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PEAIMBALIUA APUOMETHYECKOI'O KAJIBKYJATOPA HA A3BIKE OBJECT
PASCAL

Konnos /I.B.
Vuusepcumem Llenmpanvroii @ropudsi, Opranodo, CIIIA (32816, Opaanoo, Byrveap [lenmpanvnas
Dunopuoa, 4000), e-mail: konnov72@knights.ucf.edu

B crarbe mnpeacTraBieH 0030p OCHOBHBIX MPUHIMIOB TMOCTPOEHHS] apU(PMETHUYECKOr0 KaJIbKYJIATOpAa,
BKJIIOYAIOIIET0 KOMNbIOTEPU3UPOBAHHbIE PACYEThI M0 AJTOPUTMY MAHEBPOBOiIi CTAHIMHU U MOJLCKOI HOTAIIUH
PRN. IIpenioxena nporpaMMHasi peaju3anus 0yayliero 06,JJa4HOr0 MHKEHEPHOI0 KAJIbKYJISITOpa Ha puMepe
JclExprEval.pas u3 oubiauoreku koga JEDI (JCL), onHoii U3 HauOoJiee MOJjIep:KUBAeMbIX M AKTYaJIbHbIX
oubauorek sizbika Object Pascal na cerogusimHuii aeHb. PaccMoTpeHbI BONPOCHI TOKEHU3AIUH BXOJTHOIO
BbIPA:KEHHsl, TMOCTPOeHMs JiepeBa pa30opa, PeKYPCHBHOIO CHycKa U BbIYUCJIeHUs: jaepeBa. OTMeyeHBbI
TpedoBaHUs, HeOOXOAUMBIE /ISl peaJH3alii Ka4eCTBEHHOT0 MPOAYKTA H NMpPHBeIeHbI MPUMEPHI peaau3anuu
Ko1a. /lano 060cHOBaHHE MPENMMYIIECTB HCMOJIb30BAHUS KAJIbKYJIATOPAa B HHKEHEPHBIX pacyeTax B COCTaBe sApa
TexXHH4YecKkol cucrembl. Ha ocHOBe 3TOro uccjieqoBaHMs NpeioiKeHbl IYTH U NOAXO0AbI K pa3padoTke Oyayuiero
MHOT0M0JIb30BATEJHCKOT0 CHCTEMHOT0 KAJBKYJIATOpPa. O00CHOBAHA HOBH3HA HCC/IET0BAHUS KAK HANPaBJIeHHE
HHTETPANMH KAJBKYJIATOPA ¢ 00JAYHBIMH CHCTEMAMH M OTAeJIeHHe CKPUNTOBBIX (OpMYJ NMPUIOKEHHS OT
KOMIIHJINPYEMOT0 KOJa.

KiroueBbie cmoBa: Matematudeckuii 3Bamoatop, JEDI (JCL), Delphi, TOkeHBI, JepeBO CHHTaKCHYECKOTO aHAIN3a,
JIEpeBO CHUHTAKCHYECKOTO aHalli3a, CHHTAKCHYECKUN aHallM3 BBIPAXKCHHUH, PEKYPCHBHBIA CITyCK, allTOPHTM
COPTUPOBOYHOM CTaHLIMU, OJbcKas Hotauusi PRN, crek.

IMPLEMENTATION OF ARITHMETIC CALCULATOR IN OBJECT PASCAL

Konnov D.V.
University of Central Florida, Orlando, USA (4000 Central Florida Blvd., Orlando, 32816), e-
mail: konnov72@knights.ucf.edu

The article provides an overview of the fundamental principles of constructing an arithmetic calculator including
computerized calculations Shunting Yard algorithm and Polish notation PRN. Proposed a software
implementation of a future Cloud-based engineering calculator using the JcIExprEval.pas as an example from the
JEDI code library (JCL), one of the most supported and relevant libraries of the Object Pascal language nowadays.
The issues of tokenization of the input expression, building a parse tree, and recursive descent and evaluation of
the tree are considered. The requirements necessary for the implementation of a quality product are noted and
examples of code implementation are given. The rationale for the advantages of using a calculator in engineering
calculations as part of the core of an engineering system is given. Proposed ways and approaches for the
development of the future multiuser system calculator based on this research. The novelty of the research is
substantiated as a direction of integration of the calculator with Cloud systems and separation of application
scripted formulas and compile code.

Keywords: Evaluator, JEDI (JCL), Delphi, tokens, parse tree, Parsing Tree, expression parsing, recursive descent,
Shunting Yard Algorithm, Polish notation PRN, stack.
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The Problem.

Building an arithmetic calculator involves implementing an algorithm that can calculate
mathematical expressions using operations such as addition, subtraction, multiplication, division, and
parentheses. Let us immediately define this concept. A calculator is a software device that receives
an arithmetic or algebraic expression as a string as input. This apparatus has an interface for adding
or determining the values of variables used in the evaluated expression, as well as events that are
called during the parsing of the expression, where the values of variables can be substituted
dynamically. The result of the Calculator is a floating-point value, i.e., the result of calculating the
expression given as input. Let's consider the main stages of developing an arithmetic expression
calculator in the Delphi environment using the example of the Evaluator from the JEDI library (JCL)
[1], and then we will analyze the detailed aspects of the internal implementation of the parser.

To start, a little history:

The Shunting Yard algorithm [2] is a classic method for parsing infix mathematical expressions
and converting them to reverse Polish notation (RPN) [3], also known as postfix notation. RPN is a
format in which operators are placed after their operands, making it easier to evaluate expressions
using the stack approach.

The algorithm was introduced by Edsger W. Dijkstra [4] in 1961 and is commonly used in
compilers, interpreters, and calculator programs. The key idea of the Shunting Yard algorithm is to
use two stacks [5], one for operators and one for output (RPN) values, to process an expression
respecting operator precedence and associativity.

Here is a step-by-step explanation of how the shunting station algorithm works:

While there are tokens to be read:

Read a token

If it's a number add it to the queue

If it's an operator

While there's an operator on the top of the stack with greater precedence:
Pop operators from the stack onto the output queue
Push the current operator onto the stack

If it's a left bracket push it onto the stack

If it's a right bracket

While there's not a left bracket at the top of the stack:
Pop operators from the stack onto the output queue.
Pop the left bracket from the stack and discard it

13. While there are operators on the stack, pop them into the queue

The resulting RPN expression can be evaluated using the stack approach, in which the operands
are placed on the stack, and when an operator occurs, the required number of operands are retrieved
from the stack and the result of the operation is placed back on the stack.

The Shunting Yard algorithm ensures that the RPN expression maintains the correct order of
operations based on operator precedence and associativity and allows the expression to be evaluated
efficiently without using parentheses for grouping.

Let's convert the expression: (2 + 3) * 4" to RPN

Step 1: Initialize an empty stack for statements and an empty queue (or list) for output (RPN)
values (operations are presented in Table 1).

© N WNRE

el
A
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Step 2: Iterate over the tokens of the input infix expression "(2 + 3) * 4™

Table 1 - Step 1 operations

Input Token Stack (operators) Output Queue (RPN)
( (

2 ( 2

+ + ( 2

3 +( 23

) 23+

* * 23+

4 * 23+4

Step 3: Extract all remaining statements from the statement stack and add them to the output
queue, the operator (*) remains the last on the stack:
Table 2 — Step 3 operations
Input Token

Stack (operators) Output Queue (RPN)

23+4%

The RPN expression — "2 3 + 4 *" is the equivalent of the original infix expression "(2 + 3) *
4" in reverse Polish notation (RPN). In RPN, operators come after their operands, and parentheses
are not needed for grouping, because the order of operations is implicitly determined by the position
of the operators in the expression.

To evaluate the RPN expression "2 3 + 4 *", a stack-based approach can be used. As follows:

1. Initialize the empty stack.

2. lterate over an RPN expression from left to right.

3. If the token is a number (operand), then it is placed on the stack.

4. Ifthe token is an operator, then the required number of operands is extracted from the stack,
an arithmetic operation is performed, and the result is placed back on the stack.

5. Steps 3 and 4 continue until all tokens have been processed.

6. After processing all the tokens, the result will be at the top of the stack.

Evaluate the RPN expression "2 3 + 4 *" (operations are presented in Table 3):
Table 3 — Operations

Token Stack
2 2

3 23

+ 5

4 54

* 20

After processing all the tokens, the result in the stack is 20. Therefore, the actual result of the
expression "2 3 + 4 *" is 20.

Materials and research methods
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The Object Pascal language in modern days has proven itself as a reliable, high-level
programming language that allows you to build systems on the scale of large corporations and
enterprises. The development of an arithmetic engineering calculator [6] in this language is a
completely natural and essential task of any corporate software product in the Delphi environment

[71

The JclExprEval.pas module in the JEDI Code Library (JCL) provides a flexible expression
evaluator capable of analyzing and evaluating mathematical expressions. It allows you to
dynamically evaluate arithmetic, Boolean, and comparison expressions at runtime. Let's take a closer
look at how the JclExprEval.pas parser works. The main functionality of JcIExprEval is to parse the
input expression, building a parsing tree (Parse Tree) [9] and its evaluation. Below are abstracted
implementation details that may not be properly aligned with the latest library code but with the
purpose of explaining how it all works.

First, the input expression must be tokenized.

Tokenization: This is the division of an input mathematical expression into individual tokens,
including numbers, operators, and parentheses [10]. The expression is first tokenized by breaking it
down into individual components, such as numbers, operators, functions, and variables. Tokens are
the building blocks that the analyzer uses to understand the expression when building a parse tree.
Each token is represented by a TExprToken record that contains information about its type, value,
and position in the expression.

The TExprToken record is a fundamental data structure used in the JcIExprEval.pas module to
represent individual tokens in the parsed expression. It contains information about the type, value,
and position of the token in the original expression. The definition of the TExprToken record is shown
in Figure 1.

type
TExpxToken = record
TokenType: TExprTokenType;
TokenValue: Variant;
Position: Integer;

end;

Figure 1 — Structure of the expression token.

1. TokenType: The TokenType field specifies the type of token, which can be one of the
following values (defined in the JclExprEval.pas module):

e etUnknown: Unknown type.

e etNumber: Numeric value.

e etVariable: Variable name.

e etOperator: operator.

o etLeftParenthesis: left parenthesis "(*.

o etRightParenthesis: right parenthesis ")".

e etFunction: A token that represents the name of the function.
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2. TokenValue: The TokenValue field contains the actual value of the token. Its data type is
Variant, which means that it can store different types of values depending on the type of token:

e etNumber: numeric value in the form of Double.

e etVariable: variable name as a string.

e etOperator: operator as a string.

e etFunction: function name as a string.

3. Position: The Position field specifies the position of the token in the original expression as
an index. The index is zero-based, which means that the first character in the expression has position
0.

Each token is part of an expression, including numbers, operators, and parentheses, and stores
the corresponding properties in a TExprToken record. TExprToken entries are temporarily stored in
an internal array in the order in which they appear in the expression. This array of TExprToken entries
is used to represent the tokenized expression during the parsing step.

For example, the input expression "2 + 3 * 4" is tokenized, and TExprToken entries are created
for each token. The resulting array of TExprToken records might look like this:

[Token(2), Token(+), Token(3), Token(*), Token(4)]

Each element of this array is a TExprToken entry. This is important for the parsing and
evaluation process because the Token helps the JcIExprEval module understand the structure of the
expression and perform the necessary operations to evaluate it. Next, the analyzer starts parsing the
token array. When the algorithm encounters each token, it uses the information stored in the token to
build the structure of the parse tree and make decisions about how to handle subsequent tokens.
Depending on the type of token, the algorithm creates operator nodes, operand nodes, or functional
nodes. In the process of processing tokens, the algorithm builds TJcIExprNode objects and collects
these nodes (nodes) into a parsing tree (Figure 4).

The structure of TJclExprNode is shown in Figure 2. In JclExprEval.pas, each node in the parse
tree is represented by a specific class named TJcIExprNode. The TJcIExprNode class is the base class
for various types of nodes in the parser tree, including operator nodes, operand nodes, and functional
nodes. TJclExprNode (the base class for all nodes) represents a generic node in the parse tree.
Contains properties and methods that are common to all types of nodes. The TJclExprNode class and
its subclasses in the parse tree support referencing child nodes through their FLeft and FRight
properties. The parse tree is built using these references, which allows nodes to be linked to each
other hierarchically. The TJclExprNode class has properties that define the structure of the parse tree
and how the nodes are connected:
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type
TIclExprNode = class(TObject)
private
FLeft: TlclExprNode; /{ Reference to the left child node (if any).
FRight: TJlclExprNode; [/ Reference to the right child node (if any).
[/ Other fields and methods specific to the base class
public

// Public methods and properties, common to all node types.

end;

Figure 2 — The structure of the node of the parsing tree.

FLeft: This property contains a reference to the left child node of the current node. It allows for
a hierarchical organization of nodes, where the left child node is usually the operand, argument, or
first operand for the binary operator.

FRight: This property contains a reference to the right child node of the current node. It is used
for binary operators, where the right child represents the second operand.

In subclasses of TJclExprNode (Figure 3), Certain types of nodes can extend these properties
as needed to meet their specific requirements.

tType
TIJclExprOpNode = class(TJclExprNode)
private
FOperator: string; // The operator symbol (e.g., '+', "-', "*', '/")
[/ Other fields and methods specific to operator nodes.
public
[/ Additional properties and methods specific to operator nodes.
end;
type
TJclExprConstNode = class(TJclExprNode)
private
FValue: Double; J/ The numeric value of the constant.

[/ Other fields and methods specific to constant nodes.
public
// Additional properties and methods specific to constant nodes.

end;

Figure 3 — An example of declaring classes derived from TJclExprNode nodes.
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JclExprEval.pas implements the TJclExprOpNode node class and its descendants, each of
which performs a specific arithmetic function, for example:

assignment statement "'="

Boolean operators (e.g., AND, OR)

relational operators (e.g., >, <, =)

noouToBsie oneparopsl (Hampumep, AND, OR, XOR)
shift operators (e.g., SHL, SHR)

addition operator "+"

subtraction operator "-"

Multiplication operator "*"

division operator "/"

operator obtaining the remainder by division "%" (mod)
unary operators (e.g., unary minus)

Degree Operator """

factorial operator "!"

TJclExprNode also has the following subclasses:

TJclExprVarNode: variable.

TJclExprConstNode: constant (numeric value).

TJclExprFuncNode: represents a function call. Contains properties for storing the function
name and argument node references.

Parsing Tree

The next step in processing a tokenized expression is to build a parsing tree (Figure 4). This is
the process of constructing a hierarchical representation of the structure of an expression. Expression
nodes, put together using FLeft, Fright pointers, form a parsing tree. A tree is a tree-like data
structure in which each node represents an operator or function, and its child elements represent
operands or arguments. In the JcIExprEval.pas module of the JEDI Code Library (JCL), the recursive
descent algorithm does not use the stack to build the parse tree. The algorithm directly builds the
parse tree, recursively [11] evaluating the expression based on the rules of grammar and the
precedence of operators. This is implemented using a recursive function called ParseExpression. This
function is responsible for the recursive evaluation of the input expression and the construction of the
parse tree. The following is the declaration of the ParseExpression function.

function ParseExpression(const Expression: string:; Variakles: TJclExprVariakles = nil;
Functions: TJclExprFunctions = nil; const ParserOptions: TJclExprParserOptions = [];
const CustomCptions: TJclExprCustomOptions = []): TJclExprHode:

Figure 4 — ParseExpression function declaration.

Function parameters:

Expression: Input expression for analysis and evaluation.

Variables: A set of variables that can appear in an expression (optional).

Functions: A set of user-defined functions that can be used in an expression (optional).
ParserOptions: additional parameters that control parsing behavior.

10
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e CustomOptions: More configurable options to enhance parsing capabilities.
Return value:
e TJclExprNode: The root of the parse tree that represents the input expression.

The ParseExpression function is the entry point for starting the recursive descent process for
parsing and building the parse tree. It performs recursive parsing and evaluation of the expression,
creating the appropriate nodes and linking them together to form a hierarchical parse tree structure.
As soon as the ParseExpression function is called with an input expression, it returns the root of the
parse tree, which can later be used for evaluation or other operations on the expression.

For example, with the expression "2 + 3 * 4", the parse tree might look like this:

I\

/\

Figure 5 — Parsing tree.

In this example, the + operator node has 2 as the left child node and the * operator node as the
right child node. The * operator node, in turn, has 3 as the left child node and 4 as the right child
node.

It is easy to see: The nodes of the OPERANDS do not point to any other nodes in the parsing
tree, and the nodes of the OPERATORS and FUNCTIONS point to the nodes of the OPERANDS.

Let's summarize the algorithm for constructing a parsing tree:
1. Tokenization: The input expression is tokenized, and each token (e.g., numbers, operators,
functions, variables) is represented by a TExprToken record.

2. Building a Parse Tree: Once tokenization is complete, the Recursive Descent algorithm
begins to build the parsing tree. It recursively processes tokens, evaluating the expression based on
grammar rules and operator precedence.

3. Node creation and linking: When the recursive descent algorithm encounters each
TExprToken, it creates the corresponding nodes and links them together as children and parents to
form the parse tree structure. The algorithm sets the FLeft and FRight properties of operator nodes
based on their operands to properly link them together.

4. Operator precedence: The parsing algorithm considers the priority of operators to ensure
that expressions are evaluated according to the correct order of operations (for example,
multiplication before addition).

11
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5. Associativity: For operators with the same priority, the parsing algorithm considers their
associativity (left-to-right or right-to-left) to maintain the correct order of calculation.

6. Hierarchical relationships: The recursive descent process provides a hierarchical
organization of nodes in the parse tree based on the structure of the expression.

7. Root node: After the recursive descent process is complete, the root node of the parse tree
represents the entire expression, and the parse tree is ready for evaluation.

Evaluation. Building a parse tree is an intermediate step in the overall process. To get the final
result of the expression, the algorithm needs to evaluate the constructed parsing tree. The evaluation
process involves traversing the tree and applying mathematical operations defined by operators and
functions. The algorithm will recursively evaluate subexpressions and combine their results based on
the operators and functions encountered during the traversal.

For example, consider the expression "2 + 3 * 4" (Figure 5):

To evaluate the expression, the algorithm will run at the root of the parse tree (the + operator).
It will recursively traverse the tree, evaluating the left and right subtrees. The algorithm will first
evaluate the operator node * (3 * 4 = 12) and replace the operator node * with its result (12). The
updated tree is shown in Figure 6.

/\

Figure 6 — The Parsing Tree in the process of parsing.

The algorithm will now evaluate the operator node + (2 + 12 = 14) and replace the operator
node + with its result (14).

The result of the expression is 14.

It should be noted that to ensure the quality of the calculator, the correct handling of errors of
invalid expressions, division by zero, inappropriate parentheses, etc., must be implemented, and
support for additional functions such as trigonometric functions, exponentiation, variables, and much
more can be added (Figure 7).

12
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begin
with Evaluator do
begin

! Coans
Lons

AddConst

ants
{*Biv, P15
’/ Functions

AddFunc ('LogBasel0"',
AddFunc ('LogBase2’,
AddFunc ( 'LogBaseN"',

1
B procedure Init (Evaluator: TEasyEvaluator; FuncList: TStrings):;

LogBaselO) ;
LogBase2) ;
LogBaseN) ;

AddFunc('AxcCos’',
AddFunc('ArcCot',
AddFunc ('ArcCsc',
AddFunc ('ArcSec',
AddFunc('ArcSin’',
AddFunc('ArcTan',
AddFunc('ArcTan2',
AddFunc('Cos"',

Cos) ;

ArcCos);
ArcCot) ;
ArcCsc):
ArcSec) ;
ArcSin);
ArcTan) ;
ArcTan2) ;

Figure 7 — Registration of user-defined functions.

Also, the evaluator implements the ability to register variables (Fig. 8) and provides an interface

for their initialization.

Bprocedure TExprEvalForm.FormCreate (Sender: TObject):
Eegin
FEvaluator := TEwvaluator.Create:;
FEvaluator.hddVar ("x"', FX);
FEvaluator.ARddvVar('v"', FY);
FEvaluator.RAddVar('z', F2Z);
Init(FEvaluator, FuncList.Items);
| [erd;

Figure 8 — Registration of Evaluation variables.

Implementing the User Interface

An illustrative example of the user interface (Figure 9.), which allows you to enter arithmetic

expressions, and evaluate and display the

results can be found in the examples\common\expreval

folder of the JEDI library (JCL). An example of using the Calculator is shown in Figure 10.

W) JciExprEval Bxample — O ot
Yariables: ] w = | |0 |

Expression: “2-+3]“4 | | Evaluate |
Functions: w

14

Figure 9 — Graphical user interface of the Calculator.
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B function ResulthAsText (Evaluator: TEvaluator; const Input: string): string:
Eegin
try
Eesult := FloatToS5tr (Evaluator.Evaluate (Input) ) ;
except
on E: Exception do
REesult := E.Message:
end;

end;

Figure 10 — An example of using the Evaluator.

Discussion of the results

One of the main requirements for engineering computing systems these days is, of course -
performance. It is worth noting that the performance of this calculator on the local Desktop system is
quite satisfactory and does not raise questions from the user. However, the implementation of such a
calculator as part of a multi-user system can cause performance problems [12]. Therefore, the
developer will have to think about the implementation of the system parallelism [13] and base further
development on its principles.

To improve calculation speed, we can consider applying the following approaches:

1. Reduce Expression Complexity: Complex expressions with many nested functions and
operators can lead to slower evaluation. We want to simplify expressions where possible to reduce
the number of operations.

2. Precompile Expressions: If we have expressions that are evaluated frequently, consider
precompiling them into a reusable format. This can save time on parsing and tokenizing the
expression each time it's evaluated.

3. Caching: If our calculations involve the same set of variables but different expressions, we
may consider caching the values of variables that don't change often. This can reduce the overhead
of variable lookup.

4. Reuse Instances: If we need to evaluate multiple expressions in the same context, we must
reuse the same instance of the expression evaluator rather than creating a new one for each evaluation.
Creating and initializing instances can be time-consuming.

5. Use Inline Variables: If possible, assign values to variables before evaluating the
expression. This can help simplify the expression and reduce the number of times variables are looked
up.

6. Optimize Your Expressions: Depending on the specific expressions we're evaluating,
there might be opportunities for optimization. For example, replacing expensive operations with
equivalent but faster operations.

7. Use Compiled Code: Some expression evaluation libraries allow us to compile
expressions into native machine code for faster execution. The JclExprEval or future developing
calculator based on such principles should support expression compilation.

8. Evaluate in Bulk: If we need to evaluate the same expression for multiple inputs, consider
batching the evaluations together. This can take advantage of any optimizations that the library has
for processing multiple inputs at once.

14
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Considering the items above, the author of this article forked a new branch of the project called
unCalc  (Universal  Calculator) and the  project is  under  development.
https://github.com/dima72/unCalc [14]

Conclusion. The advantages of using an arithmetic calculator as part of engineering calculation
systems are more than obvious. Firstly, a dynamically interpreted mathematical expression can
always be stored as a string, whether it is just a file or a database, as part of any program, and therefore
be available for editing by the user, which in turn greatly facilitates the support and development of
any software product. Now you do not need to recompile the entire project to fix an error in the
formula. Secondly, the implementation of the apparatus of the mathematical calculator is compact,
the reduction of the manual code for processing calculations, formulas always improving the quality
of the product, allows you to separate the apparatus of calculations from the formulas themselves.
Thirdly, knowledge of the construction of an arithmetic calculator helps to achieve a deeper
understanding of the development of interpreters, compilers, and universal software. Considering
current development trends in information technology, the language of the calculator implementation
is of secondary importance. This calculator can be implemented as part of frameworks and languages
that integrate with the cross-platform .NET framework, such as Oxygene and Hydra from
RemObjects [15] or on the TMS XData platform [16]. The novelty of this approach lies in the
provision of distributed engineering computing on the Cloud.
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NCCIEJOBAHUME CUCTEMBI 3AIIUTHI OT BPEJJOHOCHBIX ITPOI'PAMM U
KUBEPATAK

Hoarymesa A.B., 'Tapan B.B., Yepnosa C.B.

OI'FOY BO "[TOBOJDKCKHH TI'OCYJIAPCTBEHHBIH VYHUBEPCUTET
TEJTIEKOMMYHUKALIMH U MHO®OPMATUKH", Camapa, Poccus (443010, Camapckas obnacme,
20po0 Camapa,ynuya JIvea Toncmozo, dom 23), e-mail: *kim.drive43@mail.ru

B nanHO#l cTaTthbe paccMaTpuBaeTcsi TeMa KH0ep0e30MacHOCTHM W BHPYCOB, KaKHe Yrpo3bl CYLIECTBYHT B
HHTepPHeTe M KaKhe Mepbl 0€30MacCHOCTH HeO0XO0AMMO NMPHHUMATH UISL 3AIMUTHI CBOMX JAHHBIX U JHYHOH
uHpopManumu. A Takie pa3jMyHble BUIbI BUPYCOB U MX AeiicTBusA. OnucbIBaeTcsl, KAK BUPYChI NMONaJal0T HA
KOMIBIOTEP, KaKHe MOCJEACTBHS OHH MOTYT HMETh H KaK 3aIIUTUTHCS OT HUX. [IpecTaB/IeH CIMCOK ACKEeTOB MO
HCCIeI0BAHHE CHCTEMBI 3aIUTHI OT BPEIOHOCHBIX NMpOrpaMM M KubepaTak. B 3akiaiuennu moauyepkuBaeTcs
Ba)KHOCTb 3aIIMTHI CBOUX JIAHHBIX M JUYHOH MHoOpMaUM B MHTEPHETE, a TAKKe HE0OX0JUMOCTb MOCTOSIHHOTO
00HOBJIeHUSsI Mep 0€30MACHOCTH /IS 00PBLOBI ¢ yrpo3aMu Kudep0e30nacHOCTH, PACIIPOCTPAHEHHBIX BO BCEM MHUpe,
H BO3MOKHBIX CIIOCOOOB UX MPEOI0JIEeHHS.

KiroueBsie cioBa: KI/I6GpaTaKI/I, BPEAOHOCHBIC IPOrpaMMbI, CUCTEMA 3aIUTHI.

INVESTIGATION OF THE SYSTEM OF PROTECTION AGAINST MALWARE AND
CYBER ATTACKS

Dolgusheva A.V., 'Taran V.V., Chernova S.V.
VOLGA STATE UNIVERSITY OF TELECOMMUNICATIONS AND INFORMATICS, Samara,
Russia (443010, Samara region, Samara city, Leo Tolstoy street, 23), e-mail: *kim.drive43@mail.ru

This article discusses the topic of cybersecurity and viruses, what threats exist on the Internet and what security
measures need to be taken to protect your data and personal information. As well as various types of viruses and
their actions. It describes how viruses get on the computer, what consequences they can have and how to protect
against them. The list of ascetics for the study of the system of protection against malware and cyber attacks is
presented. The conclusion emphasizes the importance of protecting your data and personal information on the
Internet, as well as the need for constant updating of security measures to combat cybersecurity threats common
throughout the world, and possible ways to overcome them.

Keywords: Cyber attacks, malware, protection system.

BBeaenue

CoBpeMeHHBII MUP 3aBUCUT OT UH(POPMAIIMOHHBIX TEXHOIOTHMA, ¥ ATOT (PaKT AenaeT Hac Oomee
ySI3BUMBIMH K KnOepaTakaM U BUpycCaM.

Kubeparaka — 3TO MOMBITKA HECAHKIIMOHUPOBAHHOTO JOCTyNa K KOMIBIOTEPHON CHCTEME,
'—ITO6I)I YKpaCTI), N3MCHUTH WJIIN yHI/I‘—ITO)KI/ITI) JaHHBIC. KH6epaTaK1/1 MOFYT OCYH_IGCTB.]'ISITBCSI C
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MIOMOIUIBIO PA3JIMYHBIX METOJIOB, TAKMX KaK BHPYCHI, TPOSHCKHE MPOrPaMMBbI, (GUIIUHT U ApyTUe

BPEIOHOCHBIE JICHCTBUSI.

Bupyc — 310 nmporpamma, KOTopasi MOKET KOIUPOBATh ce0s1 U PaCHpOCTPAHATLCS HA JIpYTUe
KOMIIBIOTEPBl. BUpYyChl MOTYT MpHUBECTH K MOTEpE NaHHBIX, HAPYIIEHUIO PabOTbhl KOMIIBIOTEPOB,
Kpake JIMYHOM MHGPOpPMAIMM W MHOTMM JPYTUM HETaTHBHBIM IOCIEICTBUSAM. Bupycsl Moryr

PacIpoCTpaHATHCS Yepe3 IEKTPOHHYIO TMOUTY, 3arpy3ku u3 MHTepHEeTa, MOpTaTUBHBIE YCTPOICTBA
U JIPYTHE CIIOCOOBI.

BupycHo# arakoii, Ha3pIBaeTCs aTaka Ha yIaJICHHYIO/JIOKATBHYI0 KOMIBIOTEPHYIO CHCTEMY C
MCTOJIB30BAaHUEM BPEIOHOCHOTO MPOrpaMMHOT0 olOecriedenus (BupycoB). OHHU SBISIOTCS Oolee
M30ILPEHHBIM METOJIOM JOCTyla K CEKpeTHOH HH(pOpMalMH, MOCKOJIbKY XaKepbl HCIOJIb3YIOT
CreLlMalIbHbIe POrpaMMbl JUIsl pabOThl Ha KOMIIBIOTEPE KEPTBBI, a TaKXkKe I ee JalibHeiIero
pacrpocTpaHeHHs. (3TO BHpPYChl M uepBM). Takue mporpaMmsbl NpeiHA3HAYEHBbl IS IOUCKA U
nepeaayn CeKpeTHol MH(OpMAaIMM CBOEMY BIIAJEIbIy WJIM IPOCTO JUISl MOBPEXKIECHUS CUCTEMbI
0€30MaCHOCTH W TPOM3BOAUTEIHLHOCTH KOMIBIOTEpA JKepTBBL. [IpHHIMIIBI pabOTHI ATUX MPOTPaMM
passbie [1] .

BpenonocHble mporpaMMsbl 4 KnbepaTaku

BpenonocHble mTporpaMMmbl, TakKe U3BECTHble Kak ManBapb (malware), sBISIIOTCS
BPEJIOHOCHBIM  MPOTPaMMHBIM  OOECIeYeHHeM, pa3pa0OTaHHBIM JUIsi HaHECEHUs  Bpela
KOMIIBIOTEPHBIM ~ CHUCTeMaM, CeTsM U mojb3oBatensM. OHU  MOryT OBITH  CO3JIaHBI
3MOYMBIIIJICHHUKAMU C Pa3IUYHBIMU [EISIMH, BKJIIOYas MOJy4YeHHE HE3aKOHHOTO J0cTyma K
CUCTEME, KpaXKy JIMUHBIX JJaHHBIX, (PUHAHCOBBIE MOLIEHHUYECTBA, IIMHOHAX U IPOYUE BPETOHOCHbIE
JEUCTBUA.

Cy1iecTByeT HECKOJIBKO TUIIOB BPEIOHOCHBIX MTPOrpaMM, BKITIOYas!:

Bupycsl (Viruses): OTo mporpamMmsbl, KOTOpble MOTYT Pa3MHOXaTbCsl U PAacIpOCTPaHSITHCS
MyTeM 3apakeHUs Jpyrux ¢aitioB win nporpamMMm. OHUM NPUKPEIIISIOTCS K UCHIOIHSAEMBIM (aiiinaM u
MOTYT BHEAPATHCS B CHCTEMY, HOBPEXIaTh (palliabl M pacpOCTPaHATHCS Ha JIPyrHe KOMIbIOTEPHI
yepe3 CeTH WM HOCUTEIH WH(POPMAIIHH.

YepBu (Worms): YepBu SBISAIOTCS ABTOHOMHBIMHM IPOrpaMMaMH, KOTOpbIE MOTYT
CaMOCTOSITEJIBHO PacCIpOCTPAHATHCA 10 KOMIBIOTEPHBIM ceTsiM. OHM MOTYT HCIOJIb30BaTh
YSI3BUMOCTH B CETEBBIX MPOTOKOJIAX UITM IPOTPAMMHOM 00€CTIeYeHUH JIsl 3apakeHUsI KOMIIBIOTEPOB
Y WX JTaJIbHEUIIEro pacipocTpaHeHus [2].

Tposinckue mnporpammbl (Trojans): TpostHCkue mporpaMMbl CKPBIBAIOTCS MOJ  BHJIOM
TI0JIE3HOT0 UJIH YKEJTAeMOT0 MPOTPaMMHOI0 00ecTieueH s, HO MPH 3aIlyCKe BBIOJIHSAIOT BPEJOHOCHBIE
neiictBus 06e3 Bezoma mnosb3oBatesiss. OHM MOTYT OTKPBIBAaTh 3a/IHUE JIBEPH, COOMpATh U Nepe1aBaTh
JIMYHBIE TaHHBIE, CO3/]aBaTh OOTHETHI U BHINOIHATH PYTHe BPEJOHOCHBIE (DYHKIIUH.

Pexnamuoe I10 (Adware): PexiiamHOe nmporpamMmmHoe obecrieueHrue 0ToOpakaeT HaBsS3UHBYIO
peKiaMy Ha KOMITbIOTEpe MoJib3oBaTessi. OHO MOXKET ObITh YCTaHOBJIEHO C IPYTMMHU IIPOrpaMMaMu
WU PACTIPOCTPAHSITHCS 4Yepe3 BpPENOHOCHBbIE calThl. Pexnmamuoe I1O moxer Takke coOMpaTh
nH(pOpMalIKIO 0 MOJIb30BaTeNe 6€3 ero coraacus.

[muonckoe ITIO0 (Spyware): IllnmuoHckoe mnporpamMmMHOE O0OECIIEUEHHE OTCICKHBACT U
cobupaer nHpOpMaNUO O TOJIb30oBaTene O6e3 ero Begoma U coryacus. OHO MOXKET 3amuChIBATh
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Ha>XXaTus KjIaBUI, OTCIIC)KNBATh dKTUBHOCTD Be6-6pay3epa, C06I/IpaTB JIMYHBIC JaHHBIC U IICPEAaBaTh

UX 3JI0yMBIIUICHHUKY .

Kubeparaku mnpenctaBisioT coOol 3lI0HAMEpEHHbIE JEHCTBHS, COBEpIIaeMble B IHU(PPOBOM
MIPOCTPAHCTBE C I[EJIbIO HAHECTH YIIEPO KOMITbIOTEPHBIM CHCTEMaM, CETSIM HMJIU Mojb3oBarensiM. OHu
MOTYT OBITh OCYILECTBIICHBI PA3IMYHBIMU METOAMH U UMETh Pa3HbIe 1[eJI1, BKIIIOYask KPaKy JTHUHBIX
JTaHHBIX, ()MHAHCOBBIE MOIIEHHUYECTBA, HApyLIEHHWE pabOThl CHUCTEM, UIMHOHAX W Jpyrue
BpPEIOHOCHBIE JEHCTBUS.

HexoTtopsbie u3 pacpocTpaHEHHBIX TUIIOB KHOEpaTaK BKIIOYAIOT:

@ummar (Phishing): Orto araka, mpu KOTOpPOH 3JIOYMBIIIJICHHUK MBITAeTCI OOMaHYTh
MoJIb30BaTesel, BolAaBas ceOs 3a HalleKHOe JHUIO Wi opranuzanuto. Lenpto dummnra seusercs
MOJIy4eHUE JIMYHBIX JaHHBIX, TAKUX KaK Mapolid, HOMEpa KPEAUTHBIX KapT WM OaHKOBCKHE
PEKBHU3UTHI.

Bpenonocusie mporpammbel (Malware): Kak yxke ymnoMuHanoce paHee, BpEIOHOCHbBIE
pOTrpaMMBbl, TaKH€ KaK BUPYCHI, YEPBH, TPOSIHCKHE MPOTPaMMbl U LIMHOHCKOE IMPOrpaMMHOE
o0ecriedeHre, MOTYT UCIIOJIb30BaThCS I IeJICHANPABICHHBIX aTaK Ha KOMITBIOTEPHBIE CHCTEMBI, C
EJIbI0 HAHECTH YIIepO WM TOJTYYUTh HECAHKIIMOHUPOBAHHBIN TOCTYTI.

DDoS-araku (Distributed Denial of Service): Dto aTtaku, mpu KOTOPBIX 3JI0YMBIIICHHHK
MBITACTCS TEPErpy3UTh IIEJIEBYI0 CHCTEMY WJIM CETh OOJNBIIMM KOJMYECTBOM 3allpOCOB, YTO
MIPUBOJUT K OTKa3y B 00CTY>KMBAHUU JJIsl IETUTUMHBIX I10JIb30BATENEH.

Bsnom (Hacking): B3inom moxeT ObITh HampaBjie€H Ha MOJy4YeHHE HECAHKIIMOHWPOBAHHOTO
J0CTyNa K KOMIIBIOTEPHON CHCTEME I CEeTH, C LENbI0 KPaXKU JIaHHBIX, U3MEHEHUS HACTPOCK WIU
BBIITOJIHEHUS IPYTUX BPEAOHOCHBIX JEHCTBHMN.

ConuanbHas nnxenepus (Social Engineering): 9To MeTo1 MAaHUITYIMPOBAHUS JTFOAbMHU, YTOObI
MOJYYHUTh JOCTYNI K KOH(pHUICHIMATHHON WHPOPMALIUU WM BBITOIHUTH JACHCTBUS, KOTOPbIE MOTYT
HaHectu yuiep0. [Ipumepamu MoryT ObITH 0OMaH MOJB30BaTENICH, YTOOBI MOTYUYUTh UX TTAPOITH, WIH
yOeXIeHHE COTPYIHUKOB MPEIOCTABUTh JOCTYII K cucteme [3].

Crnioco0bI 3aIIMTHI OT BPEAOHOCHBIX IPOrPaMM M Kuleparak

Cy1iecTByeT HECKOJIBKO CIIOCOOOB 3aIlIUThI OT BPEIOHOCHBIX TPOTPaMM:

1. VYcraHoBka aHTHUBUPYCHOTO MporpaMMHOro ooOecrneueHus: Mcmonb3ylTe HaaexHOe
aHTUBUPYCHOE IMPOTPAMMHOE OOECIE€UYEeHHE U PEryJsipHO OOHOBIsAHTE ero. AHTuBHpycHoe I1O
ITOMOXET OOHAPYKUTh U YJAJIUTh BPEIOHOCHBIE IPOTPAMMBI C BAIlIEr0 KOMIIBIOTEPA.

2. OOHOBJCHHWE ONEPAIMOHHOH CHCTEMbl W TporpamMMm: PerymsipHo OOHOBISHTE
OTEpAIMOHHYI0 CHCTEMY W BCE€ YCTaHOBJEHHbIe mporpammbl. OOHOBJIEHMSI YacTO cOepxk aT
WCTPABJICHUS YA3BUMOCTEN, KOTOPBIE MOT'YT OBbITh UCIIOJIb30BaHbI 3JI0YMBIIIJICHHUKAMU JIJIsl aTak.

3. OCTOpOXHOCTb MPU CKAUMBAHUH M YCTAHOBKE ITPOrpamMM: 3arpyxaiite mporpaMmmbl TOJIBKO
C HaJIGKHBIX U O(UIIMATBHBIX UCTOYHUKOB. By/IbTe BHUMATEIbHBI IPH YCTAHOBKE MPOrPaMM U HE
pasperiaite UM MoJy4yaTb HEOOXOAUMBIE Pa3peIICHUs, €CJIM Bbl HE YBEPEHBI B MX HA/IC)KHOCTH.

4. OcCMOTpPUTENBHOCTh B MHTEpHeTe: BbyIpTe OCTOPOXKHBI NMPU OTKPHITUM BIIOKEHUN B
ANEKTPOHHBIX TMHUChMax, MEpPexoj/ie MO MOJO3PUTEIbHBIM CChIJIKaM WJIM CKayMBaHUU (ailioB u3
HEHa/Ie’KHBIX UCTOYHUKOB. BpeqoHOCHBIE TPOrpaMMBbl MOTYT OBITh CKPBITHI B 3TUX JIEMEHTAaX.
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5. Bxmouenue Opanmmayspa: YOeawtech, 4TO OpaHIMaydp Ha BalieM KOMIIBIOTEPE
BKJIIOUEH. bpaHnMaysp moMoraer KOHTPOJIMPOBATh BXOISIIMNA W UCXOASIIMN CeTeBOW Tpapuk u
OJIOKMPOBATH MOJIO3PUTEIbHBIE COCTUHEHUS.

6. PesepBHOe KommpoBaHUE HaHHBIX: PerynsipHo cosmaBaiiTe pe3epBHBbIC KOMHHM Ba)XKHBIX
naHHbIX. B cioyuae araku unu 3apakeHusi BpelOHOCHOI MporpaMMmoi, pe3epBHbIE KOMMUHA MOMOTYT

BOCCTaHOBUTH WH(HOPMAITHIO.

7. OOHoBiecHHE Opay3epa M HCIIOJIb30BaHHE Oe30macHOro coenauHeHus: OOHOBISITE Balll
Opay3ep 10 MmocieIHel BepCUu U MpeAnoYnTaiTe ucrnoiabp3oBanue oezomacuoro HTTPS-coenunenus
IIPU TIOCEIICHUH BeO-CalTOB.

8. OOyuenue nmonb3opareneil: [IpoBoaure oOyueHue mnonb3oBaresneii 1o 0a30BbIM MpaBUIaM
0€30MacHOCTH, TaKUM KaK HEOTKPHIBAHUE IMOJO3PUTENBHBIX CCBUIOK, HECKauyMBaHUE (ailioB u3
HEHA/ICKHBIX UCTOYHUKOB U OCMOTPHUTENBHOCTD MIPHU B3aUMOJICHCTBUU C SJICKTPOHHOM MOYTOM.

9. MsmHorodakropHas ayreHTUuKanus: Bxirounte MHOrohakTOpHYIO Ay TEHTH(PUKAIUIO [T
Ba)XHBIX aKKAYHTOB. DTO JIOTIOJIHUTEIBHBIA CION 3alIUTHI, TPEOYIOMMKA HE TOJIBKO Mapoyib, HO U
JOTIOJTHUTEIBHBIN (aKTOp, TAKOH KaK OJJHOPA30BbINA KOJI WIIM OTIEYATOK MaNIbLA.

10. MonuTopuHr ¥ oOHapykeHHe yrpo3: Mcmonp3yiTe mporpaMMHOe obOecredeHue s
MOHHUTOPHHIa M OOHApPY>KEHUs Yrpo3, KOTOPOE MOMOXKET BbIIBUTH AHOMAJIbHYIO AKTHUBHOCTb U
CBOEBPEMEHHO MPEAYIPEIUTh O BO3MOXKHBIX aTaKax.

Bce st Mepsl B KOMOWMHAIMU MOTYT MOMOYb 3aIUTUTH Bally CHUCTEMY OT BPEAOHOCHBIX
pOrpaMM U TMOBBICHTh YPOBEHb Oe3omacHocTH [4-6].

Jlig 3ammThl OT KuOepaTak CyIIECTBYET Pl Mep U METOJOB. BOT HECKOJIBKO OCHOBHBIX
CHOCOOO0B 3aTUTHI:

1. TlocrosHHOe OOHOBIEHHE MpOrpaMMHOro oOecrneueHus: PerynsipHo o0OHOBIsITE
OTIEpPAIIMOHHYI0 CHCTEMY, HPWJIOKEHUS M IMPOrpaMMHOE OOecriedeHHe 10 MOCIEIAHUX BEpPCHUM.
OOHOBNIEHUS YacTO COAepkKaT HUCIPABICHUS YA3BUMOCTEH, KOTOPbIE MOTYT OBITh HCIIOJIb30BAHbI
3JI0YMBIIIJICHHUKAMU JIJIs1 IPOBEACHMS aTakK.

2. Hcnonp3oBaHue HAaJIEKHOTO aHTUBUPYCHOI'O IIPOTPaMMHOI0 00ecriedeHus: Y CTaHOBUTE U
peryysipHO OOHOBJISNTE aHTUBHPYCHOE MPOTrpaMMHOE OOeCeyeHHe Ha CBOEM KOMIIbIoTepe. JTo
MIOMO>KET 0OHAPYKUBATh U OJIOKMPOBATH BPEOHOCHBIE TPOrPaMMBbI, BKIIFOYast IPOTPAMMBI-IITTHOHBI
U TPOSIHCKHE KOHHU.

3. @aiiepBois: YCTaHOBHTE M HACTPOKTE OpaHIMay3p Ha CBOEM KOMITBIOTEpPE WIIH CETEBOM
ycTpoiictBe. dDaliepBoj MOMOXKET KOHTPOJIUPOBATh BXOJAIIMM U HUCXOJAIMIMNA ceTeBOil Tpaduk u
OJIOKMPOBATH MOJIO3PUTEIbHBIE COETUHEHUSI.

4. CunbpHble mapoiu U MHOrogaktopHas ayTreHTHuKauus: Vcmonb3yiite cloxxHble U
YHUKQJIbHBIE MApOJM JJI1 CBOMX OHJIAHH-aKKayHTOB. PekoMeHAyeTcsl Takke BKIIOYNTH
MHOT0()aKTOPHYIO ayTeHTH(PHKALINIO, YTOOBI TPEOOBATh JOMOJHUTEIBHBIN (DaKTOp MOATBEPIKICHHUS,
TaKOM KaK OJHOPa30BbIi KO, IPH BXOJE B aKKayHT.

5. OcMOTpUTENBHOCTh B MHTEpHETE: ByabTe BHUMATENbHBI MIPU MOCEUICHUN BeO-CaliTOB U
OTKPBITUU CCHUIOK WUIM BIIOKCHHM W3 HEHAJIEKHBIX UCTOYHUKOB. M30eraiiTe ckaunBanus (HansioB ¢
M0JI03PUTENbHBIX CAlTOB U HE MPEAOCTaBIISIITE JTMUHbIE JaHHbIE HA HEHAIe)KHBIX BeO-pecypcax.

6. OOyuenue nosp3oBateneit: O0y4nTe cedst U qPyTUX MOIH30BATEISIM OCHOBHBIM TPaBUIIaM
0€30MMacCHOCTH B CETU. DTO MOXKET BKJIIOUaTh OCBEAOMJIEHHOCTh O METO/Iax (PUIMHTA, COLUAIbHON
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HWHXXCHCPUH U APYTUX BUJI0OB KI/I6epaTaK, a TaKXKe o6yquI/Ie 0 TOM, KaK pC€arupoBaThb U 3allIUIIATHCA

OT HUX.

7. PerynspHoe pe3epBHOE KOIIMPOBaHKUE JaHHBIX: PeryisipHo co3aaBaiiTe pe3epBHbIE KOUU
BAXHBIX JAHHBIX U XPAHUTE UX B HAJCIKHOM MECTE. ITO IIOMOKET BOCCTAHOBUTH JAHHBIC B CIy4ae
yTpaThl WU IU(PPOBaHUA B pe3ysbTaTe KMOepaTaKky.

8. Orpanunuenue npuBuieruii focryna: OrpaHndbTe NPUBUIICTHH JOCTYIIA MTOJIb30BATENCH 1
IIPWIOKEHUH Ha CBOEM KOMIIBIOTEPE WIM cepBepe. YOeauTech, YTO TOJBKO HEOOXOAMMBIE
MOJIb30BATEIN UMEIOT JOCTYT K KOH(PHISHIIMATHHON HH()OPMAIIH WIH CHCTEMHBIM PECypCaM.

9. MoHUTOPHHT U OOHapy)XeHHE aHOMAJIBHOW AaKTHBHOCTH: VIcmonb3yiiTe crenuanbHoe
IIpOrpaMMHOE OOecliedeHHe [UIi MOHUTOPUHIA U OOHAPYXKEHHUS aHOMAIUM B CeTH. DTO MOMOXET
BBISIBUTH [10103PUTENIbHYIO aKTUBHOCTh M CBOEBPEMEHHO NMPEAYIPEAUTE O BO3MOXKHBIX KMOepaTaKkax.

10. PerynsapHble ayauThl M TECTHMpPOBAHUWE Ha NPOHUKHOBeHME: llpoBoaure perynspHble
ayJUThl 0€30I1aCHOCTU CBOCH CUCTEMBI, a TAK)KE TECTUPOBAHKE HA IPOHUKHOBEHUE, YTOObI BHIIBUTD
YS3BUMOCTH M YCTPAHUTh UX JI0 TOTO, KAK OHU MOTYT OBITh MCIIOJIb30BaHbI 3JI0YMBIIIJICHHUKAMHU.

3TO UIIb HEKOTOPBIE U3 OCHOBHBIX CITOCOOOB 3alIUTHI OT KHOeparak. BaskHO MOCTOSTHHO OBITH
BHUMATEJHHBIMH M OCBEJIOMIICHHBIMH O HOBBIX YIPO3ax M METOJaxX 3aIluThl Ui 3((EeKTUBHOU
60pbOBI ¢ KHOEPYTpO3aMH.

HccaenoBanune cucTeMbl 3alMTHI OT BPeIOHOCHBIX POrpaMM U kulepaTak

HccnenoBanue CUCTEMBI 3alIUTHI OT BPEAOHOCHBIX MPOrpaMM M KMOepaTak SBJISIETCS BaXKHbBIM
acreKkToM obecriedeHuss MH(OPMAIMOHHOM 0e30MacHOCTH. BOT HEKOTOpble KiIOueBbIE ACHEKTHI,
KOTOpBIE MOTYT OBbITh BKJIFOUEHBI B TAKOE UCCIIEJOBAHHE:

e  VYrpo3Hblil aHau3: M3ydeHune cymecTBYONMX yIpo3 U BPEAOHOCHBIX MPOTrpaMM, aHaIu3
UX XapaKTEPUCTUK, METO0B PACIIPOCTPAHEHUS U BO3/IEHCTBUS Ha CUCTEMBL. DTO ITO3BOJIUT
OIpeNleNIuTh Haubojee BEpOsATHBIE YIrpo3bl M Bamledl cucteMbl M pa3paboTaTh
COOTBETCTBYIOIINE KOHTPMEPBI.

e OuueHka ys3BuMocTeil: MccnenoBanue U aHaiau3 ya3BUMOCTEN B Balllel CUCTEME, KOTOPhIE
MOTYT OBIThb HCHOJB30BAHBI 3JIOYMBIIUIEHHUKAMU JJIi BTOPKEHHSI WM IPOBEACHUS
kuOeparak. OTO BKJIIOYAET OLEHKY CJIadbIX MECT B CETeBOM HHQPACTPYKType,
MIPOrpaMMHOM OOecreueHnH, KOH(PUTypaluu CUCTEM U IpoLeayp 0€30MacHOCTH.

e AHanu3 apxXMTEKTypbl 3amuThl: [3ydyeHue TeKylield apXUTEKTypbl 3allUThl BallleH
CHCTEMBI, BKJIOYasi (PU3NYECKHE, CETEBbIE U MPOrPAaMMHbBIE MEXaHU3MBbI 3aIUThL. OIeHKa
3¢ (HEeKTUBHOCTH CYIIECTBYIOIIMX MeEp 3allUThl U HUX COOTBETCTBHE COBPEMEHHBIM
cTaHgapTaM 0€30MacCHOCTH.

e [InanupoBanue u peanuzanuss Mep OezomacHocTH: Pa3paboTka u peanuzauus mep
0€30MacHOCTH, HAaINPaBJIEHHBIX Ha 3alIUTYy CUCTEMBI OT BPEJOHOCHBIX MpPOrpaMM U
kuOeparak. IT0O MOXKET BKJIHOYaTh OOHOBJIEHHE MPOTPAMMHOI0 OOecreueHus, yCTAaHOBKY
OpaHaMay>pOB, aHTUBUPYCHBIX MPOTPaMM M JPYTUX MEXaHU3MOB 3alIUThI, HACTPOUKY
CUCTEM MOHUTOPUHIA U PETUCTPALMU COOBITHI, pe3epBHOE KOMHUPOBAHHE JAHHBIX U
peryisipHoe 0OHOBIJIEHUE MOJUTHK 0€30MacHOCTH.

e OOyueHue U OCBEIOMIIEHHOCTh IONb30Baresei: Pa3paboTka mnporpamm o0ydeHUs
MoJIh30BaTeIell 1o BompocaM HHGOPMAIMOHHOM 0€30MacHOCTH, YTOOBI MOBBICUTH HX
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OCBEJIOMJIEHHOCTh O TMOTEHIHMAJIBHBIX YIpo3aX M O TOM, Kak CIIeZIOBAaTh MOJUTUKAM U
mpoueaypam  0e30MacHOCTH. OJTO  MOMKET BKIIOYaTh  IPOBEJCHHUE TPEHUHIOB,
pacnpocTtpaHeHre HH(HOPMAITMOHHBIX MAaTEPUAJIOB U OPTaHU3ALIUIO PETYIISIPHBIX TIPOBEPOK
OCBEJIOMJIEHHOCTH.

e  MoHUTOPUHT U OOHApY)XEHHE HHIMICHTOB: Pa3paboTka MEXaHW3MOB MOHUTOPHHrA H
00Hapy)KEHHsI MHI[UICHTOB, KOTOPbIC MMO3BOJIAT OMEPATHBHO OOHAPYKUTh M pPearupoBaTh
Ha MIOTCHI[UAJIbHBIC aTaKU U HAPYIICHUS 0€30MaCHOCTH. DTO BKJIIOYAET HACTPOMKY CHCTEM
MOHHUTOPUHIa CETeBOro TpaduKa, aHAIW3 JKyPHAJIOB COOBITHH, WCIOJIb30BAHHE
MHCTPYMEHTOB OOHAPYKEHHS BTOPKEHUN U IPYTUX METOJI0B OOHAPYKEHUSI aHOMAJIHIA.

e PearupoBanme Ha MHIUAEHTH: Pa3paboTka MIAaHOB pearupoBaHHMS HAa WHIUACHTHl U
MPOBEJICHUE YYCHUH MO WX HCIOJHEHHIO. JTO BKIKOYACT pa3pabOTKy MPOLEAyp st
00pabOTKM HMHIUACHTOB, MEXaHHM3MOB pPEarMpOBaHUs, KOOPAMHAIMH COTPYAHHUKOB H
B3aMMOJICHCTBHS C BHEITHUMH KCIICPTAMH MO OE30MaCHOCTH.

BaXHO OTMETUTB, UTO ATH aCIEKThI 3aBUCIT OT KOHKPETHBIX TPEOOBAHUN M OCOOCHHOCTEH
Ballled CHUCTEMEI U JOJI?KHBI 6I)ITI) aaanTUpoOBaHbl IIOJA BallHd HYXKABI. PCKOMCHI{yCTCﬂ TaKXeE
0o0paTUThCS K CICHHUATUCTaM B 00JIACTH MH(OPMAIMOHHOW OE30MMaCHOCTH AJIs TOJTyUYeHUs OoJiee
J€TabHBIX PEKOMEH/IAIMI U KOHCYJIbTAIIHA.

3akioyeHue

CoBpeMeHHbII MUp Bce 00JIbIIE 3aBUCUT OT MH(POPMALIMOHHBIX TEXHOJIOTUI, 4TO JIe]aeT Hac
Oosiee ys3BUMBIMH K KMOepaTakaMm U BupycaM. [loaToMy moHHMaH#e TOTo, Kak padoTaloT BUPYCHI U
BPEJOHOCHBIE IIPOTPaMMBI, a TaKK€ METOJbI 3aIUThl OT HHX, SBIAECTCA KpallHE Ba)KHBIM IS
oOecniedyeHrs HH(HOPMALIMOHHON O€30MaCHOCTH U 3aLUThI JIUYHBIX JAHHBIX.

B nenowm, 3amuTa oT BUpYCOB U BPEIOHOCHBIX NPOTPAMM SBIISIETCS aKTyalbHOM IPpo0OsieMoil B
coBpeMeHHOM mupe. HecMoTps Ha TO, 4TO CyLIECTBYEeT MHOXKECTBO IIPOIPAMM U METOJI0B, KOTOPbIE
o0ecreynBaroT 3aIIUTY, BUPYChI BCE PABHO HAXOAAT CIIOCOOBI TPOHUKHOBEHUS B HALITK KOMITbIOTEPHI
U ycTpoicTBa. BakHO OBITh BHUMATEIbHBIMH M CIEAMTH 3a CBOEH HH(OpMaIMOHHON
0€30IaCHOCThI0, a TaK)K€ IMOCTOSHHO OOHOBIATH MPOTrpaMMHOE OOecreueHHe M HCIOJIb30BaTh
aHTUBUPYCHBIE IPOrPaMMBbI, YTOOBI MUHUMHU3UPOBATH PUCKH.
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B nanHoil cTaThbe paccMAaTPMBAIOTCSI COBPEMEHHBbIe ACHEKThl ABTOMATH3ALMM NPOLECCOB MNepepadoTKH M
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AUTOMATION OF OIL REFINING AND REFINING PROCESSES
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This article discusses modern aspects of automation of oil refining and refining processes. Its role and advantages
are revealed, as well as the main challenges and prospects for development in this area are analyzed.

Keywords: Refining, oil refining, automation, oil and gas industry, sustainable development.

B coBpemeHHOM wMupe HedTerazopas IMPOMBIIUIEHHOCTh HWIPAaeT BaXHEWUIIYIO pOJib,
o0ecrnieurBasi SHEPreTUUECKyt0 0e30MacHOCTh M MOAJepKHUBas (PYHKIMOHUPOBaHUE TI00aIbHON
SKOHOMUKH. B 3TOM KOHTEkcTe nepepaboTka U peUHUHT HE(THU BHICTYNAIOT KaK KPUTUYECKUE
9Tanbl, Ipeodpasyronme ChIpoi HEPTENPOIYKT B LIEHHBIE M Pa3HOOOpa3HbIE DHEPTETHUYECKUE U
XMMHUYECKHE KOMMIOHEHTHl. OT TOIIMBa JUIsl TPAHCIOPTA A0 IUIACTMACC M XUMHUYECKUX BEIIECTB,
IPOAYKTHI pepUHUHTa UTPAIOT BAXKHYIO POJIb B IOBCETHEBHOMN JKHU3HU.

C uenbio moBblIeHUsT 3()()EKTUBHOCTH, YIYUIIEHUS KauyecTBa MPOMYKIMH U COKpAIIECHUs
HETraTUBHOT'O BO3JICHCTBUS Ha OKPYKAIONUIYIO cpey HedTerazoBast IPOMBIIIIICHHOCTh CTPEMHUTCS K
IMOCTOAHHOMY COBCPIICHCTBOBAHWIO CBOUX ITPOLECCOB. N B srom KOHTCKCTC, aBTOMaTHU3allusA
BBIXOJMT Ha MEpPBbIN MJaH. ABTOMAaTH3alMs MPOIECCOB MepepadoTKH U peduHUHTa HEPTH cTaja
KIIIOUEBOM  cTparerueil, obGecneunBaromell >(PpPEeKTUBHOCTb, TOYHOCTH U OE€30MacCHOCTh B
IMPOMU3BOJCTBCHHBIX OIICpAIHAX.

OcHoBHOM LEJIBKO aBTOMATHU3allUN B JAHHBIX IMIPOHECCaxX ABJIACTCA JOCTUKCHUC ONITHMATBEHOM
MPOU3BOIUTENIFHOCTH, MHUHUMM3AlUg PHUCKOB M  obOecriedeHue CTAaOMIBHOCTH — ONeparuid.
ABTOMaTH3a1Ms TIO3BOJISET HE TOJNBKO YJIYUIINTh Ka4€CTBO MPOAYKIMU U CHU3UTH ONEPALIMOHHBIE
U3JICPKKHU, HO M COKPATUTh BO3ACHUCTBUE UEIOBEUECKOro (pakTopa Ha MPOU3BOJICTBO, YTO OCOOEHHO
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aKTyaJIbHO B YCJIOBMSIX CIIOKHBIX U IOTEHLMAJIBHO ONACHBIX pabouux cpel. B naHHOMN cTaTbe MbI
MOJIPOOHO PACCMOTPUM COBPEMEHHBIE AaCHEKTHhl aBTOMATH3AI[MM IPOLIECCOB TEPEpadOTKU U
pedunuHra HeTH, BBIIBUM €€ POJIb U MPEUMYIIECTBa, a TAKKE PACCMOTPUM OCHOBHBIE BBI3OBBI U
MEePCIIEKTUBBI PAa3BUTHUS B ITON 00IACTH.

[Ipoueccel mepepaboTku U peduHUHTa HEPTH MPEACTABISAIOT COOOW CIIOXKHYIO U
MHOTO3TAIHYIO TOCIIEI0BATEIbHOCTh ONEPAlliid, HAPaBJICHHBIX Ha MpEeBpalleHue ChIpoil HehTH B
[IEHHBIE TPOAYKTHI C BEICOKOH J00aBIeHHON cTOMMOCThI0. O030p KITFOUEBBIX TAIOB MEPepabOTKH U
pebununra [1, 2] oOTpakaeT MHOrooOpa3We TEXHOJOTMH U METOJOB, HCIIOJIB3yEeMbIX B
IIPOMBIIIJIEHHOCTH IS MOJYYEHMsI IIUPOKOTO CIIEKTPa MPOJYKTOB — OT TOILIMBA O XUMHUYECKUX
KOMIIOHEHTOB.

[Ipouecc HauMHaeTcs C AUCTWUIALWHU, TAe HEPTENPOMYKTHl pa3feNsioTcs Ha (pakuuu c
Pa3IMYHBIMHU TeMIEepaTypHbIMU AuanazoHaMu. CIeayIonuM ATarnoM SBISETCS KPEKHHT, BKIIIOYast
KaTaJUTHYECKUN KPEKHHT, KOTOPBIA 0OecreuynuBaeT pa3aencHue 6oee THKENBIX YIJIEeBOJOPOIOB Ha
6onee nérkue. [locie 3TOro UIyT ATanbl THAPOOYUCTKH, THIPOKPEKUHTA, ATbKUPOBAHUS U APYTHUE,
KOKIbIH M3 KOTOPHIX HAlpaBi€H Ha YIIy4YllIEHUE KauyecTBa IPOJYKTOB U TOBBIIIEHHE HX
COOTBETCTBHS TPEOOBAaHUAM pbIHKA [3].

CIOXKHOCTH ¥ BBI3OBBI, CBSI3aHHBIE C KaKIbIM 93TallOM, HEPEIKO OOYCIIOBIICHBI
pa3sHOOOpa3HBIMU XUMHUYECKUMH M (PU3UUYECKUMHU CBOHCTBAMHU CHIPOW HE(TH. DTHU BBI30BBHI MOTYT
BKJIIOYAaTh B ce0s HEOOXOIMMOCTh O0ECHeueHHs] ONTHMAIBHBIX TEMIepaTyp W JaBJICHUH s
peaxiui, yrnpapieHHe KaTalu3aTopamu, MpeJoTBpalleHne 00pa3oBaHus OTJIOKEHUH U KOPPO3HH, a
Tak)ke COOI0ICHHE CTPOrMX HOPMATHBOB 110 OKPYKAIOIIEH cpefe.

CoBpemenHas HedTerazoBasi NPOMBIIUICHHOCTh AKTUBHO BHEAPSET aBTOMATH3AIMIO Ha
pasNMYHBIX ATanax mpoleccoB mepepaboTku u pedununra [4]. Ha ostane muctumisauuu u
(GpakIMOHUPOBAHUS HCIOJIB3YIOTCA ABTOMATUYECKHUE CHUCTEMBbl KOHTPOJIS U PEryJupOoBaHUs,
o0ecreurBaIIMe ONTUMalbHBIE IapaMeTpbl mpoueccoB. Jlas KpeKUHra MpUMEHSIOTCS
ABTOMATHUYECKUE KaTaTUTUUECKHUE PEAKTOPHI 5], criocoOHbIe MOAIEPKUBATh CTAOUITLHBIE YCIOBUS U
oOecnieunBath 6o0Jiee BhICOKYIO A3((HEKTUBHOCTD.

IIpumepoM aBTOMAaTHU3MPOBAHHBIX YCTPOMCTB MOXET CIYKUThb CHUCTEMAa MOHUTOPHHIA M
KOHTPOJISl MMapaMeTpOB THAPOOUYHCTKH, 0OECTIEeUMBAIONIasi TOYHOCTh PETYIMPOBAHUS PEAKLIMOHHBIX
ycaoBuil [6]. Ha »Tamax aJbKupoBaHUS M WM30MEpPU3ALUM TaKXKE IMIUPOKO HCIOIb3YIOTCS
aBTOMATHU3MPOBAaHHBIE CUCTEMBI JIJIs1 TOYHOTO JO3UPOBAHUS KaTalu3aTOPOB U PeareHTos [7].

ABTOMaTH3aIMs MPOLECCOB MEepepadOTKM U pePUHUHra IMPEeNOoCTABIAET 3HAUUTEIbHbIE
npeumyniectsa. [losbienre 3¢(HEKTUBHOCTH U TOYHOCTU PETYJIMPOBAHHUS MO3BOJISET JIOCTUTaTh
0oJs1ee BHICOKOW MPOU3BOIUTENBHOCTH M KauecTBa MPOIAYKIMHU. AHAIU3 JaHHBIX U UCIOJIb30BaHUE
QJIITOPUTMOB HCKYCCTBEHHOT'O MHTEJJIEKTa CIIOCOOCTBYIOT 00Jiee TOYHON ONTUMHU3ALIUN TPOIIECCOB U
CHIDKEHHIO OIMOoK [8].

VYiydiieHue KOHTPOJsS Haj MPOU3BOJICTBOM M OINEPAaTUBHOE PEArupoOBaHUE HAa H3MEHEHMS
napaMeTpoB 00€CHeYyMBAIOT MUHUMH3AIMIO PHUCKOB, CBA3AHHBIX C BO3MOXHBIMH aBapUHHBIMU
cutyanusMu. be3omacHOCTh mepcoHana M OKpYXarollel cpelbl TakkKe YCHIMBaeTcs Onaroaaps
YMEHBIICHUIO YEI0BEYECKOT0 BMEIIATEIbCTBA B ONIACHBIE OIEpallHH.

Tem He MeHee, BHEApEHUE aBTOMATH3aIlMU TAK)Ke COIPSHKEHO C ONPEeIEHHBIMH BBI30BAMHU.
Bo3moxHble TexHnYeckue cOou 1 npo0aeMbl ¢ KHOepOe30MacHOCThI0 MOTYT NPUBECTH K OCTAHOBKE
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MIPOM3BO/ICTBA U OTEHIIMAIBHBIM YIpo3aM JaHHbIX [9]. Kpome Toro, aBToMaTn3amusi MOXKET BbI3BATh
MoTepro pabounX MECT U CHIKEHHE CIpoca Ha KBATU(UIIMPOBAHHBIX CIICI[HATIICTOB.

BaxHOo noguepkHyTh, 4TO OajaHC MEXJIy aBTOMATH3alMe M 4YeJOBEYECKMM YydacTHEM
HeoOXxoauM i obOecriedyeHus TUOKOCTH, AaJalTHUBHOCTH W HAJAEKHOCTH IPOU3BOJCTBA.
YenoBeueckUid ONBIT M MHTYUIMS OCTAIOTCS BaXHBIMM (PaKTOpaMH IpPU NPUHATUU pEIIeHUil B
CIOXHBIX cutyanusx [10].

CoBpeMeHHbBIE TEHACHIUN B HE(TEra3oBoil MPOMBIIUIEHHOCTH YKa3bIBAIOT HA HENPEPHIBHOE
pa3BUTHE U MHHOBALIMU B 00JIACTH aBTOMAaTHU3allMU MPOLIECCOB NEpepadOTKU M pePUHUHTA HEPTH.
[Tpoekiusi TEXHOJOTHMYECKUX TPEHIIOB MOJpa3yMeBaeT JaJbHEHIIee YCHUJICHHE WHTEeTrpaluu
aBTOMATHU3AIMM Ha BCEX dTarax nmpousBojactsa [11].

B Oynymem, aBToMaTHu3anus MOXKET OKa3aTh 3HAYMTEIbHOE BJIMSHUE HA MPOU3BOJCTBEHHBIE
IpoIecchl U pe3ysbTaThl. Ilepexol K MOTHOCThIO ABTOHOMHBIM CUCTEMaM KOHTPOJIS, ONTUMU3ALUN
U YIpaBJIeHUs MOXXET NOBBICUTH 3(P(GEKTUBHOCTb, YCTPAHUTh OINEPATOPCKUE OUIMOKU U
MUHHMM3UPOBATh PHUCKH, CBA3aHHBIE ¢ yejoBedeckuM (axkropom [12]. IlpumeHeHue aHaIUTUKU
OOJIBIINX JJAHHBIX U UCKYCCTBEHHOTO MHTEJUIEKTA MO3BOJHUT TOYHEE MPEICKA3bIBAaTh M YIIPABISATH
IpoIeccaMy, yUUThIBas TIEPEMEHHBIC BHEITHUE (PAKTOPEI.

ABTOMaTH3AIMs CTAHOBUTCS KIIOYEBHIM (DaKTOPOM s TepepaboTKi U peUHUHTa HEPTH B
OyaymeMm. BaxHO TOHHMMAaTh, YTO 3TH HM3MEHEHHUS HE TOJBKO MOBBICAT 3((HEKTUBHOCTH U
HSKOHOMHYECKYIO COCTOSATEIBHOCTh, HO M TPUBEAYT K CHIIKCHHIO HETaTHBHOTO BIMSHUS Ha
okpy»katomtyto cpeny [13]. IlepcnexkTHBBl aBTOMAaTU3allMM OTPOMHBI, 1 OHA MOKET CTaTh OAHUM U3
KJIIOYEBBIX HUHCTPYMEHTOB B IOCTHKEHUU 1I€JIeH yCTOMUMBOTO Pa3BUTHUS OTPACIH.

3aKIII0YUTENbHbBIE MBICIIM O HEOOXOIUMOCTH HPOJOJDKEHUS MCCIEJOBAHUN M MHBECTULUH B
JaHHOM cdepe MOAUEPKUBAIOT BaXHOCTb HE TOJBKO BHEJAPEHUS, HO M IOCTOSHHOIO
COBEPIICHCTBOBAHMS ABTOMATH3UPOBAHHBIX CHUCTEeM U TexHoJorui. Oco3HaHWe 3HAYUMOCTH
OajmaHca MEXIy TEXHOJOTHUYECKUMH HWHHOBAIMSIMH ¥ YEJIOBEYECKHM MAaCTEPCTBOM ITO3BOJIAT
00ECTIeYnTh YyCTOMYNBOE Pa3BUTHE HE(PTEra30BOil MPOMBIIICHHOCTH B OyIyIieM
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B craTbe 00cyxknaroTcs NMpodJeMbl U BO3MOKHOCTH YNPABJEHHSA LEHTPOM 00padOTKH JaHHBLIX KaK Yy3J10M
HHTEeVIeKTyaJbHOii ceTH. CBfA3b MeXKAy CeTbI0 M LEHTPOM O0OpaGoTKM AaHHBIX MNPUHUMAaeT (opmy
HU3MeHsIoLIelicsl BO BpeMeHHU U 3aBHcsLIeil 0T moTpedsieMoii MOLIHOCTH LIEHbI HA 3J1eKTpo3Hepruio. PaccMoTpena
MO/ieJIb, YU THIBAIOLIAS KAK BBIYMCINTEIbHbIE, TAK H (PU3HYEeCKHe XaPAKTEPUCTHKH HEeHTPa 00padoTKH JaHHBIX,
a Takske UX B3ammopeiicTBue. O0cy:k1aTcs 1Ba MOAX0Ja K ynpapiaeHuio. IlepBblii moaxoa K ynpapjieHUIO He
YUYUTBIBACT B3aUMOJEHCTBHE MeXKIY BbIYUCJIHNTEJbHbIMU M TeluloBbIMH XxapakTepucrukamu O/, Bropoii
PeryJsiTop YYUTHIBAET CBSI3b MEMK/IY PACYETHBIMH M TeMJIOBbIMH XapaKTePHCTHKAMH.

Kmtouesble cioBa: LleHTp 00pabOTKM AaHHBIX, 3HEPrOCHCTEMa, SHEPrONOTPEOJICHUE, KOHOMUS 3JIEKTPO3HEPTHH,
3¢ PEKTUBHOCTD HCIOJIB30BAHUS NIEKTPOIHEPTUH, CTOUMOCTD JIIEKTPOIHEPTHH.

ENERGY SAVING IN DATA CENTERS

Paviov A.V., Khrustaleva M.S.
TVER STATE TECHNICAL UNIVERSITY, Tver, Russia (170026, Tver region, Tver city, Afanasiya
Nikitin embankment, 22), e-mail: sokolhawk98@gmail.com

The article discusses the problems and possibilities of managing a data center as a node of an intelligent network.
The connection between the network and the data center takes the form of a time-varying, power-dependent price
of electricity. A model is considered that takes into account both the computational and physical characteristics of
the data center, as well as their interaction. Two approaches to control are discussed. The first approach to control
does not take into account the interaction between the computing and thermal characteristics of the data center.
The second controller takes into account the relationship between design and thermal characteristics.

Keywords: Data center, power system, energy consumption, energy savings, energy efficiency, electricity cost.

KonnaecTBo 11eHTpOB 00paOOTKU MAaHHBIX 3HAUUTENHHO YBEITHYUIIOCH BO BCEM MHpE, YeMy
CHOCOOCTBYET pacTyIIMi CIpPOC HAa YCIYrd YAAJNEHHOTO XpaHEHHS W OOJavHBIX BBIYUCICHUU.
DHepronorpebiaeHue HEHTPOB 00pabOTKU TaHHBIX TAK)Ke 3HAUUTEIHHO YBEIHUMUIOCh. DP(EeKTUBHOE
MUTAaHUE W OXJIAXJCHHE IEHTPOB OOpabOTKM MaHHBIX TaKXKe CTall0 CEPbEe3HOW MPOOIEMOIA.
CoBpemennbie 1eHTpbl 00paboTku maHHbiX (LJO) morpebnstor okono 1-2% nsnmekTpudectsa,
BbIpabaTeiBaeMoro B mupe [1]. DHeprus, motpebasieMast 1711 BEIYUCICHUN U OXJIAXKICHUS, SIBIISICTCS
JOMUHUPYIOIIEH B yIIPABICHUH BpEMEHEM pa0dOoThI IEHTPa 00paOOTKHM TAHHBIX M AKCILTyaTal[HOHHBIX
pacxoiax, U Jlaxke HeOOJbUIONW MPOLEHT CHUXKEHUS HHEPronoTpeOsIeHHsT MOKET UMETh OO0JblIoe
BIIMSIHME HA YKOHOMHUKY JKCIUTyaTaIliu IIeHTpa 00pabOTKH TaHHBIX.
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Mepoii  >pPeKTUBHOCTH IIEHTpa OOpabOTKM JaHHBIX, OOBIYHO HCIIOJIB3YeMOH B
MIPOMBIIIJICHHOCTH, SIBJISIETCS 3P(EKTUBHOCTh HCIONB30BaHus 3Heprun (DUDJ) [2]. DUD nenrtpa
00pabOTKM JAaHHBIX OMpeAeNsieTcs KaK OTHOILIEHHE MEXIy oOmiell moTpelisieMoi MOIIHOCTHIO
LeHTpa OOpaOOTKM [aHHBIX W MOTPEOIIEMOM MOIIHOCThIO HH(OPMALMOHHBIX TEXHOJIOTHA.
3navenue DD, paBHoe 1,0, ykaspIBaeT Ha TO, YTO BCs MOTpeOIsieMas MOIITHOCTD IIEHTpa 00paboTKu
naHHbIX npuxonutcs Ha UT. 3nauenus DUD, coOpannHble Oojiee yeM B 60 pa3audHBIX IIEHTpax
00paboTKu NaHHBIX, 00cyxaatorcs B [2]. Cpennee 3nauenne DU cocrapmnset 2,03, BoceMb IIECHTPOB
00paboTKK JaHHBIX UMEIOT 3HaueHus DD Hiwke 1,5, a mecTh HeHTPOB 00pabOTKH JaHHBIX UMEIOT
3HayeHus: DD Boime 2,75. BOIbIIMHCTBO IIEHTPOB 00pabOTKU JaHHBIX UMEIOT 3HaueHust DU ot
1,5 no 2 [2]. Onaum u3 HeAoCcTaTKOB UHACKca DM sBiIseTCsS TO, UYTO OH HE MMOKA3bIBAET, HACKOJIBKO
3¢ (HEeKTUBHO UCTIONB3YIOTCS NHGOPMAIIMOHHBIE TEXHOJIOTHH.

C TOYKHM 3peHHs] SHEPTOCUCTEMBI OCOOCHHOCTSIMHU LIEHTPOB 00PaOOTKHU TAaHHBIX SIBJISIOTCS UX
BBICOKOE 3HAYEHHE PHEPronoTpeOseHUs] Ha KBAApaTHBIM METp W Maciitad BPEeMEHH, B KOTOPOM
SHEPromnoTpeOseHne MOXKHO KOHTPOJIMpPOBaTh, HAmpuMep, B MHUHYTHOM Macmrtabe. Ha
HEPETYJINPYEMOM PBIHKE AIEKTPOIHEPIHH LIEHA Ha 3JIEKTPOIHEPTUIO0 MOKET MEHATHCS CO BPEMEHEM,
a TaKKe B 3aBUCHMOCTH OT reorpauieckoro mojoxeHus. JKu3HecrnocoOHBIM METOIOM CHIKEHHS
M3MEHYHMBOCTH CTOMMOCTH D3JICKTPOIHEPTHH SBISIECTCS TpPeOOBaHME K HEKOTOPBIM IOTPEOUTEISIM
OrpaHUYMUBATh NOTPEOIICHNE AIEKTPOIHEPTHH 110 3aIPOCy OT ceTH. Takoil MeTo, y’Ke MpUMEHIEMbII
HEKOTOPBIMU HE3aBUCHUMBIMHM CUCTEMHBIMHU OIIEPATOPAMHU, HA3bIBAETCS IMPOrpaMMON pearupoBaHUs
Ha CIpOC.

Msl paccmaTpuBaeM cliydaid, OMHUCAaHHBIM B HCTOYHUKE [3], KOorja KOHTpOJUIEp IIEHTpa
00pabOTKM JaHHBIX MOXKET HCIIOJIb30BaTh JBa coriyamieHus o0 ypoBHe oOcmyxkuBanus. llepBoe
COIJIAIIEHUE PEryJHUpyeT A0XOJ LIEHTpa 00pabOTKM JaHHBIX Ha OCHOBE KadecTBa OOCITyKMBaHUS,
MIPEIOCTABIIIEMOTO 0JIb30BaTesIM. BTOpoe cornaiienue peryinpyer CTOMMOCTh 3IEKTPOIHEPTHH.
Paccmotpum citydaid, korja 1eHTp oOpaOOTKHM JaHHBIX y4acTBYET B IPOTpaMME pearupoBaHUs Ha
CHpPOC C AMEKTpoceThio. CBsI3b MEXAY 3JIEKTPOCEThIO U LIEHTPOM OOpabOTKH AAHHBIX MPUHUMAET
dbopMy H3MEHSIOMICHCS BO BPEMEHHM M 3aBHUCSIIECH OT NOTPEOIsIeMON MOIIHOCTH IIEHBI Ha
anekTposHepruto. IToka cpenHee sHepronorpedieHne eHTpa 00paboTKH TaHHBIX MOJIePKHUBAETCS
HIDKE TTOPOrOBOI0 3HAYEHMS, U3MEHSIOLIErocs BO BPEMEHH, LIEHTp 0OpaOOTKH JaHHBIX MOKYyIaeT
3JIEKTPOIHEPIUI0 MO CHMKEeHHOW 1eHe. Korjga cpeanee sHepromorpeOieHue LeHTpa oOpaboTKu
JAHHBIX TPEBBIIIAET M3MEHSIOUIMICS BO BPEMEHU IIOPOr, JIOTNOJIHUTENbHAs  OHEPrus
npenocTaBisercs 1o Oosiee BbICOKOW IeHe. CpelHue 3Hau€HUs SHEPronoTpeOJIeHHus LEeHTpa
00pabOTKHU JaHHBIX PACCUMUTHIBAIOTCS 3 33/IaHHOE BPEMEHHOE OKHO.

TexHonoruu 1EHTPOB 00pabOOTKH JaHHBIX MOKHO YCIIOBHO pa3feluTh HAa TpPU TPYMIIbL:
MH(OPMALIMOHHBIE TEXHOJOTMHM, CHCTEMbl OXJAXKIACHHS U TEXHOJOTMM MOJAepKKU [3.4].
WHudopmanroHHbIe TEXHOJIIOTUHU BKJIIOYAIOT B ce0sl CEpBEPHI, YCTPOWCTBA XPAaHEHUSI U KOMITOHEHTHI,
CBSI3aHHBIE C CEThIO, TaKMe KaK KOMMYTATOphl, OpaHIAMay3pbl M MapHIpyTu3aTopbl. CHCTEMbI
OXJIQXKJICHUS] BKJIIOYAIOT B ce0sl TakMe KOMIIOHEHTHI, KaK KOHIAMLIMOHEPHl MAIIMHHOIO 3aja U
BeHTHJIATOPHI. K Ki1accy BcrmoMoraTesbHbIX TEXHOJIOTHI OTHOCSTCS TaKHE YCTPOMCTBa, Kak OaTapeu,
reHepaTopbl PE3EPBHOIO MUTAHUS, UCTOUHUKU OecriepeOONHOro muTaHusi, OJOKH pacrpeseseHus
MUTAHUS U T. .

[lenTpsl 00paOOTKM JaHHBIX MPEACTABISIOT COO0OM KPYMHOMACHITAOHBIE CHCTEMBI C
MacimTabaMu BPEMEHH OT MUWJUIMCEKYHJ JO0 JAECATKOB MHUHYT. VCHOMHUTENbHbIE MEXaHW3MBI,
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KOTOpBIE MOTYT UCII0JIb30BaThCS AJITOPUTMAMHU YIIPABJICHUSI, HEOIHOPOAHBI 10 CBOEH NMPUPOJE, U X
3¢ eKThl aKTyaJdbHbl B Pa3IMYHBIX BPEMEHHBIX M IMPOCTPAHCTBEHHBIX Macmrabax. Hampuwmep,
METOJIbl  TMHAMUYECKOrO0  MAacCHITA0MPOBAHUSA  HANpPsDKEHUSs W YacTOThl  paboTalOT  Ha
MUJUIMCEKYHAHOM YPOBHE U BIUSIOT Ha SHEPronoTpelieHne oTAeIbpHOro cepeepa [5]. B macmrabe
CTOMKHM MUTpaIsi BUPTYaJbHBIX MAalIMH BJIMSET Ha YHEPronoTpedsieHne HEeCKOIbKUX CEpBEPOB U
paboraet B MUHYTHOM MacuiTabe [6]. B Takom cuieHapuu nepapxudeckas apXUTeKTypa yIpaBieHUs
SIBIIICTCSL JKEJIAaTeIbHBIM IMOAXOJOM K ympaBieHuto. Kak u B pabore [3], MBI paccmaTpuBaem
vepapxuyecKu-pacnpeesieHnbii noaxon k ympasieHuto [[OJ]. Ha camMom BBICOKOM YypOBHE
HepapXuM Mbl paccMaTpUBaeM LEHTPAIN30BaHHBIM KOHTPOJUIEP, HAa3bIBAEMbI KOHTPOJUIEPOM
1eHTpa 06pabotku ganHbX. KoHTpoiep nenTpa 00paboTKu JaHHBIX MPEAOCTABISIECT HAOOP TPAHHMII
U ONTHUMAJbHBIX YCTAaBOK JJII KOHTPOJUIEPOB Oojiee HU3KOIO YPOBHS, KOTOpbIE 3aTeM paboTaroT
He3aBHUCUMO Jpyr oT apyra [4]. OraenbHble CTOWKH WM HAOOpHI CTOEK MOJEIHPYIOTCS Kak
ornenbHble T-KOMIIOHEHTHI, Ha3bIBa€Mble 30HaAMU. B 3TOH cTaTbe paccMaTpuBaAETCS CaMblid
BBICOKHW YypOBEHb HEpapXuM M CBs3aHHas cereBas Mojenb. llepBasg ceTp Ha3bIBaeTcA
BBIUHCIIUTEIBHON CEThIO M ONPENENIAEeT B3aWMOCBS3b MEXJy BbIIIOJHEHHUEM pabouel Harpysku,
KAauecTBOM OOCIIy>)KMBaHHSI U KOJIMUYECTBOM 3HEPIHM, NMOTpeOisieMol Kakaoi 30HOU. Bropas cerb
HA3bIBACTCS TETUIOBON CETHIO U OMPEEIISET TETNIO0OMEH MEXly YCTPOHCTBaMU B LIEHTpE 00padOTKU
nannbix. Ha Pucynke 1 npencrasieno rpaduyeckoe mpeacTaBieHue npeajiaraeMoil MoIes.

BrrancinrensHasg ceTh

Vnpae.ieHue
pabogeii
Harpy3xoi

SHeprusa

Terosas ceTh

Pucynok 1 — CereBast Mozienb 1ieHTpa 00pabOTKHU TaHHBIX

30HBI UMEIOT KaK BBIYUCIUTENbHBIE, TAK U (PU3HUECKUE XapAKTEPUCTUKU. DTH XapaKTEPUCTUKU
IIPEJCTaBICHbl JBYMsI CBSI3aHHBIMM y31aMu. OOuH y3e€l MOJAEIUPYET BBIUUCIUTEIbHBIE
XapaKTepUCTUKH 30HBI, a IPYyroil y3en MojenupyeT pU3ndeckue XapakTepUCTHKHU 30HbI. [lepBbiit
y3€Jl OTHOCUTCS K BBIYMCIIUTEIBHON CETH, & BTOPOM — K TEIUIOBOM CeTH. st yIIpolLeHus 3aucu
OyZeM cuuTaTh, YTO JBa CBSI3aHHBIX Yy3J1a, NPEICTABIISIIONINX 30HY, UMEIOT OJUHAKOBBIH HHIEKC B
COOTBETCTBYIOIIHUX CETSX, T. €. I-i y3e] BBIYUCIUTEIBHOM CETH CBSI3aH C I-M y3JIOM TEIJIOBOH CETH.
Cpenn yCTpOMCTB B COCTaBe CHCTEMbI OXJIAXKACHHSI Mbl OCTAHOBUMCSI Ha 0JIOKax KOHAWIIMOHEPOB
MAaIIMHHOTO 3aja. J[pyrumu ycTpoiicTBaMu, TAKMMH KaK BEHTUJISITOPBI, MOXHO YIPaBIsATh Ha Oosee
HU3KUX YpPOBHSX HepapxuH. BiloK KOHIWIMOHEPOB MAIIMHHOTO 3ajla UMEET TOJIbKO (pu3Mveckue
XapaKTEPUCTUKHU, KOTOPBIE MPEICTABIECHbI OJHUM y3JIOM TEILUIOBOM CETH.
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Jlnist cHYOKEeHUS! TOTPeOJIeHUS AIEKTPOIHEPTUN HEOOXO0AUMO JTOOUTHCS SHEProcOepeeHHs Ha
Ka)XXJIOM YPOBHE HE€PAPXUYECKOU CUCTEMBI. TOJIBKO 3TO IPUBEIET K OULYTUMOM IKOHOMHH HE TOJIBKO
B LIO/I, HO 1 B cTpaHe, 0OecneunBaroIeii €ro AIEKTPOIHEPTUECH.
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BE3OIIACHOCTb U ABTOMATHU3AIIUA B YCJIOBUSIX HE®@TEI'A30BOM
MNPOMBIIIVIEHHOCTHA

Caun M.A., 'Caduyiianna A.®.

@I'EOY BO "KA3AHCKUH I'OCYJJAPCTBEHHbIH DHEPITETUYECKUW YHUBEPCUTET",
Kazanv Poccust (420066, Pecnybruxa Tamapcman, 2opoo Kaszans, Kpacnocenvckas yn, 0. 51), e-
mail: talsukizikay@gmail.com

CraThsl paccMATpUBaeT NPUMEHEHUs] ABTOMATH3MPOBAHHBIX CHCTEM B pa3jM4HbIX cdepax HedTera3onoit
HHAYCTPUU Ui o0ecneyeHusi 0e30MACHOCTH MEPCOHAJNIA W OKpY:Kauleid cpeabl NpH MaKCHUMAJIbHO
3¢ pexTUBHOCTU. BHIABIAAIOTCH HEIOCTATKH U NPEMMYILIECTBA HHHOBAIMOHHBIX TEXHOJIOT U, HCIO0JIb3yeMbIX JIJIsI
MHHMMM3ALUH PUCKOB U NMOTEPHh B NPOMBIIIEHHBIX MPOLEcCaX.

Kirouesbie cnoBa: HedrerazoBas orpacnp, aBTOMaru3anusi, 0e30MacHOCTh, MHUHHMH3AIMS PHCKOB, HMHHOBAIIWH,
YCTOHYMBOE Pa3BUTHE.

SAFETY AND AUTOMATION IN THE OIL AND GAS INDUSTRY

Safin M.A., 1Safiullina A.F.
KAZAN STATE POWER ENGINEERING UNIVERSITY, Kazan, Russia (420066, Republik of
Tatarstan, Kazan city, Krasnoselskaya street, 51), e-mail: talsukizikay@gmail.com

The article examines the use of automated systems in various areas of the oil and gas industry to ensure the safety
of personnel and the environment with maximum efficiency. The disadvantages and advantages of innovative
technologies used to minimize risks and losses in industrial processes are revealed.

Keywords: Oil and gas industry, automation, safety, risk minimization, innovation, sustainable development.

HedrerasoBass NpoOMBIIUIEHHOCTb, SBISSICH OJHOM M3 KIIIOYEBBIX OTpaciied MHpPOBOM
HSKOHOMHKH, 0OecleurBaeT CHaOKeHUe HHepropecypcamu, HeOOXOAMMBIMM JJIsl pa3IMyHbIX cdep
#U3HU. OJTHAKO 3TOT BAXKHBIM CEKTOP TAKXKE COINPSDKEH C PSAJOM CEPbE3HBIX BBI30BOB, BKIIOYAs
CJI0’KHBIE TEXHUYECKHE MPOLIECCHI, OITACHOCTH JUISl OKPYXKAIOIIEH CPEIbl U YEIOBEUECKOTO 3/I0POBbSL.
B KOHTEKCTE CTPEMHUTENBHO pa3BUBAIOIIEHCS TEXHOJOTMYECKOW 3IMO0XM aBTOMATH3allUds WUIPAeT
pelIaroIyto poiib B o0ecredeHny 0e30nacHocTy 1 3((HEeKTUBHOCTH B He(TEra30BOM OTpACIIH.

Ota cTaThsd MOCBsIIEHa TITyOOKOMY aHalaM3y B3aUMOCBSA3H MEXAYy O€30MacHOCThIO U
aBTOMaTH3alnuel B HedTera3oBoi MpoMbIieHHOCTH. COBpEMEHHbIE TEXHOJIOTHUYECKHE PELICHUS U
WHHOBAIIMM TE€pEeBOPAaYMBAIOT MPHUBBIYHBIE MPEACTaBICHUS O IPOU3BOJICTBEHHBIX Ipolieccax,
MIPEIOCTaBIIsASS BO3MOXKHOCTH TOBBIIIEHUS 3(P(GEKTUBHOCTH M MHUHHMM3AIMK pPUCKOB. B nanHOM
CTaTh€ MBI PACCMOTPUM KJIIOUEBbIE ACMEKTHl BIMSHUS AaBTOMAaTHU3allMd Ha O€30MacHOCTh B
He(TerazoBoi OTPaCiH, a TAKKe MPOAHATU3UPYEM BBI30BBI U PUCKHU, KOTOPBIE MOTYT COIIPOBOKIATh
9TOT IYTb.

32


http://www.openaccessscience.ru/index.php/ijcse/

Cadunr M.A., Capuymmnna A.®. A. be3onacHOCTh U aBTOMATH3AIUS B YCIOBUSX He(TerazoBoii
MPOMBIIITICHHOCTH // MeXTyHapOIHBIH Ky pHAIT HH(POPMAIIMOHHBIX TEXHOIOTUH 1
sHeprodddexTuBHOCTH. — 2023. —

T. 8 Ne 8(34) c. 32-36

[Mpomeccel  aBTOMaTM3amMu ©  OE30MACHOCTH B HEPTETra30BOH  MPOMBINIIICHHOCTH
MPEJICTABIISIOT  CJIOKHOE B3aUMOJICHCTBUE MEXKIY TEXHOJIOTHUYECKUMU JOCTHKCHHUSIMH U
YeJI0Be4eCKUM OIbITOM. C OIHOM CTOPOHBI, aBTOMAaTH3aIUsl CIOCOOCTBYET UCKIIOYEHUIO OUTHOOK U
MUHUMU3ALUN PUCKOB, a C APYroil — oHa TpedyeT TIIATEIbHOIO YIPaBICHHsI U KOHTPOJIS, YTOObI HE
0CJIa0UTh POJIb YeJIOBEKa B 00eCIIeueHUH OE30IacCHOCTH.

B coBpeMeHnHoit HedTerazoBoi NPOMBILIUIEHHOCTH, TJI€ CJI0KHBIE TEXHOJIOTMYECKHE MPOIECChI
U BBICOKME CTAaHJIAPTHl OE30MaCHOCTH WIPAIOT PEIIAONIYI0 POJb, aBTOMATH3allds CTAHOBUTCS
KITFOUEBBIM HMHCTPYMEHTOM Ui OOecreueHuss 0e30MacHOCTH omepanuil. B maHHOW cTaTbe MBI
paccMOTpHM, KaKk aBTOMATHU3AIMs BIUSET HA oOecriedeHre 0€30MacHOCTH B ATOM OTPAcii, a TaKKe
BBISIBUM BBI30BBI U PUCKH, CBS3aHHBIE C 3TUM IPOIIECCOM.

ABTomatu3anus B He(hTerazoBoii MPOMBIIIICHHOCTH MPEACTABISAET COO0N CHCTEMHBIH MOAX0T
K ONTHMHU3AIMU OIEpaluii, COKpPAIICHUIO YeIOBEUYECKOr0 BMEIIATEIbCTBA U CHIKEHUIO PUCKOB
yenoBeveckux omuoOok. [lyTem npumeHeHHs] aBTOMaTU3UPOBAHHBIX CUCTEM B Pa3IU4YHBIX cepax,
oT OypeHus A0 nepepaboTKu, OTPACIb CTPEMHUTCS K MOBBIICHUIO 3()PEKTUBHOCTH U OJIHOBPEMEHHO
K oOecrieueHHI0 0E30MacHOCTH MepCOHANa U OKpYKaromei cpenbl. [Ipumepom Takoi B3auMOCBSI3U
MOXKET CIIY)KHTh BHEJIPCHHE aBTOMATH3UPOBAHHBIX CHCTEM KOHTPOJS W pearupoBaHHs Ha
MIPEIYTIPEKACHHS, YTO ITO3BOJSET ONEPATHBHO MPEAOTBpAINATh aBApUA U MHUHHUMH3UPOBATH HX
nocaenacTsus [1].

Texnonoruueckue pemieHust Ajisg oOecrieueHus: 0e30MacHOCTH B YCIOBUSAX aBTOMAaTH3AI[UU
BKJIIOYAIOT IIHUPOKHHM CHEKTP HWHHOBALMOHHBIX METOM0B. CEHCOpHBIE CHUCTEMBI M CHCTEMBbI
MOHHUTOPHHTA UTPAIOT BAKHYIO POJIb B PAHHEM BBISBICHUU MOTCHINATBHBIX aBApPUUHBIX CUTYAIIHA,
obOecrieurBasi  BO3MOXKHOCTH ~ OBICTPOTO  pearrpoBaHUsl W  MHUHHUMH3AIMM  yrpo3  [2].
ABTOMATH3UPOBAHHBIC CHCTEMBI MOKAPOTYIICHUS W aBAPHIHOTO OTKIIOYCHHS O0OpYJIOBaHUS
TrapaHTUPYIOT OMEPaTUBHOE BMEIIATEIHCTBO JaXKe B YCIOBHUSIX IKCTPEMATBHBIX COOBITHUN, CHIKAS
PHUCKHU Ui NepcoHana U okpyxatomei cpenbl [3]. IlpuMeHeHNe MCKYCCTBEHHOTO MHTEIUIEKTa U
AHATUTUKUA JAHHBIX B MpEJCKa3aHUU TMOTCHIMAIBHBIX yrpo3 O€30MacHOCTH IO3BOJIIET CO3/1aTh
MIPEBEHTUBHBIC MEPHI, HAIIPABJICHHbIE HAa UCKIIIOYCHNE aBapUITHBIX CUTYyAIlMii Ha paHHUX dTanax [4].

Tem He MeHee, C pa3BUTHEM aBTOMATHU3AIMM HEU30EKHO BO3HUKAIOT BBI3OBHI U PHUCKHU.
Texuudyeckue cOOM M HEJOCTATKM B CHCTEMaxX aBTOMATH3aIMUd MOTYT MPHUBECTH K CEPhE3HBIM
MOCIEACTBHM, BILIOTh IO aBapHiHBIX cuTyanuii. Kpome Toro, kubepbe30mnacHOCTh CTAHOBUTCS BCE
0osee akTyallbHOUM MPOOJIEMOIl B KOHTEKCTE aBTOMATH3WPOBAHHBIX CHCTEM, TPeOysl MOCTOSHHOTO
MOHUTOPHUHTA M 3alIUTHI OT kubeparak [5]. HeoOxoauMo Takke y4UTHIBATh, YTO aBTOMATH3AIUS
MOXET BBI3BAaTh COKpAIeHHE pab0odYMX MECT M M3MEHEHHE POJIM YeIOBEKa B MPOU3BOACTBEHHBIX
mporieccax, 4To, B CBOIO 04YEpPe]lb, MOKET IMOBIIUATH HA aCTIEKTHI 0€30MMacHOCTH [6].

[TapannensHo ¢ O€3yCIIOBHBIMA NPEUMYIIECTBAMH aBTOMATHU3allMd B  OOCCIICYCHHUH
0e30MmacHOCTH HePTETra30BOM MPOMBIIUIEHHOCTH, 3TOT MPOIIECC TAKKe COMPSHKEH C PSOM BBEI30BOB
Y MOTEHIIUATBHBIX PUCKOB. TeXHUUYECKHEe COOU U HEJOCTATKU CUCTEM aBTOMATHU3AIMd MOTYT UMETh
Cepbe3HbIe MOCIEACTBUS sl Oe3omacHocTH. Hanmpumep, HempaBuibHas KaaTuOpPOBKa CEHCOPOB MITH
cObolf B anroputMax YIpaBlieHHS MOTYT MPUBECTH K HEAJCKBATHBIM PEAKIUSM Ha aBapHfHBIE
cutyaruu  [7]. Taxxe, HecMOTpsi Ha Bce YyCWIMS B oOecrmedeHMH KuOepOe30macHOCTH,
ABTOMATHU3MPOBAHHBIC CHCTEMBI OCTAIOTCS YS3BUMBIMH I KHOepaTak, YTO MOXET TPUBECTH K
HEKOHTPOJIMPYEMBIM OIEPAIHSIM U MTOTCHIIMATBHBIM aBapusM [8].
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OnHMM W3 OCHOBHBIX BBI30BOB SIBIISIETCS OamaHC MEXKIYy aBTOMATH3allMed W YEeIIOBEYCCKHM
(dakTopowm. [Iporiecc aBToMaTU3aIIMK MOKET BHECTH HEOTIPEICIICHHOCTh B CTPYKTYPY pabOUnX MECT,
YTO MOXET B CBOIO OYepe/b MOBIUATh Ha 00U ypoBeHb Oe3ormacHoCTH. [loTeps ompeneneHHbIX
pabounx MeCT WJIM HEyJayHOE BHEJIPEHHUE aBTOMATH3allUd MOJKET YBEIMYUTh PUCK, MOCKOJIBKY
YeJIoBeuecKass MHTYHITUS M MaCTEPCTBO OCTAIOTCS HECPAaBHEHHBIMHU B psijie CUTyaruit [9].

C npyro¥ cTOpoHbI, 00y4YE€HHE U TIOJITOTOBKA MEPCOHAJIA CTAHOBATCS KPUTHIECKH BaXKHBIMU B
yCIIOBUSAX aBTOMaTH3auu. Oneparopsl ¥ HHKCHEPHI JTOKHBI 0071aaTh HAaBBIKAMH, HEOOXOTUMBIMH
JUISE MOHUTOPUHTA W YIPABICHUSI aBTOMATHU3UPOBAHHBIMH CUCTEMaMH, a TaKke it 3PEKTUBHOTO
BMELIATEIbCTBA B Cllydae BO3HMKHOBEHMsS HemnpenBuacHHbIX curyanuil [10]. Yenoseueckoe
MacCTEepPCTBO M MHTYHIIUS OCTAIOTCS HEMPEB30WIEHHBIMH B CIIOCOOHOCTH PEarupoBaTh Ha CIOKHBIC U
JUHAMHYHBIE CUTYyallMH, YTO JAeNaeT OoO0ydeHHe MepCoHaja BaKHBIM KOMIIOHEHTOM O0ecreyeHUs
0€30IaCHOCTH.

[IpakTuka ycreurHoi WHTErpaly YeloBeKa U TEXHOJOTHH B 0€30macHOCTh HedTerazoBoi
MIPOMBIIIJICHHOCTH JEMOHCTPUPYET, 4TO CcOaJaHCHPOBAaHHBIA MOJIXOJ MMEET Ba)KHOE 3HAUYCHHE.
Hampumep, omepatopsl ¥ aBTOMaTH3MUPOBAHHBIE CHUCTEMbl MOTYT paboTaTh B NApPTHEPCTBE,
UCIIOJNIB3Ysl TMPEUMYIIECTBAa O0OMX. B TakoM COTpYyJAHHYECTBE ABTOMATH3MUPOBAHHBIC CHUCTEMBI
BBITIOJIHSIFOT MOHOTOHHBIE WJIM OIACHBIC 33/1aud, a YEJIOBEK NMPUHUMAET PEIICHUs] B CIOXKHBIX U
HeCTaHJAPTHBIX cuTyarusax [11].

TexHOoMOrMYeCcKre MHHOBAIIMKM HAMEYAIOT 3HAYUTEIbHBIC H3MEHEHUS B c(hepe O€30macHOCTH U
aBTOMAaTu3aluu. Pa3BuTHE CEHCOPHBIX CUCTEM, HCKYCCTBEHHOTO MHTEIIEKTA U AaHATTUTHUKU JaHHBIX
MO3BOJIUT CO37aBaTh 0oJiee TOYHBIE M OBICTPBIE CHUCTEMbI MOHHMTOPHMHTA M pPEarMpoBaHUsS Ha
aBapuiiHble cuTyaruu. [IpuMeHeHne po6OTHU3alMU U aBTOHOMHBIX YCTPOUCTB MO3BOJIHUT BBITIOIHATH
OTacHbIC 3a/1auu 0€3 PUCKa JIsl YeTTOBEYECKOM KU3HU .

TenaeHuu B pa3BUTUM CHUCTEM OE€30MACHOCTH OKAa3bIBAIOT CHJIBHOE BIMSHHE Ha
He(pTera3oByr0 MPOMBIILUIEHHOCTh. JBOJIOLUUS CHUCTEMbl MOHUTOPWHIAa M KOHTPOJS TO3BOJISIET
oreparopaM pearupoBaTh Ha HU3MEHSIONIMECS YCJIOBHUS Olepalui, yiydiias Oe30macHOCTh U
npenoTBpaiias aBapuu. [lepexon k udpoBsM m1aThopMaM U 00TaYHBIM PEIIEHUSIM 00eCTeunBaeT
6oree > deKTUBHOE yMpaBiICHHE JaHHBIMH U OMEPATUBHYIO OOpPaTHYIO CBSI3b, UTO CHOCOOCTBYET
0oJlee HaIEX)KHOM 0€30ITaCHOCTH.

[TonBeneHnue UTOTOB MOAYEPKUBAET BAXKHOCTh aBTOMATH3aIlMU B 00ECTieueHnH 0€30MacHOCTH
He(Tera3oBo  MPOMBIIUIEHHOCTH. ABTOMATH3aIlMsl  IO3BOJSET MHUHUMHU3UPOBATh  PHUCKHU
YyeloBeueckoro (¢akropa ¥ yJIydlllaTh OMNEPAIlMOHHBIE CTaHAApThl, CHUXas BEPOSITHOCTH
YeJIoBeuecKnX omuook. OqHAKO BXKHO TMOICPKUBATH OAlaHC MEXYy aBTOMATH3aIMEH U POJIbIO
YEJIOBEKA, TaK KaK YHUKAJIbHBIC HABBIKA M OMBIT YEJIOBEKa BCer/a OyAyT IIEHHBIMU B 00€CTICUeHUN
0e30IaCHOCTH.
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NCCIEJOBAHUE MUKPOCEPBUCHOI'O TIOJAXOJA K PABPABOTKE
APXUTEKTYPbI IPOI'PAMMHBIX CUCTEM

Kotios B. H., ! ®upcosa C. A.

®Ir'50yY  BO "HAIJHOHAJIbHBIH ~ HCCJIEQOBATEJIbCKHHM ~ MOPIJOBCKHH
I'OCYJAPCTBEHHbBIH YHUBEPCHUTET HM. H.II. OIAPEBA", Capanck Poccus (430005,
Pecnybnuka ~ Mopoosus,  ecopoo  Capanck,  Boavwesucmcxkas — yr.,  0.68),  e-mail:
Ykarpushkinasa@yandex.ru

B crarbe omnmchIBaeTcsi MHKPOCEPBHCHBIN IOAX0A K pa3padoTKe NPOrpaMMHBIX CHCTeM. YKAa3bIBalOTCH
NMpeuMyIlecTBa U OTPAHMYEHHs] JAHHOIO MOAX0/Aa B CPAaBHEHHH € MOHOJIHTHON apxurtektypoil. IlpuBoautcs
NMpUMep pelieHusl, 0CHOBAHHOI0 HA TPUMEHEeHHH MUKPOCEPBHCHON apXUTEKTYPbI, B KOTOPOM JIeMOHCTPHPYeTCs
HACTPOIiKa B3anMOelcTBHS MeKAY IBYMS He3aBHCHMbIMHU CePBHCAMH Ha 0CHOBe mpoTokoa gRPC.

Kirouesbie cnoBa: Pa3paboTka mporpaMMHBIX CHCTEM, MOHOJNMTHAS ApXUTEKTYpa, MHKPOCEPBHCHAs apXHTEKTypa,
MIPOTOKOJI YAAJIEHHOTO BBI30Ba MPOLEAYD, SA3BIK MporpaMmupoBanus C#.

RESEARCH OF MICROSERVICE APPROACH TO THE DEVELOPMENT OF
SOFTWARE SYSTEMS ARCHITECTURE

Kotlov V. N., 'Firsova S. A.,

"NATIONAL RESEARCH MORDOVIA STATE UNIVERSITY. N.P. OGAREVA", Saransk Russia
(430005, Republic of Mordovia, Saransk city, Bolshevistskaya street, 68), e-mail:
karpushkinasa@yandex.ru

The article describes a microservice approach to the development of software systems. The advantages and
limitations of this approach in comparison with monolithic architecture are indicated. An example of a solution
based on the use of a microservice architecture is given, which demonstrates the configuration of interaction
between two independent services based on the gRPC protocol.

Keywords: Software systems development, monolithic architecture, microservice architecture, remote procedure call
protocol, C# programming language.

B coBpemenHOM MHGOPMAITMOHHOM OOIIECTBE, /1€ TEXHOJIOTHUECKHE TPeOOBaHMSI IIOCTOSTHHO
HBOJIIOIIMOHUPYIOT, pPa3paboTka MPOTPAMMHBIX CHCTEM CTajla HEOThEeMJIEMOW COCTaBISIONIEH
Ou3Heca © TexHWYeckoro mporpecca. OIHAKO C POCTOM CIIOKHOCTH TPUIOKEHUH U
HEOOXOIMMOCTBIO YAOBIETBOPATh PA3TUYHBIM TMOTPEOHOCTSAM TMOJIB30BATENCH, TpPaTUIIMOHHBIC
APXUTEKTYphl TMPOTPAMMHBIX CHCTEM CTAJIKHUBAIOTCS C BBI30BAMH, KOTOPBHIE OKAa3bIBAIOT
OTpaHUYMBAIOIIIEE BIUSIHIE HA UX YD (PEKTUBHOCTE.

MoHoIUTHAS apXUTEKTypa SBISETCS CTAHAAPTHON MOJETBI0 Pa3pabOTKH TPOTrPaAaMMHOTO
obecriedeHus, B KOTOPO#l pa3zpabaThiBaeMasi MporpaMMHasi CUCTEMa MPEICTaBIseT co00i eAnHYIO,
KPYITHYIO ¥ aBTOHOMHYIO CUCTEMY, (DYHKIIMOHUPYIOIIYIO HE3aBUCUMO OT JPYIHX MpuioxeHui [1].

37


http://www.openaccessscience.ru/index.php/ijcse/
mailto:karpushkinasa@yandex.ru

Kotos B. H., ®upcosa C. A. MccnenoBanre MUKPOCEPBUCHOTO MOAX0/1a K pa3paboTke
aApXUTEKTYPbI MPOTPAMMHBIX cUCTeM // MexXITyHapOoJHBIN KypHaAJI THPOPMALIMOHHBIX TEXHOJIOTHHA U
sHeprodddexTuBHOCTH. — 2023. —

T. 8 Ne 8(34) c. 3747

IIpu naHHOM NOAX0/1€ BCE OM3HEC-3a/1a4l OOBEINHAIOTCS B OAHON O0JIBIION BBIYMCINTENBHON CETH
¢ enuHOM Oa3oii koma. Hampumep, Ha prcyHKe | MOKa3zaHO MPHUIIOKEHHE, TOCTPOCHHOE Ha OCHOBE
MOHOJIMTHON apXUTEKTYphI, BKIIFOUAIOIIee MMoJib30BaTesibekuit natepdeiic (User Interface), yposeHs
noctyna k gmanabiM (Data Access Layer), 6usaec-oruky npuioxkerust (Business Logic), kotopsie
(GYHKIIMOHUPYIOT B OJJHOM BBIYMCIUTEIBHOM ceTH. JJaHHOE MPHUI0KEHUE B3aUMOJICHCTBYET ¢ 6a30i
JIaHHBIX, PACTIOIOKEHHON, BO3MOXHO, B IPYTO# BEIYMCIIUTEIILHON CETH.

Pucynok 1 — MoHOAMTHAs apXUTEKTypa IPOrpaMMHOI CUCTEMBI
Hcmounuk: Aemopckutl mamepuar

MOHOIUTHYIO apXUTEKTypy yAOOHO MpUMEHSATb Ha paHHUX JTanmax paboTel Haj
IIPOrpaMMHBIMU IIPOEKTAMHU, YTOOBI 00JIEIYUTh Pa3BepThIBAHUE TPOrPAMMHOM CUCTEMBI U U30eXkKaTh
U3JMIIHAX TPYAO03aTpaT Mpu yrpaBieHUH Kojom [2]. OHa mo3BONISET cpa3y MPeICTaBUTh BECh
(YHKIMOHAJ MPUIOKEHHS B OTHOM MOHOJIUTHON CYIIIHOCTH.

[IpenmyniecTBa MOHOJIUTHOW apXUTEKTYpbl puBeAeHb! B Tabmuie 1:

Tabnuna 1 — [IpenmyiiecTBa MOHOJIUTHOM apXUTEKTYPbI

Ha3zpanue Onucanue

IIpoctoe pa3BepThiBanue | Mcnonb3oBaHME €AMHOTO HCHOJHAEMOro (Qaiina wuiaM Karajora
YIPOIIAET IPOLECC Pa3BEPTHIBAHUS TPHIIOKEHHUS

VYnpomennas pa3padborka | [Ipumokenne mnpome paspabaTeiBaTh, KOTJa OHO CO3JaHO C
UCTIOJIB30BaHUEM EIMHOM 0a3bl KOa

Bricokas [lenTpanu3oBanHas 0a3za Koja U PENO3UTOPUN TO3BOJISIOT OJHOMY

MIPOU3BOUTEIBHOCTD untepdeiicy APl BeIMONHATH PYHKIMH, KOTOPbIE B MUKPOCEpBHUCAX
MOTYT BBIIIOJIHATE MHOrOouncieHHble AP

VYmpoiueHHoe MoHOMUTHOE  NPUJIOKEHHE  TPEACTaBIsgeT co0oil  eauHyro

TECTUPOBAHUE LEHTPAJIU30BAaHHYI0  CUCTEMY, UYTO  YIPOILIAET IPOBEIAECHUE

CKBO3HOI'0 TECTUPOBAHUA II0 CPABHCHUIO C paclnpeaciCHHbBIMA
MMPUTTOKCHUAMU

VY noOHast otTianka Bech ko1 HAaXOUTCS B OJHOM MECTE, YTO YIIPOIIAET MOUCK MpolIemM

H IIPOBCIACHUC 3aITPOCOB

Hcemounuk: Aemopckutl mamepuarn

Tem He MCHCC, MOHOJIMTHAsA ApXUTCKTypa TAKKEC HMMCECT CBOU HCAOCTATKU U OTpPAHUYCHUA,
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KOTOpBIE IIpecTaBieHbl B Tabmuie 2:
Tabnuma 2 — HemocTtaTku MOHOJIMTHOW apXUTEKTYPhI

HazBanmue Onucanune
CHuxeHue CKOpocTH | boibiroe MOHOTUTHOE PUITOKEHHUE YCIIOXKHSICT M 3aMeJJIseT
pa3paboTKu polecc pa3paboTKu, 0COOCHHO IpU paboTe B KOMaHIe

Tsxenast MaclITabUpPyeMoOCThb

Hepo3moxxHO MaCLHTaGI/IpOBaTB OTACIBHBIC KOMIIOHCHTHI

MOHOJIMTHON apXUTEKTYPhI, YTO MOKET CTAaTh MPOOJIEMOH MTPH
o0paboTke OONMpIIMX OOBEMOB MJAHHBIX M HArpy3oK Ha
CUCTEMY

Cnabas OTK&3OYCTOI>1‘IHBOCTB Omubka B OIHOM MOIOYJIE MOXET IIOBJIUATH HA JOCTYIIHOCTDH

BCET0  MPUJIOKEHMS, YTO JeJlaeT MOHOJIUT  MEHee
OTKa30yCTOMYUBBIM
CnoxHOCTh BHeIpeHHs HOBBIX | JIoOble wW3MeHeHWss B HH(pACTpyKType WM  sI3BIKE

TEXHOJIOT Ui pa3pa60TKH CKa3bIBAIOTCA Ha IMPUIOXKCHUU LCIUKOM, YTO
MOKCT TIPUBCCTH K OOMNOJHUTCIBHBIM 3aTparaM IIpu

BHECECHUHU U3MCHCHHUH B KO

OI‘paHI/IquHaﬂ ruOKOCTh Bo3MOXXHOCTH  MOHOJUTHBIX HpHJIO)KCHI/Iﬁ OI'paHHUYCHBI
HCIOJIB3YCMBIMH TCEXHOJIOTHUAMHU, UYTO MOXET OI'PAHUYUTH

MNPUMCHCHUC MHHOBAIITMOHHBIX TEXHOJIOTHI

Heobxonumoctsb nojgHoro | Buecenne nmaxke HEOONBIIMX  W3MEHEHHH  MOTpedyer

pa3BepThIBAHUSA IIOBTOPHOI'O pa3BepTHIBAHUA BCETO MOHOJIUTHOT'O
OPUJIOKEHUsI, YTO MOXET 3aMEeIUTh IPOILECC  €ro
OOHOBIIEHUS

Hcemounuk: Aémopckuil mamepuan

B mowuckax Oonee >(PEKTUBHBIX pPEIMICHUA W TIPEOJOJICHUS OTPAaHUYCHHH MOHOJUTHOMN
apXUTEKTYphl, pa3pabOTUMKH BCe yalle oO0pallaroT B30p K MHKPOCEPBHUCHOW apXHUTEKTYpeE.
MuxkpocepBucHasi apXUTEKTypa MpeACTaBiIseT Cco0OM COBpEeMEHHBIH METOJ OpraHu3aluu

aApXUTEKTYpbl IMPOTPAMMHOIO OOECHEeYeHHUs, KOTOpPBIM CTPOMTCS Ha OCHOBE HE3aBHCHMO
pa3BepThIBAEMBIX CIIyKO, Ha3zpiBaeMbIXx MuKpocepBucamu [3]. Kaxaplii MHUKPOCEPBUC BBIMOJHSET
KOHKPETHYI0 (DYHKIIMIO U MOKET paboTaTh aBTOHOMHO, UMesI CBOIO 0a3y JAaHHBIX M COOCTBEHHYIO
ousHec-noruky (PucyHok 2). 1o 03Ha4aeT, 4yTo KaxIas CiIy:k0a B MUKPOCEPBUCHOU apXHUTEKType
MOXET pa3padaThiBaTbCs, OOHOBIATHCSA, TECTHPOBATHCS M MAacIITAOMPOBATHCS HE3aBUCHUMO OT
Opyrux ciayx0. BsaumopeiicTBue MeXIy MHUKpPOCEPBUCAMHU IPOUCXOIUT IMOCPEACTBOM YETKO
OTpe/ieNIeHHBIX MHTEp(EcoB, YaCTO HUCIONB3YIOMIUX JETKOBECHBIE MPOTOKOJbI, Takue kak REST

API unm coobmieHnit Ha OCHOBE oUepeieit.
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Pucynok 2 — MukpocepBUCHast apXUTEKTypa MPOTPAMMHOM CUCTEMBI
Hcmounuk: Aemopckutl mamepuar

[MpeumyiecTBa MEKPOCEPBUCHO apXUTeKTypbl BKItouatoT (Tabmuna 3):
Tabnuua 3 — [permyIiecTBa MUKPOCEPBIUCHON apXUTEKTYPbI

HazBanue Onucanue

['ubxocTh pa3zpaboTku Kaxxnas cioy»6a MoxxeT ObITh pazpaboTaHa HE3aBHUCHUMO OT APYTUX
CITY>K0, UTO YNPOIIAET U YCKOPSIET MPOIIecC pa3padoTKu

JlerkocTh [Tpu yBenmWYeHWHM HArpy3KH Ha KOHKPETHYIO CIIyk)O0y, €e MOXHO

MacIITabupoOBaHUS MacImTabupoBaTh OTAEIBHO OT JPYTUX CIYKO, YTO TO3BOJISET
ONITHMH3UPOBATh BCEBO3MOXKHBIC PECYpPCHI, 3aTpayrBacMble Ha
MacIITabupoBaHuE

VYy4mienHas [Ipu oTkaze omHOW U3 CHYXkO, ApyrHe CIy>KObl MPOIOHKAT

OTKa30yCTOMYUBOCTh (GYHKIIMOHUPOBATh HOPMAJIbHO, YTO TMOBBIMIAET HA/IEKHOCTH BCe
CUCTEMBI

JlerkocTh BHeApeHus | Kaxnas cimyk06a MOKET MCTOJIb30BaTh COOCTBEHHBIC TEXHOJIOTHH,

HOBBIX TEXHOJIOTHH YTO yMPOIIAET BHEAPEHUE HOBBIX TEXHOJIOTHI B CHCTEMY

VYydmenHas Komanapl pa3paboTYMKOB MOTYT OBITH CIEHUATH3UPOBAHBI Ha

OpraHu3aIys KOMaH/IbI OTpeeNIeHHBIX  CIyk0ax, YTO CIOCOOCTBYET  IOBBIMICHUIO

MNPOU3BOAUTCIIBHOCTU H CIIOCOOHOCTH GBICTpO pcarupoBatb Ha

N3MCHCHUA

Hcmounuk: Asmopckuti mamepuarn
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[Ipy uCNONB30BaHUM MUKPOCEPBHCHON apXUTEKTYpPhl CIEIyeT YYUTHIBATH CIEAYIOIIUE
ocobennocTH eé nmpumenenus (Tabmuia 4):
Ta6muua 4 — OcOOCHHOCTH IPUMEHEHHUSI MUKPOCEPBUCHON apXHUTEKTYPhI

HazBanmue Onucanune

VYnpasieHue cnoXHOCThIO | Pa3nenenne CIoXKHBIX CHCTEM Ha MHOXECTBO MHKPOCEPBHCOB
(cmyx0) TpeOyer OoJiee TIIATEIBHOTO YIIPABICHUS U KOOPAHMHAIINN
MCKAYy HUMHU

CereBoe B3aumo/eiicteue | B3anmopelcTBie MeXay Ciy>kOaMH MOKET BBI3BIBATH 33JEPXKKH U
IpoOJIEMBI C CEThIO NepeJaun JaHHbIX

MOHMTOPUHT U OTJIaJKa HeoOxomumo obecnieunth 3G(GEKTUBHBIE MOHUTOPUHT U OTJIAJAKY
KKIOU CITyKObI 17151 OOHApYKEHHSI BO3MOXHBIX MPOOIeM

COFJIaCOBaHHOCTL JAHHBIX HpI/I HaJIMYUH HCECKOJIBKHUX 63,3 JTAHHBIX B paSHI)IX CJIY)K63.X,
olecrieueHre COIVIACOBAHHOCTH JAHHBIX CTAaHOBHUTCSI  Ooliee
CJIOKHOM 3aaueit

praBHeHI/IC BCPCHAMUA HCO6XOI[I/IMO THIATCIIBHO YIIPABJIATH BEPCUAMUA KaXXJ0M U3 CJ'Iy>K6

Hcmounuk: Aemopckuti mamepuain

B nenom, MEKpOCEpBHCHAsI apXUTEKTYpa SBISETCS MOIIHBIM HHCTPYMEHTOM JIJISl HOCTPOCHHUS
rMOKMX M MaclITabupyeMbIX MPOrpaMMHBIX cucteM. OJHAKO ee ychellHas peaiau3auus TpeOyer
TIIATEJBHOTO IUIAHMPOBAHMS, aHalM3a M ydYeTa BCEX OrPaHWYCHWH W  OCOOCHHOCTEH
pa3pabarbiBaEMOTr0 MPOrPAMMHOTO TPOAYKTA. BBIOOpP MEXIy MOHOJUTHOW W MHUKPOCEPBUCHOM
ApXHUTEKTYPOH JOJDKEH OCHOBBIBATHCSI HA KOHKPETHBIX TPEOOBAHUSX MPOEKTA U €T0 TOTEHIINATBHBIX
nepcrneKTuBax. BakHO NpUHMMATh BO BHUMAaHHE, YTO MHKPOCEPBHUCHI JIydlle MOIXOAAT IS
KPYIHBIX W CJIOXHBIX CHCTEM, TJe pas3jeieHue (yHKLIMOHaNa Ha He3aBHUCHMBbIE KOMITOHEHTHI
obecnieunBaeT 6osee 23PpGEeKTUBHYIO pa3pabOTKy U MacimTabupyemMocts. HeGonbime mpoeKThl Win
MIPOEKTHI, B KOTOPBHIX JOCTUKEHHE BBICOKON NMPOU3BOAMTEIBHOCTH HE SIBIISIETCS MEPBOCTENIEHHON
3aJ1a4ueil, MOTyT U3BJIEKaTh OOJIbIIE MOJIb3bl U3 MOHOJIUTHOW apXUTEKTYPHI.

PaccMoTpuM MeTo1bI KOMMYHHUKAIIUN MEXKTY CITyKOaMi MHUKPOCEPBUCHOMN apXUTEKTYPHI.

RESTful API (Representational State Transfer) — oaun u3 HarboJiee MOMYISPHBIX CIIOCOOOB
B3aumoeiicTeus Mexay mukpocepsrcamu. RESTful API ocHoBan Ha crangaptaeix HTTP metonax,
takux kak GET (momyuenue nanubix), POST (cozmanue HOBbIX maHHbIX), PUT (oOHOBieHHe
nannbix) U DELETE (ynanenue nanusix). Kaxapiii MUKpocepBUC MPEJOCTaBISET CBOM KOHEUHbIE
Touku (endpoints), yepe3 KOTOpbIE APYIHE CIY>KObI MOTYT OOpamiaTthCs Ui TOJYyYEHUS WU
0OHOBJIEHUS UH(POPMALIUH C TOMOIIBIO JSON-00BEKTOB (PUCYHOK 3):
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Rest API

Get /7 Post /7 Put / Delete

) b

Pucynok 3 — OGmienue Mexay MEKpocepBrcaMmu ¢ momotibio Rest AP
Hcmounuk: Aemopckuti mamepuain

gRPC — coBpeMeHHBII TPOTOKOJ yIAJIEHHOTO BBI30Ba MPOLEAYP, pa3pad0oTaHHbII KOMITaHHEH
Google. On ocHoBan Ha Protocol Buffers (protobufs) u nmpemocraBisieT BEICOKOTPOU3BOIUTEIBHBIHN
u 3PQPEeKTHBHBIN Croco0 B3auMoJecTBUS Mexay Mukpocepsucamu. gRPC oGecrneunBaer
MOJIICP)KKY MHOYKECTBA SI3BIKOB MPOTPAMMUPOBAHUS M TO3BOJISIET ONPENEIUTh MHOTO Pa3IMYHBIX
tunoB naHHbiX. B ormmmune or REST AP, nporokon gRPC He mpenocrasiser 6a30BbIX METOJIOB,
takux kak GET, POST, PUT u DELETE. BmecTo 3Toro on ucnons3yetr mexanu3zmbl RPC (Remote
Procedure Call — yaaneHHsblii BBI30B POLIEAYpP), KOTOPBIN MO3BOJISET KIHEHTAM BBI3bIBATH METO/IBL,
pacrioyio’keHHbIE Ha y/IaJIeHHBIX cepBepax, Tak Oy/ATO OHU BBI3BIBAIOT JIOKAIbHbIE GYHKINU. [laHHbIE
METOJIbl OIHCBHIBAIOTCSI B Proto-gaiiie u Moryt umerh paznudnbie Tuibl (Pucynok 4): Unary
(omuHapwsIit), Server Stream (cepBepusiii ctpumunr), Client Stream (knuentckuit crpumusr) u Bi-
directional stream (aByHanpaBiIeHHBINA CTPUMUHT).

gRPC

Unary / Server stream /
o ' Client stream / Bi-directional stream '

| Proto |

Pucynok 4 — O0mieHne Mex 1y MEKpocepBrcaMu ¢ tomornisio gRPC
Hcmounuk: Asmopckuti mamepuarn

GraphQL - s3pik 3anpocoB s API, mo3Bonstonuii KIMEHTaM 3alpaiinBaTh TOJIBKO TE

AAaHHBIC, KOTOPBIC UM HYKHBI, 4 HC BCC NAHHBIC, IPCAOCTABIIICMBIC CCPBCPOM. GrathL IIO3BOJIACT
OIMPCACIIUTL TOYHBIC Tpe60BaHI/I$[ KIMCHTOB K JaHHBIM, 4YTO CHOCO6CTByCT OIITUMHU3AIIUU U
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3¢ dexkTUBHOCTH BhIMoHeHHs 3arpocoB. GraphQl nepenaér nanHbie ¢ TOMOIIBIO 00BEKTOB JSON ist
BBITTOJIHEHUS 3aIIPOCOB HUCIOJIB3YIOTCS JIBA THIA MeTo10B: QUEry — 3arpoc 6e3 U3MEHEHHUsT TaHHBIX
u Mutation — 3anpoc ¢ usmenenuem ganubix (PucyHok 5).

GraphQl

Query / Mutation

) b

Pucynok 5 — O61eHre Mex 1y MUKpocepBrcamu ¢ romoisio GraphQL
Hcmounuk: Aemopckuti mamepuar

Bce mnepeuncinenHble BbIIE METOJbl NPEACTABISAIOT CHHXPOHHBIH croco0 oOMeHa
cooOuieHussMH. JlaHHBIA COCOO MPUMEHsETCsl TOr/a, KOrja HY)KHO IOJyYUTh OTBET OT cepBepa
MaKCUMaJIbHO ObICTpO. Eciin ckopocTh OTBETa WM Ja)ke caM OTBET OT CepBepa HAaC HE MHTEPECYET,
MO>KHO IPUOETHYTh K aCHHXPOHHOMY BapHaHTy B3aUMOAEHCTBUS MUKPOCEPBHCOB.

ACHHXPOHHBIi 00MeH COO0IIEHUSIMH — D3TO Ccrnocod OOMEHa COOOIICHUSMH MEXITY
MHUKpPOCEpPBHCAMU, B KOTOPOM MHKPOCEPBHUCHI 00Ial0TCs Yepe3 uepe3 OpoKephl COOOIIEHUH, Takue
kak RabbitMQ win Apache Kafka. Oto mo3Bomsier peanuzoBaTh Oosiee ciiabyro CBSI3b MEXIY
KOMITOHEHTaMU CHCTEMBl M YJIYyYIIUTh Macimrtadbupyemoctb. CepBHC, MPOU3BOASIINN COOOIICHMUS,
HaspiBaeTcs Producer, ¢ momomsio Metoaa Produce mepemaér cooOreHust B OpoKep COOOIICHUA.
Cepsuc, npuHUMaroLIMii cooOmieHus, Ha3bBaeTcss Consumer, ¢ momomuibio komanael Consume >tu
cooOuieHus nony4daeT. Mexay cepBucaMu U OpoKepoM COOOLIeHHs TepeaatoTcesi ¢ moMolso Hitp
1.1 B Buae Json-o6bekToB (PrucyHOK 6).

Async messaging

Produce /7 Consume

) b

Pucynok 6 — OGmieHrne MeX1y MUKPOCEPBHCAMHU C TIOMOIIBIO OPOKEPOB COOOIIIEHU I
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Hcmounuk: Aemopckutl mamepuar

BaxxHO OTMETHTH, YTO KaKABIH CIOCOO KOMMYHHUKAIMM HMMEET CBOM IPEHMYINECTBA H
MOJIXOMT ISl Pa3JINYHBIX CIICHAPUEB UCIIOJIb30BaHUs. BbIOOp crioco0a KOMMYHHKAIIUU 3aBUCHT OT
TpeOOBaHUH K pa3padaThiBa€MON CHCTEME, THIIA MEPeaBaeMbIX M IMOJIYYaeMbIX JaHHBIX, a TAKXKE
MPEINOYTCHUI U OIbITa KOMaH bl pa3pab0TUUKOB.

[TpuBeeM mpuMep peaau3alnuu MUKPOCEPBUCHON apXUTEKTYPhI Ha S3BIKE POTPAMMHUPOBAHUS
C#. lns aToro peanusyeM Ba MUKPOCEPBHCA: IEPBbI OyZeT 0TBEYaTh 3a XpaHeHHe HHPOPMALIUU O
TOBapax, a BTOPOHM — 3ampalmMBaTh 3Ty HMH(DOPMAIUIO JJIs MOCIeAyIomeld o0pabOTKH M BBIBOJA
MOJIyYEeHHBIX JAHHBIX B KOHCOJIb. MUKPOCEPBUCHI OYIyT B3aMMOJICHCTBOBATh MEXIy CO0OM 4epes
nporokois gRPC.

Co3mamum HOBoe pemcHue ¢ umeneM MicroservicesExample.sin, coxepskamee nBa
OTAENbHBIX mpoekTa: GO0dsService,Cs, oTBevarolMii  3a XpaHEHHE JAHHBIX O TOBapax, H
DisplayService.cs, kotopblii Oyaer 3amparinBaTh HEOOXOAMMYHO HH(POPMAIMIO O TOBapax y
GoodsService, o6pabaTbiBaTh MMOJyYEHHbBIC JaHHBIC U BHIBOAUTH UX B KOHCOJIb.

[Mepeiinem k cozpanuto proto-daiina B mpoekre GoodsService, kotopsiii Oy et onuceiBath API
JUTSI B3aUMOJICHCTBHUSA C 9TUM CEpPBUCOM. Proto-gaiisn mpencrapiser coO0M TOKYMEHT, COJIep Kallii
OIMCaHNE BCEX JIOCTYITHBIX METOJIOB 0OMeHa coolmeHusMu B pamkax gRPC mist nanHoro cepsuca.
DTO TMO3BOJIAET YCTAaHOBUTH Ooyiee AIPPEKTHBHOE B3aUMOJICHCTBUE MEKIY KIUCHTCKUMH U
CEpBEPHBIMU MIPUIIOKCHUSMH, YIPOILAs CO3J]aHUEe U 00pabOTKy COOOIICHH.

Kpome Toro B proto-gaiisie ornpeneinm MeTo bl 00MeHa COOOIICHUSIMU C TOMOIIBIO IIPOTOKOJIA
Buffers (protobuf), koTopblit SBsIETCS S3BIKOM JJISI OTPECICHHsT CTPYKTYPhI TaHHBIX U CEPBHCOB
B3aUMOJICVCTBUS C HUMH.

Ha Pucynke 7 mpezacraBiieHa CTpyKTypa proto-¢aitna mis mukpocepuca GoodsService,
KOTOpbId  cofepkuT oauH Meronq GetGood. [laHHbli MeTon TPUHHMMAET 3alpoc THUIA
GetGoodRequest, coaepxamuii  UACHTHGHKATOp TOBapa, H  BO3BpAIlaeT OTBET THIIA
GetGoodResponse, coaepsxariuii 00bekT "Good", B KOTOPOM COJEPKUTCS HH(OPMAIIHS O TOBape:

syntax = "proto3";

package GrpcGoodsService;

service GrpcGoodsService

{ rpc GetGood (GetGoodRequest) returns (GetGoodResponse) {} }

message Good
{ string Title = 1; }

message GetGoodRequest
{ inte4 id = 1; }

message GetGoodResponse
{ Good good = 1; }

Pucynok 7 — Proto-gaiin mukpocepsuca GoodsService
Hcmounuk: Aémopckuil mamepuar

[Tocne kommumsiTK TaHHOTO Proto-gaiina OyaeT mosydeH noJHoIeHHbIH C#-cepBHC, KOTOPHIT
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MOJKHO YHACJIEIOBaTh M IEPEOIPENCTUTh €r0 METOMABI Ui JO00aBJICHHUS HEOOXOIMMOU JIOTUKH
00pabOTKH 3aIPOCOB M OTBETOB.

Ha Pucynke 8 mokazaHo HacieJOBaHHUE aBTOCT€HEPHPOBAHHOTO W3 Proto-daiina cepsuca
GoodsService. Kak BuaHO W3 pUCYHKa, Y HAc MOSBHJICS ONMHUCAaHHBIA B Proto-gaiiie meron
GetGoods, koropeiii monysaer Ha Bxox GetGoodsRequest, a ortmaer GetGoodResponse,
conep:kamiuii 00bekT Good. I mpumepa 0611 100aBaeH 00bekT GOOdS, KOTOPHIi OyIET COaCPKATh
uHpopmaruto o ToBapax. Merox GetGood Oyzier Bo3BpaIlath OJMH U3 €ro 00BEKTOB UJIH OIINOKY,
€CIIM UHACKC 00BhEKTa HAXOIUTCS 3a MpeJIesiaMi MacCHBa.

public class GoodsService
GrpcGoodsService.GrpcGoodsService.GrpcGoodsServiceBase
{

private static readonly string[] Goods = { "Kpyxka", "Poxz3axk", "HoyrByx",
"Terpane", "llpoexTop" };

public override async Task<GetGoodResponse> GetGood (GetGoodRequest
request, ServerCallContext context)
{
if (request.Id < 0 || request.Id > Goods.Length - 1)
{throw new ArgumentOutOfRangeException (nameof (request.Id));}
return new GetGoodResponse
{
Good = new Good { Title = Goods[request.Id] }
}i

Pucynok 8 — HacnenoBanue aBTOCTeHEpUPOBAaHHOTO Kjlacca
Hcemounuk: Aémopckuil mamepuan

Ternepb MOKHO MPUCTYNUTh K HAITUCAHUIO KIMEHTA. JlJI1 3TOro Mbl JOJKHBI CKOMMPOBATH B
DisplayService BeimenpuBeneHHbli  Proto-gaiin. Ilociae BbImoNHEHUS COOPKH — HPOEKTa
DisplayService, ananorununo npoekty GoodsService, nmosisutcst kinacc GrpcGoodsServiceClient, ¢
MIOMOIIBIO KOTOPOTO MOKHO BBI3bIBaTh MeTOIbI M3 cepBuca GoodsService (Pucynok 9).

static async Task

HandleGrpc (GrpcGoodsService.GrpcGoodsService.GrpcGoodsServiceClient client)
{
Console.WriteLine($"3anpoc k ceprepy: Id = 1");
var response = await client.GetGoodAsync (new GetGoodRequest { Id = 1

Console.WriteLine($S"OrBeT cepmBepa: {response.Good.Title}l");

Pucynok 9 — Meton GetGoodsAsync kiacca GrpcGoodsServiceClient
Hcemounuk: Aemopckutl mamepuarn

Be3BaB meton GetGoodsAsync Buytpu ¢ynknuu Main (Pucynok 10), Mbl momydum
pe3yabTaT, Moka3aHHbIM Ha pucyHke l1. Taxxke Ha 3TOM pHCyHKe MpeACTaBiIeHa ApXUTEKTypa
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CO3JaHHOT'O PCIICHM.

public static async Task Main()

var host = await Startup.CreateHost();
var grpcClient = host.Services.GetRequiredService
<GrpcGoodsService.GrpcGoodsService.GrpcGoodsServiceClient> () ;
Console.WriteLine ($S"3amnpoc k cepeepy: Id = 1");
var response = await grpcClient.GetGoodAsync (new GetGoodRequest { Id = 1

Console.WriteLine($"OrBeT cepmBepa: {response.Good.Title}l");

Pucynok 10 — BeizoB merona GetGoodsAsync kiacca GrpcGoodsServiceClient
Hcmounuk: Aemopckuti mamepuain

v & MicroservicesExample - 2 projects v T MicroservicesExample

[c# DisplayService v I2% DisplayService

Me% GoodsService > A Dependencies
3 Protos

GoodsService.proto
C# Program.cs
C# Startup.cs
lc# GoodsService

A Dependencies

=1 Properties
3 Protos

GoodsService.proto

3 Services
C# GoodsService.cs
appsettings.json

C# Program.cs

Pucynok 11 — ApXuTeKTypa CO3[JaHHOTO PEIICHUS ¥ PE3YIbTaT BHITIOJIHEHUS
Hcmounuk: Asmopckutl mamepuar

Takum 06pazom, Ha JaHHOM TTpUMEpPE OBLIO MTOKa3aHO, KaK HACTPOUTH B3aUMOICHCTBUE MEKITY
JBYMsI HE3aBUCUMBIMHU CEpBHCaMU Ha OCHOBE mpoTokona gRPC.

3akJirouenue.

MukpocepBUCHast apXUTEKTypa MPeACTaBIsieT COOON MOIIHBIM U MHHOBALIMOHHBIM MOIXO0/ K
pa3paboTKe MpOrpaMMHOI0 OOecreueHus, KOTOPBI CTPEMUTENIBHO 3aBOEBBIBAET MOMYJISPHOCTh B
chepe  wHPOpMANMOHHBIX  TexHoyoruii. EE  mpeumymiectBa  BKIIOYAIOT  THOKOCTB,
MacIITabOUPyeMOCTb, YIYYIIEHHBIM Mpolecc pa3paboTKW M OTKazoycToiumBocTh. OpHako, €&
BHEJpeHUE TpeOyeT NOMOIHUTEIbHBIX YCUIIMM, XOPOLIEro MOHUMAaHUsl COBPEMEHHBIX TEXHOJIOTUN 1
yMeHus o0ecrieunBaTh 6€301aCHOCTh CUCTEMBI.
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I[aHHaﬂ CTaTbd pacCMaTpuBacT BOIIPOCHI JKO0JIOTHYECKOH yCTOﬁ‘ll/IBOCTI/l He(l)TeFa:{OBOﬁ NPOMBIIVIEHHOCTH.
HpOBOZII/lTCﬂ AHAJIN3 TOI0, KaK aBTOMATU3MPOBAHHbLIC CUCTEMBI MOI'YT CbII'PaTh pPOJIb B 60p])66 C HCraTUBHBIMH
MOCJICACTBUSAMHU HA OKPYKAKOIIYI0 Cpeay. B paﬁoTe MNPUBOIATCHA NPUMEPDI PA3/IMYHBIX METOI0B aBTOMATH3allUN
He(l)Tel"a30B0ﬁ 0TpacC/ii TAKHE, KAK MOHUTOPHUHI', CCHCOPHBIC CUCTEMbI, AHAJTUTUKA TaHHBLIX U T./I.
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ENVIRONMENTAL ASPECTS OF AUTOMATION IN THE OIL AND GAS
INDUSTRY

Safin M.A., Safiullina A.F.
KAZAN STATE POWER ENGINEERING UNIVERSITY, Kazan, Russia (420066, Republik of
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This article examines the issues of environmental sustainability of the oil and gas industry. The analysis of how
automated systems can play a role in the fight against negative consequences on the environment is carried out.
The paper provides examples of various methods of automation of the oil and gas industry, such as monitoring,
sensor systems, data analytics, etc.

Keywords: Ecology, automation, oil and gas industry, sustainable development.

B coBpemMeHHOM MHpE SKOJOTHMUECKHE aCIIEKTHl 3aHUMAIOT IEHTPAIbHOE MECTO B JIMCKYCCHUSIX
0 OyayIieM IPOMBIIIUIEHHBIX OTpaciei. B 3ToM koHTekcTe HedTerazoBasi IPOMBIIINIEHHOCTh UTPAET
0CcOo0YI0 POJb, TaK KaK OHA SBJSIETCS KJIFOUEBBIM UCTOYHHKOM JSHEPTUU AJIT MUPOBON 3KOHOMUKHU.
Orta oTpacib o00ecleynBaeT HE TOJNBKO DJHEPreTHYecKyro O0e30MacHOCTh, HO U BAXKHYIO
COCTaBJISIONIYI0 HAIIMOHAIBHBIX OIOJKETOB MHOTHX CTpaH. OJHAKO, COMYTCTBYIOIIME MPOIECCHI
N00BIYH, TIepepadOTKU U TPAHCIIOPTUPOBKU HE(PTH U ra3a OKa3bIBAIOT HEraTUBHOE BO3JIEHCTBUE HA
OKpYKAIOIIyIO CpELy.

DKOJIOTHYECKHE  BOMPOCHI  TPHBJICKAIOT BCE  OOJbIllee BHUMAaHHE COBPEMEHHOU
oOmecTBeHHOCTH u  OwmsHeca. [lomnmepkaHme HKOJMOTHYECKONW YCTOWYHMBOCTH CTAHOBUTCS
MIPUOPUTETOM, OCOOCHHO B CBETE M3MEHEHHS KJIMMaTa U IKOJIOTHYECKUX KaTacTpod. DKOIOTHUECKH
OTBETCTBEHHBIN OM3HEC M MHIYCTPHS B IIEJIOM CTAHOBATCS BAKHBIMU KOMIIOHEHTaMH OOIIIECTBEHHOM
OTBETCTBEHHOCTH U YCTOMYMBOTO Pa3BUTHSI.
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HedTterazoBast npOMBIIIUIEHHOCTh, HECMOTPSI Ha CBOM BayKHBIN BKJIAJl B MUPOBYIO SKOHOMUKY,
TaKXe COIPOBOKIAETCS CEPbE3HBIMM KOJOIMUECKUMM IOCIENCTBUSAMU. BBIOPOCH MapHUKOBBIX
ra3oB, 3arpsA3HCHHE BOJHBIX PECYpCOB, pAa3pyLICHHE DJKOCUCTEM — BCE OTO BBI3BIBACT
00€CIOKOEHHOCTh U TpeOyeT MPUHATHS Mep U1 CHUKEHHsI OTPULIATEIbHOTO BO3ACHCTBUS.

B naHHOH cTaThe MBI PacCMOTPUM HKOJOTMUYECKHE AacleKThl B KOHTEKCTE He(Tera3zoBon
IIPOMBILIJICHHOCTH M UCCIIEYEM, KaK aBTOMATHU3alMs MOXKET CTaTh KIIOYEBBIM MHCTPYMEHTOM B
00pb0e ¢ HEraTUBHBIMH SKOJOTUYECKUMHU TIOCIEACTBUAMHU. MBI MpOaHATU3UPYEM BaXHOCTb
cobmroieHus OalaHca MEXIy YKOHOMUYECKUMU HHTEPECAMHU U 3a00TOH O IPUPOAHOM Cpeie, a TAKKe
pPaccMOTPHUM TEXHOJOTHUECKUE PELICHUS U OyAyIIre MepCIeKTUBbI, HAlIpaBJICHHbIE Ha 00ecTieYeHne
HKOJIOTHYECKOHN YCTOMUMBOCTH B HE(DTEra30BOM MPOMBIIIIICHHOCTH.

ABTOMaTH3alMsl WrpacT KIIOUEBYID pOJIb B CHIKECHMM HEraTMBHOIO HKOJIOITMUYECKOIO
BO3/ICUCTBUS, CBSA3aHHOIO C He(Tera3oBoil NpPOMBIIIICHHOCThI0. COBpEMEHHBIE TEXHOJIOIHU
aBTOMATU3alMM HAaXOAST IIMPOKOE NIPUMEHEHUE B PA3IMUHBIX MPOLIECCAX ITOW OTPaciu, O3B0
3(G(GEKTUBHO  YNpaBlATh IMPOU3BOJACTBEHHBIMH OINEpalUMsIMM U  COKpalllaTh HEraTUBHBIE
HKOJIOTHYECKUE IIOCIIEACTBHS.

ABTOMaTH3MPOBAHHBIE CUCTEMbI M TEXHOJIOTHH BHEAPSIOTCS HAa BCEX dTarax He(TerazoBOro
IIPOU3BOJICTBA — OT J00BIYM M TPAHCIOPTUPOBKHU 110 niepepaboTKu. C MOMOIIbI0 aBTOMaTHYECKOT0
MOHUTOPHMHIA W YIIPABICHUS MOXHO TOYHO KOHTPOJMPOBATh IApamMeTpbl MPOU3BOJACTBEHHBIX
IIPOLIECCOB, UYTO NMPUBOJUT K CHH)KEHHIO BBIOPOCOB BpEIHBIX BEIECTB U 3HepromnorpedieHus [1].
IIpumeHeHne aBTOMATHU3allMM B ONTHMM3ALMM PAcXOJOB BOJBI, YHEPIrUU M JPYIHMX PECYypCOB
MI03BOJISIET JOOMBaThes 6osee F3PPEeKTUBHOIO X MCII0JIb30BaHMs, CHIKAsi HEraTUBHOE BO3JIeiicTBHE
Ha OKpY>Kawllyto cpeny [2].

[IpumeneHue aBTOMATH3allMM TaKXKe€ CIIOCOOCTBYET ONTHMM3AIMM IPOU3BOJICTBEHHBIX
MIPOLIECCOB, YTO B CBOIO OYEpE/lb CHUXKAET MOTEpU M yiydiiaeT 3(P¢EeKTUBHOCTb O0ObIMU U
nepepabotku. TouyHoe ympaBiaeHHE MapamMeTpaMd [03BOJSeT MHHMMM3UPOBATh TOTEPU U
M30BITOYHOE HCIIOJIb30BAHUE PECYPCOB, YTO IOJOKUTEIBHO CKa3bIBAa€TCSI Ha 3KOJOTHYECKOU
ycToiuuBocTH [3].

BaxHbIM acmekToM B KOHTEKCTE O€30MacCHOCTH  OKPY)KaloILIeH cpeabl  sBIsSeTCA
IIPEIOTBPALLICHUE aBapuil M HWHIMAECHTOB. ABTOMAaTH3alMs IIO3BOJISET CO34aBaThb CHCTEMBbI
MOHUTOPHHIA U TPEIYIPEKICHUS, KOTOPbIE MOTYT CBOEBPEMEHHO PEarupoBaTh Ha MOTCHIUAIBHO
OlacHble CUTyallUd W NpeAOoTBpallaTh 3KoJorniyeckue karactpodsl. [IpumepoM Takoil cucTembl
MOJKET CIYXHUTh aBTOMATUYECKOE OOHApYKEHHE yTeueK HETH WM raza U HEMEUIEHHOE TIPUHATHE
Mep ans UX JUKBUAanmMu [4]. ABToMaruzauus sBisercs 3()QEKTUBHbIM HHCTPYMEHTOM IS
CHIDKEHHS HETaTMBHOTO HKOJIOTMYECKOTO BO3JCHCTBUS HEPTErazoBOMl  MPOMBIIUIEHHOCTH.
OnTuMusanus TNPOU3BOJACTBEHHBIX IIPOLECCOB, KOHTPOJIb MapaMeTpoOB W IPEJOTBPAILCHUE
aBapUIHBIX CUTyallMi CHOCOOCTBYIOT YIIYUIIEHHIO 3KOJOTMYECKON YCTOMUMBOCTH 3TOM Ba)KHOH
oTpaciu

Hcnonp30BaHNE CEHCOPHBIX CETEH W aHAJIUTUKU JAHHBIX WIPacT 3HAYUTEIbHYIO pOJIb B
YIYYIIEHUN HKOJOTHMUYECKUX AaCMeKTOB He(dTera3oBoil mpoMbInuieHHOCTH. CEHCOpHBIE CHUCTEMBbI
MPEJICTaBISAIOT cOo00M CeTH MaTYMKOB, NpPEJHA3HAYEHHBIX JJII HENpPEepPhIBHOIO MOHUTOPHHTA
OKpY’Karolllel Cpeapl U mapaMeTpoB MPOU3BOJICTBEHHBIX MpolieccoB. OHU MO3BOISIOT ONEPATUBHO
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OTCJIEKHUBATh YPOBHU 3arpsA3HEHUN, TEMIIepaTypy, JAaBlI€HUE U JpyrHe I0Ka3aTelH, 4To
CIocoOCTBYeT 60JIee TOUHOMY KOHTPOJIFO HaJl SKOJIOIMUECKUMHU IapaMeTpami [5].

JIONOJMHUTENbHO, aHAJIUTHKA JAHHBIX WIPAeT BAaXHYK pojb B 00paboTke HHpOpMauw,
IIOJy4YEeHHON 0T CeHCOpHbIX cucteM. C NOMOLIbIO CIENUATU3UPOBAHHBIX AJTOPUTMOB U
IPOrpaMMHBIX PELICHUH MOXHO BBIBIATh AHOMAJIMM U U3MEHEHHs B OKpY’KaIoUIeH cpene, 4To
MIO3BOJISIET OBICTPO pearupoBaTh Ha MOTEHLUHUAIBHBIE YIpO3bl M MPEAOTBPAIIATh SKOJIOTHYECKHE
aBapuu [6]. AHaIMTHKA TAHHBIX TAKXKE CIIOCOOCTBYET ONTUMM3ALIMU IPOU3BO/ICTBEHHBIX ITPOIIECCOB,
YTO BJICYET 32 COO0I CHMKEHNE HETATUBHOTO BO3JICHCTBUS HAa OKPY>KAIOLIYIO CPEay.

DKOJIOTHYECKUE HMHHOBAIlMM B O0JIACTM aBTOMATH3AallMU MPEJCTABISIOT COOOM BaKHYIO
NepCreKTUBy Uit Oynymero HedrerasoBoil mnpoMblIIeHHOCTH. [IporHo3upyercss pasBUTHE
TEXHOJIOTUH, HallpaBJIEHHbIX Ha elle Oosiee 3 (HEeKTUBHOE CHU)KEHUE BBIOPOCOB BPE/IHBIX BELIECTB,
ONTUMM3ALMIO MOTPeOJIeHNUsT PECYpCOB U IMPEAOTBPAIIEHUE SKOJIOIMYECKUX MpouciiecTBuil [7].
TexHonoruu, Takue Kak aBTOMaTU3UPOBAHHbIE CUCTEMBbI YJIaBIMBAaHHs BHIOPOCOB U UCIIOJIb30BAHUS
JIbTEPHATUBHBIX HMCTOYHUKOB SHEPrMM, MOIYT 3HAYMTEIbHO CIIOCOOCTBOBATH YIYYILIEHHIO
9KOJIOTUYECKON YCTOWYNBOCTH OTPACIIH.

BaxHbIM acnieKToM B JaHHOMU 00J1aCTH SBJISETCS COATaHCUPOBAHHBIN MOXO0/ K 3KOJIOTMYECKON
aBToMaru3auuu. IIpu BHeOPEHHWH HOBBIX TEXHOJOIMM HEOOXOJMMO YYMUTHIBATh HE TOJBKO
HKOJIOTUYECKUE AacCleKThl, HO W Om3HeC-d3PEeKTUBHOCT. [ OCyTapCTBEHHBIE PETYIUPOBAHHUA W
KOpPIIOpPAaTHBHAs OTBETCTBEHHOCTh WIPAIOT KIIOYEBYI0 pPOJb B MOJJIEP)KAaHUU 3TOro OanaHca,
obecrieunBast COOIIOIEHUE SKOJIOTHYECKUX CTaHAapTOB U TpeboBaHuil OezomacHocTH [8].

Ponp aBTOMaTH3alMM B CHHXKEHHUU HKOJIOTMYECKOTO BO3JEHCTBUS SIBIISETCS HEOCIIOPUMOM.
ABTOMAaTHU3UPOBAaHHBIE CHCTEMBl M TEXHOJIOTUM TIO3BOJISIIOT 0ojee TOYHO KOHTPOJIHPOBATH
napaMeTpsl MPOU3BOJICTBA, CBOEBPEMEHHO pearupoBaTh Ha M3MEHEHMsI B OKpY’Kalolled cpelae u
MUHUMU3HUPOBATh HETaTUBHBIE OCeACTBUSL. [IprMeps! yCIEIHOT0 HCII0JIb30BaHMs aBTOMATHU3alMN
JUI ONTUMH3ALUU PACXOJI0B PECYPCOB U CHUKEHMSI BBIOPOCOB BPEIHBIX BELIECTB MOJITBEPKIAIOT
3¢ PEeKTUBHOCTD TAHHOTO MOAXO0/A.

OnHako BaXHO MOMYEPKHYTh, YTO YCIHELIHAas SKOJIOTWYECKas aBTOMaTH3alus TpeOyer
cOanancupoBaHHOr0 noaxoaa. CobmoeHre 6anaHca MeXx/1y HKOJIOTMUECKUMU aclleKTaMu 1 OM3Hec-
3G EKTUBHOCTBIO, a TaKXe COOJIIOJICHHE CTaHJapTOB O€30MacHOCTH U TOCYJapCTBEHHBIX
TpeOOBaHUM, OCTAIOTCS MPHOPUTETHBIMH 3ajadyamMu. COBMECTHOE YCWIHME TpeanpUsTui,
rOCYJJapCTBEHHBIX OPTaHOB U HAYYHBIX COOOILECTB B ATOM 00JaCTH MO3BOJIUT JOOUTHCS HAMITYUIINX
pe3yJIbTaTOB.

Taxum 00pa3om, SKOJOrHYECKHE aclIeKThl M aBTOMATU3allis TECHO B3aUMOCBSI3aHbl U BIUSIOT
npyr Ha npyra. CoBpeMeHHbIe TEXHOJIOTUN U WHHOBAIMH MPEJOCTaBISIOT BOBMOXKHOCTH 11 OoJiee
HKOJIOTMUECKH YCTOMUMBON HedTerazoBoil NpoMbINUIEHHOCTH. (COanaHCHPOBAHHBIN MOAXOI K
HKOJIOTUYECKOM aBTOMAaTH3allMM CIIOCOOCTBYET cO3JaHui0 Oosiee Oe3omacHOM, H(PGEeKTUBHON U
OTBETCTBEHHOM OTpACiH, CIIOCOOHOI YCIEIIHO CHpaBIATbCS C BBI30BAMH COBPEMEHHOCTH H
OXpaHATh OKPYXKAIOILYIO Cpey /Ui OyAyIIUX MTOKOJICHHH.
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PaboTa nocesinieHa aHa U3y yaajJeHHOH padoThl npenojaBarteeil U CTYIeHTOB NPH AUCTAHIMOHHOM 00y4eHuu C
BBISIBJICHHEM JOCTOMHCTB U HEIOCTATKOB NPOrPaMMHBIX CPeACTB ero odecnevyenus. [IpeasnoxkeHo ncnoabp3oBarhb
TeXHOJIOTHI0O SCruMm [Jisl MPoBeJeHUs] TUCTAHIHOHHOI0 00y4eHHs, MO3BOJISIIOIIYI0 pa30uBaTh 00pa3oBaTeIbHbII
NpoLecC HA OTPe3KH OIpeAeeHHOM JIUHBI (CIIPUHTHI) U 0TCJIEKMBATH BHINOJIHEHHE 32/IaHUH B COOTBETCTBUM €
3aJaBaeMbIMH BPeMEHHBIMH HHTepBajamMu. /laHHBIA MOAXO0A MO3BOJsAET YYaCTHHKAM Y4YeOHOro mpouecca
aJeKBAaTHO KOHTPOJIMPOBATH BBHINOJHEHHe yueOHoro njiaHa. [IposeseH cpaBHMTeNbHBINH aHAIU3 MJIaT(GOpM 1Id
onyaiin-B3aumoneiicteuss  Zoom, Skype, Discord, BigBlueButton. Cpenan BbIBOA 0 HpeInoOYTHTEILHOM
ucnoab3oBanuu miargopmel Discord niasi ceMMHAPCKHX M JIA0OPATOPHBIX 3aHATHIA, a MPUIOKeHus: Z0OM — JJIst
JIEKIUOHHBIX. O0palieHo BHUMaHHEe Ha HeAocTaTKu cucteMbl Moodle, koTopasi HCnoJib3yeTcsi BO MHOTMX By3ax.
IHoay4eHHbIe B padoTe pe3ybTaThl MOTYT ObITh HCIOJIB30BAHbI NPH OPraHU3ALMH YIAJIE€HHOT0 B3aUMOAeiicTBUS
npenojaaBareJieil U 00y4aemMbIX.

KiroueBbie cioBa: JluctaHuoHHOE OOydeHHE, NperojaBaTelb, CTYACHT, MIar(OpMbl AUCTAHIIMOHHOTO OOy4YeHUs,
Scrum.

ANALYSIS OF REMOTE WORK OF A TEACHER USING FLEXIBLE
APPROACHES TO THE ORGANIZATION OF THE EDUCATIONAL PROCESS

Sherstnev A.O.

Accredited private educational institution of Higher Education "Moscow University of Finance and
Law"”, Moscow, Russia (115191, Moscow, Serpukhovsky Val str.,, 17 k.1), e-mail:
Sm_alex99@mail.ru

The work is devoted to the analysis of remote work of teachers and students in remote training with the
identification of advantages and disadvantages of software tools for its provision. It is proposed to use Scrum
technology for distance learning, which allows you to divide the educational process into segments of a certain
length (sprints) and track the completion of tasks in accordance with the specified time intervals. This approach
allows the participants of the educational process to adequately monitor the implementation of the curriculum. A
comparative analysis of the platforms for online interaction Zoom, Skype, Discord, BigBlueButton. The conclusion
is made about the preferred use of the Dis-cord platform for seminars and laboratory classes, and the Zoom
application for lectures. Attention is drawn to the shortcomings of the Moodle system, which is used in many
universities. The results obtained in the work can be used in the organization of remote interaction between
teachers and trainees.

Keywords: Distance learning, teacher, student, distance learning platforms, Scrum.
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BBenenue

AKTyanbHOCTh BOIIPOCOB OPTaHU3AIMH JUCTAHIIMOHHOTO OOYYEeHHS, C YU€TOM COBPEMEHHON
SNUAEMUOJIOTHYECKON OOCTaHOBKH, HE BBI3bIBACT COMHEHUN. Bricmine u cpeanue ydeOHbIE
3aBe/IeHUs CTaparoTcsa 00ecreynTh Mpernoiapareiei u 00y4aeMbIX HE0OX0IUMbIM HHHOBALIMOHHBIM
MPOrpaMMHBIM OO€cliedeHHeM KaK MHCTPYMEHTOM Ui TIPOBEIACHHS YAAJCHHBIX 3aHSITHMA.
Tennenuuu BHenpeHus WHGOPMAIMOHHBIX TEXHOJIOTUHA B 00pazoBaTeNbHBIN Ipolecc Haubosee
PAa3BUTHIX TOCYAApCTB IMOKAa3bIBAOT, YTO 3aMCTHBIC U3MCHCHUS B MHpOBOfI CHUCTEMC O6pa30BaHI/I$I
ABJIIOTCA  PCAJIbHOCTBIO. KpOMG TOro, HNPOUCXOAHUT TEXHUYCCKOC IMCPCOCHAIICHUC y‘-Ie6HBIX
3apeneHnid. OJHA W3 OCHOBHBIX 3a/1ay, CTOSIIMX TMEpel MpernoiaBaTrelissMu 00pa3oBaTEeNIbHBIX
y‘IpC)KI[CHPIfI, 3aKJII049acTCs HC TOJIBKO BO BHCAPCHUNW AUCTAHIIMOHHOI'O 06yquI/m B CO6CTB€HHYIO
METOJIMYECKYI0 NMPAKTUKy, HO U B obOecrieueHuH ero 3P¢exkTuBHOCTH. i1 3TOro HEOoOXOAMMO
UCIOJIb30BaTh MpOrpaMMHOE oOecliedeHne, KOTOpoe Hambojee COOTBETCTBYET KaKIOMY BUIY
y4eOHBIX 3aHSITHI M MO3BOJIAET OPraHW30BaTh yA0OHOE M 3 (HEeKTUBHOE B3aUMOJICHCTBUE MEXKIY
npernojaBaTeNsiMd U CTyAeHTaMu. B Hactosmieil paboTe maH cpaBHUTENBHBIN aHANU3 Haubosee
PaCIpoCTPaHCHHBIX IMPOrpaMMHBIX HJIaT(l)OpM U MHCTPYMCHTAJIBHBIX CPCACTB, UCIIOJb3YCMbBIX JIA
JTUCTAHIIMOHHOTO OOYYEHHs B YHUBEPCUTETCKOM CpeJie.

1. HekoTopble JOCTOMHCTBA U HEJOCTATKH IMCTAHIMOHHOTO 00y4YeHu sl
OmuH W3 BO3MOXKHBIX BAapUAaHTOB PEKOMEHIAIMW JUisi paboThl TMperojaBaress MpH
OUCcTaHIMOHHOM o0ydyeHun mnpeiaraercs GIAOY BO HauuonanbHbIl HcclieqoBaTeabCKUN
yHHUBepcuTeT «Boiciias mkona skoHoMukm» [1]. Pekomennanuu ceenensl B Tabmuiry 1.

Tabmuma 1 — PekoMmenganuu 1y1st paboOThI MIpernogaBaTesis Ha IUCTAaHIIMOHHOM O00y4YeHUN

Pexomennammn Kak nenarsp He cnenyer

AcuHXpOHHOE OOydYeHHe: TpernojaBareib 3apaHee | CHHXpOHHOE OOydeHHe: MpernojiaBaTelib

pa3pa6aTblBaeT 3agaHusa I CTYACHTOB MW JACT | UUTACT JICKOWU W BEACT CCMUHAPBI TOJBKO
HHCTPYKIIMK 11O HUCIIOJIB30BAHUKO TCEXHUYCCKHUX OHHaﬁH,

HHCTPYMCHTOB O6y‘IeHI/I${.

HC M[pCAOCTaBJIsAd CTYACHTaM
IMOATOTOBUTCIIbHBIX MaTCPUAJIOB.

HpI/I OHJ'I&I’IH'O6Y‘ICHHH OCBOCHHEC Marcpuajia II0 I[aBaTB 3aJjaHUs Ha KaXJbIM JeHb WIIH

pa3jiIndHbIM NPpHUYHMHAM MOKET 3aHUMATb OoJIbIIIE YCTaHaBJIMBATb KOpPOTKHEC

UCIIOJIHEHUS 3aJaHUN.

CpOKH

BPEMEHH, IOTOMY  HEOOXOIMMO  3apaHee

OMpCaACIINTb MPUOPUTCTHBIC TCMbI U 3aaHUs.

[IpenocraBnenue 1jisi CTYJEHTOB IUIaHA OymyIINX
3aHATAN  —

BBII[aBaTI) 3agaHus C HCEONPCACICHHBIMU

TCMBI, ux MoCIaCaA0BaTCIbHOCTD,
MNPpUMCEPHOC BpEMs IMPOXOKIACHUA, HCIIOJIb3YCMbIC
HHCTPYMCHTHI, YECTKHEC

OLICHUBAHMA.

CpOKaMH HCHOJHEHHUs. Yaiie Bcero OHU
OKAa3bIBAIOTCS
3agaHus = 0e3

HCBBIIIOJTHCHHBIMU, a

KpUTCPpUU CHUCTCMBI KCCTKUX  KpUTCPUCB —

BBIITOJIHEHHBIMH HEKAYCCTBCHHO.

Cozmatb QopMy ais OOpaTHOW CBS3U  JUIA
BBIICHCHUS, KAKMEC TEMBI U HHCTPYMCHTHI BBI3BIBAIOT
y CTYyJCHTOB 3aTpyJHEeHUs. Ha3HAUUTh perysispHble
YacChel ImprueMa, Korjga CTyad€HThl CMOT'YT CBA3AaTHCA C

nmpenoaaBaTeyIcM IJIsd O6CY)K,Z[CHI/I$I Marepuralia.

Hcmonb30BaTh MHOTO OHJIAHH-YAaTOB U
OTBeYaTh Ha COOOIIEHHU LEeNbI AeHb. Ecin
9achl JUIS KOHCYJIBTAlUi OyayT BBIJCIICHBI
TPaMOTHO H B JIOCTATOYHOM KOJIMYECTBE, TO
CTyIeHTaM He OyaeT Heo0XoauMoCTu

nucaTh B Hepa6oqee BpeMs.
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[IpencraBnennsie B Tabnuie 1 pekoMeHAAIMN MOKHO pacIIupUTh. B 3apy0eKHBIX IIKONAX U
YHHUBEPCUTETaX MPUMEHIETCS MOJX0 K o0y4yeHuto B opmare Scrum [2-4]. [Ipu AuCTaHIIMOHHOM

O6y‘IeHI/II/I O9TOT IIOAXOJA MOXET OKa3aTbCia JOCTATOYHO B(b(beKTI/IBHBIM C yde€ToM TOro, 4to

O6y‘laI-OI_HI/IMCH HAaMHOI'0 CJIOKHEC IMOAACPKUBATH cebs B MOTHBHUPOBAHHOM K yqe6e COCTOsIHHUHU U

co0moaTh yueOHbli rpaguk. Pe3ynbTaThl opocoB MOKa3bIBAIOT [S], 4TO y MHOTHX CTYACHTOB JIEHb

Ha JUCTAaHIIMOHHOM O6yLIeHI/II/I BBITJIAAWUT TaK, KaK IIPEACTABIICHO B Ta6n1/1ue 2.

Tabnuua 2 — Paciopsiiok IHS CTyI€HTA MIPH JUCTAaHIIHOHHOM O0YYEeHUN

ITonbIT
Ka
TeitcTu Haitu | Jlekn | Bompoc Cemunap c
g [Tonvem cchUIKy | usi B | mpenoga | IlepepsiB J00aBICHHBIM
Ha Zoom | Bareio MatepuaioMm B Moodle
3aHSTH
e
OtanuHo
Xopouo
[Tpuemie -
MO
Bricnanics u | He Caywr | [Homyuun | MoxHo [lonyuun 3amanue 10
ycnen 3HaeT, | aer MOMEHTa | 000enaTh, CEMHUHAPCKOMY 3aHITHIO
M03aBTpaKa | /e JIEKI | JIbHBIN HE TpaTs
Tb (T. K. HE | CChUIKA | IO OTBET BpEMEHH B
HaJ0 odyepeu B
HUKYyJa CTOJIOBYIO
€XaTh)
HevictBusa | Borpoc Cnenyromas | [Ipocmotp O6en | Cemu | OtmpaBne | OxonHua
MpenojiaBa | JEKIHs BHJIEO Ha Hap HUE HUE
TEJI0  Ha Youtube o BBITIOJIHEH | 3aHATHUI
o4ty BMECTO Mporp | HOTO
JIEKINHU aMMU | 3a/laHUs
pOBaH | mpernojana
U0 TEJI0
OTan4HO
Xopo11o
[Ipuem-
JEMO
Honro wne | HoaensiBaer | JloBojeH, He ITony | He Her
MOJIy4aeT | 3a/laHue MOTOMY HaJI0 yaeT | moiy4aer | HeoOXon
OTBETA, MPEeABIYIIET | 94TO BCE | )KIaTh | 3a7aH | HUKAKUX HWMOCTH
u3-3a 0 CEMHHapa, | paBHO ouepe | me, KOMMEHTa | €xaTb B
9TOTO HE | MPOMYCKaeT | MOJYyYHT Ib B | IPUCT | pUEB, HE | METPO
yCIEBaeT | MOJOBUHY Oann 3a | CTOJIOB | YIIaeT | MOHUMAET,
CeNnaTh JIEKITUHN U | TOCernieHue oi K MPaBUIIbH
3a/IaHlE K | penaeT BBIIO | O JU OH
CPOKY OoJbIIie ee He JTHEHU | BBITIOJTHUI
CIIyILIaTh 10 3a/1aHNe

AHanu3 mpuBeeHHBIX B Tabnwuie 2 JaHHBIX MOKA3bIBAET, YTO OCHOBHOU MPOOJIEMOM CTyIeHTa

Ha JUCTaAaHIIMOHHOM O6y‘-IeHI/II/I ABJISICTCS CIIOKHOCTD ITOUMCKA TEMATUYCCKOI'O MaTepuraia IJisd Kaxxgoi
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y4eOHOW AucHUIIMHBL. Kpome TOoro, HEpeaKo HMMEEeT MECTO [O0JToe OXHUIaHWE OTBETOB OT

npenoaaBareyii 0 BPpEMCHHU IPOBCACHUSA KOHCYJIbTAIMOHHBIX 3aHATHHN U TI0 BOIIpOCaM JOMalIHUX

3amaHuil. JlaHHble TPOOIEMBI MOXHO PEHIMTh C IIOMOIIbIO CYIIECTBYIOIIMX IPOrPAMMHBIX
MPOJIYKTOB, OJIHAKO Ka)/bIi M3 HUX UMEET CBOM HeIOCTAaTKH. [IJis uX BBIBICHUS 1I€eCO00pa3HO
BBITNIOJTHUTH CPaBHEHHE TUIAHUPOBAHMS THS CTY/ACHTA MPU OYHOM MOCEHICHUH YHUBEPCUTETA, OJIUH
13 BapUaHTOB KOTOpOro npuBe/eH B Tabnuie 3, ¢ pacnopsaKoM AHS PU JUCTAHIIMOHHOM O0YYEHHH.

Tabmuua 3 — Paciopsiiok 1HS CTy/I€HTa [IPH OYHOM O0yUYCHHUU

HevictBu | [lombem | 3aBTpak | [loeznka B | Haxoxaenue [TepepriB KonTtponbHas Ha
s METpO B | Ha  y4eOHOM CJIEYIOIIEM
YHUBEPCUT | 3aHITHU ceMHUHape
eT
OTan4HO
Xopo1o
[Tpuemie
MO
Heob6xo | Heo6xo- | MHoro [Tonnas CocraBnenn | BoamoxxHo
JTIUMO JTUMO 0N B | KOHIEHTpALHS | O€ OTI03/IaHHE, eciu
paHo ObIcTpO | oOImiecTBe | Ha pacrnucaHue | MOWTHU B CTOJIOBYIO
BCTaBaT | BBINIONI- | HHOM MPOCITYIINBAH | C
b, HUTh BCE | TPAHCIIOPT | WM JICKIIUU KOPOTKUMU
4yTOOBl | YTpEH- e, repeMeHam
noexaTh | HU€ JeN- | TPaTUTCs u HE
hi (o) a, 4TOOBI | MHOTO MO3BOJISIET
YHUBEp | YCIIETh B | BpPEMEHH MTOJTHOLIEHH
CUTETa | YHHUBEpPC | Ha JOpOTYy 0 MOeCTh
UTET
HeiictBu | Cnoxn | Cnaua [Toryuenu | O6en [Toesakxa Ha | BeimonHenue
s oe KOHTpOII | € METpPO JIOMAIITHETO 3a/aHUS
3a/1aHUE | BHOU JIOMAIITHeT JIOMOM noma
B paboThl | O 3a7aHuUs
KOHTpPO
JIbHOU
pabote
OTtanuHO
Xopomuio
JeMO
Moxwuo | Ilonsrao, | 3Haer Ilocme 3amsTuii | MHOro mmro- | Taroke MOKHO
CTIPOCUT | KaK KOTZla  H | MOXXHO TIOCTb, | JIel B OOIIe- | BBIMOJHATh  3a/IaHue
b y | cmaBath KyJa HO  TIPUJIETCS | CTBEHHOM JoMa npu
nperoza | paborty ClIaBaTh 3a/IePXKaThCS TpaHCIIOpTe, | JUCTAHIIMOHHOM
BaTeNs TpaTuTCs 00yueHUn
MHOTO
BpEMEHH Ha
JIOpory

B Ta6Jmuax 2u 3 KpaCHBbIC CTOJ'I6I_U>I OTO6pa)KaIOT, Ha KaKuX 3Talax CTYACHT UCIBITBIBACT
TPYAHOCTH. Onn BO3HHMKAIOT, KOT'Ja HCO6XOJII/IMO HOO6IJ_IaTLCH C IpenoaaBaTeijicM, a TAKXKC IIPU

IOUCKEC CCBUIKM Ha 3aHATHC, NOTOMY 4YTO HC BO BCCX YHUBCPCUTCTAX IIPUHATA AOCTATOYHO
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s deKTUBHAS CHUCTeMa yrpaBieHus oOyueHueM. B kauecTBe mpuMepa CHUCTEMbI YIIPaBICHHEM
obyuenneM MoxHO mpuBectu Moodle [6]. Kpome Toro, AucTaHIMOHHOE OOyYEHHE CHHUMAET
npoOiieMy TpaThl BPEMEHH Ha JOPOTY U IMO3BOJSIET BOBpPEeMs 00eaaTh, MOTOMY 4YTO HEOOJBINON
nepepbiB MEXKIY 3aHITHSAMH B YHUBEPCUTETE HEPEKO HE TAeT BO3MOXKHOCTH MOCEIICHHSI CTOJIOBOM
0e3 pucKa OTO3/JaHuUS Ha 3aHSATHSL.

2. AHaJIu3 NpPOorpaMMHOro odecrieyeHus A1 JTUCTAHIMOHHOTO 00y4YeHus!

OnHOM W3 caMbIX TOIYJSPHBIX CHCTEM YIpPaBICHUS OOYYCHHMEM, HCIONB3YIOIIUXCS B
yHHUBepcuTeTax, ssisercs Moodle. Dto LMS-muatdopma ynpaBiieHus y4eOHBIMH Kypcamu,
KOTOPYIO MO’KHO YCTaHOBUTBH Ha COOCTBEHHBIN CEpBEp U MHTETPUPOBATH €€ C IPYTHMHU CEPBHCAMU
yauBepcutera. Moodle obecrieunBaeT BO3MOKHOCTD CO3/1aHHsI KYPCOB, pa3MEIICHHS B HUX YICOHBIX
MaTepHaioB, BBICTABICHUS 3a/laHUIl C MOCIeAyIOUIeld 3arpy3kod perieHud CTyJIeHTaMu MU MX
oLleHMBaHMeM npenojaBareneM. OJHAKO Yy JaHHOM CHUCTEMbI €CThb D] HEIOCTAaTKOB, KOTOPbIE
3aTPyAHSAIOT ee HCroib3oBaHue. Hampumep, HeT BO3MOXKHOCTH OOMEHa COOOIIEHUSIMH B 4Yare:
MPENOIaBaTEeII0 B JIIOOOM cllydae HEOOXOIUMO OOIIAThCA CO CTYACHTAaMH B MECCEHIDKEPE WUIIU IO
AJIEKTPOHHOW MOYTE, HO 3TO NPHUBOJUT K YBEIHMUCHHIO KOJMYECTBA COOOIICHWH Ha CTpaHHIE
npenogaBatens. Moodle He pemaer mpobGiemMy CTPYKTYpHpOBaHHS HHPOPMAIMH, XOTS 3TO U
ABJIAETCA OJIHOM M3 ero 3anad. VHTepdeiic cuctembl Henlb3sl MPU3HATH YJIOOHBIM M OYEBHJIHBIM.
Kpowme Toro, mpudT 3xpaHHbIx Gopm, B TOM YUCIIe TPOGUIIS TPETIOIaBaTENsl, MEJIKUN, KaK 3TO BHTHO
Ha Pucynke 1. OtcyTcTByeT HHGOpMaLKs 0 B3aUMOJIEHCTBUIO C IIPEIO1aBaTeeM, HET PaCIUCAHUs
ero paboTsl. ECTh TONBKO CHIUCOK 3aKpEIUIEHHBIX KYPCOB, HO U3 HETO HE CIIEAYeT, 32 KaK1e HMEHHO
U3 HUX IpenojaBareib OTBevyaeT (Kak, HalpuMep, JEKTOp), a B KAKUX NPOCTO IPUHUMAET yyacTue.

Mpenonasatens

B xavano Mons3osareny Mpenonasasrens

ToapoBan ngpopmauyis 0 nonsaoaTene

Crpzma

\DAPTH3ALA 1 CEFTHOMKALNR
50a 2020

Pucynok 1 — Ctpanuna npenonasarens 8 Moodle

Cnucok ITOMalHuX WIA KOHTPOJIBHBIX 33JJaHUH MOKHO HAWTH TOJIBKO Ha CTpaHuIe Kypca. To
€CTb CTYJICHTY He OyIyT NPUXOAUTH OMOBEIEHHS O TOM, UYTO MOSIBUJIOCH HOBOE JIOMAIlTHEee 3a/laHue
WA KOHTPOJIbHAS paboTa. Ty HHPOPMALIUIO HYKHO MPEIOCTABIATh OTAEIbHO, I03TOMY BO3HUKAET
HE0O0X0IMMOCTh B MecceHkepe. LlenecooOpa3HO MMETh CHUCTEMY OIOBELICHMS 10 BCEM BHJAaM
JOMAIIHUX 3aJaHuid U paboT, a TakXkKe €IUHBIM 4yaT, B KOTOPBIH ObUTM ObI MOAKIIOYEHBI Kak
npernojaBaTelu, Tak U o0ydaemble, oHako B Moodle takoii yaT 0TCyTCTBYeT.

B xadecTBe albTepHATHBBI MOXXET OBITH HCIOJB30BaH SCIUM-METOM, KOTOPBIA ITO3BOJISET
CIUTAaHUPOBATH ONPEIEICHHBIE OTPE3KH BPEMEHH U 331aHMS B UX Ipeenax. B 3ToM citydae cTyieHTy
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HE HY>XHO MTOMHUTbH CPOKH CJIay¥l 3aJJaHUM, TTOCKOJIbKY JIaHHBIE OTPE3KU 3aKaHUYMBAIOTCA B OJAUH U
TOT K€ JIeHb KaXAYI0 HEACNI0 WM JBE: 3TO BpEeMsl yCTaHaBJIMBaeTcsd mpernogaBatenem. Ha
CHelHaIbHOM JOCKe, COCTOSIIEH U3 Tpex cTonOoB «UTo HyKHO caenaTb», «B padorey, «Caenanoy,
0TOOpaxkaeTcs CTaTyCc Ka)JOW 3aJauM KaXKJI0To CTyJeHTa. Takylo JOCKY MOKHO BECTH OHJIAiiH U
oddumaiin. OOt COUCOK 33a4 pa3MeIlaeTcsi B 001eM CIHICKE, U CTYACHThI BCerJja MOTYT y3HaTh,
KaKue 3aJaHusl IPEJACTOUT BBINOJIHATH B TeueHHe ceMecTpa. [loaTromy BpeMs cauu 3a1aHuii MOXKeET
OBITh HE TAaKUM KECTKUM, KaK MPU TPATUIMOHHOW (opme oOydeHHs, HO BCe 3aJaHUS HYKHO
00s13aTeNLHO CIaTh K KOHITY TaK Ha3bIBAEMOT'O «CIIPUHTA» WJIM BCETO Kypca.

HemanoBaxunasi poib Mpu OpraHU3alMM JUCTAHIIMOHHBIX 3aHATUNA OTBOJUTCA TaKOMY
WHCTPYMEHTY KakK BHICOKOH(epeHnu. COMoCTaBICHNE JaHHBIX, OMMyOJUKOBAHHBIX B HCTOYHHKAX
[7, 8] mo Haubosee MOMYJISPHBIM MPOTPAMMHBIM CPEACTBAM JI1 JAHHOTO BUAA KOMMYHHKAIUH,
npuBeaeHo B Tabmnuie 4.

Tabnuma 4 — CpaBHeHHE IPOrPaMMHOTO OOeCTieueHus I POBEACHUS BUACOKOHBEpEeHIINN

HawnmenoBanue Zoom Skype Discord BigBlueButton
OOmuif yat Jlo 500 + + +
YYaCTHHKOB
TlemoHcTpaws Jlo 25 uenoBek B
patl + + OecraTHON +
JKpaHa
BEpCHH
Kommnuectso
Y4aCTHUKOB B 1000 50 50 Jlo 300
KOH(EpeHIINH
Ilepenaua
+ + -
(aitio o 100Mb
Ka‘*eCTBF;’ BHACO, 720p 1080p 1080p 720p
40 MuHYT 3anucy, 15 muH.
Orpannuenue 40 MUHYT OrtcyTcTBUE JUTUTENTBHOCTD
OecrmaTHOU TPYIIIOBBIX Skypeln, Buneo o 720p | Bebunapa Jlo 5
BEpCHH KOH(EpEHIIHA, 10 SkypeOut YYaCTHUKOB B
100 ygacTHUKOB KOMHATe
ITomunyTHas
Croumocts TapupuKaus 2590p npu ycTaHOBKE
N Or 15% 5% .
TUTATHOHM BepCUU Skypeln, Ha CBOM cepBep
SkypeOut
Cospanue W3menenue Tekcra u
JlonomHuTEIbHBIE KaHaJIOB, UX N
[Tonmena ¢ona CyOtutpsl 3JIEMEHTOB IJIaBHON
byHKIUN CTHJIM3ALVS 1
o opmIICHHE. CTPAHHILBI

W3 nannbix TaGnauibl 4 MOKHO cieNlaTh BBIBOJI, YTO HAWIYYIIUM BapHAHTOM JUIsl IPOBEICHUS
MOTOKOBBIX JIGKIIMOHHBIX 3aHATHH sBIsieTcs ZOOM Kak BMEINAIONIMKA HauOoJbllee KOJIUYECTBO
YYaCTHHUKOB OJTHOBpeMeHHO. OJHako B OecrIaTHOW BEpCHM JUIMTENLHOCTh TaKOW KOH(EepeHIHU
orpanndeHa 40 wmuHyTamu. Taxke HemocTaTkoM Z0OM  SBISETCS €ro  HEJAOCTaTOYHas
3alUIIEHHOCTh. MHOXKECTBO 3anuceld KOHGEpEeHUUH HaXOAUTCA B OTKPBITOM JOCTYIIE, MO3TOMY,
€ClIM 3alUCh OHJIAWH-3aHATHSA HE JOJDKHA TIONAcTh B MHTEPHET, TO Jydlle BBIOpaTh APYTYIO
wiaropmy A ero npoBeAeHus. s npakTudeckux (Harmpumep, KOMIbIOTEPHBIX JIa0OPaTOPHBIX)
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U CEMUHApPCKUX 3aHATHH Oojee moaxoaut Discord, mockojbKy BeCh OCHOBHOM (DYyHKIIHOHAI
peanmsyercs mpu moAKIroYeHun 10 25-30 uenoBek. Jlannas miargopma He IMEeT OTpaHUYCHUH 110
BpEMEHH KOH(EPEHIUH, eCTh JUIIb JUMUT MO YUCIY IPOCMOTPOB JAEMOHCTpauuu sKkpana. [Ipu
HEOOJBIION 3arpyKEHHOCTH CETH TaKKe MpPUEeMJIEMbIM W YAOOHBIM BApUAHTOM SIBIISIETCS
BigBlueButton. Oanako 6onbimmx Harpy3ok BigBlueButton u Skype He BbIIep:KUBarOT.

B xax10M 13 Ha3BaHHBIX CEPBUCOB €CTh BCTPOCHHBIN YaT, (YHKIIMOHAT KOTOPOI'O MPUMEPHO
OJIMHAKOB MPH HATMYUHU HEKOTOPBIX ocobeHHOCTe. Tak, B DisScord uaT He mpuBsi3aH K KOHPEPEHIIHH,
U €CTh BO3MOXKHOCTH CO3/1aBaTh MHOKECTBO YaTOB JJIsl KaHala. DTO YAOOHO, TTOCKOJIBKY MOXKHO
pa3fenuTh YaThl JJIS pasHBIX Tpymi monb3oBatencii. B BigBlueButton ects Bkiagka 3aMeTok,
KOTOpBIC JIOCTYIIHBI I HAMKMCAHUS JIFOOBIM TOJKIIIOUEHHBIM TOJIh30BATENIEM, YTO HECKOJILKO
YIOpPOIIAaeT B3aUMOJEHCTBHE YyYaCTHUKOB yueOHOro 3anstus. B Zoom uvar ¢yHKUIMOHANIEH, OHAKO
MIPH IEMOHCTPAIMH SKpaHa ero He Cpa3y MOKHO HAMTH.

3akioyeHue

B pabore ompeneneH psJ TOCTOMHCTB U HEJOCTAaTKOB AMCTAHIIMOHHOTO Y4eOHOTO mporiecca
KaK C TOUKH 3PEHUS [TPETIoIaBaTellsl, TaK U C TOUKHU 3peHus cryaeHTa. Paccmorpena LMS-matdopma
Moodle, obOpamieHo BHMMaHHE Ha €€ HEIOCTATKH, OTHOCSIIUECS, HPEKIC BCEro, K ya00CTBY
MIPUMEHEHHS U K TI0JIb30BaTeNIbCKOMY HHTepdeiicy. B kauecTBe anbTepHATUBBI yKa3aH METOA SCrum,
KOTOPBIH MOXKET IIOMOYb OPTraHU30BaTh YAAJICHHBIN yaeOHbIH mporecc 6oee 23PpPeKTHBHO.

PaccmoTtpen psn  mnatropmM, NpUMEHSEMBIX Ui IPOBEIACHUSA 3aHATUH B  pexXHUME
BugeokoHdpepennuii: Zoom, Discord, BigBlueButton, Skype. IIpoBeraenHoe comocraBicHHE
MO3BOJIMJIO C/IENaTh BBIBOJ, YTO Z0OM Oosiee MpearnoyYTUTEIbHO UCIOIb30BATh Ul JIEKLIMOHHBIX
3ansTuii, a Discord wnu BigBlueButton mist mpoBeneHus mpakTHYECKUX M CEMHHAPCKHUX 3aHATHIL. B
TO K€ BpeMsl MPEIoAaBaTesto JOHKHA OBbITh IPEIOCTaBlIeHa BO3MOKHOCTh BbIOOpA TOW WIIM MHOM
m1aTtGopmMbl B 3aBUCUMOCTU OT COOCTBEHHBIX TpeOOBaHMII K MPOrpaMMHOMY OOECIEUEHUIO,
UCIOJIb3YEMOMY JJIsl OpraHU3alMK U IPOBEICHUS 3aHATUH.

Pe3ynbTaTsl paboThl MOTYT OBITH MOJIE3HBI IPU PELLIEHUH BOIPOCA O BBIOOpE MPENoaaBaTeaeM
IIPOrPaMMHBIX CPE/ICTB AJIS pealln3allui pexXUMa yAaJIeHHOTO 00y4eHusl.
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MILATENLCTED

VJIK 621.311
BE3OIMACHOCTH KPYITHBIX SJHEPTOCUCTEM

Xpycraaesa M.C., IlaBios A.B.

®I'EOY BO "TBEPCKOM I'OCYJIAPCTBEHHbBIN TEXHUYECKUHU YHUBEPCUTET", Teepo,
Poccus (170026, Teepckas obnacmu, 20poo Teepw, nab. Apanacus Huxumuna, 0.22), e-mail: 1
sokolhawk98@gmail.com

B cratbe paccMaTpuBaeTcsi JOCTYNHOCTh JUHAMMYECKOH 3jexkTpoceTH. Teopusi o0bscHsAeTcss Ha NpuMepe
JABYX30HHOI 3HEProcucTeMbl, NPeACTABICHHON arperipoBaHHON MoJenbl0 Kojedanuii. KonnuecTBo oTka3oB
SIBJISieTCA KpUTEepUeM IS IPUHATHSA PellleHUi N0 YIPAaBJIEHHIO pe3epBHPOBAHUEM, MOBBIIIAIOIIHM JO0CTYITHOCTh
cHCTEeMbI IPM BO3HMKHOBEHNH c00eB U3-3a MoTepu 00opynoBanus. Kpurepuii no3posser Bkjao4aTs popMajibHbIe
N0Ka3aTeJIM HeonpeeJeHHOCTell, CBA3AHHBIX ¢ IMAarHOCTUKON HeMCIPaBHOCTelH B peskUMe peajibHOr0 BpeMeHH,
a Takke popmMasbHble NOKa3aTe I 3(PPeKTUBHOCTH KOHTPOJIsA. Takike HCC/Ie0BAHO BJIMSIHUE HAJTHYHUS Hecyllel
KOHCTPYKIMH COBPEMEHHOIi 371eKTPOceTH Ha JOCTYMHOCTh CaMOW 3JIEKTPOCETH, C AKLIEHTOM Ha CeTh eAMHHI
U3MepeHHUsl. AKIIEHT CAeJIaH HAa NMPU3HAHMHM pacTyllell MOTPeGHOCTH B JHATHOCTHKEe M KOHTpOJe B pexuMe
peajibHOT0 BpeMeHH B COBPeMEHHOii JHeprocucreme.

KiroueBrie cioBa: 9HepFOCI/ICTeMa, 06e30I1aCHOCTh OHEProCUCTCMbI, HAJACKHOCTb ISHCPrOCUCTCMBbI, OTKIIFOYCHUC
QJICKTPOSHCPTUH, JTUHAMUYCCKAA 6630HaCHOCTL, yCTOI\/’I‘II/IBOCTL OHEProCUCTCMBI.

SECURITY OF LARGE POWER SYSTEMS

Khrustaleva M.S., 1Paviov A.V.
TVER STATE TECHNICAL UNIVERSITY, Tver, Russia (170026, Tver region, Tver city, Afanasiya
Nikitin embankment, 22), e-mail: sokolhawk98@gmail.com

The article discusses the number of failures, how this affects the availability of a dynamic power grid. The theory
is explained on the example of a two-zone power system represented by an aggregated oscillation model. The
number of failures is a criterion for making redundancy management decisions, increasing the availability of the
system in the event of failures due to loss of equipment. The criterion makes it possible to include formal indicators
of uncertainties associated with real-time fault diagnosis, as well as formal indicators of control efficiency. The
influence of the presence of the supporting structure of a modern electrical network on the availability of the
electrical network itself is also investigated, with an emphasis on the network of units of measurement. Emphasis
is placed on the recognition of the growing need for real-time diagnostics and control in the modern power system.

Keywords: Power system, power system security, power system reliability, power outages, dynamic security, power
system stability.

PectpykTypuzauus sHeprocucreMsl [1] moapazymeBaeT 0Ooiiee  BBICOKYIO — CTEMEHb
B3aMMOCBSI3aHHOCTH, B TOM YHCIJI€ HCIOJIb30BaHHE BO300HOBISIEMBIX HCTOYHHKOB JHEPTUHU, U
OO0JIBIITYIO 3aBUCUMOCTb OT MH(MOPMALIMOHHBIX TEXHOJOTHIA B HECYyILlel CTPYKTYpe CETH, Te, CpeIu
MHOTHX KOMIIOHEHTOB, pa3MelIaloTCsl HOBBIE YCTPOWCTBA ympaBieHHs U KOHTpoJs. CI0XKHOCTb,
HEOMpEAENEHHOCTh M YA3BUMOCTb, CONPOBOXKJAIOLIME HOBBIE BO3MOXHOCTH, YCHJIMBAIOT
NOTpeOHOCTh B (DOPMAIbHOM HCCIIEOBAHUM JOCTYIHOCTH, KOTOPOE TaKXke JOJKHO YUYUTHIBATh
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JOCTYITHOCTb pacCTyIlEed IOAACP/KUBAIOLICH CTPYKTYpPbl M YUYUTBHIBATh IIOCJIEACTBUS PEIICHU,
IIPUHUMAEMBIX B PEKUME PEATILHOTO BPEMEHHU.
Hecmotps Ha 3ameuaTesibHbIE TOCTHXKEHUS MOCIETHUX HECKOIbKUX JCCSITUICTHI B YCUIIUAX
IO MOBBIIIEHUIO OE30MAaCHOCTH U HAJIEKHOCTU JIEKTPUUECKHUX CETel, TOJIbKO 3a MOCIETHUM 5 jer
(2018-2023 r.r.) IpOM30ILIO CEMb KPYIIHBIX OTKIIIOUCHHS DJIEKTPOIHEPTun B Mupe [2]:
1. Benecyana — 7 mapra 23 urosst 2019 roga, nocrpagasmux 30 MITH. YEJIOBEK;
Aprentuna, Ilaparsaii, Ypyrsait — 16 utonsa 2019 roga, noctpagaBmumx 48 MIIH. 4EIOBEK;

3. HWunonesus — 4-5 asrycra 2019 roma, nocrpagaBmux 120 MIIH. 4eTIOBEK;
4. pu-Jlanka — 17 aBrycra 2020 roaa, noctpaaaBimnx 21 MIIH. 4€lIOBEK.
5. [Ilakucrtan — 9 suBaps 2021 roga, noctpagaBmux 200 MIJIH. 4EJIOBEK, YTO COCTABIISET ~

80% HaceneHus CTpaHbl;

6. banrnagemr — 4 okta6ps 2022 roga, nocrpagaBmux 140 MIIH. Y4€IOBEK, YTO COCTABIISACT ~
80% HaceneHus CTpaHbl;

7. Tlakuctan — 23 suBaps 2023 1, noctpagaBmux 230 MITH. 4eJIOBEK, YTO COCTaBIsIeT ~ 99%
HACEJIEHUS CTPAHBI.

Astop The Unruly Power Grid [3] mpomutupoBan HEKOTOPBIE TEpPEIOBBIE MCCIEIOBAHMSA,
KOTOpBIE IPENIOJIaratoT, YTO KPYIHbIE OTKJIIOYEHHUS AJIEKTPO3HEPTrun HeuzOexHbl. OgHa Teopus
CBSI3bIBACT TaKWE€ COOBITHS C HEJIOCTATOYHBIM 3allaCOM YCTOHYMBOCTH, MOCKOJBKY Ipeo0iagaeT
CTpEMJIEHHE K MAKCUMAaJIbHOM OT/Jau€ OT MHBECTULMI B SHEPTOCUCTEMY, a APYTasi — CO CI0KHOCTHIO
Bce 0oJiee B3aMMOCBSI3aHHBIX CHUCTEM, YTO HAaXOJIUT MOJACPKKY B YCTOSIBIICHCS TEOpUU OOIBIIMX
OTKJIOHEHHI B MHOTOMEPHBIX puckax [4]. Obe Teopun onuparoTcs Ha TO, YTO CTOMMOCTh CO3JaHHS
HHEPTOCUCTEM, JIENAIIIUX PEAKUE COOBITHS elle 0ojiee PeAKUMHU, CIUIIKOM BBICOKA, a CIOKHOCTh
OOIIENPU3HAHHO CHI)KAET HaJIe)KHOCTb.

[Ipu ananuse HaJEKHOCTH YHEPrOCUCTEMBI Ul KaXKI0M U3 CUCTEM TeHepaluH, reperadyu u
pacnpesiesieHus: UCToIb30BaIOCh MHOKECTBO OTJIEIbHBIX Mokazarenei [5]. Kpome Toro, monstue
0€30MacHOCTH HCIOJIb30BaJIOCh AJI1 0003HAYEHUSI CITIOCOOHOCTHU JIEKTPOIHEPTreTUHYECKONH CUCTEMBbI
BbIIEPKMBATh KPYITHbIE U3MEHEHMSI, HAIIPUMEp, U3-3a HENIPEABUIEHHOMN MOTEpHU 0OBEKTOB CUCTEMBI
[6]. BeposiTHOCTHasi CTPYKTypa UCHOJb30BaNACh A oOecreueHusl YHUPHUIMPOBAHHOW 00paboTKU
CTallMOHAPHON yCTOMYMBOCTM M JAMHAMHuYecKod Oe3omacHocTH. HekoTopble uccienoBaHUs
BKJIIOYAITIIOT THOKUE crcTeMbl nepenaun nepemeHHoro Toka (FACTS) B ananu3 HagexxHocTH. OTHaKO
HCMOJIb30BaHNE HECKOJIIBKUX MHJEKCOB U OT/JEIBHOTO MOHATHUS 0€30IaCHOCTH yKa3bIBaeT Ha TO, YTO
CBSI3b MEXJy IEpEeXOJHbIM IIOBEIIEHHWEM, BbI3BAHHBIM COOSMU B JIMHAMHYECKOH CcHUCTEME, U
HAJE)KHOCTBbIO CHCTEMBI, Ha KOTOPYIO, MO-BUAUMOMY, BIHMSET €¢ 0Oe30MacHOCTb, HE YCTAaHOBJIEHA
JOJKHBIM 00pa3oM. DJTa CBSA3b MOJHOCTHIO OTCYTCTBYET, KOTIa /Ul YIIpaBJICHUSI pe3epBUPOBAHUEM
000py/10BaHUs UCIIONIB3YETCSI HEONpeesieHHas HH(POpMaIus B peaJbHOM BpEMEHHU.

[lepBbIif THI HEMCIPAaBHOCTHU CBsI3aH C IOBBIIICHHEM O€30MacHOCTH MpPU 3KCILTyaTaluu
CBSI3aHO C CETEBBIM OOOpYJIOBAaHHMEM, TAaKUM KaK T'€HEpaTOpHbIE YCTaHOBKH, TpaHC(OPMAaTOpHI,
JIMHUM JIEKTpoNepeaun U Harpy3ku. KoHeuHas 11e1b COCTOUT B CBOEBPEMEHHOM YCTPAHEHUH 3TOTO
THIIA OTKA30B, HACKOJIBKO 3TO BO3MOYKHO, 3a CUET 3KCIUIyaTalluUd U YIPABJIECHUS pPE3EpBUPOBAHUEM
000py/10BaHUs1, HECMOTPSI Ha HAJIMYUE OTKA30B BTOPOI'O THIIA.

Btopoil TMm HeWcnpaBHOCTEH CBsS3aH C KOMIIOHEHTaMH, HaXOISUIMMHUCSA B HECyIleH
KOHCTPYKLIMM CETH, TaKUMH KaK YCTpOIiCcTBa ympaieHHs, 00paboTku u u3MmepeHus. Pacryiiee
MPUCYTCTBUE HOBBIX MOLIHBIX U OBICTPHIX YCTPOWCTB B CHCTEMax U BBICOKOBOJIBTHBIX CHCTEMAax
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Iepelaud MOCTOSHHOTO TOKA, a TAKXXE BEKTOPHBIX M3MEPUTEIbHBIX YCTPONCTBAX 3HAUUTEIBHO
paciipuiIo BO3MOKHOCTH MCIIOJb30BaHuUs U YIIPaBJICHUS PE3EPBUPOBAHUEM B SHEPTOCUCTEME.

[TockonbKy Bcerza 05KUIaeTcsi BOCCTAaHOBIIEHUE pa0OThI CETH, yCTOMYMBAsI IOCTYITHOCTD, a HE
HAJEKHOCTb, NPUHMMAETCS B KauyeCcTBE MEpbl TMPOU3BOAUTEIBHOCTH ceTu. JlocTynmHocTh B
YCTOWYMBOM COCTOSIHUU — 3TO MPUMEPHO JI0JIsI BpEMEHU B JOJITOCPOYHOM MEepCIEeKTHUBE, B TECUCHUE
KOTOpO#l cucrema paboTaeT yIOBIETBOpPUTENbHO. CTENeHb YJOBJIETBOPEHHOCTH MOXET ObITh
olpe/ieiecHa Ha HECKOJNBKHMX YPOBHSAX M BKIIOYATh SKOHOMHUYECKHe (akTopel. B pamkax
CTOXAaCTHYECKOW MOAETH C AUCKPETHBIMH COCTOSIHUSMHU JOCTYIMHOCTh MOXET OBITh BBIYHMCIICHA KaK
CyMMa BEpOATHOCTEH COCTOSHHM JUIi COCTOSIHUH, KOTOpBIE KJIACCH(PHIMPYIOTCS  Kak
IIPEICTABIISIONINE ONIEPATUBHYIO CETKY € 3aJaHHBIM IOPOTrOM IPOU3BOAUTEIBLHOCTH.

BoccTanoBneHnue cuctemMbl 3aBUCUT OT TOTO, HACTPOEHA JIM CETh Ha JOMYyCTUMOE KOJIUYECTBO
noteps o0opynoBanusi. Eciau 3To Tak, TO 3alIUTHBIC YCTPONUCTBA, TaKHE KaK pejie U aBTOMAaTUYECKUE
BBIKJTIOYATeNnu [7], JOJKHBI YAATUTh HEUCIPAaBHOE OOOPYJOBAaHHME 0 KPUTHYECKOTO BPEMEHU
OTKJIIOUEHUS, TIOCJIE KOTOPOTO MEK30HAIbHAsI CHHXPOHHU3ALUS TEPSETCA.

OpHako cienyer OTMETUTh, YTO IIOMEXM BO BpPEMs HEUCHPABHOCTH MOTYT IPHUBECTH K
CpabaThIBaHMIO 3AlIUTHBIX YCTPOICTB B HEMOBPEXKICHHOM OOOPYIOBAaHUHU M, TaKUM 00pazoM, K
KAaCKaJIHBIM COOBITHSM, KOTJ/Ia 3alllUTHBIC YCTPOHCTBA HE MOTYT PA3IMYUTh NMPUYHHBI KOJeOaHU
HanpspKeHUs W Toka. JlmarHoctuueckas mojJepkka B CETH HEJOCTAaTOYHA I W3MEHEHUs
IIPEIBAPUTENIBHO YCTAHOBJIEHHBIX IIPOTOKOJIOB IOBTOPHOTO BKJIKOYEHUS B PEXKHUME pPEalbHOTO
BpeMeHH. XO0TS 0’KUIACTCS, YTO HOBBIE CXEMBI, KOTOPBIE BO3BPALIAIOT U3MEPEHHYIO UITU OI[CHEHHYIO
nH(OpPMALIHIO 10 OOIIMPHON 00JIaCTH MOJIEPHU3UPYEMOI ceTH, OYAyT CIOCOOHBI BHIMOIHATH OoJee
CIIO)KHOE YTpaBJICHHE PE3ePBUPOBAHHEM B PEXKHME PEATbHOrO BPEMEHH, PUCKU, CBS3aHHbBIEC C
HEOMpeAEeNIEHHOCTAMU B U3MEPEHHON WM OIICHEHHON HMH(OpMaluu, HOJKHBI OBITH O(HUIIMATBHO
BKJIFOUEHBI B pEIIEHUE. POIIECC.

Hannexamieldk Mepoil NPOM3BOIUTEIBHOCTH SHEPTOCHUCTEMBI SIBJISIETCS €€ CIOCOOHOCTH
BO3BpaIlaThcid K JKEIaeMOMYy paBHOBecHI0. PaccuMTaHHOE MOKpBHITHE OTKAa30B AJIS JABYX30HHOMU
cucteMbl (uKcupyeT dPPEeKT OTCPOUECHHOTO KOHTPOJS WM JSHCTBUN MO yIpaBieHUio, 3pdext
HEeOoMpeAeNeHHBIX Pe3yIbTaTOB AUATHOCTUKH U 3P (HEKT yIpaBIsieMOCTH.

Tennenus K moixydeHHo U o0paboTke MHPOpPMAIMU B PEXHMME PEabHOTO BPEMEHHU IMPHU
paboTe COBPEMEHHOI SHEProCUCTEMBI JieNlaeT Bce 0ojiee BaKHBIM MCIOIb30BAHUE N3MEPUTENBHBIX
yCTpoHcTB. Bce cxembl pa3MelleHHs] HOCAT JI€TEPMUHUPOBAHHBIM XapakTep, U CBA3b MEXIY
JOCTYITHOCTBIO JJAHHBIX U3MEPEHUHN U IOCTYITHOCTBIO CETKH HE YCTaHOBJICHA.

[Ipy npoeKTUPOBaHUU APXUTEKTYpPhl PE3EPBUPOBAHUS HEOOXOJUMO CMOJEIHPOBATH
JOCTYITHOCTh JAaHHBIX M3MepeHuil. HoBas mpobieMa npoeKTupoBaHUs CTPYKTYpPbl U3MEPUTEIbHON
cetn GopMyJIMpYyeTCcsl Kak 3a/aya ONTHMHU3ALMH, B KOTOPOW LIE€HbI Ha3HA4YarOTCsl KOHQUTYpalusIm
CUCTEMBI U IPUMEHSIIOTCS OTPAHUYEHUS HA JOCTYIHOCTh JaHHBIX.
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ONPEAEJIEHUE OCHOBHBIX TAPAMETPOB HOHUCTOPHOI'O HAKOIIUTEJIA
JHEPI'MM BAI'OHA METPOIIOJIUTEHA, PABOTAIOHIEI'O C QJIEKTPUYECKUM
IMPUBOJAOM IIEPEMEHHOI'O TOKA
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B nanHoii paGore mpeasioKeHbl OCHOBHbIE 3aBHCHUMOCTH [JIsI pacdyera Maccora0apuTHbBIX M JHEpPreTHYecKHx
XapaKTePUCTUK MOHUCTOPHOTO HAKOMMTEJIS] SHEPrHH, padoTaloero ¢ 3J1eKTPUIeCKHM NPHBOIOM MepeMeHHOI o
ToKa. /lajiee ObLT MpoU3BeeH pacyeT JAJIsl 8-MH BaroHHOro moe3Ja MeTpo ¢ NMPUBOJAOM IepPeMEHHOI0 TOKa, MOoJ
001IIMM KOMMepYecKMM HazBaHHeM «MoCKBay.

AKTYaJIbHOCTb 3TOH PadoThl 3aK/II0YAETCH B TOM, YTO HA JAHHBI MOMEHT OTCYTCTBYIOT pellleHUsl pacuyeTa
MaccorafapMTHBIX M HepreTM4ecKHMX XapaKTepHCTHK MOHMCTOPHOI0 HAKONHUTENsl 3HepruM, padoramouiero ¢
3J1eKTPHYEeCKHM NPHBOJOM NMEPEMEHHOT0 TOKA 3JIEKTPOI0e3/1a MeTPo.

KiroueBble cnoBa: OkoHOMUYHBIH TSroBeIl mpeoOpa3oBaTeb, EMKOCTHOW HAKONHUTENb SHEPTUH, WOHUCTOpP, BAaroH
METPONOJINTEHA, SJHEPTHS PEKyTepaIuu, darapes.

DETERMINATION OF THE MAIN PARAMETERS OF THE IONISTOR ENERGY
STORAGE OF THE METRO CAR WORKING WITH THE ELECTRIC DRIVE OF
THE AC

Sorokin F.A.
Petersburg State University of Communications of Emperor Alexander I, St. Petersburg, Russia

(190031, Saint-Petersburg, Moskovsky Ave., 9), e-mail: filippovnal965@mail.ru

In this paper, the main dependences for calculating the weight, size and energy characteristics of an ionistor energy
storage device operating with an AC electric drive are proposed. Next, a calculation was made for an 8-car metro
train with an AC drive, under the general commercial name ""Moscow"".

The relevance of this work lies in the fact that at the moment there are no solutions for calculating the weight, size
and energy characteristics of an ionistor energy storage device operating with an electric AC drive of a metro
electric train.

Keywords: Economical traction converter, capacitive energy storage, ionistor, subway car, energy recovery, battery.

1. OnpenesieHue BeJIHYUHBI IHEPIMH PeKYNEPATUBHOIO TOPMOKEHHSI M TOTpPeOHOM
€MKOCTH HOHHCTOPHOI'0 HAKONMTEJIS IS JJIEKTPOIoe3/1a MeTPO

B cootBetcTBHM C [1], pacdeTHBIM PEKUMOM ABM>KEHHUS /111 BATOHOB METPOIOJIUTEHA SBIISETCS
JBWKEHNE Ha NPSIMOM, TOPU30HTAJIBHOM YYAacTKE€ IYTH C CyXHMH pelbCaMu IPH HOPMAIbHOM
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HAIPSDKEHUU B KOHTAaKTHOM CETH M MOJIE3HOW Harpy3KH Ha pacueTHOM IeperoHe aiuuHou 1700 m.
JJis pac4eToB MPUHUMAIOTCS OCHOBHBIC MapaMeTphl AJIsi 8-MU BarOHHOTO 1Oe3/1a MeTpo cepuu §1-
765, 766 u 767 moa oOIIMM KOMMEPUYECKUM HazBaHUEM «MOCKBay.

Jlist JaHHOTO TIEperoHa SHEPrus peKynepanuu noesaa Ay, KBT - 4, cocTaBur:

Ap = 36,389 kBT - u.
Tak kak B 1aHHOU paboTe BeAeTCS pa3pab0oTKa HAKOMUTES I OJTHOTO MOTOPHOTO BaroHa, TO
JlaJiee ONPENENAETC SHEPTUs PEKYIIEPALUHM, IPUXOIAIIASCS HA OJIMH MOTOPHBIN BaroH Ay, KBT - 4,

OTIPEIEISAETCS IO BRIpAXEHUO (2):
A i 2
P Gy )’ @
TJIE N U Nyyor - KOJIMYECTBO TOJOBHBIX MOTOPHBIX U MPHUIICITHBIX MOTOPHBIX BarOHOB
COOTBETCTBEHHO, IIIT.

36,389
=Ty
BripaxkeHue 11si onpeeneHuss EeMKOCTH MOHUCTOPHOTO HAKOIUTEIS JJIsi OJJHOTO MOTOPHOTO

= 6,035 kBT ' 4.

BaroHa C,,, @, mo Beipakenuro (3):
2 - A 1
Cen = = : 3)

2 —
(UeH max UeH min
1€ Uey max ¥ Uen min — MAKCUMAJIbHOE 1 MUHUMAJIbHOE COOTBETCTBEHHO HAIPSHKEHUE

MOHHUCTOPHOTO HAKOMUTENS YJHEPTHH.
[IpenBaputensuo npuHuMas Uey max = 1000 B 11 Ugy i = 500 B:
2-6,035-1000 - 3600
Con = (10002 — 500%2) 28,2 .
Takum oOpazom, eMKOCTh Hakomutens cocTaBiseT C., = 58,2 @. B cnenyroomeM myHKTE

MpeJyIaraeTcs MPOU3BECTH PAaCUeThl OCHOBHBIX TApaMETPOB HOHUCTOPHOTO HAKOITUTEIIS.
2. Omnpeznenenue rabapuTOB U OCHOBHBIX IapaMETPOB HMOHHCTOPHOIO HAKOIUTENs
SHEPTUU
B Buy OTCYTCTBHSI CBOOOJHOIO MECTa HEMOCPEICTBEHHO Ha MOTOPHBIX BaroHax mMojeiu 81-
765 u 81-766, mpemnaraercs yCTaHOBKAa Ha CBOOOJHOE HPOCTPAHCTBO MEXIY TeNeXKaMH IOJ
TPHUIETTHBIM BaroHOM Moenu 81-767 (Pucymnok 1).
[Ipu onpeneneHUy BEIMUYMHBI CBOOOJHOMN IUIOIIAAM IMMOJ MPULIEIHBIM BaroHOM HEOOXO0JIUMO
YYUTHIBATh IUIOMIATH, 3aHMMaeMble BCIIOMOTATENIbHBIM 000pya0BaHHEM (TpeoOpa3oBaTENb
KOHJIUIIMOHEPA CaJIoHa, BO3YIIIHBIC PE3EePBYaphl M pacrpeaenuTens) [2].
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1 — 6o30ywHvIe pezepsyapsi, 2 - npeobpazosamens KOHOUYUOHEPA CAlOHA U 3 — OIOK
pacnpeoenumenei.
Pucynok 1 — O6mmuii Bug Barona moaenu 81-767
HUcemounuk: PO sazonoe mooenu 81-765, 81-766 u 81-767

C y4eToM BBIIIIECKa3aHHOTO CBOOOIHAS TUTOIAE Sy, KOTOPAst MOXKET OBITh UCITOJI30BaHA JIJIS
MOHTaXa SIIIMKOB C MOHUCTOPAMH, OTPEIEISETCS IO BRIPAXKEHUIO (4), M2:
SEH = SMI‘I - SBp - Sm( - SGp' (4)
e Sy — IIOMAIh MEKTEIeKeUHOro IPOCTPAHCTBA, M2,
Spp — IJIOIIA/Ib, BO3/IYIIHBIMHI PE3€PBYyapamu, MZ;

SHK — IJjiomaab, 3aHuMacMas AIMruKOM C npeo6pa3013aTeneM KOHAWIIMOHCPOB CajiOHA,

Sgp — IUIOMIA/b, 3aHUMAEMAs AMUKOM C GJIOKOM PacIpeieuTeNen, M2,
Jna mpunienHoro BaroHa mojnenu 81-767 S, =~ 20,5 M2, IpU 3TOM MaKCUMajbHas JJUHA
HaKOMUTENSA Loy max = 7,6 M M MaKCUMaJIbHAS IIUPUHA HAKONUTENSA Bey may = 2,7 M.
Jlnst cOopku MOHUCTOpHOM O6atapen Obl1 BeIOpaH HakonuTenb HCKB-83-102 (pucynok 2). Ero
OCHOBHBIE ITapaMeTpsl peacTaBieHsl B Tadbmune 1.

1 IIIIIIIII Q (R

§ TITAN =R . L NYLIL$
;‘CKG $3-102 lD['Esl‘g)Pr‘

\&l ||||I|III||||||| IIIIIIIIIN.H.VIIIIIIIII IIIIIIIIIII.IIIIIf

Pucynok 2 — O6mmii Buj Hakorutes cynepkonaeacaronoro HCKB-83-1023
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HUcmounux: PO nakonumens cynepxondencamono2o HCKFH-83-1023

Tabnuna 1 — Xapakrepuctuku cynepkonaencaronoro Hakonutenss HCKb-83-102

Juanaszon pabounx HanpsokeHuit, B 102-51
MakcumanbHO€ HanpsbkeHue, B 102
MunumaipHOE HanpsikeHue, B o1

Emkocth, @ 83
BuyTpenne conpotusiienne, MOM 11 MOM
Pa6ounii muanason temmneparyp, C -40...+65
Pabounii pecypc, HUKIIBI 3apsa-pa3psil 1000000
MaxkcuManbHbIH HocTosHHbIHA Tok (15/10°C), A 128/208

I"abaputbl, MM

Bricora 177

JmuHa 484

Hlupuna 548

Macca, kr 32

HUcmounux: PO nakonumens cynepxonoencamonozo HCKbH-83-1023

Jlanee ornpenensieTcs cxeMa COeIMHEHHS] HOHUCTOPHBIX HAKOMUTEIEeH SHEPTUu.

B coorBercTtBUM ¢ [3] MakcMMalbHOE HANpsKEHUE B 3BEHE MOCTOSHHOIO TOKA MHBEPTOpA
OyJeT HOCTUTAThCS B PEKUME IJICKTPHUSCKOTO TOPMOKEHHUS M OyneT coctaBisath 940 B. Jlanee
OTIpe/ieNIsieTCs] KOJIMYECTBO MOCIEA0BATEIbHO COENUHEHHBIX HaKonuTeneil Ne, . OaTapeu, mWT., MO
BhIpakeHUIO (5):

N Ud max 940 ~ 10 5
eHIc — UH - 102 ~ LIT. ( )
IIpu »sTtom emkocTh rpynmbl u3 10 mocienoBaTeabHO COEIMHEHHBIX HOHUCTOPHBIX

HakoruTenen Cey e, @, COCTABUT MO BBIpAKEHUIO (6):

C —Ce“—83—83c1> 6
EHHC_NeHHC_lo_ ) . ()

B Takom cnydae, comporuBieHue Tpynnel u3 10 mocienoBaTeIbHO COEIUHEHHBIX

MOHHMCTOPHBIX HaKonuTenen Rey ne, MOM, 110 BeIpakeHUIO (7) COCTaBUT:
Rewne = Newne " Rew1 = 1011 = 110 mOM. (7)
Janee ompezensieTcsi KOMMYECTBO TMapauIebHbIX TPYII HAKOMUTENCH Neyyp U3 YCIOBHUS

Habopa eMkocTH B 58,2 @, o BeIpaxkeHuto (8):

Coy 582
Neynp = G 83 7 . (8)

Taxxke Hy)XHO MPOBECTH IMPOBEPKY Ha MAKCHUMAJIbHBIN JUIMTENbHBIM TOK Oatapeu, A, 1Mo

BbIpaxkeHu1o (9):
Loy 1" Neyw np 2 lg maxs A 9
170-7 = 1102, A
1190 = 1102, A — ycioBu€e BBIIIOJIHAETCS.
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Onpenensiercss GakTudeckass eMKOCTh HAKOMUTENS Cey pe, P, OMpPEIENnsercss Mo BhIPAKCHHIO
(10):
Cenne = Cernc * Nen nmp — 83:7=5810. (10)
Takum oOpazom, st obecriedeHHs: OOIIEH €MKOCTH HOHHMCTOpHOM Oartapew, B 58,1 @,
NpeJyiaracTcs CoeIMHeHUE 7 mapajuiesIbHbIX IPynn HakonuTesnei mo 10 mTyk B KaxK10M.
B takoMm ciydae, COMpOTHBIICHHE MOHUCTOPHOH Oarapen Ry o, MOM, mo Beipaxenuto (11),

COCTaBHT:

Repyne 110
Reyne = = ——= 15,71 MOm. (11)
N, €H 1p 7
Tak Kak aKKyMyJIsSTOpPHI KaXKIOTO0 MOTOPHOTO BaroHa OYyIyT pacroJiaraThCsi Ha MPUICTTHBIX
BaroHax, a JUisg 8-MU BarOHHOTO COCTaBa WX YHCIIO COCTABJISIET 2 IIT, TO3TOMY Ha KaXKIOM H3 JIBYX

INpUOCIHBIX BAarOHOB 6y,I[eT paciojiaratbCsa 6aTape;1, COCTOsAIIasd U3 3 AKKYMYJIATOPOB.

B cootBercTBUU ¢ 3TUM, 00IIee KOJIMYECTBO HAKOMMUTENCH AJsi OJHOTO MPHUIEMTHOTO BaroHa
Ny 15, T, IO popmyIie (12) cocTaBuT:
New 15 = Newne * Newnp *3 =107 -3 = 210 wr. (12)
Torma, macca 6aTapen 0JJHOTO MPHUIICTTHOTO BaroHa My, 15, KT, TI0 BeIpakeHUIo (13), cocTaBut:
Mey 1 = New1s " Men1 3 = 70-32-3 = 6720 k. (13)

Jli1a HauOonbIIei S HEProeMKOCTH Ha €IMHUILY TUIOIIAIU MpeiaraeTcs pacronaraTb Kaxabli
HaKOIIMTEJb JTUIEBOM MaHEJIbI0 BBEPX, OPUCHTUPYSI CTOPOHY KOPITyCa HAKOMUTENS JJTMHHON 548 MM
B CTOPOHY TEJICKEK BaroHa.

Jlanee ompenensercs MaKCUMAaJIbHOE KOJMYECTBO TIOCIEIOBATEIHHO COPHUEHTHUPOBAHHBIX
HaKOIHTEJIEH TI0 YCIOBUSM ITUPHUHBI TOABATOHHOTO MPOCTPaHCTBA Ny, ¢, 1T, TIO BBIpaXkeHUIO (14):
Lewmax _ 7648

L., 484
3aTeM OMpeAeNsAIOTCS HEOOXOIMMOE KOJMYECTBO IMMapajlieNbHO COPUEHTHPOBAHHBIX
HaKOMUTENEN Ney p, LIT, IO BBIpaXKEHHIO (15):

Neyne = ~ 15 wr. (14)

N, 210
Newnp = N:: ;p =7 = l4uwr. (15)
B takom ciygae, mmupuna 6arapeu B,y, MM, onipesienseTcs BeipaxkeHueM (16):
Bew = Bew1 " Newnp = 177 - 14 = 2478 mm. (16)
B takowm ciyuae, nnmuna 6atapeu L, MM, onipenensercs BeipaxxeHuem (17):
Loy = Ley1 " Neype = 484 - 15 = 7260 mm. (17)
BricoTa 6arapen H,,, MM, onipeenseTcs BeipaxkeHueM (18):
H., = H., 1 = 548 MmM. (18)

Bce paccuntannble nmapamMeTpsl ObUIH CBEJEHBI B Tabuuily 2. Takyke BapuaHT PacloIOKEHHUs
MOHUCTOPHOI'O HAKOMUTEIS B MOJIBATOHHOM IIPOCTPAHCTBE BaroHa mojenu §1-767 mpeacraBieH Ha
Pucynke 3.
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Tabnuna 2 —XapakTepuCcTUKU CYNEPKOHIEHCATOHON OaTapen
Juanazon pabounx HanpspKeHui, B 1020-510
MakcumanbHO€E HanpsbkeHue, B 1020
MuHuManbHOE HanpshkeHue, B 510
KosmgyecTBO BaroHoB, 3ay ThIBAEMbIX OT 3
Oarapeu, BATOHOB
Emxocts, @ 58,1-3
BuyTpenne conpotusnenue, MOM 15,7 MOm
PaGounii nuanason temneparyp, C -40...+65
PaGouwnii pecypc, HUKIBI 3apsia-pa3psia 1000000
MakcHMaIbHbIi ToCTOsHHBI ToK (15/10°C), A 896/1456
["aGaputsl, MM: 548
BricoTa
Tlwta 7260
[[lupuna 2478
Macca, xr 6720

Hemounuk.: Boiue npedcmagﬂeHHble pacuemol
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CopokuH @.A. OnpeneneHrue OCHOBHBIX TapaMETPOB HOHUCTOPHOTO HAKOIIUTEINS SHEPTUU BaroHa
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// MexItyHapOoIHBIN KypHaT HHPOPMAIIMOHHBIX TEXHOJIOTUi 1 3HeprodddexruBHocTH. — 2023, —
T. 8 Ne 8(34) c. 64-70

4.

1 - 6o30ywinbie pezepsyapel, 2-uonucmopuas bamapes, 3 - npeobpazoeameinb KOHOUYUOHEPA

canona u 4 - menexcku.
Pucynox 3 — O0muii BuI HOHIUCTOPHOU OaTapey ¢ yKa3aHHEM IMIMPHHBI 0aTapen
Hcmounuk: Aémopckuii mamepuan
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