ipu dinbrparmii sickpaBicTs (curHan)
KOKHOI TOYKHM BHUXIZHOTO 300pa)KCHHS, BHUKPHUBIICHOTO MEPEIIKOMOI0, 3aMIHIOETBCS AESKAM IHIIUM
3HaYeHHsM sickpaBocTi [10].

B 00poOui 300pakeHb BUKOPUCTOBYETHCS JABOBHMIpHAa IUCKperHa (yHKUisA ['ayca 3 HyIbOBHM
CepeIHIM:

. —(i2+j2),’2c72
G[iu‘] = € , 1)

®inpTp, MoOyAoBaHMM Ha ii OCHOBI, CIYXUTh Ui 3rJaKyBaHHS. IIpH LbOMYy BHUKOHYIOTHCS
MaHImy/smii 3 mapaMerpoM G2 (BCTQHOBJIGHE 3HAa4YeHHs Jaucrepcii 3a3Buyail HabaraTto Oinblie
00YNCIIEHOTO, IO MPHU3BOAUTH A0 OUTHII e()EeKTUBHOTO IIYMO3AriIylIEHHIO, aje W 30UIblIye CTYIiHBb
PO3MHBaHHS 300pa)KEHHS).

Ilpu wmenmianHii QinbTpanii BUKOPHCTOBYETHCS ABOBHMIpHE BiKHO (Macka ¢inbpTpa), mo Mae
LHEHTpaJibHy cuMeTpito. L{eHTp BikHa po3TamoByeThCS B MOTOUHIN Touwi ¢inbTparnii. @opma BikHa MOXe
Oyt pizHOIO. Po3Mipu amepTypu ONTHMI3yIOTECS B MPOIIECi aHAI3y 0OpOOKHM 1 3aeXaTh Bijl IETATbHOCTI
300pakeHHs. Biaiky, 110 onmuHUIKCS B MEeXKax BiKHA, HA3UBAIOTHCSI poO0Y0i BUOIPKOIO TOTOYHOT'O KPOKY.

3Ha4yeHHs eIEMEHTIB po0040i BUOIPKU YHOPSIKOBYIOTHCA 32 3pOCTaHHSAM. BUOMpaeThCs elIeMeHT,
AKUW 3aiiMa€ IeHTpajJbHE MOJIOKEHHS B Wil MOCTIMOBHOCTI — MeAiaHa. SIKIIO LeHTpajibHEe 3HA4YEHHS €
LIYMOBUM BHKHIIOM, TO (piIbTp 3a0€3MeUUTh HOro MpUIyIEHHS.

Jliist BUKOHAHHS MTOIAJIBIINX €TaIliB HeOOXiJHO BUKOHATH BUAUICHHS Ha 300pa)KeHHI MEXK 00'€KTIB —
Oe3nepepBHUX KPUBUX, B SIKUX CIIOCTEPIra€Thesl Pi3KUK CTPHOOK SICKPaBOCTI.

BupinenHs Mex 3ifICHIOETbCS 3@ IOMOMOTOI0 TPaJieHTHUX (UIBTPIB MEPLUIOTrO 1 APYroro MopsaKy.
BukopucroBytoun, Hanpukiaa, ¢GiumeTp apyroro mopsaky — LoOG-¢inetp kommawnii (Marr-Hildreth),
Mpalioe NUISIXOM 3BipsHHS 300pa)keHHs 3 narutacianoM ¢yHkuii ['ayca. Bin moemnye B co0i BHUSBIICHHS
MEX 31 3r1aKyBaHHSIM.

Macka ¢inerpa G Oyae BU3HAYATUCH 13 CNIAKYIOYOr0 MacuBa.

Pesynprar poboru ¢inetpy LOG npencrasnenuii Ha puc. 1.
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Puc. 1. 300pakeHHS HOMEPHOTrO 3HaKa aBTOMOOUISA: a) BUXiJHE 300pakeHHs, 0) 3 BUAUICHUMHU
MeKaMHu

BigmoBigHO 3 anropuTMOM CErMEHTallil, MPOBOAUTHCA IMOIIYK KOOpPAWHAT IepeadadyBaHUX
CHMBONIB Ha JOKami3oBaHOi 30Hi. Ha mepmomy erami cerMeHranii OOYMCIIOIOTHCS  OLIIHKU
MpaBAONOAIOHOCTI MPUHAJNEKHOCTI MIKCETiB  JiHIAM CHMBOMIB. Y  HaWMpOCTIIOMY BHIIAJIKy
BHUKOPUCTOBYIOTbCA a00 TOTOBI pe3ynbTaTH HakinaaeHHA ¢inbTpa H, abo Oe3mocepeqHbO SCKpaBiCTh
miKceniB. Pe3yabTaToM MepIoro eramy € MacuB OL[IHOK MpaBonoaioHocti EZhxw.

Jpyruii eran — 004nCIIEHHs BEKTOpa CepeAHbOI OLIHKN MPaBAONOAIOHOCTI 38 CTOBIIISIMH

E @

Bextop A nmo3BoMsie BUABUTH MPOMDKKM (OHY MiXK CHMBOJAMH, SIKi NPOSBIIIOTBCS Y BUTILAL
EKCTPEMYMIB, AKIIO po3risiaaTu A gk QyHKiro.

Ha tperpomy eTami mpoBOAWUTECS BUSABIEHHS BEPTUKAJIBHUX PO3AUIBHUKIB — MEX MK CHMBOJIAMHU.
JI7is [bOTO KOXKHOMY €IEMEHTY 3iCTaBIAETHCA OIliHKa mpaBionoaioHocti Hi. YuMm Buiie 1st omiHka, TuM
BUINA IMOBIPHICTH TOTO, IO B JAHOMY MICIli 3HAXOIUTHCS MPOMDKOK (POHY MiXK CHMBONaMU. [Haekcu i
o0panux Hi — 11e KoopAMHATH BEpPTUKAIBHUAX PO3AUTEHHUKIB (MEKi) MK CHMBOJIAMHU:

Dev = {devl,dev2,...,devk}, rae k — xinbkicTs 3HalACHUX PO3TUTEHHUKIB.

Ha gerBepTomy erami 34iHCHIOETBCS YTOUHEHHS BEPTUKAJIBHUX 1 TOPU3OHTAIBHUX MEK CHMBOIIB.
Hnsa uporo meronoM OTCy OOUHCIIOETHCS TMOPOTOBE 3HAYEHHS SICKPABOCTI Uil parMeHTa 300pa)kKeHHs
MDK JBoMa po3aulbHHKaMu. llopir no3Bonsie OiHapu30BaHUMH (parMeHT 1 B pe3yibTaTi 3HANTH
KOOpAMHATHU BHJICHOTO Ha (parMeHTi 00'exra [11, 14,15].

Jns ciipomieHHs 3aaa4i po3mi3HaBaHHs CHMBOJIIB HOMEPHOI'O 3HAaKa 3aCTOCOBYEThCS MOp(osoriuna
epo3is. Mera Takoi 00OpOOKH — OTpHMaHHS CKeJleTa CHMBOITY (300pakeHHsI IIMPUHOIO B 1 MIKCeIB).

Epo3is 6inapHOro 300paskeHHS A CTPYKTYpylounM eneMeHToM B moszHavaetscst A 0 B Ta 3agaeThes
BHPa30M:

AOB={z€ A|By C A} @3)

[Ipu BuKOHAHHI omeparii epo3ii CTPYKTYpHHH €JIeMEHT MPOXOIUTh MO BCIM MIKCENsIM 300pakeHHs.
Skmo B AesKid MO3ULil KOKEH OAMHWUYHME MiKCeNIb CTPYKTYPHOIO €IEMEHTY CIIBIajAe 3 ONXUHHYHUM
nikceneM OiHapHOTO 300paskeHHsI, TO BUKOHYETHCS JIOTTYHE JOJaBaHHS EHTPAJIBHOTO MiKCeNns eJeMeHTa 3
BIIMOBIJTHUM ITiKCEJIEM BUXIITHOTO 300pakeHHs (puc. 2).

VY pesynbraTi 3acTocyBaHHs omepamii epo3ii Bci 00'€KTH, MeEHIIi, HDK CTPYKTYPHHH €JIEMEHT,
CTHpalOThCs, a 00'€KTH, 3'€MHaHI TOHKUMH JIHIIMH CTalOTh PO3'€IHAHHMH, Ta PO3IMIPH BCiX 00'€KTiB
3MeHIyroTees [12,14,15]. SIkimo cTpyKTypHUE €IeMEHT sBJIs€ COOOK €IMHHI IMIKCENb, TO B PE3YNIbTATI
BHUXOJUTH SIKICHHI OCTPIiB 00'€KTa.

[Ticns momepenuboi 0OpoOKM Ta cerMeHTalii MOXKHA MPUCTYATH 10 BHPIMICHHS 3aj4adi
po3Mi3HaBaHHS.
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Puc. 2. Jloriune nomaBaHHS LEHTPAJIBHOTO ITIKCENS €IEMEHTA 3 BiIIIOBITHUM ITIKCEIEM BHUXIJTHOTO

300pakeHHs: a) OiHapHe 300pakeHHS A, 0) CTPYKTYpHHi eneMeHT B, B) BUTOHYEHHs 300pakeHHS A
CTPYKTYPHHM eneMeHToM B2

BucHoBKH Ta mepcneKTHBH NMOAATBIIOrO AOCHimKeHHs. Ha migcraBi aHamizy miTepaTypHHX
JDKepeNn BHUIUJICHO OCHOBHI eTamM peani3alii Ta ajiropuTMHu, SKi MOXYTb OyTH BUKOPHCTaHI MpH
MpOEeKTyBaHHI 3agaHoi cucreMu. HeoOXimHuMM Ui BUPILIEHHS LBOrO 3aBIAaHHS € HIYMOIOZABISIOYA
¢GinbTpallis, BUSBICHHS MK, CKEICTH3AIlisi Ta CErMEHTAllis, a HaWOUIbII NPUAATHUMH METOJaMU
pO3Mi3HABaHHS — KOPENALiiiHI, IIa0JIOHHI METOAM 1 HEHPOHHI Mepexi.
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Karanrok O.K., x.1.H., Comixkyk P.B.
Jlyupkuii HanioHaBHUN TEXHIYHUH YHIBEPCHUTET

PO3POBKA AITAPATHO - TIPOI'PAMHOI'O BUMIPIOBAJIBHOI'O KOMILVIEKCY JJIsA
JIATHOCTHUKHU TA JOCIIIKEHHA TEXHIYHOI'O CTAHY JABUI'YHIB BHYTPIIIHBOT' O
3rorPsiHHA 3A JOIIOMOTI'OKO MIKPOKOHTPOJIEPA ELM327

Karanmwok O.K., Conizkyk P.B. Po3po0ka anapaTHO-IporpaMHOro BUMipIOBaJIbLHOr0 KOMILIEKCY /Il JiarHOCTHKH
Ta A0CTiI’KEHHS TEXHIYHOr0 CTAHY IBHUI'YHIB BHYTPIlIHHOr0 3ropaHHs.3a 10IIOMOrol0 MikpokoHTposiepa ELM327. B nawiii
CTaTTI PO3IIAAETHCSA NMUTAHHS PO3LIMPEHHS MOMJIMBOCTEH MIaTHOCTHKU TEXHIYHOTO CTAaHy ABUTYHIB BHYTPIIIHBOTO 3TOPSIHHS
IUIIXOM aBTOMATH3alii BHMIPIOBAaHHA THCKYy B IITIHAPAX MABUTYHa BHYTPIMIHBOTO 3TOPSHHS. 3ajada BUPINIYETHCS 3
BUKOPUCTAHHIM JAaTYUKIB THCKY, MiKPOKOHTPOJIEPY Ta MEPCOHAIBHOI O0UHCITIOBAIBHO MAIITHHL
Kuarouosi ciioBa: JIaT4uk THCKY, IBUTYH BHYTPIIITHBOTO 3rOPAHHSI, MiKpOKOHTpoJep elm 327, o6uuciiioBanbHa MaliiHa.

Karanwok A.K., Conmxkyk P.B.. Pa3paborka W uHccjieqoBaHue anmaparHo — NMPOrpaMMHOI0 HM3MEPUTEIbHOI0
KOMILIEKCA [1JISl JUATHOCTHKHU M UCCJIe0BAHUS TEXHUYECKOr0 COCTOSIHUSI IBUTaTe/Ieii BHYTPEHHEr0 CrOPAHHS ¢ MOMOIIBI0
MHUKPOKOHTpoJIepa ELM327. B manHOi#l cTaThe pacCMaTpUBAIOTCS BOMPOCHI PACIIHPEHHS (YHKIMOHAIBHBIX BO3MOXKHOCTEH
JIMATHOCTHKYA TEXHUYECKOTO COCTOSIHHUS IBHTAaTelel BHYTPEHHETO 3TOpaHUs IYTEM aBTOMATHU3AlMHM V3MEPCHUS [aBICHUS B
OWIMHIPAX JBUTaTeNs BHYTpeHHETo 3ropaHus.llocTaBneHHas 3amada paspenraeTcsi MyTeM HCIONB30BAHMS JATUYUKOB JaBJICHUS,
MHUKPOKOHTPOJUIEPA U TIEPCOHATHHON BEIYUCITUTEITEHON MAITHHBI.

KioueBble ciioBa: J[aTunk JaBICHUS, JABUraTellb BHYTPEHHErO CrOpaHs, MUKpOKOHTposuiep elm 327, BeruncnurenbHast
MaIyHa.

Kaganyuk A.K., Sjpiguk R.V. Development and research of hardware - software measuring complex for the
diagnosis and study the technical combustion engines by means of microcontroller ELM32 . This article discusses the issues
of expanding the functionality of diagnosing the technical condition of the engines internal zgoraniya by automating the
measurement of pressure in the cylinders of an internal zgoraniya.Postavlennaya problem is resolved by the use of pressure
sensors, a microcontroller and a personal computer.

Keywords: pressure sensor, microcontroller elm 327 computer.

3a0e3medyeHHs SIKOCTI MAaIIMH HEMOXJIMBE 0€3 IIMPOKOro BUKOPHCTaHHS Ha BCIX CTadisfiX IXHBOTO
KHUTTEBOTO LHUKIY TEXHIYHHX 3aco0iB mgiarHoctyBaHHs. IlIMpoka HOMEHKIATypa MAaIIMHOOYIiBHOI
MPOAYKIii, BEIWKE YHCIO BUMIPIOBAHMX AIarHOCTUYHUX MapaMeTpiB, POOATH OCOOIMBO aKTyaJbHUM
peanizaliio pi3HUX aITOPUTMIB Ta MPUCTPOIB AIAarHOCTYBAHHS.

AKTyaJJbLHHM NHUTAHHAM CTA€ TEXHIYHA AIarHOCTHKA AaBTOMOOITBFHOrO TPAaHCHOPTY sKa SIBIISIE
c000I0 CBOEPIAHNUM IHIUKATOPOM 1 TapaHTOM SIKOCTi Ta HAAIHHOCTI HOBOI TEXHIKH, TOMY ii 3aCTOCYBaHHSA y
CBIT1 3 KO)KHUM POKOM 3pOCTae.

VY mpoumeci ekciulyaTamii aBTOMOOUIIB MOCTYIOBO 3HUXKYETHCS €(QEKTHBHA MOTYXHICTh 1
30UTBIIYETHCS MMTOMAa BHUTpATa MajuBa 1 BUHUKAE MpodjeMa e(peKTHBHOI HiarHOCTHKHM TEXHiYHOI0
CTaHY JIBUTYHA.

CyuacnHi  iHdopmamiiiHi  TexHONorii, 3aBISIKHM  CHOpPOLICHIH CHUCTEMi  MporpaMyBaHHS
MIKPOKOHTPOJIEPIB, CYTTEBO CIPOCTHIIN BUPIIICHHS 3a7ad 3 BUMIPIOBaHHS (i3MUYHUX BEIWYHH, HAJIABIIN
MOXJIUBICTh iX 3aCTOCYBaHHS IIMPOKHM KOJIOM CIIELiaNicTiB pi3HHX ramysed. Lle mo3Bonse po3mupuTu
KONIO 3aj1ad Aisi MIKpokoHTponepiB. OIHI€IO i3 TakMX 3a4ad € 3aCTOCYBaHHA MIKPOKOHTPOJEPIB AJIs
JIIarHOCTHKH JBHUT'YHIB BHYTpIIIHbOTO 3ropsiHHs ([IB3).

BaxsimeuMm 1 BigmoBimanpHuMm By3nom JIB3 e mimianpo-mopmmboBa rpyna (LI). Brpara
KoMIpecii, BigXuiaeHHs i1 BiJf HOpMH B PIi3HHMX IWIIHJPaX TPUBOAUTH 10 IBuakoro 3uocy LI, Jlns
niarHoctuku crany LTI 3acTocoBYIOThCS MPUCTPOI BUMIprOBaHHs Komrpecii (komnpecomeTpr). OmHak
KOMIIPECOMETp He Ja€ A0cTaTHhOI iHdopMauii 1 getanbHoi giarHoctuku crany LI neuryna. Tak sk
3HIDKEHHS KOMIIpeCii Moxe OYyTHM BHKIMKAaHO HE TUIBKM 3HOIICHHSM TiIb3 IMUIIHJPIB, TOPIIHIB,
KOMIIPECIHHUX Kilenb, aje ¥ IHIMWMHU Pi3HOOIYHMMH NpPUYMHAMH, OCHOBHHMH 3 SIKUX €. MOPYILCHHS
TEIJIOBHX 3a30piB B KJIalaHHOMY MeXaHi3Mi, 3HOIICHHSI HAallPaBJISI0UUX BTYJOK KIIalaHiB, porap KiamaHa
YM TOPIUHS, HErepPMETHYHICTh BITYCKHUX (BUITYCKHHX) KJIalaHiB, Ie(EKTH MPOKIAIKH TOJIOBKH OJIOKY
OWITIHAPIB, 3aKOKCOBYBaHHS MOPIIHEBMX Kijienmp Ta iHme. Jlis OTpUMaHHS TMOBHOI AiarHOCTHYHOL
iHpopmanii L' HeoOXigHO MaTH 3aJeXHOCTI 3MIHM THCKY B KaMmepi 3TOpPSHHSA BiJ KyTa IOBOPOTY
KOJIIHYaTOro Bay.

AHaTi3yI04u XapakTep 3aJ1e;KHOCTi MOJKHA TIPOBECTH JeTallbHe AiarHocTyBaHHs [IB3 .

B miteparypi BUKIageHO MuUTaHHs LIOAO MpoBeaeHHs Tecty JIB3 Ha manmiHHS THUCKY B Kamepi
3TOPSHHS IIUISIXOM JIOKadi3amii wmicms i3 cimaOKolo TepMeTh3allis 1 3a UM 10 TaONMuIli BHU3HAYCHHS
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nedextHoi merani. AHami3 3MiHM THUCKY Ha HpoTA3i pobdodoro uukiay B3 He 3miHCHIOETHCS, pe3ynbTaT
BHUMIPIOBaHHSI HE PEECTPYETHCS 1 HE MOXKe OyTHM BHUKOPHCTaHMH AJISl MPOTHO3YBAHHs TEXHIYHOIO CTaHY
JIB3, nnanyBaHHA HOr0 KamiTanbHOTO PEMOHTY.

B nirepatypi mnpencraBieHO NPOrpaMHO-TEXHIYHUH KOMIUIEKC Ha 0a3i OaraTOKaHaJbHOTO
MPUCTPOIO BBOAY-BUBOLY Ta 00p0oOKy aHanorosoi i uudposoi indopmarii — 6araTopyHKIIOHATBHOI II1aTH
300py nmanux L-783 BupoOnmurBa 3A0 " JI-Kapn " (Pocis). Omnucanuii BUMiprOBaJIbHHN KOMIUIEKC €
VHIBEpCaJbHUM Ta BHKOPUCTOBYETHCA CYMICHO i3 mporpaMHHM mpoaykTom PowerGRAPH sax s
MPOBENICHHA HAaYKOBO-AOCIIAHUX POOIT B HANPAMKY YIJOCKOHaneHHs pobouoro mponecy AB3, Tak i mis
MPOBENECHHA LUKy JIaOOpAaTOPHUX 3aHSTh, 3 METOI0 NMPUAOAHHS CTYAECHTAMH NPAaKTUYHOTO JOCBily Ta
3aKpiIlJIeHH TEOpeTH4YHOro Mmatepiamy. [Ipore nmns BupimeHHS 3aBHaHHS TexHiYHOI miarHoctuku LTI
MOTPiIOHO YAOCKOHAIEHHS HOr0 MPOrpaMHOro 3a0e3MeYeHHs, JOCTYII 0 KO0 3aKPUTHM.

Mera paHoi po0OoTH € modinmeHHd (YHKUIOHATBHO-IKICHUX TIOKAa3HUKIB A1arHOCTHYHOTO
oOJlalHaHHSl JBHUTYHIB BHYTPILIHBOTO 3TOPAHHS 332 PaxyHOK pO3pOOKH amapaTHO-BUMIPIOBAIBHOIO
KOMIIJIEKCY KOHTPOJIIO BCTAHOBJICHHS THCKY Y KaMepi CHaJleHHS.

Buknanenns ocHoBHoro marepianxy. CTaH cy4acHOi eleMEHTHOI 0a3u 1 00YHCIIOBATBHOI TEXHIKH
BH3HAYAE, 10 HAWOUIBII paliOHAJFHOI MOOYJOBOI BHMMIPIOBAJIBHUX CHCTEM Y CKJali JabopaTopHUX
YCTaHOBOK € arapaTHo-nporpamHi BuMiptoBaneHi komiuiekcu (AITBK), abo aBTOMarn3oBaHi CHCTEMH
MepEeBIpPKH TUCKY
y KaMmepi craJieHHS 5IKi 3aJJ0BOJIbHAIOTH HACTYITHUM YMOBAaM:

- BUKOPHCTOBYIOTH CTaHJAPTHY €IEMEHTHY 0a3sy;

- BUKOPHCTOBYIOTH CTaHIApPTHI iHTEpEHCH 1 MTPOTOKOIH;

- MAIOTh 3py4YHHI, HAOYHMH 1 "{HTYITHBHO HaoOUHMI" TpadiuyHmil iHTEpdeiic KopucTyBaya;

- aBTOMAaTHYHO IepeAaloTh 1 06poOIAIOTH iHpOpMALIilo.

Hns 3amoBoneHHst nepepaxoBanux Bume BuMor AIIBK pomineHO OymyBatm Ha OCHOBI
MEPCOHAIBHOI OOYUCIIOBANBHOI MAIIMHM, A0 SKOI MiAKIIOYAIOTHCS BUMIPIOBAJbHI MPHUCTPOI depes
CTaHJAPTHI PO3'EMHU.

Buxonsun 3 TOro, mo MpoLec HAMOBHEHHS KaMepH CIaJCHHs, B 3aJeXHOCTI Big po3Mipy
MPUIYCTUMO] IUIOLII ITONEpeYHOro nepepizy, y mepumomy mepioai tpusae 0,4 Bin mBHAKOCTI 00epTaHHS
KOJliH4aToro Bamy. Tomy, [Uis BUMIpIOBaHHS TUHA-MIYHUX XapaKTEPUCTHK JOCTATHS IIBUAKONIS JaTUHKa
TUCKY CTaHOBHUTH He Oinbiue 0,1 ¢, a mBUAKOAIS BUMIpIOBaJIFHOTO IPUCTPOIO — Ha mopsaok Bumie - 0.01 ¢
[1,2].

Jns 3abe3rnedeHHs OXHOYACHOIO BUMIDIOBaHHS MapaMeTpiB Yy KOXHIM KaMepi CHajeHHs,
HEOOXiTHO pO3MIlIyBaTH He MeHIle 4-X, a skijo Oyae moTpeda 30UThIICHHS YUCIIa BUMIPIB, 10 8 AaTYHKIB
3 AuHaMiyHUM gianazoHoM He MeHm 50 nb 1 wacoBum iHTepBamom He Oinmbine 0,5 Mc (Buxomsum i3
MaKCHMAJIbHOI IIBUIKOCTI HATIOBHEHHSI KaMepH CriajieHHs). [l BUKOHAHHS 1i€l yMOBU HEOOXiaHO MaTH 8-
MU KaHaJIbHHUI aHanoro-nudposuii nepersoproBau (ALIIT) He meHm 9 po3psmiB (BUXOMIUM i3 MOXUOKH
BUMIpIOBaHH: TUCKY He Oinbine 10% st iHKEHEpHOro po3paxyHKy) 3 TAKTOBOIO YacTOTO Oibine 2 K[ 1.
[Ipn npoMy MIBHAKICTH Tepenadi JaHuX rmoBuHHa Oytu He MeHme 126 xbut/c [3]. Taky mBuakicth
nepenaui ganux y [IEOM moxna 3a6e3meuntn no intepgeiicy USB. O0poOky i BimoOpaxeHHs iHdopMmaii
MoXxHa 31iiicHnTH 3a gonomororo [IEOM. Ctpykrypa Bapianty AIIBK nokaszana na pucyHky 1.

Ho cxnany AIIBK HeoOXiTHO BKITIOYUTH:

- HE MEHILIE YOTHPHOX JAaTYMKIB THUCKY, HIIKIIOYCHUX 0 KOKHOI Kamepu cnaneHHs (puc.l.) 3
Oy epHUM mmifcHIIOBaYeM mBUAKo €0 He Oinbme 0,1 c.

- MIKPOKOHTpOJIEp, IO BKIIOYae B cebe: KoMyTaTop, 8-KaHaNbHHN aHaJoro-uugpoBHi
neperBoproBad (ALII) i3 uudpposum curnanpaum nporecopom (LICII) i koMIuieKTOM KabeiB Crioay4YeHHS,

- aBTOMaTH30BaHe pobOoue wmicue (APM), mo Bxmodae I[IEOM 3 mporpamHuM
3a0€3MEUCHHSM.
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Puc. 1 — Cxema anapaTHO-POTPAMHOTO BUMIPIOBATIHHOTO KOMITJIEKTY Ta CXeMa PO3MIlllCHHS
JATYUKIB THCKY HA IBUTYHI BHYTPILIHBOTO 3TOPSIHHS

Jns oTpuMaHHA KpHBOI 3MiHM THCKY B LWJIIHApPI HEOOXiTHO MPOTpIiTH ABUTYH A0 PoOOdoi
TEMIIepaTypH, BCTAHOBUTH B JOCIHI/KYBaHMU LWITIHAP AATYAK THUCKY 3aMiCTh BUBEPHYTOIO CBIUKH, a
BHCOKOBOJIbTHUH MPOBiA 1i€i CBIiYKM BCTAHOBUTH Ha PO3PSAIOHUK. Y BUMANKY, KOJIH ABHTYH OCHAIICHUIM
€IMHUM MOIYJIeM 3alalioBaHHS HA BCl LWIIHAPH, MOXHa 3HATH MOAYJAb 1 BCTAHOBUTH JOAATKOBI
BHCOKOBOJIBTHI IPOTH MK HOrO BUBOAAMH 1 CBIYKaMH, JOTPHUMYIOUUCH MPU IIbOMY 3alOODKHHUX 3aXOIiB.
SIKImo MOXIHMBO, BIAKIIOUUTH Po3'eM Bif (POPCYHKM IWIIHJpPA, IO TIarHOCTYETHCS, 100 BHUKIIFOUUTH
nofauy najguBa. CHHXPOHI3ALiI0 P 3HATTI KPUBOI 3MIHM THUCKY Kpallle BAKOPHUCTOBYBATH 30BHIIIHIO, Bif
JaTYhKa MepUIoro HWIIHAPA. 3amyCTUTH JBUTYH 1 3HSITH KPUBY 3MiHHU THCKY.

[IporpaMa BHKOHYE HACTYIHI 3aBJaHHS: BioOpa)kae y BUIIIAl 4acOBHX rpadikiB THCK y KOXKHIH
KaMepi CHaJleHHS OIHOYAaCHO, BHMIPIOE YacoOBi Ta aMIUIITYy[JHI MapaMmeTpu, 3amaMm’STOBYBaTH OTpPHMAaHi
pesynbTaTh y (aiii, kepye podororo Mikpokontponepa ATIISAM7S128 [4, 5].

Crnouatky omepatop BcraHoBIIOe napamerpu ALIL. 3oBHImHINA BUIIIAL OiaJoroBOro BiKHA Ha
Puc.2. Oneparop BcranoBmioe HaBnpoTH mo3uuii “Kos¢.men” BcTaHOBIIOE KOE(ILi€HT ALICHHS, MOXE
BCTAHOBUTH IHIIMKA TAKTOBHH TEHEPATOp, BKIOYUTH a00 BHUKIIOYUTH BignoBigHi kanamm ALl
BcranoBUTH po3pagHicte AT 10 pospsniB ado 8 paspsanis. Ilicis BcTaHOBIEHHS onepaTop MOBHHEH
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Puc. 2 — 3oBHINIHINI BUTJISI A1aIOrOBOT0 BikHA HacTporoBaHH: mapamerpiB AL ans 6moky nmepeTBopeHb
Ta 30BHILIHINA BUTJISAT OCHOBHOTO IHTEpdEicy Mporpamu
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“HopMupoBKa MO JaBIEHHIO  BCTAHOBJIIOETHCS OAWHUI. Ilicis BHMipy OTpUMYyeMO Ha eKpaHi
KpUBY BCTaHOBJIEHOTO THCKYy. MakcuMmalbHe 3Ha4eHHS Yy OaiiTax Ta 3HA4YeHHA 10 MaHOMETPY
3amaM’ATOBYIOTBCS @ TIOTIM 3HaXOJHUTHCS iX CHiBBiAHOMIEHHS. Lle 3HaueHHs MOTiM 3amucyeTbest y rpady
“HopmupoBka mo aaBieHuio”. B momanplimx BUMIpIOBaHHSX 3HAYEHHS aMIUIITYAW Oyne BiamoBimaTtu
3Ha4YeHHSIM y aTMocdepax abo y Mlla.

[Ipouec 3’eqHanHHs 3 30BHIMIHIM OJOKOM MNEPETBOPEHHS MOXKJIMBO NPOKOHTPONIOBATU Y BiKHI
“Uutepdeiic padotsr ¢ ALIIL”. 3oBHimHINA BUMIAA iHTepdelicy nmporpaMu 300pakeHo Ha puc. 3. Ilicns
HaTucKaHHS KHomkM “Ilyck” y HW)KHBOI 4YacTHHI BiKHa 3 SBISETBCA TOCHUJIAHHS MPOrpaMu Mpo
MIKITFOUYEHHS 200 BiIKITIOYCHHS IPUCTPOIO.

[Toyatox mnepeTBOpeHHs MOYMHAETHCA 3 HATUCKaHHSA KHomku “M3meputs” puc.3. KinbkicTh
BHUMIpIOBaHb BCTaHOBIMIOETHCA y rpadi “MuTepBan”. Ilicias HakomuyeHHs 3aJaHOTO 1HTEpBaNy 3’ SIBISETHCS
rpa¢ik BCTAHOBJICHHS THCKY, 30BHILIHINA BUTIISA SIKOTO 300pakeHo Ha puc. 3.
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Puc 3 — 30BHIIIHIN BUTIISAA IPOLIECY BCTAHOBICHHS TUCKY Ta 30BHIIIHINA BUTIIA
iHTEepdeiicy poO0TH 3 30BHIIIHIM OJIOKOM NEPETBOPEHHS

[licms oTpuMaHHS KOXXHOIO BHMIPDIOBaHHsS OIEpaTop 3amaM SITOBYE OTpUMaHUil Tpadik
HaTuckaHHAM “®@aitn” —> “Coxpanuts prn”. Lle mae 3mMory y momanbuioMy BUKOPHUCTOBYBAaTH OTpPUMaHi
PE3yNbTaTH BUMIPIOBaHb sl IPOBEICHHS AOCIiIKEHb.

OTpumaHHs 3HaueHb Ha rpadiky 3IiMCHIOETbCA 3a JOMOMOIOK BEPTHKANBHUX JIHIT sKi
3HaXOAATHCS 3J1iBa Ha OYATKy rpadiky. 3a J0MOMOror Kypcopy i JiHii
BCTaHOBIIIOIOTHCS Y 3alaHuX Micusax omeparopoM. Ilin mignucamu “Merka 1”7 Ta “Merka2” 3’ SBISIIOTBCS
3HA4YCHHS TOJIOKEHHS BEPTHUKaJIbHUX JiHIl. Y rpadi “PazHOCTE” aBTOMAaTHYHO PO3PaxOBYETHCS BiICTaHb
MK JBOMa BEPTHKAJbHUMH JiHisIMH. TakuM YMHOM 3IiHCHIOETHCS BUMIPIOBaHHS 4aCOBHX IapaMeTpiB
nepexiHOro mpouecy y kamepi crnaneHds. Ha oci orpumanoro rpadiky BinoOpaskaeTbcsl 3HaYEHHS THCKY.
I'padix BcTaHOBIEHHS TUCKY Y KOKHIM Kamepi CriajeHHsl Ma€e CBii KOJip, Ta MiAMHCYEThCA Y BEPXHHOMY
npaBoMy KyTi cmoBamu “Seriesl”. Hamporu koxHoi Ha3Bu rpadiky “Series...” € rajouka, sika JO3BOJISE
BKIIIOYUTH a00 BHKIIOYHTH BigoOpakeHHs BigmoBigHOro rpadiky. TakuM YMHOM MOXKIHBO OKpPEMO
PO3IIIAAAaTH KOXKHUM Tpadik BCTAHOBIEHHS TUCKY Y KOXKHIN Kamepi CrajleHHS.

Jiarnocrnunnii anantep OBD-11 ELM327

3a monomorow ELM327 Bu cami 3MoxeTe MpoBECTH AiarHOCTUKY ABUTYHA
Bamoro aBTomo0Oinsi! Tenep He motpibHO BTpauatu yac ans moi3aku Ha CTO, He
Tpeba BUTpauaTH Tpolli KOXEH pa3, KOJIM y Bac 3aropijiacs JaMIIOdKa IepeBipTe
OBUTYH abo HecmpaBHUH skuil-HeOyns matuuk! YV 80% Bumagkax mnpoOnema
HecyTTeBa 1 BUpilllyBaHa B AOMAIIHIX YMOBaxX. 3a JOMOMOrOI0 LLOI'O CKaHepa BH caMi
Ji3HaeTecs MPUYMHY HEMOJIAAKH 1 3MOKeTe BHAAIMTH L0 NOMWIKY! BpaxoByroun
BapTICTh MOCTYT 3 KoMI'toTepHOi giarHoctuku Ha CTO, nanuii mpunag oKynaeTbes
3a KiJbKa pasis!

[Mimxomute 1o Beix aBromoOimsam i3 CILIA 3 1996 poky (He mae 3HaueHHs
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BUpPOOHUK). | 10 Bcix aBTOMOOLTIB 3 €Bporeiickkoro punky 6ensuH 3 2001 poky, nusens 3 2004 poky; Ane
9acTO MOXKeE MiTiNTH 1 10 aBToM0OLTiB 3 €Bporu ctapire 2001! Hanpukazn 6arato moaenei Volvo, SAAB,
Jaguar, Porsche, Lancia, Alfa Romeo, Fiat, Opel 3 €Bponu miarpumyroTs 1l aBTo ckanep 3 1996 poky.
MosxmuBocTi giarHoctruHoro agantepa ELM 327 we 3anexwuts Bin Buny miakmodends (COM, USB a6o
Bluetooth).

um BiH 1 3aMaHIOE - OAMH aganTep i Oarato MammH. Ta me i mporpaMmy Mo)KHa BUKOPUCTOBYBATH
oaHy. 3ycTpidaloThCsl BUHSTKH, 3BICHO, KOJHM ajalTep HE MOXKE MpoYuTaTh MamuHy. Haifuacrime me
TpaIIsieThes yepes Te, mo Mamuna He minrpumye OBD-I1. Aje ne Bce-Taku BUHSTOK.

MokJIMBOCTI JaHOTO AiarHOCTUYHOI0 aJanTepa:

» Uutae NOMHIKH » BumnepemkeHHs 3anaatoBaHHs

» Crupae MOMUIIKA » TewmmepaTypa BCMOKTYBAHOT'O IOBITPSI

» Tloka3ye BuTpaTa majaMBa » MacoBa BuTpaTa MoBITPs

» BuBoauTh mapaMerpu CHCTEM 1 JaTYHKIB » TlonoxxeHHs IPOCENBbHOT 3aCITiHKH
aBTOMOOLJISl B peajibHOMY 4aci: » JlamOma-30HI

» (upuxnamm) » Tuck nanusa TOLIO.

» O0opotu ABUTYHA » bynye rpadiku

» HaBaHTa)XeHHS ABUTYHA » BuBoauTh iH(pOpMaIlito Mpo aBTOMOOLITH

» TemmepaTypa OXOJOMKYIOUOI PITMHU » 3aMipsBcs 4ac pO3roHy i MOTYXHICTb

» CraH MajauBHOI CUCTEMHU » JliunneHuk yacy posrony: Big 0 mo 100 xwm /

» UIBuaxicth pyXy aBTOMOOLIS rof

» KopoTkocTpoKkoBuil BUTparTa najiiBa » Poburs cron kaap

» JIoBrocTpOKOBHUI BUTpaTa MajinBa » 3anmcye nasi

» AOCONIOTHHUH TUCK MOBITPS » Excnopt naHux i po3apykiBka

Codra B Mepexi qocuTh Oararto, MiaTHi, OE3KOIMITOBHI TOJATKH, TPIONbHI, JJaMaHi. AJle MO iCTHHI 3aCITyTOBYIOTh
00TOBOpEHHS BCHOT'O OfHA, ABi MpOrpaMKu. S HaleBHO HE BiA3HAYMBCS OPHUTIHAJIBHICTIO, SKIIO HAMHIIY, IO cama
«baraTta» mporpama 1e Torque Pro, 6maro y Hac € yminbLi sIKi 3aMai 110 IPOrpaMKy i BOHa MOYKE HaM JiCTaTUCS
0€3KOLITOBHO, 3aBAaHTAXKUTH il 1 TOUYUTATH MO Hel MokHa Ha 4pda.ru B temi Torque Pro (OBD2 / aBTomM00111b), Tak
caMo MOkHa Oyiio O po3risHyTH 1ie napy mporpam Takux sk DashCommand, HobDrive i OBD DROIDSCAN PRO,
asie poOUTH 1BOTO HEe Oyy, TaK K HEBETUKHI PO3MOBiasL mpo Torque Oyae JocTaTHii.

ITpuB'sa3ka TPUCTPOIO TPOXOAWTH 3a JiUEHI CEeKyHIH, TUTbKM He 3abyBaeMo B HacTpoiikax Bluetooth
BUCTaBUTU «BuanumicTs aj1s Bcix». | ock micis 3akiHUeHHS apy CEKyHJI BBOOAMMO TOH caMHI Mapoib sSIKMH y 6araTbox
HE MPOXOIUTH, e Y MEHE BCE HOPMAJIbHO, TAPOJIEM CITYKHUTb 4-X 3HAYHE YUCIIO THCAUY JIBICTI TPHIALSATH YOTHPH.
IIpu 3akycui Torgue, mporamMmma TMONPOCHTH JMA03BUI Ha migkmioueHHs GPS nnsa BumipiB  mBuakocti i
MiCIIe3HaXO/KCHHS. BiTbII IeTanbHy IHCTPYKIIiI0 MOXKHA ITOoropTati Ha caiti elm327.ucoz.ru. Hy a st cipoOyto Tpoxu
PO3MOBicTH PO QYHKLIOHANT 1 KOPUCHOCTI MPOrpamMH.
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I O RQU E ' Wudbopmauma o cTaTyce aganTepa

AMHFHOCTMKB W ynpagneHue gBUrarenem

BawWero gevrartens nognepxueaeT Takune
ATHYMK

Bepcusa npunoxeHus

HacTpouku

HaxmuTe gns

CraTtyc

Apantepa ‘ ~ ,~
Puc 4 — 'onoBHE MEHIO MPOTPaMU Ta AOCTYIIHI JaTYUKU

3Bepxy € 4 iKOHKH, BOHU CHUTHAJi3yl0Th Ipo: migkmodenHi 1o GPS, Tenedon roBoputs HaM HE3pO3yMiIO IIPO
110, IHAMKTOpP ajanrtepa TOBOPHUTH MPO 3'€THAHHS TeneoHy 3 aJanTepoM, MAIlMHKA IT03HAYAE, IO aJlanTep OTPUMYE
iH(OpMaLilo Bi aBTO.

Hy 3BHUaifHO X Bifpa3y XOUEThCS MOTMBUTHCS, IO S 3MOXKY 3pOOHTH i SKi JaTUMKH NPAIIOKTh. Memo B
HaNAMITYBaHHS 1 JUBUMOCS iHPOPMAIIiIO PO afanTepi.
Jani nepexoanMo 10 00pTOBOro KOMITTOTEpa 3 OKa3aHHAM pizHoi iHdopmanii. Ha mBuakocti 120km / rox. (Puc. 5)
I'pix Oyio O He Mpo CKaHYBaTH aBTO HA HAsBHICTh MOMWIOK. JlaHa mporenypa 3aiiMae He Tak Oarato yacy. (Puc. 6)

YenewHoe nogrnodeHne Kk 3bY.

08 Accel -
0,0

T L ,.,-yr;_-r\ o -
P7” 50 60 TN 80 100 “* 50 60 % 7~ 50 60 7
/40 Throtle 70 ‘/50 Speed N\ | £/ 20 Thronle 70 W' 4 2 F'/ 40 Throttle \ 60 Seeed 1A
306 119977\ : 0.0 133 '
30 :
% - 40

. o, \ _ [ 0,0 )
km/h % | - 1 /b 140

)

i Vacuum i F) \ 15 \ ¥ f .IBVa;uum
38 - @ 2| ; R 1657

-1

in/Hg

Puc 5 - Ilokasu pizHoi iHbopMaltii Ha BUAKOCTI 120km / rof. Ta mpoleaypa CKaHyBaHHS TOMHIIOK
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) JypHan oWnGoK 5 XypHan owmboK

ne KOAoB OWMBOK (MOXKET 3aHATL HEKOTOPOE B!

B 3BY HeT COXpaHEHHbIX KOA0B
OLNGOK

Puc 6 — Ilpouenypa ckanyBaHHS ITOMHJIOK
Ha poGounii ekpan MoxkHa ToAaTu pizHi ekpaHu. [lepenik Hik4e Ha (oOTO.

£\ Llkana (cTpenka) i = BB M OTobpaxeHue

s N
£\ Likana T Ko s CrepuT em BB
\:;: 'A«’ HanpasneHue) HOGHe

N~

—— OCTOAHWE TONMBA ( Te Y c
MonoBuHa WKans! ROTORHMNE TOMTAS Tekyuyni cTaTyc

HEOGPABOTaHHbIX AaHHbIX

ABUXEHVS

CocToRHWE BTOPUYHOrO GPS nosuuuMoHupoBate
Bo3gyxa

CraTyc Tonnuea v Bo3gyxa
MaHenb oToBpa)eHus y Ay

Fpaduku ST A KpeH
-
o
BopL6a 3a 9KONOrMIo SN [uchdpeper
w—

A

OToGpaxeHue (rnam\ BKN/BbIKN 9KpaH

Puc 7 — Ilepenik TUMIB eKpaHiB

Lindbposon gucnnen

Runwar ave

Takox mporpama MoxXe, 3allMCaTH TPEK Balloi MOAOPOXKi 3 HAKIAJACHHIM Ha KapTy. BimoOpaskaTu MUTTEBY

BUTpATY, BapTiCTh MOI3AKH, HApyra, TeMIepaTypy MOBITPsI TECTYIO 4Oro ABUTyHa. Ha mpoMy HameBHO s 3aKiHUy 31
CKpIHLIOTaMHU MPOTpaMH, TakK SIK OTJISII BCE TaKH ajantepa a He cofTa.
MeHi 37a€ThCsl XOpolla pid Uil aBTOMOOLUTICTA, 3a HEBENHUKY LIiHY MH OTPUMYEMO OyXE BEIMKHHA OCTYH A0
iH(pOopMaLii mpo MaIKHY, 1€ KA Kpallle HDK IJIaTUTH 32 OQilliiiHI CKaHepH HANPUKIIA] U 3HATTS NOMUIKU. JJymato
TakKa piv MOBUHHA OYTH y OyAb-sIKOTO TIOBAXKar04oro cebe aBTOMIOONTEIS .

BucnoBku. TakuM 4MHOM 3ampoNOHOBAaHUI anapaTHO-IPOrPaMHUI BUMipIOBaJIbHUN KOMIUIEKC TO3BOJIAE:

1. criocTepiraTi BCTaHOBJIEHHS TUCKY Y KaMepi criajeHHS,

2., NIBUIMTH TOYHICTh BUMIPIOBAHHS YaCOBHX TapaMeTPiB BCTAHOBJICHHS THCKY Ta MOTO 3HAYEHHS,
3.MPOBOANTH JOCITIDKEHHS 1 MOPIBHUTBHUN aHaJli3 OTPUMAaHUX rpadikiB MK KaMepaMu CriajeHHS,

4.Hajae MOXKJIMBICTB 3 OLTBLIOI0 TOCTOBIPHICTIO NIarHOCTYBAaTH HECIPABHOCTI MIIIHAPO-TIOPLIHEOBOI TPYIIH;
5. 3MEHINTH 3aTpaTH Ha M03aIJIaHOB1 KalliTaJlbHI PEMOHTH JABUTYHIB BHYTPIIIHBOT'O 3TOPSHHS.

1. T'ybepryc I'lonrep. [lnarnoctrka qu3ensHeIx apurateneil. Cepust «ABromexanuk». Ilep. ¢ mem. 1O. I'. I'pyackoro. — M: 3A0 «KOXKU
«3a pynem», 2004 .

2. Bpyonesckuii A.H. Texaudeckoe pelreHne It HCCIeJOBaHus pabodero mpolecca ABUraTelisi BHyTpeHHero cropanus / BpyoOmeBckuit

A.H., I3r06enK0 A.A., Baxpymies B.W. // [IpomsIiieHHbIE H3MEPEHHsI, KOHTPOIIB,

aBromarusanus, auargocruka. — 2008, — Ned, — C 30-33.

I'pebres B.B. MukpokouTtpoiutepst cemeiicra AVR dupmer Atmel. - M.: UIT PagioCodr, 2002 - 176 c.

llmak FO.A. TIporpammupoanme Ha sibike C mis AVR u PIC mukpokonTpornepos. / - K.: «MK-IIpece», M: WU3natensckuit qom

«lomka XXI» 2007. - 400 c.
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YK 519.866:658.149.3
Pyas H.T.
Jlynpkuii HalioHaJIBHUHA TEXHIYHUI YHIBEPCHUTET.

MATEMATHUYHE MOJIEJTIOBAHHSI ITPOLIECIB TPAHC®EPY TEXHOJIOI'TH

Pynr H.T. Maremarunune MoJel0BaHHSI mpoueciB TpaHcdepy TexHoJoriii. B crarri 3ampononoBana mopens
TpaHcdepy TeXHONOriH B perioHi y BUIIIsiAL opieHTOBaHOro rpada. IIpomec TpaHchepy TEXHONOTIH OMICaHUH CHCTEMOIO PiBHSHD
OayaHCy TPOIIOBHX TIIOTOKIB Ui CyO’€KTiB 1HHOBAINMHOI MisDTBHOCTI. PO3B’S30K cHcTeMH piBHSHB JO3BOJISIE OI[IHUTH
JMHAMIYHAI 1HAEKC, SIKHH XapakTepu3ye e()eKTUBHICTD TpaHC(hepy TEXHOIOTIH].

KuniouoBi ciioBa: Hayka, BHpOOHHIITBO, IHHOBaMiiHa IHPpPaACTPYKTypa, TpaHCc(hep TEXHOIOTIH, MOAEIb.

Pyas H.T. MaremaruyHe MoOJeJHMpPOBaHUEe IpoueccoB TpaHcdepa texHosoruii. B cratbe mpemioxkeHa Monenb
TpaHc(epa TEXHONOrWif B pErHOHE B BHUJE OpueHTHpoBaHHOro rpada. Ilpomecc TpaHcdepa TEXHONOTHH OMMCAH CHCTEMOH
YpaBHEHHI OajaHca NEHEXKHBIX IOTOKOB Uil CYOBEKTOB HMHHOBAIIMOHHOW JESATEIBHOCTH. PerieHne cHcTeMbl ypaBHEHHH
MIO3BOJISICT OLCHUTH JUHAMUYECKUH HHACKC, XapaKTepH3yomuii 3¢ (heKTHBHOCTH TpaHC(epa TEXHOIOTHHA.

KioueBsle cji0Ba: Hayka, IPOU3BO/CTBO, HHHOBAIIMOHHAS HH(PPACTPYKTYpa, TpaHC(HEp TEXHOIOT U, MOJIEIb.

Rud N. Mathematical modeling technology transfer processes. Innovation transformation of the region involves the
development of their own approach to the transfer of innovative technologies, which should take into account the conditions,
opportunities, prospects and reserves, i.e. the innovation potential of the region. It is necessary to provide for a close relationship
and possibility of transfer to the programs and projects results implementation, basic research to scientific applications, and
achievements of the past - to the scientific, technical and innovative programs and further - to the economic, environmental and
social programs. Mediation in science and innovation sphere on the information transfer between the stages of the innovation
process is an activity to ensure technology transfer. This article describes a model of transfer of technologies in a region, which is
represented as oriented graph. The process of transfer of technologies is given by a system of balance equations of monetary
transfers for the participants of the innovative activity. The solution of the system of equitation’s helps to estimate the dynamic
index, which characterizes the efficiency of the transfer of technologies.

Keywords: science, industry, innovative infrastructure, transfer of technologies, model.

IMocranoBka mpo6semMu. 3pocraioda akTyadizamis TpaHcdepy Ta Komeplianizalii TEXHOJOTiH
BU3HAYAETHCA THM, IIO0 CHOT'OAHI HAYKOBI YCTaHOBH Ta IIPOMHUCIIOBI MiANPHEMCTBA Bce OuIbLIe
3alikaBJieHi B IPUKIaJHOMY BUKOPHCTaHHI PE3yJIbTaTiB CBOIX HAYKOBUX Ta JOCITIAHO-KOHCTPYKTOPCHKUX
po6it (HAJIKP). PesymbraTiBHICTE pOOOTH JTabopatopii, IHCTHTYTIB, yHiBepcuTetiB, Bigainis HJIKP
MPOMHUCIIOBHX IMIANPHEMCTB Yy BCbOMY CBiTi Bce OUIBIIOI0 MipOIO OLIHIOETHCS 3 TOUKH 30py €KOHOMIYHOT
edexTuBHOCTI KOMepuianmizalii Ta BHUKOPHCTaHHS TEXHOJOrIM $K Ha BHYTPIIHBOMY, TaK 1 Ha
MDKHApOIHOMY PHHKaX.

PeanpHiCTb cCydacHUX B3a€MOBIIHOCHH MK HAYKOIO Ta IIPOMHUCIIOBICTIO, 3HAHHIMHM Ta AOCB1IOM,
TEXHOJIOTTYHUM TIPOLECOM Ta MPOIYKII€I0, KA BUMYCKAETHCSA, MICTUTH 0araTo CKJIaJHOCTEH Ta BHMOT,
o MoTpeOyIOTh OKPEMOro po3risiLy Ta BHBYeHHs. Came 3 MOMISIAy Ha MEPCHEKTHBHICTH LBOTO
HanpsIMKY JiSTIBHOCTI CIijl BITOKPEMUTH Psi/i TUTaHb, 00 JTO3BOJSUIM BHIIUIMTH 3aBJaHHS Ha MUIAXY JI0
BCTaHOBJICHHSI MEXaHi3My CIIIBIpalli HAyKOBOTO Ta BHUPOOHHYOrO CEKTOpPIB pPErioHIB JepKaBH.
JiarHocTuka, cucTeMHUl aHami3, (JOpMyBaHHsI CTpaTerii i TAaKTHKH, BCE L€ € HEBLA €EMHUMH YaCTUHAMU
31iiicHeHHs TpaHcdepy.

AHaniz ocTaHHix aociaimkenb i myOmikaniii. CborofHi acmekTH TpaHC(epy TEXHOIOTiH
JOCTaTHBO IOCTIHKYIOThCA BITUM3HSIHIUMH W 3aKOPIOHHUMH BYeHUMH. [l0 HAaHOUIBII 3HAYMMUX Tpaub y
il obnacti MOkKHa BigHecTH poOoTH HacTynmHuX aBTopiB: H. Apsamacuesa, H.I. Uyxpaii, B.B. TitoBa,
B.I'. 3inoBa, IL.M. [{uGynboBa, JI. Minngem, A. ®@ypcenko, H. ®onmreita Ta iH. Cepen 3aKOpIOHHHX
BUYEHHUX i 0coOnuBo 3a3HaunTH X. bpemepa, P. ne Bona, M. Iloptepa, P.®ocrepa.

Tpancdep Big omHoi cramii no iHImIOI — 1€ TEOpPETHYHE MO3HAUCHHS HAmMpsIMKy mporeca. B
nificaocri, Ha 1yMKy b. CanTo [1], Tpancdepy, Sk GyHKIIOHATBHOI JJAHKK HEMAa€, BCE BUKOHYETBCS CaMO
co0010, SKIO CHUCTEMa JIMCHO MpaIoe. BaxuBilmMM € HaJaHHS CUCTEMi BIAMOBITHOI CBOOOIW il i
cnpusmmBux ymoB. Ha nymky 1. Jlexunoi i B. Canrtukosa [2, ¢.190], komepuianizamis — ne camuit
BaYKJIMBHUH eleMeHT iHHoBauiiHoro npouecy. Kpim toro, Xum I'.I. Ta KBammina M.H. Bigmidarots, 1mo
cIaOKOI0 JIAHKOIO B CHUCTEMi NMPaKTUYHOI peanizamii JOCATHEHb HAYKH € KOoMepliali3alis pe3yibTaTiB
HJIAKP [3].
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AXTyanbHICTh AOCHIIKEHHS NPOLECIB TpaHC(epy TEXHOJOTiH MiATBEpIKYIOTh POOOTH TaKHX
BueHHX, sk Uyxpaii H.I. [4], ®onmreitn H.M. [5], HlanomnikoBa A.A. [6], Myxina A.I. [7], JlanTeBa
.. [18], TiroBa B.B. [9].

He3paxaroun Ha HasSBHICTh IyOJIKaIlii 3a JaHOK TEMAaTUKOI, NHTAHHS 3aCTOCYBaHHS 1
opranizaiii TpaHcgepy TEXHONOTIM 1 LUTICHMH MmiAxix K0 Iiel HAyKOBOI'O OCMHCICHHS MpPOLECy
TpaHc(epy TEXHOJOTIH 1 MeXaHi3My Horo peanizaiii B HAyKOBO-IHHOBALiifHIN cdepi perioHy B cydacHHX
YMOBaX 3yMOBJIIOE HEOOX1IHICTh 3{ICHEHHS JJOCIIDKCHD TAHOTO ITUTaHHS.

Mera cTaTTi — MOIENIOBaHHS MPOLeCy TpaHCepy TEXHOIOTIH A OLIHKKA HOro e)eKTUBHOCTI.

Bukaan ocHoBHOro marepiany. OfHe i3 OCHOBHUX 3aBJaHb peaji3allii iHHOBAI[ifHUX MPOIIECiB
B perioHax € BCTaHOBJICHHS €(EKTHBHOrO 3B’S3Ky HayKd 3 BHPOOHUITBOM 1 [i€BHUX MEXaHI3MiB
JIOBE/ICHHS HaYKOBO-TEXHOJIOTIYHOI MPOAYKLii A0 piBHS ToBapy. Sk BimoMo, HaWOUIbII eEeKTHBHOIO
MOJIETUTI0 B3a€MOZIl Haykd 1 BUPOOHHUITBA, 3’€JHYIOUOIO JIAHKOIO MK PO3POOHUKOM 1 CHOXHBaueM
IHHOBAIIii, MK HAYKOBOIO i7€€10 1 11 MpaKkTHYHUM BTUICHHSM, € TpaHC(epTHI MEXaHi3MH.

Tpancdep TexHONOTIH, SKIIO BiH A0Ope OpraHizoBaHMU, YCHIIIHO W IHTEHCUBHO (YHKIIOHYE,
CTae OCHOBHUM CIIOCOOOM peaizalii cTpaTeriYHuX aJbTepHATUB IHHOBAL[ITHOTO pO3BUTKY periony. [Ipu
UBOMY AaKTHBI3YETBbCS LUICCHPSIMOBaHA MIANPUEMHUIBKA JiSUTBHICTH, 3MEHILYETHCS TPHUBATICTD
IHHOBAIIHHOTO MPOLIECY, BMUKAIOTHCS MEXaHI3MU IUIaHOMIPHOTO TIOIIYKY 1 TeHEpyBaHHS iHHOBAIIMHUX
imelt, cnpusHHS y iX peamizamii. ¥V Toil ke 4ac, BUCOKOOpPIaHi3OBaHa Iepenadya TEXHOJIOTIH MOXKIHBa
JIMIIE 32 HASIBHOCTI PO3BUHEHOI CUCTEMH iH(pacTpyKTypHOro 3ade3nedeHHs B perioni [10].

Jnsi OLiHKM iHHOBAaLIHHOTO PO3BUTKY €KOHOMIYHOI CHCTEMH 3alpOIOHOBAaHUH y3aralbHEHWH
nokasuuk. I'® = @I, ne ¢ — nuHamiuHuil iHAEKC, IO XapakTepusye eeKTUBHICTH TpaHchepy
IHHOBAIIHUX TEXHOJIOTI#; 'l — pecypcHa CKIaoBa ISl 3iiCHEHHS IHHOBAIIMHKUX MTPOIIECIB.

V [11] mpuBeneHa METOAHMKA OLHKM IHHOBAI[IMHOTO MOTEHIianyrl, PO3IJISIHYTI MPHUKIaAN
3aCTOCYBaHHSl JaHOI METOJOMKH JI0 aHaNi3y Pi3HUX EKOHOMIYHMX cHcTeM. HacTymHuM 3aBAaHHIM €
OLliHKa TWHAMIYHOTO iHACKCY (0, IO XapakTepusye epeKTUBHICTh TpaHCchepy TEXHOMOTIH.

Ha puc. 1 npencraBineHa Mozens TpaHchepy TEXHOJNOTIH CTOCOBHO ME30CKOHOMIUHOI CHCTEMH
(perioH).

Hayka
(BH3. HAD

ITpomucosi mixnpremMcTBa

Maui Ta cepenHi iHHOBAITiiTHI
bipmu

Puc. 1. Cxema Tpancdepy TexHoJoriii y perioni

Puc. 1 mokasye IBi MOKIIMBOCTI:

— MPSIMOTO BIIPOBAKEHHS PE3yJbTAaTiB HAYKOBHUX JIOCTIHKEHb HAYKOBO-JOCIIJHUX 1IHCTHUTYTIB i
BY3iB Ha IPOMHCIOBHUX HiIIPHUEMCTBAX;

—  TIpocyBaHHs iHHOBAIi Ha MPOMUCIIOBI MANPUEMCTBA Yepe3 IHHOBALIHI CTPYKTYPH.

st ipyroro BapiaHTy MO)KHA BUAUIMTH TaKi CTafii iIHHOBALIITHOTO MPOLIECy:

1) eman Haykoeoi pospobku npoekmy — HayKOBO-TEXHOJIOTIYHA imesl pO3pOONSEThCS B
nocnigHueKii opranizanii — BH3 a6o H/II. Po3poOka inei, sik mpaBuiio, e B paMKax BUKOHAHHS TEMH,
mo (iHaHCyeTbes 13 mepkOropKeTy, abo, MaroYd KOHKPETHOrO 3aMOBHHMKA NMPOMHCIOBOCTI, B pamKax
BHKOHAHHS aorosipHoi H/IP;

2) eman supobHUYMEa OOCTIOHUX 3PA3KI6 YU MANUX Cepiil IHHOBAYINHOT NPOOYKYIl BAKOHYETHCS
MaJIMMH 1 CepeiHIMH IHHOBAaLUIHHMMH MiIOPUEMCTBAMH, IIO TICHO B3A€EMOIIIOTH 3 HAyKOBUMHU
OpraHi3alisiM{ i CTaBJIATh CBOEIO METOIO KOMEPIIializallilo pe3yabTaTiB HAYKOBUX JIOCII>KEHb;

3) eman cepitinoco 6upoOHUYMEA BUKOHYETHCS KPYITHUMH IPOMHCIOBHMH ITiIIPHEMCTBAMH.
[Ipu 11pOMy, METOI0 IHHOBAIITHOTO MPOIIECY € JOCSITHEHHS came Ifi€l cTanii, Ha SKild 3AiHCHIOETHCS
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cepifHUI BUITYCK 1HHOBaLiHHOI MPOAYKLii 1 i1 Mpomo3uLis Ha pUHKY TOBapiB Ta MOCIHYT.

InHOBamiitHMii mpomec (pyx Bim imel 1m0 pe3ynbTaTy y BHIVIAI IHHOBALIHHOI NMPOAYKIii) €
MpOIIeCOM TPOXOKEHHSI BHIIENepepaxoBaHuX craaid. IIpm 1poMy OCHOBHAa MeTa iHHOBAILIHOTO
PO3BHUTKY MOJSITa€ B JOCATHEHHI MaKCHMalbHOI €(QEKTUBHOCTI LBOrO MpOLECYy, sSKa BHU3HAYAETHCSA
KUIBKICHO TOBHOTOIO Ta WIBHJKICTIO PyXy MO iHHOBamiiHOMy mukiny. Ha puc. 2 mpencraBneHuit
OpieHTOBaHUi rpad, 0 UTIOCTPYE pyX pecypey 3a cTaaiiMu TpaHcdepy TexHonorid. PeOpa i Bepmmau
IpOro rpady mpeacTaBieHi CyHiIBHUME a00 MyHKTUPHUMU JIiHIAMU. BeplunHu, no3HayeHi MyHKTHPOM,
BIJMIOBiAal0OTh OCHOBHHMM CTaJisM IHHOBaliifHOro mpouecy. [3 pUCyHKY BHOHO, MO IIi BEpUIMHU €
TOYKaAaMHUTATY>KeHHS, MIiCHs SKUX IHHOBAllifHMK Tpolec MOXKe HTH pi3HUMM LUIsAXaMH. Bepmmay,
300pa’keHi CYLIBHOIO JiHI€I0, BiAMOBIAalOTh MPOMDKHUM abo0 KiHIEeBUM (HiHAHCOBHM pe3yibTaTam
iHHOBaIiifHOrO Tporecy. BiamosinHo, mo pedpax, 300pakeHUX CYLIIFHOIO JiHIEI0 3A1HCHIOETHCS TEpexia
MPONYKTY Bix onHiel crtanii Ao iHmoi, a mo pedpax, 300pakeHHX MYHKTHUPHOIO JIIHIEIO, — CTBOPEHHS
noAaHoi BapTocTi. TakuM YHMHOM, caM TpaHC(ep TEXHOJIOTid 3IIMCHIOEThCSA MO pedpax, 300paXKeHUX
CYLJIBHOIO JIHI€I0, 8 CYIPOBOKYIOUA HOTro 3MiHa

(hiHAHCOBOTO MOTOKY — MO pedpax, 300paKeHUX MYHKTHUPHOIO JTIHI€0.
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Puc. 2. T'padiuna inTepnperanis po3paxyHKiB 3 TpaHcdepy inHoBamiii

Jnsi  XapakTepucTHKH  e(eKTHBHOCTI  mporecy  TpaHcdepy  TEXHONOrIM  JOLLTBHO
BHKOPUCTOBYBAaTH E€KOHOMIYHI MOKAa3HUKH — BHUTPATH, NPUOYTOK, BHPYUKy. CKiIageMo IJisi KOXKHOTO 3
BY3JIiB, 300paXCHUX MYHKTUPHOIO JiHI€I0, PIBHSHHS OamaHCy. Y pe3yiabTaTi OTPUMAEMO CUCTEMY
PIBHSIHB:

X+ P =W,
X, + P =W, +Y,, 1)
X3+ P3 =Ys.

ne X, (=1, 2, 3) — BUTpaTH i-TOTOBY3a;

P, =1, 2, 3) - cyma npubyTKy, sikuii Moxe OyTM OTpUMaHHMi Bifl peanizaiii HayKOBUX

PO3po0OK 1 iIHHOBaIHHOT MPOAYKIIIT /TS BiINOBIIHUX BY3JIiB;
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W. (i =1, 2) — npoMiXHI pe3yJIbTaTH IHHOBALIMHOIO UKIIY, TOTOB1 10 TpaHc(eEPY TEXHOIIOTH;

|

Vi (i = 2, 3) — moxin Bim peanizallii iIHHOBAIIHHOT PO TYKIIii.

PosrisiHeMo aeTanpHile CKIaJ0B1 KOXKHOTO By3J1a MOZEII.

1. Hayka (H/II i BH3) — neprue piBusinHs cuctemu (1):

X, =W, — BUTpaTH Ha IHHOBALilHy CKJIaJ0By HayKoBOi misibHOCTi, W, — cymMapHuii 1o
periony obcsar HJIP i JIKP, 1m0 BUKOHYEThCS HAYKOBUMH OpraHizauisamMu; @; — KoedilieHT epeKTUBHOCTI
BKJIaJICHHS KOLITIB y HAYKOBI JOCHi/KeHHs 1 po3pooku (0<a;<1);

W, — BapTicTh 00'€KTiB iHTEIEKTyalbHOI BJIACHOCTI (IATEHTH, JIiLleH3i], TeXHIYHi 3BiTH, CTATTi i

iH.), crBopeni BH3 i H/II y pe3ysibraTi HAyKOBOI IisSUTEHOCTI.
2. Mauti i cepesiHi iHHOBaIiiHI ipMu — apyre piBHAHHS cuctemu (1):

X, — BHTpPaTM MalMX 1 CEPEeIHIX IIANPUEMCTB Ha BMIYCK IHHOBAUIMHOI NpOMyKuii, 10
BKJIIOYAIOTh HACTYIHI CKJIaJIOBI:
1,1 . . U vyl
b2X2 — BUTpaTH Ha OCBOEHHS i BMIIyCK BIACHMX PO3pOOOK iHHOBauiiiHoi mpomyxmii (X, -
. . o . Rl . .
BUTpPATH Ha BJAacHI pO3pOOKH IHHOBAaWiHHOI MPOMYKIIi; b2 — KoedilieHT epeKTUBHOCTI BIPOBAKECHHS
1
BJIACHUX PO3POOOK, b2 2 0);
b2 2 . co . . .. .
, X, — BHTpaTH Ha BHIIyCK IHHOBALIHHOI IPOMYKUIii IPH OCBOEHHI 00'€KTIB IHTENEKTYaIbHOI
BracHocti, npundanux y H/I i BH3 (X, =C;,W, — BuTpatu Ha KymiBaiO OO0'€KTiB iHTEJEKTyalbHOI

sracHocti y HII i BH3, C, — xoediuienT nepenadi, 1o XapakTepusye CIPUAHATIMBICTD MiAIPHEMCTB

MaJIoro i cepeHboro Oi3HeCy B PerioHi o HAyKOBO-TEXHIYHUX Po3po0oK, 3xiiicHioBanux y H/II i BH3,
2 .. . 2
0< C, =< 1, b2 — koeimieHT e eKTUBHOCTI OCBOEHHS PUAOAHUX PO3POOOK, b2 > 0);

W, — obcsr peanizoBaHoi IPOAYKUii MaIMMH i CEPEAHIMM IHHOBaLlIMHUMU MNPHEMCTBAMH, KA
MOXK€ BUKOPUCTOBYBATHUCS IIPOMHCIOBUMH MiAMPUEMCTBAMU JIJISI CEPITHOrO0 BUPOOHHUIITBA;
Y, — oOcar peanmi3oBaHOl «IiJ 3aMOBJIEHHS» MalMMH 1 CEPEIHIMH HiANPHEMCTBAMU

IHHOBAILIMHOI MPOMYKILii, HE MPU3HAYEHOT AJIS TOAANBIIOT0 BUKOPUCTAHHS Y CEpIHHOMY BUPOOHHIITBI.
3. [IpomucIIOBi MigNpHEMCTBA — TPETE PiBHSAHHS cuctemu (1):

X; — BATpaTH NPOMUCIOBUX IIANPUEMCTB Ha BHMITyCK IHHOBALIMHOI MPOMYKIIii, IO BKIIOYAIOTh

HACTYIIHI CKJIaJIOBi:

béXé — BHUTpaTH HA OCBOEHHS 1 BUIYCK BJIACHHX PO3POOOK 1HHOBALIHHOI MPOZYKIii (Xé -
BUTpaTH Ha BJAacHi PO3poOKM IHHOBALIHHOI MPOAYKIII, bé — Koe(ilieHT e(eKTUBHOCTI OCBOEHHS
BJIACHHX PO3POOOK, bé >0);

b32 X32 — BUTpPAaTH Ha OCBOEHHs IHHOBAIIMHUX TEXHOJOTiH, MpuAOAaHMX 3a KOPAOHOM (X32 -
BUTpPATH KYMIBJIIO IHHOBALIfHUX TEXHOJIOTi 32 KOPIOHOM, b32 — koe(ilieHT eeKTUBHOCTI OCBOEHHS
IMITOPTHHUX PO3POOOK, b32 2 0);

b; Xg — BHTpAaTH HA BUITYCK iHHOBALiMHOI MpOXYyKUil MpH OCBOEHHI 00'€KTIiB iHTEIEKTYalbHOI
BiacHocti, npundanux y HAI i BH3 (Xg =C;3sW, — BuTpaTu Ha KymiBIIO O0'€KTiB IHTEIEKTYaJIbHOI
sracnocti y H/II 1 BH3, Cj; — xoediuieHT nepenadi, o XapakTepusye CIPUAHATIMBICTE IIPOMHCIOBHX
TiANPHUEMCTB y PEriOHi 0 HAyKOBO-TEXHIYHUX po3poOoK, 3xilicrroanux B HJII i BH3, 0 < C, < 1, b;

— koedimieHT e)eKTUBHOCTI OCBOEHHS po3po0ok, npuabanux y H/II i BH3, b2 > 0);
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4,4 . AV . .
b3 X; — BUTpaTM Ha BUITYCK IHHOBAIIHHOI NMPOMYKIIi IPH OCBOEHHI 00'€KTIB HMPOMHCIOBHX
. . . . 4 .
3paskiB, npuabaHux y Mamux i cepeamix migmpuemcts (X; =C,;W, — BUTpaTH Ha KyMIBJIO
IPOMMCIIOBUX 3Pa3KiB y MalMX i CEpeAHiX mianmpuemcrs, C,; — koedilieHT mepenadi, IO XapaKTepUsye
CIPUHHATIMBICTh KPYMHUMH HiANPUEMCTBAMH PO3pOOOK HAYKOBHX OpTaHi3alliil i MiAIpUEMCTB MaJIOro i

. .\ . 4 . .
cepenHboro inHoBaiinoro Gisuecy, 0 < Cyy < 1, b3 — Koe(ilieHT eeKTUBHOCTI OCBOEHHS PO3POOOK,
. . . 4
npuaOaHNX Y MaJIMX 1 CepeHiX MiAPHEMCTB, b3 2 0);

Y3 — 1oXig OpoOMHUCIOBHX IMIANPMEMCTB BiJl BHMIYCKy iHHOBawliliHOi mponykuii. Tpancdep

IHHOBAI[IHHUX  TEXHOJOTIH CTBOpIOE  epeKT MYNbTUIUNKATOpa, KU  BU3HAYAETHCS  TaKUM
CHIBBiTHOLIEHHSIM:

y=uy" @

ney =Y, +W,+Y; — cymapuuii o6car iHHOBalIMHOI MPOMYKIIii, BATOTOBJIEHUH y PETiOHi
MaJIMMH 1 CEpeIHIMH, a TAKOX KPYIMHUMH MPOMHUCIOBHUMH IiINPUEMCTBAMH; V' — 00CAT iHHOBaLiitHOT
npoxykuii y perioni y BincyrHocTi Tpanchepy TexHomorii (C, =Cj3 =Cy = 0), M =1/ (1— k) -
MYJBTUIUTIKATOP TpaHC(epy TEXHOJOT1i; K - aumamiunmii ingexc, mo XapakTepu3ye eeKTUBHICTD
tparcgepy Texuomoriii (0< K <1).

Ingexe K mosmauae rpammuny cxmmbHicTB 10 TpaHcdepy TexHONOTIH y perioni (mokasye, sika
YacTHHA IHHOBAIIMHOI MPOAYKIIii oTpuMaHa B pe3yibTaTi TpaHcdepy TexHouorii). Bupa3s mis K mosxe

Oytu orpumanuii sk pisauus (1) — (2) B npunymensi, mo P, = P = 0:

n n
k = L = % ’ (3)
y Yty
ne y’ = X;bzl + Xébé + X32 b32 — o0csr iHHOBaUiHOI MPOAYKLii, OTpUMAaHOi B pe3yJibTaTi

BJIACHUX PO3POOOK 1 IMITOPTY TEXHOJOTIH;
" __ 2 3 4 . VI ..
Yy = C12W1b2 + Cl3W1b3 + CZ3W2b3 — o0cAr IHHOBaLIHHOI MPOAYKIil, OTPUMAHOI 32 PaxyHOK
TpaHcepy TEXHONOTIH.

Takum uMHOM, y BiACyTHOCTI TpaHchepy TEXHONOT1H (QyHKIIOHATBHUHN 1HIEKC K =0. 11e o3nauae,
IO iHHOBAIliifHA MPOIYKIis JIOKaJTi30BaHa HAa OKPEMHUX MmianmpuemcTBax (abo B3araji BiICYTHs), HEMae
PyXy B paMKax IiHHOBAaWIMHOTO HUKIY, MYJIBTUIUIIKATOpP AOPIBHIOE OJIMHMII, IHHOBalliiiHa cucTeMa
perioHy npairoe ykpaii HeeektruBHO. Ha kanb, moioHa abo OJM3bKa CUTYyaIlis CIIOCTEPITraeThCs B TAHUN
qac y psiai perioHiB YkpaiHu.

Pazom 3 TuM, edekTuBHUI TpaHC(hEp TEXHONOTIH, mpyu KoMy Koediuientn nepenadi Cp,,C5 1

C,; Omm3pki 10 oauHULI, QYHKIIOHAIBHUA 1HIEKC k>0, a MyJIbTUILTIKATOp AL >1, N03BOMNSE ICTOTHO

301TBIINTH 0OCST IHHOBALIMHOI MPOXYKIii y perioHi.
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Pszannes O.1., Kapnamyk B.C., boptauk K.
CximHoykpaiHCbKHMI HaliOHaJIbHUN yHiBepcuTeT iMeHi Bonoaumupa Jlans

CUCTEMA ABTOMATU3AILIl KEPYBAHHS TEXHOJIOTTYHUM ITPOIIECOM
BUPOBHHUILTBA KEJATUHY

Pm3annes O.1, Kapaamyk B.C., BoptHuk K. Cucrema aBromMaTu3auii KepyBaHHsSI T€XHOJIOTIYHHM IIPOLecOM
BHPOOHMIITBA KeJJaTHHY. PO3IIIsTHYTO MOZIEpHI30BaHy CHCTEMY aBTOMATH3aMlil KepyBaHHS BUPOOHHUITBA xenaTuHy. [IpoBenena
JIEKOMITO3HIIisS TEXHOJIOTIYHOTO MPOLECY Ta BU3HAYCHUH IMEpeNiK BXiJHUX Ta BUXIJHHX CHTHANIB. 3alIpOIIOHOBaHI MPOrpaMHO-
amapartHi 3aco0M peamizamii cucTeMH KepyBaHHS. [l po3poOJCHHS HMpOrpaMHOro 3a0e3nedeHHs BHKOPHCTaHO O0i0mioTexy
ITOPUTMIYHHX €JICMEHTIB, III0 ONHCYIOTH eIeMEHTH KepyBaHHs. HaBeneHi nepeBaru BUKOPUCTAHHS MOJICPHI30BaHOI CHCTEMU.

KuniouoBi cioBa: cucrema KepyBaHHs, IPOTPaMHO-JIOT1YHAI KOHTpoIep, rpadidamii iHTepdeiic.

Psm3annes A.M., Kappamyk B.C., BoptHuk K. Cucrema aBromMaTH3anuu YOpaBJeHHs TeXHOJIOIHMYeCKHUM
MponeccoM IMPOU3BOJCTBA JKeJIATHHA.

PaccmoTpena MomepHH3WpOBAaHHAs CHUCTEMa aBTOMATH3allMM YIpPaBICHMS IIPOM3BOJCTBA JKenaTwHa. IIpoBenena
JICKOMITO3UINS TEXHOJIOTMYECKOro IMpolecca U ONpeleleH IIepedeHb BXOIHBIX W BBIXOAHBIX CHTHAJIOB. IIpenioskeHsl
[IPOrpaMMHO-aNIapaTHbe CPEACTBA pEATN3ANUM CHUCTEMBI yIpaBieHus. s pa3paboTKM IPOrpaMMHOTO OOECTICUeHHUS
HCTIONB30BaHO OHMONMOTEKY alrOPUTMHYECKHX DJIEMEHTOB, KOTOPHIE ONMCHIBAIOT DJIEMEHTHI yIpaBieHus. HaBeneHs
MPENMYINECTBA UCIIONb30BAHMS MOJICPHU3NPOBAHHON CUCTEMEI.

KiioueBble cj10Ba: crcTeMa yHnpaBlIeHHUs], IPOrPaMMHO-JIOT TIECKHI KOHTpoIIep, Tpadudeckuil mHTepdeiic.

Ryazantsev A.l., Kardashuk V.S., Bortnik K. The automation system of process control the production of gelatine.

We consider the modernized system automation of the production of gelatine. Spend the decomposition process and a list
of input and output signals. Proposed software and hardware implementation of the control system. For software development
use the library of algorithmic elements that describe the controls. Hover advantages of modernized system.

Keywords: System management, software and program logic controller, graphical interface.

AkTyansHicTh mpoOaemu. Pict mpomucioBoro BUpOOHHUITBA, TEXHIYHA MOAEPHI3aLlis
texHonoriyaux nporeciB (TII) cynpoBomKyeTbCsl BUPIMICHHSIM MUTaHb MOB'SI3aHUX 3 BIPOBAKCHHS Y
BUPOOHMIITBO HOBITHIX amapaTHUX 3aco0iB cucteM aBromartu3zaiii kepyBanHs (CAK) Ha 6a3i cywacHux
nporpamuo-norivaux Koutpoiepis (I1JIK). Pobora 3 monepnizauii CAK TII BupoOHHMIITBa XKeTaTHHY
npoBoAMJIAacS B paMKax HAayKOBO-TEXHIYHOI MporpamMu cHiBmpami MiK Kadenpor KOMITIOTEpHOI
imkeHepii CXiTHOYKpaiHCHKOr0 HaliOHAIBHOTO YHiBepcuTeTy iMeHi Bomomumupa [lans ta HaykoBo-
BUPOOHUYHMM MIANPUEMCTBOM «YHIKOHT» (M. CeBEpONOHENBK), MIO 3aliMaeThcsi PO3POOKOIO i
BrpoBapkeHHsaM [TJIK i po6ounx cranuiit (PC) s indopmaniitaux cucrem ta CAK TII pisHOMaHiTHOrO
npusHayeHHs [1].

AHaniz pociiikeHb 00°€KTa KepyBaHHfl. 3a pe3yjibTaTaMH JOCTIKEHHS BHKOHAaHA
JEKOMIO3ULisT 00’ €KTy KepyBaHHS, Al pPO3pOOIEHHS MPOrpaMHOro 3a0e3neueHHs CUCTEMU BU3HAUYCHUN
MepeNiK BXiJJHUX Ta BUXIIHUX CHTHANIB, BU3HA4eHI (YHKINT cucteMu. KilnbKiCTh aHAIOTOBUX CUTHAJIB
Big 00’exTy kepyBanHi — 49. Kinmpkicts BuxigHux auckperHux curHaiie — 24. CAK 3aGesneuye
aBromMaTnyHe TporpamHe kepyBaHHs TII. Kinmpkicts BuximHuX iHQOpMamiiHUX CHTHAIIB CTaHy, IO
Bi0OpakatoThCs Ha iH(OpMaLiiHOMY MyNbTI oneparopa-TexHosora — 31.

Pimmenns 3agaui. MonepnizoBana CAK TII BUpoOHHMUTBa *XeJaTHHY CTBOpEHA Ha [IIOUYOMY
BUPOOHUITBI B paMKax TEXHIYHOI MojepHi3amii o0'ekTa KepyBaHHS Ta BHUKOHYe iHQOpMamiiiHi Ta
kepytoui (yHkmii. PimeHHsM pgaHoi mnpoOmemu, 3rigHO aHamily CTaHy O00’€KTy KEpyBaHHS, €
Bukopuctanus [1JIK YuikonT-743/1 Ha 6a3i npouecoproro moayns Advantech PCA-657F 3 HeoOXigHum
HabopoMm MonyiiB. CxeMy B3a€MOJIii KOMIIOHEHTIB CUCTEMH Ta CKJIaJ il OCHOBHUX MOIYJIiB HAaBEACHO Ha
puc. 1.

CAK TII BupoOHMITBA >XKENATHHY € MPOrPAMHO-TEXHIYHUM KOMIUIEKCOM, SKHH CKIaTaeThes 3
TEXHIYHUX 3ac00iB Ta MPOrpaMHOro 3ade3neueHHs 1 3ade3neuye aBTOMaTU3allI0 KEPYBaHHS Ta KOHTPOJIb
CTaHy BHXIJHHX IapaMerpiB (TeMIeparypH, CTaHy KpaHiB, KOHIIEHTPALiI0 PEYOBHHU Ta iH.). KepyBaHHs
MPOIIECOM Ha HUKHBOMY PiBHI 3/ilCHIOEThCS 3a goroMororo [1JIK 3 HeoOXimHuM HabopoM amapaTHHX Ta
IpOrpaMHUX MOXYJiB, KUl 3a0e3meuye 30ip, MepBHHHY OOpOOKy iHQoOpMalii, BUAady CUTHATIB
KEepyBaHHI.
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Puc. 1. CtpykTypa cucTeMu aBTOMaTH3alii KepyBaHHS

Ilepenik Ta xapakrepucruka Mmoayiis [1IJIK naBenena B Tadm. 1.

Taomumg 1
[epenik momymis [TJIK
Hasga Onwuc Ta XapakTepUCTHKa MOJYIISI
BIlp PCA-657F brok mpouecopuuii Advantech PCA-657F.
AIII-60 AmnanoroBo-undposwuii nepersoproBad. Kinbkicts kanainis — 60.
MH-12 Mognynps HopMadnizamii. KinekicTs kanamis — 12.
MHTITO-8 M.oz[yJ.m HOpMaTi3arif TepMoIapa/TepMooITip.
Kinbkictp kaHauiB — 8.
MBJIC-64KO Mogynf? BBEJICHHS! JIICKPETHUX CUTHAIIIB 3 KOHTPOIIEM 00puBy
ninii. KinpkicTs kaHamnis — 64.
M®IC-64 Mognynb ¢popMyBaHHS JUCKPETHUX CHUTHAIIIB.

KinekicTs xaHaiis — 04.

Jitoui KOHTYpH KOHTPOJIO Ta BHKOHABYI IPUCTPOI PO3TAIIOBaHiI O€3MOCEepeHbO Ha MicCIi
posTairyBaHHsT 00 €KTy KepyBaHHS. Jlna 3a0e3medeHHs] IEHTPATi30BAHOTO KOHTPONIO 33 CTaHOM
mapaMerpiB  TEXHOJOTIYHOrO IMPOIECY, BHUMIPOM, BiOOpa)XKEHHSIM, pEECTpalli€lo, CHUTHATIZALIE0
BiIXWJICHb TIapaMeTpiB 1 MOKa3HUKIB cTaHy oOnajgHaHHA, a TakoK (QYHKOIH ¢porpaMHOro i
6esnocepennboro ynpasninag TII, mepenbauaerbest 3actocyBanHs [1JIK y mpomucnoBoMy BHUKOHaHHI
IP54.

IUIK 3piificHIoe BBeNEHHA TEXHOJNOTIYHHMX MapaMeTpiB 1 peaii3amilo KepyroudWx BIUIMBI Ha
BHKOHABYl MEXaHI3MH KOTJIa 3TiHO ajNropuTMy KepyBanHs. KpiM Toro, 3a momomoror BOYZOBaHOTO
nynsta B [IJIK € moxnuBicte kepyBatu TII oOciyroByrounM mHepcoHanoM 3a MicLleM pO3TallyBaHHS
KOTJIa, IO MiJBHUILYE HATIMHICTh (PYHKIIIOHYBaHHS CHCTEMH B LILIOMY.

Cucrtema [03BOJNSIE TPEACTABIATH iHQoOpMaliio TexHoiory ab0 Ha4YaJbHHKOBI LeXy HpO CTaH
TEXHOJOriyHoro o0'ekra, hopMyBaHHS 3BITY HOJiK Ha 00'eKTi, 30epiranHi iHdopmarlii, KOHTPOIb POOOTH
00CITyrOBYIOUOTO MEpCOHATY Ta € BIAKPHTOK Ui 3B'SI3KYy IO JIoKanbHii mepexi Ethernet (RS-485)
MiAPUEMCTBA 3 TOAATBIIUMH 00’ €THAHHSIM B MEPEXKY 3 IHIIMMH BIIIUICHHSIMH KETaTHHOBOTO LEXY.

CAK TII 3abe3nieuye TpaAULiHHI I CHCTEM TaKOro poay QyHKIi:

1. ABTOMaTHYHUIl KOHTpOJIb, KEpyBaHHS Ta Bi3yadi3alilo 3 BHKOPHUCTaHHSAM rpadiqHOro
iHTEepdeiicy.

2. ABTOMaTHYHHII KOHTPOJIb CTaHy MOAYJIB CHCTEMHM Ta BUKOHABYMX MEXaHI3MIB (IaT4WKH,
KpaHHu).

3. IlinBuIeHHs SIKICHUX MOKAa3HUKIB BEACHHS MPOLECY 32 PaxyHOK 30UIbLICHHS OMEpaTHBHOCTI i
TOYHOCT1 BUMIPiB, KOHTPOIb JIiil OmepaTopa-TexHosora.

4. BeneHns apxiBy mpolecy, CTaHy CUCTEMH Ta il TEXHOJIOT1YHOT O IIEPCOHAY.
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5. [HiarHoctuky IIJIK, o006xik aBapiiHMX Ta MONEPEMKYBAIbHUX IIOBIIOMJICHb CHUCTEMHU 3
peecTpalli€io BiAMOBiIHUX A1l IEPCOHAIY Ta PsiA iH.

OCHOBHMM IHCTPYMEHTOM TEXHOJIOra-omeparopa npu poOoTi € cucreMa BiZoOpaskeHHs, B SKii
BiZIOOpaKaloThCsl PE3yJIbTaTH POOOTH 1 MEPEKIIOUCHHS MK KOHTypaMu KepyBaHHS (KOHTYp HarpiBy
KOTJIa, KpaHiB 10/1a4i pearcHTiB Ta iH.).

Hns peamizanii QyHKUili KepyBaHHS B CHCTeMi BioOpaskeHHS €KpaH oreparopa po3iIeHHH Ha
TEXHOJIOT1YHI 30HM Y BIANOBIAHOCTI 3 (YHKUiOHATBHMM mpu3HaueHHs. Cucrema BimoOpa)keHHS Ha
poOouili cTaHIl AO3BONSIE 3AIMCHIOBATH TEPEKIFOUEHHS MDK BIKHAMH MHEMOCXEM Ta KOHTPOIIOBATH
cran TII Ta mpoBogutu miarHoctuky monyiiB IIJIK. Ilepermsn naHux 30iHCHIOETBCS 32 JOIOMOTOIO
3aKJIaJ0K Ta HANUCIB Ha TEXHONOTIUHIA cxemi. st po3poOKu cucTeMH BinoOpaskeHHS BHKOPHUCTAHO
Photon Application Builder (PhAB) ¢ipmu QSSL. Hudposuit I1I/I-perynstop temneparypu mae
MachopT B SIKOMY BimoOpakeHi Nitoui 3HaueHHs Koe(illieHTiB HAacCTporoBaHHSI. PparMeHT MHEMOCXEMH
TII nmpencrasieHo Ha puc. 2.

:- [+ J=J=2f: §sfo ]z fofo ol JizFua Jis JEES
,H—| OTOENEHME BAPKHM. Kowmemn 15

EPERI. MHEMOC X SRR
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P | ITa cofBar |
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Puc. 2. ®parMeHT MHEMOCXEMH TEXHOJIOTTIHOTO TIPOIIECY

[Ipu po3pobiieHHI MporpaMHOro 3a0e3MeueHHsT BUKOPUCTaHa 010Ti0TeKa aNrOpUTMIYHIX MOJYIIB,
o ornucye (QYHKIII KoxHOro 3 anapataux momxynis TTJIK.

Tabmug 2
Cknan nporpamuaux moxayais TTJIK
[To3HaueHHs XapaKTepucTuka
ASPIIN Monyns irimiamizarii ALTT.
ASPID Mogyns AT 3 1iarHOCTHKOIO.
ASPIL Mogynbs nepeTBopeHHs TUPPOBOTO KOAY B (Pi3MUHY BETHUUHY.
RAS16 Mogynb po3nakoBku 16-po3psaHuii.

S_FILTER | Moayns ¢ineTpanii aHaJIOroBOro CUrHaimy.

MVDCK Mogyns MBJIC 3 niarHOCTHKOIO.

MFDSZD Mogyns ¢opMyBaHHSI CTaHy IUCKPETHHX KaHAJIB Ta MIArHOCTUKU HOTO
Mpane3gaTHOCTI.

RPID Monyns I I-perymtoBanHs.

30ip in¢opmanii 3 JAaTYMKIB, KEpyBaHHS BHKOHABUMMH NPUCTPOSMH 3HIHCHIOETHCS 3
BUKOPHCTAHHSIM MOJIYIIB 3B’SI3Ky 3 00’€KTOM [2]. 3B'I30K 3 maTdMkamul 3IIHCHIOETHCS Yepe3 MOIYIIb
MHTII/TO 3a ponmomororo craHaapTHUX piBHIB curHamiB. [lomepeane 3’emnanns 3 MHTIL/TO, npu
nofaneiiii nofaui curnaniB Ha ALII, 3abe3neuye sSKiCHMI NMPUIOM CHTHAJiB B YMOBaxX NMPOMHCIOBUX
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neperniko. Buxoau matuvkis moparThes 10 6oky MHTII/TO, ne npoBoauThCs HOpMai3allis CUTHAIIB,
a motim B 6110k ALIIT a7151 mepeTBOpEeHHs aHATIOrOBOTr0 3HAUYEHHS CUTHAJIIB B LIM(POBHUH KOII.

[Tporpamuuii enemeHT 00poOku ananoroBoro curhHamy ASPIL (puc. 3, Tabm. 3-4) 3abesmneuye
npuiioM 1u¢poBoro koxy 3 Buxoxy moxyns AL, mo BinmoBigae 3HaUSHHIO HAMPYTH, NMEPETBOPEHHS
fioro B i3MUHy BEIWYMHY Ta JiarHOCTHKY MOAYJIIO.

ASPIIN ASPID S_FILTER ACPIL RPID
YDAT | XDATA | YDATA » X Q — X7 Y |»
> —»{ N N D1 |
DDIA L. —{ F|Y "|X0S | p2 | »
—» B | D>
—» L s
-
_’ V
— k| Wi
] '3
—» R

Puc. 3. [Ipuiiom aHa10roBOro CUTHaIy Ta BUAa4a KEPyBaHHS

Tabmumg 3

BxinHi mapameTpu eneMeHTy 006poOku aHasoroBoro curHairy ACPIL

Taomug 4

[To3H. Bun curnany [IpusHaueHHs

X Ananorosuii (int) | Kox B mianazoni 0-4096, mo BBoxuthes 3 AL
(12 po3psaiB).

N HuckperHuit [Tpu3nak: naTunk BriIodeHnii/Bukimodenni (0/1).

F Ananorosuii (int) | ITapamerp dinerpy (0,3 — 1).

H Awnanorosuii (int) | HiokHs TpaHWIST JOCTOBIPHOCTI (B OIMHUISIX BHMIpY
(hI3MYHOT BEINYMHH).

B Awnanorosuii (int) | Bepxus rpaHuis JocToBipHOCTI (B ONMHHISX BHMIPY
¢iznunoi Bennunnmn), B>H.

L Awnanorosuii (int) | HiokHs ycTaBka CHrHAJIy TOINEpEMKEeHHS (B OAMHHIAX
BuMIipy ¢iznynoi Benuunum), L>=H.

\ Amnanorosuii (int) | BepxHs ycraBka CHTHay TONEpeKCHHS (B OAMHHIIAX
BuMipy ¢iznynoi Benmuunan), V<=B.

K Awnanorosuii (int) | YMoa Buzmaui 3HaueHHs B Mepexy, K> 0,1 %.

A Awnanorosuii (int) | MiniMmym agiana3oHy BUMIpy (B OIMHHISX BUMIpY (izmaHOT
BEITUYMHH).

R Awnanorosuii (int) | Makcumym fmiamazony Bumipy (B OAMHHISX BHMIpY
¢iznunoi BennunHm), R>A.

Buxigni napamerpu enementy o0poOku ananoroporo curHaay ACPIL
[To3H. Bun curnany [IpusHauenns

Q Awnanorosuii (int) | 3HaueHHs mapaMeTpy JJIsl BUAa4i B MEPEKY.

Y Awnanorosuii (int) | BumipsiHe 3HaYeHHS mapamerpy.

D JuckpeTHuit [Mpusnak: 1 — gaTumk BUKIIOUEHUH abo mMopylieHa ofHa 3
TEXHOJIOT TYHHUX T'PAHHUIIb.

S JuckpeTHuit [Tpusnak: 1 — 3Ha4UeHHS mapameTpy MeHIe abo JOpiBHIOE
MiHiIMyMY ycTaBku curHasizamii (Y<=L).

W JuckperHuit [Tpusnak: 1 — 3HaueHHs mapameTpy Oinblie ad0 TOpPiIBHIOE
MaKCUMyMy ycTaBKku curHamizamii (Y>=L).

putinsatuit 3 AUl umdpoBuil xox mepeBipsSeTbcs Ha OOMYCTHMICTh Ta PO3PaxOBYETHCS MO

dbopmyii:
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7=F-x+(1-F)-G, 1)

e X - 3HaueHHs Komy micis QineTpy B Aianazoni 0-4096, mo BBomuthes 3 AL
(12 po3psnis);
F- mapamerp ¢instpy (0,3 — 1);
G - 3HayeHHs mapaMmerpy micis (UIBTPY MOMEPEAHBOr0 KPOKY (ITOYaTKOBE 3HAUYCHHS
G=1000).

Po3paxyHOK 3HaUYeHHS B OOUHHUIX TapaMeTpy BUMIpY:

Y = A+(R-A)—Z

4096 )

ne  R- makcumywm nianasony BuMipy (B OQMHUILIX BUMIpY (i3nuHoi BennunHu), 10B;

A - MiHIMYM Jiana3oHy BUMIipY (B OMMHHISX BUMIpY (Gi3nuHOi BennunHm), 0B.

[Ipu po3xomkeHHi curHamy Bif maturka Ta 3aBgaHHs [1I/l-perynstopa BHpOONSETbCS BILIMB Ha
BIANOBITHUI KpaH 00’ekTa KepyBaHHs [3].

Monyne MVDCK 3a0e3neuye BBeA€HHS CTaHy IUCKPETHHUX CHUTHANIB BiJl BUKOHABYUX MPHCTPOIB
Ta ix giarHoctuky. Emement RAS16 3abesnedye meperBOopeHHs BXiHOI aHAJOroBoi iHQopMamii B N-
PO3PSATHUN MO3UIIIHHUIN KOJI.

[Ipu npuiiomMi JUCKPETHHUX CUTHANIB BXiTHUI CHUTHAI IPEICTABISETHCS BUPA3OM:

X=X ¥ 2"+ X *2"2 4 L+ X * 20, (3)
ne N - xiekicts pospsnis (1-16); Xi €{0,1}.

Crenndika BH3HA4YEHHS CepelHIX 1 CyMapHUX 3Ha4deHb B 3ajJadax KepyBaHHA OOyMOBIIEHa
JUCKPETHUM XapakTepoM BXiaHOi iHdopmamii. 3 Hi€l0 METOI0 B JAHIIOXKKY MPHHOMY aHAJIOrOBOTO
CHUTHAJIy 3allpOIIOHOBAaHO BHKOpUCTaTW mnporpamMHud momynb S_FILTER Tta anroput™m ¢inbrpanii
aHaJIOTOBOT'O CUTHANY, SIKWH 3a0e3meuye 0OUnCIIEHHs CEpeJHBOr0 3HaYEHHS OCTaHHIX N-3HaveHsb. [lepen
MOYaTKOM POOOTH 3HAYEHHS KiTBKOCTI BUMIPIB N 3aHOCUTHCS SIK ITapaMeTp HaJlalTyBaHHA.

[Iporpamue 3abe3nedeHHs peanizoBaHe Ha MOBi mporpamyBanHs Watcom C++ 3 3acTocyBaHHAM
Photon microGUI. ITJIK ta PC ¢yHKIiOHYIOTH M KEPyBaHHSIM ONEPALiitHOI CHCTEMH peajbHOr0 Yacy
QNX v.4.25. CAK TII - oxHa 3 TpaguuidiHuX oOnacTell 3aCTOCyBaHHsI CiMecTBa omepauiiHoi cucTeMu
QNX, a BUKOpPHUCTaHHS IHTEpHET-TEXHOJIOTi Ha Cy4acHOMY eTalli il BiJJaJeHOr0 MOHITOPHUHTY Ta
kepyBaHHs T1I € 1OMOBHEHHIM KepyBaHHsI HA HWKHbOMY PiBHI.

3B's130k Mik [IJIK Ta pobo4Or0 CTaHIli€r0 3IHCHIOETHCS 3a JOIMOMOTOK MEPEXeBOoro iHtepdeicy
Ethernet (RS-485).

[IporpaMua peaizawis cucteMu 3a0e3meuye:

1. ®yHKUiOHYBaHHA Ta PEAKLiI0 CUCTEMHU Ha MOfir0 3 TakToM podotu 200 mc.

2. PerymioBanHs Temmneparypu mo 3akoHy [IlJ[-perynioBaHHs, OWHaMiuHE HaJaIlITyBaHHS
KOC(II[IEHTIB CUCTEMH.

3. Bunauy kepyrounx BrumBiB 24 B B TaxTi He Oinbie 200 Mc 17151 BAKOHABYMX MEXaHI3MiB.

4. Tlepenauy omepatuBHOI iH(opmanii mo mepexi Ethernet (RS-485) ma poGouy cranuito s
MiZICUCTEMU BiIOOpaXeHHS TPEHAIB, apXiBiB, MiICKUCTEMH JiarHOCTUKU cTany moxayiis [1JIK Ta psn iH.

Po3pobnene nporpamue 3a6e3nedennst [1JIK ta meToam kepyBaHHS JO3BOIIIIN:

—peanizyBaTH BUAAUy KEpYIOUUX BIUIMBIB U1 BUKOHABUMX MexaHi3MmiB 24 B B TakTi He Oinbiie
200 mc 3 moxuOkoro BuMipy napamerpis 0,1 %;

—otpumati 10 30 % exonomii enexkrpoeneprii Ta 10 20 % BUTpaTH BOAM Ta PsJ iHILUX MEpeBar.

Bucaoku. Monepnizoana ACK TII BupoOHMIITBA KeNaTUHY A030JHMJIa BUKOPUCTATH CydacHi
3acobu aBTomaruzauii TII. OcHOBHI TeopeTHuHi MoOJOXeHHS 1 pesynbraTu po3pobmenns ACK TII
NepeBipsINCh 3 BUKOPUCTAHHSM NPOrpaMHUX 3ac00iB Ha 0asi omepamliiiHOl CUCTEMH pPEaJbHOrO Yacy
ONX v.4.25 o¢ipmu QSSL (QNX Software System Ltd.), 0i0GmioTekn aJropuTMIYHHX MOLIYIIB
«YHIKOHT», MOBHM IporpamyBaHHsi Ta TpaHciastopa Watcom C++, rpadiunoi obomonku Photon

© Pszannes O.1., Kapmamyk B.C., bBoptaux K.



Hayxosuii srcyprnan "KoMir roTepHo-iHTETpOBaHi TEXHOJOTIi: OcBiTa, HayKa, BUpoOHMUTBO" 105
Jlyyvk, 2015. Bunyck Ne 21

microGUI, cucremn BimoOpaxenHs Photon Application Builder ¢ipmu QSSL, SCADA-cucremu
,,YHiKOHT-M”, SCADA-cuctemn ,,Kapu”, TIJIK Fastwell na 6a3i nporiecopa CPU686 ¢ipmu Octagon
Systems.
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YK 629-1.47
®Denik J1.IO., bBamuucekuii A.O.
JIypKuii HaliOHATBHUH TeXHIYHUH YHIBEPCHTET

OCOBJIMBOCTI KOHCTPYKIIII I KEPYBAHHSI ABTOMOBLISIMU AM®IBIAMUA

®Denik JLIO., Bannucbknii A.O. OcodanBocTi KOHCTPYKIii i KepyBaHHs aBTOMOOLTIMH amdidissmu. Y crarTi BUKIaeH]
OCHOBHI BU/IM aBTOMOOLIIB am(ibiif. A Takox 1X 3aCTOCYBaHHS, KOHCTPYKTHBHI OCOOJIMBOCTI 1 KepyBaHHS. 30KpeMa TaKUX BHJIB:
GMC ACKWX 353, DUKW-353, Spira4u, WaterCar Parther, TA3-46 “MAB», 31C-485 «bAB», JIyA3-967, BA3-E2122, YA3-3907
«Sryap», «Ampikapa», Hydrocar, kAKBAZIOM», «Aqyada», «Watercar», Rinspeed Splash, Cruieck, Panther.

Knrwouosi ciioBa: aBToM0O1, amM(bilisl, IBUAKICT, TBUT'YH, TOTYKHICTb, IJIABAIOUI.

®enuk JLIO., baabinckuii A.A. Oco0eHHOCTH KOHCTPYKUUHU M YIpaBjieHUsi aBToMoOuIsiMu am¢uousimu. B cratbe
M3JI0KCHBI OCHOBHBIC BUJIbI aBTOMOOWICH aM(buOuil. A Takke MX MPUMCHEHHUS, KOHCTPYKTUBHBIC OCOOCHHOCTH W YIpaBicHHsA. B
vactHoctd Takux BujoB: GMC ACKWX 353, DUKW-353, Spirad4u, WaterCar Parther, TA3-46 "umen», 3UC-485 «BAB», JIyA3-
967, BA3-E2122, VA3-3907 «Sryap», «Amdurapa», Hydrocar, kAKBAJIOM», «Aqyada», «Watercar», Rinspeed Splash, Beruieck,
Panther.

KiioueBsble ci1oBa: aBToMOOMIIb, aM(pUOUsI, CKOPOCTb, ABUI'aTEIb, MOIHOCTS, ILIABAIOLINE.

Fedik L.Y., Balynskyy A.O. Features konstruktsyy and control cars amfybyyamy. The article describes the main types of
amphibious vehicles. As well as their applications, design features and controls. In particular the following species: GMC ACKWX
353, DUKW-353, Spira4u, WaterCar Parther, GAZ-46 "MAH" ZIS-485 "BAS" luaz-967, VAZ-E2122, UAZ-3907 "Jaguar",
"Amfikara" Hydrocar, kKAQUADOM», «Aqyada», «Watercar», Rinspeed Splash, Splash, Panther.

Tags: car, amphibian, speed, engine, power, floating.

IHocTanoBKka npoGJieMu y 3arajibHOMY BHIVIAAL Ta ii 3B'f30K i3 BaKJIMBUMH HAYKOBHMMH Ta
NPAKTHYHUMH 3aBJaHHAMM. [cTOpis mosBM aBTOMOOLTIB Oepe cBil moyarok y mamekomy XVIII cromirri.
Ha manwuit MOMEHT iCHy€ BeJMKa KUTBKICTB iX BHIIB.

ABTOMOOIT am}ibii ABIAIOTH COO0I0 TPAHCIIOPTHHH 3aci0, IO Mae 0COOIMBICTH MepecyBaTHCS AK IO
3emii, Tak i mo Boxi. Tomy iX 3acTocyBaHHS AOLINBbHE Y BIHCHKOBIH MPOMECIOBOCTI, HAIPUKIAM, IIaBarOqi
tanku i BTPu.

AHaniz ocra”Hix AociailzkeHb i myOJikamiii, B fKMX 3aM04YaTKOBAHO PO3B’SI3aHHA JaHOI
npodjemMu i Ha fAKi cmupaerbesi aBTop. JlochmipKeHHS OCOOMUBOCTEH KOHCTPYKINi 1 MPUHITUITIB pOOOTH
aBTOMOOLTIB am}ibiii 3aiimanucs Qipmu-po3pobHuKiB i entysiactu: Cmipa, WaterCar, I'66c, Rinspeed,
KAMM, Gibbs Technologies, Rinspeed i in.

BujinenHst HeBUpillIeHUX paHille YACTHH 3araJbHOI IP00JIeMH, KOTPUM NPHCBAYY€E€ThCSH CTATTS.
Ormsaz icHyto9nx Mozenei aBToMo0iTiB ampibii 1 IX ocobmHMBOCTI KepyBaHHS.

®opmy/oBaHHs mijeil crarri (mocranoBka 3aBaaHHs). Orisaa JITEPaTypHHX [DKEpEN PO
KOHCTPYKTHBHI OCOOJIMBOCTI, MPHHIMIH POOOTH 1 3aCTOCYBaHHS aBTOMOOLTIB amM]iOii.

Bukiax ocHOBHOro MaTtepianiy J0CHiIKeHHA 3 MOBHUM OOrPYHTYBAaHHAM OTPUMAHHX HAYKOBMX
pe3yJbTarTiB.

Apromobine amdpibis GMC ACKWX 353 (puc.l) Oyna mocraBieHa B cepiiiHe BHUPOOHHIITBO
kopropauieto General Motors naBecHi 1942 poxy. Koprmyc mammau siBisiB OO0 IIOCKOIOHHUI YOBEH
MIOHTOHHOTO TUITY, 3BAPEHHUI 3 IUCTOBOI CTANIi TOBITMHOIO OJM3HKO JBOX MUTiMETpiB. YOBEH HE OYB HECYUOIO
KOHCTPYKII€I0 - BCEPEAWHI KOPIYCY 3HAXOAWJIOCS 3BHYAifHE Imaci 3 HE3HAYHUMH 3MiHaMH BY3IIIB,
BHKJIMKaHIMH CIIEIH(IKOIO 3aCTOCYBaHHS.

VY mHUII 9OBHA Ii€] KOHCTPYKIIl MamuHu Oyau 3po0iIeHi BUIMKH Ui KOJIIC Ocell KapAaHHHUX BaiB i
rpebHoro reuHTa. Kopmyc amibii 6yB po3nineHHi meperopoakaMyu HAa TPH YaCTHHH - HOCOBY, JECAHTHY i
KOPMOBY. Y HOCOBIHf pO3TamIOBYBAJIHCS ABHIYH 1 paziaTop, AOCTYN IO SKUX OyB MOMJIMBHII uepe3 ABa
creriagpHIUX JTIoKa. [leprmmii rok 3a0e3nedyBaB 0OCIyroByBaHHS pajaiaTopa, a TAKOXK TIIyINTHHWKA 1 CIyTyBaB
JUI BUXOAY HarpiToro MoOBITPS 3 MOTOPHOTrO BimmineHHs. Jpyruii mox - 3a0e3nmedyBaB Oe3mocepenHii
JOCTYI 1O JABWUTYHA. Y HOCOBIH YacTWHI TaKOX PpO3TAIIOBYBAJIOCS BiJAUICHHS YIPaBIiHHSI - TaHETb
MIpWITaZiB, KEPMO, CHIIHHSA modepa i mpaBe CUAIHHSA A HOro MOMiYHHKa a00 KOMaHINpA.

Lle BimmineHnHs crepemy Oyio 3axHWIIEHE BITPOBHM CKJIOM, 3 OOKIiB - MPECTHIKHUMH Ope3eHTOBHMH
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OOKOBMHAMH, a 3 BEpXy MIT Hataratucs TeHT. Ha qomaTok 1o 3Bu4aitHux opraniB kepyBanHa GMC ACKWX
353 y mpoMy BiIiNICHH] 3HAXOMMIIKCS BaXKeNi ISl BKIIFOUCHHS TBHHTA, KJIalaHiB HACOCIB, a TAKOX TyMmOIepn
JUIT BKJIFOUCHHS MMimkadkyd muH. Ha BigMmiHy Bix cyxomyTHOro 0a30BOro maci 3amHi Komeca Oymu
ogHOCXWIMMH. lligBHUIIEHHS MpPOXimHOCTI 1 KiipeHcy 3abe3ledyBaaucs AECATHIIAPOBHMH ITOKPHIIKAMHU
11,00-18 3amicts 7,5-20 3BuuaitHux BaHTaxXIBOK. LleHTpanizoBana minkadka muH, ska Oyina 3acTocOBaHA HA
oMy aBToMoOini, 3pobdmna GMC DUKW mepmioro cepiifHOIO aMepHKaHCHKOIO MAIIMHOIO 3 IMOJIOHOI0
CHCTEMOIO.

IIpote, xomoBa wactmHa i migBicka amdibii He Bimpi3HAIHMCsA Binm 0a30BOi BaHTaXiBKU. JlecaHTHe
BimtinenHs Ha 25 oci6 mano BHytpimHi po3mipu 3780x2080x710 mm (komu po3mipu amdibii Oymu 9450x
2440x2690 mm), eximaxk CKJIaaBCs 3 ABOX YONOBIK. 3aMiCTh iecanTy 115 amdibist moria mepeBosut 2340 kr
BaHTaXy. MOpChKE 3aCTOCYBaHHSA IIMX MAIIMH 3yMOBIJIO i TIOABY B XapaKTEPHCTHUKaX HETHIIOBHX BOIHUX
napamMerpiB. BUCOTa HaJBOAHOro Oopry (Bin BarepiiHil g0 mamyOu) B HOCOBiit yacTuHi 584 Mmimimerpa, B
KOpPMOBIil wacTuHi - 457 MM, BHCOTa Ocaay 70 nepeaHix koiec - 1,12 M, mo 3axHix komecax - 1,24 m. Paxiyc
UPKyJAMii Ha Bofi 6,2 M, 3amac xoxy Ha Bofi 62 kr. I'paHmuHa BHCOTa XBHWIb y NMPHUOIHIA 30HI OIM3BKO
Tppox MerpiB. Ha Bomi amdibis mpuBommmacs B pyx TpuionateBum rBuHTOM (miamerp 635 mwm). Ha
MIOYaTKOBOMY eTarri CTBOpeHHs aM(}ibil BUKOHaMM poOOTH 1O 30UMBIIEHHIO MIBUAKOCTI PyXy Ha BOi 3 8 10
10 xm/rox. 3a paxyHOK paIliOHAJIBHOTO PO3MIIIEHHS T'peOHOro TBHHTA B TYHEN, Kpamioro Iigoopy
napameTpiB TpeOHOro TBUHTA, €KpaHyBaHHS KOJICHMX IIHH 1 IHIIUX 3axoAiB. s BigkadyBaHHS BOAH, IO
MoTpanmia B KOPITYC MAaIIMHH, OyJ0 BCTAHOBJICHO JBa HACOCH. IIECTEPEHHHWH 1 BiIUIEHTPOBHH, IO
MIPUBOIMIIUCS B JIIIO Bi/l BaJy rpeOHOTO TBUHTA.

bak ayst mampHOTO PO3TAaIOBYBAaBCA NMPAaBOPYY Y 3aIHIH YaCTHHI BAaHTAXXHOTO BiAIUIEHHA. Y KOPMOBIit
YaCTWHI 3HAXOAWiIacs JNelifKka UIs CaMOCTIMHOTO BUTATYBaHHS aMmQibii Ha BaXKOMPOXiTHUX UITHKAX
noporu. Ilpore, i 6e3 nebigknu mpoxiaHicTs am}idii Oyia myke He TOraHa: KpyTH3HA ITOJOJIAHOTO MiAHOMY,
0cOONMMBO aKTyalbHA IpH BHi3AI Ha Oeper, cranoBwia 31 °, paxiyc moBopoty Ha cymi - 11 m. Mamua
ami6it GMC DUKW 353 6ymo Burorosieno 6mu3pko 21000 omuaums. Lli cienianbhi aBToMOOLTE Oymu
OCHOBOITOJIOXKHWKAMH OUTBIIOCTI aMEpPUKAHCHKUA BaHTAKIBOK Pi3HMX HAIpPSMKIB, a Ti y CBOIO 4epry -
OCHOBOIIOJIO)KHHKAMH TPAKTUYHO BCIX BAaHTAXKIBOK i apmiiicekoi Texniku CPCP [2].

Josromonionnit GMC ACKWX 353 craB ocHOBOIO m1sl TpuBicHOI apmiiicbkoi ampitii DUKW-353,
puc. 2. Bumyck miei mammau moyaBcst y kBiTHI 1941 p. koHnepHom «J[>keHepan MoTopc» CIUTBHO 3 HBIO-
Hopkcpkoro cyaHoOyniBHOI (ipmoro «Cmapkmen i Lltedenc». Brepmre cepiiiHO BHITYCTHIIM BaHTaXHHM
aBTOMOOLTH amM]ibito, Bci MOCTH sIKOT OyII OCHAIIEH] OMHOCXUJIMMHU KOJIECaMH, II0 PYXalOThCS CIIJ Y CIif 1
HE CTBOPIOIOTH JIOJIaTKOBOTIO oropy pyxy. Komeca mpm oMy OCHaIeHi CreIiaJbHIMHU JECSATHIIAPOBUMH
€TaCTUYHMUMH IIMHAMHM, IO JOMYyCKalOTh EKCILTyaTalil0 3HIDKEHOTO THCKY. A IIeé y CBOIO Yepry pi3Ko
MiBUIIMIIO OIOPHY TOBEPXHIO KOJeca i MPOXiAHICTh Ha ClaOKWX rpyHTax. Y mi MammHi Briepire Oyio
CKOHCTpYyioBaHe i 3acTocoBane 10 maci Ne 2005 nmpuHINIIOBE HOBOBBEAEHHS - IIEHTPAIi30BaHE KePyBaHHA
THCKOM ITOBITpS B IIMHAX.

3a manumu odimiiiHoro caity beperosoi oxoponu CIIA, y BizaHHI sIKOi 3HAXOAATHCSA BCI 36MHOBOJIHI
TpaHCTIOpTHI 3acobu kpainw, Ha 25 uepBHA 2002 poky timeknm B CHIA 75 am¢i6it DUKW-353
BUKOPUCTOBYBANHCSA B KoMepIiitHmX mimsx i 140 - mim mepkaBHOIO IOPUCAMKINEI0 HA HECYTHOIJIABHIX
BOomHUX nurixax. HaBite PansHchKka Bama 3amoBisna ans YepBonoi Apwmito i3 CLLIA mo nenn-ni3zy B 1943-44
pokax - 586 amioiii.

OcobmuBocTsiMu i€l MammHU-am(ibii € i BaHTaxomimidomuicTe Ha cymi 2250 kr, HaibiIbIIA
MIBUKICTIO pyxy 1o cymi 80 kxwfox, mo Boxi — 10 kwiox, maca 6,5 T, Tum i Momens aBuryna GMC (6
atiHapis, 4,4 11, kapGropatopHuii), motyxHicts — 91,5 k.c., 3anac xoxy 354 km (o cyuri) i 80 kM (o Bozi)

[3].
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Puc. 1. ABromo6ine GMC ACKWX 353 Puc. 2. ABromo6ine DUKW-353

Kommaniss Cmipa, B Kwrai, po3modama cepiifHUH BHITYyCK €KCHEPHMEHTAIBHOTO TPHUKOIICHOTO
ABTOMOOLIS HAa ENEKTPUYHOMY Ta Ta30BOMY ABUTYHax Spiradu, puc.3. EnekrpudHa Bepcis BaXHUTh OIH3BKO
236 xr, a Ta30Ba (3 IBUTYHOM BHYTPIIIHBOTO 3ropadus) - 6u3sko 200 kr. Y aBTOMOOINS KOMITO3UTHE TIaci,
KOpITYC 31 CKIIOBOJIOKHA i TaHeni 3 M'akoi miHu. Came 3aBASKH CIIHEHMM MaTepianaM aBTOMOOLTE MOXKe
TepecyBaTHCs HE TUIBKH IO 0pOrax, ajie i 1o BOIi.

Y rasosiit Bepcii BHKOPHCTOByeThCs ABHryH o0'eMom 150 cm® 3 xmTaiichkoro morormiia Wangye.
Moro makcumanpHa MmBHAKICTH - 85 km/rox. OCOGIHMBICTIO aBTOMOOINA € OCHALIGHHS ABTOMATHYHOIO
KOpOOKoOIo Tepenay, Hu3bKa BHUTpara manmmBa - 2,94 m ma 100 kM i Bucokmit 3amac xomy - 320 kM. 3a
JIOJIATKOBY TJIATy MO)KHA BCTAHOBWTH JOJATKOBHM JBWTYH HA 3aJHI KOJieca Ta JONATKOBHH aKyMyJsTOp,
SIKUA TIOABOITH Aiama3oH mpodiry mo 230 kM. 3 OXHMM EIEKTPOIBUTYHOM aBTOMOOLTH PO3TAHIETHCS IO
MaxcuMaibpHOI mBuakocti 8 100 xm/rox,.

TpukomicHui MikpoaBTOMOOLTE am}ibis BUpINIye Bifpa3y KijgbKa MpoOJIeM - eKOHOMIYHI, eKOJIOTIuH1
Ta 3pYYHICTh IepecyBaHHA Ha Joporax y Micti. Ha HpoMy MOXHa T31UTH 1O IIOCe i ITUIaBaTH IO BOMi, a
MapKyBaTH HE3BMYAWHHI aBTOMOOIIE MOYKHA, HABITh, Y BEPTUKAILHOMY MTONOXKeHH] [4].

RosVezdehod

AWNEPCKUW LIEHTP

Puc. 3. ABromobins-amibis Spiradu Puc. 4. Asromobins-amdi6is WaterCar Panther

ABTom00inm amibii, mo 3maTHI mepecyBaTHCA MO AOPOrax 3arajlbHOTO KOPHUCTYBAaHHS SK 1 MPOCTI
aBTOMOGIIT, cTaByAThCs Ha 00k B JIAI, a mis mepemimtenns mo Boxi — y JIYMC (nepskaBHiii iHCmeKiii mo
MaJoMipHHX CcyaHax). KOHCTpyKiisi IHMIIA BHKOHAaHA TAKAM YHMHOM, 100 PO3BHBATH MaKCHMAJbHY
MIBHJKICTH Ha Bogi. Ilepexonsun 3 cymm Ha Boxy amibii Watercar 3 yerkicTio mepexonsiTe Ha IIBUAKICTH
TJINCYBaHHS 1 3a JIiYeHI CeKyHAW MOXYTh IIE€PETBOPIOBATHCA B KaTepH, AKi 3MaTHI MIBHAKO 1  JErKO
MepecyBaTUCs 110 BOI.

3a ocuoBy, y mozeni WaterCar Panther, 0ys y3stuii nerenmapuuii mxun Wrangler, puc. 4. V 6a3oBiit
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KOMIUIEKTAIli1 BCTAHOBJIEHI BIHIIOBI CHIIHH Ta MpUiaoBa maHens mxuna Wrangler, mornosHeHa npuiaiamMmu
1711 poOOTH BOJIOMETA 1 iHAWKATOPOM IEpPEeXoay 3 "BOAHOTO" peXnuMy B ''MOpOXKHIN .

CuninHs po3po0iIeHi TAKMM YHHOM, 1100 3pOOUTH IMOi3IKy MaKCHMaJIbHO KOM(OPTHOIO HE3aJIeKHO Bif
HepiBHOCTEl MOBepXHi Aopord. BoHM BHTOTOBIIEHI 3 HEpPXKaBifOWOi CTasi 1 MOPCHKOr'O BIiHLTY 3 METOIO,
OTpPUMAaHHS MO CIPaBXHBOMY MOpPCBKOro iHTep'epy. 3 MeTOIO JIiKBimamii mporiecy Koposii, Maiike Bcs
MaIllfHa BUTOTOBJICHA 3 HEPXKaBilo4uoi cTaji, a pemrTa - a00 3 eMOKCHIHOI CMOIH, ab0 3 IHIMX Hep)KaBiloUMX
Matepianis. "TlaHTepa" cpoeKTOBaHA JUIA TPUBAIOTO 3aCTOCYBAHHS B arpecHBHil, coyoHiii Boxi. Moro Bara
ctaHoBHTh 1338 kr. Moxe po3BUBaTH MIBHAKICTH pyxy mo Boxi mo 80 xm/rox, Ha 3emmi — xo 190 xm/rox.
3actocoByerbes aeuryd Honda 3,7-mitposuit VTEC (250 k.c.)

Haitmusummum aBTo BBakaeThess WaterCar Python, sike surorommsie kommaniss WaterCar 3 xmacy
aBTomo0inst Chewrolette Kopser. [laumii aBToMOGins posramserbes jgo mBuakocti 100 xm/rox 3a 4,5
CeKyH[IM, a MaKCUMallbHA MOT0 MBHUAKICTH Ha acdanbri ctanoBuTh 160 kM/rox. Bara mammun 1725 kr. Ha
BOJIi MOKHA CITOKIHO BIJKPHUTH /ABEPi aBTOMOOLUIA 1 IPH IIbOMY CaJIOH aBTOMOOIIIs Oyze aOCOTIOTHO CYXUM.
JlBuryH y aBromo0ins amdibii BukopucroBytorecs V8 Bing Corvette, Bix LS1 xo HoBiTHROrO LS9 6,2 mitpa y
SKOTO TMOTYXHicTh cknanae 640 k.c, Takox gk y ZR1. 11106 meperBopuTHCS B 9OBEH, MOTPiOHO BChOrO 2-3
cexyHau. Ilix 4ac BUpOOHMIITBA, BOAIEBI MPOMOHYIOTH BHOpaTH Koiip Ky3oBa, 3 60000 xompopiB i koiip
casony 3 4000000 xompopiB.

Ha Bozi aBTromMo00inb am(ibist mepecyBa€eThes 3a TOMOMOTOI0 BOAOMETA, & HOro Kojieca MPHOUPaIOThCs
3aBISKM TiAPAaBIIYHOMY MeEXaHi3My. Y aBTOMOOULIA, pamMa BHWIOTOBJIEHAa 3 MPSIMOKYTHOrO Tpodimio i
BCTAHOBJIEHA B Ky30B aBTOMOOLIA, a JHO - 3 AKICHOIO CKJIOIUTACTHKY, Yy BUTIIiAl OykBu V. Bapricts manoro
aBTOMOOLIs amibii cranoBuTs 150000 momapis.

Asromo6ine Aquada, mo Burorommserbes dipmoro Gibbs Technologies, surnsmae sk aBTomMo6inG
Mazda 5 3 He3BuualiHUMKU MOPCEKUMU Oamriepamu. Bin Takoxk 6e3 aBepeil, BiMIHHO i3MUThH 1O Joporax, i
TUTaBac 1Mo Bofi. Bomilicbke CHIIHHS 1 BCi OpaHW KepYBaHHS 3HAXOISITHCS IMOCEPEANHI, a ACAKUPCHKI MicIls
posramoBani 3 OokiB. Ilix wac pyxy mo Bozi, macakMpCchKi MiCII MOKHa MigHATH Bropy. Ha Bomi sk y
OinpmrocTi aBTOMOOLTIB am]ibii Koreca MpuOMPAIOTHCSA B ApKU HATHCHEHHSIM OfHi€l KHOMKH. J[BUTYH - 2,5-
mitpa V6 Land Rover Freelander morysxwictio 175 k.c, 3aHiii npuBia. JBUryH 3 Jerkictio posranse am(ioiro
Ha Tpaci 1o 160 x /rox, a Ha BoOjai MakcuMaibHa MBHAKICTE - 48 kMm/rox. Yac Tpancdopmarii B Katep,
CKJIaZiae BChOro 6 cexyHa. Bapricte manoro aBromo6ins am¢i6ii 8 Anrmii Bix 139,000 o 260,000 monapis
CLIA.

Maiixe Bci BUpOOHHKHM aBTOMOOLTIB-aM(ibiii, Taki sik: T'i66ca, KAMHU, Aquada i WaterCar, o6 ne
CTBOPIOBATH OMNOPY MiJX Yac pyXy aBTOMOOLUIA, 3pOoOMIIM MOXKIMBICTH HMifHIMAaHHS ioro xomec, a JAHO SIK y
3BUYAHUX YOBHIB.

Cepen po3poOHKKIB aBTOMOO1TIB am}ibiii € i Taki, sKi mparHyTh 3pOOHTH, IIIOCH HOBE Ta HE3BUYAIHE.
Tak Rinspeed creopuB yHikamsHui aBTOMOOUTE CIUTecK Ha TIIBOMHUX KPWJIAX, SKi MiTHIMAIOTH aBTOMOGIITE
Ha 0,5-1 merpu Hax Bomoro! ABTOMOGLTE-aMibis Ha migBoxuux Kpmiax Rinspeed Cruteck MoXe JTOCHTH
MIBUJIKO 1 3 JIETKICTIO MepecyBaTHCs 10 3eMJIi, a NIPH HEOOXITHOCTI MOXKe B OyIb-IKHH MOMEHT 3BEpHYTH 3
JOPOTH 1 TIPOJOBKUTH PyX IO Boxi. LI Momens Ha CHOTONHINIHIA JEHb € ONHIEIO 3 CaMUX HE3BUYANHHX
aBToMOOLTIB am(}ibiit. OCKLTBPKU MOXKE TIEpECyBaTHCS TI0 BOAI 32 IOTIOMOT'OIO TiIBOTHUX KPHI.

3a OMOMOTOI0 CHCTEMH MiABOIHUX KPWJI, SKa IiJHIMA€E KOHIENIT HAa LINMX IIiB MeTpa BiJ IMOBEPXHI
BOJIM, i THM CaMUM Ja€ TIepeBary Ha BOZi pO3BUBATH MBUAKICTH 10 84 xm/ron. Ha 3BuyaitHux moporax, ioro
MakcuManbHa TBHIKICTF 200 KM/Tof, MO COTHI pO3TiH cKiIagae Bchoro 6 cekyHa. s BUKOpUCTaHHS
ITiABOTHUX KPWJI, TOTpiOHA rirlOuHa Boau Bix 1 MeTpa, skmo rimnbnHa MeHme 1 MeTpa MOKHA IIepecyBaTHCS
3a JOMOMOTOI0 TBUHTA, 31 mBUAKICTIO 50 km/Tox. [ligBomHi Kpriza MOXYTh IiJHIMATHA aBTO TPHU IMIBUIKOCTI
30 xm/rox. Y aBTOMOOLISI amdibii migBOAHI KpHila 3HAXOMATHCS B MOpOrax, TUM CaMHM BOHH 3aXOBaHi i 3
JETKICTIO MOJKHA ToBepHYTH ix Ha 90 rpamyciB BHU3, a 33/IHE KPWJIO M1 9ac 13111, BUKOHYE POJIb aHTH-KPHIIA.
TumM cammM npuTHCKae 3aHI0 9acTHHY aM(ibii 1o 3emii. Y aBTo 6€3 macaxupiB Bara cTaHoBHUTH Bchoro 800
kr, aBuryH 750 k.c., 140 M. ABTOMOGLIS 06IaMHAHMIT TYPGIHOIO, SIKA MPAIOE HA 3BUYANHOMY MPHPOTHOMY
rasi. Ilix gac BukopucTaHHA TypOiHH, TOTYKHICTh MIEPEAAETHCS TI0 CHCTEMI Ha 3a/H1 KoJeca.

Asroamdibist Hydra Spyder surorosmsttothest amepukanchkoro kommaniero C.AM.1. 1Is koMmmawis,
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takokx BupoOisie aBTobycu C.A.M.l Terra Wind i Hydra Terra. Apromo6ins amibist, mpeacraBieHuil sk
CropTHBHE aBTO i OyB mokasauuii y ¢inemi 3 arentom 007 "I winoro city mano". ABromobine Hydra Spyder
MOXeE CIIOKIHHO BMICTHTH B cebe YOTHPHOX YOJOBIK, 1 Ife TATHYTH OJIHY JIIOAWHY Ha BOAHUX JIKax. Y
6a30Biif KoMIUTeKTamii Ha aMibii BctanoBnennit 6-nmiTposuit aeuryH V8, LS2 Kopser motyxHnictio 400 k.c,
TaKoXK € Mozeni 3 TypOoHamxyBoM, y Hux aBuryn 502 k.c. CDI Chevy 500 «.c, 3 mepeaHiv IpHBOIOM.

s momens amdibii ocHameHa ABOMA MepeJHIMH CIOPTUBHUMH CHIIHHAMH 1 TIJIOCKHM 3aJHIM.
Banraxonimitomuicts ii cranoButs 3300 kr. Lls Bara po3moainsgeTses Ha mepen aBroMo0inst Ha 53% i Ha 3a1
47%. Ilpn B’i3mi y BOAy BOJI€BI JOCTaTHRO HATUCHYTH HA KHOIKY 1 aBTOMOOIIF aBTOMAaTHYHO, 3a
JIOTIOMOTOI0 TTHEBMAaTHYHOI CHCTEMH, 3 JIETKICTIO IpuOepe Kojeca, 3MIHUTh THI TPHBOLY 1 3MOXKe
posiraaTtucs Ha Bofi 1o mBuAKocTi 80 kM/ro.

OCKUTBKH, 7S BiiCPKOBHX BOJIOINIABHA MAIIMHA - Pid 9acoM HE3aMiHHA, TO 33 PAISHCHKUX YaciB Y
Hamii Kpaini 6y0 modymoBano ynMano amdidii, a AesiKi HABITh MOTPANUIK B CepiitHe BUPOOHHIITBO [5].

Manuii aBToM0011e BoorIaBHuid (ckopouerno MAB), puc. 5, mouanu Buryckatd Ha ['OpbKiBCBKOMY
aBTOMOOUTbHOMY 3aBoAi B 1953 pomi. Mammua mpu3Hadanacs mis 3a0e3ledeHHs il po3BimAyBaIbHHAX
MiAPO3iB, TepenpaBy AECAHTHUKIB 1 /U MPOBEAEHHS iHXKeHepHHX poOiT Ha Bomi. ['A3-46 ocHamryBaBcs
gorupurimwiinaposuMm aBuryHoMm Bin ['A3-M20 «[lepemora», Bim ['A3-69 Oyna 3amo3mdeHa TpaHCMICIS i
Mi/IBiCKa, a JUIA pyXy IO BOJI BUKOPHCTOBYBABCS TpeOHMI TBUHT. Y IITIOMy MoOjenb Oyna CKomiioBaHa 3
amepukancekoro @opa GPA. Bunmyck «MAB» tpuBas 1o 1958 poky, a moriMm BupoOHHITBO OyiI0 mepenaHe
Ha 3aBoxl YA3. OnHak, TaM He 3HAHIIIN KOIMITIB IS BUIYCKY amMiOii.

Puc. 5. Asromo0ins 'A3-46 <kMAB» Puc. 6. Asromo06116 3IC-485 «BAB»

«bAB» 1950 poky, Ha BimMmiHy Big «MaBa» - I[¢ BEIMKHH BOJOIUIABHHN aBTOMOOLUTH, puc. O.
Konctpykuiro 1i€i Mammen pajagHChKi iHXeHepH 3armo3udmim y amepukancbkoi amioii GMC DUKW-353.
Mammuna ocHamryBanacs aBuryHoM y 110 k.c., Touno Takum e, sk i Ha BTP-152. 31C-485 mepebyBas y
BHpOOHHUITBI 12 poKiB i cayryBaB A IepenpaBH OcOOOBOTO CKIany JecaHTy i aBTromoOimB. Y «bAB»
posmimyBanucs 25 oci6 abo 25 TOHH BaHTaXy, BKJIIOYAIOYH aBTOMOOLNTI 1 apTHIIEpiichKi 3HAPA IS,

[loBHONIPUBIAHNN TUTABAIOYM aBTOMOOUIB-TPAHCIOPTEP OCOOMMBO Maioi BaHTAXKOMITHOMHOCTI
JIyA3-967 Oy crBopeHuii Ha 3amoBieHHs BJIB mma eBakyarii mopaHeHmX, migBo3y OoempumaciB i
BifiCBKOBO-TEXHIYHOr0 MaifHa, OyKCHpYyBaHHS, a TaKOK yCTAHOBKH OKPEMHX BHJIB 030pO€HHA, puc. 7.
Heobxinnicte Takoi moxemi 3'sBuiacst B pokn Kopeiicbkol BiifHH, /¢ BOHA MposiBHiIa cebe K MacHBHA
amibis. JIyA3-967 Bimpi3HABCSA MaIeHBKUMH rabapuTaMi, OCHAIIyBaBCs ABUTYHOM 00'€éMOM MEHIIIE OHOTO
JiTpa, a Ha BOAI HPUBOAWBCA B pPyX KoJeCaMH - TpeOHI T'BHHTH y HBOro OynmM BifCyTHi. XapakTepHa
0COOJIMBICTh KOHCTPYKIIIT - BiIKM/IHA PyIHOBA KOJIOHKA, PO3TAIIOBAHA MO HEHTPY CAIOHY: IIPH HEOOX1THOCTI
Bofiil Mir ynpasisiti JlyA3om-amdibiero B HamiBiexadoMy CTaHi.
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Puc. 7. Aromo6ins JIyA3-967 Puc. 8. ABromo6ins BA3-E2122

BA3-E2122 06yB ckoHcTpyiioBanmii B 1976 pomi Ha 3amoBieHHsM MiHob6oporn CPCP i3
3acTOCyBaHHAM BY3MiB i arperatis «Husm», puc. 8. Bixg cBoix anamoriB BomomnaBHa «HuBa» Bimpi3Hsmacs
yHiKanpHUM 1u3aiiHoM. Ilepenns uactmHa aBTOMOOUTA, Haramye Lamborghini LMO002. Asrtomo6Ginb
ocHamryBaBcsl 1,6-iTpOBHM JABHTYHOM, MaB YHIKaJbHY INPOXITHICTIO 1 MIr mepecyBaTHCS MO BOAi 3i
mBuKicTIO 4-5 kwfox. Pokom mizHime OyB mpencraBmeHmid apyruii BapianT BA3iBcekoi am(i6ii. Bix
MEpIIOro BiH BIAPI3HSABCS MONIMIICHUMH CHCTEMaMH OXOJIOMDKEHHS, ITOCHJICHHM Ky30BOM 1 3MiHEHUM
Micrepo3mimmeHssiM cuainb. Opnak, Hi mepma, Hi aApyra momudikamis BA3-E2122 tak i He orpumanu
MacoBOT'O BHITYCKY.

YA3-3907 «fryap» - 11e 11e OJMH NepCIIeKTHBHAN aBTOMOOLTE amdilis, SKOMy He BAAIOCS IOTPAITUTH
B cepiliHe BHpOOHHWITBO, puc. 9. BomomnaBHa mammua Oyna BHUTOTOBIEHA Ha 0a3i arperatiB Y A3-469.
OpwuriHanbHy KOHCTPYKIIIIO MaB BOIO3MIHIOIOUHI Ky30B 1 repmerndHi asepi. [lepen 3amHiM MocToM Oymm
BCTAHOBJICHI JiBa TpeOHMX TBUHTA, a (DYHKILIiIO PYyJiB BHKOHyBaau mepemHi koseca. [lo 1989 poky Oymo
BUTOTOBIICHO 14 pansgHCchkuX «SryapiB» i aBTOMOOLTs OyB MPUIHHATHIN HAa 030pOEHHA. Y X0l BUIPOOYBaHb
YA3-3907 nponnmmB no Bomnsi Bix YabstHOBcbka 10 Actpaxasi i Hasang. Ame B 1991 pouni Oyrno mpwuitHATO
pilIeHHsI PO MPUITMHEHHIO i IrOTOBKH 10 cepiiiHoro BupobuunTea Y A3-3907 [6].

Puc. 9. ABromobute YA3-3907 «Sryap» Puc. 10. ABTOoMOGinH «AMpikapa»

AstomoGins "rigpokap” (Hydrocar) pospo6iennit Pikom J[o66epTinoM. Burisgae ayxke paginkainHo,
puc.1l. Ilokm me TTBKKM MOZENb, aje caM pO3POOHHK BXXE IPOCIABHBCA HA BECh CBIT, 3aBIIKH
OecripenieHieHTHIN nmomopoxi. Sy BiH 3xiicHuB y 1993 p Ha camopoOHOMY aBTOMOOiNMi-aM(ibii, mo OyB
BHUTOTOBIICHHUIA, 3 MOJIOUHOI IICTepHU. Maca Mammian ctaHoBuia Outbiie 8 T, BucoTa Outbiie 3 M i TOBXXKHHA
6m3pko 10 M. Haiikparma msuakicts Ha 3emii Oyma 120,5 km/rox, a Ha Bozi 7-8 By3miB (6:m3bKk0 12 kKM/TOx).

© Denik JLIO., banuncekuii A.O.



112 Hayxosuii orcypran "Komir 10TepHO-1HTETpOBaHI TEXHOJIOT1I: OCBiTa, HAyKa, BUPOOHHUIITBO"
Jlyywok, 2015. Bunyck Ne 21

Puc. 11. Asromo6ins Hydrocar Puc. 12. Asromo6ins «Aquada»

3a Tpu POKH MOCTIMHUK TMOAOPOKYBaB y IIbOMY aBTOMOOLTI Mo 38 mratax AMEPUKH, a TAaKOXK IHIITHX
kpainax: ['penani, Benecyeni, B ['onmypaci, Hikaparya, Kanani, Mekcuri Ta iammx. [IpoiimoBmom moisx
moHas 53 Tuc.kM 1o goporax i 6xm3sko 5000 kM 1o Bomi.

Ha puc. 12 - cBika po3poOka apromoOims amdibii "Aquada”, pospobiena kommaniero Gibbs
Technologies. ben3uHoBHii ABUTYH MOTYKHICTIO 175 K.C. 103BOJIsIE po3irHaTucs 10 169 km/rox Ha cymi i 10
48,2 xm/rof 1o BOI - IIbOTO JOCTATHBO, 00 OYKCHPYBATH JIOJUHY HA BOAHUX JIMKAX.

Puc. 13. ABromo0inb "Bartepkap” Puc. 14. Astomobine Rinspeed Splash

AsTtomo0Oins "Watercar'-2004, puc. 13, po3poOiieHHi OXHONMEHHOI0 aMEpHUKaHCHKOIO KOMIIAHI€I0,
SIBIIsIE CO0010 aBTOMOOLITE aM(ibiro Ha OCHOBI criopTUBHOTO aBToMoOuTsa. "Watercar” o6iitmos "AKBAJIOM",
SIKAH JTO TOTO MaB PEKOPII IMBHUIKOCTI ceper aBToMOOLTiB aM(ibiii. [Toka3HUKH MBUIKOCTI JOCUTH 3HAYHI: Ha
cymi - 200 km/Tox, a Ha BOM - 72 KM/TOJ (1110 HEMOraHo HaBITh 3a MipKaMH IIBUIKHAX KaTePiB).

OcTtaHHIM peKOpPICMEHOM cepet aBToMo01LTiB amM(ibiit € "Crureck”, mBeitnapcerkoi kommanii Rinspeed,
puc. 14. Y 2006 p. ronoBa kommnaHii nepeTHyB Ha HpoMy Jla-Mam, noTpanuBIyM B KHUTY pekopais ['iHHeca.
Cucrema Ha TiABOAHUX KPWJIaX IMiTHIMAE aBTOMOOLIE OLTHIN HiX HA MiBMETpa HaJl TOBEPXHEI0 Boau. Moenb
MoXxe po3BuBaTH mMBHUAKICTE 10 200 kM/Tox, pyxaroduck 1o 10po3i. IIpu npoMy gac po3roHy CTaHOBHTH 110
100 xm/rox i ckmamae 6 cexymm. Crteck 37aTHUH PO3BHBATH MBUAKICTH 45 By3miB (84 xm/rox) [7].

Awmepukancpka komnanig WaterCar 3amycrrina y BHpOOHHIITBO 1 CBOIO ITEpIITy po3pOOKYy — aBTOMOOLIE
ami6iro Panther. I pospo6uuKky Ha3uBaIOTH HANIIBYIIOW MANIMHOKW HOAIGHOrO THILY B CBiTi, puc. 15. ITix
gac rmepecyBaHH IO 3eMJIi HOBUHKA MOXKe po3ranstucs 1o 128 km/rox, a mo Boi - mo 70 km/rox.
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Puc. 15. ABTom06ine «Panther»

Ky3oB aBTomMoO6ing amibii BHTOTOBIEHHIT 31 CKIOBONOKHA, K€ 3allOBHEHE TPHOMA KBAJAPATHIMHU
MeTpaMH MIHOMONICTHpONYy. Y Wil MOmeNni BHKOPUCTAaHE JIETKE MeETajeBe Imaci, CBITIIOTEXHIKa Bif
nosarusixoBuka Jeep Wrangler, ckmamarodi kormeca (Ha HEpPETBOPEHHS 3 JIOPOXKHBOI MAIIMHHA B YOBEH
3aTpavaetbes Onm3bko 15 cekymm) i mectuiptinapoBuit GemsmuoBuil aeuryn Honda. Maca WaterCar
Panther mocsirae 1360 kr. Ilix gac pyxy 1mo Boji MalIMHa MOXKe PO3BHHYTH IBHAKICT 10 70,5 km/Tox.

Bigmaga moTopa HOBMHKHM cTaHOBUTH 250 k.c. Ha 3emui BiH mpmBOanTh y pyx 3amHi Koieca, a y
PEeXHMMi YOBHA - BOIOMETHHH pymiil, po3podnennit WaterCar camocriitno. TpaHcMicis - 9OTHPHCTYIIIHIacTa
MexaHiuHa, 00'€/THaHa 3 Po3IaBajbHOI KOpoOKoIo [8].

BucHOBKH 3 AaHOTO T0C/TiKeHHS i MepcneKTHBH NOJAJILIINX PO3BiIOK y TaHOMY HANPSIMKY .

OTxe, B OCHOBHOMY MammHHN aM(}ibii po3poOnsroTs Ha 3aMOBJICHHS BiCHKOBHX. s mMBiNBHOTO
MaIIMHOOYyBaHHS 1€ HEe XapaKTepHI KOHCTPYKTOPCHKI pimeHHs. HalgacTime num 3aiimaiotses (ipmu-
eHTy31acTH, Xo4ya iHOJl Ha PHHOK i HAAXOAATH HEBENWKI MapTil eKCIepUMEHTAIbHUX MAIIMH, HANPUKIAL!
['A3-46, 31C-485, YA3-3907, BA3-2122, Amphicar i inmi.

Jlirepatypa
http://ru.wikipedia.org/wiki/Mammna-amdpudus
http://ru.wikipedia.org/wiki/DUKW-353
http://truck-auto.info/gmc/566-dukw-353.html
http://greenbelarus.info/articles/22-01-2015/tayskaya-kompaniya-spira-zapustila-v-seriynoe-
proizvodstvo-gibridnyy-avtomobil
http://rosvezdehod.ru/amfibii-avtomobili.htm
http://rosvezdehod.ru/amfibii-avtomobili.htm
http://rosvezdehod.ru/amfibii-avtomobili.htm
http://motor.ru/news/2013/06/28/amphibious/
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VYkpaiHChKa IHXKEHEPHO-TIearoriyHOT akaieMist

CHUCTEMA XMAPHOI'O MOHITOPHUHI'Y SIKOCTI IPO®ECIMHOI IATOTOBKH
MAWBYTHIX KBAJII®IKOBAHUX POBITHUKIB

Bonpapenko T.C. CucreMa XMapHOro MOHITOPHMHIY SIKOCTI mpodeciitHol miAroroBku MaiidyTHiX KBaJjidikoBanux
podiTHUKIB. PO3risiHYyTO TEXHONOTIi MPOBENCHHS MOHITOPMHTOBHX JOCHIDKEHb SIKOCTI MPOQECciiHOI MATOTOBKH MaWOYTHIX
KBaTihiKOBaHUX POOITHUKIEB, K 0a3yIOTHCS HA BUKOPUCTAHHI XMAapHUX CEPBICiB monrykoBoi cucremu Google. /laHo BU3HAUCHHS
CHCTEMH XMapHOTO MOHITOPHHTY, ONHCaHa ii CTPYKTypa, siKa CKIAJAEThCs 3 MIECTH MiACHUCTEM, JUIS KOXKHOI 3 TJCHCTEM i
CHCTEMH B LILIIOMY 3aIIPOITIOHOBAHO BUKOPHUCTAHHS OKPEMOTO XMapHOTO CEPBICY.

KiouoBi cioBa: sxicte mpodeciiHoi miaroTOBKHM, MOHITOPHHT, XMAapHi TEXHOJOTIl, XMapHi cepsicH, ¢opma, aHKETa,
OIUTYBAJIFHHK, aBTOMATH3aLlisl 300py Ta 0OpOOKH pe3yIbTaTiB MOHITOPHHTY.

bougapenko T.C. Cucrema 00,JJa4HOr0 MOHHTOPHHIAa KadecTBa NpodecCHOHAJIBLHOH IOArOTOBKH OYyIyIIHX
KBATU(UIHUPOBAHHBIX Ppadounx. PaccMOTpEeHBI TEXHOJOTWH NPOBEJACHUS MOHUTOPHHIOBBIX WCCIICIOBAHMA KadecTBa
poQ)eCCHOHATBHON TMOATOTOBKH OYIyIIMX KBAIM(HUIIMPOBAHHBIX PAO0YMX, OCHOBAaHHBIC Ha WCIOIB30BAHUH OOJAYHBIX
CEpPBUCOB TMOMCKOBOM cucTembl Google. JlaHo ompereneHne CHCTEMbI OOJAYHOrO MOHHUTOPHHIA, OIMCAHA €€ CTPYKTYpA,
COCTOSIIIAS W3 MIECTH MOACHUCTEM, JUIS KKAOW M3 TOACHUCTEM M CHCTEMBI B IIETIOM MPEIOKECHO HCIOIB30BAHKUE OTICIBHOTO
00JTaYHOTO CepBHUCa.

KuroueBsble c10Ba: kKauecTBO MPOHECCHOHATFHOM TOATOTOBKH, MOHUTOPHUHT, 00JIAYHBIC TEXHOJIOTUH, 00JIauyHbIE CEPBHCHI,
¢dopma, aHKeTa, OIIPOCHUK, aBTOMATH3aLusI cOopa 1 00pabOTKM pe3yabTaTOB MOHUTOPHHTA.

Bondarenko T.S. The system of cloud monitoring of the quality of professional training of future skilled
workers. The technology of monitoring research quality of the training of future skilled workers based on the use of cloud
services of search engine Google are described. The article present the definition of cloud monitoring, described its structure,
consisting of six subsystems, for each of the subsystems and the overall system proposed the use of a single cloud service.

Key words: quality of training, monitoring, cloud technologies, cloud services, shape, form, questionnaire, automate
the collection and processing of monitoring results.

IMocranoBKa i akTyaapHicTh nmpodaemu. "Kanpu BupimryroTs Bee!" V it kpumatiii ¢pasi sk He
MOJKHA OUTBIII BITYYHO BioOpakeHa O/IBiYHA aKTyalbHICTh MpoOaemMu nmpodeciiHol miroToBKu. Y KOXKEH
KOHKPETHUH Tepio]] PO3BUTKY CYCIIBCTBA I Mpo0ieMa Malla CBOi XapaKTepHI OCOOJIMBOCTI Tak SK i
MOHSITTS SAKOCTiI Mpo(eciiHOl MiArOTOBKM B MO0 KIACHYHOMY PO3YMIiHHI - CYKYIHICTH BIIACTHBOCTEH
MPOAYKIIii, IO 3YMOBIIIOKTH ii NMPUIATHICTH 3aJ0BOJBHSATH IEBHI MOTPEOM y BiMIMOBimHOCTI a0 il
MPU3HAYCHHS.

ChoroziHi B yMOBaXx JKOPCTKOI KOHKYPEHIIi1, HACHYCHOCTI PUHKY MpalleBIaTyBaHHs podeciitHuMu
KaJI[paMH, MOCTITHOT'0 OHOBJICHHSI Ta BJIOCKOHAJICHHS BUPOOHUYHUX MPOIIECIB 11 TPodiieMa cTae 0COOIUBO
aktyansHOW0. [Ipodeciiina ocBiTa B CydacHUX YMOBaX PO3MIISJAETHCS B SKOCTI BHPINIATHLHOIO YHHHHUKA
MiJBUIICHHS e()eKTUBHOCTI €EKOHOMIYHHUX MepeTBOpeHb. OTHUM i3 IIISAXIB BUPIMICHHS TaHOI Mpo0iIeMu y
BIJIMOBITHOCTI 3 OCHOBHUMH IPHHIIMIIAMH BOJIOHCHKOTO TMpollecy € cucrema 3a0e3le4eHHs SKOCTI
OCBITHIX ITOCITYT HA OCHOBI HOT'O MOHITOPHHTY.

[MuTaHHS MOHITOPUHTY B OCBIiTi po3pooOiusuiics B. ABanecoBuM, T. BomoOyepoto, I'. €MbHUKOBORO,
0. KacpsHoBo10, 1. Jlanmmunaoro, O. Jlokmuuoro, B. [Ipuxoaskom, 3. Ps6oBoro Ta iH.

[IpobneMy MOHITOPUHTY SKOCTI TpodeciitHoi miaroroBku posrisganu Axapees B.1., BenbkoBuu
H.B., Baiinanibka H.M., Xpukos €. ta iH.

MocTranoBka 3amaui. TyT BapTo OUIBII JETaNbHO 3YMUHUTUCS HAa BU3HAYECHHI OCHOBHOI 3amadvi
MOHITOPHHTY SIKOCTI TpogeciiiHoi miaroToBkd. BiamoBigHo m0 BU3HaueHHS [6] MoOHITOpUHT -
Oe3mepepBHUI MPOIEC CIIOCTEPEKEHHS Ta PeecTpallii mapamerpiB 00'€KTy B MOpPIBHSHHI i3 3alaHUMU
KpuTepismu. Pa3oMm 3 TuM B Jedkux gociimkeHHsX [1; 4] akueHT y BHpIIIEHH] 3aBIAHHS MOHITOPHHIY
3MIllIeHnH y OiK OIIHKK CTaHy 00'€KTY 3 METOK MPUHHATTS PillleHb i3 Horo ympaBiiHHSA. Takuid miaxis
MOXKE 3a0€3MCUNTH YaCTUHHUN PO3B'SA30K 3a/lavl Ha TIEBHOMY eTami. AJie Ha Hall IOTJIsf 3arajibHe
3aBJaHHS MOHITOPUHTY - CHPHUSITU CTA0LTBHOMY () VHKI[IOHYBaHHIO 00'€KTY Ha TPUBAIOMY IIPOMDKKY 4acy
B yMOBaxX 3OBHIIIHIX Ta BHYTPIIMIHIX 30ypeHb. BUXoasum 3 I[bOro 3aBIaHHS MOHITOPHHIY SKOCTI
rpoheCiitHOT MArOTOBKM Ma€e BUPINIyBATHCA HE K OKpeMe 3aBJaHHSI IiIBUIICHHS SKOCTI IMiJIrOTOBKH Ha
MEBHOMY TPOMIXKKY Yacy, a SK 3aBJaHHS IOCTIHHOro 3a0e3NeueHHs HE3MIHHO BHCOKOTO PIiBHSI ITi€l
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MiArTOTOBKA TPH 3MiHI BUMOI' JO SIKOCTI HPOQECIiHHOI MirOTOBKH i YMOB, B SKHX JaHa ITiJI'OTOBKA
3IIACHIOETHCS.

[IpupomHo, 110 TIPY 1OMY 3aBIaHHS MOHITOPUHTY HE 3BOTUTHLCS JIO OI[IHKU PIBHSI IHAMBITyaTbHUX
JOCATHEHb Y4YHIB, MPOLEAYp JIiIEH3yBaHHs, aTecTallil Ta akpeauraiii. l{e 3aBmaHHs Mae BUpINTyBaTUCS
CHUCTEMHO 1 B KOMILJIEKCI 3 IHIIMMM 3aXO0JaMH OO MiABUILEHHS SKOCTI Mpodeciitnoi miarorosku. I[pu
IIBOMY CIIiJi BpaXOBYBATH, III0 MOHITOPHHI - II¢ OJMH i3 NUISAXIB MiIBHIICHHS ¢(PEKTUBHOCTI Ta SKOCTI
OCBiTHBOrO mporecy. CucreMa MOHITOPMHTY TNOBHHHA HAaJaBaTH JOIMOMOTY Yy BHUPIIICHHI JaHOTO
3aBJaHHA, a HE CTBOPIOBATH MPOOJIEMH, SKi MOB'sA3aHi 31 300poM 00poOKoI0 1 aHaMi30M iH(popManii Ipo
00'€EKT MOHITOPHHTY.

Opranizaifiss CUCTEeMH MOHITOPUHTY Ta TEXHOJOTil, 10 BH3HAYAIOTH IpoIec i1 (yHKI[IOHYyBaHHS,
0e3mocepe/IHhO BIUIMBAIOTh HA 11 €PEKTUBHICTh. Y 3B'SA3Ky 3 IIMM HEOOXiTHO PO3POOUTH CTPYKTYPY
CHUCTEMH 1 BHOpAaTH TEXHOJIOTIi BHpINICHHS 3aBJaHb MOHITOPHMHIY, SIKIi 3 OJHOro OOKY MIHIMIi3yIOTh
(biHaHCOBI Ta YacoOBi 3aTparty, a 3 iHIIOro OOKy 3a0e3mevars 3pyUYHICTh eKCIUTyaTalii CHCTEMH 1 AKIiCTh il
(yHKLIOHYBaHHS.

Bukiaax ocHoBHOTo MaTepiady. MOHITOPMHIOBE JOCITIDKEHHS SKOCTI MPO(eciiHOl MiArOTOBKH
MaliOyTHIX KBaTi(hiKOBAaHUX POOITHHKIB € 0AraTOBUMIPHUM Ta PO3MOAUICHUM Y IPOCTOopi 1 vaci. J{ns #oro
MPOBEJICHHS HEOOXiTHO MaTH IHCTPYMEHTapiil, SKWW NacTh 3MOTY TEPEKPUTH 3HAYHHWKA MPOCTIp Ta
3a0e3MeunTh KOHTPOJILOBAHICTh mporiecy. Ha choromHi TakuM BHMOraM y TOBHIM Mipi BiIIIOBinaloTh
xMapHi TexHonorii. Cama iies XMapHUX TEXHOJOr1H (J0CTYIT 0 XMapHOT0 pecypey ¥ Oyab-aKoMy Miciri i
y Oyab-sIKuil yac) K MOYKHA Kpallle IepeKpUBae MOTPeON MOHITOPUHTY SIKOCTI Mo eCiifHOT MiArOTOBKHY,
00 3HaYHa YacTHHA POOOTH 31 300py iHhopMalii (aHKETyBaHHs, OMUTYBaHHs, JIarHOCTHKA, KOHTPOJIb), 11
30epiranHio, oOpoOIIOBaHHIO Ta HAJAHHIO Cy0’€KTaM MOHITOPHUHTY MOKe OyTH eeKTHBHO BHKOHAHA 3
BUKOPHCTaHHSM XMapHHUX CEPBICIB.

CucreMa XMapHOI'O MOHITOPHHTY SKOCTI MpodeciiHOl MiArOTOBKHM MaHOyTHIX KBajihiKOBaHHX
POOITHUKIB CKIIAAE€ThCS 3 HACTYTHHX MiJICHCTEM: HaJAIITyBaHHS ITapaMeTPiB MOHITOPUHTY; OpraHi3aIlis
300py iHdopMarlii; oTpuMaHHs iH(pOpMaIii mpo 00’€KTH MOHITOPUHTY; 00poOKa iH(opmarii 3acobamu
CHUCTEMH MOHITOPHHTY; TIOJaHHS PE3YJIbTATIB MOHITOPHUHTY KOPUCTYBauy; MEHEDKMEHT CHUCTEMH
MOHITOPHHTY.

Ha BigMiHy BiJ CKJIaJy CHCTEMH MOHITOPHHTY, KW HaBeaeHO B poboTi [3, 260] B naHOMY BHMAIKY
B CHCTEMY JOAAaHO JBa OJOKW: TiJCHCTEMa HANAINTYBaHHS MapaMETPiB MOHITOPHHTY Ta TMiJCHCTEMa
MEHEKMEHTY.

[lincucreMa HanmamITyBaHHS MMapaMeTPiB MOHITOPUHTY € HAJ3BHYAHHO BaXKIIMBOK NIl €EeKTUBHOL
pobotu Beiei cuctemu. SKIO HeMae YiTKOro BU3HAUCHHSI I11JIi MOHITOPHHTY, SIKIIO HE 00paHi mapaMeTpu
3a IKUMH OyJie BECTHChH CITOCTEPEKEHHS Ta HE 3aJ1aHi KpHTepii iX OLIHIOBAHHS, TO BCi OIAJIBII pOOOTH 3
MOHITOPUHTY, SIK OM BOHHM Oe3oraHHO He Oynu BUKOHAHI, HE NaAyTh O4iKyBaHOro edekry. Tpeba
3ayBaXKUTH, IO JEIKI JOCTIAHUKH PO3IJILAAlOTh Led eTam sK migroroBunii (Hampukian, [2,91; 5, 13]).
[Ipore Mu BBakaeMo, IO KOPETYBaHHs 3aJaHUX Ha IIbOMY €Talli MapaMerpiB HEOOXiTHO MPOBOIUTH
PEryIsSpHO.
mificucTeMa MEHEKMEHTY. BpaxoByrouu Te, 110 MOHITOPUHT 1€ HOCHIliHe CIIOCTEPEIKCHHS 32 CTAaHOM
00'eKTy, HasBHICTh MEHEPKMEHTY CUCTEMU MOHITOPHHTY HEOOXilHa A7 IIaHyBaHHA 1 KOOpIUHALII BCiX
pOOIT, MOB'I3aHUX 3 MOHITOPUHTOM.

3yNUHUMOCH OUTBIN JeTaJbHO HAa BHM3HAYCHHI cHcTeMHu XmapHoro Mositopunry (CXM). Bci
MiJICHCTEMHU JaHOI CUCTEMH, 32 BUKIIOYCHHSIM MiJCUCTEMH HANAITYBAaHHS MapaMeTPiB MOHITOPHHTY,
moOymoBaHI Ha OCHOBI BHKOPUCTaHHS XMapHHUX cepBiciB. [IOHATTS XMapHUH MOHITOPMHT MOXHA
BH3HAUUTH SK CICHU(IYHY TEXHOIOTiI0 MOOYIOBH CHCTEM MOHITOPHHTY Ha OCHOBI BHUKOPHUCTaHHS
XMapHUX cepBiciB. CHCTEMH MOHITOPHUHTY, SIKi CTBOPEHI 3 BUKOPHUCTAHHSIM XMapHUX CEPBICIB, MAaIOTh
IEBHI OCOOMMBOCTI B CTPYKTypi 1 (yHKIioHyBaHHI. B TakoMy BHIAaAKy JaHi 30epiraroTbcs Ha
BiJIaJIECHOMY MEPEXKEBOMY PECypcCi, JOCTYI JIO AKOr0 MOXE 3IIMCHIOBATHCS 3 OYyJIb-SIKOTO KOMIT'OTEpA,
migkiroueHoro Ao [arepuery. [Ipu oMy 30epiraeThcsi MOKIIMBICTh aBTOPHU3ALlii TOCTYITY Ta KOHTPOITO
3a MPOILEeCOM peraryBaHHs a0o meperisny naHux. lle mae MoXIIMBICTH KEPiBHUKY MEPEXKEBOI CHCTEMHU
MOHITOPUHTY PO3MOIATH MpaBa JOCTYITY 10 OKPEMHUX PECYPCIB CUCTEMH Ta 3JIHCHIOBATH KOHTPOIb 3a
TSUTBHICTIO KOPHUCTYBaYiB CHUCTEMH. PO3rissHEMO BUKOPUCTAHHS XMAapHHUX CEPBICIB IS KOXKHOI 3
MMCUCTEM.
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Iliocucmema opeanizayii 360py ingopmayii. OcHOBHA dYacTHHa iH(opMarii B HaHIH CcHCTeMIi
30MpAETHCA y BUIJISAAI aHKET, ONUTYBAJIBHHUKIB, pe3yJIbTaTiB TECTYBaHHA Ta cHiBOecimm. s BUpilIeHHS
3aBJlaHb PO3CHJIKH, 3allOBHCHHs Ta 300py 3allOBHCHHX JOKYMCHTIB Y MiJICHCTEMI BHKOPHCTOBYETBCS
dopma cepsicy Docs.Google. Cama opma sBIIse cOO0I0 Cepito NUTaHb 3 PI3HOTHIHUMH BigmoBigsamu. Ii
nmoOyoBa BKJIIOYA€E BBEACHHS MUTAHHS, BUOIp 1 BU3HAUYCHHS HAIGKHOTO THITY BIAMOBiNI, 30epeeHHS
3amoBHEHOT (hopMHU B 0a3i pe3yabTaTiB B XMapHOMY cxoBuiil ganux Google Jluck.

Ha ¢dopmi MoxHa po3MillyBaTH 0 BOCBMH THIIIB PI3HUX NHUTaHb (OMWH 13 CIHCKY, AEKiTbKa i3
coucky Ta id.). IIpaktrka Bukopuctanas Google-¢popMm mokasama, mo meil HaOip TUIB 3alUTAHb €
JOCTaTHIM JIJIsi CTBOPEHHS PI3HOMAHITHUX aHKET, OMUTYBAJILHUKIB Ta TECTIiB HABYAIBHUX JOCATHEHB IS
MOHITOPHUHTOBHX JOCTIHKCHD SKOCTI MpOoQeCiiiHOl MiATOTOBKH.

Jns BignpaBku (OpMH PECHOHIIEHTY BUKOPUCTOBYEThCS omiis BinmpaButu mio dopmy
€JIEKTPOHHOI0 TOINTOK. Y JOJaTKOBHX HaNANITYBAaHHAX MOXKHA 3a7aTd NyHKT BOymyBaTm, e
HaJaeThCcs Ko aiasi BOymoByBaHHsA (popmu B cait CXM. Omis 3MiHUTH HiATBepIKEeHHSI T03BOJISIE
BBECTH IOBITOMJICHHS, SIKE BHIA€ThCSI KOPUCTYBAYCB]l IPH HATUCKaHHI KHONKKM BimnpasuTh. ITyOmikaris
3BeneHHs BiImoBimeil 1acTh PECMOHIIEHTY MOXIIHMBICTh MMOOAYUTH OCHOBHI pe3yiabTaTH Ha MOTOYHUHN
MOMEHT 4acy.

Iliocucmema ompumanns ingopmayii npo 06’ckmu mouimopuney. Buiie Oyno ckazaHo IIpo
30epeKeHHs pe3yabTaTiB 3allOBHEHHS (GopM B 6a3i pe3yibTaTiB B XMapHOMY cxoBuimi ganux Google
Juck. JlaHi MOHITOPUHTY 30€piratoThCcs i 00pOOISIOTECS B TaK 3BaHIN XMapi, siKa sSBIsE€ COOO00, 3 TOUKH
30py KOpHUCTyBaua, OJUH BEIWKHU BipTyaJbHHIA CcepBep. ICTOTHOIO TMepeBaror0 XMapHUX CXOBHII IS
crBopeHHst CXM € MOXIMBICTh Oprasizalii CIUIBHOTO JOCTYIY KOPHCTYBadiB A0 (aiiiiB, sKi Tam
30epiraroThCsl.

IHiocucmema 0bpobxu inghopmayii 3acobamu cucmemu monimopuney. Jlani micns BimnpaBku GopMu
HOTPAIUISIOT B eNeKTpoHHY Tabmuio Google TaGmuns. TaOmuust 3'SBisieThess B MeHeKepi (aitniB
Docs.Google; ii im's Geperbes Bim Ha3BH (OPMH TLTIOC CIIOBO 'TESPONSE'. V TaOIHINO T0Ja€ThCS KOJTOHKA
BinmiTka Yacy KOKHOro 3amucy, M0 € TaKoX <«iHJEKCOM» Ha0Opy HmaHuX. 3a 3aMOBUYYBaHHSM,
iH(opMaIlisi TAKOXK COPTYETHCS IO I[LOMY IOJIFO, TaK IO MH OTPUMYEMO XPOHOJIOTIYHHI CIHUCOK BCiX
3amuciB. [Ipu 00poO1i JaHUX eNeKTPOHHA TAOIMLIS TO3BOJISIE JIErKO IepecopTyBaT iH(opMario 3a Oyab-
SKUM CTOBIIIIEM, HE pO30MBAIOYH caMi 3aIlHCH.

Bukopucrosytoun iHctpyment Iloka3aTu 3BedeHHsi BiamoBineli MU OTpUMaeMoO BKJIAIKy 3
miarpaMor0 3 KokHoro mnuTaHHs ¢opmu. Kpim Toro, mopyd 3 piarpamoro pe3ynbTaTH OyAyTh
NpeNCTaBJICH] Y BUTIISL YUCen 1 BiACOTKIB. B Tabmumi € Habip yHkuii (Takox sk i B Tabmuii Excel) mms
CTaTUCTHYHOI 00poOKH nanux. [Ipn OakaHHI TaOIHUISI MOXKe OYTH €KCIIOpTOBaHa i1 00pOOKH B JOAATOK
MS Excel.

Iliocucmema nodanns pe3yibmamie MOHIMoOpunzy xopucmysauy. JIns pO3CHIKH PECIOHIECHTaM
PE3yNbTaTiB MOHITOPHHTY BUKOPUCTOBYIOTHCS PEXKUMH CIUTBHOIO AOCTYITY KOPHCTYBauiB A0 (QaiiiB, mio
30epiratoteest Ha Google [Tucky.

Iliocucmema menedcmenmy cucmemu mouimopuny. Ilincucrema wmeHemxkmenty B CXM
opraHi3oBaHa 3 BUKOPHUCTAHHSAM XxMapHOro cepricy Google Kanenmap. 3 #oro 10moMoror CKiaaaeTbes
po3KiIan pobit, moB'si3aHUX 3 BupinieHHsM 3a1ad CXM. BukopucroByroun KajieHaap MOKHA BiIITPaBIIATH
HaraJyBaHHs Mpo nofil uepe3 SMS ta o e-mail (y npboMy BUMaAKy 10 HaraayBaHHS MOXe OyTH JOAaHO
NOCHJIaHHS Ha hopMy, SIKY HEOOXiTHO 3aTIOBHHUTH).

Jist 00'emHaHHS BCIX PO3MIISHYTHUX IMIJCHCTEM B €JJMHY CUCTEMY BUKOPHUCTOBYETHCS XMapHUIA CEPBIC
Google Caiitu. 3 #oro m0MOMOro MOXKHA OPraHi30ByBaTH TeMaTW4Hi 4aTh (OOrOBOPEHHS PE3yJbTATIB
MOHITOPHMHTY Ta TMOB'SI3aHUX 3 I[UM MPOOJIEM); BUCTABIIATH AHKETH, OMUTYBAIBHUKU, TECTH I 300py
iH(opMarlii; opraHi3yBaTH CIUIRHY poOOTYy 3i 300py Ta OOpPOOKM MaHUX; BECTH OONIK 3arlOBHEHHS
iHpopmauiitHoi 6a3u CXM; NpOBOAUTH OH-TAWH ONMUTYBaHHS Ta OH-JIaliH aHKETYBaHHS, IPU3HAYATH Yac
VTSI OH-JIaiiH OOTOBOPEHHS PE3YJIBTATIB MOHITOPUHTY.

BucHoBok. 3anponoHoBaHi TEXHOIOTi] MPOBEAEHH MOHITOPUHTOBUX JOCIHIKEHb Ha 0a31 XMapHHUX
CEpBICiB MarOTh LIKH psijI epeBar cepel] AKX aBTOMAaTH30BaH1 MPOLIECH CTBOPEHHS Ta PO3CHUIIKH aHKET i
ONUTYBAJIBHUKIB, aBTOMAaTU30BaHUU 30ip Ta 0OpoOKa pe3ynbTaTiB NOCTIDKEHHS, YIPaBIIHHS MOMISIMH
MOHITOPHHTY 3a JIOIOMOror xmapHoro ceppicy Google Kanennmap, cTBOpeHHs Ui TNPOBEICHHS
MOHITOPHHIOBOTO AociipkeHHss Google-caiity Ta po3MilieHHs Ha HbOMY BCiX HEOOXiJHUX MartepialiB 3
TEMU JIOCIIi/PKeHHS (IHCTPYKLiH, MOsSCHEHb, aHKET, OMUTYBAJIbHUKIB TOLIO).
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IepcnexkTnBU MoaaJbIIUX AOCTiT:KeHb. Ha manuii yac po3pobiieHo TexHiuHe 3aBnaHHs Ha CXM
AKOCTI MpogeciiiHOT MiAroTOBKM MaiOyTHIX kBamidikoBaHuX poOiTHUKIB JIF0O0THHCEKOTO TpodeciitHoro
JIelo 3alTi3HUYHOTO TPAaHCHOPTY Ta 3aKiHYYeTbCs poOOTa HaJ TEXHIYHUM IPOEKTOM CUCTeMHU. B
MEpPCIEeKTUBI TUIAHYETHCS 3aBEPIINTH POOOUHI POEKT CUCTEMH 1 MepelTH 110 11 JOCHiqHOT eKcIITyaTauii.

1. benskoBra H.B. Cuctema MOHHTOpHHTa KadecTBa MPO(EeCCHOHANBHON MOATOTOBKH OyTyIIMX SKOHOMHCTOB B BEICIIEM
yueOHoM 3aBenennn [Enexrpornuit pecypc]. - Pexxum moctymy: http://www.tisbi.ru/assets/Site/Science/Documents/23-
BENKOVICH.pdf

2. Mapunoscbka O. MOHITOPUHTOBHIA CYTpoBix iHHOBami#HOI misutbHOCTI / Okcana MapuHoBcbka // Bicuuk. TectyBanms i
MOHITOPHHT B ocBiTi — 2012, — Ne 7-8. — C. 89-96.

3. MoniTopuHr Ta ayauT iHGOpMALiiHAX TEXHOJIOTIH y cuctemi ympaeiniuus opramizamii / B. K. Tamitwmm, P. JI. Ve //
MopemntoBanss Ta iHdopmariiiiHi cucremu B ekonomiri. - 2012. - Bum. 86. - C. 256-262.

4. Kopo6osud JLII. 3abe3neueHHst IeAaroriyHix yMOB YCIIITHOTO MOHITOPHHTY Pe3yJIbTaTUBHOCTI HABYATHLHOTO TIPOLIECY Y
BH3 // HAPOJHA OCBITA. Enekrponne HaykoBe (axoBe Bumanns. - 2012, - Ne 1(16). - Pexum mocrymy:
http://archive.nbuv.gov.ua/e-journals/NarOsv/2012-16/index.htm

5. [lpuxompko B.M. I[lapamurmMu MOHITOPHHTY SIKOCTI OCBIiTH i memaroridnoro mporecy: (Y 3anuTaHHSX i BiAmOBiZsX).
HaykoBo-Meroanunuii nociouuk. — 3anopixoks, 2010. — 215 c.

6. CroBaps OusHec-TepMuHOB [Enexrpormuit pecype]. - Pesxum moctymy: http://dic.academic.ru/dic.nsf/business/7942
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VJIK 378:37.01/.09:004+338.48:008
3yoexina T. B.
[IBH3 «Akazemisi pekpealiiiHuX TEXHOJOTIH 1 mpaBa»

AHAJII3 PE3YJIBTATIB IEJAT'OI'TYHOI'O EKCHEPUMEHTY OO
®OPMYBAHHSA IHOOPMAIIMHOI KYJIbTYPU BAKAJIABPIB 3 TYPU3MY

3y6exina T. B. AHaji3 pe3yJbTaTiB NeAaroriyHoro eKcrnepuMeHTy moao ¢opmyBaHHs iHdopmaniiiHol KyJIbTYpH
0akajaBpiB 3 Typu3My. Y CTaTTi IPEICTAaBICHO PEe3yIbTATH IIEJaroridHOro JOCIiKEHHS Iporecy (hopMyBaHHS iH(opMariitHoi
KyIbTypnu OakamaBpiB 3 TypusMy y mporeci (HaxoBoi MiATOTOBKH; OXapaKTEPH30BAaHO CTPYKTYPHI KOMIIOHEHTH iH(popMamiiHOI
KyIbTypn OakamaBpiB 3 Typu3My, KpHTepii Ta IMOKa3HHKM iX C(OPMOBAHOCTI, BH3HAYEHO AIarHOCTHYHUII iHCTpyMEHTapid, 3
JIOTIOMOT OO0 SIKOT'0 31HCHEHO MOPIBHSUTFHUI aHai3 c()OPMOBAHOCTI 1HPOPMAIIHHOI KyIbTYpH OakallaBpiB 3 TypHU3MY Y KOHTPOJIbHIH
Ta eKCIEePUMEHTAIbHIN Tpymax.

Ki11040Bi c10Ba: CTpyKTypHI KOMIIOHEHTH, iH(pOpMaliiiHa KyIbTypa, OakajaaBp TypH3MY, AIarHOCTHIHHN iHCTpyMEHTapii,
MeJarOriTHNH eKCIICPHMEHT.

3y6exuna T.B. AHanu3 pe3yJbTaToB INEeAArorm4ecKoro 3KcrnepuMeHTa Mo (popMupoBaHUI0 HHGOPMALMOHHOM
KYJbTYpbI 0aKa1aBpoB Typu3Ma. B cTaThe mpeacTaBiIeHbI pe3ynbTaThl MeJarorniaeckoro HCCIeJ0BaHuUs mporecca (hopMUpOBaHUS
nH(pOPMAIIMOHHON KYIBTYpH! OakalaBpoB TypH3Ma B Hpolecce MpodeccHOoHaTbHON MOATOTOBKH; 0XapaKTEePH30BAHBI CTPYKTYPHEIE
KOMIIOHEHTHI MH(OPMAIIOHHOH KyIbTYphl OakajlaBpoB TypH3Ma, KPHTCPHH M TIOKA3aTenn WX C(HOPMUPOBAHHOCTH, ONPEIEICHO
JIMarHOCTUIECKHUI HHCTPYMEHTApHUH, C IOMOIIBI0 KOTOPOT'0 OCYIINECTBICH CPABHUTEIBHBIIN aHAHN3 PE3yIbTaTOB CHOPMHUPOBAHHOCTH
HH(OPMAIIMOHHON KYIBTYPHI B KOHTPOJIBHON M SKCIEPHMEHTAIBHOM I'PyIITax.

KiioueBble €/10Ba: CTPYKTypHBIC KOMIIOHEHTHI, MH()OpPMAIMOHHAS KyNbTypa, OakamaBp TypH3Ma, AWArHOCTHIECKHN
HMHCTPYMEHTAapUi, NeJaroruuecKuii SKCIIEPUMEHT.

Tetiana V. Zubekhina. Analysis of pedagogical experiment on formation of information culture Bachelors of
Tourism. The article describes the results of pedagogical research process of formation of information culture bachelors of tourism
in the process of professional training; described structural components of information culture Bachelor of Tourism, criteria and
indicators of their formation; the diagnostic tools with which comparative analysis of formation of information culture of Bachelor of
Tourism in the control and experimental groups.

Keywords: structural components, information culture, bachelor of tourism, the diagnostic tools, pedagogical experiment.

IMocTanoBka npodjeMn y 3arajJbLHOMY BHIJIsIAL. [HpopMaTH3alis cycrinbCcTBa Ta KOMI I0TEpU3allis
ycix cdep TIOACHKOI IisUTBHOCTI CTald NPOBIAHUMH TEHACHLISIMH CBITOBOrO pO3BUTKY. HuHi 3HauHa
JacTHHA HAceleHHS CBITy 3alisiHa B Ipoleci BUPOOHHWNTBA Ta cHoXuBaHHS iHpopMmauii. [Hpopmaniiiai
TEXHOJIOr1i Bce OUIbIlIe MPOHMKAIOTH B Pi3HI CepH KHUTTSA, HAYKH, OCBITH, BUPOOHHUIITBA, IIO BUMArae
BIJIMIOBiAHMX 3HAaHb Ta BMiHb iX BUKOPUCTaHHS. B 3B’S3Ky 3 UM, BaXIJIMBE Miclle 3aliMaroTh MpoOiemHu,
MOB’SI3aH1 3 ONTHMI3aLi€l0 HABYAIBHOTO MPOLECY y BUIIMX HABYANBHUX 3aK/afiax, 0 BUITYCKHHKIB SKUX
npea’ sIBISIOTHCS HOBI BUMOTH. BoHM, HacaMmiepesn, OB’ sI3aHi 3 yMIiHHSM (axiBLiB 3 TYpU3My Opi€HTYBaTHUCS
y BENHYE3HIH KiNBKOCTI iH(opMalii, BOpOBa[KyBaTd HOBI iH(OpMamiliHi TEXHOJNOril Ha MpakTHi, 3
MaKCHUMaJIbHOIO KOPUCTIO BUKOPUCTOBYBATH BiIOMOCTI 3 Pi3HUX iH(OpMAaLIHUX JHKEped.

AHaJi3 ocTaHHIX J0CTiXKeHb Ta myOJikamiii. Y cydacHHX IICHXOJIOrO-TIeJaroriyHuX JOCIiIKEHHAX
NPUIUSETBCS yBara mpobsiemMi ¢popMyBaHHS iHPOpMaIiiHOI KynbTypH ocobuctocTi. [luTaHHsS BU3HAYECHHS
CyTi IOHATTS KyJbTypa Ta ii Micis B ocBiTi BuB4Yanu B. I1. Auapymenko, A. O. Bepses, JI. B. I'ynepcekuid,
H. b. Kpunosa, B. M. Po3zin, . K. [llanaeB Ta in. CydacHi mociimkenus JI. I'. Aragonosoi, C. I. baitnmk
M. I1. Manscekoi, C. B. Menpaunuenko, O. I1. Omiitank, B. B. Xymo cnpsMoBani Ha JOCTiKEHHS
TEOPETUYHOrO acleKTy mpobieMu 0e3 ypaxyBaHHs ocobnuBocTeil mpodeciiiHol AismbHOCTI Y cdepi TypusMy
i cienudiku mpogeciiHoi miAroTOBKM OaKalaBpiB 3 TYPHU3MY.

@opmyIIOBaHHS Lijiell crarTi. Mera cTarTi — 34IHCHUTH eKCIIepUMEHTaIbHUN aHajli3 pe3yabTaTiB
NearorivHoro AOCHiKeHHS o0 GopMyBaHHS iH(OPMaLIHHOI KyJIbTypH OaKanaBpiB 3 TYPU3MY .

Bukiag ocHOBHOro Marepiajgy pgociaizkeHHsi. B iHdopmaniiHOMy CycHinbCTBI BasKIHBOIO
3HauYeHHs HaOyBarOTh HE JIMIIE MilHI (yHAaMEHTaNbHI 3HaHHS (axiBLiB 3 TypU3My, aiue i iXHd 34aTHICTH
OIlepaTUBHO pearyBaTH Ha 3allUTH MIiHIMBOI chepy Typu3My, MOCTIHO HAKONMYYBaTH IpodeciiiHi 3HaHHS 1
eeKTHBHO BHKOPHCTOBYBAaTH Pi3HI JKepena iH(opMamii s BuUpimeHHs npodeciiiHux 3aBaaHb. 3pocia
notpeda y BUCOKOKBai(hikoBaHUX (PaxiBIsIX, SKI BOIOAIIOTH iH()OpMALIHHOIO KYJIBETYPOIO, TOMY OBOJIOJIHHS
3HaHHSMH Ta BMIHHSIMH BUKODUCTaHHsS iH(QOpPMALifHUX TEXHOJOTIH CTaJo BaXKJIUBOIO CKIIAZO0BOIO
npodeciiiHoi miaroroBku OakanaBpiB 3 Typusmy. OTxke, moTpiOHO ¢opmyBatH B HHUX iHQOpMaLiiHy
KyJIBTYpY, sSIKa € BimoOpakeHHSIM piBHIB opraHizauii iHdopmamniiiHux mporecis, chopMOBaHOCTI BMiHb
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CTBOPIOBATH, 30epiraTu Ta BUKOPUCTOBYBATH Ha MPAKTHUIl OTpUMaHny iHpopmMaito. Ingopmayiiina xyremypa
baxanagpie 3 mypuzmy po3TIAAETHCS HAMH K THQOpMaLiitHuiT KOMIOHEHT PO eciiHOT KyIbTypH 0CO0H,
KOTpa 3100yBa€ TEOPETUYHI 3HAHHS Ta MPAKTUYHI YMIHHA 1 HABUYKHU, TOCTAaTHI U YCHIIIHOTO BUKOHAHHS
npodeciiHux 00O0B’S3KIB, sKi HependadaroTh CIIPOMOXKHICTH BUIBHO OpIEHTYBAaTHCS B IH(OpMaLiiiHOMY
npocTopi, Opati ydacts y #oro ¢opmyBaHHI Ta cripusiTH iHPOpMALiHHIUM BiTHOCHHAM il 4ac pO3pOOKH
TYPUCTUYHOIO MPOAYKTY ¥ KOOpAMHALIT TYPUCTUYHUX MOI3J0K KIIEHTIB.

CTpyKTYpHUMH KOMIIOHEHTaMH iH(OpMaumiiHOi KynbTypH OakallaBpiB 3 TypU3MY €. MOTHBAaLliliHHH,
KOTHITMBHMH, IiSUIbHICHUH 1 pediekcUBHO-aHANITUYHUN. BiAmoBimHO 1O CTPYKTYpHHX KOMIIOHEHTIB
BHU3HAYEHO KPUTEPii 1 MOKa3HUKH PiBHS c(HOPMOBAHOCTI iHPOPMALIIHHOT KYIBTYpH.

MoTHBaliiHUii KOMIOHEHT BHM3HAYA€ThCA MOTHBALIMHO-I[IHHICHUM KPHUTEPi€EM, KOTHITUBHUH —
THOCEOJIOTIYHUM, JISTbHICHHUM — OnepamiiiHuM, pedieKCHBHO-aHATITUYHUA — OCOOMCTICHUM.

0. 3HaueHKO CTBEP/KYE, IO KOKEH CTPYKTYPHUH KOMIOHEHT iH(opMaliifHO1 KyIbTypH MOXe OyTH
ONMMCAaHWH Yepe3 TEXHIYHWM, ONepamiiHui, MpPOrpaMHHM, Tiri€HIYHO-ePrOHOMIYHWN, HABUYAJIBHUN Ta
METOJMYHHN KpUTEpiabHi MOKa3HUKH [1].

Jns mpoBemeHHS MENAroriyHOro eKCIepuMeHTy Oyna BH3HAUEHa pelpe3eHTaTWBHAa BHOipka 3i
cTyaeHTiB TepHOMiIbCHKOr0 HalliOHATBHOTO MEJaroriyHoro yHiBepcutery imeHi Bomogumupa ['HaTioka Ta
Jlyubkoro iHCTHTYTY pPO3BUTKY JIOOMHU YHIiBepcuTeTy «YkpaiHa». ExcrnepumentanbHy (72 oci0) i
KOHTPOJBHY (74 0coOu) rpynu CKiIafaiu cTyaeHTu 3-4 kypciB Hanpsamy miaroroBku 6.140103 «Typusm».

CTyaeHTH KOHTPOJBHOI IPyNU HaBYaJMCs 3a CTAaHJAPTHOI METOJUKOIO BHUKIAJaHHS IUCLMILIIH,
Ipolec HaBYaHHS CTYICHTIB EKCIIEPHUMEHTAIbHOI TPYNH CYNPOBOMKYBABCS CTBOPEHHSIM Yy BHILOMY
HaBYaJbHOMY 3aKjaji iHPOpMaLiifHOr0 MPOCTOPY HABYAJIHLHO-BUXOBHOIO IIPOLIECY.

Jlo ocHoBHOro 3aco0y Opranizauii y BH3 inpopMmaniiiHOr0 nmpocropy MH BITHOCHMO CHCTEMY
ynpaiinHs HaBdaHHAM Moodle, sika Bkiroyae Taki iIHTEpHET-pecypeH, SK: ayai0-Bije0 Marepiaiy, IHTepHeT-
CaiiTH, BIpTyaJIbHI CIIBTOBApPUCTBA Ta KOMIT FOTEPHE TECTYBAaHHSI.

CygacHa cucrema npo¢eciiHOi MiATOTOBKM BUMarae J000OpYy TakuxX 3aco0iB HaBuUaHHs, skl Oynu O
OpIEHTOBaHI Ha PO3BHUTOK TBOPYMX 3MIOHOCTEH CTYJCHTIB, IHIUBIAyaTi3allil0 HABYATHHOTO TMPOIECY,
(opMyBaHHS HaBUYOK CaMOCTIHOTO OBOJIOJIHHS | 3aCTOCYBaHHS 3HaHb. J[JI IIbOr0 BHKOPUCTOBYIOTHCS
eNIEMEHTHU JUCTAHIIMHOTO0 HaBYaHHS, NIepeBaraMu SIKOro €. eKOHOMIA Yacy BHKJIaJada i CTyAEHTa; JO03BOJISE
CTYJEHTY BIiUyTH CaMOCTIHHICTh 1 BiNMOBiMaNbHICTH, IO MIABUIIYE HOTO MOTHBAIIIO 10 HaBYAHHS,
PO3BHBAa€E y CTYIEHTIB HABUKM [0 Oe3NepepBHOI OCBITH 1 MigBHILEHHA KBajiidikamii y MaiOyTHii
npodeciitHiil gisuibHOCTI [2].

IlepruM | HaliOinpm mommpeHuM 3acobom Opranizanii y BH3  indopmamiiinoro mpoctopy
HaBYaJbHO-BUXOBHOrO mporecy € larepHer-pecypcu. CTpykTypa |HTepHETy ckiagaeTbcs 3 CEpBICIB Ta
ciyk0, OCTaHHI B CBOIO 4epry IOJAUIAIOTHCS HAa KOMYHIKaTHBHI Ta iH(popMauiiiHi. lHpopManiiiHi cayxon
JOCHUTB TIOMYJISIPHI | CydacHil crucTeMi BUIIOT OCBITH, OCKUIBKY BOHM HACHUYCHI HABYAJIbHUMU MaTepiajiamu |
Jerki y BukopucTanHi. Ha chOroqHimHii 1eHb | CTyJJeHTH, | BUKJIaadl MOBUHHI BMITH 100pe Opi€HTYBaTHCS
y BEIMYE3HIA KUTBKOCTI MYJIBTUMEAIHHHUX MiJPYYHHKIB, IHTEPHET-PECypCiB, MPOrpaMHHUX 3ac00iB IS
TypdipM, roTemniB, pecTopaHis, siki 3a0e3me4yoTh (POpMyBaHHS IHPOPMALIHHOT TPOCTOPY.

Hns migBumeHHs piBHSA cdopmoBaHOCTI iH(opMamiiHOl KynbTypu OakajaBpiB 3 TypH3My MH
CTBOPUJIM €JIEKTPOHHI HABYaJbHO-METOAWYHI KOMIUJIEKCH TaKWX HaBYAIBHUX JAWUCHUIUIIH «OCHOBH
iHpopMaIliiiHoi KynbTypu OakamaBpiB 3 Typusmy», «Opranizaiis chepu eKCKYpPCIHHMX TOCIyT»,
«Opranizallis TYpUCTHYHUX TOAOpOXKei» Ha 06a3i cucremu Moodle, sxa nae 3Mory epexkTHBHO
OOMIHIOBATHCSI HaBYAJBHUM KOHTEHTOM, B3a€MOJISTH OH-JIalH Ta BUKOPHCTOBYBAaTH cydyacHi IHTepHer-
TEXHOJIOT11.

3a pmomomoroto wmiei Tuiatdhopmu 3abe3medyeTbes Oe3lepepBHUI HaBUAJNBHHN Ipolec, TOOTO €
MOXJIMBICTh OpTaHI30BYBAaTH HaBYaHHS MiJ Yac BUMYIIEHMX KaHIKYJ1 Yy BECHSHOMY CEMECTpi, NpHu
MIPOXOPKEHHI CTYyJEHTaMH IMPaKTHKH 332 KOPIOHOM, YMOKJIMBIIIOE CAaMOCTIHHY pPOOOTY CTYIOCHTIB BIITKY.
CrynenTtam 3a04HOi (hOpMH HaBYAHHS € MOXKIIMBICTh TOTYBAaTUCS A0 €K3aMEHALIHHUX Ceciil MPOTArOM POKY
B 3pYYHHH IJIsl HUX Yac, HE BiAPUBAIOYHCH Bill pOOOTH.

B cucremy Moodle Oynu 3aBaHTakeHI MYJIBTUMEHiHHI MaTepiaid, IO MICTATh Bifeo- Ta aynio
¢parmenTu. AynioO-BineO0 marepianu — me poOovi Martepiand, sKi CTaHYTh y HAroil NpU BUBYCHHI TeM
«O0’ektn ekckypcii «Crape wmict0o», «HaiiBu3HauHiml npupomHi maM’saTkd YKpaiHU» 3 JUCHUIUTIHH
«Opranizanis cdepu exkckypciiHux mnocayr» Ta «Tom-10 HalOpUTiHAJNBHIIMX apXiTeKTYpHUX CIIOpYX
cBity», «HaitmomymnsipHimni Kypoptd Ykpainu Ta cBity» 3 mucuuiniinn «Opranizamis TypHCTHYHHX
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MOJOpOXKEi». 3a TOMOMOror ayaio-Bie0 MaTepialiB CTYACHTH 3MOXYTh IMPOCIYXaTH, TOOAYUTH, a TIOTIM |
OIPAIIOBATH IH(POPMAILiI0 Ta Kpallle MiArOTYBaTUCh 10 IEBHOr0 3aBIaHHS.

Typuins i pass (A Tamm, Kewep, Crastyn)

Puc. 1. 3pa3ku Bifieo JICKIIiH.

Beb-caiiTi akTHBHO BUKOPHUCTOBYIOTHCS TOCTaYAIbHUKAMH TIOCTYT Ta TOCEpeIHUKAMHU TYPHUCTCHKOT O
PHHKY IpH B3aeMonil Mk co0Oorw. BapTo 3ragatu mpO IIMPOKI MOXIMBOCTI OpOHIOBAHHS TOTEIBHUX
HOMEpiB Ta KBUTKIB Ha JiTak uepe3 |HrepHer. I[lpm BuBYeHHI HaB4anbHMX quciMIUIiH «Opranizaris
TYPUCTUYHUX ToAopokeit», «Opranizanis chepu ekcKypciiHuX mocayr» Ta «OcHoBH iHQOpMaIiiHOT
KyJIbTypH OakajaBpiB 3 TypU3My» Ba)XJIMBO HABYMTH CTYACHTIB KOPUCTYBATHCSA IHTEPHET-pEeCypcaMu Ta
CHCTEMaMH, TOMY 1110 BOHU € HEBiJ €MHOIO CKJIaI0BOIO TypHUCTUYHOTrO Oi3Hecy. KpiM HaykoBoro 3HaueHHS,
CalTH € 1e 1 Mi3HaBaJIbHUMH, TOMY II[0 caMe Ha IXHIiX CTOpiHKax MO)XXHa 3HAiTH iH(OpMAIlito Ipo Te, M0 He
HamMcaHO B TNYTiBHUKAaX, IO MOXE JJOMOMOITH MAaHOyTHIM TypuUCTaM Kpalle 30pi€HTYBaTHCS B
HE3HAOMOMY MicCLi: MPaBUIBHO BUOpATH TOTENb 1 MapUIPYT MOI3IKH, 00 HE BUTpayaTH 3aiBUX IpolIeH i
HE MPOMYCTUTH LIiKaBHUX IaM’ATOK.

BUKOpPUCTOBYIOUM €NEKTPOHHUH HABYAaJbHO-METOAWYHHMN KOMILJIEKC HaBYaJbHOI JIUCLHMILTIHH,
CTYACHTH MOXYTh 3HAMTW 3aBAaHHS Ui IHAWBIAyalbHUX Ta CEMIHAPCHKUX 3aHATh, CAMOCTIMHUX Ta
KOHTPOJNBHUX POOiT, TeMaTUKy pedepartiB. [Ipy 1boMy BOHU MOBHHHI 3aBaHTAKUTH PE3YIbTATH BUKOHAHHS
3HOBY B CHCTEMY Ha TEpeBIpKy B MeKax BKa3aHHX TepMiHiB. B cucremi mepenbaueHa MOKIUBICTD 3pyIHOTO
o(opMIIeHHS IMTaHb U1 CAMOKOHTPOJIIO, TIPOBEICHHS OBHOL[IHHOTO MTPOMI>)KHOT'O TECTYBAaHHS CTYACHTIB.

Jns axtuBizanii poOOTH MK CTYAEHTOM Ta BHKJIaJa4eM BHKOPHUCTOBYETHCS ()OPYM — OCHOBHHUI
IHCTPYMEHT B3a€MO3B’S3KY, IO A€ 3MOTY CTYIEHTaM JAICTaBaTH KOHCYJbTalli, CTABUTH NHUTAaHHSI, Ha SKi
BHKJIa/Ia4 MOXKE BiJMOBiaTH y 3pYYHUH A HBOrO 4ac. 3almMTaHHA-BIANOBiAI B TEKCTOBOMY (opmati Ha
OakaHHS BUKJIaJa4a MOXYTb OyTH JOCTYITHHMH W JUIS iHIIUX CTYAEHTIB (HaBiTh HacTymHuX rpym). Lle nae
MOXIIUBICTh CTBOPUTH MEPENiK MUTaHb, SIKI YaCTO BUHUKAIOTH Y CTYJCHTIB CTOCOBHO BHMBUEHHS KypCy, 3
BHUYEPITHUMU BiMOBIASIMH HA HUX.

Huni HalimommpeHimiM 3acoOoM Oprasizauii iHpopmariiiHoro npocropy y BH3 e BipTyanbHi
CHIBTOBApUCTBa — II€ CYKYIHICTh 3B’SI3KIB MK CTyIEHTaMH Ta BUKIAJadyaMH, IO MAaIOTh HIOCh 3arajbHe
(cminbHI i, THTEpECH, MOMIIAAM, 3aWHATTS, X001, mpobiemu | Tak mani) i, M0 3AIfICHIOIOTh B3aEMOIIO Y
BipTyaJIbHOMY IpocTopi. BipTyanbHi MepexeBl CIIBTOBapHCTBa HaJeKaTh A0 KAaTEropii caMoperyiboBaHUX
COL[IaJIbHUX CTPYKTYp, IO CaMOPO3BHUBAIOTHCS. 3aralbHUN NPUHIMI, 0 BU3HAYAE XapaKTepP PO3BUTKY
COIIAIbHOI CHCTEMHU KiOeprpocTopy, monsrae B 1i mparHeHH| 3a0e3MeUnTH CBOO IUTICHICTD | MiIABUIIUTH
e eKTHBHICTh KOMYHIKAIIHHUX MIPOLIECIB.

Jns BuszHadeHHS edekTUBHOCTI QopmyBaHHA iH(OpMaUiiHOI KyIbTypu OakalaBpiB 3 TypuU3My
BU3HAYCHO KpHUTEpii, NOKAa3HUKK Ta piBHI (PENpPOAYKTHBHUH, KOHCTPYKTUBHHM, HPOLYKTHBHUIL).
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MoTuBaliiHO-IIIHHICHUHA KpuTepid chopMOBaHOCTI iHpOpMaLiiiHOI KynbTypu OakaiaBpiB 3 TypU3MY Yy
nporeci paxoBoi MArOTOBKY XapaKTepHU3yBaBCsl HasBHICTIO ITO3UTUBHOI MOTHBAIIii Ta LIHHICHUX Opi€HTAIlIH
y CTYIEHTIB /10 HaBUaHHA 3a JOMOMOIroI0 iH(OpMaliiHUX TEXHOJIOriH, MO JeXaTh B OCHOBI (hOpMYBaHHS
iHpopMaLiiftHOl KynpTypu OakanaBpiB 3 Typusmy. s omiHkd cpopMoBaHOCTI MOTHBaLii y OakanaBpiB 3
TYypHU3My BUKOPHCTOBYBABCS TECT-OIMHUTYBaJIbHUK «MeETOAMKA MIarHOCTHKUA OCOOMCTOCTI HAa MOTHBALIIO JI0
yenixy T. Enepca»).

[Toka3HMKaMHU THOCEONOTIYHOTO KPHUTEPII0 OBOJOAIHHA OakalaBpaMH 3 TypH3MY NpodeciiHuMu
3HaHHSIMH TIPO MOKJIMBOCTI BUKOPUCTaHHS [HTEepHET TexHONOrid y mMailOyTHiil misiapHOCTI OyiaM HMOBHOTA,
CHUCTEMHICTh 1 MIIHICTh 3HAHb CTYJACHTIB, SKi BH3HAYAJMCS 3a PE3yJbTaTaMU BIAMOBINEH CTYACHTIB Ha
TECTOBi 3aBAaHHS 3 BUKOPUCTAaHHS 1H(OPMALIHHIX TEXHOJOTH B TypH3Mi.

OmnepauiiHuii Kputepiii cpopMOBaHOCTI yMiHb Ta HAaBUYOK CTYACHTa WIOAO BUKOPHCTAHHS
SNICKTPOHHUX 3aco0iB Ta iH(pOpMaUifHMX TEXHONOTiH B mporueci GopmyBaHHS iH(GOPMALIHHOI KyJIbTYpH
XapakTepu3yBaBcsl CHOPMOBAHICTIO YMiHb Ta HABUYOK CTYIEHTA I[0JI0 BUKOPUCTAHHS EEKTPOHHUX 3ac00iB
Ta iHQOpMAIIHHUX TEXHOJIOTIH B mpoteci popMyBaHHs iH(OPMALIHHOI KyIBTYpH.

[Toka3HHKOM OCOOMCTICHOTO KpHUTEpII0 € 3AaTHICTh CTYICHTIB A0 OCMHCIICHHS, CaMOpPO3BHUTKY,
YCBIIOMJIEHOT'O ¥ TBOPYOro CTaBJICHHA 10 MOXJIHMBOCTEH iH(opMaliiHUX TexXHONOorii y QopMmyBaHHI
iHpopMaLiitHOl KynbTypd. s BU3HAUEHHSI piBHS pedJiekcii BAKOpUCTOBYBaBcsS «TecT Ha BUSBJICHHS PiBHS
pedrekcii» Bepirinoi H. A. ns Bu3HaueHHS piBHA CPOPMOBAHOCTI 3MIOHOCTEH OO CaMOpPO3BUTKY 1
CaMOOCBITH BUKOPUCTOBYBABCSl OAHOMMEHHHIA TECT.

[IponykTuBHUN piBeHb c(hOpPMOBAaHOCTI iHQOpPMALidHOI KynbTypu OakajaBpiB 3 TYypU3MY
XapaKTePU3YEThCS BUCOKUMH TNPOQECIHHUMHU 3HaHHSIMH, NpodeciiHMMU 3HAHHAMH PO MOKIMBOCTI
BUKOpUCTaHHS [HTepHer TexHonorii y MaiOyTHii missibHOCTI. KOHCTpYKTHBHMII — 1mocTaTHIMHU
npodeciiHIMH 3HaHHSAMH, TPOPECIHHUME 3HAHHSMH PO MOXKJIMBOCTI BUKOPUCTaHHA [HTEpHET TEXHOJIOriH
y MailOyTHI AiSTTBHOCTI; piBeHb XapaKTEPU3YETHCS IOBEPXHEBUMHU MPOQECiHHUMHU 3HAHHAMH PO
MOXJIMBOCTI BUKOPHCTaHHs [HTEpHET TEXHONOTiH Y MalOyTHIN AisIbHOCTI.

[lemaroriuHuii excriepuMeHT 1oA0 (GopMyBaHHS iHQOpMaILiifHOI KynbTypH OakajaBpiB 3 TYpU3MY y
npoueci paxoBoi MATOTOBKH BKIIOYaB KOHCTATYBAIBHUI Ta (OPMYyBaIbHHUN €TAIIH.

OTpumaHi y pe3yibTaTi EKCIEepUMEHTY JaHi CBiI4aTh NpO Te, MO0 Ha MOYAaTOK MEeNarorivHoro
EKCIIEPUMEHTY, B €KCIIEpUMEHTANbHIN IpyMi MPOAYKTHBHUN piBeHb chOPMOBAHOCTI 3a BciMa KOMIIOHEHTaMHU
¢dopmyBaHHA iHPOpPMALifHOI KynbTypHu 0akanaBpiB 3 Typu3My y mpoieci (axoBoi MiATOTOBKA CTaHOBUB
11,11% cryneHTiB, HaNpUKIiHII — BignoBimHO 25,56% CTy[eHTIB, KOHCTPYKTUBHHI pPIiBEHb CTAHOBHB Ha
noyatok — 28,06% crynentiB, HanpukiHii — 40,83% cTymeHTiB, penpoXyKTHBHUN pIBEHb CTAaHOBUB Ha
nouaTtok — 60,83% crynenriB, Hanpukinmi — 33,61% crynenris (Tabdm. 1).

VY  KOHTpOJBHIK Tpymi Ha TMOYATOK TMEAArOriyHOrO EKCIEpUMEHTY NPOAYKTHBHHMN PpiBEHb
cOpMOBaHOCTI 32 BCiMa KOMIIOHEHTaMH (OpMyBaHHs iH(POpMaLiifHOI KyJIbTypH OakajaBpiB 3 TYpU3MY Y
mporeci  (axoBoi miaroroBku cranoBuB 10,54% crymenTiB, Hampukinii - 1595% crynmentis,
KOHCTPYKTHBHHUI piBeHb cTaHOBMB Ha mouyaTok — 28,11% crynmentis, Hampukinii — 35,95% crynenTis,
PENPOYKTUBHUHN piBEHh CTAHOBUB Ha oyaTok — 61,35% crynenriB, Hanpukinami — 48,11% crynenTis

OTxe, HAPUKIHIII TEAATOTTYHOr0 EKCIIEPUMEHTY Y eKCIIEpUMEHTaIbHIN TPy 301IbLIMIIacs KUTbKICTD
cryneHTiB 3 npoaykTuBHUM (14,45%) Ta koHcTpykTUBHMM (12,77%) piBHAMH, 3HAQ4YHO 3MEHINWIIACS 3
penponyktuBHuM (27,28%) piBHeM. /[nHaMika 3MiH Y KOHTPOJIBHIN TPYITl HACTYIHA: 30UIbIICHHS KUTBKOCT1
CTYIICHTIB, SIKi MalOTh TMPOAYKTHBHHUI 1 KOHCTPYKTHBHHI piBHI (BimmoBimHo 5,41% crynentiB i 7,84%
CTYJIICHTIB), 3MEHILICHHS PEIPOIYKTUBHOrO piBHs — Ha 13,24% cTyneHTiB.

Tabauys 1

Junamika piBHIB cpopMoBaHoCTi 32 BciMa KOMIIOHeHTaMHu (popmyBaHHs iHGopManiiiHol
KYJbTYpH 0aKkajnaBpiB 3 Typu3My y npoueci ¢paxoBoi NiaroroBKu

o . . . 1 1 1
Ne R KinbKicTh cTyIeHTiB KinpkicTb CTy,Z[eHTlB7K40HTpOJIBHI/IX
= — rpym, N=
/n g EKCIEePUMEHTAIBHUX IpyIl, N=72
P Ilearorivamii eKCrepUMEHT
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BucHoBKkH Ta mepcrneKTHBHU NOJAIBIIHMX J0CHiTKeHb., OTXKe, OCHOBHMM 3aco0OM Oprasizawii y
BUIIIOMY HaBYAJBHOMY 3aKiaji iH(popMaLiifHOr0 mpocTopy € cucreMa yrpaiiHHs HaBuaHHsM Moodle, sixa
BKJIFOYAE TaKi IHTEPHET-PECypCH, K. ayai0-Bige0 MaTepiaiy, IHTepHeT-CaiiTh, BIpTyalbHI CIIIBTOBAPHCTBA Ta
KOMIT'IOTepHE TecTyBaHHS. CTBOpeHHA iH(QOPMALIfHOr0 MPOCTOPY HAaBYAIBHO-BUXOBHOTO MpOLECY
MiATOTOBKK OakanaBpiB 3 TYpU3MY E€KCIEPUMEHTAIBHOI TPYMH JO3BOIHIO €pEeKTUBHO CHOPMYBaTH Y HUX
iHpOpMaLiiiHy KyJabTYpy., IIO MiATBEPAWIHM PE3yIbTaTH NEJAroridvHOr0 EKCIEpUMEHTY. 30KpeMa, BOHH
CBiIYaTh TPO CYTTEBI MO3UTHBHI 3MiHU pPiBHIB chopMOBaHOCTI iH(GOPMALIAHOI KyIbTypH OakamaBpiB 3
TypU3MYy y npoiieci paxoBoi MiArOTOBKM Y CTYJEHTIB €KCIIEPUMEHTAJIBLHOI TPYIU MOPIBHSIHO 31 CTyIEeHTaMHU
KOHTPOJIBHOI TPYIIH.

[TepcriekTHBOO MONANBININX JOCHIHKEHb BOAYAaEMO Y 3AIACHEHHI aHaTi3y €BpOIEHCHKOro IOCBITY
¢dopmyBaHHA iHPOpPMaLIHHOT KyNbTypH (paxiBIiB 3 TypU3My Y BHILMX HABYAIBHUX 3aKJIAAAX.

1. 3nauenko O. II. ®opmyBanus iHdopMariiHOI KyIbTypH MaHOYTHIX YYHTENiB IyMaHITapHUX IWUCHUIUIIH. aBTOped. IHC.
KaH. mej. Hayk: crett. 13.00.04 / O. 1. 3nauenxko. — Kuis : 68., 2005. — 24 c.

2. Kinpuenko A. B. BUKOpHCTaHHS €NEKTPOHHMX 1H(GOpPMALiHHUX CHUCTEM BiJAKPUTOIrO JOCTYIY JUIS IUIAHYBaHHS HAyKOBHX
nocriukeHpb B ranysi ocsiti / A. B. Kinsuenko // Indopmauiitai TexHomorii i 3acoon HaBuanus. — 2015. — Ne5 (49). — Pexxum
nocrymy g0 Kypraiy: http://journal.iitta.gov.ua.
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YK 378.004
Menbsuuk B.M., boptauk K.4., YUeb C.C., Mickesuy O.I.
Jlynpkuil HallioHaIBHUHA TEXHIYHUI YHIBEpCUTET

JIEAKI IEPCIIEKTUBYU BIPOBAJIKEHHSI KOMYHIKAIIMHUX IHTEPHET-
TEXHOJIOI'TA B CACTEMI OCBITH YKPATHH

Meabauk B.M., BoptHuk K.51., Ye6 C.C., MickeBnu O.1. [lesiki nepcrneKTHBH BIPOBA/ZKeHHS] KOMYHiKaliiiHIX
iHTepHeT-TeXHOJIOTiHl B cucTeMi ocBiTH YkpaiHu. Po3rmsmarorscs neski BaskIMBI MEPCHEKTUBH PO3BUTKY KOMYHiKaI[iifHMX
TEXHOJIOTiH [HTepHeT Ay HaBYANBHOrO MPOIECy Ta JUCTAHI[IMHOrO HABYAHHS B CHCTEMIi OCBITH. B 3B’S3Ky 3 MM HaBOAATHCS
JIesIKi BaXKITMBI aCIIeKTH PAIiOHAIBHOIO IX BUKOPUCTAHHS Ta MPOBOJANUTHCSA KOPOTKA XapaKTEPHCTUKA IPU3HAYCHHS €IIEKTPOHHNX
MOpTaiB  JUCTAHIIHHOI OCBITH BY3iB. BHCBITIIOIOTBCA Iesdki BaXKIMBI TpoOIeMH BIPOBAPKEHHS iH(pOpMAamiiHO-
KOMYHIKaIliifHUX TEXHOJOTIH B CHCTEMY HAaBUAHHS BITYM3HSIHHUX 3aralbHOOCBITHIX 3aKJIaIiB.

Meabauk B.H., Boprauxk E.f., Ye6 C.C., Muckesnu O.HW. Hexoropble mnepcneKTHBbI BHEAPEHUSA
KOMMYHHUKAIIMOHHBIX HHTePHET-TeXHOJIOTHii B cucTeMe 00pa3oBaHUsl YKpauHbI. PaccMaTpHBaIOTCsi HEKOTOPHIC Ba)KHBIC
MIEPCTICKTUBHI Pa3BUTHSI KOMMYHHUKAIIHOHHBIX TEXHOIOTHH MHTEepHET i1 mporiecca 0OydeHUs M TUCTAHIIMOHHOTO OOYYCHUS B
cucreMe 00pa3oBaHUA. B cBA3M ¢ 3TUM HABOAATCA HEKOTOpHIE BAaXKHBIC ACIEKTHl PAlMOHATHHOTO HMX HCIOIB30BAHUSI U
MIPOBOJUTCS KOPOTKAsI XapaKTePHCTHKA HA3HAUCHHUS HJICKTPOHHBIX MOPTAJIOB JUCTAHIMOHHOIO 00y4eHHs By30B. OOCYyKIatoTCs
HEKOTOpBIC BaXKHBIE TIPOOJIEMBI BHEAPEHWs HH(POPMAOHHO-KOMMYHHKAIMOHHBIX TEXHOJIOTMH B CHCTEMy OOydYeHHUS
OTEYECTBEHHBIX 0011e00pa30BaTEIbHBIX 3aKIIa I0B.

Melnyk V., Bortnyk Ka., Heb S., Mickiewicz O. Some prospects for implementation of Internet technologies and
communication in education Ukraine. Some important perspectives of growth of Internet communication technologies for
education process and distant education process in education system are discussed in the article. In addition with this some
important aspects of their rational using are pointed in it and a short characteristic of electron portals appoint for distant education
in university collages is presented. There also some important problems of information and communication technologies
introducing in education system of country common education schools are considered.

OcBiTHA W BHXOBHA [iSUTBHICTH B HaBYaJbHOMY 3aKJiaJi MOBHHHA 3HAXOAMTUCH Y TICHOMY
B3a€MO3B'A3KY, JOMOBHIOIOUYM 1 30arauyioun onHa onHy. HaBuaHHS 1 BUXOBaHHA — L€ CKJIaJ0Bi OIHO
ILJIOrO TMPOIIECy , MPOIECY PO3BHTKY 0COOMCTOCTI. B 3B’A3Ky 3 CTPIMKHM IUIMHOM HayKOBO-TEXHIYHOTO
Iporpecy Ta HEBIIMHHOI MOJEpHi3alii y BCix cdepax AiIbHOCTI JIOAWHU Ba>KIMBOTO 3HaYCHHS HAOyBae
BIIPOB/KCHHS CyJacHUX KOMYHIKAIIMHUX TeXHONOTiH. JloOCHTh BaXKITUBY POJIb B HABYAJIbHO-BUXOBHOMY
Mpolieci BiAirpaloTh KOMyHiKaliiiHi [HTepHeT-TeXHOMOr ], 10 MOKINKaHI MBUIKOAIHHO BUPILIYBaTH caMi
pisHOMaHiTHI #oro acmektn. CHCTEMH AUCTAHIIHHOrO HaBuYaHHS, HaBuanbHi Web-koHdepenirii,
MEpEeKeBi ceMiHapH Ta iHIII cydacHi 3acOOM €JIEKTPOHHO-KOMYHIKaLiHHOI nepeaadyi 3HaHb BUTICHSIOThH
3BHYAiHI 3aCO0M Ta KOMYHIKaTHBHI MOXIIMBOCTI Iepefadi 3HaHb B 0araTboxX CTOpPOHAX oOpraHizarmil
HABYaJBHOTO IPOLECY, OCKUIBKH SABISIOThCS Ha0araTo JOCTYHHIMIMMH, 3PYYHIIUMH 1 JIETIIUMH Y
BHUKOPHUCTaHHI.

CTpiMKHH PO3BUTOK MEpPEKEBHUX 1HQOpMAIIMHUX TEXHONOriM MOpAd 3 MOMITHHM 3HIDKCHHSIM
TUMYAcCOBUX 1 HPOCTOPOBUX Oap'epiB B PO3MOBCIOKEHHI iH(pOpMaLii BiAKPUB HOBi MEPCIEKTUBHI
MOXIIMBOCTI Y cepi ocBiTH. MOXHa 3 YIEBHEHICTIO CTBEPAKYBATH, IO B Cy4aCHOMY CBITi Ma€ MpOsSIB
TEHJICHIIisl 3MUTTS OCBITHIX 1 iH(OpMamiiHUX TEXHOJNOTiH Ta GopMyBaHHA Ha LI OCHOBI MPUHIUIIOBO
HOBHX — IHTETPOBaHMX TEXHOJIOTi HAaBYaHHS, 3aCHOBaHMX, 30KpEMa, HA TEXHOJOTiAX KOMYHIKaTHBHOI
nepenaui iHgopmamii dyepe3 ri00ambHY Mepexy IHTepHer. 30Kpema, 3pYy4HICTH 1 THYYKICTb
TiIEepPTEeKCTOBOr0 MPEACTABICHHS Martepiany, ONepaTUBHHH JOCTym 10 iH(opMmamii, po3TamoBaHoi B
pi3HUX perioHax YkpaiHu i kpaiHax 3apyOiXOKs, BHCOKa ONEPAaTUBHICTH OHOBJICHHS 1 iHIII mepeBaru
JIO3BOJIWJIM JIOCTAaTHBO IIBHUIKO BIPOBAIAWTU X B MPAKTHYHY IisUTBHICTH OaraThOX BUIIMX HaBUYATBHHX
3aknadiB. AHami3 OCBITHIX pecypciB B LUIOMY TIIOKa3zye, IO HapdyacTime Taki TeXHOJoril
BHUKOPUCTOBYIOTbCSL B Y4OOBOMY TMpoleci IHCTUTYTIB 1 YHIBEPCHUTETIB TyMaHITApDHOIO HaMpsAMYy.
[loB'si3aHO 1Ie 3 TUTIOM Ta XapaKTEpOM MPEACTABICHHS HaBYaJIBHOTO MaTepiany. B ocHOBHOMY — 1ie
TEKCTOBHUI MaTepian 3 TpadiyHUMH, 3piKa aHIMOBaHUMHU LTIOCTPALIISIMU.

Icnye i iHma mpobnema B TeXHi4HIH ocBiTi. MaiiOyTHiIi iH)KEHep-lienaror MOBUHEH HE TiNBbKH
3HATH HEOOXiHI TEOPETUYHI MOJIOKEHHS JUCIUILTIH, [0 BUBYAIOTHCS, aJie 1 MaTH, HAMIPUKIIAJ], TTOHATTS
PO THITIYHI MPOLECH, MO BiAOYBAIOTHCA B THX YHM IHIIMX MEXaHI3Max, IMOB’S3aHHUX 3 MPEAMETHUM
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BHUBYEHHSM, HaOYTH 1 NepelHATH HaBUKH BUMIpIOBaHb, OOPOOKH Ta CIIBCTaBIICHHS pe3yibTaTiB. To x
OJIHUM 3 CEpPHO3HMX IEPCICKTUBHHUX 3aBJaHb € PO3pOOKAa TEXHOJOTIH BiguaJieHuX (IUCTAHLIHHUX)
12a00paTOpHUX NPAKTUKYMIB.

[Ile oqHUM HaHBaKJIMBILIMM 3aBJIAHHAM CYYacHOTO €Tally PO3BUTKY YKPaiHCHKOTrO AWCTaHLIHHOTO
HaBYaHHS € iHTerpamisa i yHigikamisi OCBITHIX pecypciB, TEXHOJOriHd 1 cepeloBHII. 3a OCTaHHI POKH
CTBOPEHO BENUKY KUIBKICTh [IOCHUTH HEMOTaHMX KOMYHIKATHMBHHX PO3POOOK il iX MPaKTHUYHOrO
BIIPOBA/KEHHS B IHTEpHET, MPOTE BOHU NapaMeTpajIbHO HE Y3TOMKYIOTHCS OHA 3 OHOIO, BIPi3HSAIOTHCS
oIeparitHuMHl CUCTeMaMH, CIIOcOOOM Moadi iH(opmMarlii, a 3MIiCT AUCIUILIIH JJOCUTh YacTO MPOCTO HE
JI03BOJISIE BAKOPUCTOBYBATH iX B paMKaX €IMHOI OCBITHBOI IPOrpamMH.

OpHak cydacHHI MOBHOLIHHUH y4OOBHH MpoIiec yKe MPaKTUYHO HEMOXKITUBUIA 0e3 iHTepaKTHBHHUX
3ac00iB HaBUaHHs. AHAaJ3ylOUM CHOTOJHIIIHI OCBITHI IHTEpHET-TeXHOJOril, MOXKHA, Ha HANIy OYMKY,
chopMyIIIOBaTH TPH OCHOBHI aCIEKTH PalliOHaILHOTO PO3BUTKY iX B CUCTEMI OCBITH YKpaiHH:

®  TIEPCIEKTUBHM  PO3POOKH  TIMEPTEKCTOBHUX  HABYANbHO-METOJMYHUX  ITOMIYHHUKIB 3
Onu3bkocnopimHeHuM (y imeani — 3 €quMHUM) iHTep(delcoM KOpHCTyBada i 3 ypaxyBaHHSIM peallbHHX
TEXHIYHUX MOXJIMBOCTEW CHOTOIHIIMIHBOI'O CTY/ICHTA;

®  TIEPCIEKTUBU PO3POOKH J1Ta0OpATOPHUX MPAKTHKYMIB BiJAlI€HOro AOCTYIy AJS 1HXEHEPHHUX
CIIeiajIbHOCTEH,

®  TIEPCIEKTUBU PO3POOKU TEXHONOTIYHOTO CEPEeNOBUIIA I CUCTEMH TUCTAHLIMHOI Ta BiAKPUTOL
OCBIiTH, IO OPraHiuHO 00'€AHYE€ HAKOMMYEHUI MPOBIAHUMH By3aMH JOCBiJ i THIIOBUH IHCTpYMEHTapil B
KOPHCTYBaHHI T (POPMYBaHHS €JMHOTO OCBITHBOI'O CepeioBHIa YKpainu [5].

[Mopsim 3 KM, HEOOXiTHO BpPaxOBYBaTH BUSBICHHS JEKUIBKOX YITKO BU3HAYCHUX WiJXOIIB B
obnacri [urepuer-ocitu [1,4]. Tak s omHOT KaTeropii cy0’eKkTiB HaBYaHHS [HTEpHET — 11e OpraHi3oBaHa
CHUCTEMa CaMOOCBITH, JUIS sIKOi HEOOXiMHWH BIAMOBiAHWI BUOIp 3acO0iB HaBYaHHS, BimOIp 3MiCTy
MaTepiaiy 1 #oro JoridyHa 4u creniajJbHO BIOPSAKOBaHA OpraHizamis mpefactaBieHHs. s iHmmof x —
CHCTEMaTH4YHa OCBiTa, 110 OPTaHI30BYE B3a€EMOJII0 BUKJIaaya i CTy/leHTa B KOMyHiKallil HaBuaHHA. A 11e
JUIS 1HIIOT — [1€ MOXKJIMBICTH TBOPYOTO CAMOBUPaXXEHH:. |[HTEepHET-HABUAHHS MOXKE TAKOK BHCTYNATH SIK
JONOMDKHMH, mepeBaxHO iH(opmamiiiHuii pecypc. BriM, Oaratro XTo cxXuipHMA 10 TeHAEHII]
00'eTHYBaTH BUICHEPEYHCIICHI MTiJXO/IH.

Jocuth BaXXIMBHM € TakoX YiTKe BHM3Ha4YeHHS (pOpMH HaBUaHHA, U SIKOI HependadaeTbes
BHUKOPHCTOBYBATH [HTEpHET-TEXHOJIOTI: Ul OYHOI YW AUCTaHLINHHOI. Ko A5 04HO1 popMH, TO JOCUTD
BaYKJIMBO BU3HAYMTH, SIKI BUAW iHTErpaii npu npoMy nependadarorbes. KMo s AUCTaHLIHHOI — TO
AKa MOJENb NWCTAHLIAHOrO HaBYaHHsS Oyne B3iTa O YBarw Jjisl MOro mpakTuuHoi peamizamii. JaHi
MUTAHHS SBJSIFOTBCS AOCUTH BaXJIMBUMH. Bin iX pillleHHS Ta TUAAKTUYHOTO OOIPYHTYBAaHHS 3aJICKUTh
e eKTHBHICTh BUKOPUCTAHHS BXKE€ ICHYIOUHX PECYPCHHX KOMYHIKaI[iHHUX CHCTEM Ta MOciyr IHTepHer B
LJIOMY, a TAKOX 3arajibHa IMpolecyabHO BUT1AHA OpraHizauis iHpOopMaliifHO-0CBITHOI'O IPOCTOPY .

Ha cporogHimHiii neHb OimbIIiCTh YKpaiHCBKMX BY3iB MarOTh CBOi BiacHi IHTepHET mopTaiu
JUCTAHLIMHOI OCBITH, Ji¢ 3aHIIOBIIM Ha HUX CTYICHTH MOXYTh O3HAHOMHUTHCH 3 JICKLIHHUM MaTepiaioM
HaBYaJbHOI JUCUUIUTIHY, MEPErJISIHYTH BiACOYPOKH, OMpAalfoBaTH JIa0OPAaTOPHI YW MPaKTH4HI poOOTH,
MPOMTH CaMOTeCTyBaHHs 1 iHme. s mpukiamy po3riisiHEMO JesiKi 3 BITUM3HSHMX OCBITHIX HOpPTaNliB
JUCTAaHLIMHOrO HaBYaHHS BY3iB Y KpaiHH.

EnextponHuii mopran gucTaHumiiHOro HaB4aHHS JIyIpbKOro HaliOHaJBHOrO TEXHIYHOTO
yniBepcurery (JIHTY), http://elearning.lutsk.ua/. [2] (puc. 1) — ue enexkTpoHHHI TOpPTAJ, MOOYIOBAHHI
Ha 6a3i cucremu CMS Moodle, ska € oguum i3 pisHOBHIIB ocBiTHROI CMS cucremwu, 110
BUKOPUCTOBYEThCs Oinbin HiXX B 20-TH By3ax Ykpainu. [lopranbpHa cucTeMa eNeKTPOHHOT'O HaBUAHHS
JIHTY mnpusHaueHa pansi OaraTorpaHHOi JONOMOTH CTyAE€HTaM B OpraHi3amil sIK CTallioHApHOTrO
HABYaJBHOTO TaK 1 CaMOOCBITHBROIO HaBYAJBHUX IMPOLECIB, Ui TOro o0 craTu mnpodeciiHuMu
¢axiBusAMH 3 00paHUMHU HUMH CHELiaIbHOCTSIMH.

[Hme npusHaueHHs Wi€l cHUCTEMH — L€ AONOMOra BUKIagadyaM By3y B OpTraHi3alil mpouecy
HABYaHHS 3 CTYACHTaMH 4yepe3 [HTepHeT-Mepexy.
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Puc. 1 EnextpoHHu#i mopTaj IUCTaHIIMHOTO HABYaHHS

JIynbkoro HaIioHaJIBHOTO TEXHIYHOT'O YHIBEPCUTETY

125

J1o CITUCKy CaiTiB qUCTaHIIHOTO HaBYaHHs, moOymoBanux Ha cucreMi CMS Moodle BignocuThest
i1 caiiT MUCTaHMIAHOrO0 HaBYaHHS XapKiBCHKOrO HAIliOHAILHOrO eKoHOMiuHOro yHiBepcutery (XHEY),
http://www.ikt.hneu.edu.ua/ [3] (puc. 2). Jlanuii caiiT SIBISIETHCS TAKOXK OCHOBHHUM JDKEPEIOM 3100YTTS

HaBYAJIBHOTO MaTepially 3TiJHO 00paHOoi CIemiaTbHOCTI CTYJICHTaMHU BY3Y uepe3 |[HTepHeT-KOMYHIKaIIito 3
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Puc. 2 Caiit quctaHIiiHOro HaBYaHHS

XapkiBCLKOTO HAIIOHAIBHOTO €KOHOMIYHOT'O YHIBEPCUTETY

IMopsin 3 opienTtanico Ha cuctemy CMS Moodle, iHmm OCBiTHI MopTand JUCTAHIHHOI OCBITH
Vkpainu OyayroThCs Ha TaKHX cucTeMmax, sik Joomla, ATUtor, o BUKOPUCTOBYETHCS K «IBHIKOKY» JUIs

cepBepa IUCTAHLIMHOTO HaBYaHHS TepHOMUIBCHKOTO HALiOHATBHOTO TEXHIYHOTO YHIBEPCHUTETY iMeEHi

IBana Ilymwos, http://dl.tntu.edu.ua, ta llias — mo BukopucTOBYETHCS y KHIBCbKOMY HaliOHAIBLHOMY
yHiBepcuTeri imeHi Tapaca [lleBuenka.

IHTEepHET TEXHONOTIT B CHCTEMI OCBITH, MOXXHA BIJIMITUTH, CTalOTh 3 KO)KHMM JHEM BCE OUIbIIEC
HEOOX1THOK HEBIJ'’€MHOK YACTHHOI B OpTaHi3ailii Ha4aJhbHO-BUXOBHOTO TMPOIECY B 3aKJaJaX OCBITH
VYkpaiHnu, OCKUTBKH 1 CydacHE CYCIUIBLCTBO Jeiajli IHTCHCHBHIlIe Habupae pucu iH(opmamidHoro, 1o
OJHOYACHO BMMAara€ HOBOro, OUIbII SKICHO Ta OaraTorpaHHO OpraHi30BaHOI'O piBHS OpraHizamii
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OCBITHBOTO TIPOIECY Yepe3 3allyuyeHHS HOBITHIX iHHOBamiiHWX MeroaiB. Cam miaxia Takoi oprasizarii
OCBITH CTUMYIIIOE€ MOTpeOy 3alydeHHs JI0AeH BUCOKOI BY3bKONMpPOQeciiHOI OCBIUEHOCTI y BUIIE3ralaHy
cucremy, Ae Oyae TakoX CTOSTH MoTpeda B mepekBasidikalil MpamiBHUKIB B MOPIBHSAHHI 3 IIBUIKUM
PO3BUTKOM TEXHOJIOTIH €IeKTPOHHO-ANCTaHLINHOI KoMyHikauii. HUHIMHIA BUIMIA HABYaJIbHUN 3aKian
BKe B 0araTthbOX acrmekTax HE B 3MO3i ONEPaTHBHO 3MiHIOBATH HABYAJIbHI KypCH, aAalTylO4H iX [0
LIBHJIKOJIIHOTO HAYKOBOI'O PO3BUTKY, @ MOPSA 3 TUM 1 pearyBaTH Ha 3MiHY 3alIUTiB CIIO)KMBAYiB OCBITHIX
MOCIIYT, IPOTE CydyacHe BUPOOHMLITBO MOTpedye Oinblne ocBiueHUX mojei, Hibk pokiB 10 Tomy. [ocBix
YHIBEpCHTETIB 3aXiIHUX KpaiH CBIAYHTH, IO YHIBEPCHTET YK€ HE MPHB’sI3aHUI O MicleBOCTi (HOBITHI
YHIBEPCHTETH BIIMOBWJIMCS Bill reorpadiyHUX Ha3B). 3HMKAE MOHATTS IHUKIIYHOCTI HaBYaHHS, TOOTO
BCTYIHTH B JESKi BUII HaBYaJIbHI 3aKJIad MOKHA OyIb-SIKOTO AHS. 3aMiCTh (aKyJIbTETy TeIep € CIIUCOK
KypciB, HEOOXimHMX It 3100yTTs KBatigikamii. YHIBEpCUTET cTa€ TJI00ANBHOIO OpraHizali€io, a B
LHeHTpi Oe3MmocepeHbOro OCBITHBOTO MpOLECY BXKe He «mpodecop, SKui 30Mpae HaBKOIO cebe
ayUTOPIIO», a «CTYIEHT, SKOro 0OCIyroByroTh mpodecopu» [4]. Ha ¢oHI mmx TEHACHIIH BHUMOTH
CYCHUIBCTBA JI0 OCBITH MOMITHO 3MiHWIKCA. OnHaK He Bce Tak J00pe SIK 3Aa€ThCAd Ha MEPIINil MO,
Sxmo maTepianbHO-TeXHIYHA 0a3a By3iB YKpaiHH 3HAXOJHUTHCS HA JTOCTATHBOMY DPiBHI, TO L€ HE MOXKHA
CKa3zaTH IPO MaTepialnbHO-TEXHIUHE 3a0e3leueHHs 3arajJbHOOCBITHIX 3aknafiB. IcHye Oarato mpobiem,
MOB’SI3aHUX 3 BIPOBAKEHHSM Yy HAaBUYAJIbHO-BUXOBHUH IMPOIEC BITYM3HSIHUX 3arajbHOOCBITHIX
HaBYaJbHUX 3aKJIa/iB iHPOPMALiTHO-KOMYHIKAI[IHHUX TEXHOJOriH. 3iHO IepKaBHOI LIJILOBOT MPOrpaMu
BIIPOB/PKCHHS Y HABYAJIbHO-BUXOBHUI MPOLIEC 3aralbHOOCBITHIX HaBUAIBHUX 3aKjaliB iH(popMaLiiHO-
KOMYHIKAI[IHHUX TeXHOIOrii «CTO BificOTKIB» [1] BUAUIAIOTE Taki OCHOBHI POOJIeMH, SIKi OB sI3aHi 3 1X
BIIPOBAIKCHHSIM:

e  HE3aJOBUIBHMU CTaH 3a0e3MedyeHHS KOMII'IOTEPHOI0 TEXHIKOI 3arajibHOOCBITHIX HABYAJIBHUX
3aknafiB. CrocTepiraeThCs MEBHA JUCIPONOPLIsS Yy 3a0e3MeUeHHI KOMIT I0TEPHOIO TEXHIKOIO CLIBCBKUX
(97,8 Bincorka) ta micekux (93,4 Bimcorka) mwkin. Ha mowatox 2009/10 naBuaneHOro poky Ha 32 y4Hi
3araJlbHOOCBITHIX HABYaNbHUX 3aKiIaliB MpPUIAJaB OJWH NEPCOHAJIBbHUI Komm'toTep (cepemHiit
aHAJIOTYHUH MOKa3HUK y €Bporti 3 3 10 5);

e  BUKOPHCTaHHS MOPAJBHO 3acTapinoi KOMI I0TepHOI TexHiku. B cepennboMy B YKpaiHi motpedye
oHoBneHHA 40 BifCOTKIB iCHYIOYOi Yy 3araJbHOOCBITHIX HAaBYAJIBHHUX 3aKjaJax KOMIT FOTEPHOI TeXHIKH,
10 CTAHOBUTbH MTOHAJ 5 THUCSY HABYAJIBHUX KOMII IOTEPHUX KOMILIEKCIB;

e  HE3aNOBUIBHMH cTaH minkiaroueHHs g0 Iarepuery. Ha mouatoxk 2010 poky mnokasHHK
MIKITIOUEHHS 3arajlbHOOCBITHIX HAaBUAJIhHHUX 3aKJIAJIB Yy IIJIOMY B YKpaiHi CTAHOBUTH 85 BiJICOTKIB, a B
CIIBCHKIA MICI[EBOCTI — TUIbKH 54 BIACOTKM. BIABIIICTH 3aKiIagiB MIAKIIOYEHO 3a TEXHOJOTIEI0
KOMYTOBAHOTO 3’€THaHHS, L0 YHEMOXIIUBIIOE e(peKTHBHE BHKOPHUCTaHHS iH(OpPMaLidHUX pecypciB
[HTepHeTY B HaBYANEHO-BUXOBHOMY IIPOIIECH;

e  HEJOCTAaTHIA piBEHb MiATOTOBKH BYMTENIB 3arajibHOOCBITHIX HABYAJNBHUX 3aKJIAJiB 3 MUTAHb
BUKOPHUCTaHHS iH()OpMaLiiHO-KOMYHIKAIITHUX TEXHOJOTH B HABYAJIbHO-BUXOBHOMY ITPOLIECH;

e  HEJOCKOHANICTh iH(GOPMAIITHO-TEXHONOTIYHOI, HABYAIHLHO-METOIUYHOI Ta OpraHi3aiiiHoi
MiATPUMKHU TPOLECiB pO3pOOICHHS, HAKOMMYEHHS Ta 00MiHYy iH(pOpMAaIiiiHUMH OCBITHIMH PECypCaMH;

e  BiJCYTHICTb CHUCTEMHU NMCTAHLIAHOrO HaBYaHHA IS AiTEH 3 OOMEXKEHUMH MOXKIMBOCTSAMHU Ta
nitedl, ski mepeOyBarOTh Ha JOBTOTPUBAJIOMY JIKYBaHHI Ta BiACYTHICTh HAaBHKIB KOPHCTYBaTHUCS
KOMIT FOTEPHOIO TEXHIKOIO;

e  BiJICYTHICTbH CIIy>KOM TEXHIUHOI MIATPUMKH, siKa 3abe3neyyBaja O mpamne3JaTHICTh MPOrpaMHUX Ta
amapaTHHX 3ac00iB y 3arajJbHOOCBITHIX HaBYaJIbHUX 3aKiaiax.

BucHoBox

OTxe, CTPIMKUI PO3BUTOK MEPEkKEBUX 1HPOPMAIIMHUX TEXHOIOTiH, OKPIM IMOMITHOIO 3HUKEHHS
TUMYACOBHUX 1 IPOCTOPOBUX Oap'epiB B pO3MOBCIOHKEHHI iH(OpMaIlii, BIIKpUB HOBI IIEPCIIEKTUBH Y cepi
OCBiTH. MOXXHA 3 YNEBHEHICTIO CTBEPMXKYBATH, IO B Cy4YaCHOMY CBITI Ma€ Micle TEHACHIIS 3JIUTTA
OCBITHIX 1 iH(opMaiHHUX TEXHONOTIH 1 GopMyBaHHS HA i OCHOB1 MPHUHIIUIIOBO HOBUX IHTEPOBAHUX
TEXHOJIOT1/ HaBYaHHS, 3aCHOBAaHUX Ha 3aCTOCYBaHHI IHHOBAIlIHHUX, 30KpeMa, KOMYyHIKaIliitHux [HTepHer-
TEXHOJOriAx. 3 iX BUKOPHUCTaHHAM Ha CHOI'OJHI, HE3BaKAIOUM Ha iCHYIOYl MpoOJeMH, yKe 3'sBuiacs
MOXKJIUBICTb HEOOMEXEHOT0, 3pYyYHOro i Ay)KE IEeIIeBOro THPaKyBaHHSA HaBYajibHOI iH(opmamii Ta
KOPUCTYBaHHA. Bce 1ie 1 MOpOKye OCHOBHI HAmpsMKH Ta OCOOIHMBOCTI PO3BUTKY KOMYHIKaiHHUX
IHTEPHET-TEXHOJNOTi A 3acTocyBaHHs iX B Opraizamii HaB4YajgbHOro mnpouecy. To x 06a30BUM

© Menbauk B.M., boptauk K.41., Yeb C.C., Mickenu O.1.



Hayxosuil srcypuan "KoMi roTepHo-iHTErpoBaHi TEXHOJIOTIi: OCBiTa, HAyKa, BUPOOHULITBO" 127
Jlyyvk, 2015. Bunyck Ne 21

3IIMIIAETHCS 3a0€3MEUCHHS BHCOKOTO piBHS 0a30BUX 3HAHb B CQepi €ICKTPOHHO-KOMYHIKATHBHHUX
TEXHOJIOT1H, M0 1 3aJUIIA€ThCS OCHOBHUM 3aBJIaHHSM HAIOi JepKaBU B OOJIACTI CHCTEMH OCBITH Ha
HANOIMKYi POKH.

1.  Posmopsmkenns KaGinery Minictpie Ykpainu Ne 1722-p Bin 27 cepnus 2010 poky «IIpo cxBanenns Konuemnmii
Jlep>kaBHOI IIUTBOBOI IPOTPaMHU  BIPOBAPKCHHS Yy HABYAIBHO-BUXOBHHI IIPOIEC 3araJbHOOCBITHIX HAaBYANBHHX
3aKiafiB iHpOopMaIiHHO-KOMyHIKaiHHUX TEXHONOT1H «CTO BiICOTKIB».

2. ENeKkTpoHHMIT MOPTaN AUCTAHIIIHOrO HaBYaHHS JIYIIPKOTO HAIiOHAIBHOTO TEXHIYHOTO yHiBepcuTeTy. [EmekrponHumii
pecypc]. — http://elearning.lutsk.ua/

3. Caiir aucraHifHOro HaBYaHHsS XapKiBCHKOrO HAIIOHAJIBHOTO €EKOHOMIY-HOro yHiBepcuteTy. [EnexTponHumii pecypc].
— http://www.ikt.hneu.edu.ua/

4.  Cucrema qucTaHmiffHOro HaBYaHHs «BipTyambuuit yaiBepcurer». [Enexrponnnii pecype] . — http://vu.net.ua/

5. Karamor ykpaincbkux pedepariB. [HTepHET TeXHOJNOTIi y MUCTaHIiiHOMY HaB4aHHi. [Emexrponmumii pecypc] . —
http://ua.textreferat.com
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YJIK 004.72(002.6 + 371.33)
Jlimmaa H.M.
Jlyupkuil HalioHaIBHUK TEXHIYHUHA YHIBEPCHUTET

AHAJII3 CYHACHUX TEXHOJIOTTYHUX ITJIAT®OPM AJISA CTBOPEHHA CUCTEM
EJEKTPOHHOI'O JOKYMEHTOOBIT'Y YHIBEPCUTETY

Harania JlimuHa. AHagi3 cy4aHHX TeXHOJOriYHUX IJIaT(opM A1 CTBOPEHHS CHCTeMH €JeKTPOHHOro
JOKYMEHTO000iry yHiBepcutery. Po3rismaioTscst mpoOieMu 3ampoBaKEHHS y BHIIMX HAaBYAJIBHUX 3aKIaJax €JIEKTPOHHOTO
JIOKyMEHTa Ta €JIEKTPOHHOrO JOKYMEHTOO0OIry. 3IiiiCHEHO ONMMC OCHOBHUX TEXHOJOTIYHUX IUIATGOPM IPOBITHUX BUPOOHHKIB.
Po3risatoThest MOXKIMBOCTI BHPIIMIEHHS CYJacHHUX IPOOJIEM 3alpOBaKEHHS KOPHOPATHBHOTO €IEKTPOHHOTO JOKYMEHTO00Iry
Ha 0a3i 3aCTOCYBaHHS MOPTAIBHKUX TEXHOJOrH, 30kpema Microsoft SharePoint ta Lotus Notes/Domino. BumineHo oco6iauBocti
ciyx6u Microsoft SharePoint Online sik vactuan makery Office 365.

Kuiro4oBi ciioBa: enekTpoHHi JOKYMEHTH, eeKTPOHHIH H0oKymMenToo0ir, Microsoft SharePoint, Lotus Notes/Domino.

Haranusa JIumunaa. AHAIM3 COBpeMEHHBIX TEXHOJIOTMYeCKUX MIATGOpM /sl CO3AAHUSA CUCTEMBbI JIEKTPOHHOIO
JOKYMEHT0000p0Ta YHHBEPCUTETA. PaccMaTpuBaroTCsl IPOOIeMbl BHEIPEHUS B BBICIIMX YUeOHBIX 3aBEICHUSIX IEKTPOHHOI'O
JIOKyMEHTA M 3JICKTPOHHOTO JOKYMEHTO000poTa. OCYIIECTBICHO ONMMCAHNE OCHOBHBIX TEXHOJOTHYECKUX IIAT(HOPM BEMyIIUX
MpoU3BOAUTENEH. PaccMaTpUBAIOTCS BO3MOXKHOCTH —PCIICHHS COBPEMEHHBIX MPOOJIeM BHEAPEHHS  KOPIIOPATHBHOTO
SIIEKTPOHHOTO JIOKYMEHTO000pOTa Ha 0a3e MPUMEHEHHs MOPTANBHEIX TEXHOIOrHH, B yactHocti Microsoft SharePoint u Lotus
Notes / Domino. Beigenenst ocobennoctu ciyx6s1 Microsoft SharePoint Online kak wacru makera Office 365.

KiroueBble c10Ba: dIEKTPOHHBIE JOKYMEHTHI, JIEKTPOHHBIH JoKyMeHToobopor, Microsoft SharePoint, Lotus Notes /
Domino.

Nataliia Lishchyna. Analysis of current technology platforms to create electronic document management system
of the university. The problems of the introduction in universities electronic document and electronic document circulation are
considered. Description of the main technology platforms leading manufacturers is made. Possibilities of the decision of modern
problems of introduction of corporate electronic document circulation on the basis of application of portal technologies, in
particular Microsoft SharePoint and Lotus Notes / Domino are considered. Service features Microsoft SharePoint Online as part
of Office 365 are excrete.

Keywords: electronic documents, electronic document circulation, Microsoft SharePoint, Lotus Notes / Domino.

IMocranoBka mpo6aemu. [IpoGiemu 3ampoBa/pKEHHS Yy BHIIMX HaBYaibHUX 3akianax (BH3)
CNIEKTPOHHOIO JTOKYMEHTa Ta EJIEKTPOHHOTO JOKYMEHTOOOIry CTaloTh Bce OUIBII aKTyaJbHHMU.
BBenennst cucremu enektpoHHoro nokymeHroo0iry (CE/I) 3moxe momomortu BH3 opranisyBatu ix
po0OTY 3 JOKYMEHTaMH 1 KepyBaTH HUMH MPOTATOM YChOT'O iX KHTTEBOro HUKIY [3].

Ha BigmiHy Bif ZOKYMEHTIB Ha MAmepoBUX HOCISX 31 CBOIMH JKOPCTKUMH paMKaMH, CTaTHYHOIO
¢dopmMoI0 1 OOMEKEHUMH MOKJIMBOCTAMH TEpeXil A0 AMHAMIYHUX HU(PPOBHUX EIEKTPOHHHUX JOKYMEHTIB
3a0e3neuye 0coOIMBI NepeBaru Mpu CTBOPEHHI, CMUILHOMY BHKOPHUCTaHHI, MOIIMPEHHI Ta 30€peKeHHi
iH(popMarii.

EnexrponHi gokyMmMeHTH, K JWHAMIY4HI CXOBHUINA iH(oOpMamii, MOXYyTh OIHOYACHO
BHKOPHCTOBYBAaTHUCS CIIBpOOITHMKaMH OfHi€i poOo4oi rpymu, Bigminy abo MiANpHEMCTBA 3arajioM.
JocTyn 1o HUX 3AiHCHIOETHCS MPOTATOM KiIbKOX ceKyH[. [IprckopeHuit noctyn a0 iHdopmarii pazom 3i
3HAYHOIO CKOHOMIEIO KOIITIB MOKE 3a0€3MIEUNTH i CTpaTerivHo BaXKJIMBI KOHKYPEHTHI repeBaru [1].

Taxy poOoTy 3 eleKTpOHHUMHU JOKYMEHTaMH 3a0e3MedyIoTh iHhopMaLiiHi CHCTeMH, SIKi 3HaYaThCs
SK CHCTEMH €JIEKTPOHHOI 0 JOKYMEHTOOOITY.

Ha ocHOBi cyyacHHX CHCTEM €JIEKTPOHHOIO JOKYMEHTOOOIry 3abe3neuyeThcs Mpolec CTBOPEHHS,
YIpaBIiHHS JOCTYIOM 1 PO3NOBCIOYKEHHAM BEJIMKHX OOCSTIB JOKYMEHTIB Y KOMI'IOTEPHUX MEpexax, a
TAKOX 3IIHCHIOETBCS KOHTPOJb HaJ TOTOKaMH JOKYMEHTIB B oprafizamii. YacTo i JOKYMEHTH
30epiraloThCsl B CIELialbHUX CXOBHIIax abo B iepapxii ¢ainoBoi cucremu. Tumm ¢aitnis, sKi, gk
MPaBUJIO, MIATPUMYIOTECS B CUCTEMAaX EJIEKTPOHHOIO JOKYMEHTOOO0ITY, BKIIOYAIOTh TEKCTOBI TOKYMEHTH,
eNIEKTPOHHI TabmuIli, ay/io, Bifeo AaHi, rpadidni 06'ektu Ta nokymertu Web [1].

3a monomoroto CEJl aBTOMaTH4HO BiJCTiAKOBYIOTHCS 3MiHH B JIOKYMEHTAaX, TEPMIHM BHKOHAHHS
Ta pyX IOKYMEHTIB, a TaKOX KOHTpPOIIOIOTHCS BCi iX Bepcii 1 miaBepcii. Ha ocHoBi xommekcHoi CEJ]
OXOIUTIOETECST BECh LWKJ JAUTOBOJCTBA MiANPUEMCTBA YW OpraHi3alil — BiJ NMOCTaHOBKH 3aBIAaHHS Ha
CTBOPEHHS JOKyMEHTa [0 HMOro CIHCaHHS B apxiB, 3a0e3MeuyeThCsl ICHTPai30BaHE 30epeKeHHS
JOKYMEHTIB Y OyIb-Kkux opMaTax, y TOMY YUCHi, CKJIaTHUX KOMIO3UIIITHUX TOKYMEHTIB.

MeTa cTaTTi: Ha OCHOBI MOPIBHAJIBHOTO aHAI3Y CHCTEM ENEKTPOHHOT'O JOKYMEHTOOOITY BUSBUTH
iX OCHOBHI MpoOJEMHU ISl yIOCKOHAJICHHS MPOLECY BIPOBAIKEHHS EIEKTPOHHOTO JOKYMEHTOOOIrY B
YHIBEPCHUTETI.
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OcHoBHa yacTuHA. Y 3B'3Ky 3 TJ100albHOI0 1H()OpMATH3aLIEI0 BUILOI OCBITH B YKpaiHi mocrae
MUTAaHHS CTBOPEHHA e(EeKTUBHOI CHCTEMH JOKyMeTauiiiHoro 3abesneuennss BH3. Sk Bimomo, ocHoBa
JOKyMETalliHHOTo 3a0e3MeYeHHs BUIIOI OCBITH — JOKYMEHTH, SKi MalOTh IpaBOBE 3HAYECHHSI, OCKUIBKHU €
3ac000M 3acBiTUeHHS Ta JOBEACHHS MEBHUX (akTiB. BOHM TakoX BHKOPHUCTOBYIOTBCS K JpKepeia Ta
Hocil iH}opmanii. B ympaBiiHChKIN JiSIBHOCTI JOKYMEHT ITOCTA€E K MPEAMET, 1 SIK pe3yabTaT Iparli.

HaiinpobnemHimioio € oprasizaiisi po3poOJieHHS Ta BIPOBAPKEHHS YHi(IKOBAaHHX EIEKTPOHHHUX
¢dopM cimy:kOOBUX NOKYMEHTIB Pi3HHUX T'PYyNl HAaBYaJbHOI JOKYMEHTAIll y BHIIMX HaBYAIbHUX 3aKialax,
OCKUJIbKM B HUX MEPEIUTiTAIOThCS NIBI Cepd — OCBITHS Ta TPYAOBA, LI0 MAalOTh CBOI 3aKOHOIABYi
0COOJTMBOCTI Ta BUMOTH JI0 JJOKYMEHTIB.

Bupimyloun neBHi mpoOiemu poOOTH 3 ManepoBUMHU JOKYMEHTaMM, NPH KOMITIOTepHU3alii
ENEKTPOHHUX (HOpM CiIy’)kO00BHX NOKYMEHTIB Pi3HHUX TPyl HaBYAIbHOI JOKyMEHTAalii BUHUKAIOTh HOBI
Mpo0JIeMHU, IO B OUTBIIOCTI BUNIAAKIB MOXHA MOJIOJIATH.

BripoBakeHHST €IEKTPOHHOTO JTOKYMEHTOOOIry y BY3aX 3yMOBHJIO HEOOXiJHICTH PO3pPOOICHHS
VHiI()IKOBaHUX ENEKTPOHHUX (QOpM CIYKOOBHX IOKYMEHTIB PI3HMX TpPYyH HaBUYaJbHOI JOKyMEHTallii,
aHaJIOTiB ManepoBuX HopMm.

Bopmnowac, Hanpukian 3BiTHI eneKTpoHHI (opmu, Ha BiAMIHY BiJ MamepoBUX, HAlOTh 3MOTY
OIEepaTUBHO 3pOOMTH 3BEIECHUN MiICYMOK YCHIIIHOCTI SIK 32 OKPEMHMH CTYIEHTaMH, TaK 1 y IJIOMY 3a
aKkaJZeMIYHUMH TpyllaM{, OKpPEeMHMMH KBajidikamismu, croemiaabHOCTsIMH, 3a Kadeapamu. Cig
3ayBa)XUTH, LI0 OOpaxyBaHHs YCIIIIIHOCTI YCKIAAHIOETbCA Y 3B'A3KY 3 BIPOBADKEHHSIM Y BY3ax
KPEIUTHO-MOJYJIBHOI CHCTEMH HaBYaHHS, a TOMY (YHKLIOHYBAaHHS BIANOBIAHUX EIEKTPOHHHUX (HOPM €
HEeOoOXiAHOI0 YMOBOIO 715 3a0e3MeUeHHs OpTaHi3allii HABYaJIbHOr O MPOLIECY.

[Tpu BUOOPI CUCTEMU EIEKTPOHHOTO TOKYMEHTOOOIry CIIil BpaXxOBYBaTH BCIO MHOKMHY YMHHUKIB,
1 ocTaTOYHE pillleHHs1 0a)kaHO MPHUIMATH HA OCHOB1 KOMIUIEKCHOTO aHaiizy moxiusocteil CEJl 3anexxHo
BiZ BUMOT i cienn¢iku 3aMoBHUKA. Kpurepii, 3a skuMu Oyau po3IISIHYTI CUCTEMH, TOCUTh YHIBEpCcalbHi
1 BIAMOBINAIOTh 3aBJaHHSIM aBTOMATH3allii JOKYMEHTOOOITY SK B KOMEpPIIHUX, TaK 1 B JEpPKaBHHUX
YCTaHOBaX.

OCKiTbKM 32 EKCIIEPTHUMH OLIHKAaMH B HAHOMMKYi 1BA POKH OYIKYETHCS CTPIMKE 3pOCTaHHS
nepexony Ha Biikpute nporpamue 3adesnedenus (BII3), To okpemy ysary npuaineno CEJ] Alfresco,
HaHOUTBII MOMMPEHIH Ha 3aXO0JIi CHCTEMI EIEKTPOHHOTO JIOKYMEHTOO0Iry caMe Yepe3 BiIKPUTICTh KOy
(moBHmit Open Source), 1o CrIOHYKae 10 3HIKEHHS BUTPAT Ha JIieH3il. [2].

Alfresco — me cucTema ynpaBiiHHS KOpIOpaTHBHUMHK iH(popmamiiaumu pecypcamu (ECM) ta
JOKYMEHTOOOIrOM, OJJMH i3 JiiepiB HAa PUHKY BUILHOTO MPOrpaMHOro 3a0e3MeyYeHHs cepell Mporpam st
opraHi3amii eJIeKTPOHHOI'0 JIOKYMEHTO00Iry. BuKOpHCTOBYeTbCS sl yHpaBliHHS JOKYMEHTaMH,
3ancamu, Web-mmyOiikaliero, TpyrnoBor podoToro B opraizaiii. Lle cuctema 3 BIIKpUTHM KOZIOM, TOOTO
PO3MOBCIOUKYETHCS BUTBHO, ITPOTE iCHYE 1 Iy1aTHa Bepcis.[1].

MonyneHUll aM3aiiH  J03BOJIIE, TIPH HEOOXiTHOCTI, BUOMpaTH MK (YHKIIIOHAJIBHICTIO Ta
nponyktuBHocTi. Alfresco mpamroe sk Ha nHa Windows, tak i Ha Unix. Cucrema BKito4ae B ceOe
BOynoBanuii OpenOffice nuis koHBepTalii pi3HUX THITIB JOKYMEHTIB, OTPHMYBaHHS TEKCTOBUX JAHHUX JUIS
iHIeKCyBaHHS. B KOMIUIEKTI Takoxk € Tomcat, skuif MO)KHa 3aMiHHTH Ha Oyab-SKUH MOTpiOHMIA Web-
koHTeliHep. Alfresco mae cBoro BiacHy 0a3y AaHuX KopucTyBauiB. OJHaK, MOXIMBE aBTOMAaTHYHE
CTBOPEHHS KOPUCTYBaYiB MiJ Yac MEpIIoro BXoay ado CMHXpoHi3amii i3 30BHIMHIM kepenom: LDAP,
katamorom Microsoft Active Directory, momenom kommanii. CucTemMa MpaIfoe 3 AOKYMEHTAMH OYTb-
skoro gpopmaty: Microsoft Office, Open Office, pdf Tomo. ko HeoOXigHOrO OpMaATy HEMAE B CITUCKY
MIATPUMYBAaHUX — MOXKHA JIOJATH CBili MOIYJh KOHBEPTAallii B OAWH 3 MIATPUMYBAaHUX 1 JIAHIIOT
KOHBepTalii OyJe modyJoBaHuH B ycix HEOOXigHUX opmarax.

Takox, MOXXHA TIOBHICTIO BiIMOBHTHUCS Bijl CTaHAapTHOrO Web-iHTepdeiicy i cTBopuTH BiacHuid. B
TakoMmy Bumaky, Alfresco Oyne BUKOpHCTOBYBATHCS TUTBKU B SIKOCTI cXOBHIIA. J{iist iHTerparii 3 iHIMMu
[10, miaTpumyroTkcs pizHi Tunu ayreHTtH(ikauii. Hampuknan, xopucTyBad MoKe OTpUMAaTH JOCTYH B
cucteMy 3a gomnomororo Single sign-on. Slkmo >k KopHcTyBad HE aBTOPH30BaBaHH, TO CHCTEMa
aBTOMATHYHO MOAACTh 3allUT Ha aBTOpHU3allio. BapTo Big3HAUMTH, 10 MOJEINb JAHUX HIATPUMYE BETUKY
KUTBKICTh YCITaKyBaHHs (32 JOIMOMOIOIO acleKTiB), TOOTO y Oyab-sKHi 4ac MOXKHA JI0 00'€KTa OJaTH
Oyap-sIKUil acTekT, 1 00'eKT mpuAdae yci BIACTHBOCTI JAHOTO aclekTy. JlocTynm 10 TaHMX MOXKHA THYYKO
HanamroByBatH. CucremMa aBTOpHM3allii KOPUCTYETHCS HACTYIHUMH TepMiHaMH: O0'€KT NaHMX, IO3BiN,
KOpPHUCTYBad, Tpyna, poib. Pori nmpu3HauaroThes 7151 KOPUCTYBAUiB 1 TPYI MiJ Yac poOOTH MPOrpamu.

© Jlimunaa H.M.



130  Hayxosuii sicypran "Komi 10TepHO-IHTErpoBaHi TEXHOJOTI: OCcBiTa, HayKa, BUPOOHUIITBO"
Jlyywvk, 2015. Bunyck Ne 21

Po3risin OCHOBHHMX TEXHOJNIOTIYHHMX IIATGOpPM MPOBiAHMX BUPOOHHKIB mnsi moOymosu CEJ i
KOPIIOPaTUBHUX TOPTAJiB, MPENCTaBICHUX Ha PUHKaX YKpaiHu, A03BOJsE, ceped Oe3midi MpPOAYKTIB,
BUJUTUTH TPU OCHOBHI I'PYIIN:

1. TIpoaykTu Ha ocHoBi SharePoint Bix Microsoft.

2. [IponykTH, nodynoBaHi Ha ruaTdopmi Lotus Notes/Domino Bin IBM.

3. IamIi mpoayKTH, IO pO3BUBAIOTHCSA CAMOCTIIHO 1 110 IPONOHYIOTH CBOI PillICHHS, Y TOMY YHCII 1
OE3KOIITOBHI, ajle IOKK HE 3aliMaroui iCTOTHI 4acTKH pUHKY. OCKUIBKH TpeTs Tpyna HNPOAYKTIB 3aliMae
HE3HAuHY YacTKy pUHKY, TO II¢ O3HaYae, M0 pilleHHst a00 He MaroTh HEOOXiHOT PYHKIIOHATBHOCTI, a00
MOraHo aJanTOBaHi U BITYM3HSIHUX YMOB 1 KOpUCTyBadiB. ToMy OOMEKHMOCS MOPIBHSHHIM TEPLIMX
nBox miatdopm: SharePoint Bix Microsoft i Lotus Notes/Domino Big IBM.

CimeiictBo mpoaykriB SharePoint. SharePoint - ms ckopoueHa Ha3Ba MPOIYKTIB 1 TEXHOIOTIH
Microsoft SharePoint. Ix MoskHa BUKOpHCTaTH 3 METOIO CTBOPEHHS CAMTIB, /Il CHLIBHOI pOOOTH i 0OMiHY
JaHUMHU 3 IHOIMMU KOPUCTYBadaMH, JJISl YIOPaBIiHHA JOKYMEHTaMH BIPOJOBX YChOT'O iX >KUTTEBOTO
UKy, myOmikamii 3BiTiB. SharePoint Bxitouyae HacTymHi nmpoaykTH 1 TexHonorii: SharePoint Foundation,
SharePoint Server, Microsoft SharePoint Server 2010, SharePoint Online, SharePoint Designer,
SharePoint Workspace, EOS for SharePoint 2010.

Microsoft SharePoint Foundation — 6e3korroBaumii gomatok g0 Windows Server, 1o Hagae 6a30By
1HPaCTPYKTypy sl CIUIBHOI pOOOTH — pearyBaHHs, 30epiraHHsl JOKYMEHTIB, KOHTPOJIb BEPCIl TOIIO.
Takox BiH BKIIIOUA€ B ce0€ TaKy (PYHKIIIOHAIBHICTh, IK KMapIIPYTU» PYXY JTOKYMEHTIB, CIIMCKH 3aB/IaHb,
HaraJyBaHHs, OHJaiH-quckycii. Panime Microsoft SharePoint Foundation Oye Bimommii sk Windows
SharePoint Services (WSS).[5].

Microsoft SharePoint Server — maTHuii KOMIOHEHT I iHTerpanii GyHkiioHamsHOCTi SharePoint
B poborty 3actocynkiB MS Office. Bin € mHanOynosoro Han Microsoft SharePoint Foundation i po3mmproe
HOro MOXKIIMBOCTI.

Microsoft SharePoint Foundation npomonye 6a30Bi 3aco0u it cTBOpeHHs Web-3actocyHkiB. J[o
TaKHX 3aCO0IB HANIEKATh WED-4YaCTHHH, CITUCKH JaHUX, 010JiI0TEKH JOKYMEHTIB, CEPEAOBHUINA BUKOHAHHS
pobounx TOTOKIB 1 Imabmonn Web-caittis. Microsoft SharePoint Server mae mogaTkoBi BaITUBI
npuKIanHi QyHKIiI, a came:

® CHCTEMY CTBOPEHHS CalTiB IO 3alKUTaxX KOPUCTYBadiB,

e QpyHKIi1 Gi3Hec-aHami3y,

e Texuolorito Forms Services,

e BOyn0BaHi (PYHKII] MOMIYKY Ta 3ac00M MOOYAOBH COLIATbHUX MEPEX.

Bcei 3a3HaveHi QyHKOil MOXyTh OyTH IOOMpalbOBaHi Ta JOMOBHEHI PO3POOHMKAMHU 3 METOIO
CTBOPEHHS MPOCTUX Y BUKOPUCTaHHI WeD-maHenel Ui MOHITOPUHTY OCHOBHHX Oi3HEC-IIPOILIECIB.

Microsoft SharePoint Online — mocnyra B ,,xMapi”, 1110 T03BOJISIE CTBOPIOBATH CaTé i pobodUi
o6acTi i cinbHOi poOOTH 3 KoJleraMmu, napTHepamu Ta 3aMOBHUKaMH. J{iist 30epiraHHst JOKYMEHTIB Ha
caiitax SharePoint ciyxatp 6i0nioTekn. JJokymMeHT 10 0iOmioTeKkH MoXke OyTH BHECCHHWH NeKiIbKOMa
CrocobaMu: i3 crenianbHOro MeHto HacTiTbHOro KitieHTa Word 2010, 3aBaHTaXeHU i3 )KOPCTKOTO JHCKA
HAaTUCKaHHIM Ha mocwiaHHa ,,Add document” caiity abo mepenucyBaHHsAM (ailly B TPOBITHUKY
Windows, ockinbku Oyzp-sika 6i6miorexa Share Point moxxe 0ytu Binkputa B [IpoBimauky Windows six
MepeKeBa Marka.

biomiorekn caiity SharePoint Online cepsicy Office 365 moxyte Oyt HamamrToBaHi st
MiATPUMKA MEXaHi3MiB IMOBIJOMIIEHb. 30KpeMa, 3a JOMOMOIOI0 MEXaHi3MYy IOBiIOMJICHb KOPUCTYBadi
MOXYTh €JIEKTPOHHOIO TOIITOI0 OTPUMYBAaTH JHCTH y pa3i JofaBaHHs ab0 3MiHM AOKYMEHTIB y ix
6i6mioreni. [Ipu uboMy criBpOOITHUK, SIKMiA BHIC 3MiHH 200 OMyOJIiKyBaB HOBHM JOKYMEHT, 3BUIbHIETHCS
Bifl 000B'I3KY MOBIOMJIATH 3allikaBiieHux ocio — SharePoint Online 3poOuTh 110 pOOOTY 32 HBOTO.

Bupinstors Taki ocobnuBocti 6i0miorexu caiity SharePoint Online :

* MOXIMBICTH CTBOPIOBaHHS OCOOHMCTOTrO caiiTy cmiBpoOiTHuKa (MYySites) mis 30epexeHHs
JIOKYMEHTIB, TIOCWJIaHb, KOHTAaKTiB, MyOmiKaIliii MmaTepiamiB Ta CIUIKYBaHHS B COIIaJIbHIA Mepexi
MiAMPUEMCTBA;

* MOXIHMBICTH CTBOpIOBaHHs moptanu (team Sites) mis cminbHOi poboTH 3 OibIioTeKaMH
JIOKYMEHTIB, pOOOYMMHU TUIAHAMH 1 KaJICHIapsIMH;

* MOXXJIMBICTh CTBOPIOBAaHHS BHYTpilHI moprtanu (intranet Sites) kommanii s myOmikamii HOBUH,
IUIaHiB 3aX0/iB Ta Oi3Hec-iHpopmanii;

* CTBOPIOBAaHHS 3aKpUTHX moptaiiB (extranet Sites) moxymeHTIB i Oi3Hec-IaHUX IS MApTHEPIB i
3aMOBHHKIB,
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* JIerKa i mBHUIKa po3poOka npodeciiiHux Web-cailTiB 1 mmpoKoi ayuTopii;

* MOXIMBICTh cTBOpeHHs nokymeHtiB Office i 30epexeHHs X Oe3nmocepenHbO Ha IMOpTaIax
SharePoint Online;

* MOXKJIMBICTB YIPaBIiHHS MPaBaMH JOCTYILY A0 JOKYMEHTIB sl 3aXHCTY CIy)00Boi iH(pOpMaii;

* po0OTa 3 BaKJIMBUMH JOKYMEHTAMH B aBTOHOMHOMY PEXHMI;

* CIIUIKYBaHHS 3 KOJIEraMH B peajbHOMY MacIuTabi Jacy,

* MOXJIMBICTH CIIJKyBaTH 3a IMEBHUMHU BEPCISIMH JIOKYMEHTIB i OpPTraHi30ByBaTH KOJEKTHBHY
pPOOOTY 100 MIArOTOBKU JTOKYMEHTIB;[3]

BaximBUM MOMEHTOM IIii Yac BHOOpPY MpOrpaMHHUX 3aco0iB € 3pYdYHICTh POOOTH 3 HHUMH i
«1100’ 13HUI» iHTepdeiic. ToMmy HeoOXiqHO aHANI3yBaTH i BpaXxOBYBaTH, SKUMH BOHHM MaroTh OyTH, 00
KOpPHUCTYBaueBi 0yI0 MaKCUMaJIbHO KOM(OpPTHO mpaitoBatu. i nporo Halikpaiie BUKOPHUCTOBYBATH Te€
MpOrpaMHe CepeIoBHIIE, 0 AKOTO BiH Bike 3BUK. B nbomy tuiani gomiasHo obpatu Windows SharePoint
Services, amke poOOTy 3 HUM MOXHa opraHisyBatu B cepenosuini Microsoft Office, sxe €
HANOIINPSHIIIHM.

Ha 6a3i SharePoint MoxxHa cTBOpUTH KOpIIOpaTUBHUIA WeD-mopTal, e po3MIIlyIOThCs JOKYMEHTH,
[0 BUKOPUCTOBYIOTHCSI OJJHOYACHO, a0 CIelliai3oBaHi MporpaMu, Taki K «Biki» a0o «Omorm». [laHi B
SharePoint opranizoBaHi y BUIIIsii CIUCKIB (HAIIPUKIIaA, 3aBAaHHs, 0OrOBOPEHHS, KajeHapi) i 0i0mioTex
nokyMmeHTiB. Y SharePoint B ciimckax maHux 30epiraroThes JaHi Ut KiHIIEBUX KOpHCTyBauiB. KiHIeBi
KOPUCTYBadi MOXYTh CTBOpIOBaTH TaOnMIi 3a CXeMaMd 3a JOIMOMOTOI0 KOPHCTYBAJIBHUIIBKOTO
iHTepdeiicy SharePoint a6o GeskormroBHOro mnporpamHoro npoaykry SharePoint Designer, a morim
CTBODPIOBATH, PEAAryBaTH 1 MEperisigaT JaHi B UUX TaOnUIsX. PO3poOHUKH MOXYTh 3BEpTaTHCS O LIHUX
JaHMX 3a JOIIOMOTOI0 BiAMOBITHUX MPOrpam.

dynkiionanbHicTh  SharePoint mepenaeTbcss KoprcTyBaueBi 3a JOMOMOror Web-yactuH — 1€
CTBOPIOBaHI pO3pOOHHKOM eneMeHTH Web-inTepdeiicy, ki 3romoM MOXXYTh 3aCTOCOBYBATHCS Ha Oe3iii
web-cropinok. Brepie momiouuit miaxim 6ys 3acrocoBanuit B ASP.NET, a motim web-yactuuu Oynu
BUKOpHCTaHi 1 B SharePoint, ne mogaBaty X Ha CTOPIHKH MOXYTh caMi KOPUCTYBayi, a 32 HAJIALITyBaHHS
Takux Web-dactun BifmosinaroTh IT-daxiBmi. Taki Web-gyacTuHU po3MINyIOTHCS HA CTOPIHKAx, sKi, B
CBOIO Yepry, pO3TallIOBaHi Ha MOPTaji Ta TOCTYIHI KOPUCTYBaydeBi uepes Opaysep.

3 Ooky kopucryBaua SharePoint He BMMara€Tbcsi BCTAHOBJICHHS CHEHU(IYHOTO MPOrpPaMHOrO
3a0e3MmevYeHHs Y OCOOIMBHUX 3HaHb B Taiy3i iHpopMaLiifHuX TexHomorii. [y poboTH 3 1i€l0 CUCTEMOIO
Ha KOMIT'FOTepi HEOOXiIHO MaTH BCTaHOBJIEHOK cuctemy Microsoft Windows, Tta, 3 Touku 30py
JimoBozicTBA 1 MokymeHToobiry, Microsoft Office.

Lotus Domino Tta Notes — e iHTerpoBaHa cucTeMa sl KOJICKTHBHOI pOOOTH, TpH3HAYCHA VIS
30MpaHHsl, opraHizauii i po3noaineHHsa iHdopMmauii Ta 3HaHb, 0araToOIYHUN MPOrpaMHUI MPOAYKT, 110
CKJIaJy SIKOTO BXOJSTH Taki iHpopMalliiiHi TEXHOIOT1:

® JIOKyMEHTOOpPi€EHTOBaHA 0a3a JaHuX;

® 3ac00M pO3POOKU TONIATKIB;

e crcTeMa eJICKTPOHHOI MOIITH;

e cucTeMa peIuTiKyBaHHS (TUpaKyBaHHS) TOKYMEHTIB, iH(popMallii i J0AaTKIB;

e 3aco0u 3axucTy iH(popmaii i po3MexyBaHHS JOCTYILY;

® 3ac00M KaJeHAApPHOro IUIaHyBaHHS 1 CKIIaJaHHs PO3KIIAiB;

® WeD-TeXHOMOorii 1 TeXHOJIOTiT IHTEepHETY;

e3acobu iHTerpamii 3 pensAuiiHMMU 0a3aMu JaHMX, CHCTEMaMH KepyBaHHS pecypcamu
ninnpuemcts (ERP) i TpaH3akiiiHIMU CUCTEMaMH.

Domino ta Notes — e Kkii€eHT-cepBepHa TeXHONIOris, ae cepBepom € Lotus Domino, a
KITIEHTChKOIO yacTHHOIO — Lotus Notes. YHikanbHicTh cepBepa DOMINo mosmsirae B ToMy, 10 e mie i
web-cepBep, 1 MOMITOBUI cepBep, KU MIATPUMYE CTaHIAPTU [HTEPHETY, TOMY KIIIEHTCHKOK YaCTHHOIO
st podotu 3 nmoxatkamMu DOMINO ¥ €IeKTPOHHOI MOMITOK MOXYTh Oytm Web-Opaysepu Ta iHIIi
MIOIITOBI KITiEHTH [HTEpHETY.

JlokymenToopieHToBaHa 0aza mganux Domino/Notes. CxoBuirieM 00'€KTiB, B SKHX 30epiraroThCs
nani, € NSF-caitma (Notes Storage File). basu manux Domino i Notes Bifpi3HSIOThCS BiJ peNsIiiHUX
cucreM ympapiiHas 0azamu ganux (CYBJI), Ae naHi OmuCyrOThCs 3a JOMOMOroK TaOmuilh. PensiiiiHa
0a3a maHWX TBEPAO CTPYKTYpOBaHA, a KOKHUH 3amuc y TaOnuii Mae omHakoBUW HaOip modiiB, oOcsr
nam'sITi i IKUil BU3HAYCHUH 1 BULTICHUH 3a31anerip. [4]

Crpykrypa nokymenta Notes BuzHavaeTbes GopMoro, 1m0 MiCTUTh HaOlp moiiB pisHuX TUMiB. baza
nmaHux Notes moxke 30epiratu OyIb-sIKi THIH JAHWUX — BiJl IPOCTOTO TEKCTY, YUCEN, Yacy 1 JaTu 70
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(dopmaToBaHOrO TEKCTY, rpadiyHUX 00pasiB, 3BYKY, Billeo i AOBUIBHUX JaHUX, IO MOXKYTh 30epiratucs y
BUTJISI IPUETHAHUX O0'EKTIB y CBOEMY pigHOMY (hOopMaTi.

JIOKyMEHT MOXKe MaTH K CTPYKTYpOBaHMH, Tak 1 HECTpyKTypoBaHuii ¢opmat, Tomy Notes moxe
30epiraTu i 0OpOONATH Taki MacHBH JaHHX, OOpOOKa SKUX Ba)KKO MIAETHCS PEIAIIMHUM Ta IHIIUM
cucremMam 0a3 TaHHX.

3aBIsSKM BUKOPUCTAHHIO JOKYMEHTOOPIEHTOBaHOI Mojeni oOpobku NOtes Hamae kopucTyBauam
TaKi MOKJIMBOCTI.

® poboTa 3 TEKCTaMHu Ta 00’ €KTaMU K TabJHM1li, Bineo Ta rpadidHi 1aHi, TOIIO;

® B32€MO3B’SI3KU MIXK IOKYMEHTaMH;

® IOBHOTEKCTOBUH MOMIYK;

® KepyBaHHS BEPCIMHU.

BucnoBku. B 3arampHOMy BHNajKy, onHa 3 TOJIOBHHX Liied BrnpoBamkenHs CEJl monsrae y
CTBOpEHHI cninbHOI tatdhopMu [is iHTErpauii yciel pi3HOMaHITHOCTI POLIECiB, 0 aBTOMATU3YIOTHCS, B
enuHy cucteMmy. Bubopy toro abo iHmoro pimenHs nmo BnpoBamkeHHo CEJl moBuHHE mepemyBaTH
iH(opMariiine 00cTeKeHHsT 00'€KTiB aBTOMATH3allii 3 TOJANBIIOK EKCIEPTHOK OI[IHKOK MOXKIIMBHX
BapianTiB BupoBamkeHHs CEJl. s BHIMX HaBYANBHUX 3aKJIaJliB HAHOUTIBII 3aralbHUM € MiAXix 10
BrpoBaukeHHss CEJ] Ha 0a3i roroBoro pilleHHs, peanti30BaHOIO Ha YHIBEpCaJIbHI TEXHOJOTIUHIH
wiarpopmi, 3 TMOJANBIIMM il PO3BUTKOM 1 ypaxyBaHHSM ICHYIOUMX a0O0 3HOBY BHHHUKAIOUHX
iH(pOpMaLiiHUX 3aMHUTiB.

Pesynbratn nopisusans CEJ] Ha ocHoBi SharePoint Bix Microsoft i Lotus Notes/Domino Bix IBM
JAl0Th MIJICTABH CTBEP/KYBATH, IO MPoayKTH kKommaHii Microsoft i IBM marote yci ¢yHKIIOHATBHI
MoxsuBocTi ans opranizauii CEJ] i moptamy opranizaunii. Lle iHcTpymeHTH mis cminbHOI poOoTH,
30epiraHHsl KOHTEHTY, POOOTH 3 IOIITOK i OQICHUMH IOJaTKaMH, Nepefadi MUTTEBHX MOBiIOMIICHB,
3aco0u aBTOMaTH3alii Oi3HeC MpoIeciB 1 peanizamii iIHIINX MOKIUBOCTEH.

1. EneKTpoHHHI MOKYMEHTOOOIr: CydacHi TeHAeHIii Ta mpobiemu mpoBamkeHHs [EmexrpomHmit pecypc]. — Pexum
nocrymy: http://www.rusnauka.com/34_VPEK_2012/Philologia/7_121024.doc.htm

2. DOCFLOW Vkpauna: Bce 00 3IEKTPOHHOM JIOKyMEHT000OpoTe, OusHec-koH(pepeHims [Enekrponnuii pecype] —
Pexxum nocrymy: http://www.docflow.ua/conference

3. Tkauyk . [. BukopucranHs eneKTpOHHOI cuctemu nokymentoobiry y BH3 / I'. I Txauyk, C. A. Ilocrosa //
MaricrpaTypa B yMOBax €BpoiHTerpauiiiHux npoueciB Bumoi mkonu. — Xuromup: XKV, 2014, — C. 254.

4. Crus Kepn, {e6opa Jluuz, Je6opa Ilennn u ap. Lotus Notes u Domino 6. PykoBomctBo paspaGorunka. [lep. ¢ aHriL.-

Kues, OO0 "DiaSoft", 2005.- 880 c.
5. Hooaun, Maiiki, Crenc, Konun. Microsoft SharePoint 2010. IMonuoe pykoBoactso. : ITep. ¢ aurin. — M. : 000 —U. /1.
Bunesamc, 2011. — 880 c.
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CONCEPTUAL APPROACHES TO MANAG THE EDUCATION QUALITY IN
HIGHER TECHNICAL EDUCATIONAL INSTITUTIONS

IManaciok H.JI. KonuentyajabHi miaxoau A0 ynpapaiHHsS SIKICTIO OCBiTH y BHIIMX TeXHIYHHX HABYAJILHUX
3akaagax. Y maHiid myOmikarii po3TsIHYTO KOHIENTYAIbHI MIAXOAW IO YHPABIiHHS SKICTIO OCBITH y BHINMX TEXHIYHHX
HaBYAJBHUX 3aKJIa/ax, sKi IPYHTYIOThCS Ha 3acajax TyMaHi3My, IEMOKpaTii, HAlllOHATBHOI CBIZIOMOCTI, B3aEMOITOBATH MK
HalisSIMH 1 HApOJaMH, TPOMAISTHH MAIOTh MPaBO OE30IUIATHO 3700yTH BHUIY OCBITY B IePKaBHUX 1 KOMYHAJIBHUX HABYATBHUX
3aKjIaax Ha KOHKYPCHIM OCHOBI, HE3QJISKHO BiJ CTaTi, pacH, HaiOHAJIBHOCTI, COIIATBHOTO 1 MalfHOBOTO CTaHy, POy Ta
XapakTepy 3aHATh, CBITOTVIAHUX IEPEKOHAHb, HANEKHOCTI 1O TApTii, CTaBICHHS 1O PEirii, BipOCHOBITaHHS, CTaHYy
3JJ0pOB's, MiCIIS IPOJKUBAHHS Ta IHIINX OOCTABUH.

Kuro4oBi cjioBa: ynpaBiiHHS, SKICTh OCBITH, KOHIETITYAIBHI ITiIXOIH, BHII TEXHIYHI HABYATbHI 3aKITa]IH.

Manaciok H.JI. KoHuentyajbHble NOAXOALI K YNPaBJIeHHI0 KayecTBOM 00pa3oBaHUs B BBICHINX
TeXHHYeCKHX Y4YeOHBIX 3aBeleHHsIX. B nmanHOH myOnmkanmmy paccMOTPEHB! KOHIENTYaJlbHBIE MOAXOABI K YHPaBICHUIO
KaueCcTBOM O00pa30BaHMS B BBICIINX TEXHWYECKHX YJYEOHBIX 3aBEICHUSIX, OCHOBAHHBIX HA MPUHIUIAX TyMaHU3MA,
JIEMOKpaTUH, HALMOHAIBHOTO CO3HAHUS, B3aUMOYBaXKCHUS MEXKIY HaUMAIMU U HApOJaMHM, TIPaKJaHe HMEIOT IpPaBo
0ecCIIaTHO MOYYUTH BEHICIIEE 0Opa30BaHHE B IOCYJAPCTBEHHBIX M KOMMYHAJIBHBIX yIEOHBIX 3aBEACHHMSAX HAa KOHKYPCHOM
OCHOBE, HE3aBUCHMO OT IIOJIA, PACBl, HAMOHAIBHOCTH, COLMAIBHOTO U MMYILIECTBCHHOIO IOJNOKEHHSA, POJa M Xapakrepa
3aHATUH, MHPOBO33PCHUYECKUX YOSKACHHH, MPUHAMIECKHOCTH K MAPTHSAM, OTHOIICHHS K PENUTHH, BEPOHCIIOBEHAHMS,
COCTOSIHHS 30POBbS, MECTA JKUTEIILCTBA U JPYTUX OOCTOSTEIILCTB.

KnioueBble ciioBa: ympaBieHHE, Ka4eCTBO OOpa30BaHUs, KOHIICNITyaJbHBIE MOAXOJBI, BBICIIME TEXHUUECCKHE
yaeOHBIC 3aBE/ICHUS.

Panasyuk Nataliia. Conceptual approaches to manag the education quality in higher technical educational
institutions. Education in Ukraine based on the principles of humanism, democracy, national identity and mutual respect
between nations and peoples. The general scientific approaches the applying of which will be required during scientific
research are defined in the article.

Keywords: higher education, research, research approaches, educational training, teaching scientific approaches.

Formulation of the problem in general. The right to education in Ukraine is constitutional and fixed in Article
53 of the Constitution of Ukraine. According to it, complete general secondary education is compulsory. Citizens have the
right to obtain free higher education in state and communal educational establishments on a competitive basis, regardless of
gender, race, ethnicity, social or economic status, type and nature of occupation, philosophical beliefs, membership of
political parties, religion, creed, state of health, residence and other circumstances [1].

The content of education - is due to society's needs and objectives of the system requirements of knowledge and
skills, philosophy and social and professional skills of the future specialists formed in the learning process from the
perspectives of science, engineering, technology and culture [1].

Arguably, the quality management - a coordinated activity, which consists in directing and controlling the
institution concerning the quality of education. Quality Management - a new way of organizing efforts of many people. Its
purpose is to provide focus all resources on consumer demand. This leads to significant changes in the relationship between
those who govern and those who actually performs the work.

The aim of education is the full development of human personality and the highest values of society, the
development of talents and mental and physical abilities, education of high moral character, formation of citizens capable of
deliberate choice, enrichment of the basis of intellectual, artistic and cultural potential of the people, improve the educational
standards of the people, to ensure national economy with qualified professionals.

Analysis of the modernization concept of modern education for the period until 2014, materials of Expert-analithic
centre, International Strategic Group of Experts of the Council of Europe materials discussion of the problems of
modernization of education possible to determine the basic characteristics of quality to be met by education [3]. These
characteristics include:

"the objectives and results of the general education requirements of the modern social system of education, due to
the transition to an open and democratic society with a market economy, the transition to the overwhelming focus on students
mastering a given amount of educational material to focus on developing the ability of students to independent problem
solving in different areas on the basis of earned social experience;

"appropriateness of its educational goals and cognitive abilities of all students, improving the accessibility of
educational content, creating additional conditions for the expansion and deepening students' knowledge in their field of
education;

"raising the demand for education outcomes in the activity;

"compliance of educational activities with the preservation of health and providing psychological comfort of all
participants in the educational process".

The wording of Article purposes.Achieve of a new quality of education due to the revision of the concept of
"education", which is interpreted within the concept of modernization as a way to solve significant problems through Earned
social experience.

The task of defining the purpose of education is to select goals in line with the nature of education and orientation
of participants in the educational process, that is, those that reflect the most important problem for them.
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The main material research.The first problem facing with all students is the need of mastering the ways of
training activities. Therefore, the first purpose of education is to teach so that students learn. Learn to learn - it means to form
students' learning motivation values, develop the ability to use different sources of information, to teach them to use effective
methods of cognitive activities help students understand the content of education.

The second problem, more precisely, a group of problems that occur all the students, but rather, all people - a
specific life problems that relate to different areas - family and home, entertainment, social, political, labor and related with
the implementation of certain human social roles - citizen, family member, customer, client, resident, voter and so on.

This is a problem of orientation in habitat and ensure their own safety orientation in the law and administrative
structures in the norms of behavior and forms of communication in the world of consumer values and aesthetic values, the
phenomena of nature and social life.

This list can be extended (important to more rigorously define the range of life's problems, independent decisions
are necessary to prepare graduates). The purpose of education is to teach students in order to solve standard life situations,
that is, to understand the nature and significance of the issues, learn the existing rules and regulations of their decisions, to be
able to justify focus on sources of information that can help in solving emerging everyday tasks.

The third group of problems concerns the orientation of the world's values. This is the attitude to nature, cultural
phenomena (and spiritual and material), historical events and historical characters to the learning process, to man. The
problem for everyone is to determine their attitude to these phenomena.

The purpose of education is to teach to navigate the world of values - to help students understand the essence of
value attitude to the world, they create knowledge about basic values, develop the ability to determine criteria for assessment
of reality.

The fourth group of problems is related to continuing education, preparation for the transition to the system of
professional education. The purpose of education is to prepare the professional choice. This training during the transition to a
market economy means the following: orientation in the labor market; orientation system of vocational education; orientation
in their own interests and abilities; availability of skills, with reference to the value of vocational education; readiness for
learning environments in vocational education.

The fifth group of problems relates primarily to foster community development. There is a need to prepare
students for life in a society that is changing. On the one hand, such training can be provided through the development of
basic students, primarily responsible, values; on the other hand, such training involves the development of students such as
how navchenist. The essence of education is to teach so that the solution of non-standard tasks, among which include
research, creative, ideological, etc. [5].

Analysis of the above goals of education suggests the existence of common components goals: motivation, value
orientation, cognitive, operational and activity. These components can be put as relatively independent goals, specifying the
general objectives of education and make the second level in the hierarchical system of educational programs.

The first objective of this level is to increase range of important issues for students. The emphasis on personally
meaningful problems does not mean Aesop focus of the educational process. The pedagogical challenge is to socially
significant problems make problems meaningful to students.

The award underlines the emphasis that the inclusion of the individual in the solution to a social problem,
awareness of the importance of this personality, communication personal and social interests. At the same time the proposed
statement of purpose emphasizes that personal development is reflected in the change of the scale of the world is perceived as
part of the self [5].

The second goal is to expand cultural and educational environment of students. This means a change in the
sources of information used in the educational activity. In the most general form of change is to move from sources adapted
to the "primary sources".

Adapted sources - these are different kinds of textbooks used in schools [4]. The circle of "primary sources" is
rather broad: achievements artistic, scientific and popular, political, scientific literature; original works of art (visual, musical,
theatrical, etc.); historical monuments, attractions, media, etc.

The content of education lies in the fact, in order to enable students to real culture and teach them "not learn from
textbooks." It should be noted that very important factors in the expansion of cultural and educational environment of
students in modern conditions is knowledge of foreign languages and possession of information technology [2].

The third objective - the development of ways of activities. Modern education requires students to learn the ways
of many small decisions subject of many small tasks. The problem is to build students' universal ways of life. The relative
success in this reach (and then not always) in the formation obscheuchebnyh skills and general intellectual skills (compare,
analyze, organize, synthesize, etc.). Mastering these skills will certainly extends cognitive capabilities of students, but did not
provide solutions to complex problems, as these skills are just some of the techniques. It would be important to identify
opportunities each school subject in the formation of "above subjects” ways of life, among which include system approach,
modeling, forecasting, planning, heuristic methods, etc. [4].

The fourth goal is to build "of knowledge" base problem solving - the assimilation of facts, information, rules,
scientific concepts, laws, principles, theories, etc.

General objectives of school education can be achieved only with achieving the goals of the second level -
expanding the range of important issues for students, their cultural and educational space, forming a universal way of
activities and knowledge necessary to solve problems [2].

From the point of view of the above general objectives of education is to achieve its result the students level of
education that meets their personal potential. When erudition understood individual personal educational outcomes, resulting
in the change of the scale of the world is perceived as part of the self [5].

The level of education is determined by the achieved level of implementation of the general objectives of
education. There are levels of education that can be achieved in education: elementary literacy, functional literacy, general
cultural competence, pre-professional competence, methodological competence.
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Defining the purpose of education determines access to new educational outcomes. Access to new educational
outcomes, in turn, involves the assessment of the results already achieved, identifying issues of achieving new results [4].

The educational program developed by higher education institutions in order to satisfy the need for education,
training, training or retraining - that reaching a certain social effect (change in educational or professional level).

With the help of this product the higher education institution goes to the market. University offers market specific
educational services in the form of lectures, seminars, etc., it offers services, united by a common goal and provided with
adequate resources.

Educational institutions that are not professionals and equipped with computer labs can not offer educational
programs to this area. However, even having given resources, higher education institution offers its customers the disparate
lectures or workshops, as coming out of the educational program in that field, which includes some content and organization
of the educational process, the process control system and its system methods, material and staffing. Therefore, the product of
higher education institution defined as an educational program.

Education Program - a set of educational services aimed at changing the educational level or training consumers
and provided with adequate resources educational organization [4].

Depending on its capabilities and customer needs, schools offer different range of applications that can be
classified in a number of features.

The level of the proposed education program may be pre-university, undergraduate, master's, graduate,
professional training programs, etc. [4].

By targeting specific specialty applications may be in finance, marketing, merchandizing, personnel management
and other occupations that are in demand in the market.

The form of training programs vary daily, evening, part-time, remote, external, etc.

By teaching methods used programs can be traditional, problem-based learning programs, programs based on the
analysis of business situations and more.

If additional components when the goal is not only sufficient resources of one of the university, educational
programs may be so-called "sandwich courses™ that include mandatory practice period between two periods of theoretical
training programs "internship” as a theoretical study running parallel to the practical work in this direction, international,
program of study when foreign university partner is an integral part of the learning process, etc. [3].

In the case of "sandwich course™ and "internship" resources combined with the resources of the company in the
implementation of international programs combined resources of two or more schools, located in different countries.

The new look of educational programs appears in response to market demand and technical capabilities
(resources) University changing.

The rapid development of information technology, for example, brought to market distance learning programs that
combine independent distance education possibilities of the individual (in the case of distance learning through computer)
consultation with teachers [1].

Scope of market relations in higher education represented relationships between universities that train and retrain
young professionals, businesses, consumers young professionals by young professionals and as a specific commaodity.

We agree with the view of graduates as a specific product for the company, which employs graduates to meet their
staffing requirements necessary qualifications [3].

But we can not take a definite view of the high school as a producer, and the goods in the form of young
professionals. After all, on the same grounds and the manufacturer of this particular product can be called parents,
environment and surroundings of the graduate.

Even in the formation of significant professional knowledge and skills used by employers in the labor market
involved not only high school. Self while studying in high school, parallel training in various courses, the influence of family
environment and so brings graduates with the knowledge and skills that are the questions on the labor market [2].

In addition, professional quality can not be seen in isolation from the other characteristics of persons as significant
as in employment and in the profession.

Thus, the model of education quality management system can be represented as tasks, which provides qualitative
changes in education to achieve new educational results that meet contemporary social needs.

Analysis of the modernization program of modern education can provide a number of problems of quality
management education, which should be solved. These tasks include upgrading the educational process, educational way of
life, educational environment: training teachers to improve the quality of decision tasks.

In the middle of each task can be divided into separate areas of the teaching staff, which determine the conditions for
the transition to the new educational outcomes, specifying the nature of the changes that can be provided.

Modernization of the educational process includes:

Organization of the transition to the new educational standards:
"Selecting the curriculum.

"Preparation of work programs focused on substantive and metapredmetni results.
"Planning the learning process.

"The choice of the training regime.

""Scheduling training sessions.

"Changes in educational technologies.

"The choice of subject lines and methodological manuals.

"The organization of specialized education.

"The organization of network interaction.

"The selection and deployment of elective and optional courses.
The educational process:

"Changes in the final and intermediate certification students.
"Evaluation of Object and metapredmetnyh results.
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"Evaluation of functional literacy and key competencies of students.

"Determining quality of the educational process.

The way educational life:

"The rules of interaction of the educational process (students, teachers, parents). Protection of children's rights in the
educational institution.

"A combination of different forms of educational activities (training, self-education, additional education, experience
social and creative activities).

"Self-government".

"Reconciliation of rights and duties of the educational process.

"Teaching and social initiatives. Social design.

"The public examination and certification of public education outcomes.

Educational environment:

"Interaction with parents as teaching partners.

"Cooperation with social organizations.

"Interaction with government agencies and institutions, enterprises of different ownership.

Teacher training to the task to achieve a new quality of education:

"The system of management of teaching goal-setting.

"The forms and methods of training.

"The program growth of professional skills of teachers.

"Measures to promote professional development of teachers.

"Methods of interaction between members of the teaching staff.

Model to improve the quality of education is cyclical, evolutionary and aims to support the process of education.
Its implementation involves variation in quality management programs of education.

Selecting depends on the results achieved, the characteristics of the educational process, educational environment,
and potential for professional growth of teachers.

At the same time, program options can be generalized into three main types, defining the nature of process control
to improve the quality of education:

"Programs to meet new requirements and procedures;

"Programs aimed at fostering innovation teachers;

"Program aimed at creating conditions for waiver of the usual stereotypes.

At the same time it is possible to assume the existence of actual practice mixed options that combine all three
approaches to quality management.

Conclusions and recommendations for further research.The priority of social development in the twentieth
century, the international community recognized as undoubtedly is the quality of education, which is subject to all other
indicators of human life.

We are the witness of qualitative changes in the development of civilization and conditions of life, and thus the
functioning of education and understanding of quality. In their reports, scientists noted that quality education is the
cornerstone of modern education paradigm, absolute priority educational policy of most countries, and Ukraine is no
exception in this process.

The world realized that in high-tech information society, the quality of education is the main argument of human
development to provide a level of professional competence and life of a man who would satisfy her desire for self-
improvement and self-development and, consequently, the public's demand for educated and highly cultured citizens.

Problem institutional approach to quality management education is relevant for a number of factors:

o flexibility and dynamism of modern life that requires constant learning new individual competencies;

e transition to electronic information and communication technologies and development of e-governance of
educational institutions;

o awareness of the value of human capital;

o Ukraine's accession to the common European education area (Bologn' Process);

e unequal starting opportunities for teaching children in families with different social status and living in different
levels of socio-economic development of the territories that determines the need for alignment starting opportunities through
presentation of common requirements for quality education.

Quality education is now regarded as one of the indicators of quality of life, an instrument of social and cultural
cohesion, economic growth and declared both the international and domestic levels. And every state (and Ukraine as well)
that takes care of your rating civilized world and his future, should develop a strategy and tactics of quality management

education.
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CunopoB M.O., Kurapesnu O.K. CucremaTnyHe JOCJHiI:KeHHSI JiTepaTypHHX /:Kepel IIOA0 €KOCHCTeM
HABYAJILHOr0 MPOrpaMHoOro 3ade3neveHHs. Po3poOka mporpaMHoro 3a0e3nedeH s y Hamii AepikaBi € TI00aTbHIM SIBUILEM,
sIKe BKIIOYa€ B cebe coriaabHO — TexHiyHi cucreMu. CydacHe mporpaMHe 3a0e3NeueHHS XapaKTepHU3yeThCS MACHBHICTIO,
CKJIQIHICTIO, MIBUIKOIO IHTETpami€lo y COLiajlbHI BIAHOCHHHM, 3aCTOCYBAaHHSM HOBHUX NPHHIUIIB IpH (HOPMYITIOBAHHI 3amadi,
MIPOEKTYBAaHHI MpOrpaMHOro 3abe3medeHHs, po3poOmi, cympoBoxmi, oOMiHI Ta BHKopucTaHHI. Came B3aeMomis pi3HHX cdep
BIUIUBY Ha PO3pOOKY IPOTrpPaMHOr0 3a0e3IeueHHs CIOHyKala 10 3aCTOCYBAaHHS HOBHX IPHHIMIIB IIPY BU3HAYCHHI KUTTEBOTO
IUKITy Ta CEPEIOBHUIA PO3POOKHU B LLIIOMY.

KuniouoBi ciioBa: exocrcrema, mporpamMHe 3a0e3MedeHHs], JOCI1KEHHS, JTiTepaTypHi JKepea.

Cunopo H.O., Kurapesnu O.K. Cucremarnyeckoe HccjIeloOBaHHE JUTePATYPHBIX HCTOYHHKOB OTHOCHTEJIbLHO
3KOCHCTEM Y4eGHOro MporpaMMHOro odecnedyenusi. Pa3paborka mporpaMMHOro o0ecriedeHust B HallleM roCyIapCTBE SIBIISIETCS
IJI00ANBHBIM SBIIEHHEM, KOTOpPOE BKIIOYAaeT B ce0Os COmMaabHO — TeXHHYEcKHe cHcreMbl. COBpEeMEHHOE HpOrpaMMHOE
obecredueHne XapaKTepu3yeTcss MACCHBHOCTBIO, CIOKHOCTBIO, OBICTPON MHTErpanyell B CONUaIbHBIE OTHOLICHHS, IPHMEHEHHEM
HOBBIX IPHHIUIOB IIpU (OPMYIHPOBKE 3aa4H, POSKTUPOBAHUH IIPOTPAMMHOTO O0ECIICUeHUs, Pa3paboTKe, CONMPOBOXKICHHN,
oOMEeHE M HCIIONB30BaHHWHU. VIMEHHO B3aMMOIEHCTBHE PAa3IMYHBIX chep BIMSIHHA Ha pa3pabOTKy MPOTPaMMHOTIO OOecIieueHUs
noOyauiIa K IPAMEHEHNIO HOBBIX IPHHIIUIIOB IIPX OIPE IeTICHIH KU3HEHHOT 0 IIUKJIA U CPeIbl pa3pabOTKH B IETIOM.

KiioueBble cj10Ba: S5KOCHCTEMa, IPOTPAMMHOE 00ECTIEICHIE, NCCIIEA0BAHMS, JINTEPATypPHbIE NCTOTHUKL.

Sidorov N.O., Zhyharevych O.K. Systematic study of the literature on ecosystems of educational software.
Software development in our state is a global phenomenon that includes socio — technical systems. Modern software is
characterized by the massiveness, complexity, fast integration into social relations, the application of new principles in the
formulation of the task, the software design, development, maintenance, exchange and use. It is the interaction of the various
spheres of influence on software development has led to the introduction of new principles in determining the life cycle and
development environments in general.

Keywords: ecosystem, software, research, literary sources.

Beryn. Po3poOka mporpaMHoro 3abesneueHHsl y Halliid AepkaBi € TI00aJbHUM SIBUILIEM, SIKE
BKJTIIOYA€ B ce0e colianbHO — TexHIuHi cuctemu. CydacHe mporpaMHe 3a0e3ledeHHs] XapaKTepU3y€eThCS
MAaCHUBHICTIO, CKJIAJHICTIO, IIBHJKOK IHTErpaIli€l0 y ColiajdbHi BIAHOCHHH, 3aCTOCYBaHHSIM HOBHX
OpUHOUNIB Tpu  (OPMYIIOBaHHI 3a1adi, NPOEKTYBaHHI NPOrPaMHOro 3a0e3MeyeHHs, po3poOLi,
cynpoBozi, oOMiHi Ta BuKopucTanHi. Came B3aeMofia pi3HUX cdep BIUIUBY Ha PO3POOKY MPOrpamMHOTO
3a0e3MeuYeHHs] CIIOHYKana JI0 3aCTOCYBaHHS HOBHUX TEPMiHIB HpH BHU3HAYEHHI JKUTTEBOIO LUKIY Ta
cepenosuia po3poOku. Ilporpamue 3a0e3neueHHS IMIBUIAKO PO3BUBAETHCS 1 MOLIMPIOETHCS Yy Pi3HUX
cdepax KHUTTS cydacHoro ykpainusg. KoxHa mpyra moguHa HE MOXe ce0Oe YSIBUTH 0e3 TEeXHIYHOTo
MPUCTPOIO, KUK JOMOMOXKE 3HAaWTH MOTPIOHY iHGOPMALil0 Ha TOMIYKOBUX CalTax, MEperisHyTH
HOBMHH, HaOyTH 3HaHb Y Tiil 4u iHWIN cdepi xurTa. TexHiyHUN mporpec BKIOUae B cede i mporpec
OPOrpaMHOro 3a0e3MeueHHs, SIKMM HapOmKYEThCS, PO3BUBAETHCS, TMepedirae, XUBE B MEBHOMY
cepenosui. [lpomec moemHaHHS TporpaMHOro 3a0e3neueHHS 1 CYCHIbCTBA BUKIHMKA€E IMOTpeOy y
BUKOPUCTaHHI JONATKOBUX TMOHSTH 1 KOHLENIIH IIsi BUBYEHHS 1 OMHMCY MPOrPaMHOro 3abe3reueHHs.
OpHuM 13 MeTOAIB BHpIIEHHA AaHOI MPOOJIeMU € BUKOPUCTAHHS KOHIEILil €KOCHCTEM MPOrpaMHOrO
3abe3meueHHs. CaMe TOMY €KOCHCTEMH IIPOrpamMHOrO IMPOrpaMHOro 3a0e3NeueHHs MOXYTh CTaTH
JOJATKOBUM 1HCTPYMEHTOM JJIsl IOCTIIKEHHSI HABYAJIBHOTO IPOrPaMHOT0 3a0€31eYeHHSI.

AHaji3 ocTaHHIX JOCTiIKeHb. 3a OCTaHHI KiIbKa POKIB MOHATTS «EKOCHCTEMa IMPOTPAMHOTO
3a0e3MeYeHHs» 1 CYNyTHI TEPMIHM aKTUBHO BUKOPHCTOBYIOTbCS PO3POOHHMKAMH 1 JOCITITHUKAMH
nporpamHoro 3abesnedeHHs. Orisan BeO-callTiB MPOBIAHUX PO3POOHUKIB MPOrpamMHOro 3ade3neueHHs
MOKa3ye, IO OUIBINICTh 3 HUX 3aCTOCOBYIOTH IOHATTS «EKOCHCTEMa IMPOrpaMHOro 3ade3ledeHHs»
(manpuknan [2-4]), mo3HavarouM HHUM CHCTEMH,II0 BKJIIOYAIOTH MIANPUEMCTBO PO3POOHMKA, HOro
nporpaMHe 3ade3nedeHHs 1 mapTHepiB. PO3poOHUKHN 3aCTOCOBYIOTH LIEH TEPMiH «IK €», 0€3 TEOPEeTUIHHX
0a3u abo mocuiaHp Ha BiAMOBiMHI mpami. Jleskuil BUHATOK CTaHOBUTH Kopropauis «MaikpocodT», sika
Jla€ BU3HAYEHHsI €KOCHCTEMH HPOrpaMHOro 3abe3ledeHHs SK CyKyMHOCTI B3a€MOZiil 1 B3a€MOBILIUBIB
opraHizauiii (Iep>kKaBHUX,HaBYAIBHUX 1 KOMEPUIWHUX) 1 IHAMBIAYMIB, IO MPAIIOIOTH i3 TPOrpaMHUM
3a0e3neyeHHsIM [4].
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HaykxoBi mocmipkeHHS, SKi BHKOPUCTOBYIOTH TOHSITTS €KOCHUCTEM, Ha ChOTOJHIIIHIA JIEHBb
npencTaBiieH] Kilbkoma nparsiMu [6-8]. B pobori [6] «ExocrcTemMu nporpaMHOro 3a0e3neueHHs» aBTOpH
ONUCYIOTh THIIOBI €NEMEHTH EKOCHCTeM Ta iX KOHTEKCT, poOisyu crmpoOy Ha SKICHOMY piBHI
CIPOTHO3YBATH XaPAKTEPUCTHKH PO3BUTKY II100aIbHOI €KOCHCTEMH IIPOrPaMHOr0 3a0e3MeUeHHS 3 TOUKU
30py MOAANBIIOrO MiABHIIEHHS e()eKTUBHOCTI TEXHOJOTIH po3po0KH, MOSBH 1 pO3BUTKY HOBUX obOJacTeil
3aCTOCYBaHHSI.

JocniKeHHsT eKOCHCTEMH HaBYAJIBHOTO NPOrpaMHOro 3a0e3leUeHHs, Ha JaHWd 4Yac € Jyxe
aKTyaJIbHUM. BHKOpHCTaHHS Ta [IOCHiIPKEHHS HaBYaJbHOIO IPOrpaMHOro 3a0e3leueHHs] Yy BHUIIUX
HABYaJBHUX 3aKiagax YKpaiHu Jae OaraTo ImepeBar Ui OBOJOAIHHA TI€I0 YW IHIIOK Tpodecie€ro, a
Mi3HAHHS, 3aCBOEHHA iHQOpMalii B NEBHOMY CEpEIOBHILI 1 MOPOMKYE EKOCHCTEMY HaBYAJILHOTO
MPOrpaMHOro 3a0e3rnedeHHsl.

MeTor0 OCTiKEHHS € METOA AOCHIIIKEHHS JITepaTypHUX JKepel, 00 eKOCUCTEM HaBYaIbHOTO
MPOrpaMHOro 3a0e3redeHHs.

OO’eKT OOCHIIKEHHS - MPOLEC MOUIYKY JITepaTypHUX PKEpeN IMIOA0 €KOCHCTEM HaBYaJIbHOTO
MPOrpaMHOro 3a0e3redeHHs.

[IpeameT mociiKEHHsT - METOAM MOUIYKY JITEPaTypHUX IKEped.

Meron DOCTIIKEHHsI TOJIATae B TOMY, 100 3a0e3MeyuTH HaWKpaumi mig0ip OCHOBHOI JiTepaTypH
11010 EKOCHCTEM HAaBYAIBHOTO IPOTPaMHOI0 3a0e3MeUeHHS.

OCHOBHMM 3aBJAHHSIM € 3aBJaHHS 3OIMCHUTH CUCTEMAaTHYHHHA aHali3 Ta JOCTIHKEHHS
HaBYaJbHOI, MOHOTpadivHOI Ta HAYKOBOI JIITEpaTypH, 3aKOHOAABUYOI Ta HOPMATUBHOI 0a3H BiAIOBIAHO 0
TEeMH; 3pOOHTH MOPIBHIILHUH aHali3 CTaHAApTIB MOIIYKY iHQopMalii Ha Pi3HMX MOLIYKOBUX calTax
E€spony, CIIA, ta Ykpainu.

CucremMaTHYHHUH OTJISII JIITEpaTypu — 1€ OOUH 3 METOHIB JOCHIDKEHHs, II0 OCTaHHIM 4YacoMm
HaOyBae Bce OUTBLIOTO MOMMPEHHS Y cdepi JOCTI/HKEHH HaBYaJIbHOTO IPOrpaMHoro 3abde3neueHHs [6].
Systematic mapping study — me meron, mo crmodatky OyB Qy)Ke HOMMPEHHM y chepi MeTuuHHX
JOCHTiPKEHb, ONHAK, HA JKajb, HE BUKOPHCTOBYETHCS 3HAYHOIO Mipi NMPH MPOBEACHHI AOCIiIKEHb
nporpamHoro 3abesneueHHs. Ha gymky BueHoro beiini icHye nuiie oquH 4iTKuid mpukian Systematic
mapping study B mexax mporpamHoro 3adesneuenHs [l, 1]. Systematic mapping study siBisie coboro
CTPYKTYPHHH THII JOCTI[KEHHS HAAPYKOBAaHUX MyOMNiKalliii Ta HayKOBUX POOIT, a TAKOXK HAIEKHUM
YMHOM iX KiachgikyBaTH. TakuM 4MHOM, MOXKHA MTOOYAYBaTH CBOI'O POAY Bi3yaJbHMH MiICyMOK-OIJISI,
TaK 3BaHy KapTy pe3ylbTaTiB. BukopucranHs meromy Systematic mapping study mokHa mpoBecTH
Ha0araTo TOYHIIIE Ta JIETANbHIIIE JOCITIPKEHHS 32 KOPOTIIHH Jac.

Systematic mapping study — 1e 6B «pO3ropHyTa» GopMa CHCTEMATUYHOTO OTJISAY JITEpaTypu
CIpsIMOBaHA Ha TOBHE IUIAHOBE AOCIHIPKEHHS, HE Ha MOIIYK KOHKPETHUX BIJMOBiAeH Ha AeTasbHi
NUTaHHS Ta 3aBJAHHS MMOYAaTKOBOTrO Jochi/pkeHHs [6]. Take mocmimkeHHs CpsIMOBaHE Ha 3allOBHEHHS
CBOT'0 POy HECTau» y Psiii MOYATKOBUX JIOCIHIHKEHb, /Ie HEOOX1AHUM € MPOBEICHHS HOBITHHOT HAYKOBO-
JOCHiAHOT poOOTH, a TaKOXK Ha TOIIYK CIIPHUX IMHTaHb, UI0 MOTPEOYIOTh JOAATKOBUX YTOYHIOBAJIBHHX
nociipkenb. A systematic mapping study mo3Bosisie IPOBOIUTH Iy’KEe TOUHI Ta IETANbHI JOCTIHKEHHS Y
HeoOXimHil ramysi.

IlepeBaru Bukopucranas meroay Systematic mapping study

Ha nanwuit yac naHuii MeToJ] € OCHOBHUM I AOCTIIKEHHS, 1 3a0e31edye HacTyIHI MepeBaru:

— IlincymoBye icHyIO4i pe3yapTaTd [IOCTIKEHb, a TaKOX EMIIIPUYHUN JOCBil y Tramysi,

O3HAYUTH TepeBard Ta HEAOIIKU IEBHUX METO/IB.

— DBuznauae Hemonmikum Ta «HEQOCTadi» y JOCHIDKYBaHIM Tramy3i, miaAroryBatu 0a3zy yis

MPOBENIEHHA MaifOyTHIX HAYKOBO-JOCTITHIX POOIT.

— Bynye cTpykTypy Ta HOpSIOK NPOBEACHHS HOBUX JOCIiIKEHb.

O3naku systematic mapping studies

Osnaku Systematic mapping study Bix TpaaMIiifHOrO CHCTEMaTHYHOrO OIJISAY JIITEpaTypH, LIO
BiZIpi3HSIOTH HOT'O € HACTYIIHI:

- TpaauuiiHo MOYMHAETHCS 3 MOOYAOBH OTJIAJOBOrO MPOTOKONY, IO BHU3HAYAE 3aBAAHHS Ta

MUTAHHS JIOCHIPKEHHS, BHUXOISYM 3 SKHUX MiJOMPArOThCS BiJMOBITHI METOJUKU IPOBEICHHS

HAyKOBO-IOCTiTHOI poOOTH.

- 3acHOBYETHCS Ha MEBHIM BU3HAUEHIN CcTpaTerii, o cIpsMOBaHa Ha MOMUIYK SIKOMOTra OibIol

KUTBKOCT1 3HAYMMOI JTiTepaTypH.
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- YuTtayaM HAJA€THCS TMOBHHW Ta LUIICHUHA OMHMC BCHOTO TpOIECy AOCHiLKEeHHs (ciin
BpPaxoBYBaTH Te, IO MPOIEC MOLUIYKY JIITEpaTypu B €IEKTPOHHUX 010y1ioTekax Maiike HEMOKIHBO
BiJITBOPUTH).
- [TorpeOye BUKOpPHCTAHHA MOBHHUX 1 YIiTKUX SKICHUX KPHUTEPIiB BKIIIOYCHHS 1 BUKIIIOUCHHS
MEPBUHHO 3HAWICHNX HAYKOBHUX POOIT.
- Konkperusytots iHdopmanito, oTpuMaHy B pe3yibTaTi KOXKHOTO MEPBUHHOIO JTOCHIHKEHHS,
y TOMY YHCIIi SKiCHI KpUTEPii, 32 IKUMHU OI[IHIOETHCS KOXKHE TTOYATKOBE JOCII JPKCHHS.
— [lepeaymoBa as KiBKICHOTO METa-aHaTi3Yy.
®dopma systematic mapping study
Bueni Petticrew Tta Roberts mpomonyroTe BUKOPUCTaHHS JaHOTO METOAY CHCTEMAaTHYHOTO
aHaJi3y JiTepaTypu 3 METOI0 3’sCyBaHHs, “SAKi caMe HayKOBO-AOCIHiAHHMLBKI poOOTi BiNMOBiZAarOTH
KPHUTEPIsIM TMOLIYKY, KO BOHU OyNM HaJpyKOBaHi, B SKHX 0a3zax gaHux (0i0OmioTekax) 30epiratoThbes,
SAKUX pE3YNbTaTiB OyJIO IOCATHYTO, a TAKOX IOCHITHHKH SKHX KpaiH 3aiiMaroThCsl AOCIiIKEHHSIM
TIOCTaBJICHHUX MUTaHb 13 cTaTTi” [7].
[Mepmi eramm Systematic mapping study € ay>xe CX0KHMU 3 €TanaMu TPaJHLiHHAX
CHUCTEMAaTUYHHX OTJISIAIB JITEpaTypH:
- momyK. BuzHaueHHS HM3KM HAayKOBO-JOCHiTHHLIBKHUX POOIT, B SIKHX MOXYTh PO3KPUBATHCS
NIOCTaBJICHI MUTaHHs/ 3aBJaHHS JOCIIKCHHS;
- BKJIIOYCHHSI/BUKJIIOYEHHSI HAYKOBO-IOCHITHMIBKHUX POOIT i3 AOCHITHMIBKOIO mpouecy.
BinOip nitepatypu Ui IpoBeeHHS HOAAIBILIOr0 TOCTiIKEHHS,
- BiINOBiTHICTP NHTAHHAM/3aBIAHHAM JOCHIKeHHs. SIKIIO HEOOXiJHO, TPOBEICHHS
SIKICHOT'O OIIHIOBAaHHSI BiTHAMICHUX HAYKOBO-IOCIIAHUIIBKIX POOIT.
Bu3HayenHsl NUTaHb/3aBAaHb AOCIIKEHHSA
OcHoBHOIO MeTor0 Systematic mapping studies € HajaHHs MMPOKOTO Ta MOBHOTO OIIISAY PIBHS
JOCIIIPKYBaHOCTI 3a/1aHOi 00JIacTi, a TAaKOX BH3HAYEHHS KIJIBKOCTI Ta SKOCTI HAAPYKOBaHHX HAYKOBO-
JOCHITHULBKAX POoOIT i3 maHoi Temu. BTOpMHHOIO MeTOI0 € HaJaHHS YIiTKOro rpadidHoro 3BiTy mpo
nposeaeHuid Systematic mapping studies [5]. ¥ mamomy nocnimkenHi 0yio Bu3HaueHo n’ath nutaHb (I1)
Ul TPOBEJCHHS CHCTEMAaTHYHOIO OINISAY JIITEpaTYpHUX [DKEpeNl MIOAO0 EKOCHCTEM HaBYaJIbHOTIO
mporpaMHoOro 3abesnedeHHs], (OPMYIIOBaHHS NMHUTaHb MPOBOAMIOCH JBOMA MOBaMH YKpPAiHCHKOIO Ta
AHTJIICHKOIO:
(I11) SIxi ekocUCTEMH HaBYAIBHOTO IPOrPAaMHOT0 3a0€3IeUeHHS ICHYIOTh Ta YCITIIIHO
¢dyHnkuionyroTh Ha nanuii yac? /What ecosystems of educational software exist and are successfully
functioning at the present?
(I12) SIkumu € OCHOBHI CKJIaZIOBI €KOCHCTEMU HaBYaJIBHOTO MporpamHoro 3abesmnedenns?/ What
are the main elements of educational software ecosystem?
(I13) Ski icHYIOTH 3ayBa)KEHHS IIOA0 CTPYKTYPH €KOCHCTEM HaBYaJIBHOTO MIPOTPAMHOTO
3a0e3neyenns? / What remarks are there regarding the structure of educational software
ecosystems?
(I14) SIxi HemonikamMu BUSIBIICHI Y €KOCUCTEMax HaBYAILHOr0 Iporpamuoro 3abesnedenns?/\What
shortcomings have been exposed in educational software ecosystems?
(I15) SIki MOXKITHMBI BUPILICHHS iICHYFOUHMX MPOOJIEM Ta IUISXH IMOKPAIICHHS EKOCHCTEM
HaBYAJIBHOTO MporpaMHoro 3adesmnedenns ?/How can the current defects be eliminated and what are
the ways to improve educational software ecosystems?
Kpurepii Bk/II0YeHH/BHKJII0YEHHSA HAYKOBO-I0CTIIHAX POOIT y T0CTiIZKeHH S
OpnHuM 13 HaWBaKJIMBIIIMX €TaIliB y CUCTEMAaTHYHOMY OIJISAL JITEpaTypH € BU3HAUCHHS SKICHUX
KPHUTEPiiB BKIIOUECHHS/BUKIIOUEHHS POOIT y JOCHIHKEHHS.
Hacrynuumu € xputepii BKIIOYEHHS pOOIT 0 HAILIOTO JOCTiHKEHHS:
- JIOCHIKEHHS, HaAPYKOBaHI aHTJHCHKOI0 Ta YKPaiHCHKOI0 MOBaMH,
— JIOCHI[DKEHHS, fAKi MICTSITh y Ha3Bi ab0 TEKCTI HayKOBO-AOCHIAHWUIBKOI poOOTH TepMiHM
«EKOCHCTEMa MPOrpaMHOro 3a0e3MeUCHHSI», KHaBYAIbHE MPOrpaMHe 3a0e3MCUCHHSY;
- KaHIUAATCHKi Ta TOKTOPCHKi pOOOTH 3 E€KOCHUCTEM MPOrpaMHOro 3abe3neueHHs,
- HaBYaHHA 3 He()IKCOBAHUM YACOBUM IEPi0OJIOM;
- «cipa niTepaTypa», BKIIOYalOYH JOMOBIil, HAAPYKOBaHI HE3aJIeKHO BiJl OCBITHIX Ta MpodeciiHux
oprasizarfii.
Hactynaumu € xputepii BUKIIOYEHHS pOOIT 3 HAIIOTO JOCIIHKEHHS:
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- HayKOBO-JOCHIAHUIBKI POOOTH, IO MOBTOPIOIOTHCA y AEKUIBKOX EIeKTPOHHHX OibmioTekax
(6a3ax maHux). Y TakMX BUMAJKaX, TUIBKH OJHA pOOOTa BKIIOYAETHCS JI0 HAYKOBOT'O JIOCIIDKCHHS,

- HayKOBO-IOCHIAHUIBKI pOOOTH, MO0 MAarOTh OJHAKOBI pe3yJabTaTH IOCHIKEHHSI. Y TakoMy
BUIIA/IKY, JI0 YBaru OepeThCs JHIIE OJHa HAHOLIbII MOBHA PO0OOTa,

- HayKOBO-AOCIIAHUIBKI pOOOTH Ta KHHUTH, IO € HEAOCTYITHIUMH J0 3aBaHTaKCHHS;

- pobOTH, OCHOBHOIO TEMOIO JTOCTIHKEHHS SKUX HE € eKOCHCTEMH MPOrpaMHOro 3abe3nedeHHs, abo
3aJaHa TeMaTHKa JIMIIE 3raly€eThCs OrIISI0BO.

Jani MM Hajaemo pe3ynbTaTd IpoBeaeHoro Systematic mapping studies. BigmoBimHo m0
Kitchenham [8], onTumanbHuM € BHKOpUCTAHHS y TPOILECI MOIIYKU SK €ICKTPOHHOI (aBTOMATHYHOI)
METOJWKHU TIOIIyKYy, TaK 1 HEaBTOMATHYHOI. Y HamoMy AOCTiIKEHHI MM BHUKOPHUCTOBYBanu oOHIBi. B
mporeci HEaBTOMAaTHMYHOTO TMOLIYKY MK TIEpPEeBIpHIM pPOOOTH, MPEACTABICHHI y psli HAayKOBHX
KoH(epeHIil, Ha caiiTaXx NEBHUX BUCHUX-AOCTIAHUKIB, a TAKOXK Ha (OpyMax MOCBIAUYEHHX CIICLIaJICTiB y
ramy3l OCBITH CTBOPEHHS MPOrpamMHOro 3a0e3neueHHs Yy CHELiaslicTiB SKi KepyloTh HAyKOBHUMH
npoekTaMu. PillleHHS He BUKOPHCTOBYBATH y IPOLECI JOCTIHKEHHS JIMIIE aBTOMATHYHY METOIUKY
MOUIYKY JiiTeparypu Oylo MpHHHATE 3TiAHO 13 AOCHIIKEHHSAMH BYEHHUX, SKI CTBEPAXKYIOTH IO
MaKCHUMaJIbHOI 00’ €KTHBHOCTI Ta TIOBHOTH JOCIIKEHHSI MOXKHA JOCATTH JIMIIE BUKOPUCTOBYIOUH 00HIBa
METOAW — SIK aBTOMATHYHHM, Tak i HeaBTOMaTH4HUH. HeaBTOMaTW4YHMI MOLIyK JiTepaTypH TaKOX
rapantye OuIbLIY aJeKBaTHICTh 3HAHAECHHX HAayKOBO-AOCHIAHUIBKUX PpOOIT Ta iX BiAMOBIAHICTD
MOCTABJICHUX NOCTIJHULIBKUX MUTaHb. EJEKTPOHHMN aBTOMATWYHHUI MOLIYK HAayKOBO-IOCTIITHUIIBKHX
poOiT Oyno 3HifiCHeHO y HACTYyIHHX €IeKTpOHHUX Oa3ax nmanax (OiOmiorekax): IEEEXplore Digital
Library, ACM Digital Library, Elsevier ScienceDirect, EI Compendex, Scopus and Web of Science. 11i
eNICKTPOHHI Oi0NiOTEKHM € BUBEPEHHMMH Ta HAaAIHHUMHU JDKEpelaMH JITepaTypd B Taly3i HporpaMHoOi
IHKeHepii 1 KOMIT'IOTEPHHX HayK B IimoMy. Hammm 3aBmaHHsSM MepIioueproBo Oylio BU3HAYEHHS
KJIIOUYOBMX TEPMIHIB Ta 1X CHHOHIMIB 3 IMOCTaBJICHUX MHUTaHb / 3aBAaHb MOCTIPKEHHs. Takok Oymo
Mo0yZOBaHO HACTYITHY CTPATETiI0 MOMIYKY

- BU3HAYUTH OCHOBHMH Yac Ta Mepiox A 34iHCHEHHS MOIIYKY,

- MEPEBIPUTH HU3KY MiMiOpaHUX KIIOYOBUX CIIB Y HAYKOBO-AOCHITHUIILKAX POOOTaX, IO BIKE
OyJu 3HaliJIeHI HaMH,

- MIOIIYK Ta BU3HAYEHHS aJbTEPHATUBHUX Ta JOAATKOBUX CHHOHIMIB Ta TEPMIiHIB IS 3[IiCHEHHS
JOCIIKEHHS.

Pesynbratn pocuimkenHsi. [lim wac nocmijpkeHHI OynM BU3HAYCHI HACTYHHI eTamu Migdopy
JTepaTypHUX JDKEpeNl MION0 EKOCHCTEM HaBUYaJIbHOIO MporpaMHoro 3adesmedeHHs. CroyaTky MH
BU3HAYMIM 3 €IEKTPOHHI 0a3u maHux (0i0mioTek), 3a3HaUCHUX BUINE, BKa3ajd MEpion 4acy IS MOIIYKY
2001 - 2014 pik. PesympraTom mouryky B e1eKTpOHHHX Oa3ax naHux ctainu 40,3 yKpaiHCbKOMOBHHUX Ta
72,60 aHTIIOMOBHUX HAayKOBO-AOCHIITHUIBKAX pPOOIT, omHAaK Jymmie 25 3 HuX Oyau MOCTYIHI s
3aBaHTAKECHHS YKPAiHCBKOMOBHHUX JpKepen Ta /75 aHrioMoBHuX. [licms 3aBaHTaxeHHs smmie 15
YKpaiHCbKOMOBHHUX pOOIT Oyl BKJIIOYEHI y MOAajibIle MOCTIDKEHHS MICisl OWIHKM iX BiAMOBIAHO 110
BHU3HAYEHUX SKICHUX KPHUTEPIiiB BKIIOUEHHS/BUKIIOUECHHS, Ta 25 JiTepaTypHHX DKEpen aHTIiHCHKOIO
MOBOIO. OCKITBKM MM BHKOPUCTOBYBaJH JEKiNbKAa €JIEKTPOHHUX 0a3 JnaHuWX, Oarato poOiT Mamu
nyomikata. OCTaTOYHO KiNBKICTH HAYKOBUX POOIT Oyno ckopodeHo a0 23. VY tabn. 1 HagaHO MiACYMKH
Ipolecy NOUIYKY JiTepaTypHHX JDKEpEeN Ha KOKHOMY eTalli JOCIiHKEHHS.

Tabmuus 1. [Iponec popMyBaHHS CIMCKY JITEPATYPHUX JHKEPEN, M0N0 €KOCUCTEMHU HAaBYAIEHOTO
MPOrpaMHOro 3a0e3neyeHHs

Bumu  enexkrponHoOro Etam |1 Etam Il
Eram |
MOLIYKY

ABTOMATHYHUI
(eMEKTPOHHMIA) TOIIYK
3a YKpaiHChKUMU
KIIOYaMH
ABTOMATHYHUI
(eMEKTPOHHMIA) TOIIYK
3a AHT TN CEKUMU
KIIOYaMH

331"?.J'H>Ha KUIBKICTD 112.9 100 23
pobit

40,30 25 7

72,60 75 16

Kpox 1
Kpoxk 2
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VY mpoueci Bigbopy Ta aHami3y JiTepaTypHHX JDKEpPEl MU KOPUCTYBAJIUCS METOAWKAMH,
3amporioHoBaHuMH BueHuMu T1.Dyba Tta T.Dingsoyr [5]. BukxopucroByBaBcS METOA BIIKPUTTS Ta
NOPiBHSHHSA 1H(OPMALIHUX JUKepe i3 sIKICHUM aHaIi30M (TOOTO Ti IO MiANAaAAI0Th MO TEMi).

Ha puc. 1 nokasano xiacudikamito 3HaWIEHUX JITEPaTypHUX JKEpel MO EKOCHCTeMax
HABYaJBHOTO MPOrpaMHOro 3a0e3meyeHHs BiAMOBITHO A0 POKY ii myOsiKaLii.

—&— KinbkKictb nybnikauin
2 aHrNicbKo MOBOIO

0] T T T T T 1
2001 - 2003 2003 - 2005 - 2007 2007 - 2009 2009-2011 2011-2014
2005

Puc. 1. Knacudikanis girepaTypHUX HKepen aHTIIHCHKOI0 MOBOIO BiAMOBIJHO 10 POKY iX
BUIaHHS

6 //
5
- KinbkicTb nyﬁni% YKpaiHCbKOI0 MOBOID
4 /
3
. . . /

1
0 . / . . . :
2001 - 2003 2003 - 2005 2005 - 2007 2007 - 2009 2009-2011 2011-2014 Wror

Puc. 2. Knacuikanis nirepaTypHHX JDKepel YKpaiHCbKOI0 MOBOIO BIAIMIOBIAHO IO POKY iX
BUIaHHS

3rigHo 3 rpadiunnmu giarpamamu nepiox 3 2007 mo 2014 poku OyB HANUNPOAYKTHBHILINM 3
MOTJIAY AOCTIIKEHHS JITepaTypHHX JDKEpen 00 EKOCHCTEM HAaBYaJbHOIO IPOrPaMHOTO
3a0e3medyeHHs. Y MonepeaHi POKU TITbKY MOYMHAIN BUBYATH €KOCHCTEMHU MTPOTPaMHOI0 3a0e3MeueHHs, B
Vkpaini Bimomo mpani M.O.CumopoBa, OOKTOpa TEXHIYHMX HayK, 3aBimyBaya Kadenpu iHxKeHepii
nporpaMHoro 3abesnedeHHs HamionansHoro asiamiiiHoro yHiBepcutery «Ekomorist mporpamHOro
3a0e3MeyeHHs», Je MPEICTaBICHO 3aCTOCYBaHHSA E€KOJIOTTYHOr0O MiAXOAY 0 JOCTIKEHHS MPOrpaMHOro
3a0e3MevYeHHs; PO3IIIAa0TECSl OCHOBHI TOJIOKEHHSI €KOJIOTil MPOrpaMHOro 3a0e3ledeHHs], K YaCTHHU
IHKeHepii mporpamMHOro 3a0e3leueHHs; HABOMATHCA TPHU HANPSIMKH EKOJOTIYHHMX  JOCIHiIKEHb
nporpamMHOro 3a0esmnedeHHs («3eleHe» TporpamHe 3a0e3leYeHHs, CTalUui PO3BUTOK, IH(POBI
CKOCHCTEMH); Pe3yJIbTaTh IEMOHCTPYIOThCS Ha PHKIIAJI aBialliifHOro TpeHaxepy[2].
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HocnimxyBaB ekocucTeMu nporpamaoro 3aodesnedeHHst O.0O. I'piHeHko, y craTti «MOHITOpUHT
€KOCHCTEM IPOrpaMHOro 3a0e3MedeHHSI», e PO3TIIIanocs 3acTOCYBaHHsS EKOJOTiYHOro MigxXoay A0
JOCII/DKEHb IPOrpaMHOro 3a0e3nedeHHs] Ta (OPMYIOTbCS OCHOBHI MOHATTA pPO3AUTY iH)KeHepii
MporpaMHOro 3abe3rneueHHs] — exoJorii nmporpamMuoro 3adesnedeHHs. ISSN 2306-4455. Bicauk YATY,
2014, No2

PosrisiHyB BHKOpHCTaHHSI KOHLEMLIA €KOCHCTEM BUPOOHMKAMH Ta JOCTIIHHUKAMH MPOrpamMHOrO
3a0e3revyeHHs Ta 3alponoHoBaB Moneni ekocucteM B.A. XoMeHko y craTTi «EkocucTeMu mporpaMHoOro
3abe3neueHHs» Bicuuk HamionansHoro texniynoro yHiBepcutery «XIII». Cepis: HoBi pimeHHs y
cydacHux TexHomnorisix 2011pik.

Ockinpku iH(opMamii Ans MpoBeAeHHS OOCHIHKEHHS BKpail oOManb CQOpMYIIOEMO OCHOBHI
JOCTITHULIBKI MATAaHHS JABOMa MOBAMH aHTJIHCHKOIO Ta YKPaiHCHKOIO 1 MPOAEMOHCTPYEMO pE3yIbTaTH
MPOBEICHOTO JTOCIiKCHHSI.

(I11) sIxi exocmcTeMH HABYAJBHOIO MPOTrPaMHOrO 3a0e3medyeHHs ICHYIOTH Ta yCHiIIHO
¢yukuionyroTe Ha nammii yac? What ecosystems of educational software exist and are
successfully functioning at the present?

OCHOBHMMH CKJIaJIOBUMH E€KOCHUCTEMH HAaBYaJbHOTO IPOrpamMHOro 3abe3leueHHs, € came
nporpaMHe 3a0e3ledeHHs, CepefoBHINE HOro po3poOKH Ta HaBYaJbHA YCTaHOBA € IMPOXOIUThH
peamizauig, abo mpouec BTUIEHHS Horo Ha mpakTuui. Ha nanmii uyac indopmamii y ykpaiHCBKHX
SNEeKTPOHHUX HAYKOBHX O0i0NiOTEKaX MPO €KOCHCTEMH HAaBYAJIBHOTO MPOrPaMHOTO 3a0e3MedYeHHs JayxkKe
Mmano. Ilin vac migbopy mditeparypHuX [kepen Oyno 3HaiEHO MaTepiand 3a KIIOYOBUMH CIOBaMH
6mu3pko 40 300 ykpaincekux xepen Ta 72 600 aHrmifCbKUX JKepen, 10 BUSBUIIOCH HE 30BCIM T€ YOT'0
ouikyBasu. JlitepaTypa BHCBITIIOBasach aOCONIOTHO BCs, BiiA(duIbTpoBYBaTH HoBenock aoBro : «What
ecosystems of educational software».

Tabnuug 2. BucBitieHHs giTepaTypH 3a NEpIIMM 3alUTaHHAM

by teaching: A new agent paradigm for [IpeacraBneHo y 274 eneKTpOHHUX JKepenax
educational ...Biswas

Agile software development ecosystems - [IpeacraBneHo y 888 enekTpoHHUX IKepenax
Highsmith

An e-learning ecosystem based on cloud [IpeacraBneno y 127 eneKTpOHHUX AKepenax
computing

(I12) SIxkumu € OCHOBHI CKJIAZIOBI €KOCHCTEMU HaBYaJIBHOTO Mporpamuoro 3abesneuenns? / What
are the main elements of educational software ecosystem?

[epmri maTepianu Oynu omyOiikoBaHi B Mmarepianax koHgpepenuii «IIporpamHae 3a0e3mneueHHs Ta
imkeHepHi nporpamu (SEA '12): Tpu Touku Mopeni mporpaMHOro 3ade3rnedeHHs ekocucteM. JKoH
Makrperop, i Heiitc Monteith npencraBus Tpu Touka 30py MOjeTi HPOrpaMHOro 3abe3medyeHHs
exocucteM 1o IASTED B mporpaMHe 3a0e3nedeHHs iHXKEHEPHHX JojaaTkax KoHdepeHuii. Bin Oys
npencrasienuii Yates Monteiit 14 mucronana 2012. KirrouoBuMu ciioBamMu € - po3poOKa MporpamMHOro
3a0e3mevyeHHs, NporpaMHe 3a0e3neueHHS EKOCHCTEMH, MeTa-MOJENIOBaHHs, JiHil MporpaMHOro
nponykry. Kommanis, sika po3poOise HaBualbHEe HporpaMHe 3a0e3ledeHHs Oepe ydyacTb B Mepexi
3B'I3KIB 3 IHIIMMH OpTaHi3allisiIMH, SKi MPEICTABISAIOTh HEOOXimHY iH(OpMAIlio, 00 MOCTaBICHUX
3aBraHb. KepiBHHMKH TPy, sIKi IPUHMAIOTh OCHOBHI PILICHHS MOBHHHI YiTKO PO3YMITH IIi BiJHOCHHH,
o6 MpuiiMaTH ONTUMAIIbHI pilleHHs. MoentoBaHHS MiaXif, NPeACTaBICHNUH, CTBOPIOE TPH TOUKU 30py
Ha MEpeXi JUIS PO3IUICHHS MpoOJieM 1 3MEHIIYIOTh CKJIAJHICTh JUIS 0Ci0, MO IO MPUWHSATTS PIilllCHHS.
[Mpuknan imoctpye eheKTHUBHICTH TPHOX TOUOK 30py 1 MOKa3zye pe3yibTaTH 3aCTOCYBaHHS aHAIi3y B
KOHTeKcTi nux mornmaxis. Hasecui 2013 poxy, Jxon Makrperop i Heitrc Monteith crisnparosas 3
Cimone Awmopim 1 Enyapno Anmeiina VYmiepcutery (UFBA) B bpasumi. Pasom mnpencraBuim
MPEe3eHTAallil0 MOETIOBAHHS B apXiTEKTypi MporpaMHoOro 3adesneueHHs ekocucreMu B SEI Apxitektypa
TEXHOJOrii MepexxeBoro KopucryBada KoHgpepeHuii. [IpesentyBaB matepian Ixxonom Maxk-I'perop mix
yac xoH¢pepenuii, 29 kBiTHg - 3 TpaBHs. CATYPH 2013: MopentoBanHsl apXiTeKTypH MPOrpaMHOTO
3a0e3MeYeHHs] eKOCHCTEMH HAaBYaJIbHOTO MPOTrPaMHOro 3a0e3MeueHHS.

(II3) Ski iCHYIOTH 3ayBa)XCHHS IIOIO CTPYKTYpH €KOCHCTEM HABYAILHOTO MPOrPaMHOIO
3a0e3neuenns?/ What remarks are there regarding the structure of educational software ecosystems?
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[Iporpamue 3a0e3neueHHS HaBYAIBHUX EKOCHUCTEM HPOrpaMHOro 3abesrneueHHs Mae OyTH
JOCTYIHHMM 1 3p03yMiTNM y BuKopucTanHi. KopucryBaui OakatoTh Ta 3aCIyroBYIOTh Ha TapaHTil SKOCTi
MpeACTaBiIeH] mporpaMHoro 3abesmneueHHs. BuUkopucTaHHs mporpamHoOro 3a0esneueHHs Hece B coOi
HU3KY 3ayBaKEHb, Ta MPOMO3UILINA, IIOAO THUX YM  IHIIMX NOHUTaHb, AKIi BHUHHUKAIOTH Yy TpoLeci
BIIPOB/DKEHHSI CYINPOBOAY Ta BCHOrO KHUTTEBOro mukiy. CepemoBuile iCHYBaHHS NPOTPaMHOTO
3a0e3MmevYeHHs] TOBUHHO FapMOHIIHO CIiBICHYBATH 13 COLIIyMOM.

Po3poOka mporpamuoro 3abe3neyeHHs 1 Horo miATpUMKa BUMarae 6arato HaBHKiB, Y TOMY YHCIi
JM3aiiH, YIpPaBIiHHS, MPOrpaMyBaHHS, aHai3, OI[IHIOBaHHS, JOKYMEHTAIlisl, CUCTEMHA IHTErpaiis, a
TaKOX JTU3alH I O€3MeKH 1 HaJiHHOCTL. MOXIJIMBICTE BHECEHHSI 3MiH Y ICHYIOUY CTPYKTYPY €KOCHCTEMHU
HABYaJBHOTO POTrPaMHOro 3a0e3NeUeHHS, Ma€ BEIMKE 3HAUCHHS.

Tabmuusa 3. OcHOBHiI JiTepaTypHi JKepela LIOAO0 €KOCHCTEM HaBYalIbHOTO MPOTPaMHOTO
3a0e3nevueHHs

Kro4oBi 3anmMTadHs Ha aHTIHCHKINA MOBI 1714

MOMIYKY JITEPATYPHUX JHKEpE Marepianm nomyky

What ecosystems of educational software exist and

are successfully functioning at the present? 14,7810.12

5 What are the main elements of educational software 235814
ecosystem?

What remarks are there regarding the structure of

educational software ecosystems? 14,79,11,13

What shortcomings have been exposed in
educational software ecosystems?

How can the current defects be eliminated and what
5 | are the ways to improve educational software 1,3,5,6,8,15,16
ecosystems?

[IpoBenene HaMM AOCHIKEHHS € MEPIIMM B Tajly3i EKOCHCTEM HaBYaJIbHOTO MPOTrPaMHOI0
3a0e3MmevyeHHs] Ta MPakTU4YHE BIPOBayKEHHS. [IpoBeleHHsS NOAANbIIMX BTOPUHHUX OOCITIIKEHb Ta
JTepaTypHHUX OTJISIIB € HEOOXIAHUMU ISl MAiOyTHBOT'O PO3BUTKY €KOCHCTEM BLLIOMY.

OCHOBHMMH KpOKaMH Ta MpOLEAypaMH il  BJOCKOHAJIEHHS EKOCHCTEMH HaBYaJBHOTO
MPOrpaMHOro 3a0e3MeueHHs] MOKYTh CTaTH HACTYIHI KPOKH:

— [IpaBunbHu#t migOip JiTepaTypHUX HKEPEN B Till UM iHIIIN TaTy3i OCBITH.

— MogepHizaliss HaBYaJBHOTO NPOLECY Ta IUIAaHY 3 BUKOPHCTAHHSIM HOBITHIX METOAMK

HaBYaHHS 1 JOJAaBAaHHIM OUIBILOr0 00’ €My MPAKTUYHUX MPOEKTIB.

— CucreMaTHuHa iHTErpamis MPUKIAIHUX Ta EKCIEPUMEHTAIBHUX JIOCHTIKEHb B HABYAJIBHHUIA

poLec.

—  VYkpinjeHHs Ta MOCHJIEHHS B3a€EMOJIIT OCBITHIX 3aKialiB Ta nmpodeciiHuX opraHizalii, sKi €

PO3pOOHMKAMU Yy TaTy3i MPOrpaMHOro 3a0e3medeHHsI.

— TlocriitHe oHOBNIEHHSI MaTepialbHOI 0a3H, MPOrPaMHOro 3a0e3MeUeHHS.

(I14) SIxi HemonmikaMu BHSBJICHI y €KOCHCTEMaxX HaBYAIBHOTrO Hporpamuoro 3abesnedenns?/ What
shortcomings have been exposed in educational software ecosystems?

JlaHe muTaHHS BUSBWIOCH HAJCKIAJAHUM JJIsl IOIIYKOBHX CHCTEM, UM Yepe3 HecTady iHgopmarii,
YW Yepe3 CKIaHUN Mi0ip KIIFOYOBHX CITiB.

(II5) Sxi MOXIHMBI BHpIMICHHS ICHYIOYMX NpPOOJEM Ta LUISXH IOKPAIEHHS  EKOCHUCTEM
HABYaJBHOTO POTrPaMHOI0 3a0e3MeueHH?

[Tpubnuzna kinbKicTh iH(GOpMaLii ykpaiHCbKOIO MOBOIO sika Oyna mpencrasiuena 46 000 3a 0,57
cekyHz. Jlume 2 eneKTpOHHUX JpKepena BiAmoBimanw TeMi 1 MicTuiam mNoTpiOHY iH(opmariio:
H.M.CunopoBa., «HaBuanHs iHXeHepii mporpaMHOro 3a0e3MeuyeHHs — CHCTEMAaTHYHUN O[]
aireparypu»., Ne2(6)2011.

H.M. CunopoBa «DopMyBaHHS TOTOBHOCTI MallOyTHiX OakanaBpiB 3 iH)KeHepil MpOrpamMHOro
3a0e3meueHHs 10 mpodeciiiHoi komyHikamii» 2012 pik.

Pesynbrar mpoBeAEHOro JOCITIDKEHHS aHTJIOMOBHHX JiTepaTypHuX mkepen 3a (I15) Taxwmid:
24 000 000 3a 0,7 cekyna. Kinbkicts Bugans 127, nutoBano y 226Ta JOCTYITHO JJIsl CKAUyBaHHS JIAIIE 5.

Pe3ynbpTar mpoBeOeHOro MOCHIHKEHHS 3a 5 KIIOYOBUMH 3alMTAHHSMH aHTJIIHCHKOI0 MOBOIO
TaKHA:
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BucnoBok. B pe3ynbrati npoBeaeHNX AOCTiIKEHb OylI0 CTBOPEHO MiAOip JiTepaTypHUX HKEpE

1010 €KOCHCTEM HABYAJILHOTO MPOrpaMHOro 3a0e3eueHHs], 3a IeBHUMH KpuTepismu. [lutanns 3a
SKMMH TIPOBOJUBCS MiA0ip MicTUIM 3araibHi TepMiHu. [IpoBenenuil ananiz HaB4anbHOI, MOHOTrpadiuHOi
Ta HAYKOBOI JIiTepaTypH MMoKa3as, 10 JITepaTypHHUX JKepesl aHIJIIHCHKOI0 MOBOIO 3HAYHO Oinblie HixK
yKpaincbkoto. [1oTpiOHO BHOCHTH 3HaYHI 3MiHHM, Y BUKOPHCTAHHS HAaBYAIBHOTO IPOTPAMHOIO
3a0e3neueHHs. JJocnipKyBaT BUKOPUCTAHHS, 3aCBOEHHS, MTPOrPaMHOTO 3a0e3MeUeHHs Y BUILIX
HaBYaJbHUX 3aKiazax. AHANI3yBaTH OTPUMaHi 3HaHHS Ta HABUYKH Ha MPAKTHULI.
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