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 Al-Jasri G. Kh. M.,Boltenkov V.A., Chervonenko P.P. Locally-coherent Processing of the Measuring Mnformation in 
the Acoustic Water Leak Monitoring Systems.  A method for improving the localization  accuracy of coolant leaks with the acoustic 
microphone systems. The method allows to distinguish the areas of local coherence on the microphone pairs in multiple reflections 
conditions  of the acoustic signal indoors. In assessing the origin of a leak on the TDOA technology It is proposed to take into account 
only those TDOA estimation, for which square coherence module is above coherence threshold. The proposed method   gives possibility 
to reduce the error of leak coordinate estimation in 2-4 times. 

Keywords: water leaks monitoring, TDOA technology, square coherency module, locally-coherent processing, correlation 
function form factor. 
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SOME LINEAR MATHEMATICAL MODELS IN ECONOMICS 

 
Hubal H. M. Some linear mathematical models in economics. A linear mathematical model of a diversified economy and a 

linear mathematical model of exchange are explored in this paper. Mathematical analysis of these models is carried out. 
Keywords: model of a diversified economy, model of exchange, technological matrix, matrix of trade.   
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Introduction. Linear mathematical models of a diversified economy and exchange are explored in this 

paper. We use mathematical apparatus of the theory of matrices to construct and to solve systems of linear 
algebraic equations. 

The main part. All linear mathematical models have the properties of additivity and homogeneity.  
Additivity means that if the variable 1x  creates the effect 1  on its single use, the variables 1 2,x x   create the 
effect 1 2  on their joint use. Homogeneity means that if the variable 1x  creates the effect 1 , then, for an 
arbitrary real number , the variable 1x  creates the effect 1 . 

A linear mathematical model of a diversified economy. Consider a simplified economic mathematical 
model of inerindustry balance [1, 2]. A linear mathematical model in an economy asuumes that an economy 
consists of a number of interacting industries each consuming the products, including its own, and producing 
another, and that all these industries are connected with the final demand for final consumption goods. This 
assumption is a simplified reflection of the labour division between successive phases of production, such as 
production and processing of raw materials, transportation of the finished product to the market. By using the 
linear equations and the coefficients of proportionality ija  depending on industry technology we can define how 
many products every industry has to produce to satisfy its demand, the demand of another industries and 
population that are supposed to be known. Connection between industries is displayed in the tables of 
interindustry balance, a mathematical model that allows to analyze them being recommended to connect 
separate industries with consumer demand, to determine the optimal prices and to calculate the maximum profit. 

We use the matrix method for solving systems of linear algebraic equations in a mathematical model of a 
diversified economy.  

The purpose of balance analysis is to answer the question that arises in macroeconomics and connected 
with the efficiency of conducting the diversified economy: what ought the production balance of each of n 
industries to be for all needs for products of the industry given to be satisfied?  However, every industry act, on 
the one hand, as a manufacturer of products and, on the other hand, as a consumer of its products and products 
produced by other industries. For example, the automotive industry by the steel in the steel undustry, the tires in 
the rubber industry, the electric power in the electric power industry, etc.  

Consider a static mathematical model of the economy (the static means that in the review period we do 
not take into account any change in time). The model is linear. This allows us to determine the amount of 
products that is necessary to satisfy the market demand and to determine the prices for it through added 
magnitudes. 

Assume that n types of products are are produced, purchased, consumed and invested, n types of industry 
each producing their products are considered in an economic system. One part of products is for consumption 
by this industry and other ones, the other part being for sale (consumption) in non-production sphere.   

Let an economic production system consist of n industries, i.e. produce n types of products. 
Consider the production process for a certain time period, for example, for a year. 
We display the connection between industries by the scheme of production and distribution interindustry 
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balance shown in table 1. 
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n
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x  1Y  1X  

2 21x  22x  … 2 jx  … 2nx  2
1

n

j
j

x  2Y  2X  

          

i 1ix  2ix  … ijx  … inx  
1

n

ij
j

x  iY  iX  

          

n 1nx  2nx  … njx  … nnx  
1

n

nj
j

x  nY  nX  

 

Table 1 
 
Denote the total (gross) volume of the i-th industry production by iX , the volume of the i-th industry 

products ( 1,i n ) consumed (wasted) by the j-th industry in production process by ijx    ( , 1,i j n ), the volume 

of the final products of the i-th industry for non-production consumption by iY   ( 1,i n ). 
Note that the gross volume of production is breafly called the gross product. The volume of the final 

product for non-production consumption is breafly called the friendly product. 
Indicators given above, namely iX , ijx , iY  ( , 1,i j n ), can be expressed in terms of natural units (thing, 

ton, litre, barrel, etc.), as well as value units. Depending on this there are natural or value interindustry balance. 
From  an  economic  point  of  view,  interindustry  balance  is  more  important  in  terms  of  value.  In  particular,  it  
allows us to combine the industries ino groups or subgroups (for example, the oil industry and the gas industry 
combining into the oil-and-gas industry) that facilitates the preparation of product balances. 

Thus, if the i-th indutry produces just the necessary amount of product, we obtain the balance equation for 
the i-th industry: 

 
1 2

1
,

n

i i i in i ij i
j

X x x x Y x Y  

namely the gross volume of the i-th industry production is equal to the total volume of the products consumed 
by n industries and the final product. This equation shows the possibility that the i-th undustry uses some of its 
products (i.e. xii). 

Thus, balance principle of communication in various industries is that the gross volume of any i-th 
industry production is equal to the sum of the consumprion volumes in production and non-production spheres, 
i.e.: 
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1 11 12 1 1

2 21 22 2 2

1 2

1 2

,
,

. . . . . . . . . . .
,

. . . . . . . . . . .
,

n

n

i i i in i

n n n nn n

X x x x Y
X x x x Y

X x x x Y

X x x x Y

  

or  

 1
, 1, .

n

i ij i
j

X x Y i n
 

(1) 

Let us consider value interindustry balance with all the magnituted involved in its relations have the value 
expression.  

Let us introduce the coefficients of direct material costs. If the j-th industry plans to produce jX  
production units, it is necessary to know how many production units the i-th industry will need. It is evident that 
the answer depends on the technology of the industry given. We assume that the volume of the i-th industry 
production required for manufactiring jX  production units is directly proportional to jX , namely ij ij jx a X , 
whence the coefficient of proportionality  

 , , 1, ,ij
ij

j

x
a i j n

X
 (2) 

where ija  is the coefficient of direct maerial costs of the i-th industry production per unit of the gross volume of 
the j-th industry production. ija  depends on the  j-th industry technology. This means linear dependence of 
material costs ijx  on the gross volume of the products jX . Therefore, the model of interindustry balance  built 
on this basis is linear. 

These coefficients form a square matrix of coefficients of direct material costs (the technological matrix): 

 

11 12 1

21 22 2

1 2

.
. . . .

n

n

n n nn

a a a
a a a

A

a a a

 

The matrix A  describes a technology in a single intensities of all industries. It is evident that the  j-th 
industry works with intensity jX , 1,j n .  We  assume  that  the  matrix  A  is a constant – technology is 
considered to be unchanged for some period (for example, for a year). 

Taking into account (2), we rewrite the system of equations (1) in the form: 

 
1

, 1,
n

i ij j i
j

X a X Y i n  

or in the matrix form: 
 ,X AX Y  (3) 

where A is the matrix of direct material costs, 

1

2

n

X
X

X

X

  is the single-column matrix of the gross volumes of 

products, 

1

2

n

Y
Y

Y

Y

  is the single-column matrix of the volumes of final products. 
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The equation (3) is the equation of linear interindustry balance. 
The main task of interindustry balance is to find the single-column matrix of the gross volumes of 

products X that provides the given single-column matrix of the volumes of final products Y if the matrix of 
direct material costs A is known. 

We write the equation (3) in the form: 
 ( ) ,E A X Y  (4) 
where E  is the identity matrix. 

If the matrix E A  is non-singular, we can write the equation (4) in the form: 

 1( ) ,X E A Y  (5) 

where 1( )E A S  is the matrix of total material costs with each element ijs  that is the gross volume of the i-

th industry production required to provide producing of the j-th industry final production units  ( , 1,i j n ). 
According to the economic content of the problem, the values of  iX  ought to be non-negative if the 

values of iY  and ija  ( , 1,i j n ) are non-negative. 
The interindustry balance equation can be also used in the case when the single-column matrix of the 

gross volumes of the products X  and the matrix of direct material costs A are known; we have to find the 
single-column matrix of the volumes of final products Y .  

The same type of analysis can be applied to determine prices. The technological coefficient ija  can be 
considered as the number of the i-th industry production units reqiured to produce the j-th industry production 
units. Let jp  be  the  price  of  the   j-th industry production unit. Then the cost of material inputs required to 
manufacture the j-th industry production unit is equal to 1 1j nj na p a p . The difference jr  between the price 
of the j-th industry production unit and the cost of material inputs required to manufacture the j-th industry 

production unit is the added value of the j-th industry. Thus, 
1

.
n

j j ij i
i

r p a p  The added value can include the 

cost of labour, depreciation, taxation, profit, etc.  
If, for any non-negative single-column matrix Y  and  for  a  non-negative  matrix   A, there exists a non-

negative solution X of the equation (4), then the non-negative matrix A is productive.  
Note that the matrix A is non-negative if all its elements are non-negative. 
If the maximum of the sums of column elements of the matrix A is not greater than one, at least for one of 

columns, the sum of elements is strictly less than one, then the matrix A is productive. 
The interindustry balance equation is used to plan and forecast production. 
The interindustry balance analysis is widely used by all leading economically developed countries.  
For example, we consider a conventional production system that consists of three industries producing 

one type of products of volume ( 1, 3)iX i  units, i.e. the single-column matrix of gross volumes of production 

is 
1

2

3

X
X X

X
. To ensure production, every industry uses a part of products produced by itself and by related 

industries. Let us find the single-colum matrix of the gross volumes of production X if 

 
60 0,05 0,35 0,4
70 , 0,1 0,1 0,4 ,
30 0,2 0,1 0,2

Y A  

where Y is the single-column matrix of the volumes of final production, A is the technological matrix. 
To use the formula (5), we find the matrix 1( )E A . 

 
1 0 0 0,05 0,35 0,4 0,95 0,35 0,4
0 1 0 0,1 0,1 0,4 0,1 0,9 0,4 .
0 0 1 0,2 0,1 0,2 0,2 0,1 0,8

E A  

We calculate the determinant of the matrix E A : 
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det( ) 0,95 0,68 0,1 ( 0,28 0,04) 0,2 (0,14 0,36)

0,646 0,032 0,1 0,514.
E A

 

The determinant of the matrix E A  being non-zero, the matrix E A  is non-singular. Therefore, there 
exists a unique reciprocal of E A . 

Let us find the reciprocal of E A : 

 1

0,9 0,4 0,35 0,4 0,35 0,4
0,1 0,8 0,1 0,8 0,9 0,4

0,1 0,4 0,95 0,4 0,95 0,41( )
0,2 0,8 0,2 0,8 0,1 0,40,514
0,1 0,9 0,95 0,35 0,95 0,35
0,2 0,1 0,2 0,1 0,1 0,9

E A

  
0,68 0,32 0,5

1 0,16 0,68 0,42 .
0,514

0,19 0,165 0,82
 

Thus the single-column matrix of the gross volumes of production has the form 

 
0,68 0,32 0,5 60

1 0,16 0,68 0,42 70
0,514

0,19 0,165 0,82 30
X  

 
40,8 22,4 15 152,1

1 9,6 47,6 12,6 135,8 .
0,514

11,4 11,55 24,6 92,5
  

A linear mathematical model of exchange (a mathematical model of international trade). Let us consider 
a linear mathematical model of exchange which is interpreted as a model of international trade that allows us to 
determine trade income of countries (or their ratio) for balanced trade [3]. Let 1 2, , , nK K K  be the group of n 
countries that are trading. We denote by jZ  the trading income (the national income) of the j-th country 
generated from sale of own goods in both domestic and foreign markets. The structure of trade relations 
between the countries is considered to be known: the share ijq  of the trading income jZ  that the j-th country 
spends on the purchase of goods (imports) from the i-th country is a constant; in particular, ijq  does not depend 
on the value of jZ . This hypothesis is an assumption about linearity of the model. 

Let us consider the structural matrix of trade (the matrix of exchange): 

 

11 12 1

21 22 2

1 2

.
. . . .

n

n

n n nn

q q q
q q q

Q

q q q

 

Starting trading according to the matrix of exchange Q, countries will have the trading income with 
magnitude described by the single-column matrix QZ after one round.   

We consider that all the trading income is spent either on the purchase of goods on its territory or on 
imports from other countries, namely the sum of elements of any column of the matrix Q is equal to unity: 

 
1

1, 1, .
n

ij
i

q j n  

For the country Ki, the income from domestic and foreign trade is 

 
1

, 1, .
n

i ij j
j

Z q Z i n  
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For the balanced trade, it is necessary to find such a matrix of the trading income  

 

1

2 ,

n

Z
Z

Z

Z

 

for which the matrix equation:  
 ,Z QZ  (6) 

is fulfilled. This equation can be solved for Z. 
It follows from mathematical analysis of the model that if the system operates k rounds of the trade with 

the matrix of exchange Q , after each round, we have the single-column matrices of the trading income: 
2, , ,QZ Q Z  kQ Z . Indeed, substituting QZ for the one-round trade for Z in the right-hand side of the formula 

(6), we obtain 2( ) ( )Q QZ QQ Z Q Z  for the two-round trade; substituting 2Q Z  for the two-round trade for Z 
in the right-hand side of the formula (6), we obtain 2 3( )Q Q Z Q Z for the three-round trade, etc. For example, 
for the three-round trade, we substitute the matrix of the trading income for the two-round trade in the formula 
(6). 

For example, we take three countries (denoting them by K1, K2, K3), participants in the trade with the 
trading income respectively Z1, Z2, Z3. Let the country K1 spends a half of the trading income on the purchase of 
goods on its territory, a quarter of the trading income on the purchase of goods from the country K2 and a 
quarter on the purchase of goods from the country K3. The country K2 equally spends the trading income on the 
purchase of goods from the country K1 on its territory and from the country K3. The country K3 spends a half of 
the trading income on the purchase of goods from the country K1, it spends the other half of the trading income 
on the purchase of goods from the country K2 and does not buy anything on its territory. Let us find the national 
income of the countries that would satisfy the balanced trade without a deficite if the amount of their national 
income is 9000 conditional monetary units a year. 

Let us write the structural matrix of trade: 

 

1 2 3

1 1 1
2 3 2
1 1 1 .
4 3 2
1 1 0
4 3

K K K

Q
 

Let ijq  be  the  share  of  the  trading  income  that  the  j-th country spends on the purchase of the i-th 
country’s goods. Note that the sum of elements in every column of the matrix Q  is equal to unit. 

After  summarizing  the  results  of  trading  for  the  year,  the  i-th country gets the income (the one-round 
trade doing for the year): 

 
3

1
, 1, 3.i ij j

j
Z q Z i  

Let us write the matrix equation to find the matrix Z: 
 Z QZ       ( ) ,Q E Z O  
i.e. 
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1

2

3

1 1 1
2 3 2 0
1 2 1 0 .
4 3 2

01 1 1
4 3

Z
Z
Z

 

 
The solution of the system of equations:  

 
1 3 2 3 3

32 , , R.
2

Z Z Z Z Z  

The result obtained means that the given countries’ trade balance is achieved at the ratio of their national 

incomes 32 : :1
2

. 

Let us find the countries’ national incomes for the year that would satisfy the balanced trade without a 
deficite under the condition that the sum of incomes is equal to 1 2 3 9000Z Z Z  conditional monetary units. 

Substitute the values 1 2 3
32 , ,
2

Z C Z C Z C
 
in this equality, where constC . Then we obtain 

 32 9000,
2

C C C  

whence 2000C . Thus, 1 2 34000, 3000, 2000Z Z Z  conditional monetary units. 
Note that here are simplified versions of a mathematical model of interindustry balance and foreign trade. 
Conclusions. A linear mathematical model of a diversified economy and a linear mathematical model of 

exchange are explored in this paper. Mathematical analysis of these models is carried out.  
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2. Schneider B.R. A comparative political economy of diversified business groups / B.R. Schneider // Review of international 
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Delyavskiy V., Grinchenko L. Tensely deformed the state of rectangular isotropic flag of middle thickness under a point 

load. Flags are the basic construction element of trafficway of bridges. For the arbitrary loading tensely deformed the state of flag at 
concrete maximum terms it is possible to define sufficiently simple, if for such flag a fundamental decision, which describes 
dependence of bending of flag on position of the concentrated force, enclosed in its to the dlvil'niy point, is known. 

Keywords: izotropic flag, loading. 
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  :  
 2h=0,7 .  : 

MPa 1007,2 5E , =0,3, MPa 4,011q . 
,  P  P=400 kN. 
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. 5.  1u  122 ah =0,333. 

 
Summary. The  solution  of  problem  about  of  the  state  of  stresses  and  strains  in  rectangular  isotropic  

moderate thickness plate acted by the concentrated force aplied in its arbitrariry point has been obtained. The 
problem was solved in the frames of the plate theory sugested by I. Prusov with help of separating variables 
method using the Fourie’s series method. As a example the rectangular plate free supported at all edges was 
considered. The boundary conditions was satisfied by means of collocation method. 
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DC-AC   
 

  
. , . , . , . . DC-AC  

. ,  
.  

, ,  
, . 

: , , ATmega328P, , , ,  50-200 .  
. 4. . 10. 

 
. , . , . , . . DC-AC  

. ,  
.  

,  
, ,  

. 
: , , ATmega328, , , ,  50-

200 . 
 
N.V. Zdolbitska, A.P. Zdolbitskyy, R.V. Sopizhuk, V.V. Suprunyuk. DC-AC converter with microcontroller -controlled 

frequency inverter. Considered electric power converters, circuit solutions and their main differences between the hardware and 
software parts. Designed buoyant DC pulse converter using inexpensive modern electronic components are structural and schematic 
diagram of the inverter, Recommendations on use, given the advantages and disadvantages of the designed solution. 

Keywords: invertor, microcontroller, ATmega328, transformer, transistors, potentiometer, frequency 50-200Hts. 
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 80 ),  
 

 MOSFET (  200-  
International Rectifier IRFP23N50L: TR2, TR3, TR4, TR5).  

, .  
 LC-

 ( ). 
. ,  

 Texas Instruments  C2000™ Solar DC/AC Single Phase Inverter  
 C2000™ F28M35H52C.  

.  DC/AC.  
.  

 (THD)  5 ,  96%. 
,  450$. [7]. 

 Xantrex 
[8].   20-  

. , 
, ,  

.  10-  
, .  

Xantrex  ,   ( )  
. 

 CyberPower Systems [9].  
. ,  

, . 
,  

 MAXIM™.  DC-AC  
 MAX 1739, 1839)  [10]. 

.  DC-AC 
. : 

– ; 
–  12  ( , ); 
–  220 ; 
–  250 ; 
–  ( , ,  

). 
.  

 1.  

. 
1. 

 

 

 
 

,  12 , 
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,  3 :  
,  

 
 ATmega 

328 

  

 

 IRFZ44V 
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.  
,  50  12 .  

,  
 220 .  2.  

, . 
 

 
. 2.  " "  

 
 " "  

 50 . , ,  
, .  

. ,  
 220 /50 , , 

,   311 .  ,   220 ,  ,  
 0.5.  

.  
, , ,  

,  
. ,  

,  
, .  

 1   ,  
 17  18  ATmega 328 .  

,   
,  12  220 . 

, ,  12 ,  
 10 .  259 . 

 0.72,  
 220 . ,  

, . 
. ,  

: 
 
digitalWrite(N,HIGH); 
delayMicroseconds(k); 
digitalWrite(N,LOW); 
delayMicroseconds(k); 
digitalWrite(M,HIGH); 
delayMicroseconds(k); 
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digitalWrite(M,LOW); 
//---- 
#define N 11 
#define M 12 
int h=5000; 
int k=5000; 
//---- 

 
,  

 5000  1250 .  11  12. 
,  

. ,  
,  

, .  
 20 ,  

 0. 
 0 -1023 : 

 
k = map(analogRead(0),0,1023,5000,1250); 

 
 map ,  ( )  0-1023 

 5000-1250.  
 LCD  16 2  

 HD44780. 
 
lcd.setCursor(0,0); 
lcd.print("Hz="); 
lcd.setCursor(3,0); 
lcd.print(Hz); 
int v = (analogRead(1)/1023.0) * 20; 
delayMicroseconds(k); 
lcd.setCursor(0,1); 
lcd.print("v="); 
lcd.setCursor(2,1); 
lcd.print(v); 
 

 LiquidCrystal.  
 4,5,6,7,8,9,10.  

. 
 1.  

.  
: 

int v = (analogRead(1)/1023.0) * 20; 
 16 , 

. 
.  

 ATmega328 ,  50  Arduino. 
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. 4.  Proteus 
 

 LM7805  
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, , .  
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.  
 60 .  40 

. .  
100 .  
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 DC-AC  
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. . 
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.  
, .  Mathcad  

(128*128 )  
. 

: , , , ,  
, ,  - , -  (bit-plane) , , 

, . 
 

., .  
.  

 
 

. 
.  

.  
,  

.  Mathcad  (128*128 )  
. 

: , , , , 
, , ,  (bit-plane) , 

, , . 
 
Krasilenko V.G., Nikitovich D.V. Simulation of cryptographic transformations of color images based on matrix models of 

permutations with spectral and bit-plane decompositions. The results of the simulation of cryptographic transformations of color 
images on the basis of their decomposition into spectral and bit slices and use of modified permutation matrix models for mixing 
elements of arrays and enable verification of the integrity of the established cryptogram. The direct and inverse cryptographic 
transformations are reduced to the matrix-matrix procedure. As matrix keys used one or two of permutation matrix or their degree. It is 
shown how to use decomposition and concatenation of images allows you to perform not only the transformation, but also to control the 
integrity of cryptograms. Experiments in Mathcad with color multilevel images (128 * 128 elements) with a view to encrypt and decrypt 
using the proposed models have confirmed the relevance and benefits of the latter. 

Keywords: cryptographic transformation of color images, matrix models, matrix key, decomposition, matrix-bit-slice (bit-plane) 
encoding, cryptogram, cryptographic system stability, a permutation matrix, the degree of the matrix, the matrix-matrix procedure. 
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a) b) 

 

 
c) 

  
d) e) 

 
. 1.  Mathcad, , :a) – 

R, G, B  ( ); b) - ,  
 ( ) ; ) –  24  25-  

 CON_S  A_SC; d) –  ASC_V,  A_SC; e) – 
 C_CON . 

 
,   

 R, G, B  (Ar, Ag, Ab)  
 C_CON ( !)  C_ASC (  
 !) .2. 
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.2. ,  KPS  
KPSO,  sl  sp,  

 C_ASC  A_SC)  (  
ASC_V) ,  

 R, G, B  (Ar, 
Ag, Ab)  C_CON ( !). 

 

 
 

.3.  R (Ar), G (Ag), B (Ab)  
 (Ar, Ag, Ab)  C_CON ( !).  

 
,  

 KPS  ASC_V,  
 ( ) .     
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.  

 

  a) 

 
b) 
 

.4.  C_ASC (  -   A_SC)  
 R (Ar), G (Ag), B (Ab)  (Ar, Ag, Ab). 

 
 

 
 

.5.  ( !)  ( )  
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Slic3r 
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 3D- ,  3D-

. 
: 3D- , , , Prusa Mendel i2, Arduino IDE, OpenScad, Repetier Host, 

Slic3r 
 
Salnikov O., Martyniuk O., Sholom P. Technology of manufacturing and use of 3D-printers. The prospects of 3D-

modeling tools introduction are justified and the technology approbation, available for self-manufacture and use of the base sample of 
3D-printers, is conducted. The possibility of 3D-modeling technology, the feasibility and possibility of independent design and 
manufacture of 3D-structures is experimentally confirmed. 

Keywords: 3D-printer, calibration, an extruder nozzle, Prusa Mendel i2, Arduino IDE, OpenScad, Repetier Host, Slic3r 
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Filippova M.V., , Demchenko M.O. Management of human resources in the production of the 

introduction of quality management system. The article deals with existing approaches to the management of human resources in 
enterprises. The use of a new system of human resources management that is based on the implementation of quality management system 
in accordance with international standards. It was considered assessment of the performance and efficiency of the management of human 
resources that allow you to build a more productive forms of cooperation between labor and management. Human resources management 
software was developed in the enterprise.  

Keywords: quality management system, human resources, personnel, information technology, production. 
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            Hryshanovych .,Yermeychuk S. Y. Analysis of the search of algorithms. Important role in the modern theory of 
algorithms given to algorithms search because the task of finding data (search data for a given key, search subsequence of the sequence) 
is one of those tasks that has practical applications. The use of a search algorithm to solve a specific problem is quite complex problem 
whose solution requires not only fluency by this algorithm, but also comprehensive consideration of an algorithm that determine all its 
advantages and disadvantages. In computer science, a search algorithm is an algorithm for finding an item with specified properties 
among a collection of items which are coded into a computer program, that look for clues to return what is wanted. The items may be 
stored individually as records in a database; or may be elements of a search space defined by a mathematical formula or procedure, such 
as the roots of an equation with integer variables; or a combination of the two, such as the Hamiltonian circuits of a graph. Algorithms 
for searching virtual spaces are used in constraint satisfaction problem, where the goal is to find a set of value assignments to certain 
variables that will satisfy specific mathematical equations and inequations. They are also used when the goal is to find a variable 
assignment that will maximize or minimize a certain function of those variables. 

Keywords: algorithm; complexity of algorithms; temporal characteristics; Turing machine; asymptotic time complexity; the 
productivity of the algorithm. 
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,  –  – O(N).  
,  a – , key – ,  

; . 
int LinSearch(int *a, int key)  
{ 
 int i = 0; 
 while ( (i<N) && (a[i] != key) ) 
  i++; 
 return i; 
} 

, ,  
.  i=N , . 

, , –  
 (i<N) , 

 – key –  „ ” [1]. 
int LinSearch(int *a, int key) 
{ 
 a[N] = key; 
 i = 0; 
 while (a[i] != key) 
  i++; 
 return i; }  // i<N –  

. 
, , . 

 
, .  

 ( ,  
)  ( ,  

). , .  
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 ( ) ; . 
 – . 

 – , ,  
 ( ), ,  ( ). 
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 t.  
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).  ,   t   (  
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,  –  (300 
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,  T(n)  
 n.  T(n) ,  

,  [3,4]. ,  
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 (n), , 
 max(n) .  avg(n)  

 ( )  n.  
avg(n) ,  

. ,  
, . , ,  

 (n).  
 min(n) ,  

, .  
: , ,  

, , ,  
; ,  « »  (  

)  [2,5]. 
.  ( ) : , 

.  
={a0,  a1,  a2,  …,  am},  ( ).  

; ,  Q={q1, 
q2, …, qn}.  Q  ” .  Q 

:  q1  qz (  ! – ),  z –  
, . ,  q1 , 

 qz ; ,  ,  :  
;  . 

:  
 (qi)  (aj)  

 (a j),  (d)  (q i).  
, : qi aj  q i a j d [2,3,6]. 

 (RAM)  ,   
. ,  

, ,  
.  ,   

, . , 
, .  

, ,  
 

 (Random-Access Machine – RAM).  
; , , .  

, :  
, , , , ,  

),  
, )  ( , 

).  
.  RAM . 

, .  RAM, , 
, . 

,   RAM. , , 
 RAM, . , ,  

 RAM, ,  
. 

 RAM  .   
, ,  

.  
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 [1]. 
.  
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.  
, , , .  

,  
,  ,  ,   

. . 
 

, ,  
. , ,  

,   
 [5].  ,  

. ,  
 „ ”,  

. ,  
,  „ ” ,  

. ,  
 ( , ) ,  

,  
.  

 („ -
”). ,  T(n)  (n2), 

 T(n)= (n2), ,  1, 2>0  n0,  1n2 T(n) 2n2  
 n0. , ,  – ,  

 n ,  T(n)= (n2)  f(n)= (n2).  
 n ,  f(n)= (g(n)),  

g(n) –  n.  ,  1, 2>0  
 n0,  1g(n) f(n) 2g(n)  n0.  f(n)= (g(n)),  

g(n) . 
.  

T(n)=(1/2)n2-3n.  ,   (n2),  (1/2)n2-3n= (n2).  
 1 2  n0,  1n2 (1/2)n2-3n 2n2  

n0.  n2  1 1/2-3/n 2. ,  
 2=1/2. , ,  n0=7  1=1/14. 

,  f(n)= (g(n)) :  (g(n)) („  
”)  (g(n)) („ ”). 

, : f(n)= (g(n)),  >0  n0,  f(n) g(n) 
 n0; f(n)= (g(n)),  >0  n0,  g(n) f(n)  

n0. ,  f(n)  f(n)= (g(n)) , 
 f(n)= (g(n))  f(n)= (g(n)). ,  

T(n), .  
.  T1(n)  T2(n) –  P1  P2. T1(n)  

 (f(n)), T2(n) - (g(n)).  T1+T2(n),  P1  
P2,  (max(f(n),g(n)). ,  1, 2, n1  n2 

,  n1  T1(n) 1f(n),  T2(n) 2g(n),  n2.  
n0=max(n1,n2).  n0, , ,  T1(n)+T2(n) 1f(n)+ 2g(n). ,  n0 

 T1(n)+T2(n) 1 2)max(f(n),g(n)). ,  T1(n)+T2(n) 
 O(max(f(n), g(n))).  

.  T1(n)  T2(n)  (f(n))  (g(n)) ,   
 T1(n)*T2(n)  (f(n)*g(n)). ,  (n2/2) 

 (n2). 
,  T(N)  N. 

 T(N) ,   
, .  

,  .   T(N)  
, ,  N.  

 T (N)  ( )  
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 N.  T (N) ,  
, , .  

, , , , 
 „ ” . , , 

 [1,2]. 
. ,  

 O f N ,  f N  

 N . O  –  „ ”. 
, .  

.  
,  – ,  – . 

 1.1 - ,  
  

f(N)=C C –  
f(N)=log(log(N))  
f(N)=log(N)  
f(N)=NC C –  
f(N)=N  
f(N)=N*log(N)  
f(N)=NC C –  
f(N)=CN C –  
f(N)=N!  1*2* … N 
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 T(n)  
” . ,  

.  
.  

, .  
,   „ ”,  ,   

 ( ), . , ,  
”  „ ” .  (  

),  
.  „ ” ,  

. ,  „ ” ,  
 „ ” , ,  „ ” 

. . 
,  

, .  
, . ,  

,  
, , .  

, ,  i. 
,  

. 
(1) for i n-1 step -1 until 1 do 
(2) for j 1 step 1 until I do 
(3) if a[j] > a[j+1] then 
begin 
(4)   swap(a[j], a[j+1]) 
end 

,  swap  (4)  
. : 

procedure swap (x,y) 
begin 
temp  x  
x  y 
y temp 
end 

.  
 ( )  ,  .  

, , ,  
.  j  1  2 i ,  

(3),  kj.  (4). 
 
 
 
 
 

 1.2 -  
   

for i n-1 step -1 until 1 do c1 n 

for j 1 step 1 until i do c2 n-1 
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if a[j] > a[j+1] then c3 

 

swap (a[j], a[j+1]) c4 

 
 ,  m ,   cm .  

, , : 

 
 (3). 

 
,  T(n) : 

 

 
,  (n)  –  ,   (n)=an2+bn+ ,  a, b i c 

 c1, … c4. 
,  n, ,  

 n .  
, .  swap  

,  Tmin(n) : 

 
,  Tmin(n),  

 n,  n. 
 ( ) ,  

:  a[j]  a[j+1] .  tj = j. 
 (4). 
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,  T (n)  n. 

 Tavg(n)  
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, , , . , 
. , ,  

 /2  
(1+2+..+n)/2 n2/4.  

 Tavg(n) : 
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 Klyatchenko Y.M., Tarasenko G.O., Tarasenko-Klyatchenko O.V. Implementation of numbers comparison in negative-
base numeral systems. The options to improve architectural-structural characteristics are examined in the article through the numbers 
presentation in negative-base numeral systems. The structures of operational arrangement for two operands comparison are proposed. 
 Key words: negative-base numeral system, positional arithmetic, comparison of binary operands.  
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 n  –  ,   
; l –  A  B,   

 –   l).  ,   
 

:  

 

: 

 

,  n=8, l=4,  -128, 64, 
-32, 16, - 8, 4,- 2, 1,   . 

 A  B : 
A=B, A>B, A<B.  

 ,  
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 A=01110010 (  4610)  B=10001010 (  -13810).   C,  D  
.  

=01110010, B=10001010 

1-  C=11111000 

2-  D=10000000 

3-   

4-   

5-  A>B 

 2. 

A=11101100 (  , B=11100111 (  . :  

A=11101100,  B=11100111 

1-  C=00001011 

2-  D=00001000 

3-   

4-   

5-  A<B 

 1. .  

     
  

1 0 1 0 A>B 

0 1 0 1 A>B 

1 0 0 1 A<B 

0 1 1 0 A<B 
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V.M. Melnyk, N.V. Bahnyuk, K.V. Melnyk, O.K. Zhyharevych. C- and java- interface implementation in asynchronous 
data transfer mode. Flexible transmission technology is represented through an asynchronous transferring mode (ATM), which 
proposals new services set for users. In aim to satisfy ATM’s strength advantage and to integrate access with ATM services into 
particular applications, it need to use a powerful application programming interface (API). Three different variants of such API was 
implemented here with native ATM functions accessing. It is also presented ATM API design and implementation in C for Digital Alpha 
workstations running under Digital UNIX system. There also Java ATM API is described with offering the socket programming 
environment, suitable for Java-programmers. The different attitudes and architectural approaches are compared in order to give 
throughput information  

Keywords: transmission technology, asynchronous transferring mode, application programming interface, sockets, architectural 
approaches 
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V.M.  Melnyk,  Polishchuk  M.,  Zdolbitskyy  A.P.,  Zhelobytskyy  Y.K.  Site  for  TV  &  radio  company  with  automatic  
recording broadcasts and auto-filling from own file share. A site for a broadcasting company is created and practically implemented 
for a workability. In addition with the involved advantages the site enables an automatic writing without operator invention during the 
interview, preserving it on the site or on the file storage. On the background of the site implementation there is achieved full automation 
of an operator to save the time and costs during playback. The service requires only initial equipment preparations and start, but getting 
the video material is automatic and placing it on the own file storage without thinking about renting servers or other information storages. 
It is proved that the software and hardware is reliable and secure, including its own archives. 

Keywords: site, automatic recording, direct broadcasting, autofilling, file sharing, RSS. 
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<rss xmlns:atom="http://www.w3.org/2005/Atom" xmlns:itunes="http://www.itunes.com/dtds/podcast-
1.0.dtd" version="2.0"> 

<channel> 

, . 
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Melnyk V.M., Shklyarskyy B.M.  Store management program. Synchronization of research and development of software 

maintenance shop was implemented for the needs of small trading companies. Cheap and accessible to use management software 
store was designed in the software development environment C ++ Builder 2009, which interacts with dvohtablychnoyu database, the 
development of which is based on technology ADO. The program implemented the most necessary purchases and sales - is the 
addition, removal of goods, movement of goods in the basket the purchase, cleaning trash client and search operation in a product 
catalog and remove unwanted headings. For convenience, developed a simplified and accessible form for administration of a 
common database store. 

Keywords: program management, trading, automation, control trade. 
 

:  
,  

, .  
,  

. 
,  

. ,  
, , ,  

.  
.  

,  
,  

, , ,  
.  

, . 
,  

.  
.  

 ADO (ActiveX Data 
Objects),  Microsoft.  

, . 
.  ,   

.  
. 



 " : , , "         
, 2016.  23 

 

 
© ., . 

75 

.  
, . 

,  , ,  
.  

. 
,  « »  

[1].  
, .  

 abmcloud  [2].  
.  , ,  

.  RS-BALANCE, ,  
,   [5].  

 TRUE SHOP [3]  
 USU [4]. ,  

. 
 . , 

.  
.  

. .  
,  

.  ADO  
 [6].  

 ( ) 
,  

. ,  
. 

. 
.  

. , , 
.  ,   

. : , , , , 
, ,  

. 
: 

1.  – ; 
2.  – . 

 .  
: , 

, ,  
, . 

 
. ,  

 
, , ,  ( ), 

 1. ,  
,  

,  
, .  

 



 " : , , "         
, 2016.  23 

 

 
© ., . 

76 

 

.1. . 
 

, , 
.  

 
.  

, -
.  

. 2.  –  
Microsoft Access 2007. , ,  

.  
 

 

.2. – . 
 

,  
,  

 « », .  
. ,  

.  ,  ,  
, . , ,  

.  ( ) . 
. 

, , ,  
 « ». . 



 " : , , "         
, 2016.  23 

 

 
© ., . 

77 

 
. . 

,  – 
 SQL, . 

,  SQL- : 
void __fastcall TForm1::Button2Click(TObject *Sender) 
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    ADOQuery1->Close(); 
    ADOQuery1->SQL->Clear(); 
    ADOQuery1->SQL->Add("INSERT INTO Tab1 ([ ], [ ],[ ]) VALUES  
                                               ('"+Edit2->Text+"', '"+Edit3->Text+"', '"+Edit4->Text+"')"); 
    ADOQuery1->ExecSQL(); 
    ADOQuery1->Close(); 
    ADOQuery1->SQL->Clear(); 
    ADOQuery1->SQL->Add("SELECT *FROM Tab1"); 
    ADOQuery1->Open(); 
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Mulyar V. P., Yatsyuk S. M. Elements of computer graphics in visualization of results of modeling of physical 

phenomena and processes. The capabilities of modeling in science and in the learning process are analyzed in the article. The basic 
techniques of computer graphics and their use for visualization of modeling of physical processes and phenomena are described. 

Keywords: modeling, computer simulation, computer experiment, computer graphics, learning process. 
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V.V Pogorelov, O.I. Marchenko. Survey of intermediate forms of program representation for translation from procedural 

programming languages into functional languages. The paper deals with the analysis of a range of intermediate representation forms 
(IRF) as oriented graphs in the context of translation of a program from procedural programming languages into the functional 
programming languages. In particular, the following graphs are examined: control flow graph, single static assignment, gated single 
assignment, value state dependence graph. A set of criteria for IRF selection is proposed and correspondence of the aforementioned IRFs 
to the set of criteria is analyzed. 

Keywords. Control flow graph, single static assignment, gated single assignment, value dependence graph, value state 
dependence graph, internal representation form, translation of programs. 
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.  p  q  (p, q) ,   q. 

, .  
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, , 

, , ,  (break)  
 (continue). . 1. 

 
 
int n = READ(); 

int f = 1; 

while(n > 0) { 

   n--; 

   if((n + 1) % 2 == 0){ 

    f = f * (n + 1); 

   } else { 

     f = f / (n + 1); 

   } 

} 

int res = f; 

PRINT(res); 
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 ( ),  .   
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:  
 1.  ,  (  
a )    a ,  .   a   

 . 
 2. k,  i.  

 , . 
 . 2 , . 1 . 
 

int n1 = READ(); 

int f1 = 1; 

int n3, f3; 

while (true){ 

  int n2 = 1(n1, n3); 

  if(n2 <= 0){ 

     break; 

  } 

  int f2 = 2(f1, f3);           

  int n2_tmp = n2; 

  n2_tmp--; // ! 

  n3 = n2_tmp; 

  int f4, f5;  

  if((n3 + 1) % 2 == 0){ 

    f4 = f2 * (n3 + 1); 

  } else { 

    f5 = f2 / (n3 + 1); 

  } 

  f3 = 3(f4, f5); 

} 

int f6 = 4(f1, f3); 

int res = f6; 

PRINT(res); 

 

. 2.  
  

 
, , . 2,  

 n  f,  n1, n3   f1, f3, f4, f5 .  res  
, .  

 n1, n3, f1, f3,  f4,  f5   1, 2, 3    4,  
.  n2, f2  f6 .  

 k . 
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 k,  
.  6  

. , 
, .  

 2-5,  1.  
 ,  

 ( ) [17].  k: 
 1.  – ,  if-then-else.  

 X3  =   (P,  X1,  X2),  P –  if-then-else, X1 –  ,   
 P,  X2 – ,  ¬P. 

 2. .  X2 =  (X0, X3),  
X0 – , , X3 – ,  

. 
 3. .   X3 =   (P,  
Xfinal),  P –  ( ) ,  Xfinal –  ,   

.  
 . 3  ( . 2) . 

 
int n1 = READ(); 

int f1 = 1; 

int n3, f3; 

while (true){ 

  //  -  

  int n2 = is_bound(n3)?n3:n1; 

  if(n2 <= 0){ 

     break; 

  } 
  //  -  

  int f2 = is_bound(f3)?f3:f1;          

  n3 = safe_dec(n2); 

  int f4, f5; 

  bool P1 = (n3 + 1) % 2 == 0;  

  if(P1){ 

    f4 = f2 * (n3 + 1); 

  } else { 

    f5 = f2 / (n3 + 1); 

  } 

  //   -  

  f3 = P1 ? f4 : f5; 

} 

bool P2 = n1 > 0; 

//   -  

int f6 = P2 ? f3 : f1; 

int res = f6; 

PRINT(res); 
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 – ,  [21]: G = (N, EV, ES, L, N0, 

N ). : 
1. N – . : , -

, . 
2. EV –  ( EV  N×N), .  
3. ES –  ( ES  N×N), . 
4. L – , . 
5. N0 –  . 
6. N  – . 
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 6. 

 1  – 6.   
. 1. 

 
 1.  1 – 6 

  
 /  1 2 3 4 5 6 

 - - - - - + 
 + - - - - - 
 + - - - - + 

 + + + + + + 
 

. ,  
,  

.   6,   
, ,  
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 1. ,  

1, ,  
 1.  6, .  

,    
. ,  6,  

   
, . 
   

,  (goto),  
 (break)  (continue).  
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Pomorova O.V., Titova V.Yu., Medzatyi D.M. Experience of using the computing device DE1-SOC for the educational 

process and scientific research at the System Programming department  of KhNU. Using the board DE1-SOC, which is built on a 
modern CPLD technology, as a training bench for the educational process at the System Programming department of Khmelnitsky 
National University is proposed in this paper. The board is a standalone external device that connects to a PC by ports and interfaces 
located on it. Using the board provides to students better understanding the work principles of modern computing devices, designing own 
devices and testing their work by using the board resources.  

Keywords: Computer Engineering, Complex Programmable Logic Device, DE1-SOC, educational process. 
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Ryazantsev A.I., Kardashuk V.S., Bortnyk K.Y. The automation system of process control the production of gelatine. The 

application of the program library of algorithmic elements for design automation of technological production scheme of vinyl chloride. 
Spend the decomposition process in the sub-system and a list of software modules necessary for the implementation of the management 
system. Proposed software and hardware implementation of the management system. The advantages of using the upgraded system. 

Keywords: software library of algorithmic elements, flow chart management system, software and logic controller, digital 
regulator. 
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Savenko O.S., Lysenko S.M., Nicheporuk A.O. The method of identifying metamorphic virus in the corporate network 

based on modified emulators. The article presents a method of detection the metamorphic virus with using a modified network 
emulators. The idea of a method is to create the estimate of the similarity metamorphic copies of the virus, which is achieved by creating 
for each host his own modified emulator. Received copies of metamorphic viruses compare by using metrics Damerau-Levenshtein. To 
form the conclusion that the metamorphic virus infected systems, done the classification of obtained copies using models similarities of 
metamorfic viruses. 

Keywords: metamorphic virus,  modified emulator, distance Damerau-Levenshtein, opcodes. 
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. ,  – 
.  

.  Low, 
Medium  High.   

 
 – .  

 0  0,25,  
;  0,26  1,  

.   0,26   0,49   1  
,  0,5  0,74 – 2 ,  0,75  1 – 3 .  

 2 .  15% 
, 5% , 11,25 –  68, 75%  

.  
 

 2.  
 

   
   

   
   

   
  

1 0,65 15 0,57 29 0,81 42 0,72 55 - 68 - 
2 - 16 0,86 30 0,70 43 0,51 56 0,61 69 0,72 
3 0,19 17 0,57 31 0,55 44 0,53 57 0,63 70 0,83 
4 0,64 18 0,63 32 - 45 0,63 58 0,84 71 - 
5 0,45 19 0,56 33 0,62 46 0,78 59 0,67 72 0,53 
6 0,59 20 0,68 34 0,23 47 0,62 60 0,69 73 - 
7 - 21 0,72 35 0,59 48 - 61 0,67 74 0,59 
8 0,52 22 0,41 36 0,54 49 0,70 62 - 75 0,47 
9 - 23 0,69 37 0,68 50 0,26 63 0,51 76 0,74 
10 0,61 24 0,79 38 - 51 0,56 64 0,82 77 - 
11 0,14 25 0,68 39 0,39 52 0,81 65 0,69 78 0,58 
12 0,69 26 0,24 40 0,56 53 0,74 66 0,36 79 0,57 
13 0,78 27 0,56 41 0,54 54 0,56 67 0,52 80 0,73 
14 0,35 28 0,69 

 
 (  0   0,25),  ,  

 
.  

 

           
 

. 3. . 
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Sholom P., Kotvytska A., Samarchuk V. E-learning manual based on PHP Framework Yii2. The electronic 

manual with a convenient and intuitive interface for subject "Software Engineering" is developed. Apart from the theoretical 
content the textbook contains testing module to test knowledge on the passed material. 

Keywords: electronic manual, MYSQL, database, database, YII2 FRAMEWORK, CSS, PHP, PHPSTORM, HTML 
 

.  
,  

.  
, 

,  
.  

 , . 
,  

 – ,  (HTML, Electronic Publication, 
OpenDocument, SGML, XML, FictionBook, TeX, PDF, Microsoft HTMLHelp, PostScript, ExeBook, 
Mobipocket  ),   (TIFF,  JPEG,  DjVu  .),   (SWF,  EXE,  

, .),  Java-  
.  

.  
 

,  
. 

.  
,  

.  
.  

PHP,  PHP  Framework  Yii2,   MySQL,  HTML  5   CSS.   
. 

PHP ,  html-  
, , ,  PHP- .  

 (<?php)  
,  (?>). 

,  
. . 

Yii2 –  PHP- ,  
.  ,   



 " : , , " 
, 2016.  23 

 

 
© ., ., . 
 
 

113 

 PHP. , 
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 (CMS),  RESTful- . 
 ( ) Yii2: 

-  PHP-  Yii2  MVC 
(Model-View-Controller) . 

- Yii2 .  
- Yii2   full-stack  ,   

:  ActiveRecord  NoSQL , 
 REST API, . 

- Yii2 -
.  Yii2  

. 
-  CMS- . 
-  / , . 
- , . 
- . 
-  (  

). 
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 Yii:  1.1   2.0.   1.1   
.  2.0  Yii,  
,  Composer, PSR, ,  

.  2.0  –  .   
. Yii 2.0  PHP 5.4.0 , , 

. Composer –  
 PHP. ,  

,  Composer .  Composer –  
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,  (  
 PEAR).  
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 AssetBundle.  Widget MVC ( -
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).  View,  

 Assets.  ( )  
 HTML-  Java Scripts  CSS. 

,  
, . , , –  

 ( ).   
»  (  gem’  

Active  Record,   Ruby  on  Rails).   
: , , ,  



 " : , , " 
, 2016.  23 

 

 
© ., ., . 
 
 

115 

 (MySQL  =>  Oracle),   
 / . ,  

, : .  
,  

. ,  
.  

 ( ) ,  
. ,  

.   Yii2  .  ,   
. ,  

. 
: 

-  ( , ); 
-  (SVN, GIT ); 
- ; 
- . 

 Yii2  yiic migrate,  
, , , 

. 
 

JetBrains PhpStorm. : . 
 

.  
: , , , , . 

 « » ,  
.  

 « »,  
 / .  

» , , 
. .  

. ,  
.   « »  ,   

.  
 ( ) . 

,  
. .  

 3  4. 
.  

.  
 

.  ,   
.  

 
JetBrains PhpStorm  PHP-framework Yii2.  

 « »  Open Server. 
 



 " : , , " 
, 2016.  23 

 

 
© ., ., . 
 
 

116 

 
. 3.  

 

 
. 4.  

 
1. Yiifravework community: [ ] // Yii fravework community –  Yii 

fravework. – : https://yiiframework.com.ua/ru/doc/guide/2/ 
2. Safronov M., Winesett J. Web Application Development with Yii 2 and PHP. – Packt Publishing Ltd, 2014. 

]. – : https://books.google.com.ua/books?hl=ru&lr=&id=XZefBAAAQBAJ& 
oi=fnd&pg=PT17&dq=framework+Yii2&ots=wYFbeq8sLA&sig=yAUGa7kfsTmK7LDqOrOew100R4U&redir_es
c=y#v=onepage&q=framework Yii2&f=false 

3. .  Yii 2. – .: , 2015.  392 . 
4. PHP.SU: [ ] //  PHP – C  forum.php.su. – : 

http://www.php.su/php/?php/ 
5. . [ ]. – : https://yiiframework.com.ua/ru/doc/guide/2/db-

migrations/ 



 " : , , "  
, 2016.  23 

 

 
© . 

117 

 338.244:504.453 
 

 
 

 
 

 
 

.  
.  

 
. 
: , , . 

 
.  

.  
. 

: , , . 
 
Fil’ N.U. Model of virtual project management office for the liquidation of natural emergency situation consequences on 

trunk roads. In the article the structural-logical model for organization of a virtual project management office for the liquidation of 
natural emergency situation consequences on trunk roads has been developed. 
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Ki – , . ,  

, )i,1i( . 
,  

,  0  1. 
, .  

. . 
: 
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1i
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i

1i
iixHmaxH ;     (2) 
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1i
iixNmaxN ;     (3) 
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1i
ii xZminZ ;     (5) 
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5

1i
iixSminS ;     (6) 
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1i
iixKmaxK ;      (7) 
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1x
i

1i
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 H : 
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1i
ii HxH ;      (9) 
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i

1i
ii NxN ;        (10) 
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1i
ii ZxZ .      (11) 
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