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Abstract. The article is devoted to the algorithmic models controls of difficult systems (DS) on the basis of al-

gebra over functioning of the tables. It is proposed the three-level system design and management by means of algo-

rithms of analysis and synthesis of abstract operating systems. 

Keywords: algorithm, model, scheme, matrix, equation, operation, set. 

 

Let's consider difficult systems by means of counts for which there are following characteristics: coordinates, 

intervals of time, operation and a condition. We will call such element a workplace (WP) and we will designate it as 

follows:  

{ }, , , , ,i i i j j i j i jA t d pa a dÍ =  

 

where 
i jdÍD-a vector of co-ordinates in jt -th interval of time D-set of co-ordinates workplace; 

jt TÍ -j time interval (ʊ - set of intervals of time); 

i jd DÍ -the operation which is carried out in jt -th interval of time (D-set of operations); 

i jp PÍ -a vector of conditions of i-th WP in the range of time (ʈ - set of conditions WP).  

Set WP, connected to signs, is defined by some network in each interval of time jt [5]. Changes of network 

WP in time-function of change of network()F t . Such description of system we will name the table of functioning of 

system. Graphically each operation 
jd -carried out on WP 

ia at the moment of time kt  has coordinates ( ), , .i j k  

Then dynamic tables of functioning will be defined as follows: { }, , , , , , ,TA P D I O A T F= D  where 

, , , , , ,P D I O A T D-accordingly sets of positions, operations, entrance and target conditions WP, intervals of time and 

co-ordinates WP of system; ()F t -function of change of the table of functioning in time. If 
it T" Í  and function 

()iF t const=  such table of functioning is called as static. Function (),F t setting changes of the table of function-

ing, is called as function of management by modular system or function of planning of processes in system. 

In each interval of time jt it is represented in the form of the marked network [5]:  

 

{ }, , , , ,M P D I O m=  

 

where m-function : : ,N P Nm ­  each marks m can be presented as vector 
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( )1 2, ,..., ,nm m m m= , , 1, .in P u N i nm= " Í =  Intervals of time it  we will call technological cycles (TC). 

The control system usually represents the three-level system realizing function of designing and production 

control [2ï4]: 

1. The top level-organizational-operational administration-forms-production targets for concrete local con-

trol-systems of the program equipment; 

2. The second level-local management on the basis of FT-loads into operating monitors corresponding TC; 

3. The bottom level represents operating monitors in the form of automatic m -achines with store memory. 

Let's consider model of management (DS). The relation of kind R: D where R-set WP, and D the set of the kits 

of parts, received as a result of construction dynamic FT, is a component of wider relation R; D; 0. Owing to transitivity 

of all relations it is possible to construct transformation FT: 

 

{}( ): : 0 0 :R D D C­ ­ = . 

 

At construction dynamic FT with relation R: D we will use the scheme presented on figure 1 

 

             
Fig. 1. The scheme of construction dynamic FT with relations of kind R R-U 

 

Analysis FT on a decision admissibility is based on the permission of two equations in a matrix kind: 

 

                                                                          1 0 , 0Y Y A AWc
- - -

= + Ö =                                                                 (1) 

 

Begin 

Synthesis of FT with 
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On the basis of the analysis of the first equation, existence of not trivial fundamental system of the decision for 

FT, in the form of matrix A  is defined. The matrix And turns out from matrixes A+  and A- , describing FT, and 

is connected with them relation A A A+ -= - . 

The decision of the equations (1) leans in [7]. Transformation to network model it is made as follows: 

 

( )2 1 2 1

1 1

min
m n

k k k k k

j j j j j

k j

c c x c b
= =

è ø- + ­
ê úä ä , 

 

where 2

k

jC -demand cost k-th product for j-th knot; 

1

k

jC -Cost of the offer of k th product j th knot; 

k

ijc-A stream k th product from i th knot in j th knot; 
k

jb -demand of j th knot for k-th product, provided that 

 

        

2 1 2

1

1 2

1

2 2 2

1 1 1

,

, , 1, ,

m
k

j j j

k

n
k k

j

j

n n m
k

j j

j j k

x S U

x j k n

S U

a

a

=

=

= = =

ë
+ =î

î
îî

=- =ì
î
î

= -î
îí

ä

ä

ä ä ä
 

 

where 
2

ka -offers of 2-nd knot for k-th product.  

The decision of the given network model is received by one of methods in [1, 6, 7]. For definition of condition 

WP in a present situation of time mt  it is defined three types of structures between control points: consecutive, parallel 

and series-parallel. 

Process of construction FT is based on three sets:  

 

{} { } {}, ,i e jR r D d u O o= = =  

 

where , ,i e jr d o  - WP, details and operations accordingly which describe all processes of synthesis: 

Let for some subset { }i eD d=  and corresponding to it {}k iR r=  condition { } { } { }l i l

K m kO O O=  is satis-

fied. It means, that any detail can be processed on WP completely; 

Let 
iD  and 

kR  are not crossed on set of operations O, ʪ.ʝ { } { } 0l i

k mO O =; then process can be stopped, 

and in this case subset 
iD ʠ is that splitting into set R on operation 

l

kO  

Let 
iD  and 

kR partly are crossed on operation:  

 

{ } { } { }1 1, ;l l i l l l

n ok om n ok omO = O O O O O ÍO 

 

Then for a relation establishment it is possible to use a synthesis algorithm of complexes WP. 

Whereas sets D, About and R are final and set relations for each element 
ed ʠ ir  on operation 

kO , it is possi-

ble to solve a problem put as follows in such system: 

j$  Such, that ( ) ( )1 1,..., ,...,m md d r r
j
½½­ , the algorithm of search of the decision of a problem is de-

scribed so: we find such set WP 
1

1

k

i

i

R r
=

= ; 
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We check on emptiness crossing of subsets{ } { }1 1

l i

k mO O . 

If crossing is not empty, then we receive subset { } { }{ }2 1 1\l l l

k k mO = O O 

Also we pass to performance of point I. If crossing is empty, there is an algorithm stop. It is thus received the 

following sequence of subsets of operations: 

 

{ } { }{ }

{ } { }{ }

{ }

3 2 2

1 1

1

\

....................................

\

0.

l l i

k k m

l l i

nk n k n m

l

n k

- -

+

O = O O

O = O O

O =

 

 

Constructed FT with relation D: R: About for processing operations contains, in turn, initial data for synthesis 

FT with the same relation for transportation operations. The synthesis algorithm in this case becomes simpler, as for 

each vehicle there is only one operation ï operation of transportation. 

In this case, the conformity between R and D on operation of transportation is established. The algorithmic 

model of the decision of problems of designing described above and management DS allows to carry out designing of 

managerial process DS and management of the program equipment. Such scheme allows flexibly and without additional 

expenses for working out of new software to operate object taking into account influence of external factors on industri-

al system, in particular on a production course. 
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ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ  

ʎʝʥʪʨʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
3 
ʘʩʩʠʩʪʝʥʪ  

1 
ʀʥʞʝʥʝʨʥʘʷ ʌʝʜʝʨʘʮʠʷ ʋʟʙʝʢʠʩʪʘʥʘ 

2 
ʊʘʰʢʝʥʪʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

3 
ʅʘʚʦʠʡʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʉʉ) ʥʘ 

ʦʩʥʦʚʝ ʘʣʛʝʙʨʳ ʥʘʜ ʪʘʙʣʠʮʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠ ʫʧʨʘʚʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʘʙʩʪʨʘʢʪʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʤʦʜʝʣʴ, ʩʭʝʤʘ, ʤʘʪʨʠʮʘ, ʫʨʘʚʥʝʥʠʝ, ʦʧʝʨʘʮʠʷ, ʤʥʦʞʝʩʪʚʦ. 

 



ISSN 2308-4804. Science and world. 2015. № 1 (17). Vol. I. 

 

 

14 

 

УДК 543.429.23 

 

ПРИМЕНЕНИЕ МЕТОДА ЯДЕРНОГО МАГНИТНОГО РЕЗОНАНСА В СТРОИТЕЛЬСТВЕ 
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1 
ʘʩʧʠʨʘʥʪ, 

2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʢʘè,  

ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡè, 
3 
ʩʪʫʜʝʥʪ

 

1 
ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ʈʦʩʩʠʷ 

2 
ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

3 
ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝè,  

ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʤʝʪʦʜʘ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ, ʠʤʝʶʱʠʭ ʥʘʠʙʦ-

ʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ: ʧʦʨʪʣʘʥʜʠʪʘ (ʛʘʰʝʥʘʷ ʠʟʚʝʩʪʴ), ʛʠʧʩʘ, ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʮʝʦʣʠʪʦʚ, ʧʦʣʠʤʝʨʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʗʄʈ ʢʘʢ ʦʩʥʦʚʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʚ ʛʝʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʬʪʷʥʳʤ ʜʠʩʧʝʨʩʥʳʤ ʩʠʩʪʝʤʘʤ (ʅɼʉ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ, ʷʤʨ-ʨʝʣʘʢʩʦʤʝʪʨʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ, ʩʧʠʥ-ʩʧʠʥʦʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʝʬʪʷʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʩʨʝʜʳ, ʮʝʦʣʠʪʳ. 

 

Введение 

ɺ ʩʠʣʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʠ ʷʚʣʝʥʠʷ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ʗʄʈ) ʜʣʷ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʘ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʪʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʨʘʟʥʳʝ ʥʘʫʢʠ ʚ 

ʝʜʠʥʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʧʦʜʭʦʜʝ ʢ ʘʥʘʣʠʟʫ ʚʝʱʝʩʪʚʘ ʠ ʷʚʣʝʥʠʡ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʗʄʈ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʭʠʤʠʠ, ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣ ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ. ʇʦ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ ʩʫʱʝ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ [1, 2, 9, 

14, 16, 17, 18]. 

ʆʜʥʘʢʦ, ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʤʦʱʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʘ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʥʘ ʤʝʩʪʝ ʟʘʢʣʘʜʢʠ ʬʫʥʜʘʤʝʥʪʘ ʙʫʜʫʱʝʛʦ ʩʪʨʦʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʥʘ ʧʨʝʜʤʝʪ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʟʚʝʩʪʥʦ 

ʥʝʤʥʦʛʦ. 

Теоретические основы метода ЯМР 

ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ - ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚʝʱʝʩʪʚʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʥʳʭ ʷʜʝʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. ʄʝʪʦʜ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚʘʭ, ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʗʄʈ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ï ʚʠʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʘʪʦʤʥʳʭ ʷʜʝʨ, ʚʳʟʳʚʘʝʤʳʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʊʦʣʴ-

ʢʦ ʷʜʨʘ ʩʦ ʩʧʠʥʦʚʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ I, ʦʪʣʠʯʥʳʤ ʦʪ ç0è, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʠʛʥʘʣ ʗʄʈ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʤʦʛʫʪ ʜʘʚʘʪʴ ʪʦʣʴʢʦ ʷʜʨʘ ʘʪʦʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʯʝʪʥʳʤ ʩʧʠʥʦ-

ʚʳʤ ʯʠʩʣʦʤ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʜʨʘʤ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʪʥʦʩʷʪʩʷ: 

.,,,,,,, 195195119293113191 HgPtSnSiPCFʅ
 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʷʚʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʧʠʩʘ-

ʥʠʝʤ ʫʩʣʦʚʠʡ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ [3, 15]. 

ʇʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ ʷʜʝʨ ʘʪʦʤʦʚ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʥʘʟʳʚʘʝʤʳʡ ʩʧʠʥʦʤ. 

ʄʥʦʛʠʝ ʷʜʨʘ ʠʤʝʶʪ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ J ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ µ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʝʞʜʫ ʩʦ-

ʙʦʡ [8, 9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

                                                                                          Jgm=                                                                                (1) 

 

 ɔ-ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

 

ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʦʧʝʨʘʪʦʨ J ʩʚʷʟʘʥ ʩ ʦʧʝʨʘʪʦʨʦʤ I ʩʦʦʪʥʦʰʝʥʠʝʤ 
 

 

                                                                                         I=>J
                                                                                  

(2) 

                                                           
 É ʄʦʨʦʟʦʚ ʄ.ɻ., ʄʫʭʘʥʦʚ ɸ.ɺ., ʉʘʚʠʣʢʠʥ ʀ.ʉ. / Morozov M.G., Mukhanov A.V., Savilkin I.S., 2015 
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ʆʧʝʨʘʪʦʨ I ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ I(I+1), ʛʜʝ I - ʩʧʠʥʦʚʦʝ ʯʠʩʣʦ. ʇʨʠ ʧʦʤʝʱʝʥʠʠ ʷʜʨʘ ʚ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ Bо ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ µ ʦʙʣʘʜʘʝʪ ʵʥʝʨʛʠʝʡ ɽ = Õɺʦ. 

ɻʘʤʠʣʴʪʦʥʠʘʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

                                                                                           ʅ = - Õɺʦ.                                                                                (3) 

 

ʇʫʩʪʴ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Во ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ z ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʊʦʛʜʘ 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʩ ʫʯʝʪʦʤ (1) ʠ (2) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ z ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

                                                                                 
z0IB - =ʅ >g ,

                                                                           (4) 

 

ʛʜʝ zI - ʦʧʝʨʘʪʦʨ z-ʧʨʦʝʢʮʠʠ ʩʧʠʥʘ, ʧʨʠʥʠʤʘʶʱʠʡ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: 

 

                                                                                    m = I, I-1, .. , -I                                                                               (5) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʤʠʣʴʪʦʥʠʘʥʫ (4) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ: 

 

                                                                                  mB - =E 0m >g                                                                       (6) 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʦʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʦʩʮʠʣʣʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʩʪʝʤʳ. ɽʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, 

ʠʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ ʦʧʝʨʘʪʦʨʦʚ ʩʧʠʥʘ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʷʜʨʘ ʩʦ ʩʧʠʥʦʤ I.  

ʆʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʷʜʨʦ ʠʤʝʝʪ ʩʧʠʥ, ʨʘʚʥʳʡ İ. ʊʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ zI  

ʨʘʚʥʳ °İ>. ʊʦ ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷ ʩ ʵʥʝʨʛʠʷʤʠ: °İɔ>H. ʆʙʦʟʥʘʯʠʚ 

ʩʧʠʥʦʚʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʙʫʢʚʘʤʠ a ʠ b, ʧʦʣʫʯʠʤ:  

 

              aa >
2

1
+=zI   ʠ bb >

2

1
-=zI                                                              (7) 

 

a ʠ b ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʞʥʝʤʫ ʠ ʚʝʨʭʥʝʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʩʧʠʥʦʚ.  

ʌʫʥʢʮʠʠ a ʠ b ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳ, ʪʘʢ ʯʪʦ 122 ==ba  ʠ 0==baab . 

ʉʚʦʡʩʪʚʘ ʦʧʝʨʘʪʦʨʦʚ xI ʠ yI   ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

                                                                

,
2

1
;

2

1
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2

1
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2

1

baba

abba

>>

>>

iIiI

II

yy

xx

-==

==
                                                      (8) 

 

ʛʜʝ i - ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. 

ɽʩʣʠ ʦʩʮʠʣʣʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʨʦʪʢʠʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ 

ʠʤʧʫʣʴʩ, ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ z, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ P ʨʘʚʥʘ ʥʫʣʶ: 

 

                                                                       0|||| 2=ðà= ba zIP                                                                     (9) 

 

ʊʦ ʝʩʪʴ, ʧʨʠ ʪʘʢʦʤ ʩʦʯʝʪʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʝʡ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʫʨʦʚʥʷʤʠ ʚʦʟʥʠʢʘʪʴ ʥʝ ʙʫʜʫʪ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦ-

ʩʪʠ ʚʜʦʣʴ ʦʩʝʡ x ʠʣʠ y ʧʦʣʫʯʘʶʪʩʷ ʥʝʥʫʣʝʚʳʝ ʚʝʨʦʷʪʥʦʩʪʠ: 
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ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

                                                                                   HE >g=D                                                                             (11) 

ɸ ʯʘʩʪʦʪʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʘ: 

                                                                                       
p

g
n

2

H
=                                                                                (12) 

 

ʌʦʨʤʫʣʘ (12) ʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʨʝʟʦʥʘʥʩʘ [8, 15, 18]. 

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʝʮ ʠʤʧʫʣʴʩʦʤ ʠʣʠ ʩʝʨʠʝʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʄ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʚʜʦʣʴ ʦʩʠ z, ʤʦʞʥʦ ʧʦʚʝʨʥʫʪʴ, ʥʘʧʨʠʤʝʨ, ʥʘ ʫʛʦʣ 90Á, ʘ ʟʘʪʝʤ ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʝʝ ʚʦʟʚʨʘʱʝʥʠʷ 

(ʨʝʣʘʢʩʘʮʠʠ) ʢ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʩʧʘʜʫ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ (ʉʉʀ), ʥʘʚʦʜʠʤʦʡ ʚ ʢʘʪʫʰʢʝ ʜʘʪʯʠʢʘ, ʨʘʩ-

ʧʦʣʘʛʘʝʤʦʡ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʭ ʠʣʠ ʫ [2, 8, 18]. ʕʪʦʪ ʩʠʛʥʘʣ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘ. ʊʝʤ ʩʘʤʳʤ ʤʳ ʧʦʣʫʯʘʝʤ ʩʧʝʢʪʨ ʗʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʷʪʴ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʝʣʘʢʩʘʮʠʠ) ʧʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ - ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʗʄʈ-

ʨʝʣʘʢʩʦʤʝʪʨʠʷ (ʗʄʈʈ), ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦ ʯʝʤ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʢʘʟʘʥʦ ʥʠʞʝ. ʗʜʨʘ ʤʦʞʥʦ ʦʙʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʠ ʩʝ-

ʣʝʢʪʠʚʥʳʭ ʠʤʧʫʣʴʩʦʚ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʬʘʟʳ [2, 11, 17], ʪʝʤ ʩʘʤʳʤ ʧʦʚʦʨʘʯʠʚʘʷ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʄ ʚ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʥʘ ʪʝ ʫʛʣʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʉʉʀ 

ʥʘʙʣʶʜʘʪʴ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʷʜʨʘʤʠ ʚʝʱʝʩʪʚʘ [8]. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʗʄʈ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʦʪʥʝʩʝ-

ʥʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ [9, 12]: 

1) ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ; 

2) ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ; 

3) ʩʧʠʥ-ʩʧʠʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; 

4) ʧʣʦʱʘʜʴ ʩʠʛʥʘʣʘ ʨʝʟʦʥʘʥʩʘ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʟ ʥʠʭ: ʭʠʤʠʯʝʩʢʦʤ ʩʜʚʠʛʝ ʠ ʩʧʠʥ-

ʩʧʠʥʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ - ʵʪʦ ʨʘʟʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ ʜʘʥʥʦʛʦ ʧʨʦʪʦʥʘ ʠ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩʪʘʥʜʘʨʪʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʷʜʨʘ ʘʪʦʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʚ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʯʘʩʪʦ ʚʳʙʠ-

ʨʘʝʪʩʷ ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ 
43)(CHSi

 
(ʊʄʉ), ʭʠʤʩʜʚʠʛ ʩʠʛʥʘʣʘ ʢʦʪʦʨʦʛʦ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʫʣʴ. ɺʳʨʘ-

ʞʝʥʠʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʠʤʝʝʪ ʚʠʜ:  
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ʉʧʠʥ-ʩʧʠʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - ʵʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʪʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʷʟʠ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʥʘ 

ʩʧʝʢʪʨʝ. ʂʘʞʜʘʷ ʣʠʥʠʷ ʤʫʣʴʪʠʧʣʝʪʘ ʙʫʜʝʪ ʦʪʩʪʦʷʪʴ ʦʪ ʩʦʩʝʜʥʠʭ ʣʠʥʠʡ ʪʦʛʦ ʞʝ ʤʫʣʴʪʠʧʣʝʪʘ ʥʘ ʦʜʥʦ ʠ ʪʦʞʝ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ J, ʢʦʥʩʪʘʥʪʫ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʟʤʝʨʷʝʤʫʶ ʚ ɻʝʨʮʘʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʠʥʠʡ ʢʘʞʜʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʥʘʟʳʚʘʝʤʦʡ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʇʘʩʢʘʣʷ [2, 9, 15]: 

 

ʩʠʥʛʣʝʪ                                      1                                     ʥʝʪ ʩʦʩʝʜʥʠʭ ʧʨʦʪʦʥʦʚ 

ʜʫʙʣʝʪ                                     1   1                                  ʦʜʠʥ ʧʨʦʪʦʥ 

ʪʨʠʧʣʝʪ                                1   2   1                                ʜʚʘ ʧʨʦʪʦʥʘ 

ʢʚʘʨʪʝʪ                               1   3   3   1                             ʪʨʠ ʧʨʦʪʦʥʘ 

ʢʚʠʥʪʝʪ                            1   4    6    4  1                          ʯʝʪʳʨʝ ʧʨʦʪʦʥʘ 

ʩʝʢʩʪʝʪ                           1  5  10  10   5  1                        ʧʷʪʴ ʧʨʦʪʦʥʦʚ 

 

ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨ ʗʄʈ. ɹʦʣʝʝ ʚʘʞʥʦʡ ʠ 

ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʘ ʠ ʩʦʦʪʥʝʩʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʨʦʛʠʡ ʘʣʛʦʨʠʪʤ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʘ [1, 2, 7, 9, 16]: 

1. ʏʠʩʣʦ ʤʫʣʴʪʠʧʣʝʪʦʚ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1
ʅ (ʟʘ ʚʳʯʝʪʦʤ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʶ ʠ 

ʧʨʠʤʝʩʷʤ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʤʘʛʥʠʪʥʦ-ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ.  

2. ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʤʫʣʴʪʠʧʣʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ.  

3. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʢʘʞʜʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʠʤʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ 
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ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʨʦʪʦʥʦʚ. 

4. ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʞʜʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʪʦʥʦʚ ʫ ʩʦʩʝʜ-

ʥʠʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.  

5. ɺʝʣʠʯʠʥʘ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ J ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʨʩʠʦʥʥʳʭ ʫʛ-

ʣʘʭ ʚ ʤʦʣʝʢʫʣʝ.  

 

Применение метода ЯМР в строительстве 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʗʄʈ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥʠ ʩʦʜʝʨʞʘʣʠ 

ʘʪʦʤʳ, ʷʜʨʘ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ. ɺ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʪʘʢʠʤʠ ʘʪʦʤʘ-

ʤʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʩʧʝʢ-

ʪʨʦʚ ʠʤʝʥʥʦ ʵʪʠʭ ʘʪʦʤʦʚ:H1
- ʗʄʈ. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʪʦʤʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʧʨʠʨʦʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 
-ʆHï, ʤʦʣʝ-

ʢʫʣʘ ʚʦʜʳ ʆH2 , ʠʦʥ ʦʢʩʦʥʠʷ 
+

3ʆH  [7]. 

ʗʄʈ ʨʝʣʘʢʩʦʤʝʪʨʠʷ ï ʤʝʪʦʜ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʢʘʢ TD-

NMR, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ. ʕʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ [13].   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʝʣʴʥʳʭ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʗʄʈ-ʨʝʣʘʢʩʦʤʝʪʨʠʠ 

ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠ-

ʩʪʝʤ (ʅɼʉ) ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʠʥ-

ʩʧʠʥʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʅɼʉ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʅɼʉ ʚ ʮʝʣʦʤ [4, 5]. 

ɻʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʅɼʉ, ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʜʣʷ ʟʘʱʠʪʳ 

ʢʨʳʰ ʟʜʘʥʠʡ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʢʨʦʚʝʣʴʥʳʝ), ʜʣʷ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʦʜʚʦʜʥʦʡ ʠ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʝʡ ʧʣʦʪʠʥ ʠ ʤʦʩʪʦʚ (ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ). ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝ-

ʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʫ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠ-

ʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺʚʝʜʝʥʠʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʠʜʘʝʪ ʚʷʞʫʱʝʤʫ ʤʘʪʝ-

ʨʠʘʣʫ ʙʦʣʴʰʫʶ ʪʝʧʣʦ- ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʫʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʫʩʪʘʣʦʩʪʥʳʤ 

ʥʘʛʨʫʟʢʘʤ, ʧʦʚʳʰʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ [4, 6, 10]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʪʫʤʦʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʩʤʦʣ (ʊʇʉ). ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʚʚʝ-

ʜʝʥʠʠ ʚ ʙʠʪʫʤ, ʥʘʧʨʠʤʝʨ, ʊʇʉ (ʊʋ 2451-089-05766801-99) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʙʝʟ ʫʯʘʩʪʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ï 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʙʠʪʫʤ-ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟ-

ʤʷʛʯʝʥʠʷ (ʦʪ 89 ʜʦ 120ęʉ) ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʊʇʉ, ʘ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʪʩʫʪ-

ʩʪʚʠʷ ʜʦʣʞʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ  ʢʨʦʚʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʩʳʨʴʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʦʜʠʪʴ ʚʳʙʨʘʥʥʳʡ ʥʘʤʠ ʧʦʣʠʤʝʨ, ʣʠʙʦ ʚ ʚʠʜʝ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʦʣʠʤʝʨ + 

ʧʣʘʩʪʠʬʠʢʘʪʦʨ-ʨʘʩʪʚʦʨʠʪʝʣʴ), ʣʠʙʦ ʧʦʵʪʘʧʥʳʤ ʚʚʦʜʦʤ ʧʦʣʠʤʝʨʘ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ-ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʷʶʱʝʛʦ ʘʛʝʥʪʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʧʦʣʫʚʳʩʳʭʘ-

ʶʱʠʭ ʤʘʩʝʣ [5, 6, 10]. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʗʄʈ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶ-

ʱʠʭ ʟʘʜʘʯ [5, 6]:  

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦ-ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

2. ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ɹʇɺ, 

ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʙʠʪʫʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʣʫʯʝʥʠʷ ʚʳʰʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʢʨʦʚʝʣʴʥʳʭ 
ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʗʄʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʠ ʚʳ-

ʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʠʪʫʤʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

4. ʋʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʈɸ, ʈɺ, ʈʉ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦ-

ʜʚʠʞʥʦʩʪʴʶ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʷʞʫʱʝʛʦ.  

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦ ʩʧʝʢʪʨʘʤ ʗʄʈ ʤʦʞʥʦ ʙʳʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄʦʜʝʣʴʥʳʡ ʩʧʝʢʪʨ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʩʧʝʢʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʥʳʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʤʘʪʝʨʠʘ-

ʣʘʤ, ʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʜʛʦʥʢʠ. ʂʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʣʠʰʴ ʟʥʘʯʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ: 
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1) ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ; 

2) ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ - ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʘʚʥʳʝ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʧʠʢʘʤʠ ʚ ʩʧʝʢʪʨʘʭ; 

3) ʧʦʣʫʰʠʨʠʥʘ ʩʧʝʢʪʨʦʚ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʪʦʯʢʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, ʥʘʭʦʜʷʱʠʤʩʷ 

ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ.  

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʦʙʳʤʠ ʪʦʯʢʘʤʠ ʚ ʩʧʝʢʪʨʘʭ ʠʟʤʝʨʷʶʪ ʚ ʝʜʠʥʠʮʘʭ ʦʩʠ ʘʙʩʮʠʩʩ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʭʠʤʩʜʚʠʛʦʚ, ʢʦʥʩʪʘʥʪ ʩʚʷʟʠ) ʩʨʘʚʥʠʚʘʶʪ ʩ ʵʪʘʣʦʥʥʳʤʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟ 

ʩʨʘʚʥʝʥʠʷ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʗʄʈ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [7]. 

 

ʊʘʙʣʠʮʘ 1 

Параметры спектральных линий ЯМР для строительных материалов 
ʉʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʇʦʣʫʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, ʢɻʮ ɼʫʙʣʝʪʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ, ʢɻʮ 

ɻʠʧʩ 60 40 

ʐʘʙʘʟʠʪ 6 4 

ʇʦʨʪʣʘʥʜʠʪ 40ï50 0 

 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ-ʮʝʦʣʠʪʳ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʰʘʙʘʟʠʪ, ʧʦʨʪʣʘʥʜʠʪ, ʛʝʡʣʘʥʜʠʪ, ʢʣʠʥʦʧʪʠʣʣʦʣʠʪ ʠ ʜʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʧʝʢ-

ʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ [7]: 

1) ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʦʙʨʘ-

ʟʝʮ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʤʝʣʴʯʝʥ ʚ ʩʪʫʧʢʝ. ʇʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʨʘʟʝʮ, ʥʘʩʳ-

ʧʘʥʥʳʡ ʚ ʘʤʧʫʣʫ, ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʫʩʪʳʝ ʤʝʩʪʘ. 

2) ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʙʲʝʤ ʩʨʘʚʥʠʤʳʡ ʩ ʦʙʲʝʤʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʫ-

ʨʘ. ɽʩʣʠ ʦʙʲʝʤ ʦʙʨʘʟʮʘ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʦʙʲʝʤ ʢʦʥʪʫʨʘ, ʪʦ ʪʘ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʧʘʜʝʪ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʢʦʥ-

ʪʫʨ, ʥʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʩʠʛʥʘʣ. ɽʩʣʠ ʦʙʨʘʟʮʘ ʙʫʜʝʪ ʤʘʣʦ, ʪ. ʝ. ʧʨʠʤʝʨʥʦ ʚ 10ï100 ʨʘʟ ʤʝʥʴʰʝ ʦʙʲʝʤʘ ʢʦʥʪʫʨʘ, ʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ. 

3) ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʤʝʱʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʘʤʧʫʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 
ʜʣʷ ʜʘʥʥʦʛʦ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

4) ɸʤʧʫʣʫ ʩ ʦʙʨʘʟʮʦʤ ʧʦʤʝʱʘʶʪ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʢʦʥʪʫʨ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʘ [7]. 

Заключение 
ʄʝʪʦʜ ʗʄʈ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʷʚʣʝ̫ʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʜʝʨʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʚ ʜʠʩ-

ʧʝʨʩʥʦʡ ʩʠʩʪʝʤʝ - ʧʦʣʠʤʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʙʠʪʫʤʘʭ, ʙʠʪʫʤʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʮʝʦʣʠʪʦʚ. ɺʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝ-

ʩʪʚʘ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʜʝʞʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʝʝ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʗʄʈ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʳ, ʩʪʨʫʢ-

ʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʢʦʣʦʛʠʠ, ʥʝʬʪʷʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʚʦʝʥʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʵʥʝʨʛʝʪʠʢʝ, ʛʨʘʞʜʘʥʩʢʦʤ ʠ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʆʥʠ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʧʝʨʚʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʩʠʣʫ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʥʝʢʦʥʪʘʢʪʥʦʩʪʠ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʥʦʩʪʠ ʠ ʥʝʨʘʟʨʫ-

ʰʘʶʱʠʭ ʤʝʪʦʜʠʢ. ʄʝʪʦʜ ʗʄʈ ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ. ɺʨʝʤʷ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. 
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Abstract. The main theoretical aspects of a method of the nuclear magnetic resonance (NMR) and its applica-

tion in construction for research of chemical structure of substances are presented in this article. The features of appli-

cation of a method for studying of molecular structure of the substances having the broadest application in construction 

materials are considered: portlandite (slack lime), gypsum, different types of zeolites, polymeric modifiers. The pro-

spects of development of the nuclear magnetic resonance method as the main analytical method in the construction and 

in the geology, in particular for research of the waterproofing materials relating to the oil disperse systems (ODS) are 

discussed in this article. 
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НЕКОТОРЫЕ НАБЛЮДЕНИЯ НАД СТАТИСТИЧЕСКИМИ СВОЙСТВАМИ ТЕКСТОВ 
 

 
И.А. Палий, ʜʦʮʝʥʪ 

ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʘʷ ʘʢʘʜʝʤʠʷ (ʉʠʙɸɼʀ), ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦ-

ʞʝʥʠʠ. ɺʳʯʠʩʣʷʶʪʩʷ ʚʳʙʦʨʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʪʝʢʩʪʦʚ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ. ʋʩʪʘʥʘʚʣʠʚʘʝʪ-

ʩʷ ʚʝʩʴʤʘ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ ʠʩʢʘʞʝʥʥʳʭ ʪʝʢʩʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʘʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, ʧʨʝʜʩʢʘʟʘʥʥʦʤʫ ʚʳʚʝʜʝʥ-

ʥʦʡ ʬʦʨʤʫʣʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʢʩʪ, ʧʨʝʜʣʦʞʝʥʠʝ, ʯʠʩʣʦ ʩʣʦʚ, ʯʠʩʣʦ ʙʫʢʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ: 

X  - ʯʠʩʣʝ ʩʣʦʚ ʚ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʤ ʧʨʝʜʣʦʞʝʥʠʠ; 

N  - ʯʠʩʣʝ ʙʫʢʚ ʚ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʤ ʩʣʦʚʝ; 

ɺʚʝʜʝʤ ʪʘʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Xa  - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X ; 

2
Xs  - ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X ; 

Na  - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ N ; 

2
Ns  - ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ N ; 
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ʆʮʝʥʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʩʪʨʦʝʥʥʦʡ ʬʦʨʤʫʣʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʤʠ ʚʳʙʦʨʦʯʥʳʤʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʜʣʷ ʪʝʢʩʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ. 

ʇʦʣʦʞʠʤ, ʯʪʦ ʘʙʙʨʝʚʠʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, "ʈʌ"; ʩʦʢʨʘʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ "ʩ."; ʠʥʠʮʠʘʣʳ, ʥʘʧʨʠʤʝʨ, "ɸ.ʉ. 

ʇʫʰʢʠʥ" ï ʵʪʦ ʩʣʦʚʘ. ʊʦʛʜʘ ʘʙʙʨʝʚʠʘʪʫʨʘ "ʈʌ" ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʫʢʚ, ʩʦʢʨʘʱʝʥʠʝ "ʩ." ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʙʫʢʚʫ, 

ʠʥʠʮʠʘʣʳ "ɸ.ʉ." ï ʵʪʦ ʜʚʘ ʩʣʦʚʘ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʦ ʦʜʥʦʡ ʙʫʢʚʝ. ɼʝʬʠʩ ʥʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʙʫʢʚʦʡ, ʧʦʵʪʦ-

ʤʫ ʩʣʦʚʦ "ʢʘʢ-ʪʦ" ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʙʫʢʚ. ʀʟ ʵʪʠʭ ʞʝ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʣʦʞʠʤ, ʯʪʦ ʟʘʧʠʩʠ ʚʠʜʘ "a'm", "hi's" ï ʵʪʦ 

ʩʣʦʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠ ʪʨʝʭ ʙʫʢʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʧʦʩʪʨʦʬ ʙʫʢʚʦʡ ʥʝ ʩʯʠʪʘʝʪʩʷ. 

ʇʦʜ ʧʨʝʜʣʦʞʝʥʠʝʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʟʥʘʢʘʤʠ ʢʦʥʮʘ ʧʨʝʜʣʦ-

ʞʝʥʠʷ ï ʪʦʯʢʦʡ, ʚʦʩʢʣʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʚʦʧʨʦʩʠʪʝʣʴʥʳʤ ʟʥʘʢʘʤʠ. 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ. ɺ ʩʣʫʯʘʝ ʧʨʝʜʣʦʞʝʥʠʡ ʩ ʧʨʷʤʦʡ ʨʝʯʴʶ ʚʦʟʤʦʞʥʦ ʠʥʦʝ 

ʜʨʦʙʣʝʥʠʝ ʪʘʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ.  

ʉʨʘʚʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʦʨʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩ-

ʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʚ ʪʝʢʩʪʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ (1). ʀʥʦʷʟʳʯʥʳʝ ʪʝʢʩʪʳ ʚʟʷʪʳ ʩ ʩʘʡʪʘ http://www.gutenberg.org/. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʤʠ ʚ ʩʠʣʫ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ: 

¶ ʥʝʚʝʨʥʦʛʦ ʥʘʙʦʨʘ ʪʝʢʩʪʦʚ, ʠʩʢʘʟʠʚʰʝʛʦ ʥʝʢʦʪʦʨʳʝ ʩʣʦʚʘ ʠʣʠ ʧʨʝʜʣʦʞʝʥʠʷ; 

¶ ʨʫʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʪʦʯʝʢ ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʡ, ʠʥʠʮʠʘʣʦʚ; 

¶ ʨʫʯʥʦʛʦ ʧʨʦʩʪʘʚʣʝʥʠʷ ʪʦʯʝʢ ʧʦʩʣʝ ʟʘʛʦʣʦʚʢʦʚ / ʫʜʘʣʝʥʠʷ ʟʘʛʦʣʦʚʢʦʚ. 

¶ ʨʫʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʠʤʝʶʱʝʡ ʦʪʥʦʰʝʥʠʷ ʢ ʘʚʪʦʨʩʢʦʤʫ ʪʝʢʩʪʫ. 

ɸʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʚʳʧʨʘʚʠʪʴ ʪʝʢʩʪ ʚʨʫʯʥʫʶ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʩʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʪʝʢʩʪʘ ʥʘ 

ʧʨʝʜʣʦʞʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʪʝʢʩʪ ʩʦʜʝʨʞʠʪ ʪʳʩʷʯʠ ʧʨʝʜʣʦʞʝʥʠʡ, ʪʘʢʦʛʦ ʨʦʜʘ ʦʰʠʙʢʠ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʢʩʪʦʚ. 

ʀʟ ʥʝʢʦʪʦʨʳʭ ʪʝʢʩʪʦʚ ʙʳʣʠ ʫʜʘʣʝʥʳ ʥʝʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ, ʛʜʝ ʥʫʞʥʦ ʙʳʣʦ ʚʨʫʯʥʫʶ ʦʙʦʟʥʘʯʠʪʴ ʢʦ-

ʥʝʮ ʧʨʝʜʣʦʞʝʥʠʷ. ʉʧʠʩʦʢ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʧʦʜʩʯʠʪʳʚʘʝʪ 

ʯʠʩʣʦ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʪʝʢʩʪʘ ʥʘʧʠʩʘʥʘ ʩʪʫʜʝʥʪʦʤ ʬʘʢʫʣʴʪʝʪʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷè ʉʠʙɸɼʀ ʉ.ɺ. ʃʝʡʭʪʝʨʦʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1ï12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʜʚʫʤʝʨʥʳʭ ʚʳʙʦʨʦʢ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ï ʧʘʨʳ 

, ʛʜʝ  ï ʯʠʩʣʦ ʩʣʦʚ,  ï ʯʠʩʣʦ ʙʫʢʚ ʚ i-ʤ ʧʨʝʜʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʢʩʪʘ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʧʦʢʘʟʘʥʳ 

ʪʘʢʞʝ ʢʚʘʜʨʘʪʳ ʚʳʙʦʨʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʩʪʦʚʝʨʥʦʩʪʠ) ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ 

ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ ʠ ʣʠʥʝʡʥʳʝ ʪʨʝʥʜʳ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʯʠʩʣʦʤ ʩʣʦʚ ʠ ʯʠʩʣʦʤ 

ʙʫʢʚ ʧʦʯʪʠ ʠʜʝʘʣʴʥʘ. 
 

ʊʘʙʣʠʮʘ 1 

Список исследованных текстов 
ˉ ʗʟʳʢ ɸʚʪʦʨ ʅʘʟʚʘʥʠʝ ʪʝʢʩʪʘ 

1. ɸʥʛʣʠʡʩʢʠʡ ɼʞʝʡʥ ʆʩʪʠʥ ɻʦʨʜʦʩʪʴ ʠ ʧʨʝʜʫʙʝʞʜʝʥʠʝ 

2. ɸʥʛʣʠʡʩʢʠʡ ɼʞ. ɻ. ɹʘʡʨʦʥ ɼʦʥ ɾʫʘʥ 

3. ɻʨʝʯʝʩʢʠʡ ɸʨʠʩʪʦʪʝʣʴ ʆ ʜʫʰʝ 

4. ʀʚʨʠʪ ʂʘʨʣ ʕʚʘʣʴʜ ʉʢʘʟʢʠ, ʧʝʨʝʚʦʜ ʥʘ ʠʚʨʠʪ 

5. ʀʪʘʣʴʷʥʩʢʠʡ ɸʣʝʩʩʘʥʜʨʦ ʄʘʥʜʟʦʥʠ ʆʙʨʫʯʝʥʥʳʝ, ʪʦʤ 1 

6. ʀʩʧʘʥʩʢʠʡ ʄʠʛʝʣʴ ʉʝʨʚʘʥʪʝʩ ɼʦʥ ʂʠʭʦʪ 

7. ʅʝʤʝʮʢʠʡ ʊʦʤʘʩ ʄʘʥʥ ɹʫʜʜʝʥʙʨʦʢʠ 

8. ʇʦʣʴʩʢʠʡ ɻʘʙʨʠʵʣʷ ɿʘʧʦʣʴʩʢʘʷ ʏʝʣʦʚʝʯʝʩʢʠʡ ʟʚʝʨʠʥʝʮ 

9. ʈʫʩʩʢʠʡ ʄ. ɽ. ʉʘʣʪʳʢʦʚ-ʑʝʜʨʠʥ ʀʩʪʦʨʠʷ ʦʜʥʦʛʦ ʛʦʨʦʜʘ 

10. ʈʫʩʩʢʠʡ ɺ. ɺ. ʄʘʷʢʦʚʩʢʠʡ ʄʘʩʩʠʚ ʩʪʠʭʦʪʚʦʨʝʥʠʡ ʨʘʟʥʳʭ ʣʝʪ 

11. ʌʨʘʥʮʫʟʩʢʠʡ ɾʦʨʜ ʉʘʥʜ ʂʦʥʩʫʵʣʦ, ʪʦʤ 1 

12. ʕʩʧʝʨʘʥʪʦ ʃ. ʌ. ɹʘʫʤ  ɺʦʣʰʝʙʥʠʢ ʠʟ ʩʪʨʘʥʳ ʆʟ, ʧʝʨʝʚʦʜ ʥʘ ʵʩʧʝʨʘʥʪʦ 
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ɺ ʪʘʙʣʠʮʝ 2 ʫʢʘʟʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 3. ʅʦʤʝʨʘ ʪʝʢʩʪʦʚ ʪʝ ʞʝ, ʯʪʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 2 

Обозначения числовых характеристик текстов 
ʆʙʦʟʥʘʯʝʥʠʝ ʏʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

N1 ʏʠʩʣʦ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʪʝʢʩʪʝ 

N2 ʏʠʩʣʦ ʩʣʦʚ ʚ ʪʝʢʩʪʝ 

 ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ 

 ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʙʫʢʚ ʚ ʩʣʦʚʝ 

 
ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʠʩʣʘ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ 

 ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʠʩʣʘ ʙʫʢʚ ʚ ʩʣʦʚʝ 

R ɺʳʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ 

ɟ ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (1) 

 

ʊʘʙʣʠʮʘ 3 

Числовые характеристики текстов 
ˉ ʪʝʢʩʪʘ ʗʟʳʢ N1 N2     R ɟ 

1 ɸʥʛʣʠʡʩʢʠʡ 6077 122038 20,08 4,40 6,09 2,44 0,9892 0,9883 

2 ɸʥʛʣʠʡʩʢʠʡ 3550 125995 35,49 4,30 26,08 2,14 0,9921 0,9936 

3 ɻʨʝʯʝʩʢʠʡ 2807 48000 17,10 4,45 12,12 2,66 0,9856 0,9868 

4 ʀʚʨʠʪ 8107 67270 8,30 4,03 5,72 1,49 0,9788 0,9832 

5 ʀʪʘʣʴʷʥʩʢʠʡ 10310 208257 20,20 4,76 19,32 2,73 0,9917 0,9912 

6 ʀʩʧʘʥʩʢʠʡ 9577 376499 39,31 4,30 31,83 2,52 0,9937 0,9934 

7 ʅʝʤʝʮʢʠʡ 13981 228188 16,32 5,31 14,89 2,95 0,9879 0,9889 

8 ʇʦʣʴʩʢʠʡ 3832 41447 10,82 5,52 9,17 2,97 0,9825 0,9819 

9 ʈʫʩʩʢʠʡ 3595 56229 15,64 5,61 11,40 3,40 0,9729 0,9786 

10 ʈʫʩʩʢʠʡ 2049 13728 6,70 5,28 5,55 2,87 0,9631 0,9693 

11 ʌʨʘʥʮʫʟʩʢʠʡ 4904 103117 21,03 4,68 16,94 2,64 0,9894 0,9886 

12 ʕʩʧʝʨʘʥʪʦ 2213 34748 15,70 4,57 10,39 2,48 0,9818 0,9792 

 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ 

ʟʥʘʯʝʥʠʷʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʬʦʨʤʫʣʝ (1). 

ɼʘʣʝʝ ʚ ʪʝʢʩʪʳ ʩ ʥʦʤʝʨʘʤʠ 1, 3, 5ï8, 11ï12 ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʩʢʘʞʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʘ, 

ʚʳʜʝʣʷʶʱʘʷ ʧʨʝʜʣʦʞʝʥʠʷ, ʩʪʘʣʘ ʩʯʠʪʘʪʴ ʢʦʥʮʦʤ ʧʨʝʜʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʥʘʢ ʘʙʟʘʮʘ. ʇʨʝʜʣʦʞʝʥʠʷ ʩʪʘʣʠ  

ʢʦʨʦʯʝ; ʫʤʝʥʴʰʠʣʠʩʴ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʠʩʣʘ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ. 

ʌʦʨʤʫʣʘ (1) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʣʝʯʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ 

ʩʣʦʚ ʠ ʯʠʩʣʦʤ ʙʫʢʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ. ʅʘ ʨʠʩʫʥʢʘʭ 13ï20 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʠʩʢʘʞʝʥʥʳʭ ʪʝʢ-

ʩʪʦʚ, ʘ ʚ ʪʘʙʣʠʮʝ 4 ʧʝʨʝʯʠʩʣʝʥʳ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʪʝʢʩʪʦʚ. 

 

ʊʘʙʣʠʮʘ 4 

Числовые характеристики искаженных текстов 
ˉ ʪʝʢʩʪʘ ʗʟʳʢ N1 N2     R ɟ 

1 ɸʥʛʣʠʡʩʢʠʡ 14676 122038 8,32 4,40 4,26 2,44 0,9384 0,9362 

3 ɻʨʝʯʝʩʢʠʡ 6581 48000 7,29 4,45 3,97 2,66 0,9387 0,9344 

5 ʀʪʘʣʴʷʥʩʢʠʡ 25102 208257 8,30 4,76 4,02 2,73 0,9302 0,9250 

6 ʀʩʧʘʥʩʢʠʡ 36151 376499 10,41 4,30 4,41 2,52 0,9287 0,9191 

7 ʅʝʤʝʮʢʠʡ 33082 228188 6,90 5,31 3,68 2,95 0,9196 0,9299 

8 ʇʦʣʴʩʢʠʡ 7027 41447 5,90 5,52 3,33 2,97 0,9294 0,9307 

11 ʌʨʘʥʮʫʟʩʢʠʡ 12582 103117 8,20 4,68 4,08 2,64 0,9342 0,923 

12 ʕʩʧʝʨʘʥʪʦ 4581 34748 7,59 4,57 4,09 2,48 0,9462 0,9392 

 

ʀ ʚʳʙʦʨʦʯʥʳʝ, ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʦʤ ʙʫʢʚ ʠ ʩʣʦʚ ʚ 

ʧʨʝʜʣʦʞʝʥʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʠʩʴ. ʀ ʧʦ-ʧʨʝʞʥʝʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨ-

ʨʝʣʷʮʠʠ ʧʦʯʪʠ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʝ. ʅʦ ʪʝʧʝʨʴ ʨʘʟʣʠʯʠʷ ʩʪʘʣʠ ʯʫʪʴ ʙʦʣʝʝ ʟʘʤʝʪ-

ʥʳ. ʆʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ ʤʦʞʥʦ ʪʘʢ. ɺʥʝʩʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʢʦʪʦʨʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʯʠʩʣʦʤ ʩʣʦʚ ʚ ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʪʝʢʩʪʘ, ʯʪʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ  ʬʦʨʤʫʣʘ (1).  
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SOME SUPERVISION ON THE STATISTICAL PROPERTIES OF THE TEXTS 

 
I.A. Paly, Associate Professor 

Siberian State Automobile and Highway Academy (Omsk), Russia  

 

Abstract. The formula for correlation coefficient between number of letters and words in the sentence is de-

rived. Selective correlation coefficients for texts in different languages are calculated. Exact matching between experi-

mental and theoretical values of correlation coefficients is set. This matching is preserved for the distorted texts in 

which sentences are artificially divided into parts that leads to the reduction of correlation coefficient predicted by the 

derived formula. 

Keywords: text, sentence, number of words, number of letters, correlation coefficient. 
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УДК 517 

 

ОБ ОЦЕНКЕ ЧЕТНЫХ СТЕПЕНЕЙ СРЕЗОК НЕКОТОРЫХ ИНТЕГРАЛОВ 
 

 
А.В. Пожидаев

1
, Н.М. Пекельник

2
, О.И. Хаустова

3
, И.А. Трефилова

4 

1 
ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2, 3 
ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

4 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʩʪʝʧʝʥʥʳʭ ʥʝʨʘʚʝʥʩʪʚ ʥʠʞʥʝʡ ʩʨʝʟʢʠ ʠʥʪʝʛʨʘʣʘ ʦʪ ʧʣʦʪ-

ʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʦʮʝʥʦʢ ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʣʫ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʩʦ-

ʙʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʝʪʥʳʝ ʩʪʝʧʝʥʠ 2n ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʦʮʝʥʠ-

ʚʘʶʪʩʷ ʥʝ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ, ʘ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʝ ax, ʛʜʝ ʘ ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʠʟ ʟʘʤʢʥʫʪʦʛʦ ʠʥʪʝʨʚʘʣʘ 1; 2nè ø
ê ú

. ʊʨʫʜʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ 

ʦʮʝʥʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʷʚʣʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʚʦʛʥʫʪʦʡ ʬʫʥʢʮʠʝʡ, 

ʪʦ ʝʩʪʴ ʝʝ ʣʦʛʘʨʠʬʤ ʷʚʣʷʝʪʩʷ ʚʦʛʥʫʪʦʡ ʬʫʥʢʮʠʝʡ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝ ʛʨʘʥʠʮʳ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʘ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʧʝʥʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʛʘʤʤʘ-ʬʫʥʢʮʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɻʘʫʩʩʘ, ʥʝʫʣʫʯʰʘʝʤʳʝ ʦʮʝʥʢʠ. 

 

1. Введение 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʩʨʝʟʢʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʨʘʙʦʪʘʭ 

ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʫʢʘʞʝʤ ʩʨʝʟʢʠ ʛʘʤʤʘ-ʬʫʥʢʮʠʠ ʕʡʣʝʨʘ 
1( , ) k t

x

ɻ k x t e dt

¤

- -=ñ  ʠ 

ʥʠʞʥʝʡ ʩʨʝʟʢʠ ʧʣʦʪʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

2

2
1

( )
2

t

x

Q x e dt
p

¤
-

= ñ . ʆʙʳʯʥʦ ʪʘʢʠʝ ʬʫʥʢ-

ʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʧʦʣʥʳʤʠ. ɺ [1, 3, 4] ʜʣʷ ʥʠʭ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʢʠ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ɺ [2] ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ( )f x  ʩ ʥʦʩʠʪʝʣʝʤ (0; )¤ . ʇʫʩʪʴ ( )F x  ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢ-

ʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ. ʝ. ( ) ( )F x f x¡ = , ʘ 
* ( ) 1 ( )F x F x= - . ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 

* ( )F x  ʩʣʝʜʫʝʪ, ʯʪʦ 

*
( ) ( )

x

F x f t dt

¤

=ñ  ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʩʨʝʟʢʦʡ ʠʥʪʝʛʨʘʣʘ ʦʪ ʧʣʦʪʥʦʩʪʠ. ɺ [2] ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

( )f x  ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʚʦʛʥʫʪʘʷ ʬʫʥʢʮʠʷ, ʪ. ʝ. ʜʣʷ ʚʩʝʭ ʭ, ʫ ʠʟ ʠʥʪʝʨʚʘʣʘ (0; )¤  ʠ 0 1q< < ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ-

ʨʘʚʝʥʩʪʚʦ 

                                                       ( )( ) ( )log 1 log ( ) 1 log ( )f x y f x f yq q q q+ - ² + - .                                  (1) 

 

ɼʣʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʚʳʧʫʢʣʦʡ ʬʫʥʢʮʠʠ ʥʝʨʘʚʝʥʩʪʚʦ (1) ʤʝʥʷʝʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. ʇʨʠ ʥʘʣʦ-

ʞʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʚ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ ʜʣʷ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʭ, ʫ ʧʦʣʫʯʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 

                                                                         
* * *( ) ( ) ( )F x y F x F y+ ¢ .                                                                  (2) 

 

ɽʩʣʠ ( )f x  ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 

                                                                          
* * *( ) ( ) ( )F x F y F x y¢ + .                                                                 (3) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ (2), ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʥʝʧʦʣʥʫʶ 

ʛʘʤʤʘ-ʬʫʥʢʮʠʶ ( , )G k x  ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʦʰʠʙʦʢ erfc( )x , ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

 

                                                           
 É ʇʦʞʠʜʘʝʚ ɸ.ɺ., ʇʝʢʝʣʴʥʠʢ ʅ.ʄ., ʍʘʫʩʪʦʚʘ ʆ.ʀ., ʊʨʝʬʠʣʦʚʘ ʀ.ɸ. / Pozhidaev A.V., Pekel'nik N.M., Khaustova O.I., 

Trefilova I.A., 2015 
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( , )
G( , )

( )

ɻ k x
k x

ɻ k
= , 

22
erfc( ) t

x

x e dt
p

¤

-= ñ , 

ʛʜʝ 
1

0

( ) k tɻ k t e dt

¤

- -=ñ . 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʦʪʥʦʰʝʥʠʝ (2) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ ʠ ʭʠ-ʢʚʘʜʨʘʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ, ʪʘʢ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʠ ʚʦʛʥʫʪʳ. ʇʦʵʪʦʤʫ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʦʛʘ ʥʝʨʘʚʝʥʩʪʚʘ (3), ʥʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʝ: 

 

                                                                                
*2 *( ) ( )F x F ax¢ ,                                                                          (4) 

 

ʧʨʠ ʧʦʜʭʦʜʷʱʝʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʥʝʨʘʚʝʥʩʪʚʝ ʢʚʘʜʨʘʪ ʬʫʥʢʮʠʠ 
* ( )F x  ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (4) ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [5] ʦʥʦ ʚʳʚʦʜʠʪʩʷ 

ʜʣʷ ʚʘʞʥʦʡ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʫʥʢʮʠʠ 

2

2
1

( )
2

t

x

Q x e dt
p

¤
-

= ñ . ʀʤʝʥʥʦ, ʧʨʠ 

1 2ʘ¢ ¢  ʜʣʷ ʣʶʙʦʛʦ x RÍ  ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ: 

 

                                                                                ( )2( )Q x Q ax¢ .                                                                            (5) 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʪʝʧʝʥʥʳʝ ʦʮʝʥʢʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ 

ʪʠʧʘ (5), ʥʝʫʣʫʯʰʘʝʤʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ʘ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 

ʊʝʦʨʝʤʘ 1.1. ʇʫʩʪʴ 1 2a n¢ ¢ , ʛʜʝ n NÍ . ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʭ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘ-

ʚʝʥʩʪʚʦ: 

 

                                                                                ( )2 ( )nQ x Q ax< .                                                                           (6) 

 

ɿʘʤʝʯʘʥʠʝ. ʆʮʝʥʢʘ ʚ ʪʝʦʨʝʤʝ 1.1 ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ 0 1a¢ < ʜʣʷ ʣʶʙʦʛʦ 0x> . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 0 ax x¢ <. ʆʪʩʶʜʘ, ʪʘʢ ʢʘʢ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

2

2( )
t

z t e
-

=  ʧʦ-

ʣʦʞʠʪʝʣʴʥʘ ʠ ( ) 1Q x < , ʧʦʣʫʯʘʝʤ: 2( ) ( ) ( )nQ a x Q x Q x> > . 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʚ ʪʝʦʨʝʤʝ 1.1 ʷʚʣʷʶʪʩʷ ʥʝʫʣʫʯʰʘʝʤʦʡ ʧʦ ʧʘʨʘʤʝʪʨʫ ʘ. ʀʤʝʥʥʦ, ʩʧʨʘʚʝʜ-

ʣʠʚʳ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʊʝʦʨʝʤʘ 1.2. ɼʣʷ ʣʶʙʦʛʦ 0e>  ʩʫʱʝʩʪʚʫʝʪ x RÍ  ʪʘʢʦʝ, ʯʪʦ: 

 

                                                                          () ( )( )2 2nQ x Q n xe> + Ö.                                                             (7) 

 

ʊʝʦʨʝʤʘ 1.3. ɼʣʷ ʣʶʙʦʛʦ 0e>  ʩʫʱʝʩʪʚʫʝʪ x RÍ  ʪʘʢʦʝ, ʯʪʦ: 

 

                                                                             () ( )( )2 1nQ x Q xe> - Ö.                                                                 (8) 

 

2. Доказательство основного результата 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1.1 ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʩʭʝʤʝ, ʙʣʠʟʢʦʡ ʢ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [5]. ʇʨʠ 1a=  ʥʝ-

ʨʘʚʝʥʩʪʚʦ (6) ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 0 ( ) 1Q x< <. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ 

2

2
1

( )
2

t

x

Q x e dt
p

¤
-

= ñ  ʫʙʳʚʘʝʪ, ʪʘʢ ʢʘʢ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 
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2

2( )
t

z t e
-

=  ʧʦʣʦʞʠʪʝʣʴʥʘ. ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʴ ʥʝʨʘʚʝʥʩʪʚʦ (6) ʜʣʷ 2a n= . 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ( )2( ) ( ) 2nS x Q x Q nx= - , ʪʦʛʜʘ 

 

                                                                              
2

1 1
(0) 0

2 2n
S = - <,                                                                         (9) 

 

                                                       ( )( )2lim ( ) lim ( ) 2 1 1 0n

x x
S x Q x Q nx

­-¤ ­-¤
= - = - =,                                      (10) 

 

                                                       ( )( )2lim ( ) lim ( ) 2 0 0 0n

x x
S x Q x Q nx

­+¤ ­+¤
= - = - =.                                     (11) 

 

ʀʩʧʦʣʴʟʫʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʘ ʧʦ ʧʘʨʘʤʝʪʨʫ, ʧʦʣʫʯʘʝʤ  

 

2 2 2

2 2 2

0

1 1 1 1
( )

22 2 2

xt t x

x

Q x e dt e dt e
p p p

¤
- - -

¡ ¡å õ å õ
¡ = = - =-æ ö æ ö

æ ö æ ö
ç ÷ ç ÷
ñ ñ . 

 

ɸʥʘʣʦʛʠʯʥʦ 

 

( )
2 2

2
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1 1 1 2
2

22 2 2

nxt t
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Q nx e dt e dt e

p p p

¤
- -

-
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ç ÷ç ÷

ñ ñ . 

 

ʆʪʩʶʜʘ 

 
2

22 1 2
1 2
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2 122
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ʇʫʩʪʴ 

21

2 12( ) 2 ( )
n x

ns x e nQ x

å õ
- -æ ö

-ç ÷= - , ʪʦʛʜʘ 

 

                                                                            
2 1

2
(0) 1 0

2 n

n
s

-
= - >,                                                                        (12) 

 

                                                                           lim ( ) 2 0
x

s x n
­-¤

=- <.                                                                    (13) 

 

ʅʘ ʠʥʪʝʨʚʘʣʝ ( ];0-¤  ʬʫʥʢʮʠʷ 
2

( ) xf x e-=  ʚʦʟʨʘʩʪʘʝʪ, ʘ ʬʫʥʢʮʠʷ ( )Q x  ʫʙʳʚʘʝʪ. ʆʪʩʶʜʘ, ʚ ʩʠʣʫ 

ʦʮʝʥʦʢ (12), (13), ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʬʫʥʢʮʠʷ ( )s x  ʦʜʠʥ ʨʘʟ ʤʝʥʷʝʪ ʟʥʘʢ ʤʠʥʫʩ ʥʘ ʧʣʶʩ. ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʷ 

( )S x  ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʦʩʠ ʠʤʝʝʪ ʦʜʠʥ ʤʠʥʠʤʫʤ. ɹʣʠʞʘʡʰʘʷ ʮʝʣʴ ʜʦʢʘʟʘʪʴ, ʯʪʦ ( ) 0s x >  ʧʨʠ 0x> . 

ɼʘʣʴʥʝʡʰʠʝ ʚʳʢʣʘʜʢʠ ʧʨʦʚʦʜʠʤ ʧʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ. 

ʀʤʝʝʤ: 

 
2

2 2 2
2

2 2 2
1 1 1 1

( )
2 2 2 2

x
t t t

x x x

t e
Q x e dt e dt e

x x xp p p p

¤ -¤ ¤
- - -

= < =- =
Ö

ñ ñ . 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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( )
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2
2 1

2 1
2 1

( )
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n x

n

n
n

e
Q x

xp

å õ
- -æ ö
ç ÷

-

-
-

< .                                                             (14) 

 

ʆʪʩʶʜʘ 

                                  

( )

2

1 22
2

1
1 2

2 12

2 1
2 1

( ) 2 ( ) 2

2

n x

n x
n x

n

n
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e
s x e nQ x e n
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- -æ ö
ç ÷

å õ
- -æ öå õ ç ÷- -æ ö

-ç ÷

-
-

= - > - =

( )

21

2

2 1
2 1

2
1

2

n x

n
n

e

x

p

p

å õ
- -æ ö
ç ÷

-
-

å õ
æ ö
-
æ ö
æ ö
ç ÷

.                (15) 

 

ɺ ʩʠʣʫ (15) ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ ( ) 0s x >  ʧʨʠ 
( )

1

2 12

2

nn
x

p

-

> . 

ʆʩʪʘʣʦʩʴ ʦʮʝʥʠʪʴ ( )s x  ʥʘ ( )
1

2 12
0;

2

nn

p

-
å ø
æ ù
æ ù
æ ùæ
ç ú

. ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ 
2

( ) xf x e-=  ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʫʙʳʚʘʝʪ, ʘ 

1
( )

2
Q x < , ʪʦ: 

                                          

1

2 1
21 1 (2 )

2 12 2 2

2 1

1
( ) 2 ( ) 2 0

2

nn
n x n

n

n
s x e nQ x e np

-å õ å õ
- - - -æ ö æ ö

-ç ÷ ç ÷

-
= - > - Ö >.                          (16) 

 

ʀʟ ʧʦʩʣʝʜʥʝʡ ʦʮʝʥʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ( ) 0s x >  ʥʘ ʠʥʪʝʨʚʘʣʝ ( )
1

2 12
0;

2

nn

p

-
å ø
æ ù
æ ù
æ ùæ
ç ú

. 

ɺ ʠʪʦʛʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ 

2
21

2 122
2

( ) 2 ( )
2

x n x
nn

S x e e nQ x
p

å õ
- -- æ ö

-ç ÷
å õ

¡ = -æ ö
æ ö
ç ÷

 ʦʜʠʥ ʨʘʟ ʤʝʥʷʝʪ ʟʥʘʢ ʤʠʥʫʩ 

ʥʘ ʧʣʶʩ ʥʘ ʠʥʪʝʨʚʘʣʝ ( ; )-¤ +¤. ʇʦʵʪʦʤʫ ʥʘ ʚʩʝʡ ʯʠʩʣʦʚʦʡ ʧʨʷʤʦʡ ʬʫʥʢʮʠʷ ( )S x  ʠʤʝʝʪ ʦʜʠʥ ʤʠʥʠʤʫʤ. 

ɺʤʝʩʪʝ ʩ (9) ï (11) ʵʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ( ) 0S x <  ʧʨʠ ʣʶʙʦʤ ʭ. 

ʊʝʦʨʝʤʘ 1.1. ʜʦʢʘʟʘʥʘ. 

 

3. Неулучшаемость основных результатов по параметру ʘ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1.2. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʭ ʠ Ű ʦʮʝʥʠʤ ʩʥʠʟʫ ( )Q x .  

ʀʤʝʝʤ:  

 
2 2 2( )

2 2 2
1 1 1

( )
2 2 2

xt t x

x x

Q x e dt e dt e

t t

t
p p p

¤ + +
- - -

= > > Öñ ñ . 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

                                                                        

( )

22 ( ) 21
( )

2

n n x n

n
Q x e t t

p

- +> Ö .                                                           (17) 

 

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ 0x> , ʦʮʝʥʠʤ ʩʚʝʨʭʫ ( )( 2 )Q n xe+ Ö. ʇʦʣʫʯʘʝʤ: 

 

( )
2 2

2 2

( 2 ) ( 2 )

1 1
( 2 )

2 2 ( 2 )

t t

n x n x

t
Q n x e dt e dt

n xe e

e
p p e

¤ ¤
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+ +

+ Ö = < Ö =
+

ñ ñ  
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                                      =

( )
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22 2

2 2

( 2 )

1 1

2 ( 2 ) 2 ( 2 )

n xt

n x

e e
n x n x

e

e
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¤ +
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+ +

.                              (18) 

 

ɺ ʩʠʣʫ (17), (18) ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʨʘʚʝʥʩʪʚʘ (7) ʦʩʪʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʭ ʠ Ű ʪʘʢʠʝ, ʯʪʦ: 

( )

( )
2

2

2

2

( ) 2 2
1 1

2 ( 2 )2

n x

n x n

n
e e

n x

e

t t
p ep

+
-

- + Ö >
+

. 

ʇʦʩʣʝʜʥʝʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʣʳʭ 0e> , 
2

1
n

x
e
= , t e= . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1.3. ʇʦʢʘʞʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 0x> , ʪʘʢʦʝ ʯʪʦ ( ) ( )( )2 1nQ x Q xe- > - Ö. 

ʀʤʝʝʤ: 

 
2 2 2

2 2 2
1 1 1

( ) 1 1
2 2 2

xt t t

x x

Q x e dt e dt e dt
p p p

¤ - ¤
- - -

- -¤

- = = - = -ñ ñ ñ. 

 

ʆʪʩʶʜʘ, ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ ʩʥʠʟʫ ʜʣʷ ( )Q x- :  

 

2 2
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( ) 1 1 1 1
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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. 

 

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʭ ʠ Ű ʦʮʝʥʠʤ ʩʚʝʨʭʫ ( )( )1Q xe- Ö. ʇʦʣʫʯʘʝʤ: 
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ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ (8) ʦʩʪʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʭ ʠ Ű, ʪʘʢʠʝ, ʯʪʦ 
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ʕʪʘ ʦʮʝʥʢʘ ʩʧʨʘʚʝʜʣʠʚʘ, ʝʩʣʠ 
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ʇʦʩʣʝʜʥʝʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ t e= , 
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4. Заключение 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʝʪʥʦʡ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʠ 

2

2
1

( )
2

t

x

Q x e dt
p

¤
-

= ñ . ʊʘʢ, ʚ 

ʪʝʦʨʝʤʝ 1.1 ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ x R" Í , n NÍ  ʠ 1; 2a nè øÍ
ê ú

 ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ ( )2 ( )nQ x Q ax< . 

ɺ ʪʝʦʨʝʤʘʭ 1.2 ʠ 1.3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝ ʛʨʘʥʠʮʳ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ. 
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Abstract. This research work is devoted to the receiving of spower inequality of the lower cut of integral from 

density of the standard Gaussian distribution. The necessity of receiving of such estimates arises on the base on the 

wide circulation of normal distribution in appendices and theoretical researches. The feature of the received results 

consists in that even degrees 2n of given function are estimated not through the value of subintegral functions in some 

point, but through the values of the considered function in ax point where a- any number from the closed inter-

val 1; 2nè ø
ê ú

. The difficulty of receiving these estimates is that density of the normal law is a logarithmic concave func-

tion that is its logarithm is concave function. In the research work it is shown that both borders for parameter a can not 

be improved. 

Keywords: power inequality, cumulative distribution curve, gamma-function, Gaussian distribution, optimal 
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УДК 512 

 

СВОЙСТВА РАВНОМЕРНОЙ ЛИНЕЙНОЙ НЕЗАВИСИМОСТИ ВЕЙВЛЕТ-ФУНКЦИЙ 
 

 
Н.В. Рогова, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʙʘʟʠʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ . ɼʘʥʥʳʝ ʦʮʝʥʢʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʟ 

ʥʠʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʡʚʣʝʪ-ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʶʪ ʧʦʯʪʠ ʥʘʠʣʫʯʰʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ 

ʬʫʥʢʮʠʡ, ʠ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʵʪʠʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩʚʦʜʷʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʡʥ-

ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʩʠʪʝʣʴ, ʩʫʞʝʥʠʝ ʬʫʥʢʮʠʡ, ʚʝʡʚʣʝʪ-ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʣʘʡʥʦʚ  ʚʝʡʚʣʝʪ-ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

, ʛʜʝ                     .  

Теорема 1. ʇʫʩʪʴ  ʠ ʬʫʥʢʮʠʷ  ʚʠʜʘ 

 

 
 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

 

 
 

ʊʦʛʜʘ . 

Следствие 1. ʇʫʩʪʴ , . ʊʦʛʜʘ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʫʞʝʥʠʡ ʬʫʥʢʮʠʡ ʠʟ  ʥʘ , ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʘ ʥʘ ʢʘʞʜʦʤ ʪʘʢʦʤ ʦʪʨʝʟʢʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ:  ɽʩʣʠ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʬʫʥʢʮʠʡ  ʨʘʚʥʘ ʥʫʣʶ ʥʘ ʢʘʢʦʤ ʣʠʙʦ ʠʟ 

ʦʪʨʝʟʢʦʚ   , ʪʦ ʧʦʣʫʯʠʤ, ʯʪʦ ʵʪʘ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʙʫʜʝʪ ʦʪʣʠʯʥʦʡ ʦʪ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʥʫʣʷ 

ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʝʡ, ʥʦʩʠʪʝʣʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ, ʨʘʟʜʝʣʝʥʥʳʭ ʦʪʨʝʟʢʦʤ , ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʥʝ ʙʦʣʝʝ  ʩʤʝʞʥʳʭ ʯʘʩʪʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʙʠʝʥʠʷ . ʅʦ ʥʦʩʠʪʝʣʴ ʣʶʙʦʛʦ B-ʩʧʣʘʡʥʘ ʠʟ            

 ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʧʫʩʪʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʰʴ ʩ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʛʨʫʧʧ. ʇʦʵʪʦʤʫ ʦʪʣʠʯʥʦʡ ʦʪ ʪʦʞʜʝ-

ʩʪʚʝʥʥʦʛʦ ʥʫʣʷ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʝʡ ʙʫʜʝʪ ʠ ʩʫʞʝʥʠʝ ʵʪʦʡ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ ʥʘ ʣʶʙʫʶ ʠʟ ʪʘʢʠʭ ʛʨʫʧʧ. ʅʦ ʪʘʢʦʡ 

ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʩʠʣʫ ʪʝʦʨʝʤʳ 1. ʉʣʝʜʩʪʚʠʝ ʜʦʢʘʟʘʥʦ. 

 Следствие 2. ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʡ ʠʟ , ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʚ  ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ (ʉʈʃʅ) ʥʘ ʦʪʨʝʟʢʝ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʇʨʝʜʧʦʣʦʞʠʤ ʧʨʦʪʠʚʥʦʝ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʙʦʨʦʚ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ  ʪʘʢʦʝ, ʯʪʦ 

 

 
 

ʂʘʞʜʳʡ ʪʘʢʦʡ ʥʘʙʦʨ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʝʜʠʥʠʮʫ ʚ ʝʚ-

ʢʣʠʜʦʚʦʡ ʥʦʨʤʝ. ʇʦʵʪʦʤʫ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʥʘʙʦʨʦʚ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʭʦʜʷʱʫʶ-

ʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʥʘʙʦʨʫ , ʧʨʠʯʝʤ ʚ ʩʠʣʫ (2) ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʘʝʤ 
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ʅʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʣʝʜʩʪʚʠʶ 1. ʉʣʝʜʩʪʚʠʝ ʜʦʢʘʟʘʥʦ. 

Теорема 2. ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʡ  

 

 

 
 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʚ  ʧʨʠ ʣʶʙʦʤ  ʦʙʣʘʜʘʝʪ ʉʈʃʅ ʩ ʢʦʥʩʪʘʥʪʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ɺ ʩʠʣʫ ʉʈʃʅ ɺ-ʩʧʣʘʡʥʦʚ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʬʫʥʢʮʠʡ ʠʟ (3) ʧʨʠ ʨʘʟʥʳʭ  ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʢʘʟʘʪʴ ʉʈʃʅ ʛʨʫʧʧʳ 
 

 
 

ʧʨʠ ʣʶʙʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ . ʆʙʦʟʥʘʯʠʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʵʪʫ ʛʨʫʧʧʫ . ɺ ʩʠʣʫ ʩʣʝʜʩʪʚʠʷ 2 ʣʶʙʘʷ 

ʧʦʜʛʨʫʧʧʘ  ʪʘʢʦʡ ʛʨʫʧʧʳ ʦʙʣʘʜʘʝʪ ʉʈʃʅ ʥʘ . ʅʦ ʪʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ʥʘʙʦʨʘ  

 

 

 
 

ʛʜʝ  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟ ʯʠʩʝʣ, ʜʣʷ ʢʦʪʦʨʳʭ  

 

 

 
 

ʅʦ ʧʦʩʢʦʣʴʢʫ  ʩʦʜʝʨʞʠʪ  ʯʘʩʪʠʯʥʳʡ ʦʪʨʝʟʦʢ ʨʘʟʙʠʝʥʠʷ , ʪʦ  ʜʣʷ ʣʶ-

ʙʦʛʦ . ʇʦʵʪʦʤʫ ʠʟ (4) ʚʳʪʝʢʘʝʪ, ʯʪʦ 

 

 
 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

Замечание. ʀʟ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ  ʩʧʣʘʡʥʦʚ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʡ  
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ʦʙʨʘʟʫʝʪ ʙʘʟʠʩ ʚ .        

 

СПИСОК ЛИТЕРАТУРЫ 
1.  ɿʘʚʴʷʣʦʚ, ʖ. ʉ. ʄʝʪʦʜʳ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʡ / ʖ. ʉ. ɿʘʚʴʷʣʦʚ, ɹ. ʀ. ʂʚʘʩʦʚ, ɺ. ʃ. ʄʠʨʦʰʥʠʯʝʥʢʦ. ï ʄ. : ʅʘʫʢʘ. ï 

1980. ï 352 ʩ. 

2.  ʅʦʚʠʢʦʚ, ʀ. ʗ.ʊʝʦʨʠʷ ʚʩʧʣʝʩʢʦʚ / ʀ. ʗ. ʅʦʚʠʢʦʚ, ɺ. ʖ. ʇʨʦʪʘʩʦʚ, ʄ. ɸ. ʉʢʦʧʠʥʘ. ï ʄ. : ʌʀɿʄɸʊʃʀʊ. ï 2005. ï 

616 ʩ. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 09.12.14. 

 

 

PROPERTIES OF UNIFORMLY LINEARLY INDEPENDENT WAVELET FUNCTION 
 

N.V. Rogova, Candidate of Physical and Mathematical Sciences, Associate Professor 

Volga region State University of Telecommunications and Informatics (Samara), Russia 

 

Abstract. In this article the properties of uniformly linear independence of the wavelet functions forming the 

basis in the space L2 [a, b] are considered. These estimates are important as follows from them that wavelet-

approximations give almost the best approximations of the corresponding functions classes and estimates of an error of 

these approximations are reduced to the studying of approximating properties a spline functions. 

Keywords: carrier, narrowing of functions, wavelet-approximations. 
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УДК 512 

 

ПОСТРОЕНИЕ ВЕЙВЛЕТ-СИСТЕМ  

ДЛЯ РАЗЛОЖЕНИЯ НЕПЕРИОДИЧЕСКОГО СИГНАЛА НА ОГРАНИЧЕННОМ УЧАСТКЕ 
 

  
Н.В. Рогова, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʥʘ ʢʦʥʪʫʨʝ, 

ʥʘʧʨʠʤʝʨ, ʠʤʝʶʱʝʡ ʚʠʜ ʤʘʯʪʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʟʚʝʥʴʝʚ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʩʠ-

ʩʪʝʤʘʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʟʘʧʦʣʥʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʚʳʯʠʩʣʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʡʚʣʝʪ-ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʬʫʥʢʮʠʡ ʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘ-

ʤʠ ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʩʠʪʝʣʴ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ, ɺ-ʩʧʣʘʡʥ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʦʪʨʝʟʦʢ  ʇʫʩʪʴ  ï ʩʝʤʝʡʩʪʚʦ   ʨʘʟ-

ʙʠʝʥʠʡ ʦʪʨʝʟʢʘ  ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ  , ʘ  ï ʮʝʣʦʝ ʯʠʩʣʦ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʟʙʠʝʥʠʡ  ʚʚʝʜʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʣʘʡʥʦʚ , ʛʜʝ  ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʪʘʢʦʝ ʯʪʦ . ɼʣʷ 

ʢʘʞʜʦʛʦ   ʧʨʦʩʪʨʘʥʩʪʚʦ   ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜ: , ʛʜʝ ʯʝʨʝʟ 

 ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʜʦʧʦʣʥʝʥʠʝ  ʧʨʦʩʪʨʘʥʩʪʚʘ  ʜʦ . ʅʦʩʠʪʝʣʴ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʙʫʜʝʤ 

ʩʪʨʦʠʪʴ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʙʘʟʠʩʘ ʚ  ʠ ʚʩʝʭ ʙʘʟʠʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ . 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʚ  ʚʳʙʝʨʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ çʫʩʝʯʝʥʥʳʭè B-ʩʧʣʘʡʥʦʚ 

 

 
 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʙʘʟʠʩʘ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʜʦʧʦʣʥʝʥʠʠ . ʇʦʩʪʘʚʠʤ . ʅʦʨʤʘʣʠ-

ʟʦʚʘʥʥʳʝ B-ʩʧʣʘʡʥʳ ʥʘ ʨʘʟʙʠʝʥʠʠ  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ . ɿʘʬʠʢʩʠʨʫʝʤ ʮʝʣʦʝ ʯʠʩʣʦ  ʠ ʙʫʜʝʤ ʠʩ-

ʢʘʪʴ ʬʫʥʢʮʠʶ  ʚ ʚʠʜʝ 

 
 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ  ʠ ʫʩʣʦʚʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʩʠʣʫ ʜʠʟʲ-

ʶʥʢʪʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ, ʜʦʩʪʘʪʦʯʥʦ ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 

 

 
 

 
 

ʈʠʩ. 1. ʂʫʙʠʯʝʩʢʠʡ ʚʝʡʚʣʝʪ 
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ʇʦʜʩʪʘʚʣʷʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (2) ʚ (3), ʧʦʣʫʯʠʤ ʦʜʥʦʨʦʜʥʫʶ ʩʠʩʪʝʤʫ  ʫʨʘʚʥʝʥʠʡ ʩ  ʥʝʠʟ-

ʚʝʩʪʥʳʤʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʅʘʭʦʜʷ ʵʪʦ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʘʝʤ ʠʩʢʦ-

ʤʳʡ ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʬʫʥʢʮʠʶ  ʚ ʚʠʜʝ (2). ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʡ ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʫʙʠ-

ʯʝʩʢʠʭ ʚʝʡʚʣʝʪ, ʫ ʢʦʪʦʨʳʭ , ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʦʛʦ ʨʘʚʥʳ 

 

. 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʦʩʪʨʦʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʥʦʩʠʪʝʣʝʡ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ . ʆʜʥʘʢʦ ʜʦ ʙʘʟʠʩʘ ʚ  ʥʘʤ ʥʝ ʭʚʘ-

ʪʘʝʪ ʨʦʚʥʦ  ʬʫʥʢʮʠʡ, ʪ. ʢ. ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʚʥʘ .  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʜʦʩʪʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦ ʧʦʣʥʦʛʦ ʙʘʟʠʩʘ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ  ʧʨʠ 

 ʥʘ ʨʘʩʰʠʨʝʥʥʦʤ ʨʘʟʙʠʝʥʠʠ . 

ʇʝʨʚʫʶ ʛʨʫʧʧʫ ʠʟ  ʥʝʜʦʩʪʘʶʱʠʭ ʚʝʡʚʣʝʪ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

 

 
 

ʠʟ ʫʩʣʦʚʠʡ 

 

 
 

ʇʦʜʩʪʘʚʣʷʷ (4) ʚ (5), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ . ʄʘʪ-

ʨʠʮʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʚʳʨʦʞʜʝʥʦʡ. ʈʝʰʘʷ ʝʝ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ (4) ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʦʡ ʚʝʡʚʣʝʪ-

ʬʫʥʢʮʠʝʡ, ʣʠʥʝʡʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʩ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʳʪʝʢʘʝʪ ʠʟ ʚʠʜʘ (4). ɼʘʥʥʳʡ 

ʚʠʜ ʛʨʘʬʠʢʦʚ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʫʙʠʯʝʩʢʠʡ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʛʨʘʥʠʯʥʳʡ ʚʝʡʚʣʝʪ. 
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ʈʠʩ. 2. ɻʨʘʥʠʯʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʚʝʡʚʣʝʪ . 

 

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʠʟ   ʥʝʜʦʩʪʘʶʱʠʭ ʚʝʡʚʣʝʪ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 
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ʠʟ ʫʩʣʦʚʠʡ 

 

 
 

ʇʨʦʠʟʚʦʜʷ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ (6) ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʦʡ 

ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʝʡ, ʠ ʚʤʝʩʪʝ ʩ ʬʫʥʢʮʠʷʤʠ (2) ʠ (4) ʦʥʠ ʦʙʨʘʟʫʶʪ ʠʩʢʦʤʳʡ ʙʘʟʠʩ ʚ . ɻʨʘʬʠʢʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ 

ʢʫʙʠʯʝʩʢʠʭ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ (6) ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʣʝʚʦʩʪʦʨʦʥʥʠʝ, ʪʦʣʴʢʦ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦ-

ʥʳ ʦʪʨʝʟʢʘ, ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʩʝʨʝʜʠʥʳ.  

ʀʪʘʢ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʡ (1) ʠ (2), (4), (6) ʧʨʠ  ʦʙʨʘʟʫʝʪ ʠʩʢʦʤʳʡ ʚʝʡʚʣʝʪ-ʙʘʟʠʩ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ . 

ʇʦʩʢʦʣʴʢʫ ʥʦʩʠʪʝʣʠ ʧʦʩʪʨʦʝʥʥʳʭ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʩʦʜʝʨʞʘʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʯʘʩʪʠʯʥʳʭ ʦʪʨʝʟʢʦʚ, ʪʦ 

ʦʥʠ ʦʯʝʥʴ ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʛʦ ʯʠʩʣʘ B-ʩʧʣʘʡʥʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʢʦʪʦʨʳʭ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʫʙʳʚʘʝʪ ʢʘʢ , ʪʦ ʦʥʠ 

ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʥʠʤ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʥʝʩʫʪ ʢʘʢ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʝʛʦ ʧʦʚʝʜʝʥʠʠ ʥʘ ʢʦʨʦʪʢʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʦ ʝʛʦ çʤʛʥʦʚʝʥʥʦʤ ʩʧʝʢ-

ʪʨʝè. 
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BUILDING OF WAVELET SYSTEMS  

FOR THE DECOMPOSITION OF NON-PERIODIC SIGNAL IN LIMITED AREAS 

 
N.V. Rogova, Candidate of Physical and Mathematical Sciences, Associate Professor 

Volga region State University of Telecommunications and Informatics (Samara), Russia 

 

Abstract. Considering the integrated equations in problems of electrodynamics on a contour, for example, of 

the form of a mast with a large number of links, the traditional numerical methods lead to the systems of the linear al-

gebraic equations with the filled matrixes of high orders. It is connected with the huge volumes of calculations, espe-

cially in the sums of modeling of two-dimensional structures. For the solution of such tasks it is expedient to use the 

wavelet-systems which represent the orthogonal functions systems and have a number of advantages for a wide range of 

tasks compared to the classical orthogonal functions systems. 

Keywords: carrier of wavelet-functions, B-spline. 
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УДК 512 

 

ОБРАТИМОСТЬ МАТРИЦ, ПОЛУЧАЮЩИХСЯ ПРИ РЕШЕНИИ 

УРАВНЕНИЯ ФРЕДГОЛЬМА ПО МЕТОДУ ВЕЙВЛЕТ-ГАЛЕРКИНА 
 

 
Н.В. Рогова, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʘʥʪʝʥʥʫ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʘʤ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʧʣʦʪʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʘʶʱʠʤʠʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʟʘʪʨʘʪʝ ʚʨʝʤʝʥʠ ʠ ʦʙʲʝʤʘ ʧʘʤʷʪʠ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʚʝʡʚʣʝʪ-

ɻʘʣʝʨʢʠʥʘ, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ, ʧʦʣʫʯʘʶʪʩʷ ʧʩʝʚʜʦ-

ʨʘʟʨʝʞʝʥʥʳʤʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʢʘʢ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩ ʥʠʤʠ 

ʜʝʡʩʪʚʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʨʠʮʳ, ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

 

ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʰʝʥʠʝ ʧʦʣʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʵʣʝʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʳʭ, ʥʦ ʠ ʦʙʨʘʪʥʳʭ ʤʘʪʨʠʮ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʘʨʠʘʮʠʦʥʥʦ-

ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʨʝʜʦʙʫʩʣʘʚʣʠʚʘʥʠʝʤ. 

ʇʫʩʪʴ  ï ʤʘʪʨʠʮʘ ʉʃɸʋ ʚ ʤʝʪʦʜʝ ɻʘʣʝʨʢʠʥʘ. ʇʨʝʜʩʪʘʚʠʤ ʝʝ ʚ ʚʠʜʝ ,  

ʛʜʝ ,     

 

 
 

ʪ.ʝ.  ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. 
 

    

 

ʇʫʩʪʴ . 

Теорема 1. ʅʘʡʜʝʪʩʷ ʪʘʢʦʝ , ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ , ʯʪʦ ʧʨʠ   ʤʘʪʨʠʮʘ  ʦʙʨʘʪʠʤʘ ʠ ʜʣʷ 

ʝʝ ʵʣʝʤʝʥʪʦʚ ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ ʚʠʜʘ  
 

 
 

ʛʜʝ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ  

Теорема 2. ʅʘʡʜʝʪʩʷ ʪʘʢʦʝ , ʯʪʦ ʜʣʷ   ʤʘʪʨʠʮʘ  ʦʙʨʘʪʠʤʘ ʠ ʜʣʷ ʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʨʘ-

ʚʝʜʣʠʚʳ ʦʮʝʥʢʠ  
 

  

 

ʛʜʝ ʉ ʥʝ ʟʘʚʠʩʠʪ ʦʪ  ʠ ʦʮʝʥʢʠ (1). 

Теорема 3. ʇʫʩʪʴ ʫʨʘʚʥʝʥʠʝ  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʣʶʙʦʡ 

ʥʝʧʨʝʨʳʚʥʦʡ . ʊʦʛʜʘ ʥʘʡʜʝʪʩʷ ʪʘʢʦʝ , ʯʪʦ ʧʨʠ  ʤʘʪʨʠʮʘ  ʦʙʨʘʪʠʤʘ, ʘ ʜʣʷ ʦʙʨʘʪʥʦʡ ʩʧʨʘ-

ʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  .  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʊ.ʢ. ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ɻʘʣʝʨʢʠʥʘ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ  ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʤʘʪʨʠʮʝʡ , ʪʦ ʦʙʨʘʪʠʤʦʩʪʴ , 

ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ , ʚʳʪʝʢʘʝʪ ʠʟ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʳ: 

                                                           
 É ʈʦʛʦʚʘ ʅ.ɺ. / Rogova N.V., 2015 
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Теорема 4: ʇʫʩʪʴ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʣʶʙʦʡ ʥʝʧʨʝʨʳʚʥʦʡ . ʊʦʛʜʘ 

ʥʘʡʜʝʪʩʷ ʪʘʢʦʡ ʥʦʤʝʨ , ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ         ʛʘʣʝʨʢʠʥʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ  ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥ-

ʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ 

 

. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ  

 

 
 

ʛʜʝ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ .  

ɼʦʢʘʞʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ . ɺʝʢʪʦʨ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ  ʧʦ ʚʝʡʚʣʝʪ-

ʙʘʟʠʩʫ ʝʩʪʴ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ  ʛʜʝ                                                                              

 ï ʚʝʢʪʦʨ ʩʢʘʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ  ʥʘ 

ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ. ɺ ʩʠʣʫ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ  ʦʙʨʘʪʠʤʘ, ʪ.ʝ.    

ʇʫʩʪʴ ʜʣʷ ʚʝʢʪʦʨʘ ʢʦʥʝʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ  ɺ ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʨʘʚ-

ʥʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʤʦʩʪʠ  ʚʝʡʚʣʝʪ-ʙʘʟʠʩʘ ʠʤʝʝʤ:  

 

 
 

ʅʦ ʪʦʛʜʘ, ʚ ʩʠʣʫ (3),  

 

 
 

ʇʦʩʢʦʣʴʢʫ  ʚ ʩʠʣʫ ʜʘʥʥʦʡ ʦʮʝʥʢʠ, ʪʦ ʠʟ (5) ʠʤʝʝʤ 

 

 
 

ʜʣʷ ʣʶʙʦʡ . 

ʇʫʩʪʴ ʚʝʢʪʦʨ  ʪʘʢʦʚ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

 

 
 

ʆʧʨʝʜʝʣʠʤ  ʠʟ ʫʩʣʦʚʠʡ 

 

                                                                                                                                                                                 (8) 

 

ɼʣʷ ʚʝʢʪʦʨʘ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ  ʧʦ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʫ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠ-

ʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ , ʛʜʝ  ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʘ. ɺ ʩʠʣʫ ʩʚʦʡʩʪʚ ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʥʝʡʥʦʡ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʘ ʧʦʣʫʯʠʤ, ʯʪʦ        ʦʪʢʫʜʘ      . 

ʆʪʢʫʜʘ ʚ ʩʠʣʫ ʬʠʥʠʪʥʦʩʪʠ ʬʫʥʢʮʠʡ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʘ ʠ ʠʭ ʥʦʨʤʠʨʦʚʢʠ ʥʘ ʝʜʠʥʠʮʫ ʚ  ʧʦʣʫʯʠʤ 

 

                                                                                                                                          (9) 

 

ʀʟ (6) ï (9) ʠʤʝʝʤ  

 

 
 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

Теорема 5. ʇʫʩʪʴ , ʛʜʝ  ʠʟ ʪʝʦʨʝʤʳ 3. ʊʦʛʜʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ  ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ  (2). 

ɼʦʢʘʟʘʥʥʳʝ ʪʝʦʨʝʤʳ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʨʠʤʝʥʷʪʴ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩ ʧʨʝʜʦʙʫʩʣʘʚʣʠʚʘʥʠʝʤ, ʪʘʢʠʝ 

ʢʘʢ LU, QR ʬʘʢʪʦʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʙʠʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʙʫʩʣʘʚʣʠʚʘʪʝʣʷ ʚ ʪʘʢʠʭ 

ʤʝʪʦʜʘʭ ʙʫʜʝʤ ʙʨʘʪʴ ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʫ. 
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INVERTIBILITY OF MATRICES OBTAINED  

DURING SOLVING FREDHOLM EQUATIONS BY WAVELET-GALERKIN METHOD 
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Abstract. Considering the antenna of a difficult configuration, we have to work with dense matrixes of big di-

mension, which are the result by the solution of the systems of the linear algebraic equations that leads to the large ex-

pense of time and memory. Applying the Wavelet-Galerkin method, the elements of the matrixes, which are turning out 

by the sampling the Fredholm equations turn out pseudo-rarefied. It is convenient for as for storage of these elements, 

and for actions with them for finding of the decision of these systems. 

Keywords: matrixes, systems of the linear algebraic equations. 
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УДК 512 

 

ОЦЕНКИ ЭЛЕМЕНТОВ QR-ФАКТОРИЗАЦИИ  

ПРИ РЕШЕНИИ МАТРИЦ В МЕТОДЕ ВЕЙВЛЕТ-ГАЛЕРКИНА 
 

 
Н.В. Рогова, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʜʦʧʫʩʢʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʥʘ ʤʥʦ-

ʛʦʤʝʨʥʳʝ ʩʠʥʛʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ. ʊʨʫʜʥʦʩʪʴ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʧʦʣʫʯʘʶʪʩʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʦ-

ʛʦ ʧʦʨʷʜʢʘ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ ʦʮʝʥʢʠ ʤʘʪʨʠʮ QR-ʬʘʢʪʦʨʠʟʘʮʠʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʚʝʡʚʣʝʪ-ɻʘʣʝʨʢʠʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ, ʤʝʪʦʜ ʚʝʡʚʣʝʪ-ɻʘʣʝʨʢʠʥʘ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜʘ ɻʘʫʩʩʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʥʝ-

ʚʳʛʦʜʥʳʤ, ʪ.ʢ. ʜʣʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʤʘʪʨʠʮʫ ʭʨʘʥʠʪʴ ʮʝʣʠʢʦʤ, ʥʝ ʫʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʜʘʝʪ ʥʝ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʥʘʢʦʧʣʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʨʝʩʫʨʩʦʝʤʢʠʭ ʟʘʜʘʯ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʪʝʨʘ-

ʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝʧʦʣʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʚʘʨʠʘʮʠʦʥʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʮʝʥʢʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ, ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʚʝʡʚʣʝʪ-ɻʘʣʝʨʢʠʥʘ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ. ʆʪʩʝʯʝʥʠʝ ʧʦ ʙʘʨʴʝʨʫ ʜʦʩʪʘʪʦʯʥʦ ʤʘ-

ʣʝʥʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʦʚ ʧʘʤʷʪʠ ʧʦ ʭʨʘʥʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʤʘʪʨʠʮ.  

ʇʫʩʪʴ  ï ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ,  ʤʘʪʨʠʮʘ. ʊʦʛʜʘ ʧʨʠ  ï ʢʚʘʜʨʘʪʥʘʷ  ʤʘʪ-

ʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ,  (ʪ. ʝ. ʤʘʪʨʠʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʣʘʚʥʦʤʫ ʤʠʥʦʨʫ ʧʦʨʷʜʢʘ  ʤʘʪʨʠʮʳ ).  

Лемма 1. ʇʫʩʪʴ  ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ ʵʣʝʤʝʥʪʦʚ . ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 

 

                                        (1) 

 

Лемма 2. ʇʫʩʪʴ  ï ʤʘʪʨʠʮʘ ʠʟ ʣʝʤʤʳ 1,  ï ʝʝ ʧʦʜʤʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʣʘʚʥʦʤʫ ʤʠʥʦʨʫ -ʛʦ 

ʧʦʨʷʜʢʘ. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ  ʜʣʷ ʣʶʙʦʛʦ  

ʇʫʩʪʴ  ï ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʝʪʦʜʝ ɻʘʣʝʨʢʠʥʘ. ʇʨʝʜʩʪʘʚʠʤ ʝʝ ʚ 

ʚʠʜʝ , ʛʜʝ  ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. 
 

                                                                              (2) 

 

Теорема 1. ʇʫʩʪʴ  ï ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʝʪʦʜʝ ʚʝʡʚʣʝʪ-

ɻʘʣʝʨʢʠʥʘ ʠ , ʛʜʝ   ï ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ,  ï ʚʝʨʭʥʝʪʨʝʫʛʦʣʴʥʘʷ. ʊʦʛʜʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ  

ʠ , ʨʘʟʙʠʪʳʭ ʥʘ ʙʣʦʢʠ ʘʥʘʣʦʛʠʯʥʦ (2), ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ ʚʠʜʘ  
 

                                                     

 

ʛʜʝ ʉ ʥʝ ʟʘʚʠʩʠʪ ʦʪ  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: ʊʘʢ ʢʘʢ  ʥʝ ʚʳʨʦʞʜʝʥʘ, ʪʦ ʫ ʥʝʝ ʩʫʱʝʩʪʚʫʝʪ -ʨʘʟʣʦʞʝʥʠʝ ʚʠʜʘ ʛʜʝ  ï 

ʦʨʪʦʛʦʥʘʣʴʥʘʷ, ʘ  ï ʚʝʨʭʥʝʪʨʝʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ. ɹʫʜʝʤ ʠʩʢʘʪʴ ʩʪʦʣʙʮʳ  ʤʘʪʨʠʮʳ  ʚ ʚʠʜʝ , 

ʛʜʝ  ï - ʡ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ  ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʧʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ  ʫʜʦʚʣʝʪʚʦʨʷ-

ʣʠ ʩʠʩʪʝʤʝ  ʢʦʪʦʨʫʶ ʟʘʧʠʰʝʤ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ  ʛʜʝ 

 ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ;  

                                                           
 É ʈʦʛʦʚʘ ʅ.ɺ. / Rogova N.V., 2015 
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ʅʘʭʦʜʠʤ  ï ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ . ɿʘʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʳ  ʠ , ʨʘʟʙʠʪʳʝ ʥʘ ʙʣʦʢʠ, 

ʘʥʘʣʦʛʠʯʥʦ (2), ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʮʝʥʢʘʤ ʚʠʜʘ (3). ʅʦ ʪʦʛʜʘ, ʚ ʩʠʣʫ ʣʝʤʤʳ 1, ʪʘʢʠʤ ʞʝ ʦʮʝʥʢʘʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʠ 

ʚʩʝ ʤʘʪʨʠʮʳ ,  (ʜʦʧʦʣʥʝʥʥʳʝ ʜʦ ʤʘʪʨʠʮʳ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ  ʩʪʦʣʙʮʘʤʠ ʠ ʩʪʨʦʢʘʤʠ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠ-

ʮʳ). ʇʦʵʪʦʤʫ ʤʘʪʨʠʮʘ , ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʩʪʦʣʙʮʦʚ  (  ï ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ,  ï ʚʪʦʨʦʡ ʠ ʪ. ʜ.), ʪʘʢʞʝ ʫʜʦʚʣʝ-

ʪʚʦʨʷʝʪ ʦʮʝʥʢʘʤ ʚʠʜʘ (3). ɼʘʣʝʝ ʟʘʤʝʪʠʤ, ʯʪʦ, ʪʘʢ ʢʘʢ  ʪʦ , ʛʜʝ  ï ʤʘʪʨʠʮʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ  ʥʦʨʤʠʨʦʚʢʦʡ ʝʝ ʩʪʦʣʙʮʦʚ  ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʫʩʣʦʚʠʷ . ʇʦ-

ʩʢʦʣʴʢʫ ʤʘʪʨʠʮʳ  ʠ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʮʝʥʢʘʤ ʚʠʜʘ (3), ʪʦ ʘʥʘʣʦʛʠʯʥʳʤ ʦʮʝʥʢʘʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠ ʤʘʪʨʠʮʘ  

. ɽʩʣʠ ʤʳ ʪʝʧʝʨʴ ʜʦʢʘʞʝʤ, ʯʪʦ ʥʦʨʤʠʨʫʶʱʠʝ ʤʥʦʞʠʪʝʣʠ ʩʪʦʣʙʮʦʚ  ʝʩʪʴ ʚʝʣʠʯʠʥʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʩʚʝʨʭʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʧʦʨʷʜʢʘ ʤʘʪʨʠʮʳ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʮʝʥʢʘʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠ ʤʘʪʨʠʮʘ , ʘ ʪʦʛʜʘ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ  ʪʘʢʠʝ ʞʝ ʦʮʝʥʢʠ ʙʫʜʫʪ ʩʧʨʘ-

ʚʝʜʣʠʚʳ ʠ ʜʣʷ . ʀ ʪʘʢ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʦʩʪʘʣʦʩʴ ʦʮʝʥʠʪʴ ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ. 

ʇʦʩʢʦʣʴʢʫ , , ʪʦ , . ʊʘʢʠʝ ʞʝ ʦʮʝʥʢʠ ʚ ʩʠʣʫ 

ʣʝʤʤʳ 2 ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ . ʇʦʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ (1), 

 

  

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ . ʅʦ ʧʦʩʢʦʣʴʢʫ 

, ʘ ʜʣʷ , ʚ ʩʠʣʫ ʣʝʤʤʳ 2, ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʮʝʥʢʘʤ ʜʣʷ ,  

ʪʦ , ʪ. ʝ. ʥʦʨʤʠʨʫʶʱʠʝ ʤʥʦʞʠʪʝʣʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʫʝʤʳʤ ʦʮʝʥʢʘʤ. 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʇʫʩʪʴ  
 

 
 

ʤʘʪʨʠʮʘ, ʧʦʣʫʯʘʶʱʘʷʩʷ ʦʢʨʫʛʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ  ʧʦ ʙʘʨʴʝʨʫ. 

Теорема 2. ʂʦʣʠʯʝʩʪʚʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʝʩʪʴ ʚʝʣʠʯʠʥʘ . ʅʘʡʜʝʪ-

ʩʷ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ , ʯʪʦ ʚ ʣʶʙʦʡ ʤʘʪʨʠʯʥʦʡ -ʥʦʨʤʝ ( ) ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ 
 

.                                                                       (4) 

 

ɼʘʥʥʳʝ ʪʝʦʨʝʤʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʩʠʥʛʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪʩʷ ʟʥʘʢʦʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʣʝʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʩʩʠʤʝʪʨʠʯʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. 
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Abstract. Some sums of mathematical physics allow natural generalization in the multidimensional singular 

equations which decision represents serious difficulties. The difficulty consist in that by the solution of such tasks we 

have the systems of the linear algebraic equations of high order; the special place is taken by a problem with the rare-

fied matrixes. In this article, the estimates of matrixes of QR factorization by the application of the wavelet-Galerkin 

method are considered. 
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ИТЕРАЦИОННЫЕ МЕТОДЫ ИССЛЕДОВАНИЯ  

ТОНКОСТЕННЫХ ЭЛЕМЕНТОВ КОНСТРУКЦИЙ 
 

 
О.В. Старожилова, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʢʠʭ ʦʙʦ-

ʣʦʯʝʢ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʝʜʠʥʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ 

ɸ. ɸ. ʀʣʴʶʰʠʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʩʞʠʤʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʨʝ-

ʘʣʴʥʳʡ ʚʠʜ ʜʠʘʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʢʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʦʣʦʯʝʢ ʧʝʨʝʤʝʥʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ, ʧʨʦʜʦʣʴʥʦʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. ɺʚʝʜʝʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ: ʜʚʫʭʟʚʝʥʥʳʡ ʤʝʪʦʜ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʮʝʜʫʨʝ ʦʙʱʝʡ ʠʪʝʨʘʮʠʠ, ʧʦʩʪʨʦʝʥʳ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʣʦʯʝʢ, 

ʚʪʦʨʠʯʥʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʦʣʦʯʝʢ, ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʠʙʢʠʭ ʦʙʦʣʦʯʝʢ. 
 

ʊʦʥʢʦʩʪʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʈʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʠʥʥʳʡ 

ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʧʨʦʩʪʦʪʫ 

ʨʝʘʣʠʟʘʮʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʡ ʩʭʦʜʠʤʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʦ ʜʣʷ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʘ. ʅʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ 

ʦʙʦʣʦʯʝʢ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʟ-ʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʟʘʜʘʯ. ɺ 

ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʩʠʤʤʝʪʨʠʯʥʳʝ ʟʘʜʘʯʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ.  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ (ʨʠʩ. 1) ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʚ ʧʣʘʥʝ ʨʘʟʤʝʨʘʤʠ 2a  ʠ 2b  ʥʝʦʜʥʦʨʦʜʥʳʝ ʦʜʥʦʩʣʦʡʥʳʝ ʠ ʤʥʦ-

ʛʦʩʣʦʡʥʳʝ ʧʣʘʩʪʠʥʳ ʠ ʦʙʦʣʦʯʢʠ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʢʨʠʚʠʟʥʳ: ʪʦʣʱʠʥʘ ( )h x y, , ʢʨʠʚʠʟʥʳ k1 , k2,  ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ E, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ m, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ sT  ̫ ʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʇʨʦʮʝʩʩ ʥʘʛʨʫʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʧʨʷʞʝʥʠʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʝʚʠʘʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ si j, ʩʨʝʜʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ s0 .  

ɺ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ ( )e e e1 2 3, ,  ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 
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ʛʜʝ si j  - ʢʦʤʧʦʥʝʥʪʳ ʜʝʚʠʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, s si j , 0- ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʨʝʜʥʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, di j  - ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ, su  - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʚʳʧʠʩʘʪʴ ʜʣʷ ʚʝʢʪʦʨʘ ʜʝʬʦʨʤʘʮʠʡ. 
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ʉʚʷʟʴ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʝʪ ʚʠʜ 

 

s= +N qʕ  

 

ʉʦʦʪʥʦʰʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ N G q= =2 0, , ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʦʨʠʠ ʤʘʣʳʭ ʫʧʨʫ-

ʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ N G qs= =2 0, ; G E= +/ ( ( ))2 1 m  - ʤʦʜʫʣʴ ʩʜʚʠʛʘ, E- ʤʦʜʫʣʴ ʫʧʨʫ-

ʛʦʩʪʠ, Gs u u=s e/ ( )3  - ʩʝʢʫʱʠʡ ʤʦʜʫʣʴ ʢ ʜʠʘʛʨʘʤʤʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  

ɼʝʬʦpʤʘʮʠʠ ʚ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʩʣʦʷʭ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʦʙʦʣʦʯʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

 

e e c e e c e e c11 11 11 22 22 22 12 12 12= + = + = +
c c cz z z, , , 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʦʨʤʘʮʠʷ ʦʙʦʣʦʯʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʰʝʩʪʠ ʬʫʥʢʮʠʡ 

e e e c11 22 12 11
c c

, , , ,
c

 c c22 12, . 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ ʧʨʠʚʦʜʠʪ 

ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ. ʈʘʩʯʝʪ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʦʣʦʯʢʘʭ ʠ ʧʣʘʩʪʠʥʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʋʩʠʣʠʷ ʠ ʤʦʤʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝ-

ʥʠʡ si j  ʧʦ ʪʦʣʱʠʥʝ. ʇʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʩʣʦʚʠʡ ʥʘ ʢʦʥʪʫʨʝ ʦʙʦʣʦʯʢʠ ʜʣʷ ʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ: ʩʚʦʙʦʜʥʳʡ ʢʨʘʡ, ʞʝʩʪʢʦʝ ʟʘʱʝʤʣʝʥʠʝ ʠ ʰʘʨʥʠʨʥʦʝ ʦʧʠʨʘʥʠʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʛʠʙʢʠʭ ʦʙʦʣʦʯʝʢ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʃʘʛʨʘʥʞʘ ʜʣʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ. 

ʆʙʦʣʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʫʟʢʠ 

p p x y= ( , ), ʧʦ ʢʨʦʤʢʘʤ ʦʙʦʣʦʯʢʠ ʨʝʘʣʠʟʫʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʞʝʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʠʷ ʠ ʰʘʨʥʠʨʥʦʛʦ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʚ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʟʘʜʘʯʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʦʙʦʣʦʯʝʢ ʧʨʠ ʣʶʙʳʭ ʩʦʯʝʪʘʥʠʷʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʆʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʪʦ, ʯʪʦ ʚʜʦʣʴ ʢʘʞʜʦʡ 

ʢʨʦʤʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʥʠʭ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʠʙʢʠʭ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʤʝʪʨ ʥʘʛʨʫʟʢʠ. ʈʘʩʯʝʪ 

ʛʠʙʢʠʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʠ ʧʣʘʩʪʠʥ ʦʩʥʦʚʘʥ ʥʘ ʛʠʧʦʪʝʟʝ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʥʦʨʤʘʣʠ ʜʣʷ 

ʚʩʝʛʦ ʧʘʢʝʪʘ ʚ ʮʝʣʦʤ. ʉʣʦʠ ʦʙʣʘʜʘʶʪ ʩʦʠʟʤʝʨʠʤʦʡ ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʩʜʚʠʛ ʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ, ʙʝʟ ʧʨʦ-

ʩʢʘʣʴʟʳʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʜʚʘʞʜʳ ʥʝʣʠʥʝʡʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʘ ʧʝʨʝʤʝʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʦʩʪʠ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʤʝʪʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʦʤ. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʠʪʝʨʘʮʠʦʥ-

ʥʳʡ ʤʝʪʦʜ ʩʦʜʝʨʞʠʪ ʚ ʦʩʥʦʚʝ ʟʘʤʝʥʫ ʠʩʭʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʥʝʣʠʥʝʡʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʝʜʠʥʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʛʠʙʢʠʭ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʩʣʦʠ-

ʩʪʳʭ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʩ ʫʯʝʪʦʤ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʨʦʩʣʝʞʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʟʦʥ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʨʘʟʛʨʫʟʢʠ, ʚʪʦʨʠʯʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʄʥʦʛʦʩʣʦʡʥʳʝ ʦʙʦʣʦʯʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʦʡ ʠ ʣʠʥʝʡʥʦʡ 

ʧʦʩʪʘʥʦʚʢʘʭ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʠʥ 
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ʠ ʦʙʦʣʦʯʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʯʝ-

ʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝ-

ʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʠʞʥʝʡ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʩʣʦʡʥʦʡ ʦʙʦʣʦʯʢʠ ʠʟ 

ʜʶʨʘʣʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ ʚʪʦʨʠʯʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʚʙʣʠʟʠ ʢʨʘʝʚ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʨʘʟ-

ʛʨʫʟʢʠ. ɺ ʜʚʫʭʩʣʦʡʥʳʭ ʦʙʦʣʦʯʢʘʭ ʟʦʥʘ ʚʪʦʨʠʯʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʟʘʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʟʦʥʳ 

ʨʘʟʛʨʫʟʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ ʥʘʛʨʫʞʝʥʠʷ, ʘ ʨʷʜʦʤ ʩ ʥʝʡ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʦʯʢʠ ʨʘʟʛʨʫʟʢʠ. 

ɺ ʦʪʜʝʣʴʥʦʤ ʧʦʩʪʧʨʦʮʝʩʩʦʨʥʦʤ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʩʪʨʦʷʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʦʛʠʙʦʚ, ʟʦʥ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʨʘʟʛʨʫʟʢʠ, ʚʪʦʨʠʯʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʧʦ ʩʝʯʝʥʠʷʤ ʦʙʦʣʦʯʢʠ, ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʧʨʠʚʦʜʷʪʩʷ ʪʨʘʝʢʪʦʨʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠ-

ʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʟʘʜʘʯʘʭ ʫʧʨʫʛʦ-

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʢʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʦʣʦʯʝʢ. 
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Abstract. The mathematical model of elastoplastic deformation of flexible covers by the difficult loading allow-

ing the investigating the intense deformed state on the basis of the deformation theory of A. A. Ilyushin, is developed in 

this article. The model considers the compressibility of material, the real type of the diagram, allows to investigate de-

formation of flexible non-uniform covers of variable rigidity be the cross, longitudinal and combined loading. The new 

effective method of calculus mathematics is entered: double-link method. The methods of the decision of big systems of 

the nonlinear equations based on the procedure of the general iteration are developed; the algorithms using combina-

tions of various methods are constructed. 

Keywords: mathematical modeling, elastoplastic deformation of covers, secondary plastic deformations, dis-

tributions of thickness of multi-layer covers, intense deformed condition of flexible covers. 
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Abstract. This article is about the general educational interrelation and vocational training of the students. By 

preparation for a profession it is necessary to strengthen the communication of the theory with practice, to develop the 

pupilôs technical thinking and professional directivity of the personality, to form their directivity in according to belief 

and the best traditions. 

Keywords: creative person, mathematical apparatus, mathematical education. 

 

The mathematics is the universal language which is widely used in all spheres of the human activity. Its role 

sharply increases in the development of the society at the present time. It leads to strengthening of the mathematical 

preparation importance of all experts and, in particular, experts of the average link. Each expert, in the course of prepa-

ration for the activity, needs to know the mathematical language at a certain level. The role of mathematics in the de-

velopment of the personôs identity, in formation of his outlook is very great. Mathematical education of the students has 

to promote: 

a) Common cultural development of the students and their general educational preparation; 

b) Special preparation and professional activity of graduates of technical schools and specialized schools. 

By providing of the development of the studentôs identity, it is necessary to pay attention to formation of those 

qualities which have to be inherent in experts of the average link, as a certain social group, which means realization of 

first mentioned functions of the training. 

The second function means, first, provision of educational activity of the students (studying of special disci-

plines, implementation of yearly and degree projects). Second, mathematical education has to promote the professional 

formation of experts (performance of functions, possibility of replenishment of knowledge, etc.). 

Achievement of these purposes is provided not only the sum of one or another knowledge of mathematics, but 

also the formation by means of mathematics of the general educational abilities and certain types of mathematical activ-

ity, first of all, mathematical modeling of processes and the phenomena, which is of common cultural and professional 

importance. 

For formation of the optimal maintenance of any subject, it is necessary to realize its features well, which is 

typical for these educational institutions. These features for average professional educational institutions come from the 

basic provisions, relating to the content formation of education and training in average professional educational institu-

tions and from the role of mathematical preparation in expert formation of the average link. 

Characteristics of mathematical education at high special school are: 

- Continuity of studying and mathematics application; 

- Fundamental nature of mathematical preparation; 

- Focus of the mathematics course on practice; 

- Equivalence of mathematical education for all forms of education on the same specialty; 

- Continuity of mathematical preparation in relation to other types of average educational institutions. 

Mathematical preparation of students of average professional educational institutions consists of mathematics 

studying and its use in other disciplines. At this process of studying of special disciplines, fulfilling of yearly and degree 

projects, take place the fixing, the specification, the expansion, the increasing of knowledge and skills of the students 

got from the mathematics course. Thus, its continuity is one of the most important features of mathematical education 

on many specialties of technical schools. It is a question, first, of the specialties of energy, construction and industry 

faculties. 

Continuity of mathematical education: 

- provides the coherence of the mathematics course by means of mathematical apparatus in special preparation; 

- assumes the preservation of professionally important mathematical skills in a course studying as mathemat-

ics and other disciplines; 

- demands the readiness to its realization both of mathematics teachers and special disciplines teachers. 

To avoid an extinction inherent in knowledge and abilities, it is necessary a purposeful work on fixing, preser-

vation, development of professionally important mathematical skills. 

According to the concept, the secondary vocational educational training of specialists of the average link as 

workers, professionally taken with brainwork, has to be rather at high level of general scientific preparation. 
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Fundamental nature of the mathematics course is characterized by: 

- The certain level of logical validity of the studied facts; 

- Sufficient level of abstractness of mathematical concepts; 

- Existence of universal mathematical methods; 

- Observance of internal logic of the subject development. 

Realization of the fundamental nature principle means to master mathematics wholly, as a language for the de-

scription of the real world. Therefore, the transferring of the mathematics course function to special disciplines is inad-

missible. First, it can lead to violation of intra subject communications. Second, studying of one or another theme on 

one of special disciplines will lead to its focusing only on itself. There will be difficulties in use of these themes on oth-

er subjects. Thus the mastering the main concepts, the facts, the methods, the formation of mathematical modeling skills 

has to be focused not only on separate subjects but also on whole special preparation and professional activity. 

The fundamental nature principle of the mathematics course does not mean its isolation from special prepara-

tion. Moreover, the typical feature of the mathematics course in average educational institutions is its focus on special 

preparation and professional activity. It concludes the realization of the directivity to the mathematics course and its 

communications with other subjects. 

It is necessary for ensuring of the directivity: 

- To create a stock of mathematical models, which describe the phenomena and the processes, studied on 

various disciplines of degree and diploma projects; 

- To teach students to build and investigate the simplest mathematical models of the real phenomena and 

processes, as substantially to interpret results of these researches. 

Directivity of mathematical education does not contradict its fundamental nature. Fundamental nature means 

the formations of high mathematical culture. Being aimed at the certain kinds of activity, the mathematical culture pro-

vides the high level of the mastering of this activity. 

Thus, fundamental nature of mathematical education promotes the realization of its directivity. In its turn, the 

directivity of mathematics course is the manifestation of the mathematical education continuity. 

The continuity of mathematical preparation in relation to other types of educational institutions assumes: 

- Creation of the mathematics course in average professional educational institutions as continuation of the 

basic mathematics course of nine-year schools; 

- Providing the pupils with certain level of mathematical preparation in all types of average professional educa-

tional institutions, which is necessary for their general cultural development. 

Now the maintenance of the general educational subject at the vocational school is defined, it is standard in 

pedagogical literature, proceeding from the following main principles of training: 

- Scientific character of the contents; 

- Professional directivity of the contents; 

- Polytechnic directivity of the contents; 

- Continuity of the contents; 

- Directivity of training to the general development of the personality; 

- Availability of the contents for assimilation by pupils of average vocational school. 

We consider that the above mentioned training principles are the means of purposes realization of the educa-

tion in the substantial plan. 

The main principle among these principles is the scientific character of the subject maintenance. 

The professional directivity of teaching of general educational subjects occupies one of the central places in the 

problem of interrelation of the general, polytechnic and professional education in average professional educational insti-

tutions. According to S.Y. Batyshev [1], A.P. Belyaeva [2], G. S. Gutorova [4], A.Y. Kudryavtsev [5] and other experts, 

the training on general educational subjects, taking into account professional directivity, has a great impact on the 

achievement of the main educational process objective in average professional educational institutions, in training of 

specialists of the wide profile, possessing necessary knowledge in the field of the chosen profession. Academician S. Y. 

Batyshev wrote: "The essence of the professionally directed studying is in invariable of sciences based teaching in the 

same volume and depth, as well as at school, but with that difference in that emphasis on applicability of the received 

knowledge, when mastering particularly a profession" [1, 4]. 

1. The professional directivity is a type of interrelation between general educational subjects, the general edu-

cational tasks and the purpose formation of certain directivity of the personality, the technical and social parties of 

work, developed in subjects of a professional cycle and special preparation. 

2. By the solution of the professional directed training problem it is very important to mark out and formulate 

the didactic conditions of realization by means of mathematics training. Under the didactic conditions we understand 

the theoretical provisions on the basis of which the principles and rules of didactics are transformed in the course of 

training on a certain subject. The following demands are made to the professional directivity of training, namely: 

3. The system of science based concepts and ways of informative activity has to be connected with system of 

professional knowledge and ability, containing of technical and special disciplines and service training of a profession 

or group of professions. 
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4. The pupils must have scientifically reasonable ideas of genetic interrelation and inter conditionality of sub-

jects; tools and results of work in branch of production and laws, the principles and regulations of science on this pro-

duction and their professions have to be created. 

5. The interrelation of general education and vocational training has to strengthen the communication of the 

theory with practice, develop technical thinking of the pupils and strengthen a professional directivity of the personality 

of everyone, shape the directivity in according to belief and the best traditions of workers of this profession. 

Many researchers on the work of professional directivity in educational process such as S.Y. Batyshev, G. S. 

Gutorov, A.Y. Kudryavtsev, M.I. Makhmutov, A.P. Seyteshev, etc., nominate the contents, its communication with 

practice to the first place of training. For expression of the main idea of the professional directed principle and its prac-

tical application, the authors formulated except requirements the conditions and rules. The contents of training require 

the reorganization. Therefore, the requirements stated above are carried out in the presence of the following conditions: 

1. Strengthening of the polytechnic maintenance of mathematics, professional and polytechnic directivity of 

disciplines of the professional technical cycle of training communication with life, theories with practice. 

2. Establishment of communications in subjects of the natural and mathematical cycle taking into account 

studying profession. 

3. Establishment of the intra subject communications of the general and professional education in the con-

tents, a form and tutorials. 

4. Inclusion of pupils in public work of work collectives of the basic enterprise. 

5. Systematic incentives application of the professional directivity of the pupilsô identity at their industrial 

practice activity. 

6. Participation of pupils in promotion of the studying profession among the youth. 

7. Studying of the best innovators practices, the best traditions of workers-representatives group of studying 

professions. 

For successful realization of the professional directed principle in the educational process, it is recommended: 

- to use a process of laws disclosure, the principles and mathematics provisions to accompany certain exam-

ples and their application in vocational training; 

- to open the laws, the principles and provisions of mathematics underlying studied equipment, tools, the 

production technology and professional skills during the vocational training; 

- to offer tasks with a professional directivity in the course of mathematics; 

- to open the personal and public importance of polytechnic knowledge and abilities in mastering new equipments 

and the technology, adjacent specialties, professional skill when studying bases of all-technical and social disciplines; 

- to consider the communication principle of professional directivity and problematical character as a condi-

tion of the development of pupils abilities to technical creativity and rationalization.  

This principle is realized at the vocational school, however, in indissoluble communication with other princi-

ples. It is connected with its possibility to use various logical schemes of creation of the general educational subject, 

opening the maintenance of the same science. 

Besides, the maintenance of the general educational subject is the target mission on the corresponding science. 

Therefore, the selection of the science maintenance has to be made for its disclosure within corresponding general edu-

cational subject, and this selection, obviously, has to be made, proceeding from the principle of the professional di-

rectivity (Galeev V. N. [3], Lednev B.C. [6]). 

These two factors are the choice possibility of various logical schemes and need the contents selection at trans-

formation of scientific discipline in educational defined communication of the principle of scientific character with oth-

er above-mentioned principles, training at vocational school. 

The maintenance scientific character of mathematics course at vocational school is: 

- Professional directivity of the contents in the form of the choice of creation logic of a subject; 

- Substantial and logical continuity with other steps of system of continuous professional education; coher-

ence with standards of the main average and average comprehensive schools; 

- Choice of the method of the statement (concentric, linear or mixed), proceeding from the principle of the 

professional directivity training; 

- Such configuration of the maintenance of the subject, which promotes formation of pupilôs conviction in 
logical consistency of these contents, and also conviction in adequacy of this maintenance of the mathematics course to 

properties real-life space. 

By maintenance selection of the subject matter concerned in professional directivity of training, it is necessary 

to define the following questions: 

- What are available approaches to creation of the maintenance of this science? 

- What are the differences of these approaches from the opportunity point of view, by assimilation of the 

maintenance of the subject matter by the students at the vocational school? 

- What are the differences of these approaches from the need point of view by ensuring functions of practical 

application of the acquired maintenance of the subject matter in the follow-up professional activity, in studying of spe-

cial disciplines in these educational institutions and at continuation at higher educational institutions? 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʬʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʩʚʷʟʴ ʪʝʦʨʠʠ ʩ ʧʨʘʢʪʠʢʦʡ, ʨʘʟʚʠʪʴ 

ʪʝʭʥʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʫʯʘʱʠʭʩʷ, ʫʩʠʣʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʣʠʯʥʦʩʪʠ ʢʘʞʜʦʛʦ, ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʙʝʞʜʝʥʠʷʤʠ ʠ ʣʫʯʰʠʤʠ ʪʨʘʜʠʮʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʦʨʯʝʩʪʢʘʷ ʣʠʯʥʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. 
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ФАЗОВЫЕ РАВНОВЕСИЯ В СИСТЕМЕ Tl–TlCl–S 
 

 
Г.М. Гусейнов, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʅʘʭʯʳʚʘʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʘʤʠ ɼʊɸ ʠ ʈʌɸ ʠʩʩʣʝʜʦʚʘʥʳ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ TlïSïCl ʚ ʦʙʣʘʩʪʠ ʩʦ-

ʩʪʘʚʦʚ TlïTlClïS. ʇʦʩʪʨʦʝʥʳ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ TlClïS, ʊlïTl6SCl4. Tl2Sï[Tl2Cl], Tl2Sï[TlSCl], ʠʟʦʪʝʨʤʠ-

ʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠ 300ʂ ʠ ʧʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ TlïTlClïS. ʆʯʝʨʯʝʥʳ ʧʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʧʷʪʠ ʬʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Tl6SCl4, ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʠ ʢʦʦʨʜʠ-

ʥʘʪʳ ʥʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ TlïTlClïS ʯʝʪʳʨʝʭ ʞʠʜʢʠʭ ʬʘʟ: ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʘʣʣʠʷ (L1), TlCl (L2), ʩʫʣʬʠʜʦʚ ʠ ʪʠʦʭʣʦʨʠʜʘ ʪʘʣʣʠʷ (L3) ʠ ʩʝʨʳ (L4). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʪʠʭ ʚʟʘʠʤʥʦ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʪʨʦʡʥʳʭ (L1+L2+L3 ʠ L2+L3+L4) ʠ ʧʷʪʠ 

ʜʚʦʡʥʳʭ ʧʦʣʝʡ ʨʘʩʩʣʘʠʚʘʥʠʷ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʬʘʟ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʪʝʢʪʠʢʘ, ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ, ʨʘʚʥʦʚʝʩʠʷ, ʣʠʢʚʠʜʫʩ, ʨʘʩʩʣʘʠʚʘʥʠʷ. 

 

ʊʨʦʡʥʘʷ ʩʠʩʪʝʤʘ TlïSïCl ʠʟʫʯʝʥʘ ʪʦʣʴʢʦ ʧʦ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʨʝʟʘʤ TlClïTl2S (Tl4S3, TlS) [1ï3]. ɺ 

ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʝʟ TlClïTl2S ʢʚʘʟʠʙʠʥʘʨʥʳʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘ-

ʚʷʱʝʛʦʩʷ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Tl6SCl4 (683 ʂ). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʫʟʢʫʶ ʦʙʣʘʩʪʴ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʠ ʦʙʨʘʟʫʝʪ ʵʚʪʝʢʪʠʢʫ ʩ Tl2S (35 ʤʦʣ% Tl2S 680 ʂ). 

ʇʦ ʜʘʥʥʳʤ [2], ʩʦʝʜʠʥʝʥʠʝ Tl6SCl4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ Tl6HgBr4 

(ʇʨ.ʛʨ.ʈ4/mnc). ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤʳ TlClïTl2S ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Tl6SCl4, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 685ʂ [3]. ʇʦ ʜʘʥʥʳʤ [3], ʪʦʯʢʘ ʧʝʨʠʪʝʢʪʠʢʠ ʠʤʝʝʪ 

ʩʦʩʪʘʚ ~55 ʤʦʣ% Tl2S, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʳʭ [1] (33 ʤʦʣ% Tl2S). ʊʘʢʞʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʦ-

ʩʪʘʚ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ (ʧʦ [1] 35ʤʦʣ% Tl2S, ʘ ʧʦ [3] 60 ʤʦʣ% Tl2S). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [3], ʚ ʦʪʣʠʯʠʝ ʦʪ [1], 

ʥʘ ʢʨʠʚʦʡ ʣʠʢʚʠʜʫʩʘ TlCl ʦʙʥʘʨʫʞʝʥʘ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʩʣʘʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʥʦʪʝʢʪʠʯʝ-

ʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (690ʂ) ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ~13 ʜʦ 50 ʤʦʣ% Tl2S. 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ TlClïTl4S3(TlS) ʷʚʣʷʶʪʩʷ ʥʝʢʚʘʟʠʙʘʨʥʳʤʠ ʚ ʩʠʣʫ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʦʙʨʘʟʦʚʘʥʠʷ Tl4S3 ʠ TlS, ʦʜʥʘʢʦ ʥʠʞʝ ʩʦʣʠʜʫʩʘ ʦʥʠ ʩʪʘʙʠʣʴʥʳ ʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭʬʘʟʥʳʭ ʩʤʝʩʝʡ TlCl+Tl4S3, TlCl+TlS, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. ʇʦ ʜʘʥʥʳʤ [3], ʵʪʠ ʨʘʟʨʝʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʨʘʩʩʣʘʠʚʘʥʠʷ. ɺ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ TlïTlClïS. 

ЭКСПЕРИМЕНТАЛЬНАЯ ЧАСТЬ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʡ ʊ-ʭ-ʫ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ TlïTlClïS ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ TlCl, 

Tl2S, ʠ Tl6SCl4, ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʧʣʘʚʳ ʧʦ ʨʘʟʨʝʟʘʤ Tl2Sï[Tl2Cl], Tl2Sï[TlSCl], TlClïS ʠ Tl6SCl4ïTl, ʘ ʪʘʢʞʝ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʥʝ ʵʪʠʭ ʨʘʟʨʝʟʦʚ. 

ʉʠʥʪʝʟ Tl2S ʧʨʦʚʦʜʠʣʠ ʩʧʣʘʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʯʠʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 99,99 % ʚ ʚʘʢʫʫʤʠ-

ʨʦʚʘʥʥʦʡ (~10
-3
 ʇʘ) ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ. 

ʉʦʝʜʠʥʝʥʠʝ TlCl ʧʦʣʫʯʠʣʠ ʢʦʩʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [4]: ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʘʣʣʠʷ ʧʨʠ ~350ʂ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ (~7-10 ʤʦʣ%) ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʧʦʣʫʯʠʣʠ ʨʘʩʪʚʦʨ Tl2SO4. ʂ 

ʢʠʧʷʱʝʤʫ 2 %-ʥʦʤʫ ʨʘʩʪʚʦʨʫ Tl2SO4 ʧʨʠʙʘʚʣʷʣʠ ʨʘʟʙʘʚʣʝʥʥʫʶ HCl ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʪʳ ʦʩʘʞʜʝʥʠʷ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ TlCl ʦʪʜʝʣʷʣʠ, ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʚ ʪʝʯʝ-

ʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 390ï400 ʂ. 

ʊʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʝ Tl6SCl4 (ʤʘʩʩʘ ʦʙʨʘʟʮʘ ï 3 ʛ) ʧʦʣʫʯʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Tl2S ʠ TlCl ʚ ʢʚʘʨʮʝʚʦʡ 

ʘʤʧʫʣʝ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ. ʄʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʨʘʟʨʘʙʦʪʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʊ-ʭ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ TlClïTl2S [3]. 

ʉʥʘʯʘʣʘ ʘʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 700 ʂ ʠ ʧʦʣʫʯʠʣʠ ʩʤʝʩʴ ʜʚʫʭ ʨʘʩʩʣʘʠʚʘʶʱʠʭʩʷ ʬʘʟ (L+L
I
). ɿʘʪʝʤ ʤʝʜʣʝʥʥʦ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʧʦʥʠʞʘʣʠ ʜʦ 685 Ñ 3 ʂ, ʛʜʝ ʘʤʧʫʣʫ ʚʳʜʝʨʞʠʚʘʣʠ 3 ʯʘʩʘ. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ [3], ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ LªL
I
+TlCl ʩʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ ʠ ʥʘʯʠʥʘʝʪ ʧʨʦʪʝʢʘʪʴ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ L+TlClªTl6SCl4 (685ʂ). ʇʦʩʣʝ ʵʪʦʛʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʚ ʪʝʯʝʥʠʝ 3ï4 ʯ. ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʥʠʞʘʣʠ ʜʦ 675 Ñ 

3 ʂ ʠ ʧʨʦʠʟʚʦʜʠʣʠ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʠʡ ʦʪʞʠʛ ʚ ʪʝʯʝʥʠʝ ~300 ʯ. ɼʣʷ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ Tl6SCl4, ʩʧʣʘʚ ʩʪʠ-

ʨʘʣʠ ʚ ʧʦʨʦʰʦʢ, ʟʘʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʪʘʙʣʝʪʢʫ ʠ ʚʥʦʚʴ ʦʪʞʠʛʘʣʠ ʚ ʪʝʯʝʥʠʝ 500 ʯ. 

                                                           
 É ɻʫʩʝʡʥʦʚ ɻ.ʄ. / Guseynov G.M., 2015 
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ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ Tl2S, TlCl ʠ Tl6SCl4 ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɼʊɸ ʠ ʈʌɸ.  

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ TlïTlClïS ʢʘʞʜʦʡ ʤʘʩʩʦʡ 0,3 ʛ. ʛʦʪʦʚʠʣʠ ʩʧʣʘʚʣʝʥʠʝʤ TlCl, Tl2S, Tl6SCl4 ʠ Tl (ʠʣʠ S) ʚ 

ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ 500 ʂ ʚ ʪʝʯʝʥʠʝ 500-

800 ʯ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ɼʊɸ (ʧʠʨʦʤʝʪʨ ʅʊʈ-73, ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴʝʚʳʝ ʪʝʨʤʦʧʘʨʳ) ʠ ʈʌɸ 

(ʨʝʥʪʛʝʥʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-2, ʉuʂa-ʠʟʣʫʯʝʥʠʝ). 

РЕЗУЛЬТАТЫ И ИХ ОБСУЖДЕНИЕ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʨʘʥʠʯ-

ʥʳʤ ʙʠʥʘʨʥʳʤ ʩʠʩʪʝʤʘʤ TlïS [5,6] ʠ TlïTlCl [7] ʠ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʩʝʯʝʥʠʷʤ TlClïTl2S(Tl4S3, TlS) [3], ʥʘʤʠ ʧʦ-

ʣʫʯʝʥʘ ʧʦʣʥʘʷ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʢʘʨʪʠʥʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ TlïTlClïS (ʨʠʩ. 1ï6, ʪʘʙʣ. 1, 2). 

ɻʨʘʥʠʯʥʘʷ ʩʠʩʪʝʤʘ TlClïS (ʨʠʩ. 1) ʢʚʘʟʠʙʠʥʘʨʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʊʦʯʢʘ ʤʦʥʦʪʝʢʪʠ-

ʢʠ (m4) ʩʦʜʝʨʞʠʪ ʥʝ ʙʦʣʝʝ 1 ʘʪ.% S ʠ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 700 ʂ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ TlCl ʨʘʚʥʘ 703 ʂ [7]. ʉʦ-

ʧʨʷʞʝʥʥʘʷ ʪʦʯʢʘ 
*

4m  ʥʘ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʵʚʪʝʢʪʠʢʘ 
*

5e  ʚʳʨʦʞʜʝʥʳ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ. 

ʅʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ TlïTlClïS ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʜʥʳʭ ʪʘʙʣʠʮʘʭ 1 ʠ 2. ɿʚʝʟ-

ʜʦʯʢʦʡ ʦʪʤʝʯʝʥʳ ʚʳʨʦʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʀʥʜʝʢʩʘʤʠ 1ï4 ʫ ʦʙʦʟʥʘʯʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ (L) ʫʢʘʟʘʥʳ ʨʘʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ T1(L1), 

ʊ1ʉ1(L2), ʩʫʣʴʬʠʜʦʚ ʠ ʪʠʦʭʣʦʨʠʜʘ ʪʘʣʣʠʷ (L3) ʠ ʩʝʨʳ (L4) (ʨʠʩ. 3ï6, ʪʘʙʣ. 1, 2). 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʣʘʚʦʚ, ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ [3], ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ TlïTlClïS ʧʨʠ 300 ʂ (ʨʠʩ.2). ɼʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʦʙ-

ʣʘʩʪʝʡ ʠʛʨʘʝʪ ʤʦʥʦʭʣʦʨʠʜ ʪʘʣʣʠʷ ʥʘʠʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʪʘʙʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʠʩʪʝʤʳ. ʕʪʦ ʩʦʝʜʠʥʝ-

ʥʠʝ ʦʙʨʘʟʫʝʪ ʢʦʥʥʦʜʳ ʩʦ ʚʩʝʤʠ ʩʫʣʴʬʠʜʘʤʠ ʪʘʣʣʠʷ, Tl6SCl4 ʠ S . ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʨʪʠʥʘ ʪʚʝʨʜʦʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝ-

ʩʠʡ ʚ ʩʠʩʪʝʤʝ TlïTlBrïS ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ: ʩʦʝʜʠʥʝʥʠʝ Tl6SCl4 ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭʬʘʟʥʦʤ 

ʨʘʚʥʦʚʝʩʠʠ ʪʘʢʞʝ ʩ TlS [8]. 

ʍʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʥʘ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʷʭ (ʨʠʩ. 3ï5) ʥʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʝʤ ʠʭ ʩ ʨʠʩ. 6. 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ TlïTl6SCl4 (ʨʠʩ. 3) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ, 

ʧʨʠʯʝʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ (~5-95 ʤʦʣ% Tl6SCl4) ï ʚ ʦʙʣʘʩʪʠ L1+L2+L3. ɻʦʨʠʟʦʥʪʘʣʠ ʧʨʠ 688 ʠ 680 ʂ 

ʦʪʚʝʯʘʶʪ ʯʝʪʳʨʝʭʬʘʟʥʳʤ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʷʤ M1 ʠ M2 (ʨʠʩ. 6, ʪʘʙʣ. 7), ʘ ʧʨʠ 575 ʠ 505 ʂ ʧʣʘʚʣʝʥʠʶ 

ʠ ʧʦʣʠʤʦʨʬʥʦʤʫ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʘʣʣʠʷ. ʀʟ ʨʠʩʫʥʢʘ 6ʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠ 575 ʂ 

ʥʘ ʵʪʦʤ ʨʘʟʨʝʟʝ, ʚ ʧʨʠʥʮʠʧʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʥʚʘʨʠʘʥʪʥʦʤʫ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʤʫ ʨʘʚʥʦʚʝʩʠʶ (
*

8P ), ʚʳʨʦʞʜʝʥʥʦ-

ʤʫ ʚʙʣʠʟʠ ʪʘʣʣʠʷ. 
 

 
 

ʈʠʩ. 1. ʊ-ʭ ʜʠʘʛʨʘʤʤʘ ʢʚʘʟʠʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ TlClïS 
 

 
 

ʈʠʩ. 2. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ TlïTlClïS 
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ʈʠʩ. 3. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ TlïTl6SCl4 
 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ Tl2Sï[Tl2Cl] (ʨʠʩ. 4) ʧʦʟʚʦʣʷʝʪ ʨʘʩʢʨʳʪʴ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʦʙʣʘ-

ʩʪʠ ʩʦʩʪʘʚʦʚ TlïTlClïTl2S. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʵʪʦʪ ʨʘʟʨʝʟ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʩʝʢʘʝʪ ʪʨʠ ʦʙʣʘʩʪʠ ʨʘʩ-

ʩʣʘʠʚʘʥʠʷ, ʘ ʚ ʩʫʙʩʦʣʠʜʫʩʥʦʡ ʯʘʩʪʠ (ʊ <575 ʂ) ï ʜʚʝ ʪʨʝʭʬʘʟʥʳʝ ʦʙʣʘʩʪʠ: TlïTlClïTl6SCl4 ʠ TlïTl6SCl4ïTl2S. 

ɻʦʨʠʟʦʥʪʘʣʴ ʧʨʠ 505 ʂ ʦʪʨʘʞʘʝʪ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ Tl IªTl II  (ʠʥʜʝʢʩʦʤ 1 ʦʙʦʟʥʘʯʝʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʪʘʣʣʠʷ). ɻʦʨʠʟʦʥʪʘʣʠ ʧʨʠ 688 (M1), 680 (M2) ʠ 675ʂ (M3) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʥʚʘʨʠʘʥʪʥʳʤ ʤʦʥʦʪʝʢ-

ʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʷʤ (ʩʤ. ʨʠʩ. 6, ʪʘʙʣ. 1). 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ Tl2Sï[TlSCl] (ʨʠʩ. 5) ʦʪʨʘʞʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʘʚʥʦ-

ʚʝʩʠʷ ʚ ʧʦʜʩʠʩʪʝʤʝ TlClïTl2SïS. ʆʥ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʩʢʘʜ ʠʟ ʰʝʩʪʠ ʛʦʨʠʟʦʥʪʘʣʝʡ ʯʝʪʳʨʝʭʬʘʟʥʳʭ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ (P5, P6, P7 ʠ P9) ʠ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʭ (M4, M5) ʨʘʚʥʦʚʝʩʠʡ. ʕʪʠ ʛʦʨʠʟʦʥʪʘʣʠ ʩʚʷʟʳʚʘʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʝ ʤʦʥʦʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ (P5P6, P6P7, P7M5 ʠ ʜʨ.) (ʨʠʩ. 6, ʪʘʙʣ. 1, 2). ɺ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʘʥʥʳʡ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʝʨʝʩʝʢʘʝʪ ʚʩʝ ʰʝʩʪʴ ʪʨʝʭʬʘʟʥʳʝ ʦʙʣʘʩʪʠ ʧʦʜʩʠʩʪʝʤʳ 

TlClïTl2SïS (ʨʠʩ. 2), ʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ï ʯʝʪʳʨʝ ʬʘʟʦʚʳʝ ʦʙʣʘʩʪʠ (L3, L2+L3, L2+L3+L4 ʠ L2+L4).  
 

 
 

ʈʠʩ.4. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʝ Tl2Sï[TlSCl]. ʌʘʟʦʚʳʝ ʦʙʣʘʩʪʠ: 
1. L1+L2+TlCl; 2. L1+L3+TlCl; 3. L+TlCl+Tl 6SCl4; 4. TlII+TlCl+Tl 6SCl4; 5. TlI+TlCl+ Tl6SCl4; 6. L1+L3+Tl6SCl4; 7. L+Tl2S 
 

 
 

ʈʠʩ. 5. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ Tl2Sï[TlSCl]. ʌʘʟʦʚʳʝ ʦʙʣʘʩʪʠ: 1. L3+T 

l2S+Tl6SCl4; 2. L+Tl6SCl4; 3. L3+TlCl+Tl 6SCl4; 4. L2+L3+TlCl; 5. TlCl+Tl 6SCl4+Tl4S3; 6. L3+Tl6SCl4+Tl4S3; 7. L3+TlCl+Tl 4S3;  

8. TlCl+Tl4S3+TlS; 9. L3+TlCl+TlS; 10. L3+L4+TlCl; 11. L2+L4+TlCl; 12. L4+TlCl+TlS; 13. TlCl+TlS+Tl2S5; 14. TlS+Tl2S3+TlCl; 

15. Tl2S3+Tl2S5+TlCl; 16. TlCl+Tl2S5+S; 17. L4+TlCl+Tl 2S5; 18. L+TlCl 
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ʈʠʩ. 6. ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ TlïTlClïS 

ʆʙʣʘʩʪʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: 1 ï TlCl; 2 ï Tl6SCl4; 3 ï Tl2S; 4 ï Tl4S3; 5 ï TlS. ɺ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʳʨʦʞʜʝʥʥʳʝ ʥʦʥ- ʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʘʣʣʠʷ (ʘ) ʠ ʩʝʨʳ (b).  

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥ ʢʚʘʟʠʙʠʥʘʨʥʳʡ ʨʘʟʨʝʟ Tl2SïTlCl; A ï Tl6SCl4.  
 

ʊʘʙʣʠʮʘ 1 

Нонвариантные равновесия в системе Tl–TlCl–S 

 
 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʚʳʨʦʞʜʝʥʥʳʝ ʪʦʯʢʠ ʚʙʣʠʟʠ ʩʝʨʳ ʠ ʪʘʣʣʠʷ ʦʙʦʟʥʘʯʝʥʳ 

ʟʚʝʟʜʦʯʢʦʡ. ʇʨʠʩʦʝʜʠʥʝʥʥʳʝ ʪʦʯʢʠ ʠ ʠʭ ʩʦʩʪʘʚʳ ʧʦʢʘʟʘʥʳ ʚ ʩʢʦʙʢʘʭ. 
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ʊʘʙʣʠʮʘ 2 

Монвариантные равновесия в системе Tl–TlCl–S 

 
 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʪʘʙʣʠʮʝ ʥʝ ʧʨʠʚʝʜʝʥʳ ʚʳʨʦʞʜʝʥʥʳʝ ʢʨʠʚʳʝ ʩ ʤʦʥʦʚʘʨʠʘʥʪʥʳʤʠ ʨʘʚʥʦʚʝʩʠʷʤʠ (ʨʠʩ. 6 a, b) 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʛʦʨʠʟʦʥʪʘʣʴ ʪʚʝʨʜʦʬʘʟʦʚʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Tl2S3 (ʧʫʥʢʪʠʨʳ) ʧʨʦʚʝʜʝʥʘ ʩ ʫʯʝʪʦʤ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ TlïS [5], ʘ ʦʙʣʘʩʪʠ 14ï15 ʨʘʟʛʨʘʥʠʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʈʌɸ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ TlïTlClïS (ʨʠʩ. 6) ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʧʦʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʧʝʨʚʠʯʥʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ TlCl, Tl2S, Tl6SCl4, Tl4S3 ʠ TlS. ʅʘʠʙʦʣʴʰʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠʤʝʝʪ ʦʙʣʘʩʪʴ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ TlCl (1). ʇʦʣʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ Tl ʠ S, ʘ ʪʘʢʞʝ ʧʦʣʠʩʫʣʴʬʠʜʘ ʪʘʣʣʠʷ ï Tl2S5 ʚr -

ʨʦʞʜʝʥʳ ʫ ʪʘʣʣʠʝʚʦʛʦ ʠ ʩʝʨʥʦʛʦ ʫʛʣʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 6).  

ʅʘ ʨʠʩʫʥʢʝ 6 ʘ, ʙ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʚʠʜʝ (ʤʘʩʰʪʘʙ ʫʩʣʦʚʥʳʡ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ 

ʚʙʣʠʟʠ ʵʪʠʭ ʫʛʣʦʚ. ɺʳʨʦʞʜʝʥʥʳʝ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ TlïTlClïS ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʨʘʩʩʣʘʠʚʘʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʚʫʭ ʧʦʣʝʡ ʪʨʦʡʥʦʛʦ ʨʘʩʩʣʘʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʧʦʯʪʠ 90 % ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ. 

ʊʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʝ Tl6SCl4 ʧʝʨʚʠʯʥʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʣʠʰʴ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ (ʧʦʣʝ 4), 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʜʘʣʝʥʥʦʤ ʦʪ ʝʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʪʦʯʢʘ ɸ), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ 

L2+L3 (ʨʠʩ. 6). ʊʨʫʜʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ Tl6SCl4 ʧʨʠ ʩʠʥʪʝʟʝ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝ-

ʥʠʷ ʠʟ TlCl ʠ Tl2S ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʠʤ. 
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PHASE EQUILIBRIUMS IN THE SYSTEM Tl–TlCl–S 
 

G.M. Guseynov, Candidate of Chemical Sciences, Associate Professor, Head of Laboratory 
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Institute of Natural Resources, Azerbaijan 

 

Abstract. The phase equilibriums in the system TlïSïCl in the field of structures of Tl-TlCl-S was investigated 

using the DTA method and XRF method. In this research work, the polymeric section TlClïS, ʊlïTl6SCl4. Tl2Sï[Tl2Cl], 

Tl2Sï[TlSCl], the isothermal section by 300K and the projection of a liquidus surface of Tl-TlCl-S system were schemed. 

The fields of primary crystallization of five phases, including the only threefold connection of Tl6SCl4 are contoured, 

types and coordinates non-and monovariant equilibriums are defined. The author shows the existence in the Tl-TlCl-S 

system of four liquid phases: based on metal thallium (L1), TlCl (L2), thallium sulphochloride and sulphides (L3) and 

sulfur (L4). The interaction of these mutually saturated liquors leads to formation of two threefold (L1+L2+L3 and 

L2+L3+L4) and five double fields of aliquation. The solubility based on firm phases is insignificant. 

Keywords: eutectic, polymeric section, equilibriums, liquidus, aliquation. 
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УДК 54 

 

О ПЕРЕНОСЧИКАХ ТЕПЛОВОЙ ЭНЕРГИИ 
 

 
Б.Т. Утелбаев

1
, Э.Н. Сулейменов

2
, А.Б. Утелбаева3 

1 
ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ,  

2 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè, 

3 
ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʭʠʤʠʠ,  

1, 2 
ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ,

  

3 
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʝʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʢʨʠ-

ʩʪʘʣʣʦʚ ʚʝʱʝʩʪʚ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʝʧʣʘ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘʟʚʘʥʳ çʪʝʧʣʦʪʨʦʥʘʤʠè. ɸʥʘʣʠʟ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ɻʠʙʙʩʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝ-

ʥʘ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʵʣʝʢʪʨʦʥ, ʧʦʣʷʨʠʟʘʮʠʷ, ʬʦʪʦʥ, çʪʝʧʣʦʪʨʦʥè. 

 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʚʠʜʘ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʠʣʠ ʢʦʥʜʫʢʮʠʷ; ʢʦʥ-

ʚʝʢʮʠʷ, ʠʣʠ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ ʚʝʱʝʩʪʚʘ; ʣʫʯʝʠʩʧʫʩʢʘʥʠʝ, ʠʣʠ ʨʘʜʠʘʮʠʷ. ɺ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʠʤʝʶʪ ʤʝʩʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʪʨʠ ʚʠʜʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩ ʧʨʝʦʙ-

ʣʘʜʘʥʠʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʥʠʭ. ʀ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ, ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʚʥʠ-

ʚʘʥʠʶ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʡ ʩʠʩʪʝʤʳ [1, 9]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʚʝʣʠʯʠʥʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʝʧʣʦʪʫ, ʦʜʥʘʢʦ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʪʝ-

ʨʠʘʣʴʥʦʛʦ ʤʠʨʘ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʪʝʧʣʦʪʳ ʧʨʦʪʝʢʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʞʠʟʥʝ-

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʞʠʚʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʧʨʦʠʩʭʦʜʷʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ï ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʛ-

ʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʧ-

ʣʦʧʝʨʝʜʘʯʝ ʩʤʝʩʪʠʣʦʩʴ ʦʪ ʦʙʱʝʛʦ ʦʙʲʷʩʥʝʥʠʝ ʢ ʠʟʫʯʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʠ ʢ ʦʙʲʷʩʥʝ-

ʥʠʶ ʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ [4, 6]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʕʡʥʰʪʝʡʥʦʤ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ 

ʵʥʝʨʛʠʶ ʘʪʦʤʘ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚʚʝʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ [6]. ʆʜʥʘʢʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚʩʝ ʘʪʦʤʳ ʚ 

ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʦʣʝʙʣʶʪʩʷ ʩ ʦʜʥʦʡ ʯʘʩʪʦʪʦʡ, ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʥʝ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʟʚʠ-

ʪʠʝ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʣʫʯʠʣʦ ʚ ʨʘʙʦʪʘʭ ɼʝʙʘʷ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʫʯʝʥʳʭ [4]. ʆʥʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʚʝʨʜʦʝ ʪʝʣʦ ʢʘʢ ʥʝʧʨʝʨʳʚʥʫʶ ʫʧʨʫʛʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ 

ʠʣʠ ʛʨʫʧʧ ʘʪʦʤʦʚ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʅʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ ʙʳʣʘ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʘ 

ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ, ʢʦʪʦʨʘʷ çʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʢʦʣʝʙʘʥʠʶ ʘʪʦʤʦʚ ʠʣʠ ʛʨʫʧʧ ʘʪʦʤʦʚè. 

ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ [6, 9]. 

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʡ ʙʦʣʝʝ çʦʩʷʟʘʝʤʳʤè ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʪʝʧʣʦʪʘ ʦʜʥʘ ʠʟ ʬʦʨʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ, ʘ ʠʤʝʥʥʦ ï ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. ʕʪʘ ʚʝʣʠʯʠʥʘ, 

ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ ʦʛʨʦʤʥʦʤʫ ʯʠʩʣʫ ʙʝʩʧʦʨʷʜʦʯʥʦ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ, ʠ ʷʚʣʷʝʪʩʷ ʤʝʨʠʣʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪ. ʝ. 

ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʠ ʷʚʣʷʶʱʘʷʩʷ 

ʤʝʨʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ (ʘʪʦʤʦʚ) ʪʝʣʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʪʝʧʣʦʪʘ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʧʝʨʝʥʦʩʠʪʩʷ ʟʘ ʩʯʝʪ ʜʚʠ-

ʞʝʥʠʷ ʬʦʥʦʥʦʚ. ʌʦʥʦʥ ï ʢʚʘʥʪ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚʚʝʜʝʥʥʳʡ ʊʘʤʤʦʤ ʀ.ɽ. [3] ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʢʚʘʥʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʪʦʥʦʤ. ɻʦʚʦʨʠʪʩʷ, ʯʪʦ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʠʜʢʦʩʪʝʡ 

ʠ ʛʘʟʦʚ, ʥʝʚʦʟʤʦʞʥʘ ʢʦʥʚʝʢʮʠʷ (ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʧʦʪʦʢʘʤʠ ʥʘʛʨʝʪʦʛʦ ʚʝʱʝʩʪʚʘ), ʧʦʵʪʦʤʫ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʣʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ, ʟʘ ʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʬʦʥʦʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T ʦʜʠʥ ʠʟ ʫʟʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʩ ʘʤʧʣʠʪʫ-

ʜʦʡ u, ʙʦʣʴʰʝʡ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʦʥ, ʙʫʜʫʯʠ ʩʚʷʟʘʥ ʩ ʩʦʩʝʜʷʤʠ ʩʠʣʦʡ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙʫʜʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʥʠʭ, ʚʳʟʳʚʘʷ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ 

ʦʪ ʦʜʥʦʛʦ ʫʟʣʘ ʨʝʰʝʪʢʠ ʢ ʜʨʫʛʦʤʫ. ʇʨʠ ʵʪʦʤ ʠʟ ʪʝʦʨʠʠ ɼʝʙʘʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʰʝʪʢʠ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʧʦʣʥʝʥʥʳʤ ʬʦʥʦʥʘʤʠ, ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʠʡʩʷ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. ʌʦʥʦʥʥʳʡ ʛʘʟ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʝʜʝʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʠʜʝʘʣʴʥʦʤʫ ʛʘʟʫ, ʧʦʩʢʦʣʴʢʫ ʬʦʥʦʥʳ ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʝʧʣʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ʆʜʥʘʢʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʀ ʚʳʰʝ-

ʩʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʰʝʪʦʯʥʦʡ (ʬʦʥʦʥʥʦʡ) ʯʘʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʥʝʤʝʪʘʣʣʠʯʝ-

ʩʢʠʤ ʢʨʠʩʪʘʣʣʘʤ. ɺ ʤʝʪʘʣʣʘʭ ʚ ʧʝʨʝʥʦʩʝ ʪʝʧʣʘ, ʢʨʦʤʝ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʫʯʘʩʪʚʫʶʪ ʝʱʝ ʠ ʩʚʦ-

ʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠ ʥʦʩʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦ-
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ʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʯʠʩʪʳʭ ʤʝʪʘʣʣʘʭ ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʪʝʧʣʘ 

ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʘ ʥʝ ʬʦʥʦʥʳ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʪʘʣʣʦʚ ʨʝʰʝ-

ʪʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1ī2 % ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʕʪʠʤ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʵʣʝʢʪʨʠʢʘʤʠ [7]. 

ʋʞʝ ʠʟ ʵʪʦʛʦ ʢʨʘʪʢʦʛʦ ʵʢʩʢʫʨʩʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʪ ʝʜʠʥʦʛʦ 

ʤʥʝʥʠʷ ʦ ʧʝʨʝʥʦʩʯʠʢʘʭ ʪʝʧʣʘ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʭʦʪʷ ʚʩʝ 

ʦʥʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʩʦʚʝʨʰʝʥʘ ʧʦʧʳʪʢʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʪʝʧʣʦʦʙʤʝʥʝ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ.  

Обсуждение 
ʇʨʠ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʦʛʠʶ ʩ ʧʝʨʝʜʘʯʝʡ ʜʨʫʛʠʭ ʬʦʨʤ ʵʥʝʨʛʠʠ. ʅʘʧʨʠʤʝʨ, ʩʚʝʪʦʚʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ 

ʦʧʪʠʯʝʩʢʠʤʠ ʬʦʪʦʥʘʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ï ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʤʝʭʘʥʠʯʝʩʢʘʷ ï ʧʦʪʦʢʦʤ ʚʦʜʳ, ʚʝʪʨʘ, ʫʜʘʨʦʤʤʘʩ-

ʩʠʚʥʳʭ ʪʝʣ ʠ ʪ. ʧ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ, 

ʦʜʥʘʢʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ʚʩʝ ʵʪʠ ʚʠʜʳ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʦ-

ʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʘʥʘʣʠʟʝ ʬʦʨʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʚʘʢʫ-

ʫʤʝ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚʟʛʣʷʜʘʤ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʚʘʢʫʫʤʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʦʪʥʦʩʷʪ ʢ ʠʥʬʨʘʢʨʘʩʥʦʤʫ [7, 10]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʡ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ çʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʶʱʝʛʦ ʪʝʣʘè ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʘʢʫʫʤʝ, ʛʜʝ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ɽʩʣʠ ʚ ʚʘʢʫʫʤʝ ʠʟ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʚ ʚʠʜʝ ʀʂ ʚʦʣʥʳ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ï ʧʝʨʝʥʦʩʯʠʢʠ ʪʝʧʣʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʣɻʝʤʝʥʪʘʨʥʳʤ ʥʦʩʠʪʝʣʝʤ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ – фотоном (ʢʦʪʦʨʳʝ ʚ [10] ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʦʣ-

ʥʘʤ), ʵʪʦʪ ʥʦʩʠʪʝʣʴ ʪʝʧʣʘ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ «теплотроном». ɺʝʣʠʯʠʥʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʨʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ ʢʚʘʥʪʦʤ -hv, ʪ. ʝ. ʧʦʥʷʪʠʝ çʢʚʘʥʪè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ çʧʦʥʷʪʠʝ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘè, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʝʡʩʷ ʢʚʘʥʪʦʚʳʤʠ ʠ ʚʦʣʥʦʚʳʤ ʩʚʦʡʩʪʚʘʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʜʥʦʠʤʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, 

ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʥʦ-

ʩʷʪ ʢ ʜʚʫʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʩʚʝʪʦʚʳʭ ʠ ʪʝʧʣʦʚʳʭ. ʅʦʩʠʪʝʣʷʤʠ ʧʦ-

ʩʣʝʜʥʠʭ ʷʚʣʷʶʪʩʷ çʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ï ʪʝʧʣʦʪʨʦʥʳè, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʪʝʧʣʦ ʧʦʨʮʠʷʤʠ ï çʢʚʘʥʪʘʤʠè. 

ɺ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʚʦʢʫʧʥʦ-

ʩʪʴʶ ʢʚʘʟʠʯʘʩʪʠʮ ï ʬʦʥʦʥʦʚ, ʵʥʝʨʛʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʢʚʘʥʪʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʂʘʞʜʦʤʫ ʢʚʘʥʪʫ ʵʥʝʨʛʠʠ 

ʫʧʨʫʛʦʡ ʚʦʣʥʳ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʬʦʥʦʥ ʩ ʵʥʝʨʛʠʝʡ .ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʙʫʜʝʪ ʩʫʤʤʦʡ ʵʥʝʨʛʠʡ 

ʬʦʥʦʥʦʚ 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʧʝʨʝʥʦʩʯʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʬʦʥʦʥʳ. ʊʘʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ [3, 15]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʧʠʩʘʥʦ çʥʦʚʦʝ ʷʚʣʝʥʠʝ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʳʭ ʩʨʝʜʘʭè ï çʧʝʨʝʧʨʳʛʠʚʘʥʠʝè ʬʦʥʦʥʦʚ ʠʟ ʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʜʨʫʛʦʝ ʯʝʨʝʟ ʧʫʩʪʦʪʫ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʷʚʣʝ-

ʥʠʷ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʪʦʥʢʠʝ ʚʘʢʫʫʤʥʳʝ ʟʘʟʦʨʳ, ʘ ʪʝʧʣʦ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʯʝʨʝʟ ʚʘʢʫʫʤ 

ʚ ʤʠʣʣʠʘʨʜʳ ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʧʨʠ ʦʙʳʯʥʦʤ ʪʝʧʣʦʚʦʤ ʠʟʣʫʯʝʥʠʠ. ɺ ʨʘʙʦʪʝ [11] ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʨʳ ʩʤʦʛʣʠ ʠʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʙʫʢʚʘʣʴʥʦ ʩʘʤʦʛʦ ʧʦʩʣʝʜʥʝʛʦ ʘʪʦʤʘ ʥʘ ʦʩʪʨʠʝ ʠʛʣʳ ʠ 

ʦʙʥʘʨʫʞʠʣʠ ʧʦʨʘʟʠʪʝʣʴʥʳʡ ʬʘʢʪ: ʵʪʦʪ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ, ʘ ʥʝ ʠʛʣʳ! ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩʘʤʦʛʦ ʧʦʩʣʝʜʥʝʛʦ ʘʪʦʤʘ ʦʩʪʨʠʷ ʩ ʧʦʜʣʦʞʢʦʡ ʰʝʣ (ʯʝʨʝʟ ʚʘʢʫʫʤ!) ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ, 

ʯʝʤ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʦʩʪʨʠʷ. ʇʦ ʦʮʝʥʢʘʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʠʛʣʳ ʢ ʧʦʜʣʦʞʢʝ ʙʳʣʘ ʚ ʤʠʣʣʠ-

ʘʨʜʳ ʨʘʟ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʪʦ, ʯʪʦ ʩʤʦʛʣʦ ʙʳ ʜʘʪʴ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ʕʪʦʪ ʬʘʢʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚʢʫʧʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʦ ʪʦʤ, ʯʪʦ ʠ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ 

ʬʦʥʦʥʦʚ ʯʝʨʝʟ ʚʘʢʫʫʤ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʜʣʠ-

ʥʘ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʘʷ (ʜʣʷ ʤʝʪʘʣʣʦʚ) 100 ʥʤ, ʠ ʯʪʦ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʝ ʝʜʠʥʠʯʥʳʤʠ ʘʪʦʤʘʤʠ 

ʠʣʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʘ ʮʝʣʳʤʠ ʦʙʣʘʩʪʷʤʠ, çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʫʟʳʨʷʤʠè, ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʧ-

ʣʦʧʝʨʝʜʘʯʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ, ʧʨʠʨʦʜʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ, ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ [3, 11, 15], ʬʦʥʦʥʳ ʛʝʥʝʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʘ ʚʝʱʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʱʝʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʝʡ ʚʝʣʠʯʠʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʪ ʚʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʬʦʥʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʩʠʩʪʝʤʳ ʠ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʪ. ʝ. ʦʪ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ) ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʠ ʜʨʫʛʠʤʠ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ. ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʜʠʘʣʝʢʪʠʢʠ ʧʨʠʨʦʜʳ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝ-

ʨʳʚʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʪʨʦʝ-

ʥʠʝ. ɺ ʪʦʤ ʯʠʩʣʝ, ʚ ʧʨʠʨʦʜʝ ʩʪʨʦʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʵʣʝ-
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ʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ. ɹʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ ʧʨʠʨʦʜʳ ʠ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʘʪʦʤʳ ʩʦʝʜʠʥʷʷʩʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ 

ʦʙʨʘʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʚ çʭʠʤʠʯʝʩʢʠʡ ʠʥʜʠʚʠʜè - ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ, 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʝʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ [16]. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʙʦʣʴʰʫʶ 

(ʠʥʦʛʜʘ ʨʝʰʘʶʱʫʶ) ʨʦʣʴ ʠʛʨʘʝʪ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ çʭʠʤʠʯʝʩʢʠʤʠ ʠʥʜʠʚʠʜʘʤʠè, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʠʙʙʩʘ [1, 9]:  

 

ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʠʩʪʝʤʳ: 

 

 
 

ʜʣʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ: 
 

, 

 

ʛʜʝ dU ï ʧʦʣʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ; T ʠ P - ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ; dS ʠ dV ï ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʳ ʵʥʪʨʦʧʠʡ ʠ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ; Õʿ   ï ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ  ʿï ʩʠʩʪʝʤʳ; dNj ï ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚʘ.  

ɿʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʠ ʝʛʦ ʙʦʣʝʝ ʦʙʱʠʭ ʚʘʨʠʘʥʪʦʚ) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʪ ʬʫʥʜʘʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ ʙʘʟʠʨʫʝʪʩʷ ʚʝʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʦʚʨʝʤʝʥʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʠ, ʢʘʢ ʨʘʚʥʦʚʝʩʥʦʡ, ʪʘʢ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ [5]. ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʦ (ʫ 

ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʦʡ çʭʠʤʠʯʝʩʢʠʡ ʠʥʜʠʚʠʜè ʪ. ʝ. ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ï Õʿ) ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʤʠʢʨʦʩʦʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ температуре. ʀ ʚ ʵʪʦʤ ʢʨʦʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʚʦʡʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ), ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʪʝʧʣʦ-

ʪʦʡ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʩʪʝʥʩʠʚʥʦʡ ʚʝʣʠʯʠʥʝ. ʊʝʧʣʦʪʘ, ʷʚʣʷʷʩʴ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʤʥʦʞʠʪʝʣʝʡ TdS, ʛʜʝ 

dS, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʧʝʨʝʥʦʩʯʠʢʦʚ ʪʝʧʣʦʪʳ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʷʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʵʢʩʪʝʥʩʠʚʥʳʤ ʚʝʣʠʯʠʥʘʤ ï ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ (dU) ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

(TdS), ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ PdV ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʡ (ʈ) ʠ ʦʙʲʝʤʝ (V) 

ʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪ. ʝ. ʩʦʩʪʦʷʥʠʷ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʧʝʨʝʥʦʩʯʠʢʦʚ ʪʝʧʣʦʪʳ ÕʿdNj. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʪʝʧʣʦʦʙʤʝʥʘ ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʨʘʟʣʠʯʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʦʩʪʦʷʥʠʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʀ ʟʜʝʩʴ ʦʜʥʠʤ ʠʟ ʫʯʘʩʪʥʠʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʢʨʦʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, 

ʜʦʣʞʥʳ ʙʳʪʴ элементарные частицы «теплотроны», непосредственно обладающие квантом тепловой 

энергии.  

ɺ ʫʨʘʚʥʝʥʠʠ ɻʠʙʙʩʘ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʩʚʦʝ ʢʦʥʢʨʝʪʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 

ʤʘʩʰʪʘʙʘ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, ʵʥʪʨʦʧʠʷ, ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʷʚʣʷʶʪʩʷ ʧʦʥʷ-

ʪʠʡʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʚʚʦʜʠʤʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʧʨʠʨʦʜʳ (ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ), ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʜʚʠʞʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʚ ʫʨʘʚʥʝʥʠʠ ɻʠʙʙʩʘ ʠʟ ʤʦʣʷʨʥʦʛʦ ʦʙʲʝʤʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (V) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷ-

ʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ, ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʈ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ ʨʘʚʥʦʡ V, ʨʝʛʫʣʠʨʫʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝ-

ʥʠʝ ʠ ʦʪʪʘʣʢʠʚʘʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʠʭ ʩʙʣʠʞʝʥʠʝ ʥʘ ʥʫʣʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɺ 

[8] ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʨʫʰʠʪʩʷè, ʜʘʚʘʷ ʙʝʩʩʤʳʩʣʝʥʥʳʝ ʦʪʚʝʪʳ ʚʨʦ-

ʜʝ ʙʝʩʢʦʥʝʯʥʦʩʪʝʡ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚ [8] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚ ʧʨʠʨʦʜʝ ʦʙʣʘʜʘʝʪ ʘʤʧʣʠ-

ʪʫʜʦʡ ʜʚʠʞʝʥʠʷ ʚʩʧʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʘʥʪʠʯʘʩʪʠʮʫ. ʇʦ ʵʪʦʤʫ ʤʥʝʥʠʶ, ʢʦʛʜʘ ʯʘʩʪʠʮʘ ʠ 

ʘʥʪʠʯʘʩʪʠʮʘ ʩʪʘʣʢʠʚʘʶʪʩʷ, ʦʥʠ ʘʥʥʠʛʠʣʠʨʫʶʪ ʠ ʦʙʨʘʟʫʶʪ ʜʨʫʛʠʝ ʯʘʩʪʠʮʳ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʙʣʠʞʝʥʠʷʭ ʵʣʝʢʪʨʦʥʘ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʡʪʨʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʥʝʡʪʨʦʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʦ ʫʨʘʚʥʝʥʠʶ [10]: 

 

ʇʨʦʪʦʥ(ʨ) + ʵʣʝʢʪʨʦʥ(ʝ) ź ʅʝʡʪʨʦʥ(n) + ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ. 

 

ʂʦʛʜʘ ʚ ʷʜʨʝ ʠʟʙʳʪʦʢ ʥʝʡʪʨʦʥʦʚ, ʦʥʦ ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʧʨʦʪʦʥ, ʦʜʥʦʚʨʝʤʝʥʥʦ çʨʦʞʜʘʷè ʵʣʝʢʪʨʦʥ, 

ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʭʦʜʥʦʤʫ ʘʪʦʤʫ: 

 

ʅʝʡʪʨʦʥ(n) ź ʇʨʦʪʦʥ(ʨ) + ʵʣʝʢʪʨʦʥ(ʝ). 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠ ʚʥʫʪʨʠ ʘʪʦʤʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʘʨʫ-

ʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-ʤʘʢʨʦʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. ʊʝʧʣʦʚʳʝ ʢʚʘʥʪʳ, ʢʦʪʦʨʳʝ ʤʳ ʫʩʣʦʚʥʦ 

ʥʘʟʳʚʘʝʤ çʪʝʧʣʦʪʨʦʥʘʤʠè - ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʪʝʧʣʘ, ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. 

ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢ ʩʠʩʪʝʤʝ çтеплотронами» ʠʟʚʥʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ 

ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ энергетическое состояние. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʧʦʛʣʦʱʘ-

ʶʪʩʷ çʪʝʧʣʦʪʨʦʥʳè, ʠʟʤʝʥʷʷ ʬʦʨʤʫ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ɺʦʟ-

ʙʫʞʜʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ çʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʧʨʦʯʥʝʥʠʷ ʩʚʷʟʠ, ʪ. ʝ. ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ ʠ ʫʙʳʣʠ çʪʝʧʣʦ-

ʪʨʦʥʦʚè ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʅʘʧʨʠʤʝʨ, ʫʛʣʝʨʦʜ ʩ ʤʝʞʲʷʜʝʨʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʉ-ʉ ʩʚʷʟʠ ʨʘʚʥʦʡ 

1.2427Ā10
-10 
ʤ ʠʤʝʝʪ ʜʠʩʩʦʮʠʘʮʠʶ ʵʥʝʨʛʠʡ ʩʚʷʟʠ 6.24ʵɺ, ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʆ-ʆ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʶʪ 

1.207Ā10
-10 
ʤ ʠ 5.11 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʳʡ çʭʠʤʠʯʝʩʢʠʡ ʠʥʜʠʚʠʜ ʉ-ʆ 

ʩʚʷʟʠè, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 1.1222 Ā10
-10 
ʤ ʠ ʜʠʩʩʦʮʠʘʮʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʨʘʚʥʘ 11.11 ʵɺ [9]. ʀʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʦʚʦʦʙʨʘʟʫʝʤʦʛʦ çʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʠʚʠʜʘè ʩʦʢʨʘʱʘʝʪʩʷ, ʘ 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʚʦʟʨʘʩʪʘʝʪ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʝʤ ʩʚʝʪʦʚʦʡ ʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʛʜʝ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʬʦʪʦʥʳ ʠ çʪʝʧʣʦʪʨʦʥʳè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ 

ʨʝʘʛʠʨʫʶʱʝʡ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʤʘʩʩ ʬʦʪʦʥʦʚ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʡ ʠ ʤʘʩʩ çʪʝʧ-

ʣʦʪʨʦʥʦʚè ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʡ. 

ʈʘʩʩʝʠʚʘʥʠʝ çʪʝʧʣʦʪʨʦʥʦʚè ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ ʫʚʝʣʠʯʠʚʘʶʪ ʝʝ ʵʥʪʨʦʧʠʶ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʩʩʘ çʪʝʧʣʦʪʨʦʥʦʚè ʫʥʦʩʠʪ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʧʝʨʝʥʦʩʯʠʢʦʚ ʪʝʧʣʦʪʳ. ɺ ʧʦʣʴʟʫ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʷ ʛʦʚʦʨʷʪ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ [12, 13, 14], ʛʜʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʱʘʷ ʵʥʪʨʦ-

ʧʠʷ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʩʠʩʪʝʤʳ ʥʘ 2.84Ĭ10
ī17 ʢʛ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʘʩʩʝʷʥʥʦʡ 

ʪʝʧʣʦʪʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʀʟ ʩʠʩʪʝʤʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʝʨʝʭʦʜʷʪ çʪʝʧʣʦʪʨʦʥʳè, ʫʥʦʩʷ ʩ ʩʦʙʦʡ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʩʩʫ çʪʝʧʣʦʪʨʦʥʦʚè. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʦʪʤʝʯʝʥʦ ʠ ʚ ʨʘʙʦʪʘʭ [2, 17]. 

ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ çʪʝʧʣʦʪʨʦʥʘʤʠè, ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʚʥʫʪʨʝʥʥʶʶ 

ʵʥʝʨʛʠʶ (ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ) ʩʠʩʪʝʤʳ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʭʠʤʠʯʝ-

ʩʢʦʡ ʩʚʷʟʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʘʪʦʤʦʚ.  

ʆʜʥʘʢʦ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ - çʭʠʤʠ-

ʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚè, çʪʝʧʣʦʪʨʦʥʳè ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴ ʵʣʝʢʪʨʦʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʪ. ʝ. ʩʦʟʜʘ-

ʶʪʩʷ ʫʩʣʦʚʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʧʨʠʥʮʠʧʘ ʤʠ-

ʥʠʤʠʟʘʮʠʡ ʵʥʝʨʛʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʜʣʷ ʦʙʱʝʡ ʩʠʩʪʝʤʳ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

çʪʝʧʣʦʪʨʦʥʦʚè ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʟʙʫʞʜʝʥʠʷʤ, ʪ. ʝ. ʨʘʟ-

ʣʠʯʥʦʡ ʬʦʨʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʶ ʚʥʘʯʘʣʝ çʭʠʤʠʯʝʩʢʦʛʦ 

ʠʥʜʠʚʠʜʘè, ʘ ʟʘʪʝʤ ʠ ʤʘʩʩʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

Заключение 
ɺ ʨʝʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʴʥʦʤ ʤʠʨʝ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʟʘʠʤʦʧʨʝʚʨʘʱʘʝʤʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʫʱʝ-

ʩʪʚʫʶʪ ʘʪʦʤʳ, ʢʨʠʩʪʘʣʣʳ, ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ (ʊ). ɼʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʝʥʩʠʚʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʪʨʝʪʴʝʡ ʚʝʣʠʯʠʥʳ (ʩʪʦʣʙʠʢ ʨʪʫʪʠ ʚ ʪʝʨʤʦʤʝʪʨʝ, ʪʝʨʤʦʧʘʨʘ ʠ ʜʨ.), ʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʀʟʚʝʩʪʥʦ, ʢʘʞʜʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʙʲʝʢʪ ʠʣʠ ʚʝʱʝ-

ʩʪʚʦ ʠʤʝʝʪ ʩʚʦʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʫʪʠ ʷʚʣʝʥʠʡ ʧʨʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʨʘʞʘʝʪ ʩʦʙʦʡ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝ-

ʱʝʩʪʚʘ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʝʜʠʥʩʪʚʦ ʝʛʦ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʚʦʡʩʪʚ. ʉʪʝʧʝʥʴ 

ʥʘʛʨʝʪʦʩʪʠ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʘ ̫ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ ʠ ʚʳʨʘʞʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʟʘʚʠʩʠʪ ʦʪ 

ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʥʦʩʯʠʢʦʚ ʪʝʧʣʦ-

ʪ.r ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʠʟʚʥʝ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʩʚʝʪʦʚʦʡ ʠʣʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʵʥʝʨʛʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ, ʪ. ʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨ.r ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʧʣʦ-

ʚʳʤʠ (çʪʝʧʣʦʪʨʦʥè) ʠ ʦʧʪʠʯʝʩʢʠʤʠ (ʬʦʪʦʥ) ʢʚʘʥʪʘʤʠ. 
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Abstract. In this article, the possible mechanism of transfer of heat and heat exchange between material ob-

jects is considered. On the basis of the existing ideas of a structure of atoms, molecules, crystals of substances, the as-

sumption was made, that heat carriers between material objects are elementary particles which are allegedly called 

"heattrons". The analysis of the Gibbs fundamental thermodynamic equations show that the structural factor of a sys-

tem has an important role  in the  direction in determining of heat exchange between substances. 
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РОЛЬ СИМВОЛИЗАЦИИ (ВЕРБАЛИЗАЦИИ) ЗРИТЕЛЬНЫХ СТИМУЛОВ  

ПРИ ОПОЗНАНИИ СЛОЖНЫХ ИЗОБРАЖЕНИЙ  

ДЕТЬМИ РАННЕГО ДОШКОЛЬНОГО ВОЗРАСТА 
 

 
Т.Г. Кузнецова

1
, И.Ю. Голубева

2
, Н.М. Горчакова

3
, К.С. Михальченко

4
, К.А. Нечаев

5 

1 
ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

2 
ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

3 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

4, 5 
ʩʪʫʜʝʥʪ 

1, 2 
ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ 

3, 4 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

5 
ʀʚʘʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʜʝʪʝʡ 2ï4 ʣʝʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʟʘʜʘʥʠʡ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʡ ʨʝʯʠ 

ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʘʣʦʟʥʘʢʦʤʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ 

ʟʨʝʣʦʩʪʠ ʨʝʙʝʥʢʘ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʤʳʰʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʘʩʩʦʮʠʘʮʠʠ 

ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ, ʚʳʯʣʝʥʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʠʟʥʘʢʠ ʩʪʠʤʫʣʘ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʦʙʨʘʟʘʤʠ, 

ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʘʤʷʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʠ 2ï4 ʣʝʪ, ʵʛʦʮʝʥʪʨʠʯʝʩʢʘʷ ʨʝʯʴ, ʚʳʙʦʨ ʧʦ ʦʙʨʘʟʮʫ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ. 
 

Введение. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʩʠʭʦʣʦʛʠ ʠ ʬʠʟʠʦʣʦʛʠ ʧʨʠʭʦʜʷʪ ʢ ʤʥʝʥʠʶ, ʯʪʦ ʚʦʟʨʘʩʪʥʳʝ ʥʦʨʤʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʨʝʙʝʥʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʪʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʥʘʷ ʫʯʝʙʥʘʷ ʥʘʛʨʫʟʢʘ ʚʝʜʝʪ ʢ ʧʝʨʝʥʘʧʨʷʞʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʠ ʧʝʨʝʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ [ʂʫʟʥʝʮʦʚʘ, ʆʚʯʠʥʥʠʢʦʚʘ, 2011]. ʇʘʤʷʪʫʷ ʩʣʦʚʘ  

ʀ. ʇ. ʇʘʚʣʦʚʘ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʤ ʢʦʨʨʝʣʷʪʦʤ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ çéʥʘʰʘ ʩʠʩʪʝʤʘ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʘʷ, ʩʘʤʘ ʩʝʙʷ ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʠ ʜʘʞʝ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʘʷè, ʘʥʘʣʠʟ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʚʝʛʝʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʩʪʨʘʪʝʛʠʠ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʢ ʩʠʪʫʘʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʡ 

ʥʘʛʨʫʟʢʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʠ ʤʳʰʣʝʥʠʷ ʨʝʙʝʥʢʘ, ʦʩʪʘʶʪʩʷ ʥʝʷʩʥʳ-

ʤʠ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʦʨʦʤ ʧʦ 

ʦʙʨʘʟʮʫ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʥʘʣʠʟʘ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʨʦʣʠ ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʡ ʨʝʯʠ ʧʨʠ ʦʧʦʟʥʘʥʠʠ ʩʣʦʞʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʩʠʭʦʣʦʛʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʝʯʴ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʩʦʮʠʘʣʴʥʘ. ʇʦ ʤʥʝʥʠʶ ʞʝ ɾ. ʇʠʘʞʝ [1994], ʤʦʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʜʝʪʩʢʘʷ ʨʝʯʴ, ʢʦʪʦʨʫʶ ʦʥ ʥʘʟʚʘʣ ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʡ, ʥʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʥʝ ʩʣʫʞʠʪ 

ʮʝʣʷʤ ʩʦʦʙʱʝʥʠʷ. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʵʛʦʮʝʥʪʨʠʯʝʩʢʘʷ ʨʝʯʴ ʧʦ ʧʨʝʠʤʫʱʝʩʪʚʫ ï ʨʝʯʴ ʨʝʙʝʥʢʘ ʦ ʩʘʤʦʤ ʩʝʙʝ, ʙʝʩʝʜʘ 

ʩ ʩʘʤʠʤ ʩ ʩʦʙʦʡ.  ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʟʠʮʠʷ ɾ. ʇʠʘʞʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʢʨʠʪʠʢʫʝʪʩʷ ʧʩʠʭʦʣʦʛʘʤʠ, 

ʵʛʦʮʝʥʪʨʠʯʝʩʢʫʶ ʨʝʯʴ ʧʨʘʚʦʤʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʩʥʷʪʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ.   

ʉʘʤʳʡ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʫ ʥʝʛʦ ʥʝ ʪʦʣʴ-

ʢʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʦʞʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʤʳʰʣʝʥʠʝ ʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʦʟʥʘʚʘ-

ʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ [ɹʫʨʤʝʥʩʢʘʷ ʠ ʜʨ., 1990], ʧʦʧʘʜʘʝʪ ʥʘ ʨʘʥʥʠʡ ʜʦʰʢʦʣʴʥʳʡ ʚʦʟʨʘʩʪ.  

ʆʥʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʩʪʘʥʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʛʥʠʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʪ ʚʦʟ-

ʨʘʩʪʥʦʡ ʧʝʨʠʦʜ ï ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʧʫʪʝʡ ʠʟʫʯʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʟʳʢʦʚʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʨʘʟʚʠʪʠʷ ʫʨʦʚʥʝʡ 

ʦʙʦʙʱʝʥʠʷ ʠ ʣʦʛʠʢʠ, ʥʘʚʳʢʦʚ ʢʦʦʧʝʨʘʮʠʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ɺ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʜʝʪʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʥʘʛʣʷʜʥʦ-ʜʝʡʩʪʚʝʥʥʦʛʦ ʢ ʥʘʛʣʷʜʥʦ-

ʦʙʨʘʟʥʦʤʫ ʤʳʰʣʝʥʠʶ, ʜʝʡʩʪʚʠʷ ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʥʘʯʠʥʘʶʪ ʟʘʤʝʥʷʶʪʩʷ ʜʝʡʩʪʚʠʷʤʠ ʩ ʠʭ ʦʙʨʘʟʘ-

ʤʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚʝʣʠʯʠʥ, ʬʦʨʤ, ʮʚʝʪʦʚʳʭ ʪʦʥʦʚ [ɻʨʠʛʦʨʴʝʚʘ, 2001]. 
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ʇʦʟʥʘʚʘʷ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʥʘʙʣʶʜʘʷ ʟʘ ʥʠʤ ʠ ʧʨʦʠʟʚʦʜʷ ʨʝʘʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʩ ʧʨʝʜʤʝʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ 

ʚ ʧʦʣʝ ʟʨʝʥʠʷ, ʫ ʨʝʙʝʥʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʨʘʟʳ ʵʪʠʭ ʧʨʝʜʤʝʪʦʚ, ʚʦʟʥʠʢʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʠ, ʨʘʟʚʠʚʘʶʪ-

ʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʥʷʪʠʷ. ʈʝʙʸʥʦʢ ʣʫʯʰʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʚ ʧʨʘʢʪʠ-

ʯʝʩʢʦʤ ʧʣʘʥʝ, ʯʝʤ ʚ ʫʤʝ [ʈʦʟʝʥʛʘʨʪ-ʇʫʧʢʦ, 1957; ɺʝʥʛʝʨ, 1988]. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʦʟʥʘʥʠʷ ʨʝʙʝʥʢʘ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʦʙʱʘʪʴ ʧʨʝʜʤʝʪʳ ʚ ʛʨʫʧʧʳ [ʂʦʣʴʮʦʚʘ, 1958], ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʨʝʯʠ ʨʝʙʝʥʢʘ [ʃʶʙʣʠʥʩʢʘʷ, 1955]. 

ʉʧʦʩʦʙʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʠ ʝʛʦ ʚʝʨʙʘʣʴʥʦʝ ʦʙʱʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘ-

ʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʝʚʝʨʙʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ (ʞʝʩʪʳ, ʤʠʤʠʢʘ ʠ ʜʨ.), ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʧʝʨʚʦʤ ʛʦʜʫ ʞʠʟʥʠ 

[ʉʝʨʛʠʝʥʢʦ, 2008]. 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʛʦʜʘ ʞʠʟʥʠ ʨʘʟʚʠʚʘʝʪʩʷ ʨʝʯʴ, ʘ ʩ ʥʝʶ ʫʩʣʦʞʥʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʨʠʩʦʚʘ-

ʥʠʝ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ) ʤʘʣʳʰʘ. ɺ ʢʦʥʮʝ ʚʪʦʨʦʛʦ ï ʥʘʯʘʣʝ ʪʨʝʪʴʝʛʦ ʛʦʜʘ ʞʠʟʥʠ ʫ ʨʝʙʝʥʢʘ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʣʫ-

ʙʦʢʠʡ ʩʠʩʪʝʤʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʢʦʛʜʘ ʮʝʣʦʩʪʥʳʝ ʧʨʝʜʤʝʪʳ ʧʨʝʜʩʪʘʶʪ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʯʘʩʪʝʡ [ʂʦʰʝʣʝʚ, 2008]. 

ɺ ʵʪʦʤ ʞʝ ʚʦʟʨʘʩʪʝ ʫ ʜʝʪʝʡ ʚʦʟʥʠʢʘʝʪ çʪʝʣʝʛʨʘʬʥʘʷè ʨʝʯʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʝʛʦ ʞʠʟʥʝʥʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʤʳʩʣʝʥʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ (ʜʝʡʩʪʚʠʡ), ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʚ ʩʠʪʫʘʮʠʠ, ʜʣʷ 

ʚʝʨʙʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʣʦʚ. ʂ ʢʦʥʮʫ ʪʨʝʪʴʝʛʦ ʛʦʜʘ, ʨʝʯʴ ʠʟ çʪʝʣʝ-

ʛʨʘʬʥʦʡè ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʝʛʣʫʶ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʫʶ. ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʮʝʣʳʡ ʚʠʟʫʘʣʴʥʳʡ ʦʙʨʘʟ ʷʚ-

ʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʥʘʟʳʚʘʥʠʠ ʮʝʣʦʛʦ ʧʨʝʜʤʝʪʘ, ʘ ʬʫʥʢʮʠʷ ʠʛʨʘʝʪ ʚʝʜʫʱʝʶ ʨʦʣʴ ʜʣʷ ʥʘʠʤʝ-

ʥʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ (ʥʘʧʨʠʤʝʨ, ʨʫʯʢʘ ʝʩʪʴ ʫ ʜʚʝʨʠ, ʫ ʯʝʤʦʜʘʥʘ, ʫ ʯʘʰʢʠ, ʫ ʥʦʞʘ ʠ, ʭʦʪʷ ʚʥʝʰʥʝ ʦʥʠ 

ʨʘʟʣʠʯʥʳ, ʥʦ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʤʝʪʥʳʡ ʤʠʨ ʨʝʙʝʥʢʘ ʩʪʘʥʦʚʠʪʩʷ ʜʠʩʢʨʝʪʥʳʤ 

ʢʘʢ ʦʙʨʘʟʥʦ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ [ʂʦʣʴʮʦʚʘ, 1958; ʂʦʰʝʣʝʚ, 2008].  

ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʨʝʯʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʥʪʦʛʝʥʝʟʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʨʝʙʝʥʢʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʜʦʩʪʠʞʝʥʠʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʥʝʚʝʨʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢ ʚʝʨ-

ʙʘʣʴʥʦʤʫ. 

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ ʬʝʥʦʤʝʥʘ ʧʝʨʝʥʦʩʘ ʫʩʚʦʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʨʘʥ-

ʥʝʤ ʜʦʰʢʦʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʵʪʘʧʳ ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʢʨʳʚʘʪʴ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʥʪʦʛʝʥʝʟʝ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʚʝʨʙʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʢ ʚʝʨʙʘʣʴʥʦʤʫ. 

Методика. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʠʠ ɺʅɼ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʀ. 

ʇ. ʇʘʚʣʦʚʘ ʈɸʅ ʠ ʜʝʪʩʢʦʛʦ ʩʘʜʘ ˉ 81. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʜʝʪʷʭ 2ï4 ʣʝʪ, ʩ ʧʠʩʴʤʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʨʦʜʠʪʝʣʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʩʣʫʞʠʣʘ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʅ.ʅ. ʃʘʜʳʛʠʥʦʡ-ʂʦʪʩ 

[1935] ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʦʙʱʝʥʠʶ ʫ ʰʠʤʧʘʥʟʝ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʲʷʚʣʝʥʠʠ ʠʩʧʳʪʫʝʤʦʤʫ 

ʥʘʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠ ʦʙʨʘʟʮʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʝʙʝʥʦʢ ʜʦʣʞʝʥ ʦʧʦʟʥʘʪʴ ʠ ʚʳʙʨʘʪʴ ʩʪʠʤʫʣ, ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʦʙʨʘʟʮʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʚ ʟʥʘʢʦʤʦʡ ʜʣʷ ʜʝʪʝʡ ʦʙ-

ʩʪʘʥʦʚʢʝ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʳʪʫʝʤʳʝ ʜʦʣʞʥʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʜʣʷ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘʭ, ʦʙʨʘʟʮʝ, ʟʨʠʪʝʣʴʥʦ ʠʭ ʚʦʩʧʨʠʥʷʪʴ, ʘ ʟʘʪʝʤ, ʫʜʝʨʞʠʚʘʷ ʦʙʨʘʟʝʮ ʚ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ, ʩʦ-

ʧʦʩʪʘʚʠʪʴ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʜʣʷ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘʤʠ, ʦʧʦʟʥʘʪʴ ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʚʠʜʠʤʫʶ ʧʨʦʩʪʦʪʫ ʤʝʪʦʜʘ, ʵʪʦ ʩʣʦʞʥʳʡ, ʤʥʦʛʦʵʪʘʧʥʳʡ ʩʠʩʪʝʤʥʳʡ ʘʢʪ, ʚʢʣʶʯʘʶʱʠʡ ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʫʣʘʚʣʠʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠ ʨʝʘʣʠʟʫʝʤʳʡ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʟʛʘ, ʧʦʟ-

ʚʦʣʷʶʱʠʡ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. 

ʀʩʧʳʪʫʝʤʳʝ ʜʝʪʠ ʦʙʩʣʝʜʦʚʘʣʠʩʴ ʜʚʘʞʜʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʣʝʪ (ʧʦʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʚ 

çʈʝʟʫʣʴʪʘʪʘʭè).  

ɺ ʧʝʨʚʳʡ ʨʘʟ (2013 ʛʦʜ) ʜʝʪʷʤ 2ï3 ʣʝʪ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʩʝʤʴ ʟʘʜʘʯ.  

ʇʝʨʚʳʝ ʧʷʪʴ ʟʘʜʘʯ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʚʳʙʦʨʝ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʮʘʤ, ʦʪ ʧʦʣʥʦʩʪʴʶ 

ʠʜʝʥʪʠʯʥʦʡ ʬʠʛʫʨʳ ʢ ʚʩʝ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʤ. ʈʝʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʣʫʞʠʣʠ ʪʨʝʭʤʝʨʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʮʚʝʪʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ ʨʘʟʤʝʨʦʤ 10ʭ10 ʩʤ, ʘ ʦʙʨʘʟʮʘʤʠ ʩʣʫʞʠʣʠ: ʚ ʧʝʨʚʦʡ ʟʘʜʘʯʝ ï ʨʝʘʣʴʥʘʷ ʮʚʝʪʥʘʷ ʬʠʛʫʨʘ, 

ʚʦ ʚʪʦʨʦʡ ï ʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʠʛʫʨʳ, ʚ ʪʨʝʪʴʝʡ ï ʨʝʘʣʴʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʬʠʛʫʨʘ, ʚ ʯʝʪʚʝʨʪʦʡ ï ʙʝʩʮʚʝʪʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʬʠʛʫʨʳ ʠ ʚ ʧʷʪʦʡ ï ʦʙʨʘʟʝʮ-ʮʚʝʪ. 

ʇʦʩʣʝ ʦʩʚʦʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʥʠʷ ï ʚʳʙʦʨ ʧʦ ʦʙʨʘʟʮʫ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʘʙʩʪʨʘʢʮʠʠ: ʟʥʘʢʦʤʳʝ ʮʚʝʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ; ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ï ʩʠʣʫʵʪʦʚ ʞʠʚʦʪʥʳʭ ʠ ʧʦʭʦʞʠʭ ʥʘ ʥʠʭ ʧʦ ʦʯʝʨʪʘʥʠʷʤ ʙʝʩʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʟʥʘʢʦʚ; ʘʙʩʪʨʘʢʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ-

ʠʝʨʦʛʣʠʬʦʚ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ (ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ʊʨʠ ʟʘʜʘʯʠ ʚʳʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʦʙʨʘʟʮʫ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʙʲʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ 
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ʂʨʠʪʝʨʠʝʤ ʦʙʫʯʝʥʥʦʩʪʠ ʩʯʠʪʘʣʩʷ 75 % ʫʨʦʚʝʥʴ ʧʨʘʚʠʣʴʥʦ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʟʘ 30 ʧʨʝʜʲʷʚʣʝʥʠʡ ʠ ʧʦʩʣʝ 

ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʝʭʦʜʠʣʠ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ  

ʊ-ʢʨʠʪʝʨʠʷ ɺʠʣʢʦʢʩʦʥʘ. 

Результаты. ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʪʝʡ ʵʪʦʛʦ ʚʦʟʨʘʩ-

ʪʘ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʣʠʩʴ ʩ ʚʳʙʦʨʦʤ ʩʪʠʤʫʣʦʚ ʧʦ ʦʙʨʘʟʮʫ ʙʝʟ ʦʙʫʯʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʥʩʪʨʫʢʮʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ʆʜʥʘʢʦ 24 % ʠʩʧʳʪʫʝʤʳʭ ʩʧʨʘʚʠʪʴʩʷ ʩ ʟʘʜʘʥʠʝʤ ʥʝ ʤʦʛʣʠ, ʠ ʠʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʦ 10ï15 ʜʝʤʦʥʩʪʨʘʮʠʡ ʧʨʦʮʝ-

ʜʫʨʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʦʙʨʘʟʮʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʦʨʦʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʩʝ 

ʨʝʰʘʣʠ ʩʨʘʟʫ, ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ, ʧʝʨʝʥʦʩʷ ʫʩʚʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʷ. 

ʆʜʥʘʢʦ ʩʧʨʘʚʠʪʴʩʷ ʩ ʚʳʙʦʨʦʤ ʧʦ ʦʙʨʘʟʮʫ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʤʦʛʣʠ ʪʦʣʴʢʦ 73 % ʠʩʧʳʪʫʝʤʳʭ. ʍʘ-

ʨʘʢʪʝʨʥʦ, ʯʪʦ ʚʦʟʨʘʩʪ ʵʪʠʭ ʜʝʪʝʡ ʧʨʝʚʳʰʘʣ 2,5 ʛʦʜʘ. ʆʩʪʘʣʴʥʳʝ 27 % ʩʦʩʪʘʚʠʣʠ ʜʝʪʠ ʚ ʚʦʟʨʘʩʪʝ 2ï2,5 ʣʝʪ.  

ʀʤʝʥʥʦ ʵʪʘ ʛʨʫʧʧʘ ʠʟ 15 ʯʝʣʦʚʝʢ ʙʳʣʘ ʚʟʷʪʘ ʧʦʚʪʦʨʥʦ ʚ 2014 ʛʦʜʫ. ʀ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʦʣʴʢʦ 60 % ʧʦʚʟʨʦʩʣʝʚ-

ʰʠʭ ʜʝʪʝʡ ʩʧʨʘʚʠʣʠʩʴ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʟʘʜʘʯ (ʨʠʩ. 2, ɸ), ʥʦ 40 % ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ 

ʤʦʛʣʠ ʩ ʥʠʤʠ ʩʧʨʘʚʠʪʴʩʷ (ʨʠʩ. 2, ɹ).  

 

А.  

Б.  
 

ʈʠʩ. 2. ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ ʟʘʜʘʯ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ ʜʝʪʴʤʠ ʧʨʠ ʧʝʨʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ɸ) ʠ ʯʝʨʝʟ ʛʦʜ ʧʨʠ ʚʪʦʨʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ (ɹ). ʆʙʦʟʥʘʯʝʥʠʷ: ʂʨʫʛʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʦʙʦʟʥʘʯʘʶʪ % ʩʦʩʪʘʚ ʠʩʧʳʪʫʝʤʳʭ, ʩʧʨʘʚʠʚʰʠʭʩʷ ʩ ʟʘʜʘʯʝʡ (ʯʝʨʥʳʡ 

ʮʚʝʪ) ʠ ʥʝ ʩʧʨʘʚʠʚʰʠʭʩʷ ʩ ʟʘʜʘʯʝʡ (ʙʝʣʳʡ ʮʚʝʪ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨʢʘ ʜʝʪʝʡ, ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʜʚʘʞʜʳ, ʚʥʦʚʴ ʨʘʟʜʝʣʠʣʘʩʴ ʥʘ 2 ʛʨʫʧʧʳ (ʨʠʩ. 3). 

 

  
 

ʈʠʩ. 3. ʋʩʧʝʰʥʦʩʪʴ (%) ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ ʟʘʜʘʯ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ (ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ ʜʝʪʝʡ ʧʨʠ ʧʝʨʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʪʝʤʥʳʝ 

ʩʪʦʣʙʠʢʠ) ʠ ʧʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʩʚʝʪʣʳʝ ʩʪʦʣʙʠʢʠ). 

 ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʢʨʠʪʝʨʠʡ ʦʙʫʯʝʥʥʦʩʪʠ 75 %-ʳʡ ʫʨʦʚʝʥʴ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ 

 

% 
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ɸʥʘʣʠʟ ʫʩʧʝʰʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʫ ʜʝʪʝʡ ʜʚʫʭ ʛʨʫʧʧ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 2013 ʛʦʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʨʠ ʚʳʙʦʨʝ ʩʠʣʫʵʪʦʚ ʥʝ ʜʦʩʪʠʛʘʣʠ ʢʨʠʪʝʨʠʷ ʦʙʫʯʝʥʥʦʩʪʠ, ʠ ʩʥʠʞʘʣʠʩʴ ʜʦ ʫʨʦʚʥʷ ʩʣʫʯʘʡʥʳʭ ʮʠʬʨ 

ʧʨʠ ʚʳʙʦʨʝ ʠʝʨʦʛʣʠʬʦʚ. 

ʇʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ 2014 ʛʦʜʫ ʫ ʜʝʪʝʡ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʫʩʧʝʰʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʠʷ ʚʦʟʨʦʩʣʘ 

ʜʦ 85ï90 % (ʈ > 0,01), ʘ ʫ ʜʝʪʝʡ 2 ʛʨʫʧʧʳ ʭʦʪʷ ʠ ʦʪʤʝʯʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʩʧʝʰʥʦʩʪʠ, ʥʦ ʢʨʠʪʝʨʠʷ 

ʦʙʫʯʝʥʥʦʩʪʠ (75 %) ʵʪʠ ʜʝʪʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʜʦʩʪʠʛʘʣʠ (ʨʠʩ. 4).  

 

            
                                                                   ɸ, %                                                                      ɹ, % 

 
ʈʠʩ. 4. ʋʩʧʝʰʥʦʩʪʴ (%) ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ ʟʘʜʘʯ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ ʜʝʪʝʡ (ɸ. ï 1 ʛʨʫʧʧʘ, ɹ. ï 2 ʛʨʫʧʧʘ)  

ʧʨʠ ʧʝʨʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʙʝʣʳʝ ʙʦʢʩʳ) ʠ ʧʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʩʝʨʳʝ ʙʦʢʩʳ) 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʝʪʝʡ ʜʚʫʭ ʛʨʫʧʧ ʧʨʠ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʫ ʜʝʪʝʡ 1-ʡ ʛʨʫʧʧʳ ʩʧʝʢʪʨ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʧʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʥʷʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʩʯʝʟʥʦʚʝʥʠʷ ʨʝʘʢʮʠʡ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʨʘʟʨʷʜʢʠ ʠ ʨʝʘʢʮʠʡ çʥʘ ʩʝʙʷè (ʧʦʯʝʩʳʚʘ-

ʥʠʷ, ʧʦʛʣʘʞʠʚʘʥʠʷ ʠ ʪ. ʜ.), ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ ʧʨʦʷʚʣʝʥʠʝ ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʡ ʨʝʯʠ (ʨʠʩ. 5 ɸ).  

ʋ ʜʝʪʝʡ 2-ʡ ʛʨʫʧʧʳ, ʥʘʧʨʦʪʠʚ, ʧʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʵʛʦʮʝʥ-

ʪʨʠʯʝʩʢʦʡ ʨʝʯʠ, (ʨʠʩ. 5 ɹ). ʕʪʦʪ ʬʘʢʪ ʥʘʚʝʣ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʫ ʥʠʭ ʪʦʣʴʢʦ ʥʘ ʵʪʦʤ ʚʦʟʨʘʩʪʥʦʤ ʵʪʘʧʝ ʟʘʧʫʩʪʠʣʩʷ 

ʤʝʭʘʥʠʟʤ ʨʝʯʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʥʠ ʥʘʯʘʣʠ çʤʳʩʣʠʪʴ ʚʩʣʫʭè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʙʦʨʘ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʧʦ ʦʙʨʘʟʮʫ. 

 

 
ɸ.                                                                                                      ɹ.  

 
ʈʠʩ. 5. ʆʙʦʙʱʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʜʝʪʝʡ 1-ʛʨʫʧʧʳ (ɸ) ʠ 2 ʛʨʫʧʧʳ (ɹ) ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʙʦʟʥʘʯʝʥʠʷ: ʩʝʨʳʝ ʣʠʥʠʠ ï ʧʨʦʷʚʣʝʥʠʝ ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʧʨʠ ʧʝʨʚʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʯʝʨʥʳʝ - ʧʨʠ ʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʈʘʜʠʘʣʴʥʳʝ ʦʩʠ ï ʧʨʦʷʚʣʷʝʤʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ ʚ % 

 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʚʳʙʦʨʢʝ ʜʝʪʝʡ 2ï3 ʣʝʪ, ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫ-

ʞʝʥʳ ʚʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʨʫʜʥʳʭ ʜʣʷ ʜʝʪʝʡ ʟʘʜʘʯ ï ʚʳʙʦʨʘ ʧʦ ʦʙʨʘʟʮʫ ʘʙʩʪʨʘʢʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʋ ʜʝʪʝʡ 2ï2,5 ʣʝʪ ʘʢʪʠʚʘʮʠʷ ʵʛʦʮʝʥ-

ʪʨʠʯʝʩʢʦʡ ʨʝʯʠ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʪʨʫʜʥʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʦʙʱʠʡ ʩʧʝʢʪʨ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ 

ʨʝʘʢʮʠʡ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʩʧʝʢʪʨʫ ʩʪʘʨʰʠʭ 2,5ï3 ʣʝʪ (ʨʠʩ. 6). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦʩʪʴ ʤʣʘʜʰʠʭ ʜʝʪʝʡ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʚʳʙʦʨʘ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʨʰʠʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʟʘʜʘʯ ʤʣʘʜʰʠʝ ʜʝʪʠ ʯʘʱʝ ʥʫʞʜʘʶʪʩʷ ʚʦ ʚʥʝʰʥʝʤ 

ʧʨʦʷʚʣʝʥʠʠ ʤʳʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʦ ʚʥʝʰʥʝʡ ʨʝʯʠ, ʘ ʫ ʩʪʘʨʰʠʭ ʚʥʝʰʥʷʷ ʨʝʯʴ ʩʚʸʨʪʳʚʘʝʪʩʷ, ʚʩʝ ʦʧʝʨʘʮʠʠ 

ʦʥʠ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʚʝʨʰʘʪʴ ʤʳʩʣʝʥʥʦ, ʚʥʝʰʥʷʷ ʨʝʯʴ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʝʶ. 
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ɸ.                                                                                            ɹ.  

 

ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʫ ʜʝʪʝʡ 2,5ï3 ʣʝʪ (ɸ) ʠ ʜʝʪʝʡ 2ï2,5 ʣʝʪ (ɹ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʝʛʢʠʭ ʠ 

ʪʨʫʜʥʳʭ ʟʘʜʘʯ. ʆʙʦʟʥʘʯʝʥʠʷ: ʯʝʨʥʳʝ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʣʝʛʢʠʝ ʟʘʜʘʯʠ, ʧʫʥʢʪʠʨʥʳʝ ï ʪʨʫʜʥʳʝ ʟʘʜʘʯʠ.  ʈʘʜʠʘʣʴʥʳʝ ʦʩʠ ï 

ʧʨʦʷʚʣʷʝʤʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ ʚ % 
 

Обсуждение. ʀʪʘʢ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʳʙʦʨʢʘ ʜʝʪʝʡ ʦʜʥʦʡ ʚʦʟʨʘʩʪʥʦʡ (2ï3 ʛʦʜʘ) 

ʛʨʫʧʧʳ ʦʢʘʟʳʚʘʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʦʜʥʦʨʦʜʥʦʡ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʘ ʧʦ ʪʦʞʜʝʩʪʚʫ ʩ ʝʛʦ ʦʙʨʘ-

ʟʦʤ, ʟʘʧʝʯʘʪʣʝʥʥʳʤ ʚ ʩʦʟʥʘʥʠʠ, çé ʝʩʪʴ ʥʘʠʧʨʦʩʪʝʡʰʘʷ ʬʦʨʤʘ ʤʳʩʣʠ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʜʘʞʝ ʞʠʚʦʪʥʳʤ, ʬʦʨʤʘ, ʩ 

ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʫʤʩʪʚʝʥʥʘʷ ʞʠʟʥʴè [ʉʝʯʝʥʦʚ, 1952], ʥʝ ʚʩʝ ʜʝʪʠ ʚ ʧʘʩʧʦʨʪʥʦʤ ʚʦʟʨʘʩʪʝ 2ï3 ʣʝʪ ʩʧʨʘʚʣʷʶʪ-

ʩʷ ʪʘʢʠʤ ʧʨʦʩʪʝʡʰʠʤʠ ʟʘʜʘʥʠʷʤʠ, ʢʘʢ ʚʳʙʦʨ ʧʦ ʦʙʨʘʟʮʫ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʝ-

ʥʠʷ, ʥʘʨʘʩʪʘʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʵʤʦʮʠʡ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʧʩʠʭʦʩʦʤʘʪʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ. ɺʳʭʦʜ ʠʟ ʵʪʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʦʜʠʥ ï ʨʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʜʝʪʝʡ. 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ ʫ ʜʝʪʝʡ ʧʨʝʦʙʣʘʜʘʝʪ ʦʙʨʘʟʥʳʡ, ʧʨʘʚʦʧʦʣʫʰʘʨʥʳʡ ʪʠʧ ʨʝʘʛʠʨʦʚʘʥʠʷ [ɸʨ-

ʰʘʚʩʢʠʡ, 1988, 2002]. ʀʤʝʥʥʦ ʧʨʘʚʦʝ ʧʦʣʫʰʘʨʠʝ, ʛʣʘʚʥʘʷ ʟʨʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ï ʩʠʥʪʝʟ ʚʦʩʧʨʠʷʪʠʷ 

ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʠʩʢ ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʟʥʫʶ ʧʘʤʷʪʴ, ʧʨʠ ʵʪʦʤ 

ʫʩʧʝʰʥʦʩʪʴ ʦʧʦʟʥʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʜʝʪʘʣʝʡ, ʘ ʥʝ ʦʪ ʠʭ ʟʥʘʯʠʤʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʥʷʪʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʘʣʬʘʚʠʪʘ: ʯʝʤ ʩʣʦʞʥʝʝ ʩʠʤʚʦʣ, ʪʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʚ ʥʝʤ, ʧʦʣʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚ, çʘʣʬʘʚʠʪè ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʞʠʟʥʝʥʥʦʛʦ ʦʧʳʪʘ, ʥʝ ʷʚʣʷʷʩʴ ʚʨʦʞʜʝʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʠ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʨʝʯʠ. ʆʪʩʶʜʘ ʚʪʦʨʦʡ ʚʳʚʦʜ: 

ʨʘʩʰʠʨʝʥʠʝ çʘʣʬʘʚʠʪʘè ʟʨʠʪʝʣʴʥʦʛʦ, ʨʘʚʥʦ ʢʘʢ ʠ ʩʣʫʭʦʚʦʛʦ, ʘʥʘʣʠʟʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʦʪ ʚʟʨʦʩʣʳʭ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʦʪ ʨʦʜʠʪʝʣʝʡ ʠ ʧʝʜʘʛʦʛʦʚ, ʦʙʦʛʘʱʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʨʝʙʝʥʢʘ. 

ʇʦ ʤʝʨʝ ʚʟʨʦʩʣʝʥʠʷ ʨʝʙʝʥʢʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʣʝʚʦʝ ʧʦʣʫʰʘʨʠʝ ʠ ʤʳʰʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤ. ʃʝ-

ʚʦʝ ʞʝ ʧʦʣʫʰʘʨʠʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʫʚʠʜʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʧʨʦʠʟʚʦʜʠʪ ʦʙʦʙʱʝʥʠʝ. ʇʨʦʮʝʩʩ ʦʧʦʟʥʘʥʠʷ ʠ ʚʦʩʧʨʠ-

ʷʪʠʷ ʤʠʨʘ ʚʢʣʶʯʘʝʪ ʚʳʜʚʠʞʝʥʠʝ ʛʠʧʦʪʝʟ, ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʟʘʤʝʯʝʥʥʳʭ ʜʝʪʘʣʷʭ, ʥʦ ʝʱʝ ʠʛʥʦ-

ʨʠʨʫʶʪ ʠʭ ʢʦʥʢʨʝʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ [ɹʣʫʤ ʩ ʩʦʘʚʪ., 1988].  

ʉʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʫʤʳ ʬʦʨʤʠʨʫʶʪ ʚ ʩʚʦʝʡ ʧʘʤʷʪʠ çʤʦʜʝʣʴ 

ʤʠʨʘè, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʜʦʧʦʣʥʷʝʪʩʷ ʠ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ï ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʣʦ-

ʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʥʝʝ ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟ ʚʥʝʰʥʝʛʦ ʤʠʨʘ [ɼʫʜʢʠʥ, 2007; Edelman, 1989]. 

ɽʩʣʠ ʚ çʤʦʜʝʣʠ ʤʠʨʘè ʜʚʫʭʣʝʪʥʝʛʦ ʨʝʙʝʥʢʘ ʝʱʝ ʥʝʪ ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚ, ʠ / ʠʣʠ ʠʭ ʩʠʤʚʦʣʦʚ, ʪʦ ʦʥ ʠ ʥʝ ʤʦʞʝʪ 

ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʧʦʟʥʘʥʠʝʤ ʥʝ ʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɼʝʪʠ ʞʝ ʩʪʘʨʰʝ 2,5 ʣʝʪ ʩʧʨʘʚʣʷʣʠʩʴ ʩ ʚʳʙʦʨʦʤ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʳʪʘʷʩʴ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʯʝʤ-ʪʦ 

ʟʥʘʢʦʤʳʤ, ʥʘʧʨʠʤʝʨ, çʵʪʦ ʢʪʦ-ʪʦ ʥʘʧʠʩʘʣè, çʵʪʦ ʜʦʤ ɹʘʙʳ ʗʛʠè ʠ ʪ. ʧ. ʇʦʠʩʢ ʧʦʜʭʦʜʷʱʠʭ ʩʠʤʚʦʣʦʚ ʩʪʘʨʰʠʤʠ 

ʜʝʪʴʤʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʟʘʪʦʨʤʘʞʠʚʘʣ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʷ ʫʩʧʝʰʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʳʙʦʨʦʤ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʩ ʜʨʫʛʦʡ ï ʧʦʟʚʦʣʷʣ, ʩʦʧʦʩʪʘʚʣʷʷ ʠ ʚʝʨʙʘʣʠʟʫʷ ʦʙʲʝʢʪ, ʨʝʰʘʪʴ ʟʘʜʘʯʫ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʧʝʰʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʝʙʝʥʢʦʤ ʚʳʙʦʨʘ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʷʤʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʠʤʚʦʣʠʟʘʮʠʠ ï ʜʝʪʠ ʤʦʛʫʪ ʩʦʧʦʩʪʘʚʠʪʴ, ʥʘʡʪʠ ʠ ʚʳʙʨʘʪʴ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʧʦʥʠʤʘʶʪ. ʅʘʰʘ 

ʪʦʯʢʘ ʟʨʝʥʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʥʝʥʠʝʤ ɺ. ʄ. ɸʣʣʘʭʚʝʨʜʦʚʘ [2004] ʦ ʪʦʤ, ʯʪʦ çéʤʳ ʚʠʜʠʤ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʧʦʥʠʤʘ-

ʝʤ, ʤʠʨ ʚ ʥʘʰʝʤ ʚʦʩʧʨʠʷʪʠʠ ʚʩʝʛʜʘ ʠʩʢʘʞʘʝʪʩʷ ʜʦ ʫʟʥʘʚʘʝʤʦʩʪʠ, ʠʟ ʧʘʤʷʪʠ ʚʳʪʝʩʥʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʥʘʰʠʤ ʦʞʠʜʘʥʠʷʤ. ʉʦʟʥʘʥʠʝé ʫʤʫʜʨʷʝʪʩʷ ʩʛʣʘʞʠʚʘʪʴ ʤʥʦʛʠʝ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʤʝʞʜʫ ʠʤʝʶ-

ʱʠʤʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠ ʦʧʳʪʦʤè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʫ ʜʝʪʝʡ ʨʘʥʥʝʛʦ 

ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʩ ʜʨʫʛʦʡ - ʚ ʩʠʪʫʘʮʠʠ ʧʦʣʥʦʡ ʘʜʘʧʪʘʮʠʠ ʨʝʙʝʥʢʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ 

ʝʤʫ ʟʘʜʘʥʠʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʪʨʫʜʥʦʩʪʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʠʤʚʦʣʠʟʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʡ ʨʝʯʠ 

ʩʪʘʥʦʚʷʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʟʨʝʣʦʩʪʠ ʠ ʧʝʨʝʭʦʜʘ ʤʳʰʣʝʥʠʷ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ʇʨʠ ʵʪʦʤ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʦʣʴ ʩʠʤʚʦʣʠʟʘʮʠʠ ʢʘʢ ʟʘʱʠʪʥʦʡ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʘʤʦʨʝʛʫʣʷ-

ʮʠʠ. ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʝʙʝʥʦʢ ʥʝ ʤʦʞʝʪ ʦʙʦʟʥʘʯʠʪʴ ʦʙʲʝʢʪ (ʩʪʠʤʫʣ), ʦʥ ʝʛʦ ʥʝ ʤʦʞʝʪ ʠ ʫʚʠʜʝʪʴ! ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʧʨʠ ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʝʯʠ, ʧʝʨʝʰʝʜʰʝʡ ʠʟ ʚʥʝʰʥʝʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ, ʨʝʙʝʥʢʫ ʥʝ ʥʘʜʦ ʪʨʘʪʠʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʙʦʨʘ ʩʪʠʤʫʣʘ, ʦʙʨʘʟ ʢʦʪʦʨʦʛʦ ʥʘʨʘʚʥʝ ʩ ʦʙʨʘʟʦʤ ʩʣʦʚʘ, ʝʛʦ çʢʣʠʯ-

ʢʦʡè [ʉʝʯʝʥʦʚ, 1955] ʭʨʘʥʠʪʩʷ ʚ ʧʘʤʷʪʠ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʵʛʦʮʝʥʪʨʠʯʝʩʢʘʷ 

ʠ çʤʦʥʦʣʦʛʦʚʘʷè ʨʝʯʴ. ʕʪʠ ʬʦʨʤʳ çʨʝʯʠè, ʥʝ ʷʚʣʷʷʩʴ ʬʦʨʤʦʡ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ, ʩʪʘʥʦʚʷʪʩʷ ʩʨʝʜʩʪʚʦʤ ʩʘ-

ʤʦʨʝʛʫʣʷʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʠ ʩʥʠʤʘʶʪ ʥʝʨʚʥʦʝ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʫʜʥʳʭ ʜʣʷ ʨʝʙʝʥʢʘ ʟʘʜʘʥʠʡ. 

ʉʣʦʚʦ ʬʠʢʩʠʨʫʝʪ ʩʝʥʩʦʨʥʳʡ ʵʪʘʣʦʥ, ʟʘʢʨʝʧʣʷʝʪ ʝʛʦ ʚ ʧʘʤʷʪʠ, ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʳʤ 

ʠ ʪʦʯʥʳʤ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʘʬʬʝʢʪʠʚʥʘʷ ʦʢʨʘʰʝʥʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʚʘ.  

ʊʨʝʪʠʡ ʚʳʚʦʜ: ʥʝʣʴʟʷ ʨʝʙʝʥʢʫ ʟʘʧʨʝʱʘʪʴ çʪʨʝʱʘʪʴè, ʪ. ʝ. ʧʨʦʛʦʚʘʨʠʚʘʪʴ ʩʠʪʫʘʮʠʶ ʧʨʠ ʨʝʰʝʥʠʠ ʢʘʢʠʭ-

ʪʦ ʟʘʜʘʯ. 

ʆʚʣʘʜʝʚʘʷ ʩʠʩʪʝʤʦʡ ʵʪʘʣʦʥʦʚ, ʨʝʙʝʥʦʢ ʧʦʣʫʯʘʝʪ ʥʘʙʦʨ ʤʝʨʦʢ, ʩ ʢʦʪʦʨʳʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʧʦʩʪʘʚʣʷʝʪ 

ʣʶʙʦʝ ʚʥʦʚʴ ʚʦʩʧʨʠʥʷʪʦʝ ʢʘʯʝʩʪʚʦ ʠ ʩʦʙʳʪʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʦʚʣʘʜʝʥʠʷ ʩʝʥʩʦʨʥʳʤʠ ʵʪʘʣʦʥʘʤʠ ʨʝʙʝʥʦʢ ʫʩʚʘʠʚʘʝʪ 

ʦʙʦʙʱʝʥʥʳʝ, ʘʙʩʪʨʘʢʪʥʳʝ ʵʪʘʣʦʥʳ ʬʦʨʤʳ, ʮʚʝʪʘ, ʚʝʣʠʯʠʥʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʚ ʩʣʦʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʧʝʨʝʥʦ-

ʩʠʪʴ ʫʩʚʦʝʥʥʳʝ ʥʘʚʳʢʠ ʠ ʟʥʘʥʠʷ ʥʘ ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ ʙʝʟ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʯʝʪʚʝʨʪʳʡ ʚʳʚʦʜ. 
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ТАКСОНОМИЯ И МАЛОЧИСЛЕННЫЕ ВИДЫ ПРЕСМЫКАЮЩИХСЯ (REPTILIA)  

НАХЧЫВАНСКОЙ АВТОНОМНОЙ РЕСПУБЛИКИ АЗЕРБАЙДЖАНА 
 

 
А. Мамедов, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʀʥʩʪʠʪʫʪ ɹʠʦʨʝʩʫʨʩʦʚ, ʅʘʭʯʳʚʘʥʩʢʦʝ ʆʪʜʝʣʝʥʠʝ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʪʝʯʝʥʠʝ 2011ï

2013 ʛʦʜʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʠʪʘʶʪ 39 ʚʠʜʦʚ ʧʨʝʩʤʳʢʘʶ-

ʱʠʭʩʷ. ʀʟ ʥʠʭ 3 ʚʠʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʯʝʨʝʧʘʭ (Testudines), 15 ʚʠʜʦʚ ʢ ʛʨʫʧʧʝ ʷʱʝʨʠʮ (Sauria) ʠ 19 ʚʠʜʦʚ ʢ 

ʛʨʫʧʧʝ ʟʤʝʡ (Serpentes). ɺʠʜʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 11 ʩʝʤʝʡʩʪʚ: Testudinidae, Emydidae, Gekkonidae, Agamidae, An-

guidae, Scincidae, Lacertidae, Typhlopidae, Boidae, Colubridae ʠ Viperidae. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚʠʜʦʚ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʜʦʚ Mauremys obucularis ʠ Darevskia 

unisexualis ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʡʜʝʥʥʳʝ ʨʘʥʝʝ ʵʢʟʝʤʧʣʷʨʳ Psammophis 

lineolatus ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ, ʠ ʵʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʫʤʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠ ʠʩʯʝʟʥʦʚʝʥʠʷ. ʅʘʤʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʣʦʯʠʩʣʝʥ-

ʥʳʝ ʚʠʜʳ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʨʝʛʠʦʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʨʧʝʪʦʬʘʫʥʘ, ʦʭʨʘʥʥʳʡ ʩʪʘʪʫʩ, ʨʝʧʪʠʣʠʠ, ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʤʘʙʫʷ, ʧʦʣʦʟ. 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʩʚʦʝʦʙʨʘʟʥʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʟʜʝʩʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʛʘʪʦʛʦ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʬʘʫʥʳ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 65 % ʬʘʫʥʳ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʠʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʛʝʨʧʝʪʦʬʘʫʥʝ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ [2, 4, 5, 8, 10], ʝʩʪʴ ʝʱʝ ʩʝʨʴʝʟʥʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʀʟ-ʟʘ ʵʧʠʟʦʜʠʯʝʩʢʠʭ, ʥʝʨʝʛʫʣʷʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ʌʣʦʨʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ. ʊʘʢ, 

ʩʚʝʜʝʥʠʷ ʦ ʬʘʫʥʝ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʥʝ ʦʩʥʦʚʘʪʝʣʴʥʳ ʠ ʬʨʘʛʤʝʥʪʘʨʥʳ. ɹʫʜʝʤ ʩʪʘʨʘʪʴʩʷ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʠʜʦʚ ʛʝʨʧʝʪʦʬʘʫʥʳ ʨʝʛʠʦʥʘ, ʜʦʧʦʣʥʷʪʴ ʥʝʜʦʩʪʘʶʱʠʤʠ ʩʚʝʜʝʥʠʷʤʠ ʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʥʘʩʪʦʷʱʫʶ ʩʠʪʫʘʮʠʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʄʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʨʘʥ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʧʦʝʟʜʦʢ ʚ ʪʝʧʣʳʝ ʧʝʨʠ-

ʦʜʳ ʛʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʆʧʨʝʜʝʣʝʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʠʦʪʦʧʦʚ ʚʳʣʦʚʣʝʥʥʳʭ ʚʠʜʦʚ [7, 11, 12], ʩʜʝʣʘʥʳ ʮʚʝʪʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ. ʅʝʢʦʪʦʨʳʝ 

ʥʫʞʜʘʶʱʠʝʩʷ ʢ ʠʟʫʯʝʥʠʶ ʵʢʟʝʤʧʣʷʨʳ [2, 9, 10, 13, 14] ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʦʪʜʝʣʴʥʦ ʚ ʙʷʟʝʚʳʭ ʤʝʰʢʘʭ ʜʦʩʪʘʚʣʝ-

ʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʶ, ʫʩʧʦʢʦʝʥʳ ʚ ʩʦʩʫʜʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʣ-ʘʮʝʪʘʪʥʦʛʦ ʵʬʠʨʘ ʠʣʠ ʭʣʦʨʦʬʦʨʤʘ. ʕʪʠ ʦʙʨʘʟʮʳ 

ʷʱʝʨʠʮ ʠ ʟʤʝʡ ʬʠʢʩʠʨʦʚʘʥʳ 4-6 %-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʠʥʘ ʠ ʧʦʤʝʰʝʥʳ ʚ ʛʝʨʤʝʪʠʯʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʩʦʩʫʜʳ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʟʦʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ɹʠʦʨʝʩʫʨʩʦʚ. ʇʦʩʣʝ ʠʟʤʝʨʝ-

ʥʠʷ ʯʘʩʪʝʡ ʪʝʣʘ ʠ ʩʥʠʤʢʦʚ ʯʝʨʝʧʘʭʠ ʚʳʧʫʰʝʥʳ ʚ ʧʨʠʨʦʜʫ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 39 

ʚʠʜʦʚ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ. ʀʟ ʥʠʭ 3 ʚʠʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʨʷʜʫ ʯʝʨʝʧʘʭ, 15 ʚʠʜʦʚ ʢ ʦʪʨʷʜʫ ʷʱʝʨʠʮ ʠ 19 ʚʠʜʦʚ ʢ ʦʪ-

ʨʷʜʫ ʟʤʝʡ. ɺʠʜʳ Testudo graeca ʢʘʢ ʫʷʟʚʠʤʳʡ VU ʠ Eremias pleskei ʢʘʢ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ CR ʠʤʝʶʪ 

ʚʳʩʦʢʠʝ ʦʭʨʘʥʥʳʝ ʩʪʘʪʫʩʳ. ʀʟ ʦʩʪʘʣʴʥʳʭ, 18 ʚʠʜʦʚ ʚʭʦʜʷʪ ʚ LC, 2 ʚʠʜʘ ʚ NT ʠ ʦʜʠʥ ʚʠʜ ʚ LR/nt. 15 ʚʠʜʦʚ ʛʝʨ-

ʧʝʪʦʬʘʫʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʚʢʣʶʯʝʥʳ ʚ ʢʘʪʝʛʦʨʠʶ ʥʝ ʦʮʝʥʠʚʘʶʪʩʷ (NE). ʅʦ ʵʪʠ 

ʚʠʜʳ ʦʮʝʥʝʥʳ ʧʦ ʤʝʩʪʥʳʤ ʢʘʪʝʛʦʨʠʷʤ; ʠʟ ʥʠʭ 9 ʚʠʜʦʚ ʚʢʣʶʯʝʥʳ ʚ ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ - II (II.1., II.2., II.3., II.4.) 

ʢʘʪʝʛʦʨʠʡ ʧʦʜ ʫʛʨʦʟʦʡ ʠ ʠʤʝʶʱʠʡ ʤʘʣʦ ʩʚʝʜʝʥʠʡ ʠʣʠ ʚ ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ (IV.1. vᴅ IV.2.) ʢʘʪʝʛʦʨʠʠ çʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʘʨʝʘʣʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝè. 

 

ʊʘʙʣʠʮʘ 1 

Виды пресмыкающихся Нахчыванской АР 

ˉ ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʄʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ 
ʂʘʪʝʛʦʨʠʷ ʫʛʨʦʟʳ 

ʄʝʩʪʥʘʷ IUCN 

ЧЕРЕПАХИ ï T E S T U D I N E S 

1.  
ʉʨʝʜʠʟʝʤʥʦʤʦʨʩ

ʢʘʷ ʯʝʨʝʧʘʭʘ 

Testudo graeca Linnaeus, 

1758 

ʀʣʘʥʜʘʛ, ʨʘʚʥʠʥʘ "ɹʝʨʜʠʢ", Arafsa ʠ ʪ.ʜ. 

ʐʘʭʙʫʟʩʢʠʡ ʨ-ʥ 

II1, 

II.2. 
VU 

2.  
ʂʘʩʧʠʡʩʢʘʷ 

ʯʝʨʝʧʘʭʘ 

Mauremys caspica Gmel., 

1744 

 

ʕʪʦʪ ʚʠʜ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʚʦʜʦʸʤʘʭ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ 
- NE 

3.  
ɹʦʣʦʪʥʘʷ 

ʯʝʨʝʧʘʭʘ 

Emys orbicularis Linnaeus, 

1758 
ʆʙʥʘʨʫʞʝʥ ʚ ʢʘʥʘʣʝ, ʚʪʝʢʘʶʱʝʤ ʚ ʨʝʢʫ ɸʨʘʟ - LR/nt 

                                                           
 É ʄʘʤʝʜʦʚ ɸ. / Mamedov A., 2015 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 
ˉ 

 

ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ 

 

ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ 

 

ʄʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ 

 

ʂʘʪʝʛʦʨʠʷ ʫʛʨʦʟʳ 

ʄʝʩʪʥʘʷ IUCN 

ЯЩЕРИЦЫ ï S A U R I A 

4.  
ʂʘʩʧʠʡʩʢʠʡ 

ʛʝʢʢʦʥ 

Cyrtopodion caspius 

(Tenuidactylus) Eichw., 1831 
ʆʪʤʝʯʝʥ ʚʦ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ - LC 

5.  ʂʘʚʢʘʟʩʢʘʷ ʘʛʘʤʘ 
Laudakia caucasia Eichwald, 

1831 

ʅʘ ʩʢʘʣʠʩʪʳʭ ʤʝʩʪʘʭ ʨʝʛʠʦʥʘ 

 
- NE 

6.  
ʊʘʢʳʨʥʘʷ 

ʢʨʫʛʣʦʛʦʣʦʚʢʘ 

Phrynocephalus helioscopus 

Pall., 1771 

ɼʞʫʣʴʬʠʥʩʢʘʷ ʨʘʚʥʠʥʘ, ʧʦʣʳʥʥʦ-

ʩʦʣʷʥʢʦʚʘʷ ʧʦʣʫʧʫʩʪʳʥʷ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚ ʇʨʠʘʨʘʟʩʢʦʡ ʨʘʚʥʠʥʝ 

II.1, 

II.2. 
LC 

7.  ɾʝʣʪʦʧʫʟʠʢ 
Pseudopus apodus apodus 

(Pallas), 1775 

ʆʢʨ. ʀʣʘʥʜʘʛʘ ʠ ʂʘʨʘʜʘʰʘ, ʪʝʨʨʠʪʦʨʠʷ 

ʆʨʜʫʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ 
- NE 

8.  
ɺʝʨʝʪʝʥʠʮʘ 

ʣʦʤʢʘʷ 
Anguis fragilis Linn., 1758 

ɺʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ 

ʨʝʩʧʫʙʣʠʢʠ 
- NE 

9.  
ɿʦʣʦʪʠʩʪʘʷ 

ʤʘʙʫʷ 

Trachylepis aurata Linn., 

1752 

ʅʘʡʜʝʥ ʚ ɼʞʫʣʴʬʠʥʩʢʦʡ ʨʘʚʥʠʥʝ, ʧʦ 

ʦʙʦʯʠʥʘʤ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 
 LC 

10.  
ɿʦʣʦʪʘ ̫ʪʨʘʚʷʥʘʷ 

ʤʘʙʫʷ 

Trachylepis septemtaeniata 

Reuss, 1834 

ʈʘʩʧʨʦʪʨʘʥʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʆʨʜʫʙʘʜʩʢʦʛʦ, 

ɼʞʫʣʴʬʠʥʩʢʦʛʦ, ɹʘʙʝʢʩʢʦʛʦ ʠ ʜʨ. ʨʘʡʦʥʦʚ 

ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʜʚʠʜ T. s. transcaucasica 

Chernov, 1926 yayēlmēĸdēr. 

II.2, 

II4. 
NE 

11.  

 

ɼʣʠʥʥʦʥʦʛʠʡ 

ʩʮʠʥʢ 

Eumeces schneideri Daudin, 

1802 

ʅʘʙʣʶʜʝʥ ʚ ʩʘʜʘʭ, ʚʠʥʦʛʨʘʜʥʠʢʘʭ, ʚ ʧʘʨʢʘʭ 

ʨʘʡʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʨʝʜʢʦʣʝʩʴʝ, ʚ 

ʧʨʝʜʛʦʨʥʳʭ ʩʫʭʠʭ, ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ ʜʦ 

ʚʳʩʦʪʳ 1500 ʤ ʥ.ʫ.ʤ., ʚ ʣʝʩʘʭ, ʘʛʨʦʮʝʥʦʟʘʭ ʠ 

ʚ ʧʦʡʤʘʭ ʨʝʢ 

 NE 

12.  ʗʱʫʨʢʘ ʐʪʨʘʫʭʘ Eremias strauchi Kessl., 1878 
ɺʩʪʨʝʯʘʝʪʩ̫  ʚ ʥʠʟʤʝʥʥʦʡ ʟʦʥʝ ʪʝʨʨʠʪʦʨʠʠ 

ʨʝʛʠʦʥʘ 
- LC 

13.  
ɿʘʢʘʚʢʘʟʩʢʘʷ 

ʷʱʫʨʢʘ 

Eremias pleskei Nikolsky, 

1905 

ɺʩʪʨʝʯʘʝʪʩʷ ʚʙʣʠʟʠ ɼʞʫʣʴʬʠʥʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʝʛʨʘʤʜʘʛʘ 
- CR 

14.  
 

ʗʱʫʨʢʘ ɸʛʨʳ 

Darevskia unisexualis 

Darevsky, 1966 

ʅʘʙʣʶʜʝʥ ʥʘ ʪʝʨʠʪʦʨʠʠ ʚʳʰʝ ʩʝʣʝʥʠʷ 

ʗʡʜʞʳ ʠ ʥʘ ʧʦʜʦʣʷʭ ʀʣʘʥʜʘʛʘ 
- NT 

15.  
ʇʦʣʦʩʘʪʘʷ 

ʷʱʝʨʠʮʘ 

Lacerta strigata Eichwald, 

1831 

ɺʝʟʜʝ, ʜʦ ʚʳʩʦʪʳ 2500 ʤ ʥ.ʫ.ʤ. ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʩʪ ʙʝʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 
- LC 

16.  
ʉʨʝʜʥʷʷ 

ʷʱʝʨʠʮʘ 

Lacerta trilineata Bedriaga, 

1886 

ʆʙʠʪʘʝʪ ʥʘ ʩʢʣʦʥʘʭ ʫʱʝʣʴʝʚ, ʣʝʩʠʩʪʳʭ 

ʤʝʩʪʘʭ ʠ ʦʧʫʰʢʘʭ, ʚ ʧʦʣʷʭ ʠ ʙʘʭʯʘʭ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʜʦ ʚʳʩʦʪʳ 3000 ʤ 

ʥ.ʫ.ʤ. 

- LC 

17.  
ʄʘʣʦʘʟʠʘʪʩʢʘʷ 

ʷʱʝʨʠʮʘ 

Parvilacerta parva 

Baulanger, 1887 

ʆʙʠʪʘʝʪ ʥʘ ʩʫʭʠʭ ʩʪʝʧʷʭ ʩ ʨʝʜʢʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʨʝʜʝʣʘʭ 

800-2000 ʤ ʥ.ʫ.ʤ.ʚʳʩʦʪʳ 

- LC 

18.  
ɸʟʝʨʙʘʡʜʞʘʥʩʢʘ 

ʷʱʝʨʠʮʘ 
Darevskia raddei Boett., 1892 

ɹʝʨʝʛʘ ʚʦʜʦʸʤʦʚ, ʢʘʤʝʥʠʩʪʳʝ, ʩʢʘʣʠʩʪʳʝ 

ʤʝʩʪʘ, ʩʪʝʧʠ ʠ ʪ.ʢ. ɺʩʪʨʝʯʘʝʪʩʷ ʚʳʰʝ 2000 ʤ. 

ʥ.ʫ.ʤ. 

- LC 

19.  
ʉʪʨʦʡʥʘʷ 

ʟʤʝʝʛʦʣʦʚʢʘ 
Ophisops elegans Men., 1832 

ʃʝʩʥʳʝ ʧʦʣʷʥʳ ʩ ʙʝʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, 

ʢʘʤʝʥʠʩʪʳʝ, ʩʢʘʣʠʩʪʳʝ ʤʝʩʪʘ, ʧʦʣʷ, 

ʢʫʩʪʘʨʥʠʢʠ, ʩʪʝʧʠ, ʧʦʣʫʧʫʩʪʳʥʠ. 

ʇʦʜʥʠʤʘʝʪʩʷ ʚ ʛʦʨʳ ʜʦ 2000 ʤ. ʥ.ʫ.ʤ. 

- NE 

 ЗМЕИ ï S E R P E N T E S  

20.  

 

ʏʝʨʚʝʦʙʨʘʟʥʘʷ 

ʩʣʝʧʦʟʤʝʡʢʘ 

Typhlops vermicularis 

Merrem., 1820 

ɺ ʛʫʩʪʦʪʝ ʣʝʩʦʚ, ʥʘ ʧʦʣʷʥʘʭ, ʙʝʨʝʛʘʭ 

ʚʦʜʦʸʤʦʚ, ʢʘʤʝʥʠʩʪʳʭ, ʩʢʘʣʠʩʪʳʭ ʤʝʩʪʘʭ, 

ʨʘʟʥʦʪʨʘʚʴʝ ʠ ʜʨ. 

- NE 

21.  

 

ɿʘʧʘʜʥʳʡ 

ʫʜʘʚʯʠʢ 

Eryx jaculus Linn., 1758 

ʂʘʤʝʥʠʩʪʳʝ, ʩʢʘʣʠʩʪʳʝ ʤʝʩʪʘ ʪʝʨʨʠʪʦʨʠʠ, 

ʧʦʣʫʧʫʩʪʳʥʠ, ʩʪʝʧʥʳʝ ʫʩʣʦʚʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ ʜʦ 1200 ʤ. 

ʥ.ʫ.ʤ. 

- NE 

22.  

 

ʆʙʳʢʥʦʚʝʥʥʳʡ 

ʫʞ 

Natrix natrix Linn., 1758 
ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚʥʫʪʨʠ ʣʝʩʦʚ, ʚʦ ʚʣʘʞʥʦʤ 

ʨʘʟʥʦʪʨʘʚʴʝ ʠ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʦʸʤʦʚ 
- LR/lc 

23.  ɺʦʜʷʥʦʡ ʫʞ Natrix tsellata Laurenti, 1768 ɺʩʪʨʘʯʘʝʪʩʷ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ - LC 

24.  
ʂʨʘʩʥʦʙʨʶʭʠʡ 

ʧʦʣʦʟ 

Dolichophis schimidti 

Nicolsky, 1909 
ʅʘʙʣʶʜʝʥ ʚ ʧʦʣʷʭ ʟʣʘʢʦʚʳʭ - LC 

25.  
ʆʣʠʚʢʦʚʳʡ 

ʧʦʣʦʟ 

Platyceps najadum Eichw., 

1831 

ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚʥʫʪʨʠ ʣʝʩʦʚ, ʚʦ ʚʣʘʞʥʦʤ 

ʨʘʟʥʦʪʨʘʚʴʝ ʠ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʦʸʤʦʚ 
- LC 
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 ЗМЕИ ï S E R P E N T E S  

26.  ʂʦʰʘʯʴʷ ʟʤʝʷ 
Telescopus fallax 

Fleischmann, 1831 
ɺʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʩʝʣʝʥʠʷʭ - LC 

27.  
ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʤʝʜʷʥʢʘ 

Coronella austriaca Laurenti, 

1768 
ɺʝʟʜʝ, ʜʦ ʚʳʩʦʪʳ 1500 ʤ ʥ.ʫ.ʤ. 

II.2, 

II.3, 

IV.1. 

NE 

28.  
ʏʝʨʥʦʛʦʣʦʚʳʡ 

ʨʠʥʭʦʢʘʣʘʤʫʩ 

Rhynchocalamus 

melanocephalus Jan, 1862 

ɺʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʦʣʫʧʫʩʪʳʥʥʦʡ ʟʦʥʝ, 

ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ ʩ ʙʝʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʚ ʢʫʩʪʘʨʥʠʢʘʭ. ɺ ʛʦʨʳ 

ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 1100 ʤ. ʥ.ʫ.ʤ. ɺʝʩʥʦʡ ʠ ʚ 

ʥʘʯʘʣʝ ʣʝʪʘ ʯʝʨʥʦʛʦʣʦʚʦʛʦ ʨʠʥʭʦʢʘʣʘʤʫʩʘ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʦʜ ʢʘʤʥʷʤʠ. 

II.2, 

IV.1. 
LC 

29.  
ʈʘʟʥʦʮʚʝʪʥʳʡ 

ʧʦʣʦʟ 

Hemorrhois ravergieri 

Menet., 1832 

ɺʩʪʨʝʯʘʝʪʩʷ ʥʘ ʢʨʳʰʝ ʜʦʤʦʚ ʅʘʙʣʶʜʝʥ ʚʦ 

ʜʚʦʨʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʤʝʩʪʷ. ɿʣʦʡ, 

ʩʪʨʝʤʠʪʩʷ ʢʫʩʘʪʴʩʷ. 

- NE 

30.  
ɿʘʢʘʚʢʘʟʩʢʠʡ 

ʧʦʣʦʟ 

Zamenis hohenackeri Strauch, 

1873 

ʊʝʨʨʠʪʦʨʠʷ ʆʨʜʫʙʘʜʩʢʦʛʦ ʠ çɼʝʨʝʙʦʛʘʟʳè 

ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʇʦʡʤʘʥʘ ʦʜʥʘ ʦʩʦʙʴ 

ʚʠʜʘ 

II.2, 

II.4, 

IV.1. 

LC 

31.  ʋʟʦʨʯʘʪʳʡ ʧʦʣʦʟ Elaphe dione Pallas, 1773 

ɻʦʣʝr ʩʢʘʣʠʩʪʳʝ ʠ ʣʝʩʠʩʪʳʝ ʤʝʩʪʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʟʤʝʡ ʦʭʨʘʥʷʝʪ ʩʚʦʠ 

ʷʡʮʘ ʜʦ ʚʳʣʫʧʣʝʥʠʷ ʜʝʪʸʥʳʰʝʡ 

- NE 

32.  
ʆʰʝʡʥʠʢʦʚʳʡ 

ʵʡʨʝʥʠʩ 

Eirenis collaris Menetries, 

1832 

ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʩʝʨʦʟʝʤʥʦ-ʛʣʠʥʠʩʪʳʭ ʠ 

ʢʘʤʝʥʠʩʪʳʭ ʤʝʩʪʘʭ ʜʦ 1500 ʤ ʥ.ʫ.ʤ. ʚʳʩʦʪʳ, 

ʚʠʥʦʛʨʘʜʥʠʢʘʭ 

- LC 

33.  
ɸʨʤʷʥʩʢʠʡ 

ʵʡʨʝʥʠʩ 

Eirenis punctatolineatus 

Boettger, 1892 

ʆʢʨ. ʩʷʪʠʣʠʱʘ çɽʨʤʝʤʤʝʜè ʚ 

ɼʞʫʣʴʬʠʥʩʢʦʤ ʨʘʡʦʥʝ 
- LC 

34.  
ʉʤʠʨʥʳʡ 

ʵʡʨʝʥʠʩ 

Eirenis modestus Martin, 

1838 

ɺʩʪʨʝʯʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ.ɸʨʧʘʯʘʡ ʠ 

ʊʶʨʢʝʰ 
- LC 

35.  ʉʪʨʝʣʘ-ʟʤʝʷ 
Psammophis lineolatus 

Brandt, 1836 

ɺʩʪʨʝʯʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʝʥʠʷ 

ʂʝʨʠʤʛʫʣʫʟʘʜʝ ɼʞʫʣʴʬʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 
II.3, IV.1. NE 

36.  ʉʪʝʧʥʘʷ ʛʘʜʶʢʘ 
Pelias renardi Christoph, 

1861 
ʅʘʙʣʶʜʝʥ ʥʘ ʚʳʩʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

VU; II.3, 

II.4, IV.1. 
NE 

37.  ɻʘʜʶʢʘ ʈʘʜʜʝ 
Montivipera raddei Boett., 

1890 

ʅʘ ʪʝʨʨʠʪʦʨʠʷʭ ɼʞʫʣʴʬʠʥʩʢʦʛʦ, 

ʆʨʜʫʙʘʜʩʢʦʛʦ ʠ ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʦʚ 

II.2, IV.1, 

IV.2. 
NT 

38.  
ɿʘʢʘʚʢʘʟʩʢʘʷ 

ʛʶʨʟʘ 

Macrovipera lebetina obtusa  

Linn., 1758 

ɺʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʳʩʦʪʥʦʡ ʧʦʣʦʩʝ 1500-2000 

ʤ ʥ.ʫ.ʤ. ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ. 
- NE 

39.  
ʄʘʣʦʘʟʠʘʪʩʢʘʷ 

ʛʘʜʶʢʘ 

Vipera xanthina 

(transcaucasia Boulenger 

1913) Gray, 1849 

ɹʠʯʝʥʝʢ, ʅʶʨʛʫʪ ʠ ʜʨ. ʪʝʨʨʠʪʦʨʠʠ - LC 

 

ʇʨʠʤʝʯʘʥʠʝ: VU - ʫʷʟʚʠʤʳʡ; NE - ʥʝ ʦʮʝʥʠʚʘʶʪʩʷ; LR/lc - ʥʝʚʳʩʦʢʠʡ ʨʠʩʢ / ʥʘʠʤʝʥʴʰʠʝ ʦʧʘʩʝʥʠʷ; 

LR/nt - ʥʝʚʳʩʦʢʠʡ ʨʠʩʢ / ʦʢʦʣʦ ʫʛʨʦʟʦʡ; LC - ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʦʜ ʫʛʨʦʟʦʡ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʳʡ; NT - ʙʣʠʟʦʢ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ; CR ï ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ;  

II. ʇʦʜ ʫʛʨʦʟʦʡ: 

II.1. ɺʠʜʳ, ʚʥʝʩʝʥʥʳʝ ʚ ʂʨʘʩʥʳʡ ʉʧʠʩʦʢ ʄʠʨʘ (IUCN); 

II.2. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʫʤʝʥʰʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 50 %, ʙʣʠʟʢʠ ʢ ʠʩʯʝʟ-

ʥʦʚʝʥʠʶ; 

II.3. ɺ ʧʨʦʰʣʦʤ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʯʠʩʣʝʥʥʦʩʪʴ ʨʝʟʢʦ ʫʤʝʥʰʠʣʘʩʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʦʯʠʩʣʝʥʥʳ; 

II.4. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʚʦʦʙʱʝ ʤʘʣʦʯʠʩʣʝʥʥʳ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʳʢʝ ʘʨʝʘʣʘ ʤʠʨʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʥʫʞʜʘʶʪʩʷ ʚ ʦʩʦʙʳʭ ʤʝʨʘʭ ʦʭʨʘʥʳ; 

IV.1. ʀʤʝʶʱʠʝ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ; 

IV.2. ɺʠʜʳ, ʠʤʝʶʱʠʝ ʦʛʨʘʥʠʯʝʥʥʳʡ ʘʨʝʘʣ (ʤʝʥʝ 5000 ʢʤ
2
) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʙʨʘʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʠʜʦʚ ʩ ʪʘʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ. ʉʶʜʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

ʂʣʘʩʩ: Reptilia 

ʆʪʨʷʜ: Testudines (Batsch, 1788) 

ʉʝʤʝʡʩʪʚʦ: Testudinidae (Batsch, 1788) 

ʈʦʜ: Testudo (Linneus, 1758) 

ɺʠʜ: ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʘʷ ʯʝʨʝʧʘʭʘ - Testudo graeca Linnaeus, 1758. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ɺʠʜ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ 

ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʝ, ʖʛʦ-ɿʘʧʘʜʥʦʡ ɸʟʠʠ ʠ ʖʞʥʦʡ ɽʚʨʦʧʝ. 

ʕʢʦʣʦʛʠʷ: ʆʩʥʦʚʫ ʧʠʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʠʱʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʙʠʦ-
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ʪʦʧʝ ʩ ʦʙʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʤʝʥʠʩʪʳʭ, ʧʝʩʯʘʥʳʭ ʠ ʩʫʭʠʭ ʤʝʩʪ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʚʳ-

ʩʦʪʝ 1800 ʤ ʥ.ʫ.ʤ. ʥʘ ʧʨʝʜʛʦʨʥʦʡ ʠ ʛʦʨʥʦʡ ʟʦʥʘʭ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʯʝʨʝʧʘʭʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2ï5 

ʦʩʦʙʝʡ/ʛʘ. 

ʆʪʨʷʜ: Saura (Mccarthney, 1822) 

ʉʝʤʝʡʩʪʚʦ: Agamidae (Spx, 1825) 

ʈʦʜ: Phrynocephalus (Kaup, 1825) 

ɺʠʜ: ʊʘʢʳʨʥʘʷ ʢʨʫʛʣʦʛʦʣʦʚʢʘ - Phrynocephalus helioscopus Pallas, 1776  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʇʦʜʚʠʜ Phrynocephalus h.horvathi Meh., 1894 ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʨʘʚʥʠʥʝ ʚʜʦʣʴ ʨʝʢʠ 

ɸʨʘʟ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʞʫʣʴʬʠʥʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ. ɸ ʧʦʜʚʠʜ Phrynocephalus h.persicus de 

Filippi, 1863 ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ɸʧʰʝʨʦʥʝ ʠ ʪʝʨʨʠʪʦʨʠʠ ʃʝʨʠʢʩʢʦʛʦ ʨʘʡʦʥʘ.  

ʕʢʦʣʦʛʠʷ: ʆʙʠʪʘʝʪ ʥʘ ʧʦʣʳʥʥʦ-ʩʦʣʷʥʢʦʚʦʡ ʧʦʣʫʧʫʩʪʳʥʝ ʇʨʠʘʨʘʟʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʨʘʚʥʠʥʘʭ, ʧʝʩʯʘ-

ʥʳʭ ʭʦʣʤʘʭ ʠ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ. ɺʝʜʝʪ ʜʥʝʚʥʦʡ ʦʙʨʘʟ ʞʠʟʥʠ. ʈʘʟʤʥʦʞʘʝʪʩʷ ʦʪʢʣʘʜʳʚʘʥʠʝʤ ʷʠʮ. ʀʤʝʝʪ 3 ʧʦʢʦ-

ʣʝʥʠʷ ʚ ʛʦʜʫ. ɼʝʪʸʥʳʰʠ ʠʟ ʷʠʮ ʪʨʝʪʴʝʡ ʦʪʢʣʘʜʢʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ ʠ ʚ ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ. ʇʠʪʘʝʪʩʷ 

ʤʝʣʢʠʤʠ ʥʘʩʝʢʦʤʳʤʠ, ʪʝʨʤʠʪʘʤʠ, ʛʫʩʝʥʠʮʘʤʠ ʙʘʙʦʯʝʢ ʠ ʜʨ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʣʝʥʠʷ 

ɻʶʣʶʩʪʘʥ (ɼʞʫʛʘ) ɼʞʫʣʴʬʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘ ʢʘʞʜʳʝ 100 ʤ
2 
ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 3ï5 ʦʩʦʙʝʡ ʢʨʫʛʣʦʛʦʣʦʚʢʠ.  

ʉʝʤʝʡʩʪʚʦ: Scincidae (Oppel, 1811) 

ʈʦʜ: Trachylepis (Fitzinger) 

ɺʠʜ: ɿʦʣʦʪʘ ̫ʪʨʘʚ̫ʥʘʷ ʤʘʙʫʷ - Trachylepis septemtaeniata Reuss, 1834  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʆʨʜʫʙʘʜʩʢʦʛʦ, ɼʞʫʣʴʬʠʥʩʢʦʛʦ, ɹʘʙʝʢʩʢʦʛʦ ʠ ʜʨʫʛʠʭ 

ʨʘʡʦʥʦʚ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʝʛʦ ʧʦʜʚʠʜ ï Trachylepis s. transcaucasica Chernov, 

1926. 

ʕʢʦʣʦʛʠʷ: ʇʦʜʥʠʤʘʝʪʩʷ ʚ ʛʦʨʳ ʜʦ 1200 ʤ ʥ.ʫ.ʤ. ʆʩʥʦʚʥʳʝ ʤʝʩʪʘ ʫʙʝʞʠʱʘ ʱʝʣʠ ʤʝʞʜʫ ʢʘʤʥʷʤʠ ʚ ʨʫʠ-

ʥʘʭ ʢʘʤʝʥʥʳʭ ʩʪʝʥ ʠ ʟʘʙʦʨʦʚ. ɺ ʫʩʣʦʚʠʷʭ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʘʤʢʠ ʚ ʢʦʥʮʝ ʠʶʥʷ ʚ ʥʘʯʘʣʝ ʠʶʣʷ ʨʦʞʘʶʪ ʧʦ 3ï8 ʜʝ-

ʪʸʥʳʰʝʡ. ɸʢʪʠʚʥʦʩʪʴ ʤʘʙʫʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʤʘʨʪʘ ʜʦ ʢʦʥʮʘ ʦʢʪʷʙʨʷ. ɺʦ ʚʨʝʤʷ ʟʥʦʡʥʦʛʦ ʣʝʪʘ (40-

45
0
ʉ) ʫʭʦʜʷʪ ʥʘ ʩʧʷʯʢʫ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ɺ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʚ ʩʨʝʜʥʝʤ 4ï6 ʦʩʦʙʝʡ ʥʘ 100 ʤ
2
. 

ʆʪʨʷʜ: Serpentes (Linneus, 1758) 

ʉʝʤʝʡʩʪʚʦ: Colubridae (Oppel, 1811) 

ʈʦʜ: Zamenis (Wagler, 1830) 

ɺʠʜ: ɿʘʢʘʚʢʘʟʩʢʠʡ ʧʦʣʦʟ ï Zamenis hohenackeri -Str., 1873  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʄʘʣʦʤ ʂʘʚʢʘʟʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʆʨʜʫʙʘʜʩʢʦʛʦ ʠ ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡ-

ʦʥʦʚ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʣʝʩʠʩʪʳʭ ʫʯʘʩʪʢʘʭ ʃʝʥʢʘʨʘʥʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʝʣʝʥʠʷ ʇʝʨ-

ʟʠʚʘʥ ɿʘʢʘʪʘʣʩʢʦʛʦ, ʉʠʩ, ʏʫʭʫʨʶʨʜ ʐʝʤʘʭʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʠ ʇʠʨʢʫʣʠʥʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. 

ʕʢʦʣʦʛʠʷ: ɺ ʣʝʩʘʭ ʧʨʝʜʛʦʨʥʦʡ ʠ ʛʦʨʥʦʡ ʟʦʥ, ʟʘʨʦʩʣʷʭ ʨʘʟʣʠʯʥʳʭ ʢʫʩʪʘʨʥʠʢʦʚ, ʥʘ ʧʦʡʤʘʭ ʨʝʢ, ʢʘʤʝʥʠ-

ʩʪʳʭ, ʩʢʘʣʠʩʪʳʭ, ʩ ʙʝʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ. ʀʥʦʛʜʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʚʙʣʠʟʠ ʞʠʣʠʱ, ʚ ʚʠʥʦ-

ʛʨʘʜʥʠʢʘʭ, ʦʛʦʨʦʜʘʭ, ʙʘʭʯʘʭ, ʢʫʯʘʭ ʢʘʤʥʝʡ, ʢʫʩʪʘʨʥʠʢʘʭ ʚʜʦʣʴ ʢʘʥʘʚ. ʇʠʪʘʝʪʩʷ ʥʘʩʝʢʦʤʳʤʠ, ʛʨʳʟʫʥʘʤʠ, ʷʱʝ-

ʨʠʮʘʤʠ, ʠʥʦʛʜʘ ʩ ʤʝʣʢʠʤʠ ʦʩʦʙʷʤʠ ʚʦʨʦʙʴʠʥʳʭ. ʇʨʠ ʦʜʥʦʜʥʝʚʥʦʡ ʵʢʩʢʫʨʩʠʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 1ï2 ʦʩʦʙʝʡ.  

ʏʠʩʣʝʥʥʦʩʪʴ: ʅʘ 10 ʢʤ ʤʘʨʰʨʫʪʘ ʦʪʤʝʯʘʝʪʩʷ 1ï2 ʦʩʦʙʠ.  

ʈʦʜ: Coronella (Laurenti, 1768) 

ɺʠʜ: ʆʙʳʢʥʦʚʝʥʥʘʷ ʤʝʜʷʥʢʘ - Coronella austriaca Laur., 1768 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʊʘʣʳʰʩʢʦʤ, ɻʫʛʘʚʘʨʩʢʦʤ ʠ ʄʘʨʘʶʨʜʩʢʦʤ ʨʝʛʠʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʚʙʣʠʟʠ ɼʝʤʘʥʩʢʦʡ ʧʦʯʪʳ, ʦʢʨ. ʩʝʣʝʥʠʷ ʐʠʡʦʚ ʃʝʥʢʘʨʘʥʩʢʦʛʦ, ʨʝʢʠ ʍʘʥʙʫʣʘʥʯʘʡ, ʩʝʣʝʥʠʷ ɻʘʤʘʨʚʘʥ ɻʘʙʘʣʠʥ-

ʩʢʦʛʦ, ʩʝʣʝʥʠʡ ʀʣʠʩʫ ʠ ʉʘʨʳʙʘʰ ʂʘʭʩʢʦʛʦ ʨʘʡʦʥʦʚ. ɺʠʜ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʜʦʣʴ ʨʝʢʠ ʂʫʤʨʫʭ, ʥʘ ʛʦʨʝ ʄʘʛʘʨʘ 

ʂʝʜʝʙʝʢʩʢʦʛʦ ʨʘʡʦʥʘ, ʚ ʐʫʰʝ, ʐʘʤʢʠʨʝ ʠ ʐʝʢʠ.  

ʕʢʦʣʦʛʠʷ: ʆʙʠʪʘʝʪ ʥʘ ʚʩʝʭ ʙʠʦʪʦʧʘʭ ʜʦ ʚʳʩʦʪʳ 3000 ʤ ʥ.ʫ.ʤ. ɼʣʷ ʞʠʪʴʷ ʠʩʧʦʣʴʟʫʝʪ ʥʦʨʳ ʛʨʳʟʫʥʦʚ, 

ʜʫʧʣʘ ʩʪʘʨʳʭ ʜʝʨʝʚʴʝʚ, ʧʫʩʪʦʪʳ ʧʦʜ ʢʘʤʥʷʤʠ ʠ ʩʢʘʣʘʤʠ. ʆʪ ʟʠʤʥʝʡ ʩʧʷʯʢʠ ʧʨʦʩʳʧʘʝʪʩʷ ʚ ʢʦʥʮʝ ʤʘʨʪʘ, ʠʥʦʛʜʘ 

ʚ ʩʝʨʝʜʠʥʝ ʘʧʨʝʣʷ. ɺ ʢʦʥʮʝ ʘʚʛʫʩʪʘ ʠ ʩʝʥʪʷʙʨʝ ʨʦʞʘʝʪ 2ï15 ʜʝʪʝʥʳʰʝʡ. ʇʠʪʘʝʪʩʷ ʦʩʦʙʷʤʠ ʢʘʚʢʘʟʩʢʦʡ ʘʛʘʤʳ, 

ʟʦʣʦʪʦʡ ʪʨʘʚʷʥʦʡ ʤʘʙʫʠ, ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʫʞʘ, ʪʘʢ ʞʝ ʧʦʣʝʚʢʘʤʠ, ʨʘʟʥʳʤʠ ʤʳʰʘʤʠ, ʧʪʝʥʮʘʤʠ ʚʦʨʦʙʴʠʥʳʭ, ʟʝ-

ʣʸʥʳʤʠ ʣʷʛʫʰʢʘʤʠ, ʤʝʣʢʠʤʠ ʷʱʝʨʠʮʘʤʠ. ʇʠʱʫ ʤʦʣʦʜʳʭ ʤʝʜʷʥʦʢ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚʣʷʶʪ ʥʘʩʝʢʦʤʳʝ.  

ʏʠʩʣʝʥʥʦʩʪʴ: ʅʘ ʂʘʚʢʘʟʝ ʥʘ ʦʜʥʦʤ ʢʠʣʦʤʝʪʨʝ ʤʘʨʰʨʫʪʘ ʦʪʤʝʯʘʶʪʩʷ 2ï5, ʘ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ɹʦʣʴ ʦh-

ʛʦ ʂʘʚʢʘʟʘ ʠ ʚ ʄʘʣʦʤ ʂʘʚʢʘʟʝ ʥʘ 10ï15 ʢʠʣʦʤʝʪʨ 2ï3 ʦʩʦʙʠ. 

ʈʦʜ: Psammophis (Boiein Fitzinger, 1826) 

ɺʠʜ: ʉʪʨʝʣʘ-ʟʤʝʷ - Psammophis lineolatus Brandt, 1836  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʖʛ ʂʘʟʘʭʩʪʘʥʘ ʠ ʉʨʝʜʥʷʷ ɸʟʠʷ, ʖʞʥʘʷ ʄʦʥʛʦʣʠʷ, ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʂʠʪʘʡ, ʇʘʢʠ-

ʩʪʘʥ, ɸʬʛʘʥʠʩʪʘʥ, ʖʞʥʳʡ ʂʘʚʢʘʟ. ɼʣʷ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʯʝʥʴ ʨʝʜʢʠʡ ʚʠʜ. ʇʦʡʤʘʥʳ 2 ʦʩʦʙʠ 

ʩʪʨʝʣʘ-ʟʤʝʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʣʝʥʠʷ ʂʝʨʠʤʢʫʣʫʜʠʟʝ ɼʞʫʣʴʬʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ. 

ʕʢʦʣʦʛʠʷ: ʇʨʝʜʧʦʯʠʪʘʝʪ ʢʘʤʝʥʠʩʪʳʝ ʩʢʣʦʥʳ ʩ ʧʦʣʳʥʥʦ-ʩʦʣʷʥʢʦʚʳʤʠ ʢʫʩʪʘʨʥʠʯʢʘʤʠ. ɼʣʷ ʞʠʪʴʷ ʧʦʣʴ-

ʟʫʝʪ ʥʦʨʳ ʛʨʳʟʫʥʦʚ ʠ ʷʱʝʨʠʮ, ʧʫʩʪʦʪʳ ʧʦʜ ʢʘʤʥʷʤʠ ʠ ʛʫʩʪʳʝ ʟʘʨʦʩʣʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʦʣʫʧʫʩʪʳʥʠ. ɾʠʟʥʝʥʥʳʡ 

ʦʙʨʘʟ ʚʠʜʘ ʥʝ ʠʟʫʯʝʥ. 
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ʏʠʩʣʝʥʥʦʩʪʴ: ʆʯʝʥʴ ʨʝʜʢʠʡ ʚʠʜ ʜʣʷ ʬʘʫʥʳ ʨʝʩʧʫʙʣʠʢʠ.  

ʈʦʜ: Rhynchocalamus (G¿nther, 1864) 

ɺʠʜ: ʏʝʨʥʦʛʦʣʦʚʳʡ ʨʠʥʭʦʢʘʣʘʤʫʩ - Rhynchocalamus melanocephalus Jan, 1862 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ɺ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ, ɸʨʤʝʥʠʠ, ʶʛʦ-ʚʦʩʪʦʢʝ ʄʘʣʦʡ ɸʟʠʠ, ʀʨʘʢʝ ʠ ʀʨʘʥʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥ ʧʦʜʚʠʜ Rhynchocalamus m.satunini Nik., 1899. 

ʕʢʦʣʦʛʠʷ: ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʣʳʥʥʦʡ ʧʦʣʫʧʫʩʪʳʥʝ, ʥʘ ʩʠʣʴʥʦʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ ʩʦ ʩʣʘʙʳʤ ʧʦʢʨʦʚʦʤ 

ʪʨʘʚʷʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʢʫʩʪʘʨʥʠʢʦʚ. ʇʦʜʥʠʤʘʝʪʩʷ ʚ ʛʦʨʳ ʜʦ 1100 ʤ ʥ.ʫ.ʤ. ɺʝʩʥʦʡ ʠ ʚ ʥʘʯʘʣʝ ʣʝʪʘ ʯʝʨʥʦʛʦʣʦʚʦʛʦ 

ʨʠʥʭʦʢʘʣʘʤʫʩʘ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʦʜ ʢʘʤʥʷʤʠ. ʆʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʧʨʦʚʦʜʠʪ ʨʦʶʱʠʡ ʦʙʨʘʟ ʞʠʟʥʠ ʚ ʛʣʫʙʠʥʝ 

ʟʝʤʣʠ. ʇʦʵʪʦʤʫ ʙʠʦʣʦʛʠʷ ʠ ʵʢʦʣʦʛʠʷ ʚʠʜʘ ʥʝ ʠʟʫʯʝʥʳ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ɺʦ ʚʩʝʤ ʤʠʨʝ ʦʩʦʙʠ ʚʠʜʘ ʚʩʪʨʝʯʝʥʳ ʚʩʝʛʦ 10 ʨʘʟ. ɺ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʥʘʡʜʝʥʘ ʪʦʣʴʢʦ 

ʦʜʥʘ ʦʩʦʙʴ. 

ʉʝʤʝʡʩʪʚʦ: Viperidae (Laurenti, 1768) 

ʈʦʜ: Montivipera (Nilson, Tuniyev, Andren, Orlov, Joger et Hermann, 1999) 

ɺʠʜ: ɻʘʜʶʢʘ ʈʘʜʜʝ - Montivipera raddei Boettger, 1890 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ɺ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ, ɸʨʤʝʥʠʠ, ʊʫʨʮʠʠ ʠ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʀʨʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 

ʧʦʜʚʠʜ Montivipera r.raddei Boettger, 1890.  

ʕʢʦʣʦʛʠʷ: ʆʙʠʪʘʝʪ ʚ ʛʦʨʘʭ ʩʦ ʩʣʘʙʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ. ʅʘ ʚʳʩʦʢʦʛʦʨʥʦʡ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ 

ʘʩʪʨʘʛʘʣʴʥʳʭ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʳʭ ʫʯʘʩʪʢʘʭ, ʢʨʫʪʳʭ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ ʩ ʨʝʜʢʦʣʝʩʴʝʤ, ʚ ʩʢʘʣʠʩʪʳʭ ʤʝʩʪʘʭ ʠ ʢʫʯʘʭ 

ʢʘʤʥʝʡ. ɸʢʪʠʚʥʦʩʪʴ ʚʠʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʘʧʨʝʣʷ ʜʦ ʢʦʥʮʘ ʦʢʪʷʙʨʷ. ɻʘʜʶʢʘ ʞʠʚʦʨʦʜʷʱʘʷ. ɺ 

ʘʚʛʫʩʪʝ ʩʘʤʢʘ ʨʦʞʘʝʪ ʦʪ 3 ʜʦ 11(ʦʙʳʯʥʦ 4ï5) ʜʝʪʸʥʳʰʝʡ. ɼʦʩʪʠʛʘʝʪ ʧʦʣʦʚʦʡ ʟʨʝʣʦʩʪʠ ʚ 3-ʭ ʣʝʪ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ɽʩʣʠ ʚ ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʦʣʦʩʘʭ ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʘ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʥʘ ʦʜʠʥ 

ʛʝʢʪʘʨ ʫʯʘʩʪʢʘ ʧʨʠʭʦʜʷʪʩʷ 2ï3 ʦʩʦʙʠ ʛʘʜʶʢʠ, ʪʦ ʥʘ ɹʠʯʝʥʝʢʩʢʠʭ ʛʦʨʥʳʭ ʣʫʛʘʭ ʠʭ ʯʠʩʣʦ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦ 3ï5 ʦʩʦ-

ʙʝʡ. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʩʝʣʘ ʅʶʩʥʶʩ ʆʨʜʫʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʢʘʟʘʪʝʣʴ ʨʦʞʜʘʝʤʦʩʪʠ 0,7ï1 ʦʩʦʙʴ/ʛʘ. 

ʈʦʜ: Pelias (Merrem,1820)  

ɺʠʜ: ʉʪʝʧʥʘʷ ʛʘʜʶʢʘ - Pelias renardi Christoph, 1861  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʦʤʠʥʘʪʠʚʥʳʡ ʧʦʜʚʠʜ Pelias r.renardi Christoph, 

1811. ʅʘ ʚʦʩʪʦʯʥʳʭ ʩʢʣʦʥʘʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʐʝʢʠʥʩʢʦʛʦ ʠ ʐʝʤʘʭʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʩʫʱʝ-

ʩʪʚʫʝʪ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʵʪʦʛʦ ʧʦʜʚʠʜʘ. ʉʪʝʧʥʘʷ ʛʘʜʶʢʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʥʳʭ ʩʝʣʝʥʠʡ 

ʆʨʜʫʙʘʜʩʢʦʛʦ ʠ ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʦʚ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ.  

ʕʢʦʣʦʛʠʷ: ʃʦʚʣʷ ʦʩʦʙʝʡ ʛʘʜʶʢʠ ʚ ʧʨʦʰʣʦʤ ʜʣʷ ʥʫʞʜ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʨʘʟʨʫʰʝʥʠʝ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʙʠʦʪʦʧʦʚ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʛʘʜʶʢ ʯʝʣʦʚʝʢʦʤ ʦʢʘʟʘʣʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʚʠʜʘ. 

ʏʠʩʣʝʥʥʦʩʪʴ: ɼʦʩʪʠʛʘʝʪ 0,8ï1 ʦʩʦʙʴ/ʛʘ.  

ʇʨʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 2011ï2013 ʛʦʜʦʚ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʨʘʥʝʝ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʠʜʳ Trachylepis septemtaeniata, Rhynchocalamus melanocephalus, Zamenis 

hohenackeri, Psammophis lineolatus, Montivipera raddei, Montivipera renardi ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠʣʠ ʩʦʚʩʝʤ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʵʪʠʭ ʚʠʜʦʚ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʩʝʨʴʝʟʥʦʡ 

ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɿʘ ʛʦʜʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ Psammophis lineolatus ʦʙʥʘʨʫʞʝʥ ʥʝ 

ʙʳʣ, ʜʘʞʝ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʢʘʞʝʪʩʷ ʥʘʤ ʩʦʤʥʠʪʝʣʴʥʳʤ. 

ʈʦʩʪ ʥʘʩʝʣʝʥʠʷ ʠ ʝʛʦ ʙʝʩʧʦʨʷʜʦʯʥʦʝ ʟʘʩʝʣʝʥʠʝ, ʜʦʨʦʞʥʳʝ ʨʘʙʦʪʳ, ʠʥʪʝʥʩʠʚʥʳʡ ʚʳʧʘʩ ʧʘʩʪʙʠʱ, 

ʫʤʝʥʴʰʝʥʠʝ ʜʝʙʠʪʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ, ʥʝʛʘʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʣʶʜʴʤʠ ʢ ʟʤʝʷʤ, ʘ ʪʘʢʞʝ ʥʝʩʚʝʜʝ-

ʥʠʝ ʦ ʧʦʣʴʟʳ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʠ ʪ. ʜ. ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʤʝʩʪʦ-

ʦʙʠʪʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʙʦʛʘʪʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʛʝʨʧʝʪʦʬʘʫʥʳ ʨʝʛʠʦʥʘ. ʋʪʦʯʥʝʥʳ ʤʝʩʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʦʭʨʘʥʥʳʝ ʩʪʘʪʫʩʳ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʚʠʜʦʚ ʬʘʫʥʳ. 
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TAXONOMY AND SMALL SPECIES OF REPTILES (REPTILIA)   

NAKHCHIVAN AUTONOMOUS REPUBLIC OF AZERBAIJAN 
 

A. Mamedov, Candidate of Biological Sciences 

Institute of Bioresources, Nakhchivan Branch of NAS of Azerbaijan, Azerbaijan 

 

Abstract. On the basis of analysis of the research results conducted during 2011ï2013 and published data, it 

was found on that territory 39 species of reptiles. Three species belong to the group of turtles (Testudines), 15 species - 

lizards (Sauria) and 19 species - snakes (Serpentes). All species are included in 11 families: Testudinidae, Emydidae, 

Gekkonidae, Agamidae, Anguidae, Scincidae, Lacertidae, Typhlopidae, Boidae, Colubridae and Viperidae. The article 

presents a systematic, biological and environmental data of species. The distribution of species Mauremys obucularis 

and Darevskia unisexualis was recorded for the 1-st time. The earlier found Psammophis lineolatus were not observed, 

and this gives a reason to think that this species is on the way to extinction on the area of Autonomous Republic. Scanty 

(low number) species were identified for the area of Autonomous Republic. 

Keywords: herpetofauna, conservation status, reptiles, species diversit, mabua, runner. 
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ОСОБЕННОСТИ ФОРМИРОВАНИЯ ПЫЛЬЦЫ У ЛИНЕЙНОЙ САХАРНОЙ СВЕКЛЫ 
 

 
Л.Б. Сейлова

1
, С.К. Иманкулова

2
, М.Д. Мухаметшарипова

3 

1 
ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 

3 
ʤʘʛʠʩʪʨʘʥʪ  

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʘʷ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʋ ʣʠʥʝʡʥʦʡ ʜʠʧʣʦʠʜʥʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʙʥʘʨʫʞʝʥʘ ʩʚʦʝʦʙʨʘʟʥʘʷ ʤʝʡʦʪʠʯʝʩʢʘʷ ʤʫʪʘ-

ʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʪʨʘʜ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʀʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʝʝ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʤʚʦʣ ʠ ʥʘʟʚʘʥʠʝ. ʄʫʪʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʥʘʣʠʟʘʭ ʚ ʢʘʯʝʩʪʚʝ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʙʨʠʜʠʥʛ, ʤʝʡʦʟ, ʤʫʪʘʮʠʷ, ʪʝʪʨʘʜʳ, ʢʘʣʣʦʟʘ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʦʧʫʣʷʮʠʷʭ ʧʝʨʝʢʨʝʩʪʥʦʦʧʳʣʷʶʱʝʡʩʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ (Beta vulgaris L.) ʤʫʪʘʮʠʠ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʛʝʪʝʨʦʟʠʛʦʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʫʪʘʥʪʥʳʭ ʘʣ-

ʣʝʣʝʡ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʚ ʛʦʤʦʟʠʛʦʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʙʨʠʜʠʥ-

ʛʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʚʠʟʫʘʣʴʥʦʤʫ ʧʨʦʷʚʣʝʥʠʶ ʨʝʮʝʩʩʠʚʥʳʭ ʤʫʪʘʮʠʡ ʠ ʠʭ ʧʨʝʚʨʘʱʝʥʠʶ ʚ ʜʦʤʠʥʘʥʪʥʳʝ [ɹʫʨʝ-

ʥʠʥ, 1984; ʂʦʨʥʠʝʥʢʦ, 2010; ʉʝʡʣʦʚʘ, 2012].  

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʤʝʡʦʟʘ ʫ ʨʘʩʪʝʥʠʡ ʜʠʧʣʦʠʜʥʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʥʙʨʠʜʠʥʛʘ 0,75, 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʥʝ ʚʩʪʨʝʯʘʚʰʘʷʩʷ ʨʘʥʝʝ ʮʠʪʦʣʦʛʠʯʝʩʢʘʷ ʤʫʪʘʮʠʷ, ʥʘʟʚʘʥʥʘʷ ʥʘʤʠ ʢʘʢ çaccreting pollenè (ʩʨʦʩ-

ʰʘʷʩʷ ʧʳʣʴʮʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʠʤʚʦʣʦʤ ï çapè [ʉʝʡʣʦʚʘ ʠ ʜʨ., 1988].  

ʉʚʦʝʦʙʨʘʟʠʝ ʤʫʪʘʮʠʠ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʦʙʝʡ ʣʠʥʠʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ, ʦʙʲ-

ʝʜʠʥʝʥʥʳʝ ʚ ʠʟʦʙʠʣʘʪʝʨʘʣʴʥʳʝ ʪʝʪʨʘʜʳ, ʢʦʪʦʨʳʝ ʥʝ ʨʘʟʲʝʜʠʥʷʣʠʩʴ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʜʘʚʣʠʚʘʥʠʠ ʠ ʧʦʛʨʫ-

ʞʝʥʠʠ ʚ ʣʠʧʦʬʠʣʴʥʳʝ ʣʠʙʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʥʝ ʩʪʦʣʴʢʦ ʦʙ ʠʭ ʩʣʠʧʘʥʠʠ, 

ʩʢʦʣʴʢʦ ʦ ʧʨʦʯʥʦʤ ʩʨʘʩʪʘʥʠʠ (ʨʠʩ. 1, 2, 3). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʇʳʣʴʮʘ ʥʦʨʤʘʣʴʥʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ  

 

                                 
 

 ʈʠʩʫʥʦʢ 2. ʊʝʪʨʘʜʥʘʷ ʧʳʣʴʮʘ: ʤʫʪʘʮʠʷ çaccreting pollenè  
  

                                                           
É ʉʝʡʣʦʚʘ ʃ.ɹ., ʀʤʘʥʢʫʣʦʚʘ ʉ.ʂ., ʄʫʭʘʤʝʪʰʘʨʠʧʦʚʘ ʄ.ɼ. / Seylova L.B., Imankulova S.K., Mukhametsharipova M.D., 2015 
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ʈʠʩʫʥʦʢ 3. ʇʳʣʴʮʘ ʤʫʪʘʥʪʥʦʡ ʩʚʝʢʣʳ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʜʘʚʣʠʚʘʥʠʷ 
 

ʄʫʪʘʮʠʶ ʧʨʦʜʫʮʠʨʦʚʘʣʠ 10,7 % ʨʘʩʪʝʥʠʡ, ʦʩʪʘʣʴʥʳʝ ʬʦʨʤʠʨʦʚʘʣʠ ʩʤʝʩʴ ʦʜʠʥʦʯʥʦʡ ʠ ʪʝʪʨʘʜʥʦʡ 

ʧʳʣʴʮʳ, ʧʦʩʣʝʜʥʷʷ ʩʦʩʪʘʚʣʷʣʘ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʝʝ ʯʘʩʪʴ (> 80 %). 

ʄʫʪʘʥʪʥʳʝ ʨʘʩʪʝʥʠʷ ʥʝ ʠʤʝʣʠ ʜʨʫʛʠʭ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʦʪʣʠʯʠʡ, ʢʨʦʤʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʧʳʣʴʮʳ, ʢʦʪʦ-

ʨʘʷ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʧʳʣʴʥʠʢʦʚ ʥʝ ʨʘʟʣʝʪʘʣʘʩʴ ʚ ʩʪʦʨʦʥʳ, ʘ ʧʘʜʘʣʘ ʚʥʠʟ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʚʣʘʞʥʳʭ ʢʦʤʦʯʢʦʚ ï 

ʤʘʩʩʫʣ ʠ ʧʦʣʣʠʥʠʡ, ʥʘʩʯʠʪʳʚʘʶʱʠʭ ʜʦ 20ï30 ʢʣʝʪʦʢ. 

ɸʥʘʣʠʟ ʤʫʞʩʢʦʛʦ ʤʝʡʦʟʘ ʨʘʩʪʝʥʠʡ, ʛʦʤʦʟʠʛʦʪʥʳʭ ʧʦ ʤʫʪʘʮʠʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʙʝʟ 

ʦʩʦʙʳʭ ʥʘʨʫʰʝʥʠʡ, ʪʝʪʨʘʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʩʠʤʫʣʴʪʘʥʥʦʤʫ ʪʠʧʫ. ʆʜʥʘʢʦ ʚʳʰʝʜʰʠʝ ʠʟ ʪʝʪʨʘʜ ʦʜʥʦʷʜʝʨʥʳʝ 

ʤʠʢʨʦʩʧʦʨʳ ʥʝ ʨʘʩʭʦʜʷʪʩʷ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʥʦʨʤʝ, ʘ ʦʩʪʘʶʪʩʷ ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦ ʯʝʪʳʨʝ (ʨʠʩ. 4). 

ʀʟʚʝʩʪʥʦ, ʫ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʭʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʳʣʴʮʳ ʚʦʢʨʫʛ ʤʘʪʝʨʠʥʩʢʠʭ ʢʣʝʪʦʢ ʤʠʢʨʦ-

ʩʧʦʨ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʬʘʟʳ ʤʝʡʦʟʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʩʪʳʡ ʩʣʦʡ ʢʘʣʣʦʟʳ ï ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʩʣʦʞʥʦʛʦ ʧʦʣʠ-

ʩʘʭʘʨʠʜʘ, ʠʤʝʶʱʝʛʦ ʬʠʙʨʠʣʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʘ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʦʣʦʯʢʝ ʤʠʢʨʦʩʧʦʨʦʮʠʪʦʚ ʤʝʞʜʫ ʧʣʘʟ-

ʤʘʣʝʤʤʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʮʝʣʣʶʣʦʟʥʦʡ ʩʪʝʥʢʦʡ. ɺ ʬʫʥʢʮʠʶ ʢʘʣʣʦʟʳ ʚʭʦʜʠʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʤʠʢʨʦʩʧʦʨ ʠ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʚʠʯʥʦʡ ʦʙʦʣʦʯʢʠ ï ʵʢʟʠʥʳ. 

ʇʦʜ ʟʘʱʠʪʦʡ ʢʘʣʣʦʟʳ ʪʝʪʨʘʜʳ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʩʧʦʨʳ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʦʩʦʙʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛ 

ʜʨʫʛʘ ʠ ʧʦʵʪʦʤʫ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʠʟʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ [Heslop-Harrison, 1971; ʇʦʜʜʫʙʥʘʷ-ɸʨʥʦʣʴʜʠ, 

1976]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ ʢʘʣʣʦʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠʟʦʣʷ-

ʮʠʠ ʤʠʢʨʦʩʧʦʨ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʠ ʯʠʩʪʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʟʘʜʝʨʞʠʚʘʝʪ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʝ ʚ ʧʨʦʪʦʧʣʘʩʪ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦ ʨʘʟʤʝʨʫ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʨʦʩʪʳʭ ʩʘʭʘʨʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʢʘʣʣʦʟʘ, ʦʙʣʘʜʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ, ʤʦʞʝʪ ʘʙʩʦʨʙʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʤʠʢʨʦʩʧʦʨ ʚʥʫʪʨʠ ʧʳʣʴʥʠʢʘ. 
 

М  Е  Й  О З   (норма) 
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ʅʘʯʠʥʘʷ ʩ ʧʨʦʬʘʟʳ ʤʝʡʦʟʘ ʠ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʪʨʘʜ, ʢʘʣʣʦʟʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʢʣʝ-

ʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʠ ʟʘʪʝʤ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʢʘʢ ʢʘʣʣʘʟʘ, 1,3-Ç-

ʛʣʶʢʘʥʘʟʘ, 1,3-Ç-ʛʣʶʢʘʥʛʠʜʨʦʣʘʟʘ ʠ ʜʨ.  

ɺʥʘʯʘʣʝ ʠʩʯʝʟʘʝʪ ʢʘʣʣʦʟʘ ʪʝʪʨʘʜʥʦʡ ʢʘʧʩʫʣʳ, ʥʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ï ʦʙʦʣʦʯʝʢ ʤʠʢʨʦʩʧʦʨ; ʚ ʧʦʩʣʝʜʥʶʶ 

ʦʯʝʨʝʜʴ ʨʘʟʨʫʰʘʝʪʩʷ ʢʘʣʣʦʟʘ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʤʠʢʨʦʩʧʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʟʲʝʜʠʥʝʥʠʶ ʠ ʩʚʦʙʦʜʥʦʤʫ ʚʳ-

ʭʦʜʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʳʣʴʥʠʢʘ. ʃʶʙʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʣʠ ʚʨʝʤʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʩʠʥʪʝʟʘ ʠ ʨʘʩʧʘʜʘ ʢʘʣʣʦʟʳ 

ʧʨʠʚʦʜʠʪ ʢ ʤʫʞʩʢʦʡ ʩʪʝʨʠʣʴʥʦʩʪʠ [Carman, 2000; Ticker et al., 2001]. ɺ ʧʝʨʠʦʜ ʤʝʞʜʫ ʦʢʦʥʯʘʥʠʝʤ ʤʝʡʦʟʘ ʠ 

ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʩʝʩʪʨʠʥʩʢʠʭ ʩʧʦʨ ʠʟ ʢʘʣʣʦʟʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʦʨʦʜʝʨʤʳ, ʪ. ʝ. 

ʧʳʣʴʮʝʚʦʡ ʦʙʦʣʦʯʢʠ.  

ʋ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʣʠʥʠʠ ʩʚʝʢʣʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʤʝʡʦʟʘ ʪʝʪʨʘʜʳ ʥʝ ʨʘʩʧʘʜʘʣʠʩʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʠʢ-

ʨʦʩʧʦʨʳ, ʘ ʦʩʪʘʚʘʣʠʩʴ ʩʨʦʩʰʠʤʠʩʷ ʧʦ ʯʝʪʳʨʝ ʜʘʞʝ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʷʭ ʩ ʥʠʤʠ. ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ 

ʷʚʣʝʥʠʷ ʩʚʷʟʘʥʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩ ʥʝ ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʘʣʣʦʟʳ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʤʠʢʨʦʩʧʦʨ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʝʨʤʝʥʪʘ ʣʠʙʦ ʚʳʨʘʙʦʪʢʦʡ ʤʫʪʘʥʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʝʛʦ ʥʝʘʢʪʠʚʥʦʡ 

ʬʦʨʤʳ. 

ʉʦʝʜʠʥʝʥʥʳʝ ʚ ʪʝʪʨʘʜʳ ʦʜʥʦʷʜʝʨʥʳʝ ʤʠʢʨʦʩʧʦʨʳ ʠʥʪʝʥʩʠʚʥʦ ʨʦʩʣʠ ʠ ʨʘʟʚʠʚʘʣʠʩʴ, ʧʦʢʨʳʚʘʣʠʩʴ ʧʦ-

ʨʠʩʪʦʡ ʵʢʟʠʥʦʡ, ʚ ʠʭ ʷʜʨʘʭ, ʢʘʢ ʠ ʚ ʥʦʨʤʝ, ʧʨʦʠʩʭʦʜʠʣ ʛʘʤʝʪʦʛʝʥʝʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ-

ʩʧʝʨʤʠʝʚ, ʢʦʪʦʨʳʝ ʚ ʢʘʧʣʝ ʘʮʝʪʦʢʘʨʤʠʥʘ ʦʢʨʘʰʠʚʘʣʠʩʴ ʚ ʷʨʢʦ-ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʠʭ ʧʦʣʥʫʶ 

ʬʝʨʪʠʣʴʥʦʩʪʴ.  

ʆʜʥʘʢʦ ʦʧʳʣʝʥʠʝ ʪʘʢʦʡ ʧʳʣʴʮʦʡ ʥʝ ʧʨʠʚʦʜʠʣʦ ʚ ʧʦʪʦʤʩʪʚʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʨʘʩʪʝʥʠʡ ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʛʦ ʥʝ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʣʣʦʟʳ, ʙʣʦʢʠʨʫʶʱʝʡ ʧʨʦʨʘʩʪʘʥʠʝ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʨʝ ʪʝʯʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʩʪʝʨʠʣʴʥʳʝ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʝ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʤʫʪʘʮʠʷ ʧʦʢʘ ʥʝ ʦʧʠʩʘʥʘ. ɽʩʪʴ ʣʠʰʴ ʜʘʥʥʳʝ ʦ ʧʦʷʚ-

ʣʝʥʠʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʧʳʣʴʮʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʛʝʨʙʠʮʠʜʘʤʠ [ʐʠʨʷʝʚʘ ʠ ʜʨ., 1975]. 
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Abstract. The peculiar meiotic mutation leading to formation of tetrads of pollen grains of a different configu-

ration is found by the linear diploidic sugar beet. The authors of this article studied the mechanism of its formation; 

they offered the corresponding symbol and the name. The mutation can be used in genetic analyses as a cytological 

marker. 
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ДИСПЕРСНО-ФАЗОВАЯ МОДЕЛЬ ГРУНТА И УЧЕТ ПОВТОРНОСТИ НАГРУЖЕНИЯ 
 

 
М.И. Азберген

1
, Н.М. Инкарбек

2
  

1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʠʥʞʝʥʝʨ 

ʊʘʨʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʍ. ɼʫʣʘʪʠ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʘʜʢʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʠʩʧʝʨʩʥʦ-ʬʘʟʦʚʦʡ ʩʨʝʜʳ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʨʠʩʪʦʩʪʠ ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 

ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʨʝʭʦʩʥʦʡ ʢʦʤʧʨʝʩʩʠʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʦʚʪʦʨʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʛʨʫʥʪʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʮʠʢʣʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʤʥʦ-

ʛʦʤ ʦʧʨʝʜʝʣʷʪʁʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʦʛʥʦʟʘ ʦʩʘʜʢʠ ʠʭ ʦʩʥʦʚʘʥʠʡ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʫʥʪʦʚ ʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ. 

ɻʨʫʥʪʳ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚʦʟʚʝʜʝʥʥʳʭ ʥʘ ʧʣʠʪʥʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʝʭʦʩʥʦʡ ʢʦʤʧʨʝʩʩʠʠ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʘʩʯʝʪʳ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʠʩʧʝʨʥʦ-ʬʘʟʦʚʦʡ ʩʨʝʜʳ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʜʠʩʧʝʨʩʥʦ-ʬʘʟʦʚʦʡ ʩʨʝʜʳ [1], ʪʚʝʨʜʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʝʣʝʪ 

ʛʨʫʥʪʘ, ʠ ʧʦʨʦʚʘʷ ʚʦʜʘ ʘʙʩʦʣʶʪʥʦ ʥʝʩʞʠʤʘʝʤʳ. ʄʝʭʘʥʠʯʝʩʢʠ ʯʘʩʪʠʮʳ ʩʢʝʣʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦ 

ʧʣʦʱʘʜʢʘʤ ʢʦʥʪʘʢʪʘ, ʘ ʣʶʙʘʷ ʜʝʬʦʨʤʘʮʠʷ ʛʨʫʥʪʘ ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʆʙʲ-

ʝʤʥʦʝ ʩʞʘʪʠʝ (ʫʧʣʦʪʥʝʥʠʝ) ʛʨʫʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʧʦʨ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨ-

ʞʘʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʦʩʘʜʢʠ ʦʩʥʦʚʘ-

ʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʭ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʦʙʲʝʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʛʨʫʥʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʩʞʘʪʠʷ ʨʘʚʝʥ 
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ʛʜʝ ho - ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ ʛʨʫʥʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ; ɸ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʛʨʫʥʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ;  

eo - ʥʘʯʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʘ; ei - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦʩʣʝ ʩʞʘʪʠʷ; S - ʦʩʘʜʢʘ ʛʨʫʥʪʦ-

ʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʤ ʩʞʘʪʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʦ ʜʠʩʧʝʨʩʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʝʣʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩʯʠʪʘʶʪʩʷ ʥʝʩʞʠʤʘʝʤʳʤʠ, ʪʦ ʠʭ ʦʙʲʝʤ ʚ 

ʛʨʫʥʪʦʚʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠ ʢʦʤʧʨʝʩʩʠʠ ʦʩʪʘʥʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʊʦʛʜʘ, ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (1) ʠ 

(2), ʧʦʣʫʯʠʤ 
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ʦʪʢʫʜʘ ʚʳʪʝʢʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʩʘʜʢʠ ʛʨʫʥʪʘ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʧʦʨʠʩʪʦʩʪʠ: 

                                                           
 É ɸʟʙʝʨʛʝʥ ʄ.ʀ., ʀʥʢʘʨʙʝʢ ʅ.ʄ. / Azbergen M.I., Inkarbek N.M., 2015 



ISSN 2308-4804. Science and world. 2015. № 1 (17). Vol. I. 

 

 

80 

 

                                                                      S
e e

e
ho i

o

o=
-

+1
.                                                                          (4) 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʳ eo ʠ ei ʚ ʚʳʨʘʞʝʥʠʠ (4) ʦʪʨʘʞʘʶʪ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʧʣʦʪʥʝʥʥʦʛʦ ʦʪ ʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʝʩʘ ʛʨʫʥʪʘ szg  ʠ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ szp. ɼʣʷ i-ʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʦʩ-

ʥʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʨʠʩʪʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 
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ʛʜʝ rs i( )  ʠ rd i( )- ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʠ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʛʨʫʥʪʘ i-ʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ; evo i( )  ʠ  ev i( )- ʦʙ̡-

ʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʘ i-ʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʦʪ ʜʝʡʩʪʚʠʷ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʠ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ ʠʟ ʚʳʨʘʞʝʥʠʡ (5) ʠ (6) ʚ (4) ʠ ʧʨʦʚʝʜʷ ʥʝʩʣʦʞʥʳʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʆʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷʤ ʪʨʝʭʦʩʥʦʡ ʢʦʤʧʨʝʩʩʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 
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ʛʜʝ x - ʢʦʵʬʬʠʮʠʝʥʪ ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; a ʠ b - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɽʩʣʠ ʦʩʥʦʚʘʥʠʝ ʩʣʦʞʝʥʦ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʣʦʷʤʠ ʛʨʫʥʪʦʚ, ʯʪʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʦ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʘʶʪ ʠʩʧʳʪʘʥʠʷʤʠ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʮʠʢʣʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩ [2] ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʩʫʤʤʳ ʜʚʫʭ ʜʝʬʦʨʤʘʮʠʡ: 

 

                                                       )()1()( iNvviNv eee D+= .                                                               (10) 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ N ʮʠʢʣʘʭ ʥʘʛʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

 

                                                    )ln1()1()( NBvN +D=D nn ee ,                                                        (11) 

 

ʛʜʝ vB  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ. 

ɺʝʣʠʯʠʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʙʲʝʤʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʥʘʛʨʫʞʝʥʠʷ ()1(veD ) 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʛʦʚ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 
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                                                    )/ln()()1( onnvb

nn sae =D ,                                                              (12) 

 

ʛʜʝ s- ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ; 
va , 

vb , 
on  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ; 

ʩʪʮn ss /= - ʩʪʝʧʝʥʴ ʨʘʟʛʨʫʟʢʠ  

(ʟʜʝʩʴ 
ʩʪs - ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ; 

ʮs - ʮʠʢʣʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ).  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʥʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʝʣʠ ʛʨʫʥʪʘ ʧʦʟʚʦ-

ʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʦʩʘʜʢʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʯʪʦ ʧʨʠʚʝ-

ʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 
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Abstract. The paper presents the calculation method of soil settlement of building bases with using the disper-

sion-phasic environment model, which porosity ratios are determined in terms of volume deformation by triaxial com-

pression. The offered calculation method allows considering the replicate of application of cyclic load. 
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КОМПЬЮТЕРНЫЙ КОНТРОЛЬ ЗНАНИЙ  

КАК УСЛОВИЕ ПОВЫШЕНИЯ КАЧЕСТВА ОБРАЗОВАНИЯ 
 

 И.Б. Аминов
1
, Д. Ходжаева

2 

1 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2 
ʘʩʩʠʩʪʝʥʪ, 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ 

ʦʮʝʥʢʠ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʠʩʪʝʤʝ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʠ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʩʪʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ. 

 

ʉʝʛʦʜʥʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʩʦʜʝʨʞʘʥʠʝ, ʤʝʪʦʜʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʢʨʳʪʠʶ, ʩʦʭʨʘʥʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʙʫʯʘʝʤʳʭ, ʠʭ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, 

ʩʪʨʝʤʣʝʥʠʶ ʢ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ [3]. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʝʩʧʝʯʘʪ: 

- ʫʣʫʯʰʝʥʠʝ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ; 

- ʨʘʟʚʠʪʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ; 

- ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʥʷʪʠʷʤ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʝʨʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʢʘʯʝʩʪʚʘ ʩʦʟʜʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʥʜʘʨʪʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʨʦʣʶ ʟʥʘʥʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ɺ ʥʸʤ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʛʦʪʦʚʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʚʦʩʧʨʠʷʪʠʶ ʥʦʚʦʛʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʫ ʥʠʭ ʫʨʦʚʝʥʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʧʦʥʷʪʠʡ, ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʠʭ ʚ ʦʙʫʯʝʥʠʠ.  

ɺ ʥʘʩʪʦʷʰʝʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʜʘʨʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʪʝʤʘʪʠʯʝʩʢʠʝ, ʪʝʢʫʱʠʝ, ʠʪʦʛʦʚʳʝ ʪʝʩʪʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʠʜʳ ʢʦʥʪʨʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦ-

ʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʩʥʷʪʴ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʫʩʠʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 

ʦʙʫʯʘʶʱʠʭʩʷ.  

ʂʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ: 

- ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʚʝʨʢʠ ʫʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʧʨʦʚʝʨʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʪʨʘʪʦʡ ʚʨʝʤʝʥʠ; 

- ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʘ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ; 

- ʙʳʩʪʨʦʪʝ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ; 

- ʢʦʥʪʨʦʣʶ ʠ ʦʮʝʥʢʝ ʟʥʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʝʨʚʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʦʙʫʯʘʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʦʩʚʦʠʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʜʠʩʮʠʧʣʠʥʫ. ʀʤʝʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʫ-

ʜʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʴʶʪʝʨ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʩʘʤʦ-

ʢʦʥʪʨʦʣʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʤʦʪʠʚʘʮʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʦʙʫʯʝʥʠʷ [2].  

ʉʨʝʜʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʝʡʯʘʩ ʚʳʟʳʚʘʝʪ ʢʦʤʧʴʶ-

ʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ʊʝʩʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʧʦʚʳʰʘʶʪ ʢʘʢ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʠʩʪʝʤʫ ʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ.  

                                                           
 É ɸʤʠʥʦʚ ʀ.ɹ., ʍʦʜʞʘʝʚʘ ɼ. / Aminov I.B., Khodjayeva D., 2015 
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ʂʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʠʜʘʢʪʠʯʝʩʢʠʤ ʩʨʝʜ-

ʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʝʛʦ ʫʨʦʚʥʷ ʢʦʤʧʝʪʝʥʮʠʠ ʠ 

ʤʦʪʠʚʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ. ʕʪʠ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʘʥʥʦʝ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ 

ʩʦʟʜʘʝʪʩʷ.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ ʢʦʥ-

ʪʨʦʣʷ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʦʙʫʯʘʶʱʠʭʩʷ. ʂʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʚʦ ʤʥʦ-

ʛʦʤ ʫʩʠʣʠʚʘʝʪ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʲʷʚʣʷʝʪ ʪʨʠ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ: 

ʘʜʘʧʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɸʜʘʧʪʠʚʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʦʨʠʪʝʪ ʣʠʯʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʠʩʧʳʪʫʝʤʳʭ, ʨʝ-

ʛʫʣʠʨʫʷ ʤʝʨʫ ʪʨʫʜʥʦʩʪʠ ʟʘʜʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʧʝʰʥʦʩʪʠ ʦʪʚʝʪʦʚ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʟʘʜʘʥʠʷ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʝʩʪʦʚ ʚʦʟʨʘʩʪʘʶʱʝʡ ʪʨʫʜʥʦʩʪʠ.  

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʜʘʥʠʡ ʚ ʪʝʩʪʦʚʦʡ ʬʦʨʤʝ ʜʣʷ ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʯʝʙ-

ʥʦʤ ʧʨʦʮʝʩʩʝ, ʦʩʦʙʝʥʥʦ ʚ ʪʦʡ ʝʸ ʯʘʩʪʠ, ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ; 

- ʵʤʧʠʨʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʪʝʭ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʘ;  

- ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʩʥʘʱʝʥʠʝ ʪʝʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʪʝʩʪ ʢʘʢ ʦʩʥʦʚʥʦʝ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʜʦʣʞʝʥ ʩʦʩʪʦʠʪ ʠʭ ʪʨʸʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʩʦʜʝʨʞʘʥʠʝ ʪʝʩʪʦʚ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚ ʩʚʷʟʘ-

ʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʙʨʘʟʫʶʪ ʪʝʩʪʠʨʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ 

ʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʪʝʩʪʝ ʚʢʣʶʯʘʶʪʩʷ ʚʩʝ ʚʘʞʥʝʡʰʠʝ ʵʣʝʤʝʥʪʳ ʟʥʘʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʠ-

ʟʥʘʢʠ ʠ ʟʘʜʘʥʠʡ ʧʨʝʜʤʝʪʦʚ, ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʣʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʧʨʝʜʤʝʪʫ. ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʟʘʜʘʥʠʝ ʚ ʪʝʩʪʦʚʦʡ ʬʦʨʤʝ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʨʘʪʢʦʩʪʠ, ʙʳʩʪ-

ʨʦʪʳ ʦʪʚʝʪʘ, ʦʧʨʝʜʝʣʠʤʦʩʪʠ ʤʝʨʳ ʪʨʫʜʥʦʩʪʠ, ʣʫʯʰʝʡ ʧʦʥʠʤʘʝʤʦʩʪʠ ʩʤʳʩʣʘ ʟʘʜʘʥʠʡ [1]. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʘʜʘ-

ʥʠʝ ʪʝʩʪʦʚʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʩ ʚʳʙʦʨʦʤ ʦʪʚʝʪʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʦʙʫʯʘ-

ʶʱʠʭʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʚ 

ʩʠʩʪʝʤʝ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʩʪʠʨʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʢʦʥʪʨʦʣʷ ʜʣʷ ʦʙʫʯʘ-

ʝʤʦʛʦ, ʘ ʩ ʜʨʫʛʦʡ ï ʧʨʠʥʠʤʘʶʪ ʥʘ ʩʝʙʷ ʨʫʪʠʥʥʫʶ ʯʘʩʪʴ ʪʝʢʫʱʝʛʦ ʠʣʠ ʠʪʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʝʩʪʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʥʝ ʜʦ-

ʧʫʩʢʘʶʱʫʶ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʦʙʦʣʦʯʢʫ, ʥʘʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚ ʥʝʝ ʚʢʣʶʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚ, ʦʙʣʝʛʯʘʶʱʘʷ ʧʨʦʮʝʩʩ ʠʭ ʩʦ-

ʟʜʘʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʶ, ʪ. ʝ. ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʪʝʩʪʠʨʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʝʩʣʠ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʦʚʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʨʜʠʥʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʠ ʜʠʘʛʥʦʩʪʠʨʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ.  
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ПРИМЕНЕНИЕ ИНФОРМАЦИОННЫХ ТЕХНОЛОГИЙ  

В УПРАВЛЕНИИ КАДРАМИ В ВУЗЕ 
 

 
И.Б. Аминов

1
, Н.А. Шарапова

2 

1 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2 
ʘʩʩʠʩʪʝʥʪ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʚ ʚʫʟʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʨʘʟʨʘ-

ʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ ʚʫʟʘ, ʚʳʜʝʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, ʫʨʦʚʥʠ ʠʭ ʦʮʝʥʢʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-

ʤʳ, ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ ʚʫʟʘ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʬʘʢʪʦʨʳ ʨʘʟʨʘʙʦʪʢʠ ʀʉ, ʤʦʜʝʣʠ ʀʉ, ʦʮʝʥʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ.  

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

ʅʘʚʳʢʠ ʚʣʘʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʚʩʝ-

ʜʥʝʚʥʦʡ ʨʘʙʦʪʝ, ʫʤʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ï ʪʘʢʦʚʘ ʨʝʘʣʴʥʦʩʪʴ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. ʀʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʠʟʙʝʞʥʦ ʚʝʜʫʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʠʩʪʠʥʥʫʶ ʨʦʣʴ ʠ ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʠʤ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʚʝʜʝʥʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʚʫʟʦʤ. 

ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʳʤ ʜʦʨʦʛʠʤ ʧʨʦʜʫʢ-

ʪʦʤ, ʠ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘ-

ʣʦ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʝʝ ʜʦʩʪʘʚʢʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ. ʆʥʣʘʡʥʦʚʳʡ 

ʜʦʩʪʫʧ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʥʘ CD-ʥʦʩʠʪʝʣʷʭ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ, ʤʦʙʠʣʴ-

ʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ 

ʧʦʚʳhʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʢʦʤʧʴʶʪʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʣʶʙʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ [1].  

ʇʨʠʤʝʥʝʥʠʝ: 

- ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚʫʟʘ;  

- ʩʥʠʞʝʥʠʝ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ;  

- ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʦʪʯʝʪʥʦʩʪʠ;  

- ʩʠʩʪʝʤʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʝ, ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ ʚʫʟʘ, ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʢʘʜʨʘʤʠ ʢʫʨʩʦʚ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʧʳʪʝ ʨʘʙʦʪʳ ʢʘʜʨʦʚ;  

- ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʘʥʘʣʠʟʘ, ʢʦʥʪʨʦʣʷ, ʧʦʜʛʦʪʦʚʢʫ 
ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʚʫʟʘ ʧʦʟʚʦʣʠʣʦ ʧʦʜʥʷʪʴ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʚʫʟʘ ʧʨʠ ʫʩʣʦʚʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ [2]: 

- ʠʥʬʦʨʤʘʮʠʷ;  

- ʫʥʠʬʠʢʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ;  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ;  

- ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ;  

- ʘʢʪʠʚʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʦʚ ʟʘ ʩʯʝʪ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʩʝʪʝʡ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʚʫʟʘ ʷʚ-

ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʪ. ʝ. ʢʘʞʜʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʚʫʟʘ, ʯʪʦʙʳ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʘʨʘʩʪʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ, ʜʦʣʞʥʳ ʫʤʝʪʴ ʧʦʣʫʯʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʝʨʩʦʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝ-

ʨʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ.  

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʝʨʩʦʥʘʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʚʫʟʝ, ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʧʦʣ, ʚʦʟʨʘʩʪ, ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 
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ʪ. ʧ. ɺʩʝ ʵʪʠ ʦʪʣʠʯʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʘʙʦʪʳ ʠ ʧʦʚʝʜʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʨʘʙʦʪʥʠʢʘ, ʪʘʢ ʠ ʥʘ ʜʝʡʩʪʚʠʷ ʠ ʧʦʚʝʜʝʥʠʝ ʜʨʫʛʠʭ ʧʝʨʩʦʥʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʞʜʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʡ ʚʫʟʘ ʜʦʣʞʝʥ ʩʪʨʦʠʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʩ ʢʘʜʨʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʧʦʣʦʞʠʪʝʣʴ-

ʥʭr ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʩʪʘʨʘʪʴʩʷ ʫʩʪʨʘʥʷʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʝʛʦ ʜʝʡʩʪʚʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʨʷʜ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʦʪ 

ʯʝʛʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʫʩʧʝʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʫʟʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ ʚʦ ʤʥʦ-

ʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʢʘʜʨʦʚ. ɽʩʣʠ ʢʘʞʜʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʚʫʟʘ ʩʘʤ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʛʣʫʙʦʢʦ ʦʩʦʟʥʘʸʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʚʥʝʜʨʝ-

ʥʠʷ ʚ ʚʫʟʝ, ʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʦʢʘʟʘʪʴ ʧʦʜʜʝʨʞʢʫ ʢʘʞʜʦʤʫ ʧʝʨʩʦʥʘʣʫ.  

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʚʫʟʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʡ ʠ ʥʘʫʯʥʦʡ. ʂʘʞʜʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚʫʟʘ ʧʨʠʤʝʥʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʦʪʯʝʪʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʝʨʩʦʥʘʣʦʚ, ʚ 

ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ ʪ. ʜ.  

ʆʜʥʦ ʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʜʨʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʧʝʨʝʭʦʜ ʥʘ ʙʝʟʙʫʤʘʞʥʫʶ ʪʝʭʥʦ-

ʣʦʛʠʶ ʨʘʙʦʪʳ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʩʥʘʱʝʥʠʠ ʚʫʟʘ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ, ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʝʪʷʤ 

ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʨʝʩʫʨʩʘʤ.  

ʋʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʝʩʣʠ ʚ ʢʘʞʜʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʚʫʟʘ ʫʩʪʘʥʦʚʠʪʴ 

ʢʦʤʧʴʶʪʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʴʶ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʚʠʜʝ ʬʘʡʣʦʚ, ʘ ʥʝ ʙʫʤʘʞʥʳʭ ʢʦʧʠʡ, ʧʝʨʝʜʘʯʘ ʠʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪ ʢʦʤʧʴʶʪʝʨʘ ʢ ʢʦʤʧʴʶʪʝʨʫ, ʩʪʦʷʱʠʭ ʚ ʨʘʟʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʚʫʟʘ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʝ ʜʦʢʫʤʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ, 

ʙʘʟ ʜʘʥʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ.  
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ВЛИЯНИЕ СПОСОБА ПРИГОТОВЛЕНИЯ ФОРМОВОЧНЫХ МАСС  

НА СВОЙСТВА МАГНЕЗИАЛЬНЫХ КОМПОЗИЦИЙ 
 

 
О.А. Мирюк, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ

 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʥʘ ʪʚʝʨʜʝʥʠʝ ʠ ʧʨʦʯ-

ʥʦʩʪʴ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʟʝʨʥʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʦʢʘʟʘʥʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʛʠʜʨʦʣʠʟʘ ʤʠʥʝʨʘʣʦʚ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʦʡ 

ʩʤʝʩʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʦʪʜʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʩʦʣʝʚʳʤ ʨʘʩʪʚʦʨʦʤ ʟʘʪʚʦʨʠʪʝ-

ʣʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʦʤʳʚʢʫ ʜʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʚʦʙʦʜʠʪ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʝʥ ʦʪ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʝʟʠʘʣʴʥʦʝ ʚʷʞʫʱʝʝ, ʢʦʤʧʦʟʠʮʠʷ, ʪʝʭʥʦʛʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ, ʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. 
 

ɺʳʩʦʢʘʷ ʘʢʪʠʚʠʟʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʤʘʪʝʨʠʘ-

ʣʘʤ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʚʷʞʫʱʠʭ ʠ ʢʦʤʧʦʟʠʮʠʡ [1ï3]. ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ: ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʤʥʷ ʚʷʞʫʱʝʛʦ, ʤʝʟʦʩʪʨʫʢʪʫʨʘ                

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʟʘʧʦʣʥʠʪʝʣʷ ʩ ʢʘʤʥʝʤ ʚʷʞʫʱʝʛʦ, ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ ʟʘʧʦʣʥʠʪʝʣʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʚ ʦʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʮʝʣʝʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʥʦʚʦʛʦ ʩʳʨʴʷ ʚ ʩʦʩʪʘʚʝ            

ʢʦʤʧʦʟʠʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʦʤʧʣʝʢʩ-

ʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʛʥʝʟʠʘʣʴʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠ ʟʘ-

ʧʦʣʥʠʪʝʣʝʡ. ʉʤʝʰʘʥʥʦʝ ʚʷʞʫʱʝʝ ʩʦʩʪʦʠʪ ʠʟ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ ʠ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʩʢʘʨʥʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʨʫʜ, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʂʦʤʧʦʟʠʮʠʠ ʟʘʪʚʦʨʷʣʠ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʧʣʦʪʥʦʩʪʴʶ 1240 ʢʛ/ʤ
3
. 

ʍʘʨʘʢʪʝʨ ʠ ʩʪʝʧʝʥʴ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ             

ʪʝʭʥʦʛʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʙʦʨ ʩʳʨʴʷ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢ ʤʘʛʥʝʟʠʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʚʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢʦʥʪʘʢʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʳʩʷʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʤʘʛ-

ʥʝʟʠʘʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ. ʕʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ ʛʠʜʨʘʪʦʚ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʘʤʥʷ. 

ʇʝʩʪʨʳʡ ʩʦʩʪʘʚ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʝʥʝʟʠʩʘ ʧʨʠʜʘʶʪ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʪʭʦʜʘʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. 

ʄʥʦʛʦʵʪʘʧʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʠʩʪʳʭ ʦʪʭʦʜʦʚ ʩ ʦʪʜʝʣʝʥʠʝʤ ʟʘʜʘʥʥʳʭ ʬʨʘʢʮʠʡ ʯʘʩʪʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝ-

ʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ɺʳʜʝʣʷʝʤʳʝ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʯʘʩʪʠʮʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʚʝʨʜʦʩʪʴʶ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚ ʢʘʯʝ-

ʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʦʩʦʙʥʘ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʠʭ ʯʘʩʪʠʮ ʠ ʧʦʚʣʠʷʪʴ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʟʦʩʪʨʫʢʪʫʨʳ. 

ʈʘʩʪʚʦʨ ʩʦʣʠ ʘʢʪʠʚʠʟʠʨʫʝʪ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʦʣʴ           

ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʟʘʪʚʦʨʠʪʝʣʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʷʞʫʱʝʛʦ ʥʘ ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ ʠ ʪʚʝʨʜʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ ʚʷʞʫʱʝʛʦ: 

I ï ʟʘʪʚʦʨʝʥʠʝ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ (ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ); 

II  ï ʩʤʝʰʠʚʘʥʠʝ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ; 

III  ï ʩʤʝʰʠʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʢʘʫʩʪʠʯʝʩʢʦ-

ʛʦ ʤʘʛʥʝʟʠʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʧʣʦʪʥʦʩʪʴʶ ʟʘʪʚʦʨʠʪʝʣʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʪʚʦʨʠʪʝ-

ʣʷ ʧʨʠʤʝʥʷʣʠ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʷʞʫʱʠʭ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʨʘʟʤʝʨʦʤ 

20ʭ20ʭ20 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʪʝʩʪʘ ʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʦʪ ʩʧʦʩʦ-

ʙʘ ʟʘʪʚʦʨʝʥʠʷ. ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʘ, ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʪʚʦʨʠʪʝʣʷ, ʜʦʣʝʡ ʢʘʫʩʪʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ. ʇʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʩ ʨʘʩʪʚʦʨʦʤ MgCl2 ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʠʟʘʮʠʝʡ ʛʠʜʨʦ-
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ʣʠʟʘ ʤʠʥʝʨʘʣʦʚ. ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʘ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʪʚʦʨʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʦʘʥʜʨʘʜʠʪʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ   

ʟʘʪʚʦʨʝʥʠʝ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʦʢʩʠʭʣʦʨʠʜʦʚ ʤʘʛʥʠʷ.              

ʇʨʠ ʟʘʪʚʦʨʝʥʠʠ ʤʘʛʥʝʟʠʘʣʴʥʦʧʠʨʠʪʥʦʛʦ ʚʷʞʫʱʝʛʦ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ MgCl2 ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʢʘʤʥʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʠʨʠʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʦʪʪʦʢʫ Mg(OH)2 ʥʘ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʛʠʜʨʦʩʫʣʴʬʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʥʠʷ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ MgCl2 ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʥʠʞʘʝʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ʚʷʞʫʱʝʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ MgCl2 ʩ ʧʣʦʪʥʦʩʪʴʶ 1250 ʢʛ/ʤ
3
      

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʟʘʪʚʦʨʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘ-

ʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʷʞʫʱʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʟʘʪʚʦʨʠʪʝʣʝʤ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʝʡ ʛʠʜʨʦʣʠʟʫ ʤʠʥʝʨʘʣʦʚ. ʇʝʨʚʠʯ-

ʥʳʡ ʢʦʥʪʘʢʪ ʤʘʛʥʝʟʠʪʘ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʟʘʪʚʦʨʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʶ ʯʘʩʪʠ MgO ʠ MgCl2 ʚ ʧʝʥʪʘʛʠʜʨʦʦʢʩʠʭʣʦʨʠʜ ʤʘʛʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʣʘʙʝʚʘʝʪ ʘʢʪʠʚʠʟʠʨʫʶʱʝʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʘʥʥʳʝ 

ʦ ʚʣʠʷʥʠʠ ʯʘʩʪʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʛʥʝʟʠʪʘ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʛʥʝʟʠʪʘ (15 % ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ),                 

ʚʚʝʜʝʥʥʦʝ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʣʠ, ʥʝ ʫʭʫʜʰʘʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘʪʚʦʨʠʪʝʣʷ, ʦʙʦʛʘʪʠʪ ʝʛʦ              

ʠʦʥʘʤʠ ʤʘʛʥʠʷ.  
 

ʊʘʙʣʠʮʘ 1 

Влияние способа приготовления на твердение вяжущего 

ʉʧʦʩʦʙ 
ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, %, ʚ ʚʦʟʨʘʩʪʝ, ʩʫʪ 

1 3 7 14 28 

I 75 82 92 95 100 

II  73 85 91 93 98 

III  87 92 97 103 110 
 

ɿʝʨʥʠʩʪʳʡ ʢʦʤʧʦʥʝʥʪ - ʠʥʝʨʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʦʜʥʘʢʦ ʨʦʣʴ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʵʪʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʟʘʯʘʩʪʫʶ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠ-

ʷʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʠʩʪʳʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʤʝʞ-

ʜʫ ʯʘʩʪʠʮʘʤʠ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʢʘʤʥʝʤ ʚʷʞʫʱʝʛʦ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʣʠʷʶʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʟʝʨʥʠʩʪʳʭ             

ʟʘʧʦʣʥʠʪʝʣʝʡ:  

1 ï ʩʦʚʤʝʩʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ; 

2 ï ʧʝʨʚʠʯʥʳʡ ʢʦʥʪʘʢʪ ʟʘʧʦʣʥʠʪʝʣʷ ʩ ʟʘʪʚʦʨʠʪʝʣʝʤ ʚ ʪʝʯʝʥʠʝ 2 ï 3 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʚʝʜʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʟʝʨʥʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ 

ʩʧʦʩʦʙʦʤ (ʨʠʩ. 1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʥʜʝʥʮʠʠ ʫʧʣʦʪʥʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʙʝʪʦʥʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʯʘʩʪʠʮ ʦʪʩʝʚʘ ʜʨʦʙʣʝʥʠʷ ʠ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʝʨʥʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ. 2 ʠ 3), ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʠʝ ʦ ʩʥʠʞʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ, ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʜʨʘʪʦʚ ʚ ʧʨʠʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʦʣʴ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʟʝʨʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʜʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ ʦʩʚʦʙʦʜʠʪʴ ʝʝ ʦʪ ʧʳʣʝʚʠʜʥʳʭ ʬʨʘʢʮʠʡ. 
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ɺʠʜ ʟʘʧʦʣʥʠʪʝʣʷ

ʩʧʦʩʦʙ 1 

 
 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʟʝʨʥʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʡ 

1 ï ʦʪʩʝʚ ʜʨʦʙʣʝʥʠʷ ç0,63-0,315è ʤʤ; 2 ï ʦʪʩʝʚ ʜʨʦʙʣʝʥʠʷ ç1,25-0,63è ʤʤ;  

3 ï ʦʪʭʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ç0,63-0,315è ʤʤ; 4 ï ʦʪʭʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ç1,25-0,63è ʤʤ  



ISSN 2308-4804. Science and world. 2015. № 1 (17). Vol. I. 

 

 

89 

 

ʇʨʠ ʜʨʦʙʣʝʥʠʠ ʧʦʨʦʜ ʠ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʥʘʨʷʜʫ ʩ ʠʩʢʦʤʦʡ ʬʨʘʢʮʠʝʡ, ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʝ ʧʳʣʝʚʠʜʥʳʝ ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʪʘʨʘʶʪʩʷ ʦʛʨʘʥʠʯʠʚʘʪʴ. 

 

 
 

ʈʠʩ. 2. ʂʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʧʦʣʫʯʝʥʥʘʷ ʩʦʚʤʝʩʪʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ  

 

 
 

ʈʠʩ. 3. ʂʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʢʦʥʪʘʢʪʝ ʟʘʧʦʣʥʠʪʝʣʷ ʩ ʟʘʪʚʦʨʠʪʝʣʝʤ 
 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʛʦʪʦʚʠʣʠ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʥʘ ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʦʪʤʳʪʳʭ ʦʪ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. ʆʪʤʳʚʢʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪ-

ʜʝʣʴʥʳʝ ʬʨʘʢʮʠʠ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 

Влияние отмывки на состав отходов обогащения руд 

ʌʨʘʢʮʠʷ ʟʘʧʦʣʥʠʪʝʣʷ, ʤʤ 
ʄʘʩʩʘ, ʛ 

ʇʦʪʝʨʷ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦ ʤʘʩʩʝ, % 
ʠʩʭʦʜʥʘʷ ʦʪʤʳʪʘʷ 

0,14 ï 0,315 

1000 

540 46,0 

0,315 ï 0,63 834 16,6 

0,63 ï 1,25 921 7,9 

1,25 ï 2,5 962 3,8 

2,5 ï 5,0 983 1,7 

 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʬʨʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʟʝʨʥʘ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʠʣʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʟʝʨʥʘ ʥʘʠʙʦ-
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ʣʝʝ ʛʫʩʪʦ ʧʦʢʨʳʪʳ ʧʳʣʝʚʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɼʣʷ ʬʨʘʢʮʠʠ ç0,14ï0,315è ʤʤ ʧʦʪʝʨʠ ʚ ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ 

ʧʦʣʦʚʠʥʫ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʣʢʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʩʘʤʦʡ ʬʨʘʢʮʠʠ: ʤʘʣʳʝ ʟʝʨʥʘ ʬʨʘʢʮʠʠ ʫʥʦʩʷʪʩʷ 

ʚʦʜʦʡ ʚʤʝʩʪʝ ʩ ʧʳʣʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʵʪʦʡ ʬʨʘʢʮʠʠ ʤʦʛʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʦʣʥʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʜʦʣʠ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ. 

ʆʪʜʝʣʝʥʠʝ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ ʦʪ ʟʝʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ (ʪʘʙʣ. 3). 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʨʦʙʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʛʦʪʦʚʠʪʴ ʧʦ ʩʧʦʩʦʙʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʤʫ ʦʪʜʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʧʦʣʥʠʪʝʣʷ ʩʦʣʝʚʳʤ ʨʘʩʪʚʦʨʦʤ  

ʟʘʪʚʦʨʠʪʝʣʷ.  

ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʦʤʳʚʢʫ ʟʝʨʝʥ ʠ ʦʩʚʦʙʦʜʠʪ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʪʝʩʥʦʤʫ ʢʦʥʪʘʢʪʫ ʢʘʤʥʷ ʚʷʞʫʱʝʛʦ ʠ ʟʘʧʦʣʥʠʪʝʣʷ. ɺʝʨʦʷʪʥʘ ʘʢʪʠʚʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʟʘʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ ʫʩʠʣʝʥʠʝ ʩʮʝʧʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ. 

ʇʳʣʝʚʠʜʥʳʝ ʯʘʩʪʠʮʳ ʧʦʜ ʘʢʪʠʚʠʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʭʣʦʨʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ           

ʩʧʦʩʦʙʥʦ ʢ ʫʯʘʩʪʠʶ ʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʥʳʭ ʛʠʜʨʘʪʦʚ, 

ʫʧʣʦʪʥʷʶʱʠʭ ʢʦʥʛʣʦʤʝʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʤʥʷ. 
 

ʊʘʙʣʠʮʘ 3 

Влияние предварительной обработки зернистого заполнителя 

ʉʦʩʪʦʷʥʠʝ  

ʟʘʧʦʣʥʠʪʝʣʷ 

ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ, % 
ɾ: ɺɺ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, 

ʄʇʘ, ʚ ʚʦʟʨʘʩʪʝ, 

ʩʫʪ 

0,14 ï 0,315 0,315 ï 0,63 0,63 ï 1,25 1,25 ï 2,5 2,5 ï 5 3  28  

    ʆʪʤʳʪʳʡ  ï ï ï ï 100 0,33 14 38 

ʀʩʭʦʜʥʳʡ  ï ï ï ï 100 0,33 11 33 

    ʆʪʤʳʪʳʡ 50 50 ï ï ï 0,60 4 12 

ʀʩʭʦʜʥʳʡ 50 50 ï ï ï 0,64 2 7 

    ʆʪʤʳʪʳʡ ï ï 50 50 ï 0,40 10 25 

ʀʩʭʦʜʥʳʡ ï ï 50 50 ï 0,40 8 22 

 

Вывод. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʦʢʩʠʭʣʦʨʠʜʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ           

ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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INFLUENCE OF THE WAY OF THE MOULDING  

MASSES DRESSING ON PROPERTIES OF MAGNESIA COMPOSITIONS 
 

O.A. Miryuk, Doctor of Technical Sciences, Professor
 

Rudny Industrial Institute, Kazakhstan 

 

Abstract. The author establishes the influence of the way of dressing of the moulding masses on the maturing 

and the durability of the magnesia compositions of a granular structure. This article shows the preferability of a prima-

ry contact between technogenic filler of mixed astringent and the magnesium chloride what is caused by activation of 

hydrolysis of minerals of ore-dressing tailings. The expediency of the preparation of forming mix was proved, which 

provide the separate processing of technogenic filler with salt solution of sealing compound. It will provide the washing 

of dismembered material and will exempt a surface of grains from dust-like particles. 

Keywords: magnesia astringent, composition, technogenic materials, way of dressing, granular structure. 
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TWO-PARAMETER MODEL STEP PROCESS CIRCULATION 
 

 
V.I. Poltavtsev, Doctor of Technical Sciences, Professor 

Kemerovo State Agricultural Institute, Russia 
 

Abstract. Justified method step Ø-shaped signal. Based on the principle of circulation and a plug flow in the main 

stage of the circulation process of a two-parameter model is built step process for the system the solid - liquid - gas. 

Keywords: section, fluidization, circulating layer, the signal model. 
 

Simulation partitioned processes are generally carried out currently widely known cell model. It comprises a 

chain of cells with an ideal mixing each. Industrial process displacing relatively simple to move towards the ideal.  Get 

an approximation to an ideal mixing on an industrial scale is very difficult. Impossible to achieve the flow in three di-

rections simultaneously. Therefore, all industrial processes are delayed response when tested any signal - a pulse or a 

step. In this series of posts reflects the results of simulations of a partitioned process with a three-phase system (solid 

particles ï water ï  ï air) interacting in a vertical fluidized bed. Vortex axis is horizontal. We propose a Ø-shaped sig-

nal, whose parameters correspond to the parameters of the process in a circulation model.  The device consists of a 

chain of planar circulators designed to create a counter-current process of regeneration of ion exchangers: air ï regener-

ant ï cation exchanger KU-2-8, technology vodopodgotovok water softener. Justification Ø-shaped signal process pa-

rameters enables a simple transition scheme response from a single signal to the circuit response of serial signals, which 

is equivalent to the structure of the volume level (Figure 1).  

Consistent movement portions ȹɡm creates chain residues, the amount of which is equivalent to the volume 

level. In each cycle, the output of the stage portion comprises a sum of the parts ȹɡm, which for stage 2 is the sum of the 

initial portion.   
 

 

 

Fig.1. Traffic pattern tracers on the steps of the process: the test unit Ø-shaped signal portions  

and portion servings occur sequentially from the time intervals; when test chain signals ï all portions and parts exist simultaneously 

                                                           
 É Poltavtsev V.I. / ʇʦʣʪʘʚʮʝʚ ɺ.ʀ., 2015 
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They are marked by a double index ɡm,1, and the response of the second stage will contain the sum of the parts 

ȹɡm,1. Accordingly, the third stage consists of three letters in the notation of portions and parts. The number of stages of the 

process indicated by the index N.  The process of movement of the incoming stream is stationary therefore the sequence of 

portions in each stage is divided into equal parts. Therefore, the process of dividing the portion is also stationary. At each 

stage of the process formed a set of stationary portion, the amount of which is calculated by the number of geometric pro-

gression.  In the diagram, it is clear that part of the portion of the effluent of the 1st stage form a proper portions and the 

second is for her initial. In it, each of them in turn generates a chain ɡ1,1, ɡ1,2 etc., ɡ2,1,  ɡ2,2  etc., the value of the portion 

which, by analogy with previous reports calculated simply. Take into account the equivalence of C0 and ɝ, we obtain:   

 

ɡ1, 1 =  Q ȹŰ ɝ 

ɡ1, 2 =  Q ȹŰ ɝ (1 -  ɝ ) 

                                                               ȹɡ1        ɡ1, 3 =  Q ȹŰ ɝ (1 -  ɝ )
2
                                                                           (1) 

 ééé. ééééé 

ɡ1, l =  Q ȹŰ ɝ (1 -  ɝ )
l - 1

 
 

 

Brace before the system (1) has a collective meaning and indicates the part of the response, gave birth to a 

chain of "el". This is followed by the distribution of the 2nd part ȹɡ2: 
 
 

 

ɡ2, 1 =  Q ȹŰ ɝ (1 -  ɝ ) 

ɡ2, 2 =  Q ȹŰ ɝ (1 -  ɝ )
2
 

                                                              ȹɡ2        ɡ2, 3 =  Q ȹŰ ɝ (1 -  ɝ )
3
                                                                            (2) 

 ééé. ééééé 

ɡ2, ʢ =  Q ȹŰ ɝ (1 -  ɝ )
ʢ
 

 

 

By analogy, the third portion: 
 

 

ɡ3, 1 =  Q ȹŰ ɝ (1 -  ɝ )
 2
 

ɡ3, 2 =  Q ȹŰ ɝ (1 -  ɝ )
 3
  

                                                             ȹɡ3          ɡ3, 3 =  Q ȹŰ ɝ (1 -  ɝ ) 
4
                                                                          (3) 

 ééé. ééééé 

ɡ3, i =  Q ȹŰ ɝ (1 -  ɝ )
 i +1

 
 

 

and omitting the intermediate steps, note the appearance of the number of sections N: 
 

 

 

ɡm, 1 =  Q ȹŰ ɝ (1 -  ɝ )
 m ï N + 1

 

ɡm, 2 =  Q ȹŰ ɝ (1 -  ɝ )
 m ï N + 2

  

                                                            ȹɡm          ɡm, 3 =  Q ȹŰ ɝ (1 -  ɝ ) 
m ï N + 3

                                                                 (4) 

 ééé. ééééé 

ɡm, j   =  Q ȹŰ ɝ (1 -  ɝ )
 m ï N + j

 
 

 

 

If we sum up The given according to the second stage, we obtain the full amount of the second stage V.  

Equation structure of the response stage 2 are of the form:   
 
 

ȹɡ1,1 =  Q ȹŰ ɝ
2
 

ȹɡ1,2 =  Q ȹŰ ɝ
2
 (1 - ɝ) 

                                                                            ȹɡ1,3 =  Q ȹŰ ɝ
2
 (1 -  ɝ)

2
                                                                          (5) 

 ééé. 

ȹɡ1,l =  Q ȹŰ ɝ
2
 (1 -  ɝ)

l ï 1
 

 

Next to the second portion: 
 

                                                         ȹɡ2,1 =  Q ȹŰ ɝ
2
 (1 - ɝ) 

                                                  ȹɡ2,2 =  Q ȹŰ ɝ
2
 (1 - ɝ)

2
 

                                                         ȹɡ2,3 =  Q ȹŰ ɝ
2
 (1 -  ɝ)

3
                                                                         (6) 

                                                          ééé. 

ȹɡ2,ʢ =  Q ȹŰ ɝ
2
 (1 -  ɝ)

 ʢ
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And for the third portion: 
 

                                                         ȹɡ3,1 =  Q ȹŰ ɝ
2
 (1 - ɝ)

2
 

                                                 ȹɡ3,2 =  Q ȹŰ ɝ
2
 (1 - ɝ)

3
 

                                                         ȹɡ3,3 =  Q ȹŰ ɝ
2
 (1 -  ɝ)

4
                                                                         (7) 

                                                          ééé. 

ȹɡ3, i =  Q ȹŰ ɝ
2
 (1 -  ɝ)

 i + 1
 

omitting details and obtain 
 

                                  ȹɡm,1 =  Q ȹŰ ɝ
2
 (1 - ɝ)

m ï N + 1 

                                  ȹɡm,2 =  Q ȹŰ ɝ
2
 (1 - ɝ)

 m ï N + 2 

                                        ȹɡm,3 =  Q ȹŰ ɝ
2
 (1 -  ɝ)

m ï N + 3
                                                         (8) 

                                              ééé. 

                                        ȹɡm,j   =  Q ȹŰ ɝ
2
 (1 -  ɝ)

 m ï N + j
 

 

Summing (5) ï (8), we obtain the volume of the batch of the signal, ie These equations express the structure of 

the response of the 2nd stage. Analyzing the above, we find that the exponent of cofactor ɝ corresponds to the number 

of sectioned stage process: 

 

ȹɡ1 =  Q ȹŰ ɝ    (N = 1,  1 Degree) 

 

ȹɡ1,1 = Q ȹŰ ɝ
2    

(N = 2,  2 Degree) 

 

Moreover, the step number is one of the variables in the exponent with  cofactor (1 - ɝ).  The conclusion is con-

firmed by the equations of the portion of the third stage: 
 

ɡ1,1,1 =  Q ȹŰ ɝ
2
 

ɡ1,1,2 =  Q ȹŰ ɝ
2
 (1 - ɝ) 

ɡ1,1,3 =  Q ȹŰ ɝ
2
 (1 -  ɝ)

2
                                                                          (9) 

 ééé. 

ɡm,l,a =  Q ȹŰ ɝ
2
 (1 -  ɝ) 

m + l + a ï N
 

 

Exponent of cofactor (1 - ɝ) contains the value of stage number çNè of a process that is clearly evident in the 

structure of the response of the third stage: 
 

ȹɡ1,1,1 =  Q ȹŰ ɝ
3
 

ȹɡ1,1,2 =  Q ȹŰ ɝ
3
 (1 - ɝ) 

ȹɡ1,1,3 =  Q ȹŰ ɝ
3
 (1 -  ɝ)

2
                                                                     (10) 

 ééé. 

ȹɡm,l,a =  Q ȹŰ ɝ
3
 (1 -  ɝ) 

m + l + a ï N
 

 

The foregoing reveals a functional relationship between the variables that determine the composition of por-

tions and parts of the response of any stage. For example, the 7th stage of the portions will be: 
 

ɡ1,1,1,1,1,1,1 =  Q ȹŰ ɝ
6
 

ɡ1,1,1,1,1,1,2 =  Q ȹŰ ɝ
6
 (1 - ɝ) 

ɡ1,1,1,1,1,1,3 =  Q ȹŰ ɝ
6
 (1 -  ɝ)

2
                                                                (11) 

 ééé. 

        ɡm,l,a,b,c,d,e =  Q ȹŰ ɝ
6
 (1 -  ɝ) 

m + l + a + b + c + d + e ï N
 

 

and the structure of the response 
 

ȹɡ1,1,1,1,1,1,1 =  Q ȹŰ ɝ
7
 

ȹɡ1,1,1,1,1,1,2 =  Q ȹŰ ɝ
7
 (1 - ɝ) 

ȹɡ1,1,1,1,1,1,3 =  Q ȹŰ ɝ
7
 (1 -  ɝ)

2
                                                             (12) 

 ééé. 

ȹɡm,l,a,b,c,d,e =  Q ȹŰ ɝ
7
 (1 -  ɝ) 

m + l + a + b + c + d + e ï N
 

 

No reason is given above-stated amounts of computing systems of equations, because continental summing up, 

we get the volume level, and summing up of the structure of the response - the amount of batch signal.  

The expression for 2-step process the parametric model with a perfect circulation in each stage and the ideal displace-

ment mainly  working volume will be:   
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                                           ȹɡ m,l, é,ɣ,ű =  Q ȹŰ ɝ
 N

 (1 -  ɝ) 
(m + l + é + ɣ + ű) ï N

                                                                      (13) 

 

In (13) the number of variables m, l, ..., ɣ, ű is numerically equal to the value of N. 

In analyzing the output of this model is found, in a response that contains the various parts of the same portions, and 

these parts are equal: 

 

                                                                     ȹɡ1,2 = ȹɡ2,1                                                                                                              (14) 

Indices such terms are informed about the ways and the residence time of parts on the steps of the process: 

ȹɡ1,2 ï was one interval  ȹŰ  in the first stage and two in the second interval; 

ȹɡ2,1 ï There are two time interval  ȹŰ  in stage 1 and one - in the second, 

but both have a residence time of three slots and appear in response 2nd stage simultaneously. For example, the re-

sponse of the 7th stage: 

 

ȹɡ1,7,3,2,9,5,12  = ȹɡ33,1,1,1,1,1,1 =  ȹɡ10,10,15,1,1,1,1 
 

has three parts, with the same residence time - 39 intervals. They were different times in different stages, but 

appeared in the response of the 7th stage simultaneously. 

Response Variability of indices of components and identify another pattern models: equal amounts of indices 

belong to an equal amount of part of that is the result of differences in the ways the movement of the responses on the 

steps of the process and naturally only steps equal volume. Indices parts variably altered to term so that part will be 

more ȹɡ1,7 six parts with the following indexing: 2.6; 3.5; 4.4; 5.3; 6.2; 7.1. In the example for the 7th stage three of the 

response are equal, because they have the same number of indexes, and an equal amount of indices. In general, an in-

dexing system allows you to calculate the residence time of each part of the solid phase in each degree process. 

CONCLUSIONS 

1. A mathematical model of the 2nd generation ï step-circulation model (SCM).  

2. The model reflects the composition and range of the residence time of each part, separated from the stage 

went down in portions. 

3. Composition stages, heterogeneous response model, and its components corresponds to a geometric pro-

gression, the sum of which determines the amount of portions by step, and in parts - volume response stage.  

4. Parameters of the model: the number of process steps and intensity of circulation within the parameters of 

the real process.  
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To date, the amount of research on the structure of the flow in a partitioned system with mixing is extremely 

wide. Getting them to put chemical kinetics [1], in which the island was the question of definition share of reacted ma-

terial. Fruitful the proposal to introduce the principle of ñblack boxò, which is formed on the basis of class tasks ideal 

models: mixing, displacement, cell, diffusion, etc. Partitioning is an effective means of intensification of mass transfer 

and also in the case of three-phase system where most partitioning refers to horizontal systems, few cases ï to vertical, 

and only a few cases exemplify superposition these principles in process equipment. The first implementation of back-

flow in three-phase systems, the proposed I. Pitle, there are now many variants, almost repetitive. The main disad-

vantage of these options and three-phase systems in general ï high efficiency longitudinal mixing in the forward and 

reverse directions. 

Analysis of the existing partitioned 2-D and 3-phase systems clear identifies the main purpose of their develop-

ment ï getting countercurrent process with a low coefficient of longitudinal mixing. In general, the principle of ñblack 

boxò was an extremely effective method. It can be easily realized in chemical reactors in calculating flow patterns of the 

liquid and solid phases. However, in the mass-transfer processes occurred specific difficulties associated with segregation 

properties of the ensemble of particles. On the basis of work on the drying of granular materials can be assumed that the 

law of large numbers holds for section systems, but direct answer to this question is not yet available [1]. 

It is not surprising that the foundations of the calculation of multiphase systems are based on the ideal mixing 

model. In addition, there are special difficulties in the study of the industrial units with a large reaction volume and low 

volumetric flow rate. 

Graphical methods for the calculation of multiple-system do not have a wide application because they have a 

rough approximation character. Until now, the basis for modeling partitioned mass-exchange processes are four classic 

models: mixing, displacement, cellular and diffusion (Figure 1). 

 

 
 

Fig.1. Ideal models partitioned processes 

 

For horizontal partitioned processes (partitioned three-phase vortex layer is included in this group) is most of-

ten used in the calculations alveolate model  Its shortcomings are well known: high rigidity, combined absolute ideali-

zation of mixing; a single parameter ï the number of steps ï for the interpretation of experimental data; The theoretical 

breakthrough with the first portions of tracers clearly and accurately pronounced lag in response laboratorial models 

and, especially, in industrial machines.  The difficulty of modeling partitioned processes on the basis of a cell model as 

well known ï the inability to reflect the actual degree of mixing. 

Modern chemical technology is characterized by a wide using of statistical and probabilistic methods for research 

and calculation of chemical processes in which the matter at the time of the reaction instantaneously changes from one 

state to another. In general, the proposed experimental dependence reliably reflects the kinetics of the chemical process; 

the main parameter is the residence time of the substance to momenta reaction. In addition, on the working volume steps is 

insignificant as being distributed Therefore, the probabilistic approach does not distinguish between the path of motion of 

the reacting simultaneously, but with different residence time of the particles in a step stochastic process.  
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A completely different picture is observed in the physical processes of chemical technology, especially in the 

processes of the solid phase. The change in the particle concentration field occurs from the beginning to the end of the 

process. Essential is the residence time of each segment in each stage of the process. 

Moreover, in devices with internal circulation of particles is determined by the time it becomes recycling and 

their number before the release of particles from the stage. Hence formal application of probabilistic methods for such 

processes leads the to unnecessary averaging of particles in response of second and subsequent stages.   

For the same reasons, only formally applied mathematical apparatus for mass transfer of non-stationary sys-

tems ñsolid-liquidò with linear and nonlinear dependence of the diffusion coefficient of the radius and the concentration 

of the component in the particle, which is observed in the processing of a wide variety of materials, plastics, etc.  

For the same reasons, only formally applied mathematical apparatus for mass transfer of non-stationary sys-

tems ñsolid-liquidò with linear and nonlinear dependence of the diffusion coefficient of the radius and the concentration 

of the component in the particle, which is observed in the processing of a wide variety of materials, plastics, etc. Cannot 

account for distribution function of particle size, concentration interference fields two adjacent parts, etc. Physics 

propesea remains undisclosed. Application of sophistication models obtained easy combination, quickly leads to diffi-

culties of a purely mathematical plan, forcing the use of approximate methods.  

Hence their weaknesses: kinetics of interaction between phases is described rude averaging concentration 

fields of the target component, and the size of the device take with inflated stock. 

With exceptional breadth of research and using their results in the study of flow patterns in partitioned systems 

no one raises the next question ï What is the residence time of each particle in each stage of such systems? Each parti-

cle has its own field concentration interval, depending on the time of contact with the liquid in each section, and the 

question remains open. The answer to this appears by using a plug flow model. This model determines the residence 

time of each particle flow. 

Has the same property and the circulation model (Figure 1), in which the main piston displacement model re-

flects the stage of ideal displacement.   

Feature of our proposed model, transforming it into a class of models of the 2
nd

 generation is the use of a ʇ-

shaped signal tracers. It is well known that the pulse and step signals have indefinite volume or flow rate. Characteris-

tics of the signals are not connected with the parameters of the process under investigation.  They are selected only from 

the condition of fixing the accuracy of the output signal from the system. In the first place ï on the basis of the chemical 

activity, for example, acid, alkali, radiolabel etc.  In the second place ï in volume. Typically, the dose is taken tracers 

minimum in order to eliminate distortion of the dynamics of flow. 

Accordingly, the behavior of such a dose different from the behavior of the material in the flow.  It is clearly 

seen that the circulation model [1] provides a pulse signal output spikes (feedback) with the periodicity of the flow cy-

cle.  The second featureïa reduction in the intensity of each response at the end of each cycle.  Step signal on the con-

traryïthere is at the same rate, but the intensity of the response is increased with In a circulation process with a solid 

phase signal consists of the same granules as the flow. Therefore, we replaced part of the flow duration ȹŰ equivalent 

volume of tracers, the particles of which are saturated with the analyte. When selecting the material can only take into 

account the density similar to the active ingredient of the solid phase flow in the machine.  
 

 
 

Figure 2. Circulation model response to the ʇ-shaped signal 
 

Time of one cycle of circulation is defined as: 

 

                                                                                  ȹŰ  =  V / Q ʵʨʣ                                                                                   (1) 

 

Volume stepped signal rectangular U-shaped equal to the volume flow rate Q for the period ȹŰ: 

 

                                                                                      ɡ = Q Ț ȹŰ                                                                                    (2) 

 

The initial concentration of tracers traditionally determined as the ratio of the volume of the signal-to-volume 
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model. Thus: 
 

                                                                                       C0 = ɡ /  V                                                                                   (3) 

 

Circulation model response to the main stage for a plug has a delay equal to the time for one cycle. Graphical-

ly, the signal U-shaped response of the model and it is presented in Figure 2. On the chart the actual concentration of 

tracers reflected by a dotted line, and the concentration at the outlet - steps.  

CONCLUSIONS 

1. There are no studies to address intersection motion of the granular material in three-phase systems with a 

precise definition of the residence time of each particle in each stage of the process. 

2. Existing simple models do not reflect the non-ideality mixing in industrial machines. 

3. Are unknown and research methods (except partitioning) struggle with the longitudinal mixing in three-

phase systems. 

4. Parameters ʇ-shaped signal based on the parameters of the circulation process. 
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ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʦ ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʪʦʢʘ ʚ ʩʝʢʮʠʦʥʥʳʭ ʧʨʠʙʦʨʘʭ. ʈʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʜʣʷ ʤʦʜʝʣʝʡ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʧʨʝʜʣʦ-

ʞʝʥʥʦʛʦ Ø-ʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ  
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It reflects the complete information for each step in a compressed form (Fig.1). The scheme for a circulation 

model of the first stage shows that its response contains only a number of consecutive terms. The value of each term is 

shown in the diagram.  
 

 
 

Fig. 1. The matrix of the response structure of the circulation model 
 

The response is delayed at ȹŰ (range 0-1) and forms a one-dimensional linear array. Letôs designate it by a 

thick line for convenience. The indices of the response parts are changing according to the natural sequence, and are 

equal to the number of the interval all along the response. There is a single term per one column, monotonically de-

creasing in a geometric progression. 

The power of the factor (1 - ɝ) contains the difference between the sum of the indices and the number of stages. 

Therefore, for the sake of clearness, it is shown with zero value for the first term. The determination of the number of 

members in the matrix is made on the base of the condition of the technological limb of the response, equating the vol-

ume of a solid particle in the flow with the volume of a part and determining the power of the cofactor (1 - ɝ). 
 

 
 

Fig. 2. The matrix of the response structure of stage 2: the constant factor QȹŰ is not shown at all matrix schemata for convenience 
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Figure 2 shows the matrix of the response structure of the second stage with two- interval delay and two-

dimensional array of terms (28 in this figure). The part indices are variably altered, but the sum of numerals in each 

index is equal to the number of the interval of the given part: in the 8th interval seven parts and their indices are varia-

bly changed from 1.7 to 7.1. The matrix has a triangular shape, which occurs in it at the delay of onset of appearance of 

individual parts of the response.  

 
 

Fig. 3. The matrix of the response structure of the 3rd stage 
 

In the matrix of the first stage the residence time of each part corresponds to the number of intervals by index 

value. In the matrix of the second stage it corresponds to the number of intervals of the second digit of the index. The 

number of terms in each column increases by one. The value of each part of the column is given under the matrix.  



ISSN 2308-4804. Science and world. 2015. № 1 (17). Vol. I. 

 

 

100 

 

 

 
Fig. 4. The matrix of the response structure of the 4th stage 

 

The scheme (Fig. 3) shows a 3-dimensional matrix with the response of the third stage of the process. It starts 

with a triple delay by intervals and is limited to three straight lines, by the number of process stages.  

Any of the columns is such permutations of three digits, the sum of which corresponds to the serial number of the col-

umn. Thus, in the 8th column the subscript comprises a combination of 1.1.6. The sum is 8. The top line - 6.1.1, and in 

between there is a partition of three digits, their sum being 8. 

The number of terms in each column varies irregularly and obeys the law, known in mathematics as "Pascal 

triangle". The matrix consists of two-dimensional arrays set in three-dimensional ones with a gradually increasing fre-

quency. 

The diagram (Fig. 4) shows a 4-dimensional matrix with the response of the fourth stage. The characteristic 

features are as follows: quadruple delay time by intervals; in the 8-th interval the sum of the indices is 1.1.1.5 - alto-

gether 8; search of indices is variable; the number of terms in each column is also consistent with Pascal law; the ava-

lanche-like increase in the number of two-dimensional arrays is clearly visible. 

According to these schemata of the four stages one can reflect the number of terms in the process response, de-

pending on the number of stages of the process, in conformity with which the response delay occurs: 

1st: one interval of time delay ï 1, 1, 1, 1, ... 1.  

2nd: two intervals ï 1, 2, 3, 4, 5 ....  

3rd: three intervals ï 1, 3, 6, 10, 15, ... ..  

4th: four intervals ï 1, 4, 10, 20, 35, ... .. 
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Fig. 5. The number of process stages N and the number of response parts in them according to Pascal triangle 

 

Therefore, stepped-circulation model for the distribution of response parts gives the array of values of the part 

sum equivalent to the field of values of Pascal triangle. At the same time, the tracer dose by the number of particles is 

finite thus determining the finiteness of the process response. At the same time the number of terms of a geometric pro-

gression tends to infinity. The experimentally received response of the 4-th stage of the process (Fig. 6) reflects signal 

smearing when the tracer is moving in the main volume of the circulation bed. 

CONCLUSIONS 

1. The response of the stepped process with a circulating bed is reflected in a matrix form in the coordinates 

of the number of parts - the number of slots.  

2. Distribution of the field of stage responses forms the array of values of Pascal triangle.  
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In cases when a separate device used for establishing VPN connection with headquarters or other client-server 

interconnection is needed, backup connection to the Internet is used. Switching from the main connection to the spare 

and back is not complicated if one router is used for this. However, sometimes in real networks it is not possible and 

two routers are used, according to administrative reasons, for example. In such conditions the problem of switching 

back to the main router for traffic transferring is not obvious. In this article a variant of a solution is introduced. 
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Picture 1. Network topology 

 

In picture 1 there is a sample topology. A big enterprise has its own backbone network, headquarters and 

branch offices. Headquarters have a device for establishing logical tunnels with branch offices.  Each branch office has 

a separate device for VPNs and data encryption. Logical tunnels normally are established through the backbone network 

and a main router is used. If there is a failure in the backbone network, a backup router and the Internet are used for this 

tunnel. The only issue is that even if the main route is available, the device would need a backup router until its failure. 

Our goal is to make the device change the route used immediately after the main route availability restoration.  

The possible approach for solving this problem is to write a script, which would be automatically executed af-

ter some fixed period of time on backup routing device. Syntax from one vendor to another varies, but the general idea 

is the same. First of all, what we do is to ping interface of the router to which the VPN controlling device is connected. 

In order to avoid flip-flops some amount of pings should be failed, not a single one. If the ping failed, subinterface to 

which VPN device is connected gets a command to switch on. This allows VPN device to use a back up route. Other-

wise, if the ping test succeed, subinterface gets a command to switch off. That action allows VPN device to start using 

the backbone again, as information about the backup route is removed from VPN device routing table. 
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match / {  

    <event-script-results> {  

    /*  

     * Open connection with mgd 

     */  

    var $con = jcs:open(); 

  

    if (not($con)) { 

        call emit-error($message = "Not able to connect to local mgd"); 

    }  

    var $if = "fe-0/0/7"; 

    var $ping-rpc = { 

                 <ping> { 

                    <host> "10.210.14.131"; 

                    <no-resolve>; 

                    <count> "50"; 

                }  

    }  

    var $ping-out = jcs:invoke($ping-rpc); 

        if ($ping-out/probe-results-summary/packet-loss < 50) { 

            expr jcs:output("Ping Success!!!"); 

            var $int = <configuration> { 

                <interfaces> { 

                   <interface> { 

                     <name> $if; 

         <unit> { 

        <name> "0"; 

                            <disable>; 

         }  

                    }  

                }  

            }  

 

                          var $message = concat ("Track-ip back up with host ", "10.210.14.131", " reenabling interface 

" , $if); 

                          call emit-success($message); 

                    }  

                }  

            }  

        }   

        if ($ping-out/probe-results-summary/packet-loss > 50) { 

            expr jcs:output("Ping Failed!!!"); 

            var $check-int = jcs:invoke ("get-configuration"); 

            for-each ($check-int/interfaces/interface/unit) {     

                      if (name = "0") { 

                  expr jcs:output(name); 

                   if (disable) { 

                       /*  

                  * REMOVE DISABLED interface 

                        */  

                       expr jcs:output("removing disabled interface"); 

                          var $disable = <configuration> { 

                                         <interfaces> { 

                                            <interface> { 

                                              <name> $if; 

               <unit> { 

              

<name> "0"; 

                                                     <disable delete = "delete">; 

               }  

                                            }  
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                                        }  

                        }  

         call jcs:load-configuration($connection = $con, $configuration = $disable); 

         call jcs:load-configuration($connection = $con, $configuration = $int); 

         var $loss = concat ($ping-out/probe-results-summary/packet-loss , "% loss"); 

         expr jcs:output($loss); 

         expr jcs:output("disabling interface " , $if); 

         var $message = concat ("Track-ip failure " , $loss, " of host ", "10.210.14.131", " disabling interface " , 

$if); 

         /*  

          * Emit messages 

          */  

          call emit-fail($message); 

        }  

     /*  

      * Close the mgd connection 

      */  

      expr jcs:close($con); 

}   }  

template emit-fail ($message) {    

    expr jcs:syslog("user.info", "track-ip[warning]: ", $message); 

}  

template emit-success ($message) { 

    expr jcs:syslog("user.info", "track-ip[warning]: ", $message); 

}  

 

So, in case when devices does not use technologies like BFD, applying scripts for routes seems to be the easi-

est solution. Scripts also allow to collect some additional information about network device operation. Such information 

helps, for instance, to apply some additional rules for security or traffic engineering.  
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fits it brings. 

Keywords: multipath routing, router, telecommunication networks. 
 

Multipath routing protocols are intensively used in service providers network. The key goals of such technolo-

gies are focused on traffic distribution among network notes. By balancing traffic it is possible to influence on data 

transferring time, packet loss and bandwidth usage. ECMP protocol is one of the most widespread multipath protocol. 

In this paper it is used together with OSFP. As a result, the aim is to show the benefits of using multipath routing con-

trary to a single path on the same network. The test network was built with the help of GNS3.  

The network topology is shown in picture 1. The configuration for routers is similar and is shown for Edge 1 

router. Router firmware is Junos 12.1R1.9.  
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Picture 1. Network topology 
 

Edge 1 configuration in a form of commands is as following: 

set system login user lab uid 2000 

set system login user lab class super-user 

set system login user lab authentication encrypted-password "$1$xyOkCEwL$ISlMdKfs2VwUs8oRuQzLC1" 

set system services telnet 

set system syslog user * any emergency 

set system syslog file messages any notice 

set system syslog file messages authorization info 

set system syslog file interactive-commands interactive-commands any 

set interfaces em0 unit 0 family inet address 10.172.3.2/24 

set interfaces em1 unit 0 family inet address 10.172.4.2/24 

set interfaces lo0 unit 0 family inet address 192.168.1.1/32 

set routing-options forwarding-table export load-balancing-policy 

set protocols ospf area 0.0.0.0 interface lo0.0 

set protocols ospf area 0.0.0.0 interface em0.0 

set protocols ospf area 0.0.0.0 interface em1.0 

set policy-options policy-statement load-balancing-policy then load-balance per-packet 

ECMP protocol [1] configuration is different from vendor to vendor, for example on devices running Junos it 

is sufficient to create policy and apply it to the forwarding table: ñset policy-options policy-statement load-balancing-

policy then load-balance per-packetò and ñset routing-options forwarding-table export load-balancing-policyò. 

The dynamic routing protocol is OSPF, IP-addresses are displayed in picture 1. Routers Edge 1 and Edge 2 

have ECMP protocol configured. As a result, data transferring is done through both routers (Transit 1 and Transit 2). 

The result of ñpingò command between Edge 1 and Edge 2 is displayed in picture 2. It is seen that both paths 

are used. 
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Picture 2. ñPingò command result 
 

There is a dependence of data transferring time between Edge 1 and Edge 2 routers from payload size in pic-

ture 3. The interval between packets is one second. Data transferring time is measured for the case with multipath rout-

ing and without it. Time is averaged for one hundred packets [2]. 
 

 
 

Picture 3. Dependence of data transferring time from payload size (1 sec.) 
 

Interval between packets in picture 4 is 0.1 sec. 
 

 
 

Picture 4. Dependence of data transferring time from payload size (0.1 sec.) 
 

After that packets are transferred with zero interval, i.e. all available bandwidth is used (picture 5). 
 

 
 

Picture 5. Dependence of data transferring time from payload size (0 sec.) 
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The time of data transferring with a low load is close for both multipath and singlepath routing, as it is seen 

from the graphs. However, if all the bandwidth is used, multipath routing allows reducing data transferring time. 

 The transit router failure influences packet loss will be considered further. The comparison of packet loss be-

tween Edge 1 and Edge 2 in case of transit router failure is in picture 6. Fault router repair is made for one minute, hun-

dred packets are transferred, interval between packets is 0.5 seconds. 

 

 
 

Picture 6. Dependence of packet loss on used routing 

 

It is seen that percent of packet loss in case of transit router failure is lower with multipath routing used. This is 

connected with the additional time consumed for route activation in case of singlepath routing. In case of multipath no 

additional operations are needed, next hops are already installed in forwarding table. So, multipath routing may be used 

as one of the ways to achieve QoS satisfaction. 

Talking about the dependence of data transferring time from payload size, with the intensive links usage it is 

more reasonable to use multipath routing to reduce data transferring time. If the multipath routing is used with real-time 

traffic, balancing per-flux is more preferable to avoid packets reordering. 
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1 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ,

 2 
ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

3
 ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʦʢ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʦʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʢʘʥʝʡ ʨʝʤʝʩʣʝʥʥʠʢʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʧʠʩʘʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʛʦ ʮʚʝʪʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʥʘʪʫʨʘʣʴʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʘʩʦʢ. ʆʪʤʝʯʝʥʦ ʚʦʟʚʨʘʱʝʥʠʝ ʢʨʘʩʠʪʝʣʝʡ 
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ʢʦʣʦʨʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʝʢʮʠʠ, ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʠ ʠ  

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʫʣʴʪʠʨʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʥʠʢʠʡʩʢʘʷ ʮʠʚʠʣʠʟʘʮʠʷ, ʢʦʰʝʥʠʣʴ, ʢʘʨʤʠʥ, ʠʩʧʘʨʘʢ, ʪʢʘʥʴ ʩʢʘʨʣʝʪʪ, ʢʝʨʤʝʩ, 

ʠʥʜʠʛʦ, ʢʘʥʮʝʨʦʛʝʥ, ʤʘʨʝʥʘ, ʰʘʬʨʘʥ, ʩʝʣʝʢʮʠʷ. 

 

ʃʶʜʠ, ʥʘʫʯʠʚʰʠʩʴ ʠʟʛʦʪʦʚʣʠʚʘʪʴ ʪʝʢʩʪʠʣʴʥʳʝ ʠʟʜʝʣʠ,̫ ʟʘʥʷʣʠʩʴ ʧʦʠʩʢʦʤ ʩʨʝʜʩʪʚ ʝʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ. ʆʥʠ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʥʫʶ ʧʨʠʨʦʜʥʫʶ ʦʢʨʘʩʢʫ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, 

ʣʝʥ ʚ ʩʫʨʦʚʦʤ ʚʠʜʝ ʠʤʝʝʪ ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʡ ʮʚʝʪ, ʰʝʨʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʙʝʣʦʡ, ʩʝʨʦʡ, ʢʦʨʠʯʥʝʚʦʡ ʠ ʯʝʨʥʦʡ.   

ʅʘʪʫʨʘʣʴʥʳʝ ʢʨʘʩʢʠ, ʥʘʩʳʱʝʥʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴʶ ï ʵʪʦ ʜʘʨ ʧʨʠʨʦʜʳ. ʆʙʝʩʧʝʯʠʚʘ ̫ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ, ʢʨʘʩʦʪʫ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʦʥʠ ʦʯʝʥʴ ʚʳʩʦʢʦ ʮʝʥʠʣʠʩʴ. ʀʟ ʢʨʘʩʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ. ɼʨʝʚʥʠʝ ʣʶʜʠ ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ ʢʨʘʩʷʱʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʮʚʝʪʦʚ, ʪʨʘʚ, ʣʠʩʪʴʝʚ, 

ʧʣʦʜʦʚ, ʬʨʫʢʪʦʚ, ʜʨʝʚʝʩʠʥʳ, ʢʦʨʥʝʡ, ʩʪʝʙʣʝʡ, ʜʨʝʚʝʩʥʳʭ ʛʨʠʙʦʚ ʠʣʠ ʠʟʚʣʝʢʘʣʠ ʠʭ ʧʫʪʝʤ ʚʘʨʢʠ ʛʥʝʟʜ 

ʥʘʩʝʢʦʤʳʭ ʠ ʪ. ʜ., ʢʦʪʦʨʳʝ ʧʝʨʚʳʤʠ ʣʝʛʣʠ ʥʘ ʛʨʫʙʫʶ ʪʢʘʥʴ. ɼʨʝʚʥʠʝ ʝʛʠʧʪʷʥʝ ʧʦʣʫʯʘʣʠ ʘʣʫʶ ʢʨʘʩʢʫ ʠʟ ʛʦʣʦʚʦʢ 

ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʭ ʮʚʝʪʦʚ ʧʦʜʩʦʣʥʫʭʘ. ɼʘʣʝʝ ʥʘʪʫʨʘʣʴʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʝʞʝ ï 

ʤʠʥʝʨʘʣʴʥʦʛʦ, ʩʪʘʣʠ ʦʢʨʘʰʠʚʘʪʴ ʧʨʷʞʫ ʠ ʚʦʣʦʢʥʘ. ʈʝʤʝʩʣʝʥʥʠʢʠ ʜʨʝʚʥʝʡ ʬʠʥʠʢʠʡʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ 

ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ ʢʨʘʩʥʳʡ ʧʠʛʤʝʥʪ ʜʣʷ ʦʢʨʘʩʢʠ ʪʢʘʥʠ ʠʟ ʥʘʩʝʢʦʤʳʭ ʢʝʨʤʝʩ (ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʪʣʠ), ʦʙʠʪʘʚʰʠʭ 

ʥʘ ʣʠʩʪʴʷʭ ʜʫʙʦʚ. ʀʤʝʷ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ 5ï6 ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʩʨʝʜʥʝʚʝʢʦʚʳʝ ʤʘʩʪʝʨʘ-

ʢʨʘʩʠʣʴʱʠʢʠ ʤʦʛʣʠ ʦʢʨʘʰʠʚʘʪʴ ʠʟʜʝʣʠʷ ʚ 800 ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ! 

ʅʘ ʉʦʣʦʤʦʥʦʚʳʭ ʦʩʪʨʦʚʘʭ ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ ʜʝʣʘʣʠ ʢʨʘʩʢʫ ʠʟ ʞʝʣʪʳʭ ʙʘʙʦʯʝʢ, ʢʦʪʦʨʦʡ ʦʢʨʘʰʠʚʘʣʠ 

ʠʟʜʝʣʠʷ, ʧʣʝʪʝʥʥʳʝ ʠʟ ʪʨʘʚʳ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʧʠʛʤʝʥʪʳ ʧʣʦʜʘ ʢʫʨʢʫʤʳ, ʮʚʝʪʢʘ ʩʘʬʣʦʨʘ, ʢʦʨʥʷ ʙʘʨʙʘʨʠʩʘ ʜʘʚʘʣʠ 

ʙʦʛʘʪʫʶ ʧʘʣʠʪʨʫ ʛʣʫʙʦʢʠʭ ʙʣʘʛʦʨʦʜʥʳʭ ʞʝʣʪʳʭ ʮʚʝʪʦʚ. ʊʢʘʥʠ, ʦʢʨʘʰʝʥʥʳʝ ʵʪʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ, ʧʨʠ ʩʪʠʨʢʝ ʥʝ 

ʣʠʥʷʣʠ, ʥʝ ʚʳʛʦʨʘʣʠ ʥʘ ʩʦʣʥʮʝ ʠ ʙʳʣʠ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʅʝʷʨʢʠʝ ʪʢʘʥʠ, ʦʢʨʘʰʝʥʥʳʝ ʢʨʘʩʠʪʝʣʷʤʠ ʠʟ 

ʣʫʢʦʚʦʡ ʰʝʣʫʭʠ, ʨʝʚʝʥʷ ʠ ʬʫʩʪʠʢʘ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʙʝʜʥʳʤ ʩʣʦʷʤ ʥʘʩʝʣʝʥʠʷ. ʂʨʘʩʠʣʴʱʠʢʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʞʝʣʪʳʡ ʠʣʠ ʢʦʨʠʯʥʝʚʦ-ʞʝʣʪʳʡ ʮʚʝʪ ʧʦʣʫʯʘʣʠ ʠʟ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʛʦʨʥʦʛʦ ʨʘʩʪʝʥʠʷ ʠʩʧʘʨʘʢ (ʞʠʚʦʢʦʩʪʴ ʞʝʣʪʘʷ), 

ʘ ʪʘʢʞʝ ʟʝʣʝʥʦʛʦ ʠ ʦʨʝʭʦʚʦʛʦ ʦʢʦʣʦʧʣʦʜʥʠʢʘ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ï ʠʟ ʢʦʨʥʝʡ ʫʨʶʢʘ [1].  

ɺ ʥʘʰʝʡ ʞʠʟʥʠ ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʪʝʯʥʳʤ ʤʦʜʥʳʤ ʪʝʥʜʝʥʮʠʷʤ. ʅʦ 

ʟʘʪʦ, ʝʛʦ ʣʶʙʷʪ, ʦʥ ʚʦʩʪʨʝʙʦʚʘʥ. ɺ ʪʝʯʝʥʠʝ ʪʳʩʷʯʝʣʝʪʠʷ ʦʨʘʥʞʝʚʫʶ ʢʨʘʩʢʫ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʘʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʫʪʷʤʠ. ɺ ʀʥʜʦʥʝʟʠʠ ʦʨʘʥʞʝʚʳʡ ʧʠʛʤʝʥʪ ʧʦʣʫʯʘʣʠ ʠʟ ʩʦʢʘ ʜʨʘʢʦʥʦʚʦʛʦ ʜʝʨʝʚʘ 

ʇʫʨʧʫʨ, ʢʦʪʦʨʳʡ ʚ ʘʥʪʠʯʥʦʤ ʤʠʨʝ ʩʯʠʪʘʣʠ ʩʘʤʦʡ ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʢʨʘʩʢʦʡ, ʙʳʣ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʢʨʘʩʥʦʡ ʢʨʘʩʢʠ ʜʣʷ ʪʢʘʥʝʡ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʧʦʣʦʚʠʥʫ ʜʘʥʠ ʈʠʤʫ ʀʩʧʘʥʠʷ ʦʪʜʘʚʘʣʘ çʥʘʪʫʨʦʡè ï 

ʢʝʨʤʝʩʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʢʨʘʩʥʳʡ ʧʠʛʤʝʥʪ. çʂʝʨʤʝʩè ï ʘʨʘʙʩʢʦʝ ʩʣʦʚʦ, ʪʘʢ ʥʘʟʳʚʘʣʦʩʴ ʢʨʦʭʦʪʥʦʝ ʥʘʩʝʢʦʤʦʝ  ï 

ʜʫʙʦʚʳʡ ʯʝʨʚʝʮ. ʂʝʨʤʝʩ, ʢʘʢ ʧʫʨʧʫʨ, ʜʦʙʳʚʘʣʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʅʦ ʚʦʪ ʧʦʩʣʝ 

ʦʪʢʨʳʪʠʡ ɸʤʝʨʠʢʠ ʠʩʧʘʥʩʢʠʝ ʢʦʥʢʠʩʪʘʜʦʨʳ ʦʙʥʘʨʫʞʠʣʠ ʟʘʦʢʝʘʥʩʢʦʛʦ ʨʦʜʩʪʚʝʥʥʠʢʘ ʜʫʙʦʚʦʛʦ ʯʝʨʚʝʮʘ, 

ʢʦʪʦʨʳʡ ʦʙʠʪʘʣ ʥʝ ʥʘ ʜʫʙʝ, ʘ ʥʘ ʢʘʢʪʫʩʝ, ʧʨʠʯʝʤ ʦʜʥʦʛʦ ʚʠʜʘ çʥʦʧʘʣʘè.  

ʂʨʘʩʠʣʴʱʠʢʠ ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ, ɼʨʝʚʥʝʛʦ ʈʠʤʘ ʠ ɽʛʠʧʪʘ ʧʦʣʫʯʘʣʠ ʩʪʦʡʢʠʡ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ 

ʢʨʘʩʠʪʝʣ ɹʠʟ ʢʦʨʥʷ ʤʥʦʛʦʣʝʪʥʝʛʦ ʪʨʘʚʷʥʠʩʪʦʛʦ ʨʘʩʪʝʥʠʷ ï ʤʘʨʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʠʟ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʜʦʨʦʛʘʷ 

ʢʨʘʩʥʘʷ ʪʢʘʥʴ ï çʩʢʘʨʣʝʪʪè, ʯʪʦ ʦʟʥʘʯʘʝʪ ʘʣʘʷ, ʮʝʥʠʣʘʩʴ ʦʯʝʥʴ ʚʳʩʦʢʦ. ʉ ʜʘʚʥʠʭ ʧʦʨ ʚʳʩʦʢʦ ʮʝʥʠʣʘʩʴ ʢʨʘʩʢʘ 

ʢʦʰʝʥʠʣʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ çʢʳʨʤʳʟʳè. ɽʝ ʜʦʙʳʚʘʣʠ ʜʨʝʚʥʠʝ ʘʮʪʝʢʠ ʠʟ ʢʦʰʝʥʠʣʴʥʦʛʦ 

ʞʫʢʘ, ʧʘʨʘʟʠʪʠʨʫʶʱʝʛʦ ʥʘ ʣʠʩʪʴʷʭ ʢʘʢʪʫʩʘ ʦʧʫʥʮʠʠ. ʕʪʫ ʜʨʘʛʦʮʝʥʥʫʶ ʢʨʘʩʢʫ ʧʨʠʚʝʟʣʠ ʚ ɽʚʨʦʧʫ 1500 ʛʦʜʫ 

ʠʩʧʘʥʩʢʠʝ ʢʦʥʢʠʩʪʘʜʦʨʳ. ɺ ʢʦʥʮʝ XIX  ʚʝʢʘ ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʢʠ ʚʳʪʝʩʥʠʣʠ ʢʦʰʝʥʠʣʴ. ɼʦ ʦʪʢʨʳʪʠʷ ʵʪʠʭ ʢʨʘʩʦʢ 

ʢʦʰʝʥʠʣʴ ʙʳʣʘ ʛʣʘʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʘʩʥʳʭ ʠ ʬʠʦʣʝʪʦʚʳʭ ʢʨʘʩʦʢ. ʅʦ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ ʥʘ ʢʘʨʤʠʥ ï ʢʨʘʩʢʫ, ʧʦʣʫʯʘʝʤʫʶ ʠʟ ʢʦʰʝʥʠʣʷ, ʩʥʦʚʘ ʚʦʟʨʦʩ ʩʧʨʦʩ ï ʝʶ ʩʪʘʣʠ ʦʢʨʘʰʠʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʩʦʨʪʘ ʪʝʢʩʪʠʣʷ. 
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 ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʧʦʯʠʪʘʝʤʳʝ ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʧʫʨʧʫʨʥʳʝ ʪʢʘʥʠ: ʪʢʘʥʴ ʧʦʣʫʯʘʣʘ 

ʭʘʨʘʢʪʝʨʥʫʶ ʦʢʨʘʩʢʫ ʚʩʝʚʦʟʤʦʞʥʳʭ ʦʪʪʝʥʢʦʚ (ʦʪ ʯʝʨʥʦʚʘʪʦ-ʢʨʘʩʥʦʛʦ ʜʦ ʩʘʤʳʭ ʩʚʝʪʣʳʭ ʪʦʥʦʚ ʢʨʘʩʥʦʛʦ) ʧʨʠ 

ʢʨʘʰʝʥʠʠ ʩʦʢʦʤ, ʧʦʣʫʯʘʝʤʳʤ ʠʟ ʤʦʨʩʢʠʭ ʨʘʢʦʚʠʥ. ʃʦʚʣʷ ʵʪʠʭ ʦʩʦʙʳʭ ʤʦʣʣʶʩʢʦʚ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʦʞʠʣʠ 

ʥʘʯʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʨʘʩʠʪʝʣʷ ʧʫʨʧʫʨʥʦʛʦ ʮʚʝʪʘ. ʉ ʜʘʚʥʠʭ ʧʦʨ ʚʳʩʦʢʦ ʮʝʥʠʣʘʩʴ ʢʨʘʩʢʘ ʢʦʰʝʥʠʣʴ, ʪʘʢ ʢʘʢ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʪʦʡ ʢʨʘʩʢʠ ʙʳʣʘ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʦʡ. ʅʘ ʢʦʨʘʙʣʝ ʮʘʨʠʮʳ ʂʣʝʦʧʘʪʨʳ ʙʳʣʠ ʘʣʳʝ ʧʘʨʫʩʘ. ɺʣʘʩʪʥʘʷ ʠ 

ʢʨʘʩʠʚʘʷ ʞʝʥʱʠʥʘ ʞʝʣʘʣʘ, ʯʪʦʙʳ ʝʝ ʢʦʨʘʙʣʴ ʙʳʣ çʦʜʝʪè ʚ ʩʘʤʳʡ ʢʨʘʩʠʚʳʡ ʥʘʨʷʜ, ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʨʠʰʣʦʩʴ 

ʫʥʠʯʪʦʞʠʪʴ ʥʝ ʦʜʥʫ ʪʳʩʷʯʫ ʤʦʣʣʶʩʢʦʚ. 

ʂʠʥʦʚʘʨʴ ʩʣʫʞʠʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʘʩʥʦʡ ʢʨʘʩʢʠ. ʃʶʙʠʤʳʡ ʮʚʝʪ ʠʥʜʠʡʩʢʦʛʦ ʥʘʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʠʣʴʥʦ 

ʧʨʠʤʝʥʷʣʩʷ ʚ ʠʭ ʪʢʘʥʷʭ ï ʷʨʢʦ-ʨʦʟʦʚʳʡ (ʧʫʰʪʳ), ʧʦʷʚʠʣʩʷ ʚ ʠʟʜʝʣʠʷʭ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʥʘʨʦʜʦʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩʦ ʚʨʝʤʝʥʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʵʪʦʪ ʨʝʛʠʦʥ ï ʘʥʠʣʠʥʘ. ʆʥ, ʟʘʤʝʥʷʷ ʭʦʣʦʜʥʦʚʘʪʳʡ ʛʣʫʙʦʢʠʡ 

ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ, ʫʜʘʯʥʦ ʩʣʫʞʠʣ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝʤ ʪʝʧʣʦʛʦ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ʆʜʥʘʢʦ ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ 

ʦʢʘʟʘʣʠʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʱʝʣʦʯʝʡ ʠ ʜʘʞʝ ʚʦʜʳ.  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʮʚʝʪʦʚ ʚ ʦʜʝʞʜʝ ʥʘʨʦʜʦʚ ʤʠʨʘ ʷʚʣʷʝʪʩʷ ʩʠʥʠʡ. ʆʧʷʪʴ-ʪʘʢʠ ʚʦ ʚʩʝʭ 

ʦʪʪʝʥʢʘʭ: ʦʪ ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʜʦ ʪʝʤʥʦ-ʩʠʥʝʛʦ, ʙʣʠʟʢʦʛʦ ʢ ʪʝʤʥʦ-ʟʝʣʝʥʦʤʫ. ɺʩʝ ʪʝʢʩʪʠʣʴʥʳʝ ʧʦʣʦʪʥʘ ʠʟ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʣʝʛʢʦ ʦʢʨʘʰʠʚʘʣʠʩʴ ʚ ʩʠʥʠʝ ʪʦʥʘ ʩʦʢʦʤ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʤʠʨʝ ʨʘʩʪʝʥʠʷ ï 

çʚʘʡʜʘè. ʅʦ ʪʘʢʦʡ ʩʠʥʠʡ ʢʨʘʩʠʪʝʣʴ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʨʦʥʠʢʘʣ ʚ ʪʝʢʩʪʠʣʴʥʳʝ ʚʦʣʦʢʥʘ, ʪʢʘʥʴ ʙʳʩʪʨʦ ʚʳʛʦʨʘʣʘ ʥʘ 

ʩʦʣʥʮʝ ʠ ʣʠʥʷʣʘ ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʪʠʨʢʠ. 

ʉʦʯʥʳʝ, ʷʨʢʠʝ ʪʦʥʘ ʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʨʷʜʦʚ çʢʫʙʦʚʳʭè ʢʨʘʩʠʪʝʣʝʡ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʠ ʠʥʜʠʛʦ. ʉʘʤʦ ʥʘʟʚʘʥʠʝ ʢʨʘʩʠʪʝʣʷ ʠʥʜʠʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ indecus ï çʠʥʜʠʡʩʢʠʡè. ɽʱʝ ʚ ʛʣʫʙʦʢʦʡ 

ʜʨʝʚʥʦʩʪʠ ʞʠʪʝʣʠ ʜʦʣʠʥʳ ʀʥʜʘ ʚʳʨʘʱʠʚʘʣʠ ʢʫʩʪʘʨʥʠʢʠ ʠʥʜʠʛʦʥʦʩʢʠ. ʅʘ ʤʝʩʪʥʦʤ ʥʘʨʝʯʠʠ ʵʪʠ ʪʨʦʧʠʯʝʩʢʠʝ 

ʨʘʩʪʝʥʠʷ ʥʘʟʳʚʘʣʠ çʥʠʣʘè, ʯʪʦ ʦʟʥʘʯʘʝʪ çʪʝʤʥʦ-ʩʠʥʠʡè. ʀʭ ʣʠʩʪʴʷ ʙʳʣʠ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʨʘʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠʜʘʚʘʣ ʪʢʘʥʷʤ ʢʨʘʩʠʚʫʶ ʩʠʥʶʶ ʦʢʨʘʩʢʫ. ʀʥʜʠʛʦ ʧʦ ʪʝʤ ʚʨʝʤʝʥʘʤ ʙʳʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʨʦʯʥʳʭ ʠ ʷʨʢʠʭ ʢʨʘʩʦʢ, ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʣʦʩʴ ʦʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʜʠʛʦ 

ʧʦʣʫʯʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʦʪʪʝʥʢʠ ʩʠʥʝʛʦ. ʇʦʟʞʝ ʝʛʦ ʩʪʘʣʠ ʧʦʣʫʯʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʢʨʘʩʠʪʝʣʴ ʠʥʜʠʛʦ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣ ʧʨʠʨʦʜʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʥʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʵʪʦʛʦ ʢʨʘʩʠʪʝʣʷ 

ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʘʪʫʨʘʣʴʥʦʛʦ. 

ɿʝʣʝʥʳʡ ʮʚʝʪ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʆʥ ʤʥʦʛʦʛʨʘʥʥʳʡ ʠ ʥʝʚʝʨʦʷʪʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʝʣʝʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʜʣʷ ʪʢʘʥʝʡ ʦʯʝʥʴ ʤʘʣʦ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʟʝʣʝʥʦʡ ʢʨʘʩʢʠ ʚ ɽʚʨʦʧʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʩʪʴʷ ʠ ʧʣʦʜʳ ʢʨʫʰʠʥʳ. ʅʦ ʵʪʦʪ ʢʨʘʩʠʪʝʣʴ ʥʝ ʦʪʣʠʯʘʣʩʷ 

ʩʪʦʡʢʦʩʪʴʶ, ʠ ʪʢʘʥʴ ʙʳʩʪʨʦ ʚʳʮʚʝʪʘʣʘ. ɺ 1845 ʛʦʜʫ ʢʨʘʩʠʪʝʣʴ ʠʟ ʂʠʪʘʷ, ʣʦʢʘʦ, ï ʢʠʪʘʡʩʢʘʷ ʟʝʣʝʥʴ ï ʩʪʘʣ 

ʥʘʩʪʦʷʱʠʤ ʩʧʘʩʠʪʝʣʝʤ ʜʣʷ ʝʚʨʦʧʝʡʩʢʠʭ ʢʨʘʩʠʣʴʱʠʢʦʚ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʠʪʘʡʩʢʦʡ ʟʝʣʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ 

ʣʠʩʪʴʷ ʠ ʧʣʦʜʳ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʠ ʝʚʨʦʧʝʡʩʢʠʝ ʢʨʘʩʠʣʴʱʠʢʠ, ʘ ʢʦʨʘ. ʉʘʤ ʢʨʘʩʠʪʝʣʴ ʚ ʩʳʨʦʤ ʚʠʜʝ ʙʳʣ 

ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ, ʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʢʨʘʰʠʚʘʥʠʷ ʪʢʘʥʴ ʧʨʠʦʙʨʝʪʘʣʘ ʧʨʠʷʪʥʳʡ ʟʝʣʝʥʳʡ ʦʪʪʝʥʦʢ. ʀ ʩʝʛʦʜʥʷ 

ʦʢʨʘʰʝʥʥʳʝ ʩʦʪʥʠ ʣʝʪ ʥʘʟʘʜ ʢʨʘʩʠʪʝʣʝʤ ʣʦʢʘʦ ʢʠʪʘʡʩʢʠʝ ʰʝʣʢʘ ʠʟʫʤʣʷʶʪ ʝʚʨʦʧʝʡʮʝʚ ʷʨʢʦʩʪʴʶ, ʯʠʩʪʦʪʦʡ ʠ 

ʩʪʦʡʢʦʩʪʴʶ ʢʨʘʩʦʢ, ʢʨʘʩʦʪʦʡ, ʙʣʝʩʢʦʤ ʠ ʠʛʨʦʡ ʪʢʘʥʠ. ʇʦ ʩʝʡ ʜʝʥʴ ʥʠ ʦʜʠʥ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʟʝʣʝʥʳʡ ʢʨʘʩʠʪʝʣʴ ʥʝ 

ʧʨʝʚʟʦʰʝʣ ʣʦʢʘʦ ʙʣʘʛʦʨʦʜʩʪʚʦʤ ʪʦʥʘ [2, 3].  

ʏʝʨʥʳʝ ʢʨʘʩʠʪʝʣʠ ʜʣʷ ʪʢʘʥʠ ʜʝʣʘʣʠ ʝʱʝ ʚ ʜʨʝʚʥʝʤ ʤʠʨʝ ʠʟ ʩʘʞʠ, ʞʞʝʥʳʭ ʢʦʩʪʝʡ ʠ ʫʛʣʷ. ʄʥʦʛʠʝ ʪʢʘʥʠ 

ʦʢʨʘʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʯʝʨʥʠʣʴʥʳʭ ʢʦʨʥʝʡ ʜʫʙʘ, ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʬʠʩʪʘʰʢʠ, ʮʚʝʪʦʚ ʤʘʣʴʚʳ, ʜʨʝʚʝʩʥʦʛʦ ʛʨʠʙʘ 

ʠ ʣʠʩʪʴʝʚ, ʷʛʦʜ. ʅʦ ʵʪʠ ʪʢʘʥʠ ʙʳʩʪʨʦ ʪʝʨʷʣʠ ʮʚʝʪ. ʀʟ ʤʠʥʝʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʪʢʘʥʝʡ 

ʨʝʤʝʩʣʝʥʥʠʢʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʫʧʦʪʨʝʙʣʷʣʠ ʞʝʣʝʟʥʳʡ ʢʫʧʦʨʦʩ. ʀʟ ʥʝʛʦ ʧʦʣʫʯʘʣʠ ʢʨʘʩʢʫ ʯʝʨʥʦʛʦ ʮʚʝʪʘ 

(ʢʘʨʘʛʫ). ɼʣʷ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʠ ʮʚʝʪʘ ʢ ʞʝʣʝʟʥʦʤʫ ʢʫʧʦʨʦʩʫ ʜʦʙʘʚʣʷʣʠ ʛʨʘʥʘʪʦʚʫʶ ʢʦʨʢʫ. 

ɼʦ ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  ʧʨʠʤʝʥʷʣʠʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘʪʫʨʘʣʴʥʳʝ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʢʨʘʩʢʠ. ʆʜʥʘʢʦ ʙʫʨʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʢʨʘʩʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʤʝʩʪʥʦʡ ʬʣʦʨʳ ʦʪʦʜʚʠʥʫʣʠ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʜʣʷ ʢʨʘʰʝʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʧʦʣʦʪʝʥ. ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʵʪʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʯʘʣʘʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʥʠʣʠʥʦʚʳʭ ʠ ʘʣʠʟʘʨʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. ɸ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ 

ʦʥʠ, ʚʳʪʝʩʥʷʷ ʙʣʘʛʦʨʦʜʥʳʝ ʧʦ ʪʦʥʫ, ʥʦ ʜʦʨʦʛʠʝ ʥʘʪʫʨʘʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʦʪʨʘʩʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀ ʤʥʦʛʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʢʩʪʠʣʴʥʳʝ ʠʟʜʝʣʠʷ ʩʪʘʣʠ ʦʪʣʠʯʘʪʴʩʷ ʥʝʩʧʦʢʦʡʥʳʤ ʢʦʣʦʨʠʪʦʤ, 

ʢʨʠʯʘʱʝʡ ʷʨʢʦʩʪʴʶ, ʚʳʜʘʶʱʝʡ ʠʭ ʘʥʠʣʠʥʦʚʫʶ ʧʨʠʨʦʜʫ.  

ʂʘʢ ʦʞʠʜʘʣʦʩʴ, ʜʦ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ ʫʚʣʝʯʝʥʠʝ ʵʪʠʤʠ ʥʦʚʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʩʤʝʥʠʣʦʩʴ 

ʨʘʟʦʯʘʨʦʚʘʥʠʝʤ. ʇʦʤʠʤʦ ʨʝʟʢʠʭ ʮʚʝʪʦʚ, ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠ ʁʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ, ʱʝʣʦʯʝʡ ʠ ʜʘʞʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʢʨʘʰʝʥʥʳʝ ʥʘʪʫʨʘʣʴʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʪʢʘʥʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʢʘʥʝʡ, 

ʦʢʨʘʰʝʥʥʳʭ ʥʝʢʦʪʦʨʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʜʝʡʩʪʚʫʝʪ ʢʘʥʮʝʨʦʛʝʥʥʦ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɺʩʝ ʵʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʠʣʠ ʙʘʨʴʝʨ ʥʘ ʧʫʪʠ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʥʦ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ ʩʦʩʪʦʷʪ ʠʟ ʮʝʣʦʛʦ ʥʘʙʦʨʘ ʧʨʠʨʦʜʥʳʭ ʜʫʙʷʱʠʭ, ʢʨʘʩʷʱʠʭ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʣʦʞʥʳʡ ʩʦʩʪʘʚ ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ ʜʘʝʪ ʵʬʬʝʢʪʥʳʝ, ʢʨʘʩʦʯʥʳʝ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ 

ʵʬʬʝʢʪʳ, ʢʘʢʠʝ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʜʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ ʧʦʜʚʝʨʞʝʥʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʫʜʦʙʨʝʥʠʷ ʥʘ ʩʝʣʴʭʦʟʫʛʦʜʠʷʭ. ʂ ʪʦʤʫ ʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʳʭ 
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ʢʨʘʩʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʙʦʣʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʧʦʚʩʝʤʝʩʪʥʦ.  

ʉʝʛʦʜʥʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʨʘʙʦʪʳ ʧʦ ʚʦʟʚʨʘʱʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ ʚ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʢʦʣʦʨʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʩʝʣʝʢʮʠʷ ʠ ʛʝʥʥʘʷ 

ʠʥʞʝʥʝʨʠʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ  ʨʘʩʪʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʠʭ ʠʟ ʨʘʩʪʝʥʠʡ; ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʦʢʨʘʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ [4]. 

 

ɺʓɺʆɼʓ 

ɺʦʟʚʨʘʱʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ï ʦʜʥʘ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʪʘʢ ʢʘʢ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ ʠʤʝʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʚʝʱʝʩʪʚʘʤʠ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʤʠ, ʘ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ï ʩ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʩʤʝʩʴʶ ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ, ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʂʨʘʩʦʯʥʳʡ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʛʦ ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʚʭʦʜʷʱʠʭ 

ʚ ʥʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʤʠʭ ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʛʘʨʤʦʥʠʯʥʦʩʪʴʶ. ɺ ʥʠʭ ʥʝʪ ʨʝʟʢʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʤ, 

ʪʘʢʞʝ ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʠʚ ʚʳʮʚʝʪʘʥʠʷ,  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʢʨʘʩʦʯʥʦʩʪʴ ʪʢʘʥʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1.  ɻʶʣʴ, ʕ. ʊʨʘʜʠʮʠʠ ʢʦʣʦʨʠʩʪʠʢʠ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʪʝʢʩʪʠʣʝ ʋʟʙʝʢʠʩʪʘʥʘ / ʕ. ɻʶʣʴ // Sʘônat. ï 2008. ï ˉ 3, 4.  

2.  ʊʦʨʝʙʘʝʚ, ɹ. ʇ. ʎʚʝʪʦʚʝʜʝʥʠʝ / ɹ. ʇ. ʊʦʨʝʙʘʝʚ, ʍ. ɸ. ɸʣʠʤʦʚʘ, ɻ. ɼ. ʂʘʡʨʘʥʙʝʢʦʚ. ï ʐʳʤʢʝʥʪ, 2013. 

3.  ʅʘʡʜʝʥʦʚʘ, ʅ. ʄʦʜʘ, ʮʚʝʪ, ʩʪʠʣʴ / ʅ. ʅʘʡʜʝʥʦʚʘ, ʀ. ʊʨʫʙʝʮʢʦʚʘ. ï ʄ. : çʕʢʩʤʦè, 2012. 

4.  ʊʦʨʝʙʘʝʚ, ɹ. ʇ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʪʝʥʠʡ / ɹ. ʇ. ʊʦʨʝʙʘʝʚ, ɾ. ʋ. ʄʳʨʭʘʣʳʢʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. 
ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2013. ï ˉ 6 (348). ï 130 ʩ. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 19.12.14. 

 

 

RETURN OF NATURAL DYES IN MODERN TEXTILE PRODUCTION  
 

B.P. Torebaev
1
, V.M. Janpaizova

2
, М.А. Makhmudova

3
  

1 
Senior Lecturer, 

2 
Candidate of Chemical Sciences, Associate Professor, 

3 
Lecturer 

M.Auezov South Kazakhstan State University (Shymkent), the Republic of Kazakhstan 
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ВЫЧИСЛИТЕЛЬНЫЕ СИСТЕМЫ ФИЛЬТРАЦИИ  

ЛУЧЕВЫХ ДИАГНОСТИЧЕСКИХ ИЗОБРАЖЕНИЙ 
 

 
А.Ю. Хлесткин, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʫʯʝʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʦʩʦʚʦʡ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʙʨʘʙʦʪʢʝ ʣʫʯʝʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʣʫʯʝʚʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ. 

 

ʈʘʟʚʠʪʠʝ ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʦʙʲʝʢʪʘ. ʆʩ-

ʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʣʫʯʝʚʳʭ ʥʘʛʨʫʟʦʢ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʩʰʠʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʥʠʤʢʘ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʆʙʳʯʥʦ ʣʫʯʝʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʘʧʧʘʨʘʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʩʢʘʞʘʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʦʤʝʭ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʘʢ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʥʠʤʢʦʚ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ʇʦʵʪʦʤʫ 

ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʯʠʱʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ ʧʦʤʝʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʨʘʙʦʪʢʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʧʦʣʦʩʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʯʘʩʪʦʪ. ʇʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ 

ʫʤʝʥʴʰʘʶʪ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʰʫʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʩʩʤʦʪʨʠʤ ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʫʟʝʣʢʦʚʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʣʝʛʦʯʥʦʡ 

ʪʢʘʥʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʳ ʠ ʩʮʠʥʪʠʛʨʘʤʤʳ.  

ʇʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ ʫʜʘʣʷʶʪ ʠʣʠ ʦʩʣʘʙʣʷʶʪ ʯʘʩʪʦʪʳ ʚʥʝ ʢʦʣʴʮʝʚʦʡ ʧʦʣʦʩʳ ʚʦʢʨʫʛ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʬʠʣʴʪʨʘ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [4]: 
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ʛʜʝ ( , )D u v  ï ʨʘʩʩʪʦʷʥʠʝ, ʠʟʤʝʨʷʝʤʦʝ ʦʪ ʮʝʥʪʨʘ ʯʘʩʪʦʪʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, W ï ʰʠʨʠʥʘ ʢʦʣʴʮʘ,
0D ï ʨʘʜʠ-

ʫʩ ʦʢʨʫʞʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʩʝʨʝʜʠʥʫ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʧʦʣʦʩʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʯʘʩʪʦʪ, ʧʨʠʤʝʥʷʷ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʧʦʣʦʩʦʚʦʛʦ ʛʘʫʩʩʦʚʘ ʬʠʣʴʪʨʘ: 
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ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ʜʣʷ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʩ ʧʦʣʦʩʦʡ ʦʪ 4 ʜʦ 40 % ʯʘ-

ʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʋʣʫʯʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʦʥʪʫʨʳ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠ ʪʝʢʩʪʫʨʳ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʤ ʩʥʠʤʢʝ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʚʦʣʘ. ʇʨʠʚʝʜʝʥʥʦʝ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʦʩʪʥʫʶ 

ʪʢʘʥʴ (ʨʠʩ. 1ʛ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʪʝʢʩʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʷ. 

                                                           
 É ʍʣʝʩʪʢʠʥ ɸ.ʖ. / Khlestkin A.Yu., 2015 
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ʈʠʩ. 1. ʇʦʣʦʩʦʚʘʷ ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ:  

ʘ) ʠʩʭʦʜʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʚʦʣʘ; ʙ) ʌʫʨʴʝ-ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ;  

ʚ) ʦʙʨʘʟ ʌʫʨʴʝ-ʬʠʣʴʪʨʘ; ʛ) ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ; ʜ) ʌʫʨʴʝ-ʩʧʝʢʪʨ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ  

 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦʩʦʚʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ. ʅʘ ʨʠʩ. 2ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʭʦʜʥʳʡ ʩʥʠʤʦʢ 

ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʦʪ. ʉʨʘʚʥʠʚʘʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʣʝ-

ʛʦʯʥʦʡ ʪʢʘʥʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʰʫʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʚʳʜʝʣʷʷ ʫʟʝʣʢʦʚʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

                          
                                                 ʘ)                                                                              ʙ) 

 
ʈʠʩ. 2. ʇʦʣʦʩʦʚʘʷ ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ:  

ʘ) ʠʩʭʦʜʥʦʝ ʮʠʬʨʦʚʦʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ; ʙ) ʨʝʟʫʣʴʪʘʪ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ  

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʣʫʯʝʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʷʤʦʡ ʧʦʜʭʦʜ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʦʢ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʦʜʦʙʥʦ-

ʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɼʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʬʠʣʴʪʨʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çDMRè ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʣʫʯʝʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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COMPUTATIONAL FILTRATION SYSTEMS OF RADIAL DIAGNOSTIC IMAGING 
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Abstract. The questions on the use of Fourier transforms in radial diagnostics are examined in the article. The 

application of the band pass frequency filtration for diagnostic images is considered. The conducted studies give evi-

dence of efficiency of the frequency filtration in relation to processing of radial diagnostic images. 

Keywords: Fourier transforms, processing of images, frequency filtration, radial diagnostics. 
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МЕТОДИКА ОЦЕНКИ ЭФФЕКТИВНОСТИ ФУНКЦИОНИРОВАНИЯ  

СЛУЖБ ЖИЗНЕОБЕСПЕЧЕНИЯ  

ПРОМЫШЛЕННЫХ ПРЕДПРИЯТИЙ И НАСЕЛЕННЫХ ПУНКТОВ 
 

 
С.А. Шнейгельбергер, ʘʩʧʠʨʘʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʣʫʞʙ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦ-

ʣʷʝʪ: ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʣʫʞʙʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢ ʠ ʦʪ-

ʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʜʘʥʥʦʡ ʩʣʫʞʙʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ; ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʡʪʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ-

ʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʣʫʞʙ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʪʠʚʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʩʣʫʞʙʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥ-

ʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪʳ ʵʪʠʭ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟ 

ʥʠʭ [2]. ʇʨʘʚʠʣʴʥʘʷ ʦʮʝʥʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʩʠʩʪʝʤʦʡ ʮʝʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʰʠʙʦʯʥʘʷ ʦʮʝʥʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʚʝʨʥʦ ʧʨʠʥʷʪʦʝ ʨʝʰʝʥʠʝ, ʟʘʪʨʫʜʥʷʶʪ, ʝʩʣʠ ʚʦʦʙʱʝ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ 

ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ.  

ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʚ ʯʘʩʪʥʦʩʪʠ [3] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ; ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ; ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʤʝʪʦʜʠʢʠ ʠʭ ʫʩʪʘʥʦʚʣʝʥʠʷ; ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʝ ʚ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ.  

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʠʩʪʝʤʝ ʦʮʝʥʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʣʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʚʭʦ-

ʜʷʱʠʭ ʚ ʦʮʝʥʦʯʥʫʶ ʩʠʩʪʝʤʫ; ʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʢʘʢ ʵʢʩʧʝʨʪʘʤʠ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʨʛʘʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ; ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʨʘʙʦʪʢʝ ʠ ʧʨʠʥʷʪʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; ʥʝʠʟʙʳ-

ʪʦʯʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʪʫʘʮʠʠ; ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʠʪʝʨʠʝʚ, ʯʪʦʙʳ ʧʨʦʮʝʜʫʨʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʥʝ ʙʳʣʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʨʦʤʦʟʜʢʦʡ.  

ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʣʫʞʙ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ʉɾ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʲʝʢ-

ʪʠʚʥʦʛʦ ʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʊʘʢ ʢʘʢ ʦʮʝʥʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʟʘʥʷʪʦʩʪʠ ʉɾ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʪʦ ʦʩʥʦʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʦʧʝʨʘʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉɾ, ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɾ ʦʪ 

ʬʘʢʪʦʨʦʚ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʤʝʩʪʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʘ ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʨʝʜʩʪʚ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʦʪʥʦʩʷʪʩʷ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ-

ʥʷʪʦʩʪʠ ʉɾ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʚʳʟʦʚʘ, ʙʝʟʫʩʣʦʚʥʦ, ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʦʙʲʝʢʪʠʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʦʯʥʦʡ ʩʠʩʪʝ-

ʤʳ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ. ʉʣʝʜʫʷ ʧʦʨʷʜʢʫ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ, ʨʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ, ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʉɾ.   

ʈʘʩʩʤʦʪʨʠʤ ʦʮʝʥʦʯʥʳʝ ʬʘʢʪʦʨʳ: Űʩʣʝʜʦʚʘʥʠʷ ï ʚʨʝʤʷ ʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ (ʆɸ) ʉɾ ʦʪ 

ʤʝʩʪʘ ʜʠʩʣʦʢʘʮʠʠ ʜʦ ʤʝʩʪʘ ʧʨʦʠʩʰʝʩʪʚʠʷ, Űʦʙʩʣʫʞʠʚʘʥʠʷ ï ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʆɸ ʉɾ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʳʟʦʚʘ: ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ ʜʣʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ; ʫʩʪʨʘʥʝʥʠʝ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ ʜʣʷ ʧʦʣʠʮʠʠ; ʦʢʘʟʘʥʠʝ 

ʥʝʦʪʣʦʞʥʦʡ ʧʦʤʦʱʠ ʙʦʣʴʥʦʤʫ ʜʣʷ ʩʢʦʨʦʡ ʧʦʤʦʱʠ ʠ ʪ. ʜ. ɺʚʝʜʝʤ ʪʘʢʞʝ ʬʘʢʪʦʨ Űʟʘʥʷʪʦʩʪʠ,  ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʫʤ-

ʤʦʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʫʢʘʟʳ-

ʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʫʯʝʪʫ, ʚ ʯʘʩʪʥʦʩʪʠ [4], ʯʪʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʨʷʜʦʢ ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʯʘʩʪʥʳʭ ʦʮʝʥʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ y ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʩʚʝʨʪʢʫ ʚʠʜʘ: 
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ʛʜʝ: yij  ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʟʦʚʦʚ, ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʦ i-ʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʉɾ; iaï ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʃʇ; n ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʡ; kï ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉɾ:  

 

                                         kjnixX ij ,1,,1, === .                                              (2) 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʥʷʪʦʩʪʠ ʆɸ ʉɾ ʷʚ-

ʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ [1]. ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʷʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ  ʈ ʧʦʧʘʜʘʥʠʷ ʚʝʣʠʯʠʥʳ Űʟʘʥʷʪʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ [Űj ; Űj+1], ʪ. ʝ. 

 

                                                                    }{ .1

1
+--

+ -=<¢ jj eeP jʟʘʥʷʪʦʩʪʠj

mtmt
ttt                                            (3) 

 

ɿʜʝʩʴ:
ʟʘʥʷʪʦʩʪʠt

m 1=
 

- ʧʘʨʘʤʝʪʨ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; Ű1 = 0; Űk+1 = +Ð. 

ʋʩʣʦʚʠʤʩʷ ʩʯʠʪʘʪʴ ʯʠʩʣʘ xij
 ʵʣʝʤʝʥʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʘʪʝʞʥʦʡ ʤʘʪʨʠʮʳ. ʊʦʛʜʘ ʤʘʪʨʠʮʘ ʦʮʝʥ-

ʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʠʛʨʦʚʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1):  
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ʈʠʩ. 1. ʄʘʪʨʠʮʘ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ 

 

ɿʜʝʩʴ, ɸ1, ɸ2, é ɸn ï ʩʪʨʘʪʝʛʠʠ ʩʪʦʨʦʥʳ ɸ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʡ ʉɾ; ɺ1, ɺ2, é ɺk ï ʩʪʨʘʪʝʛʠʠ ʩʪʦʨʦʥʳ ɺ: ʧʦʧʘʜʘʥʠʝ Űʟʘʥʷʪʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ p1 , ʨ2, é, pk.  

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʣʘʪʝʞʥʦʡ ʤʘʪʨʠʮʳ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3) ʦʧʨʝʜʝʣʷʶʪʩʷ kjp j ,1, = . ɿʥʘʯʝ-

ʥʠʷ ʤʘʪʨʠʮʳ Y ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: 

 

                                                                       kjnixpx ijjij ,1,,1,' ===                                                         (4) 

 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʘʪʨʠʮʘ Y, ʩʦʜʝʨʞʘʱʘʷ ʜʘʥʥʳʝ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉɾ. ʇʨʝʜʩʪʘʚʠʤ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʫʶ ʤʘʪʨʠʮʫ, ʢʘʢ ʠʛʨʦʚʫʶ ʤʦʜʝʣʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʠʩʫʥʢʦʤ 1 (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʄʘʪʨʠʮʘ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ 
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ʇʝʨʝʩʯʠʪʘʝʤ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ Yʧʦ ʧʨʘʚʠʣʫ: 
 

                                                                      kjniypy ijjij ,1,,1,' ===                                                           (5) 

 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ
'Y ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʡ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʦʪʢʣʦʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉɾ.  

ɼʘʣʝʝ ʤʘʪʨʠʮʳ
'X ʠ

'Y ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ  ʤʘʪʨʠʮʫZ : 
 

                                                                       kjnizZ ij ,1,,1, ===                                                             (6) 

 

ʧʦ ʧʨʘʚʠʣʫ:  
 

                                                                 kjniyxz ijijij ,1,,1,'' ==-=                                           (7) 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ
'X ʠ 

'Y ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʢ ʝʜʠʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ Z ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʯʠ ʃʇ. ʅʘ ʵʪʦʤ ʞʝ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʊʘʢ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉɾ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ ʩʣʝʜʫʶʱʠʭ ʩʧʠʩʢʦʚ: 
 

)7,6,5,4,3,2,1(1 ---=K , 

 

)7,6,5,4,3,2,1(2 ----=K , 

 

)7,6,5,4,3,2,1( ---=nK . 

 

ɿʜʝʩʴ 1, 2, é7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʘʤ Űʟʘʥʷʪʦʩʪʠ, ʪ.ʝ. kj ,1= . ɿʥʘʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ Z. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʠʩʢʦʚ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ-

ʤʝʥʝʥʠʝ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘ 

ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ. ʊʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʠʚʘʥʠʷ. ʊʘʢ, ʜʘʞʝ ʜʣʷ ʧʨʠʚʝʜʝʥ-

ʥʳʭ ʚ ʧʨʠʤʝʨʝ ʪʨʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʩʣʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘʢʦʝ ʠʟ ʥʠʭ ʣʫʯʰʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʨʝ-

ʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʘ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʵʤ-

ʧʠʨʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʘ ʦʛʨʘʥʠʯʝʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʨʘʚʝʥʩʪʚ: 
 

                                                                           ä
=

==
k

j

ijj niz
1

,1,0a
                                                                 (8) 

 

ʉʪʨʦʛʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʦʪ ʧʣʘʥʠʨʫʝʤʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ, ʪ.ʝ. kjnizij ,1,,1,0 ==­ . ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʦʪʢʣʦ-

ʥʝʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʠʪʴʩʷ, ʪ. ʝ. 0̧ijz . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʃʇ: 

 

                                                                     ,,1,0
1

ä
=

==-+
k

j

iiijj nicvza                                                          (9) 
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1

­+ä
=

n
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ii cv                                                                 (10) 
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ʊʘʢʦʡ ʚʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʟʘʜʘʯʝ (9) ï (10) ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʦʝ ʥʘʨʫʰʝʥʠʝ ʦʛʨʘʥʠ-

ʯʝʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʤʘʪʨʠʮʝʡ Z.  

ɼʣʷ ʟʘʜʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʦ-

ʤʫ ʧʦʢʘʟʘʪʝʣʶ ʤʘʩʰʪʘʙʘ ɸ ʟʘʜʘʯʫ ʃʇ (9) ï (10) ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

                                                                       ,,1,0
1

ä
=

==-+
k

j

iiijj nicvza                                                         (11) 

 

                                                                            ä
=

=
k

j

ijj Az
1

maxa ,  ni ,1= ,                                                               (12) 

 

                                                                                  min,)(
1

­+ä
=

n

i

ii cv                                                                    (13) 

 

ʛʜʝ CV, ï ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʘ;  ɸ ï ʚʝʣʠʯʠʥʘ ʘʧʨʠʦʨʥʦ ʟʘʜʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠʟʤʝʨʝʥʠʡ, ʥʘʧʨʠʤʝʨ  ɸ = 100 %; 

( )k

ijijijij zzzz ,...,,max 21max = . 

ɼʘʣʝʝ ʨʝʰʠʤ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʉɾ, ʧʦʣʴʟʫʷʩʴ ʪʦʣʴʢʦ ʟʥʘʥʠ-

ʝʤ ʤʘʪʨʠʮʳ Z ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʝʨʪʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʃʇ (11) ï (13).  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ , ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʧʨʠ ʦʮʝʥʢʝ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɾ ʜʣʷ i-ʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʘʪʨʠʮʘ , ʩʦʜʝʨʞʘʱʘʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɾ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʠʤ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ( )''iji yK . 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʦ
ig, ʚʚʝʜʝʥʥʦʝ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 

 

                                                               () (),'''

ij
yKyK iiji

i -=g ni ,1= , kj ,1= .                                          (15) 

 

ɿʜʝʩʴ ( )'iji yK  ʠ ( )''iji yK  ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (11) ï (13) ʠ ʩʚʝʨʪʢʠ (1) ʟʥʘʯʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ i-ʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʉɾ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ 
'Y ʠ 

''Y  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɾ ʧʨʦʚʝʜʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʠʩʣʘg
i

: 

 

                                                                     (18) 

 

ɺʝʣʠʯʠʥʳ j
i

, ni ,1=  ʠ ʙʫʜʫʪ ʠʩʢʦʤʳʤʠ ʦʮʝʥʢʘʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʉɾ. 

ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ ʧʨʠʚʝʜʝʥ-

ʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 
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˹͊;͊ͦ͡

˿͙͙ͭ͊ͭͫͭ;͔͙͔ͫ͟ 
͒͊ͤͤ·͔

̅ͦ ͪͣ ͙͔ͪͯ  ͙ͣͣ͊ͭͪͼͯ ̆

˻ͨ ͔͔ͪ͒ Ύ͔͡  ͔͍ͣ ͪͦΎ͙ͭͤͦͫͭ

˽ͦ ͫͭͪ ͔͙ͦͤ  ͔͙ͣ͊ͭͪͼ· ͦͼ͔ͤ͟  ͙X˽͍͔ͪͦͪ͊͟ 
ͤͦ ·͍ͻ 

ͫͭ͊ ͙͙ͭͫͭ ;͔ͫ͟ ͻ͙ 
͒͊ͤͤ·ͻ

˽ͦͫͭͪ ͔͙ͦͤ  ͔͙ͣ͊ͭͪͼ· ͦͼ͔ͤ͟  ͙Y

̅ͦ ͪͣ ͙͍͙͔ͪͦ͊ͤ ͙ͣ͊ͭͪͼ· Z

˾͔΄͔ ͙ͤ  ͔͊͒͊͘;͙ ˶˽

˻ͨ ͔͔ͪ͒ Ύ͔͡  ͣͦͨ ͔͊͊ͭ͘͟ Έͤ͡·͚ 
ͦ͟Ήͅͺ͙ ͼ͙͔ͤ  ͭ͒͡ Ύ ͙ͣ͊ͭͪͼ· Y

˽ͦ ͫͭͪ ͔͙ͦͤ  ͔͙ͣ͊ͭͪͼ· ͦͼ͔ͤ͟  ͙X

˸͊ͫ΄͙͔ͭ͊͋ͪͯ  ͣ;͙ͫͦ͡

·ʕ͍ͦ͒ ͔ͪ ͯ͘ Έͭ͊ͭ͊͡

˴͔ͦͤͼ

˨s

˹˩́

˽͍͔ͪͦͪ͊͟ 
ͤͦ ·͍ͻ 

ͫͭ͊ ͙͙ͭͫͭ ;͔ͫ͟ ͻ͙ 
͒͊ͤͤ·ͻ

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮr 

ʦʮʝʥʢʠ Yõ

̅ͦ ͪͣ ͙͍͙͔ͪͦ͊ͤ ͙ͣ͊ͭͪͼ· Z

˻ͨ ͔͔ͪ͒ Ύ͔͡  ͣͦͨ ͔͊͊ͭ͘͟ Έͤ͡·͚ 

ͦ͟Ήͅͺ͙ ͼ͙͔ͤ  ͭ͒͡ Ύ ͙ͣ͊ͭͪͼ· Yõ

ʆʧʨʝʜʝʣ̫ʝʤ ʦʪʥʦh ʝʥʠʝ ʤʝʞʜʫ 

ʧʦʢʘʟʘʪʝʣɹʥrʤʠ ʢʦɻʬʬʠʮʠʝʥʪʘʤʠ 

Y ʠ Yõ

˹˩́

˨s

 
 

ʈʠʩ. 3. ɹʣʦʢ-ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɾ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ: 

¶ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɾ; 

¶ ʦʧʨʝʜʝʣʷʷ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɾ, ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʡʪʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɾ; 

¶ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉɾ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ;  

¶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʆɸʉɾ. 

¶ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʯʘʩʪʥʳʭ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ 
ʫʣʫʯʰʝʥʠʶ; 

¶ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʉɾ. 
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TECHNIQUE OF THE EFFICIENCY ASSESSMENT OF FUNCTIONING OF SERVICES  

OF LIFE SUPPORT OF THE INDUSTRIAL ENTERPRISES AND SETTLEMENTS 

 
S.A. Shneygel'berger, Post-graduate Student, Head of the Laboratory 

Irkutsk State University of Railway Engineering, Russia 

 

Abstract. The technique of an assessment of efficiency of functioning of services of life support of the industrial 

enterprises and settlements is presented in this article. The offered technique allows: to estimate the functioning effi-

ciency, both of divisions of life support, and of separate operational car of this service of life support; to offer the rec-

ommendations about improvement of temporary characteristics of functioning; to develop the rating system of addi-

tional stimulation of staff of divisions of life support services. 

Keywords: operational car, service of life support, assessment of functioning efficiency. 
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РАЗРАБОТКА И ИСПЫТАНИЕ МОДУЛЬНЫХ СИСТЕМ  

МЕЛКОДИСПЕРСНОГО ДОЖДЕВАНИЯ ДЛЯ ОРОШЕНИЯ 

СЕЛЬСКОХОЗЯЙСТВЕННЫХ КУЛЬТУР  

В СЛОЖНЫХ И НЕБЛАГОПРИЯТНЫХ УСЛОВИЯХ ВЕГЕТАЦИИ 
 

 
А.А. Калашников

1
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3
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4
 

1 
ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ çʊʠʊʇè, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

2 
ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ, ʘʢʘʜʝʤʠʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

3 
ʟʘʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʢʝ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

4 
ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ ʊʠʊʇ 

ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʊʘʨʘʟ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ 

ʜʦʞʜʝʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʠʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʛʝʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠ ʠʩʧʳʪʘʥʠʶ ʤʦʜʫʣʴʥʳʭ 

ʩʠʩʪʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʊʆʆ ʂʘʟʅʀʀɺʍ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʦʩʦʙ ʧʦʣʠʚʘ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʜʦʞʜʝʚʘʥʠʝ, ʘʵʨʦʟʦʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ. 
 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʣʠʦʨʘʮʠʡ ʷʚʣʷʝʪʩʷ çʢʦʨʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʨʠʨʦʜʥʳʭ (ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ, ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ) ʫʩʣʦʚʠʡ ʩ ʮʝʣʴʶ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚè, ï ʫʢʘʟʳʚʘʣ ɸ. ʅ. ʂʦʩʪʷʢʦʚ (1960). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʢʣʦʥʘʭ ʛʦʨ ʠ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ ʥʘʢʣʦʥʥʳʭ ʧʨʝʜ-

ʛʦʨʥʳʭ ʨʘʚʥʠʥ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʢʣʦʥʘʤʠ ʤʝʩʪʥʦʩʪʠ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʠʚʘ. 

ʍʦʜ ʨʘʟʚʠʪʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʥʘʫʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʢʦʤʧʣʝʢʩʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʛʨʦʵʢʦʩʠ-

ʩʪʝʤʳ çʧʦʯʚʘ ï ʨʘʩʪʝʥʠʝ ï ʘʪʤʦʩʬʝʨʘè. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ ʠ ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʦʚ ʷʚʣʷʝʪʩʷ 

ʘʵʨʦʟʦʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ. 

ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʨʦʰʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʧʳʣʝʥʥʦʡ ʚʦʜʦʡ ʥʘ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʪʢʘʥʠ 

ʣʠʩʪʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢʦʡ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚʦʜʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʘʧʣʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʣʠʩʪʴʝʚ ʜʦ ʧʦʛʣʦʱʝʥʠʷ ʠʭ ʨʘʩʪʝʥʠʷʤʠ. ʇʨʠ ʘʵʨʦʟʦʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʥʝʢʦʨʥʝʚʦʝ ʚʦʜʥʦʝ 

ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ. ʇʦʪʝʨʠ ʚʦʜʳ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʘʵʨʦʟʦʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʦʪ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʤʠʢʨʦʦʨʦʰʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʧʦʣʠʚʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ ʟʘʧʘʩʳ ʚʦʜʳ ʚ ʧʦʯʚʝ ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʥʦ ʨʘʮʠʦʥʘʣʴʥʦ 

ʩʦʭʨʘʥʷʶʪʩʷ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʚʦʜʥʳʡ ʨʝʞʠʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʭʦʜʥʳʭ ʟʘʧʘʩʦʚ 

ʚʦʜʳ ʚ ʧʦʯʚʝ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʠ ʚʥʝʢʦʨʥʝʚʦʛʦ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝ-

ʥʠʡ. ɺ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʳ ʧʦʣʠʚʳ ʙʦʣʴʰʠʤʠ ʥʦʨʤʘʤʠ (ʜʦʞʜʝʚʘʥʠʝ, ʚʣʘʛʦʟʘʨʷʜʢʦʚʳʝ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ ʧʦʣʠʚʳ, ʘʵʨʦʟʦʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʥʘ ʬʦʥʝ ʦʙʳʯʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʠ ʜʨ.), ʩʦʟʜʘʶʱʠʝ ʥʘʜʝʞʥʳʡ ʚʦʜʥʳʡ 

ʟʘʧʘʩ, ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʧʦʣʠʚʦʚ, ʩʦʟʜʘʶʱʠʭ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʤʠʢʨʦ- ʠ ʬʠʪʦʢʣʠʤʘʪ (ʘʵʨʦʟʦʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ, ʠʤ-

ʧʫʣʴʩʥʦʝ ʜʦʞʜʝʚʘʥʠʝ ʠ ʜʨ.). 

ɺ ʛʫʤʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʘʵʨʦʟʦʣʴʥʦʤʫ ʫʚʣʘʞʥʝʥʠʶ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʰʘʶʱʘʷ ʨʦʣʴ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʧʣʦʚʦʛʦ ʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʦʚ ʨʘʩʪʝʥʠʡ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʛʘʨʘʥʪʠ-

ʨʦʚʘʥʥʳʭ ʫʨʦʞʘʝʚ. 

ɺ ʊʆʆ çʂʘʟʅʀʀɺʍè ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʯʝʪʘʶʱʘʷ ʩʧʦʩʦʙ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ ʠ ʜʦʞʜʝʚʘʥʠʷ ï ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʜʦʞʜʝʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʚʣʘʞʥʷʪʴ ʧʨʠʟʝʤʥʳʡ ʩʣʦʡ ʚʦʟʜʫʭʘ ʠ 

ʧʦʯʚʫ, ʥʝ ʜʦʧʫʩʢʘʷ ʛʣʫʙʠʥʥʫʶ ʬʠʣʴʪʨʘʮʠʶ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʠ ʠʭ 

ʨʘʙʦʪʘ (ʨʠʩ. 2). 

                                                           
 É ʂʘʣʘʰʥʠʢʦʚ ɸ.ɸ., ɹʘʣʛʘʙʘʝʚ ʅ.ʅ., ɹʘʡʟʘʢʦʚʘ ɸ.ɽ., ʂʫʨʪʝʙʘʝʚ ɹ.ʄ. / Kalashnikov A.A., Balgabaev N.N., Bayzakova A.E., 

Kurtebaev B.M, 2015 
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ʈʠʩʫʥʦʢ 1. ɼʦʞʜʝʚʘʣʴʥʳʝ ʥʘʩʘʜʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂʘʟʅʀʀɺʍ: ʘ - ʬʦʨʩʫʥʢʘ ʜʦʞʜʝʚʘʣʴʥʘʷ; ʙ   ïʥʘʩʘʜʢʘ ʢʘʨʫʩʝʣʴʥʘʷ 

 

                                     
 

ʈʠʩʫʥʦʢ 2. 
 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʦʚ ʩ ʢʦʤʧʣʝʢʪʘʮʠʝʡ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ: 

1 - ʥʘʩʦʩ; 2 - ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ; 3 - ʢʨʘʥ; 4 - ʢʨʘʥ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʜʘʚʣʝʥʠʷ; 5 - ʤʘʥʦʤʝʪʨ; 6 - ʩʝʢʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

7 - ʥʘʩʘʜʢʘ ʜʦʞʜʝʚʘʣʴʥʘʷ; 8 - ʜʦʞʜʝʤʝʨʥʳʝ ʩʪʘʢʘʥʳ   
 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʩʪʝʥʜʦʚʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʩ ʫʯʝʪʦʤ ʧʝʨʝʢʨʳ-

ʪʠʷ ʠʭ ʨʘʜʠʫʩʘ. 
 

 
 

ʈʠʩʫʥʦʢ 4. ʉʪʝʥʜʦʚʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ: 

1 - ʥʘʩʦʩ; 2 - ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ, 3 ï ʢʨʘʥ, 4 ï ʪʨʦʡʥʠʢ;  

5 ï ʩʪʦʷʢ ʩ ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʦʡ; 6 ï ʟʘʛʣʫʰʢʘ; 7 ï ʩʝʢʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʘ ʙ 
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ʅʘ ʩʪʝʥʜʦʚʳʭ ʧʣʦʱʘʜʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʬʠʢʩʘʪʦʨʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʮʝʣʴʶ ʠʤʠʪʘʮʠʠ ʫʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʦʰʘʝʤʦʛʦ ʧʦʣʷ. ʅʘ ʩʪʝʥʜʝ (ʨʠʩʫʥʦʢ 3) ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʠʩʧʳʪʳʚʘʣʘʩʴ ʦʜʥʘ ʜʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʨʘʙʦʪʳ, ʟʘʪʝʤ ʥʘ ʧʣʦʱʘʜʢʝ ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʩʷ ʤʦʜʫʣʴʥʳʡ ʢʦʤʧʣʝʢʪ ʜʦʞʜʝʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩʫ-

ʥʦʢ 4). ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʨʘʥʘ 4 (3), ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʨʦʩ ʜʘʚʣʝʥʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ʅʘ ʩʪʝʥʜʦʚʦʡ ʧʣʦʱʘʜʢʝ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʙʝʟ ʧʝʨʝʢʨʳʪʠʷ ʠ ʩ ʧʝʨʝʢʨʳʪʠʝʤ (ʧʨʠ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʥʘʩʘʜʦʢ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʠʚʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʞʜʷ, ʚʦʜʦʧʦʜʘʯʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʠ 

ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʈʘʩʭʦʜ ʥʘʩʘʜʦʢ ʦʧʨʝʜʝʣʷʣʩʷ ʦʙʲʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʧʫʪʝʤ ʩʙʦʨʘ ʚʦʜʳ ʚ ʤʝʨʥʳʡ ʙʘʢ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʪ-

ʩʯʝʪʦʤ ʚʨʝʤʝʥʠ ʩʝʢʫʥʜʦʤʝʨʦʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ  

 

                                                          qi=V i/ti , ʣ/ʩ,                                                        (1) 

 

ʛʜʝ qi-ʨʘʩʭʦʜ ʥʘʩʘʜʢʠ, ʣ/ʩ; Vi-ʦʙʲʝʤ ʚʦʜʳ, ʣ; ti-ʚʨʝʤʷ, ʩ. 

 

ʆʙʱʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʜʦʞʜʝʚʘʣʴʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʚ ʢʦʤʧʣʝʢʪʝ ʦʧʨʝʜʝʣʷʣʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʨʘʩʭʦʜʘ ʚʩʝʭ 

ʥʘʩʘʜʦʢ 

 

                                                      (2) 

 

ʛʜʝ Qïʨʘʩʭʦʜ ʚʦʜʳ ʜʦʞʜʝʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʪʘ 

ʈʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʥʘʩʘʜʦʢ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʨʥʦʡ ʣʝʥʪʦʡ ʧʦ ʢʨʘʡʥʠʤ ʢʘʧʣʷʤ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʞʜʷ ʠ ʨʘʚ-

ʥʦʤʝʨʥʦʩʪʴ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʧʦʣʠʚʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʦʞʜʝʤʝʨʥʳʭ ʙʘʥʦʢ ʝʤʢʦʩʪʴʶ 0,8 

ʣ ʧʨʠʝʤʥʦʡ ʧʣʦʱʘʜʴʶ 78,5 ʩʤ
2
. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʚ 3

-ʭ
-4

-ʭ
 ʢʨʘʪʥʳʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ 

ʚʨʝʤʝʥʝʤ ʥʘʧʦʣʥʝʥʠʷ ʜʦʞʜʝʤʝʨʦʚ ʥʘ 60-70 % ʚ ʤʝʩʪʘʭ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʆʙʲʝʤ ʚʦʜʳ ʧʦ ʜʦʞʜʝʤʝʨʘʤ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

                                                                                                                            (3) 
 

ʛʜʝ Wʜ ï ʦʙʲʝʤ ʚʦʜʳ ʚ ʜʦʞʜʝʤʝʨʘʭ, ʣ; 

           ï ʦʙʲʝʤ ʚʦʜʳ ʚ i-ʪʦʤ ʜʦʞʜʝʤʝʨʝ, ʣ; 

           ï ʧʣʦʱʘʜʴ, ʦʙʩʣʫʞʠʚʘʝʤʘʷ ʦʜʥʠʤ ʜʦʞʜʝʤʝʨʦʤ, ʤ
2
; 

      f ʜ   ï ʧʣʦʱʘʜʴ ʜʦʞʜʝʤʝʨʘ, ʤ
2
. 

ʀʩʧʳʪʳʚʘʣʠʩʴ ʬʦʨʩʫʥʢʘ ʠ ʢʘʨʫʩʝʣʴʥʘʷ ʥʘʩʘʜʢʘ (ʨʠʩʫʥʦʢ 1 ʘ, ʙ), ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʳ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʬʦʨʩʫʥʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʠʚʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪ-

ʢʦʚ (ʨʘʜʠʫʩ ʧʦʣʠʚʘ ʜʦ 1,35 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʦʨʘ) ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʟʦʥʝ ʧʦʣʠʚʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʦʨʩʫʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɺ ʢʘʨʫʩʝʣʴʥʦʡ ʥʘʩʘʜʢʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʜʚʫʭ ʩʦʧʝʣ ï ʜʣʷ 

ʜʘʣʴʥʝʛʦ ʧʦʣʠʚʘ ʠ ʙʣʠʞʥʝʛʦ ï ʩ ʱʝʣʝʚʳʤ ʨʘʟʨʝʟʦʤ. ɺʳʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʩʦʧʝʣ ʚʳʧʦʣʥʷʣʠʩʴ ʜʠʘʤʝʪʨʦʤ 1,0; 1,5 

ʠ 2,0 ʤʤ. ʇʨʦʚʝʨʢʘ ʥʘ ʩʪʝʥʜʝ ʜʝʪʘʣʝʡ ʧʦʪʨʝʙʦʚʘʣʘ ʜʦʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʢʘʢ: ʚʪʫʣʢʘ, ʢʦʨʧʫʩ 

ʠ ʩʦʧʣʘ (ʠʟʤʝʥʷʣʠʩʴ ʨʘʟʤʝʨʳ ʜʝʪʘʣʝʡ ʧʨʝʩʩ-ʬʦʨʤ). ʇʨʦʚʝʨʢʘ ʥʘʩʘʜʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʩʦʧʝʣ ʚʳ-

ʷʚʠʣʘ, ʯʪʦ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʝʪ ʥʘʩʘʜʢʘ ʩ ʩʦʧʣʘʤʠ ʜʘʣʴʥʝʛʦ ʠ ʙʣʠʞʥʝʛʦ ʧʦʣʠʚʘ, ʠʤʝʶʱʠʤʠ ʚʳʭʦʜʥʳʝ ʦʪ-

ʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 2,0 ʤʤ. 

ʅʘ ʙʘʟʝ ʠʤʝʶʱʝʡʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʫʣʴʥʳʭ ʩʠʩʪʝʤ ʤʝʣʢʦʜʠʩ-

ʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʘ-

ʩʪʝʨʩʢʦʡ ʊʆʆ çʂʘʟʅʀʀɺʍè, ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʙʦʨʢʠ ʤʦʜʫʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʦʰʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʢʝ 

(ʆʇʋ) ʠʩʧʳʪʳʚʘʣʩʷ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ. ʄʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʜʦʞʜʝʚʘʥʠʷ ʩʥʘʙʞʘʣʘʩʴ ʬʦʨʩʫʥʢʘʤʠ ʠ ʥʘʩʘʜʢʘʤʠ ʢʘʨʫʩʝʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂʘʟʅʀʀɺʍ (ʇʘʪʝʥʪ ʈʂ ˉ 9204). 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʠ ʠʭ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʧʦ ʧʣʦʱʘʜʠ 

ʦʨʦʰʝʥʠʷ, ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʚʠʜʳ ʦʪʢʘʟʦʚ, ʚʨʝʤʷ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘ-

ʥʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʣʠʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʪ. ʜ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʩʫʥʢʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʦʣʠʚʘ 

ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ (ʨʘʜʠʫʩ ʧʦʣʠʚʘ ʜʦ 1,35 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʦʨʘ) ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʟʦʥʝ ʦʨʦʰʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʩʫʥʢʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

Техническая характеристика форсунки 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʅʘʧʦʨ, ʄʇʘ 

0,15 0,20 0,25 

ɼʠʘʤʝʪʨ ʩʦʧʣʘ, ʤʤ 2 2 2 

ʈʘʩʭʦʜ, ʣ/ʩ 0,041 0,05 0,055 

ʈʘʜʠʫʩ ʧʦʣʠʚʘ, ʤ 1,18 1,29 1,35 

ʂʦʵʬʬʠʮʠʝʥʪʳ: 

- ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʠʚʘ 

- ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 

- ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 

 

0,86 

 

0,87 

 

0,82 

0,08 0,07 0,10 

0,06 0,06 0,08 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘʩʘʜʢʠ ʢʘʨʫʩʝʣʴʥʦʡ ʩ ʚʳʭʦʜʥʳʤʠ ʩʦʧʣʘʤʠ ʜʘʣʴʥʝʛʦ ʠ ʙʣʠʞʥʝʛʦ ʧʦʣʠʚʘ ʜʠʘʤʝʪʨʘʤʠ  

2 ʤʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʦʨʘ (0,15ï0,25 ʄʇʘ) ʝʝ ʨʘʜʠʫʩ ʧʦʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 6,5ï7,2 ʤ. ʊʝʭʥʠ-

ʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʘʜʢʠ ʢʘʨʫʩʝʣʴʥʦʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

Техническая характеристика насадки карусельной 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʅʘʧʦʨ, ʄʇʘ 

0,15 0,20 0,25 

ɼʠʘʤʝʪʨ ʩʦʧʣʘ, ʤʤ 

- ʜʘʣʴʥʝʛʦ ʧʦʣʠʚʘ 

- ʙʣʠʞʥʝʛʦ ʧʦʣʠʚʘ 

 

2 

2 

ʈʘʩʭʦʜ, ʣ/ʩ 0,083 0,10 0,11 

ʈʘʜʠʫʩ ʧʦʣʠʚʘ ʙʝʟ ʧʝʨʝʢʨʳʪʠʷ, ʤ: 6,5 7,0 7,2 

ʂʦʵʬʬʠʮʠʝʥʪʳ: 

- ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʠʚʘ 

- ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 

- ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 

 

0,81 

 

0,82 

 

0,80 

0,11 0,10 0,13 

0,08 0,08 0,07 

 

ɿʘ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʦʪʨʘʙʦʪʘʣʘ 560 ʯʘʩʦʚ ʯʠʩʪʦʛʦ 

ʚʨʝʤʝʥʠ. ʆʧʝʨʘʮʠʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʠ ʟʘʪʨʘʪʳ ʠʭ ʚʨʝʤʝʥʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 

Структура и затраты времени на технологическое и техническое обслуживание  

оборудования системы мелкодисперсного дождевания 
ʇʦʢʘʟʘʪʝʣʠ ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ, ʯ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʇʨʦʤʳʚʢʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʧʦʩʣʝ ʤʦʥʪʘʞʘ 0,33 

ʈʝʛʫʣʠʨʦʚʢʘ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʩʪʚʦʣʦʚ ʢʘʨʫʩʝʣʴʥʳʭ ʥʘʩʘʜʦʢ 1,0 

ɺʩʝʛʦ: 1,33 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʘʟʳ 

ʇʦʜʪʷʞʢʘ ʛʘʝʢ ʥʘ ʪʨʦʡʥʠʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 0,2 

ɿʘʤʝʥʘ ʫʧʣʦʪʥʷʶʱʠʭ ʚʪʫʣʦʢ ʚ ʪʨʦʡʥʠʢʘʭ ʩ ʧʦʜʪʷʞʢʦʡ ʛʘʝʢ 0,25 

ɺʩʝʛʦ: 0,45 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʈʝʚʠʟʠʷ ʧʦʜʪʷʞʢʘ ʛʘʝʢ ʥʘ ʪʨʦʡʥʠʢʘʭ ʧʦʣʠʚʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 1,25 

ʇʦʜʪʷʞʢʘ ʢʦʨʧʫʩʦʚ ʥʘʩʘʜʦʢ ʥʘ ʩʪʦʷʢʘʭ 0,5 

ʈʝʚʠʟʠʷ ʥʘʩʘʜʦʢ 0,75 

ɺʩʝʛʦ: 2,5 

ʋʩʪʨʘʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ 

ɿʘʤʝʥʘ ʢʦʣʝʮ ʚ ʢʦʨʧʫʩʘʭ ʢʘʨʫʩʝʣʴʥʳʭ ʥʘʩʘʜʦʢ 0,67 

ʇʨʦʯʠʩʪʢʘ ʩʦʧʝʣ ʢʘʨʫʩʝʣʴʥʳʭ ʥʘʩʘʜʦʢ 0,25 

ɿʘʤʝʥʘ ʫʧʣʦʪʥʷʶʱʠʭ ʚʪʫʣʦʢ ʪʨʦʡʥʠʢʦʚ 0,2 

ɺʩʝʛʦ: 1,12 

 

ʆʩʥʦʚʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʷʚʣʷʣʠʩʴ ʨʝʛʫʣʠʨʦʚʢʘ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʩʪʚʦʣʦʚ 

ʢʘʨʫʩʝʣʴʥʳʭ ʥʘʩʘʜʦʢ (1,0 ʯ). ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʚʢʣʶʯʘʣʠ ʧʦʜʪʷʞʢʫ ʛʘʝʢ ʥʘ ʪʨʦʡʥʠʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

(0,2 ʯ) ʠ ʟʘʤʝʥʫ ʫʧʣʦʪʥʷʶʱʠʭ ʚʪʫʣʦʢ ʚ ʪʨʦʡʥʠʢʘʭ (0,25 ʯ) ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʧʦʜʪʝʢʦʚ ʠ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ. ʆʩʥʦʚʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʷʚʣʷʣʠʩʴ ʨʝʚʠʟʠʷ ʠ ʧʦʜʪʷʞʢʘ ʛʘʝʢ 

ʥʘ ʪʨʦʡʥʠʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ (1,25 ʯ). ʊʝʭʥʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʚʢʣʶʯʘʣʠ ʟʘʤʝʥʫ ʢʦʣʝʮ ʚ ʢʦʨʧʫʩʘʭ ʥʘʩʘʜʦʢ (0,67 ʯ) ʠ 

ʧʨʦʯʠʩʪʢʫ ʠʭ ʩʦʧʝʣ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʢ ʠʣʠ ʩ ʧʦʣʥʦʡ ʠʭ ʦʩʪʘʥʦʚʢʦʡ. 
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ʉʨʝʜʥʠʝ ʟʘ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
 

ʊʘʙʣʠʮʘ 4 

Структура эксплуатационно-технологического времени  

модульной системы мелкодисперсного дождевания 

ɻʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʆʙʦʟʥʘʯʝʥʠʝ ɿʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ, ʯ 

ɺʨʝʤʷ ʯʠʩʪʦʡ ʨʘʙʦʪʳ ʊ1 560 

ɺʨʝʤʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʊ2 1,33 

ɺʨʝʤʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʊ3 0,45 

ɺʨʝʤʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʊ4 2,5 

ɺʨʝʤʷ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʊ5 1,12 

ɺʨʝʤʷ ʧʨʦʩʪʦʝʚ ʧʦ ʧʨʠʯʠʥʘʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʦʩʪʦ̫ -

ʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʊ6 36 
 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʚʳʚʝʜʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʤʦ-

ʜʫʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ (ʪʘʙʣʠʮʘ 5). 
 

ʊʘʙʣʠʮʘ 5 

Эксплуатационно-технологические показатели опытного  

образца модульной системы мелкодисперсного дождевания 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʆʙʦʟʥʘʯʝʥʠʝ ɿʘʚʠʩʠʤʦʩʪʴ ɿʥʘʯʝʥʠʝ 

ɺʨʝʤʷ ʯʠʩʪʦʡ ʨʘʙʦʪʳ ʊ1 ʊ1 560 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʂɻ 
ʊ1 0,99 

ʊ1+ʊ3+ʊ5 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂʊʀ 
ʊ1 0,99 

ʊ1+ʊ4+ʊ5 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ 
ʂʊʆ 

ʊ1 
0,99 

ʊ1+ʊ2 

ʅʘʜʝʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʂʅʊʇ 
ʊ1 0,99 
ʊ1+ʊ3 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʂʀʊɺ 
ʊ1 0,99 

ʊ1+ʊ2+ʊ3 
 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʪʦʚʥʦʩʪʠ ʂɻ = 0,99, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂʊʀ = 0,99, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʂʊʆ = 0,99 ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʂʅʊʇ = 0,99 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦ-

ʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʜʦʞʜʝʚʘʥʠʷ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʥʘʩʘʜʦʢ çʂʘʟʅʀʀɺʍè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʆʇʋ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʜʫʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ ʩ ʬʦʨʩʫʥʢʘʤʠ ʠ ʢʘʨʫʩʝʣʴʥʳʤʠ ʥʘʩʘʜʢʘʤʠ (ʪʘʙʣʠʮʘ 6).  
 

ʊʘʙʣʠʮʘ 6 

Технико-эксплуатационные показатели модульной системы 

мелкодисперсного дождевания с форсунками и карусельными насадками 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʅʅʘʧʦʨ, ʄʇʘ 

0,0,15 0,0,20 0, 0,25 

1 1 2 2 3 3 4 4 

ʄʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ: 

- ʪʠʧ  ʙʳʩʪʨʦʨʘʟʙʦʨʥʘʷ 

- ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ (ʩ ʨʫʯʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʥʦʨʤʳ ʚʦʜʦʧʦʜʘʯʠ) 

- ʤʘʨʢʘ ʥʘʩʦʩʘ çʂʘʤʘ-10è 

- ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʘ, ʢɺʪ 0,4 

- ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʘʜʦʢ ʥʘ ʢʦʤʧʣʝʢʪ, ʰʪ. 12/6 

- ʩʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʥʘʩʘʜʦʢ ʧʦ ʢʚʘʜʨʘʪʫ 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʩʘʜʢʘʤʠ, ʤ 1,66/9,2 1,82/9,9 1,9/10,1 

- ʧʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʦʜʥʦʡ ʬʦʨʩʫʥʢʠ ʩ ʫʯʝʪʦʤ ʧʝʨʝ-

ʢʨʳʪʠʷ, ʤ2 
2,75 3,31 3,61 

ʇʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʢʦʤʧʣʝʢʪʦʤ, ʤ2 33/510 39,7/590 43,3/610 

- ʦʙʱʠʡ ʨʘʩʭʦʜ ʚʦʜʳ, ʣ/ʩ 0,49/0,50 0,6/0,6 0,66/0,66 

ɼʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ (ʬʦʨʩʫʥʢʘ): 

- ʪʠʧ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ 

- ʜʠʘʤʝʪʨ ʩʦʧʣʘ, ʤʤ: 2/2 

- ʨʘʩʭʦʜ, ʣ/ʩ 0,041/0,083 0,05/0,1 0,055/0,11 

- ʨʘʜʠʫʩ ʧʦʣʠʚʘ ʙʝʟ ʧʝʨʝʢʨʳʪʠʷ, ʤ 1,18/6,5 1,29/7,0 1,35/7,2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 6 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʅʅʘʧʦʨ, ʄʇʘ 

0,0,15 0,0,20 0, 0,25 

1 1 2 2 3 3 4 4 

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʩʝʪʴ: 

- ʤʘʪʝʨʠʘʣ ʧʦʣʠʵʪʠʣʝʥ 

- ʜʠʘʤʝʪʨ, ʤʤ 20 (25) 

- ʦʙʱʘʷ ʜʣʠʥʘ, ʤ 30/60 

- ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ, ʰʪ. 11/6 

ʂʦʵʬʬʠʮʠʝʥʪʳ: 

- ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʠʚʘ 0,86/0,81 0,87/0,82 0,82/0,80 

- ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 0,08/0,11 0,07/0,1 0,1/0,13 

- ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʣʠʚʘ 0,06/0,08 0,06/0,08 0,08/0,07 

ʂʦʵʬʬʠʮʠʝʥʪʳ: 

-ʛʦʪʦʚʥʦʩʪʠ 0,99/0,99 

-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,99/0,99 

-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,99/0,99 

 

ʇʨʠʤʝʯʘʥʠʝ. ʇʘʨʘʤʝʪʨʳ ʬʦʨʩʫʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʯʠʩʣʠʪʝʣʝ, ʘ ʢʘʨʫʩʝʣʴʥʦʡ ʥʘʩʘʜʢʠ ʚ ʟʥʘʤʝʥʘʪʝʣʝ. 

 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʫʣʴʥʳʭ ʩʠʩʪʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʦʞʜʝʚʘʥʠʷ, ʧʦʤʠʤʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʣʫʯʰʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʦʥʝ ʨʘʟ-

ʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʪʦ ʝʩʪʴ ʩʥʠʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʧʦʚʳʰʘʶʪ ʝʛʦ ʚʣʘʞʥʦʩʪʴ, ʯʪʦ 

ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʚʳʰʝ 25
ʦ
ʉ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ (ʤʝ-

ʥʝʝ 50 %). ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʚʦʟ-

ʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʥʘ 5ï10 % ʠ ʙʦʣʝʝ. 
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1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

3
 ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, 

4 
ʩʪʫʜʝʥʪ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ɸʨʘʣʴʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʧʨʦʙʣʝʤʝ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʦʜʥʦʤʫ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʂʘʟʘʭʩʪʘʥʩʢʦʤ ʇʨʠʨʘʣʴʝ, ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʚʥʠʤʘʥʠʝ. ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʦʩʣʘʙʣʷʝʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ, ʩʤʷʛʯʘʷ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ, ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʤʥʦʛʦʚʘ-

ʨʠʘʥʪʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʘ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʥʦ ʠ ʠʭ ʧʣʦʱʘʜʝʡ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʠ 

ʟʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʧʦ ʩʝʟʦʥʘʤ ʚ ʨʝʛʠʦʥʘʭ ʦʨʦʰʘʝʤʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʫʣʴʪʫʨ, ʠʭ ʘʜʘʧʪʘʮʠʷ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪʩʷ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʫʨʦʞʘʡʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʨʘʥʳ, ʥʦ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʵʢʩʧʦʨʪʘ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [4].  

ʇʨʦʙʣʝʤʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʟʘʥʷʪʦʩʪʠ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ, ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ.  

ɸʨʘʣʴʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʥʡ ʢʨʠʟʠʩ ʧʦʩʪʘʚʠʣ ʵʢʦʥʦʤʠʢʫ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦ-

ʚʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʉʪʨʘʪʝʛʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʩʢʦʤ ʇʨʠʘʨʘʣʴʝ ʚʢʣʶʯʘʝʪ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʚʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʨʦʩʪʝ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴ, ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ;  

- ʧʝʨʝʩʤʦʪʨ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʩʝʣʴʭʦʟʦʙʦʨʦʪʘ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʦ-

ʰʘʝʤʳʭ ʟʝʤʝʣʴ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʝʥʝʝ ʚʣʘʛʦʝʤʢʠʭ ʢʫʣʴʪʫʨ (ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ); 

- ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ 
ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʫʣʴʪʫʨ; 

- ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʟʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʭʠʤʠ-

ʟʘʮʠʠ; 

- ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʨʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʞʠʚʦʪʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʨʝʛʠʦʥʝ; 

- ʧʦʚʩʝʤʝʩʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʠʥʠʟʘʚʦʜʦʚ ʧʦ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ. 

ɸʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʥʦ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʝʱʝ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ-

ʟʘ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʨʝʛʠʦʥʘ ʧʨʠ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʨʦʮʝʩʩʦʚ ʟʘʩʦʣʝʥʠʷ ʠ ʘʥʪʨʦ-

ʧʦʛʝʥʥʦʛʦ ʦʧʫʩʪʳʥʠʚʘʥʠʷ [1, 3]. ɼʣʷ ʪʨʘʜʠʮʠʦʥʥʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʨʝʛʠʦʥʘ ʜʝʛʨʘʜʘʮʠʷ ʧʘʭʦʪʥʳʭ ʠ 

ʧʘʩʪʙʠʱʥʳʭ ʟʝʤʝʣʴ, ʢʘʢ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ɸʨʘʣʴʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʩʨʝʜʩʪʚ ʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ.  

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʣʠ ʛʦʜʘʤʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʤʘʣʦʚʦʜʴʷ, ʢʦʛʜʘ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʩʪʦʢ ʚʦʜʳ ʧʦ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʨʝʢʝ ʉʳʨʜʘʨʴʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʪʨʝʙʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʚ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʥʠʟʠʣʠʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ-ʟʘ ʩʦʢʨʘʱʝʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʛʠʙʝʣʠ ʧʦʩʝʚʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʩ 
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ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʧʦʩʝʚʦʚ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨ: ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ, ʷʯʤʝʥʷ, ʩʘʬʣʦʨʘ, ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʨʞʠ ʠ ʜʨʫʛʠʭ ï ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [4]. 

ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʝ-

ʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʀʟ-ʟʘ ʭʨʦʥʠʯʝʩʢʦʛʦ ʤʘʣʦʚʦʜʴʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦ-

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʟʝʤʝʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʷʜʫ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʧʨʠʨʦʜʥʳʝ ʦʩʘʜʢʠ. 

ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚʝʩʴʤʘ ʫʩʣʦʞʥʷʝʪ ʚʦʧʨʦʩ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʩʝʚ-

ʥʳʭ ʧʣʦʱʘʜʝʡ ʚ ʨʝʛʠʦʥʝ, ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʢʨʫʧʷʥʦʡ, ʤʘʩʣʠʯʥʳʡ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ) [2, 3]. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʂʳʟʳ-

ʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʠʪʴ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʠ, 

ʪʘʢ ʢʘʢ ʟʘʩʫʰʣʠʚʦʩʪʴ ʢʣʠʤʘʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʚ 

ʧʨʝʜʝʣʘʭ 15ï19 %, ʢʣʝʡʢʦʚʠʥʳ - ʜʦ 40 % ʠ ʩʠʣʳ ʤʫʢʠ - ʦʪ 400 ʜʦ 800 ʝʜ. ʠ ʚʳʰʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʧʦʢʘʟʘʪʝʣʠ ʧʰʝʥʠʮʳ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʠ ʤʥʦʛʠʭ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ ʉʅɻ.  

 

ʊʘʙʣʠʮʘ 1 

Расчеты затрат оросительной воды на единицу продукции 
ʂʫʣʴʪʫʨʘ ɿʘʪʨʘʪʳ 

ʦʨʦʩʠʪʝʣʥ. ʚʦʜʳ, 

ʪʳʩ.ʤ3/ʛʘ 

ʉʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ɺʳʭʦʜ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʪ/ʛʘ 

ʈʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʪʛ/ʛʘ 

ɿʘʪʨʘʪʳ 

ʦʨʦʩʠʪʝʣʴʥʦʡ 

ʚʦʜʳ, ʤ /ʪʛ 

ʈʠʩ 25 3,6 1,8 63 000 0,39 

ʆʟʠʤʘʷ ʧʰʚʥʠʮʘ 4,5 2,0 1,0 40000 0,11 

ʗʨʦʚʘʷ ʧʰʝʥʠʮʘ 4,5 0,8 0,4 16 000 0,28 

ʆʟʠʤʘʷ ʨʦʞʴ 4,5 2,5 1,3 65 000 0,069 

ʗʯʤʝʥʴ 4,5 1,5 0,75 37 500 0,12 

ʆʚʝʩ 4,5 1,2 0,60 33 000 0,14 

ʉʘʬʣʦʨ 1,0 1,2 0,24 24 000 0,041 

ʇʦʜʩʦʣʥʝʯʥʠʢ 7,5 0,8 0,72 41 880 0,557 

ʉʦʨʛʦ 2,4 3,0 1,5 30 500 0,078 

ʂʫʢʫʨʫʟʘ 7,5 4,0 2,0 60000 0,125 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʧʦʩʝʚʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʪʘʢ ʢʘʢ ʤʥʦʛʦʣʝʪʥʷʷ ʧʨʘʢʪʠʢʘ ʟʝʤʣʝʜʝʣʴ-

ʮʝʚ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʘ ʢʫʣʴʪʫʨʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʘʛʨʦʪʝʭʥʠʢʝ ʜʘʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʨʦʚʦʡ ʧʰʝʥʠʮʝʡ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ï ʚʝʛʝʪʘ-

ʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʝʝ ʧʨʦʪʝʢʘʝʪ ʚ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʚʨʝʤʝʥʘ ʛʦʜʘ ï ʦʩʝ-

ʥʴʶ, ʚʝʩʥʦʡ ʠ ʚ ʥʘʯʘʣʝ ʣʝʪʘ. ɺ ʪʝʧʣʳʡ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʟʠʤʳ ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ ʨʘʟʚʠʚʘʝʪ ʭʦʨʦ-

ʰʫʶ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʠ ʢʫʩʪʠʪʩʷ. ʊʨʦʛʘʷʩʴ ʚ ʨʦʩʪ ʨʘʥʥʝʡ ʚʝʩʥʦʡ, ʟʘʜʦʣʛʦ ʜʦ ʧʦʩʝʚʘ ʷʨʦʚʳʭ, ʧʦʣʥʝʝ ʠʩʧʦʣʴʟʫ-

ʝʪ ʚʣʘʛʫ, ʥʘʢʦʧʣʝʥʥʫʶ ʚ ʧʦʯʚʝ ʟʘ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɹʣʘʛʦʜʘʨʷ ʤʦʱʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ ʝʡ ʜʦʩʪʫʧʥʘ ʚʣʘ-

ʛʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʧʦʯʚʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʠʤʦʩʪʦʡʢʠʭ ʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʜʝʣʘʝʪ ʝʝ ʢʫʣʴʪʫʨʦʡ ʛʘʨʘʥ-

ʪʠʨʦʚʘʥʥʦʛʦ ʫʨʦʞʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʝ ʩʦʨʪʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʪʘʣʠ ʦʙʳʯʥʳʤʠ ʜʣʷ 

ʶʞʥʳʭ ʦʙʣʘʩʪʝʡ ʂʘʟʘʭʩʪʘʥʘ. ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʨʠʩʦʚʳʡ ʩʝʚʦʦʙʦʨʦʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʟʝʣʝʥʳʭ ʢʦʨʤʦʚ, ʙʦʛʘʪʳʭ ʙʝʣʢʦʤ, ʥʝʟʘʤʝʥʠʤʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʨʘʥʥʝʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʜʝʨʞʠʚʘʶʱʠʤ ʨʦʩʪ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʦʟʠʤʦʡ ʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʚ ʂʳʟʳʣʦʨ-

ʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʫʨʦʚʥʷ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʩʝʚʥʦʡ ʢʘʤʧʘʥʠʠ ʠʟ-ʟʘ ʙʳʩʪʨʦ-

ʛʦ ʧʘʜʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ (ʥʝ ʙʦʣʝʝ ʥʝʜʝʣʠ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʦʙʠʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʤʝʜʠʮʠʥʩʢʠʤ ʥʦʨʤʘʤ ʧʠʪʘʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʭʣʝʙʦʧʨʦʜʫʢʪʦʚ ʜʦ 20 % ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʭʣʝʙ ʠ 

ʜʨʫʛʠʝ ʭʣʝʙʦʧʨʦʜʫʢʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʨʞʘʥʦʡ ʤʫʢʠ ʠʣʠ ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶ-

ʯʠʪʴ ʦʟʠʤʫʶ ʨʦʞʴ ʚ ʩʦʩʪʘʚ ʜʠʚʝʨʩʠʬʠʢʘʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʨʞʘʥʦʛʦ ʭʣʝʙʘ ʠʣʠ ʩ ʜʦʙʘʚ-

ʢʦʡ ʨʞʘʥʦʡ ʤʫʢʠ ʥʘ ʨʳʥʢʝ ʦʙʣʘʩʪʠ ʚ 1,5ï2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʰʝʥʠʯʥʦʛʦ [4]. 

ʆʟʠʤʘʷ ʨʦʞʴ ʠʟ-ʟʘ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪ ʦʩʝʥʥʝ-ʟʠʤʥʠʝ ʦʩʘʜʢʠ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦ, ʯʝʤ ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʦʥʘ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʟʘʩʦʨʝʥʥʦʩʪʴ 

ʧʦʩʝʚʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʚʳʭ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ, ʫʨʦʞʘʡʥʦʩʪʴ) ʦʧʝʨʝʞʘʝʪ ʦʟʠʤʫʶ ʧʰʝʥʠʮʫ. 

ɺ ʫʩʣʦʚʠʷʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʦʙʱʝʤ ʩʙʦʨʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʩʣʫʯʘʝ ʤʘʣʦʚʦʜʴʷ ʠ ʩʦʢʨʘʱʝ-

ʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʨʠʩʘ ʩʪʨʘʭʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʪʘʢʠʝ ʢʫʣʴʪʫʨʳ, ʢʘʢ ʧʨʦʩʦ, ʦʚʝʩ, ʷʯʤʝʥʴ, ʢʫʢʫ-

ʨʫʟʘ, ʩʦʨʛʦ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʙʦʨʳ ʟʝʨʥʘ ʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʪʨʘʭʦʚʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʧʨʦʩʦ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝ-
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ʨʠʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʨʦʞʘʡ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ, ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʠʚʦʚ. 

ʇʨʦʩʦ ʤʦʞʥʦ ʚʦʟʜʝʣʳʚʘʪʴ ʠ ʚ ʨʠʩʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳ-

ʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ ʢʫʣʴ-

ʪʫʨʦʡ. 

ʅʝʟʘʩʣʫʞʝʥʥʦ ʧʦʯʪʠ ʟʘʙʳʪʳ ʚ ʨʝʛʠʦʥʝ ʪʘʢʠʝ ʢʫʣʴʪʫʨʳ, ʢʘʢ ʷʯʤʝʥʴ ʠ ʦʚʝʩ, ʤʘʣʦ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʢʫʢʫʨʫ-

ʟʘ. ʀʭ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʢʨʫʧʷʥʳʝ (ʷʯʥʝʚʘʷ ʠ ʦʚʩʷʥʘʷ ʢʨʫʧʘ) ʠ ʭʣʝʙʥʳʝ ʢʫʣʴʪʫʨʳ (ʢʫʢʫ-

ʨʫʟʥʘʷ ʤʫʢʘ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʟʝʨʥʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʟʝʨʥʦʚʦʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʕʪʠ ʢʫʣʴʪʫʨʳ ʧʨʝʢʨʘʩʥʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʨʠ-

ʩʦʚʳʝ ʩʝʚʦʦʙʦʨʦʪʳ, ʠʭ ʚʦʟʜʝʣʳʚʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʦʚʥʳʭ ʚ ʪʨʘʚʷʥʦʤ ʟʚʝʥʝ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʨʦʩʪ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ (ʧʰʝʥʠʮʘ, ʦʚʝʩ, ʷʯʤʝʥʴ, 

ʢʫʢʫʨʫʟʘ ʠ ʜʨ.), ʥʘʨʷʜʫ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ, ʷʚʣʷʝʪʩʷ ʥʝʚʳʩʦʢʘʷ ʩʦʣʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʧʰʝʥʠʮʳ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʷʯʤʝʥʷ ʠ ʦʚʩʘ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʣʝʡ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʟʝʤʣʝʜʝʣʠʷ ʨʝʛʠʦʥʘ, 

ʪʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠʤʝʝʪ ʚʥʝʜʨʝʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ, ʩʦʣʝʫʩʪʦʡʯʠʚʳʭ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ.  

ʊʘʢʦʡ ʢʫʣʴʪʫʨʦʡ, ʧʨʝʢʨʘʩʥʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʚ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ, ʷʚʣʷʝʪʩʷ 

ʟʝʨʥʦʚʦʝ ʩʦʨʛʦ - ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʫʧʷʥʳʭ ʢʫʣʴʪʫʨ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʚ ɸʬʨʠʢʝ. ɿʝʨʥʦʚʦʝ ʩʦʨʛʦ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ, ʥʦ ʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʡ ʢʫʣʴʪʫʨʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʟʜʝʣʳʚʘʪʴ ʝʝ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʂʳ-

ʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʨʦʰʝʥʠʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʨʦʩʪ ʧʦʩʝʚʥʳʭ ʧʣʦ-

ʱʘʜʝʡ ʩʦʨʛʦ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʪʨʘʜʠʮʠʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʷʥʦʡ ʢʫʣʴʪʫʨʳ. ɿʝʨʥʦʚʦʝ ʩʦʨʛʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʘʭʦʚʳʭ ʢʫʣʴʪʫʨ, ʟʝʨʥʦʚʦʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʨʤʦʚʦʡ, ʧʨʠ ʠʤʝ-

ʶʱʝʡʩʷ ʪʝʥʜʝʥʮʠʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʦʩʪʫ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ. 

ɺʳʰʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʦʩʝʚʥʦʡ ʢʫʣʴʪʫʨʦʡ ʜʦʣʞʝʥ ʦʩʪʘʪʴʩʷ ʨʠʩ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʤʝʥʝʝ ʚʣʘ-

ʛʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʝʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ. 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʦ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʙʣʘʩʪʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ (ʩʦʩʪʘʚʘ) ʟʘ ʩʯʝʪ ʤʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ, ʙʦʣʝʝ ʫʨʦʞʘʡʥʳʭ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʢʫʣʴʪʫʨ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʩʣʠʯʥʳʝ, ʩʘʭʘʨʥʫʶ ʩʚʝʢʣʫ ʠ ʜʨ. 

ʂʦʥʝʯʥʦ, ʧʦʣʥʦʩʪʴʶ ʩʥʘʙʞʘʪʴ ʦʙʣʘʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʩʣʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ ʥʝʨʝʘʣʴʥʦ, ʥʦ ʦʙʝʩʧʝʯʠʪʴ 15ï20 % ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʤ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ.  

ʆʩʥʦʚʥʦʡ ʤʘʩʣʠʯʥʦʡ ʢʫʣʴʪʫʨʦʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʧʦʜʩʦʣʥʝʯʥʠʢ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ 75 % 

ʤʘʩʣʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ. ʇʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʚʢʫʩʦʚʳʝ ʠ ʧʠʱʝʚʳʝ ʢʘʯʝʩʪʚʘ. ʇʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʝʛʦ ʩʝʤʷʥ ʧʦʣʫʯʘʶʪ ʜʦ 35 % ʞʤʳʭʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʢʦʨʤʦʤ ʜʣʷ ʞʠʚʦʪʥʳʭ. 

ʇʦʵʪʦʤʫ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʦ ʵʪʘ ʢʫʣʴʪʫʨʘ ʦʢʘʟʳ-

ʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, ʠ ʝʝ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʝ ʢʦʯʝʚʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʥʝ 

ʚʚʦʜʠʪʴ ʚ ʩʝʚʦʦʙʦʨʦʪ. 

ɿʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʢʘʢ ʤʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ ʩʦʷ ʠ ʩʘʬʣʦʨ. ɺ ʩʝʤʝʥʘʭ ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 30 

% ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʘʩʣʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ-

ʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʵʪʠʭ ʢʫʣʴʪʫʨ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʦʚ 

ʩʘʬʣʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ, ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʣʝʛʢʦ ʚʚʦʜʠʪʩʷ ʚ ʨʠʩʦʚʳʡ ʩʝʚʦʦʙʦʨʦʪ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʩʦʨʝʥʥʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʣʝʡ ʨʠʩʘ.  

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʝʣʝʥʠʝʤ ʦʙʣʘʩʪʠ ʤʘʩʣʘ ʩʘʬʣʦʨʘ, ʧʦʩʪʫʧʘʶ-

ʱʝʛʦ ʠʟ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʝ ʠ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ. ɺʥʝʜʨʝ-

ʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. ɺ ʥʝʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ ʩʘʬʣʦʨ ʤʦʞʝʪ 

ʩʪʘʪʴ ʦʩʥʦʚʥʦʡ ʤʘʩʣʠʯʥʦʡ ʢʫʣʴʪʫʨʦʡ ʦʙʣʘʩʪʠ.  

ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ - ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʠʟ ʥʝʝ ʩʘʭʘʨʘ - ʚʦʟʜʝ-

ʣʳʚʘʣʘʩʴ ʚ ʨʝʩʧʫʙʣʠʢʝ שʘ ʧʣʦʱʘʜʠ 60ï70 ʪʳʩ. ʛʘ, ʩ ʢʦʪʦʨʦʡ ʚ ʩʨʝʜʥʝʤ ʧʦʣʫʯʘʣʠ ʧʦ 260ï270 ʮ/ʛʘ ʢʦʨʥʝʧʣʦʜʦʚ, 

ʚʳʨʘʙʘʪʳʚʘʣʠ ʠʟ ʥʝʝ ʜʦ 120 ʪʳʩ. ʪ ʩʘʭʘʨʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ 20ï30 % ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʵʪʦʤ ʚʠʜʝ ʧʨʦʜʫʢ-

ʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʪʨʘʩʣʠ ʩʚʝʢʣʦʚʦʜʩʪʚʘ. ʆʩʪʨʳʡ ʥʝʜʦʩʪʘʪʦʢ ʪʝʭʥʠʢʠ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʚ ʥʫʞʥʦʤ ʦʙʲʝʤʝ ʚʝʩʴ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ ʵʪʦʡ 

ʢʫʣʴʪʫʨʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʧʣʦʱʘʜʝʡ ʧʦʩʝʚʦʚ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʚʝʢʣʳ, ʥʦ ʠ 

ʚʘʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʭʘʨʘ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʭʘʨʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʡ ʙʝʟʨʘʙʦʪʠʮʳ ʥʘʩʝʣʝʥʠʝ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʨʦʜʠʪʴ ʩʚʝʢʣʦʩʝʷʥʠʝ ʚ ʩʪʘʨʳʭ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʩʚʝʢʣʦʩʝʶʱʠʭ ʦʙʣʘʩʪʷʭ ʨʝʩʧʫʙʣʠʢʠ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʘʭʘʨʥʫʶ ʩʚʝʢʣʫ ʚʧʦʣʥʝ ʤʦʞʥʦ ʚʦʟʜʝʣʳʚʘʪʴ ʚ ʂʳʟʳʣʦʨ-

ʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʣʷʭ ʥʝ ʪʦʣʴʢʦ ʜʘʝʪ ʥʝʧʣʦʭʠʝ ʫʨʦʞʘʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʩʘʭʘʨʘ 

ʥʘ 1 ʛʘ ʧʦʩʝʚʦʚ ʩʚʝʢʣʳ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʩʦʣʝʥʠʶ ʧʦʯʚ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʩʦʣʝʡ, ʷʚʣʷʷʩʴ ʛʘʣʦʬʠʪʥʦʡ ʢʫʣʴʪʫ-

ʨʦʡ. ʕʪʘ ʢʫʣʴʪʫʨʘ ʚʢʣʶʯʝʥʘ ʚ ʧʨʦʛʨʘʤʤʫ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʦʙʣʘʩʪʠ, ʥʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʩʜʝʨʞʠʚʘʪʴ ʨʦʩʪ ʧʣʦʱʘʜʝʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ 

ʙʫʜʝʪ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʇʨʦʛʨʘʤʤʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪʩʷ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʥʦ ʜʘʥʥʳʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʜʠʚʝʨʩʠ-

ʬʠʢʘʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʙʫʜʝʪ ʫʩʧʝʰʥʘ ʪʦʣʴʢʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʠ-

ʟʘʚʦʜʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʟʘʥʷ-

ʪʦʩʪʠ. 
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Abstract. In terms of the Aral ecological crisis the diversification of agricultural production, as one of the 

main directions of improving the sustainability of agriculture in the Aral sea region of Kazakhstan, should be given 

priority attention. Diversification reduces the impact of economic and ecological crises, mitigating their consequences. 

Keywords: crop production, ecological crisis, crops, diversification. 

 

 



ISSN 2308-4804. Science and world. 2015. № 1 (17). Vol. I. 

 

 

130 

 

УДК 631.671.1:631.51.021 

 

ТЕХНОЛОГИЯ ВЫРАЩИВАНИЯ КУЛЬТУРЫ ЯЧМЕНЯ  

В УСЛОВИЯХ КАЗАХСТАНСКОГО ПРИАРАЛЬЯ 
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1
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3
, Ж. Бекетов

4
 

1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

3
 ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, 

4 
ʩʪʫʜʝʥʪ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʠ 

ʦʨʦʰʝʥʠʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʷʯʤʝʥʷ ʥʘ ʫʨʦʚʥʝ 25ï35 ʮ/ʛʘ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ (35 

ʮ/ʛʘ) ʚ ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʧʦʩʝʚʘʭ ʷʯʤʝʥʷ ʩ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ 90 % ʅɺ ʠ ʜʦ-

ʟʦʡ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ N90ʈ90 + N30 + N30. ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʩ ʜʦʟʦʡ N90ʈ90 ʢʛ/ʛʘ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʠ ʧʨʦʚʝ-

ʜʝʥʠʝ ʧʦʜʢʦʨʤʢʠ (N30) ʚ ʥʘʯʘʣʝ ʢʫʱʝʥʠʷ ʩʪʠʤʫʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʝʛʦʚ, ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʟʝʨʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʦʨʦʰʝʥʠʝ, ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ, ʨʠʩʦʚʳʝ ʩʝʚʦʦʙʦʨʦʪʳ. 

 

ʗʯʤʝʥʴ - ʮʝʥʥʘʷ ʧʠʱʝʚʘʷ ʠ ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ, ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ, ʦʥ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ ʩʦʣʝʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʟʜʝʣʳʚʘʶʪ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʷʯʤʝʥʷ ʚ ʨʠʩʦʚʦʤ ʩʝʚʦʦʙʦ-

ʨʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ ʜʠʢʪʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʢʦʥʝʚʦʜʩʪʚʦ. ɺ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʣʦʰʘʜʠ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ ʛʫʞʝʚʦʡ ʠ ʚʝʨʭʦʚʦʡ 

ʪʨʘʥʩʧʦʨʪ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʠ ʢʫʤʳʩʘ, ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʢʘʢʫʥʦʚ. ɼʣʷ ʢʦʥʝʚʦʜʩʪʚʘ ʣʫʯʰʠʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʳʤ ʢʦʨʤʦʤ ʷʚʣʷʝʪʩʷ ʷʯʤʝʥʴ, ʧʦʵʪʦʤʫ ʟʝʨʥʦ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʤʤʝʨʯʝʩʢʠʡ ʩʧʨʦʩ; ʚ ʫʩʣʦʚʠʷʭ ʇʨʠʘ-

ʨʘʣʴʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʘʥʝʤʠʝʡ [3]. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ 

ʯʘʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʥʠʥ, ʚʭʦʜʷʱʠʡ ʚ 

ʩʦʩʪʘʚ ʯʘʷ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʩʚʦʝʥʠʶ ʞʝʣʝʟʘ, ʠʤʝʶʱʝʛʦʩʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ, ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʯʝʣʦʚʝʢʦʤ. ɼʣʷ ʟʜʦ-

ʨʦʚʴʷ ʞʠʪʝʣʝʡ ʇʨʠʘʨʘʣʴʷ ʚ ʧʝʨʠʦʜ ʞʘʨʢʠʭ ʣʝʪʥʠʭ ʜʥʝʡ ʧʦʣʝʟʝʥ ʥʘʧʠʪʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʦ ʥʘʨʦʜʥʦʤʫ ʨʝʮʝʧʪʫ ʠʟ 

ʟʝʨʥʘ ʷʯʤʝʥʷ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʩʧʨʦʩ; ʚ ʧʝʨʠʦʜ ʞʘʨʢʠʭ ʣʝʪʥʠʭ ʜʥʝʡ ʩʨʝ-

ʜʠ ʥʘʩʝʣʝʥʠʷ ʇʨʠʘʨʘʣʴʷ ʚʳʩʦʢ ʩʧʨʦʩ ʥʘ ʧʠʚʦ, ʧʨʠʚʦʟʠʤʦʝ ʠʟ ʐʳʤʢʝʥʪʘ, ɸʣʤʘʪʳ, ʂʘʨʘʛʘʥʜʳ ʠ ʈʦʩʩʠʠ, ʢʘʯʝʩʪʚʦ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʩʥʠʞʘʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʧʠʚʦʚʘʨʝʥʥʳʡ ʟʘʚʦʜ ʚ ʛ. ʂʳʟʳʣʦʨʜʝ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʷʯʤʝʥʷ ʧʠʚʦʚʘʨʝʥʥʳʭ ʩʦʨʪʦʚ. 

ɺ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʷʯʤʝʥʴ ʚʦʟʜʝʣʳʚʘʶʪ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʦʙʣʘʩʪʠ. ʇʨʠ ʩʦʙʣʶ-

ʜʝʥʠʠ ʚʩʝʭ ʧʨʠʝʤʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ʵʪʠʭ ʭʦʟʷʡʩʪʚʘʭ ʧʦʣʫʯʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ (25ï 

35 ʮ/ʛʘ) ʟʝʨʥʘ ʷʯʤʝʥʷ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʷʯʤʝʥʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʨʪʦʚ. 

ɼʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦʧʫʱʝʥʳ ʩʦʨʪʘ ʷʯʤʝʥʷ ï ʈʦʩʘʚʘ ʦʟʠʤʘʷ, ɹʘʡʰʝʰʝʢ, 

ʉʘʫʣʝ, ɾʫʣʜʳʟ, ᴄʩʝʤ, ɸʨʥʘ, ʉʳʨ ɸʨʫʳ. 

ɺʳʩʦʢʠʡ ʫʨʦʞʘʡ ʷʯʤʝʥʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʣʦʜʦʨʦʜʥʳʭ ʠ ʯʠʩʪʳʭ ʦʪ ʩʦʨʥʷʢʦʚ ʧʦʯʚʘʭ. ɺ ʨʠʩʦʚʦʤ ʩʝʚʦ-

ʦʙʦʨʦʪʝ ʷʯʤʝʥʴ ʦʙʳʯʥʦ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʧʦ ʨʠʩʦʚʠʱʫ. ɺ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʦʩʚʦʝʥʠʷ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ 

(ʪʘʙʣʠʮʘ 1) ʷʯʤʝʥʴ ʨʘʟʤʝʱʘʶʪ ʚ ʤʝʣʠʦʨʘʪʠʚʥʦʤ ʧʦʣʝ, ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ ʧʦʢʨʦʚʥʫʶ ʢʫʣʴʪʫʨʫ ʜʣʷ ʤʥʦʛʦʣʝʪʥʠʭ 

ʪʨʘʚ ʠʣʠ ʜʣʷ ʧʦʩʝʚʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ.  

ʆʩʥʦʚʥʘʷ ʠ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʨʘʙʦʪʦʢ ʧʦʜ ʷʨʦʚʫʶ ʧʰʝ-

ʥʠʮʫ. ʊʘʢ, ʧʦʩʣʝ ʫʙʦʨʢʠ ʨʠʩʘ (ʪʨʝʪʴʷ ʜʝʢʘʜʘ ʩʝʥʪʷʙʨʷ, ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʜʝʢʘʜʳ ʦʢʪʷʙʨʷ) ʧʦ ʤʝʨʝ ʬʠʟʠʯʝʩʢʦʡ 

ʩʧʝʣʦʩʪʠ ʧʦʯʚʳ ʧʨʦʚʦʜʷʪ ʟʷʙʣʝʚʫʶ ʚʩʧʘʰʢʫ ʥʘ ʛʣʫʙʠʥʫ 25ï27 ʩʤ. 
 

ʊʘʙʣʠʮʘ 1 

Схема рисовых севооборотов для возделывания ячменя в условиях Кызылординской области 
1-ʡ ʚʘʨʠʘʥʪ 2-ʡ ʚʘʨʠʘʥʪ 3-ʡ ʚʘʨʠʘʥʪ 

1. ʗʯʤʝʥʴ + ʣʶʮʝʨʥʘ 1. ʗʯʤʝʥʴ + ʣʶʮʝʨʥʘ 1. ʗʯʤʝʥʴ + ʣʶʮʝʨʥʘ 

2. ʃʶʮʝʨʥʘ ʚʪʦʨʦʛʦ ʛʦʜʘ  2. ʃʶʮʝʨʥʘ ʚʪʦʨʦʛʦ ʛʦʜʘ  2. ʃʶʮʝʨʥʘ ʚʪʦʨʦʛʦ ʛʦʜʘ  

3. ʃʶʮʝʨʥʘ ʪʨʝʪʴʝʛʦ ʛʦʜʘ 3. ʃʶʮʝʨʥʘ ʪʨʝʪʴʝʛʦ ʛʦʜʘ 3. ʃʶʮʝʨʥʘ ʪʨʝʪʴʝʛʦ ʛʦʜʘ 

4. ʈʠʩ 4.ʈʠʩ 4. ʈʠʩ 

5. ʈʠʩ 5. ʂʫʢʫʨʫʟʘ 5. ʈʠʩ 

6. ʗʯʤʝʥʴ + ʜʦʥʥʠʢ 6. ʈʠʩ 6. ʗʯʤʝʥʴ + ʜʦʥʥʠʢ 

7. ɼʦʥʥʠʢ ʚʪʦʨʦʛʦ ʛʦʜʘ 7. ʗʯʤʝʥʴ + ʜʦʥʥʠʢ 7. ʉʠʜʝʨʘʪ + ʨʠʩ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 
1-ʡ ʚʘʨʠʘʥʪ 2-ʡ ʚʘʨʠʘʥʪ 3-ʡ ʚʘʨʠʘʥʪ 

8. ʈʠʩ 8. ʉʠʜʝʨʘʪ + ʨʠʩ 8. ʈʠʩ 

ʗʯʤʝʥʴ ï 25 % 

ʈʠʩ ï 37.5 % 

ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ - 37.5 % (62,5 %) 

ʗʯʤʝʥʴ ï 25 % 

ʈʠʩ ï 37.5 % 

ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ - 25% (50 %) 

ʗʯʤʝʥʴ ï 25 % 

ʈʠʩ ï 50 % 

ʄʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ - 25 % (50 %) 

 

ʆʩʥʦʚʥʘʷ ʠ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʨʘʙʦʪʦʢ ʧʦʜ ʷʨʦʚʫʶ ʧʰʝ-

ʥʠʮʫ. ʊʘʢ, ʧʦʩʣʝ ʫʙʦʨʢʠ ʨʠʩʘ (ʪʨʝʪʴʷ ʜʝʢʘʜʘ ʩʝʥʪʷʙʨʷ, ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʜʝʢʘʜʳ ʦʢʪʷʙʨʷ) ʧʦ ʤʝʨʝ ʬʠʟʠʯʝʩʢʦʡ 

ʩʧʝʣʦʩʪʠ ʧʦʯʚʳ ʧʨʦʚʦʜʷʪ ʟʷʙʣʝʚʫʶ ʚʩʧʘʰʢʫ ʥʘ ʛʣʫʙʠʥʫ 25ï27 ʩʤ. 

ʈʘʥʥʝʡ ʚʝʩʥʦʡ, ʯʪʦʙʳ ʠʟʤʝʣʴʯʠʪʴ ʢʦʤʢʠ, ʫʥʠʯʪʦʞʠʪʴ ʧʨʦʨʦʩʪʢʠ ʩʦʨʥʷʢʦʚ ʠ ʟʘʢʨʳʪʴ ʚʣʘʛʫ, ʧʨʦʚʦʜʷʪ 

ʙʦʨʦʥʦʚʘʥʠʝ ʚ 2 ʩʣʝʜʘ. ʇʝʨʝʜ ʧʦʩʝʚʦʤ ʧʨʦʚʦʜʷʪ ʧʣʘʥʠʨʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʢʘ ʜʣʠʥʥʦʙʘʟʦʚʳʤʠ ʧʣʘʥʠʨʦʚʱʠ-

ʢʘʤʠ (ɼ-719, ʇɸ-3) ʜʠʘʛʦʥʘʣʴʥʦ, ʥʘ 45ï50Á ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʭʦʪʳ. ɿʘʪʝʤ ʚʥʦʩʷʪ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠ ʟʘ-

ʜʝʣʳʚʘʶʪ ʠʭ ʧʝʨʝʧʘʰʢʦʡ ʥʘ ʛʣʫʙʠʥʫ 16ï18 ʩʤ ʩ ʧʣʫʛʦʤ ʙʝʟ ʦʪʚʘʣʘ, ʠʣʠ ʯʠʟʝʣʴ-ʢʫʣʴʪʠʚʘʪʦʨʦʤ (ʂʏʅ-4,0), ʠʣʠ 

ʜʠʩʢʦʚʳʤʠ (ɹɼʊ-3, ɹɼʊ-7) ʙʦʨʦʥʘʤʠ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʤʢʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯ-

ʚʳ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʨʝʣʴʩʦʤ ʩ ʙʦʨʦʥʘʤʠ ʚ 2 ʩʣʝʜʘ [1, 2]. 

ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʧʠʱʝʚʦʛʦ ʠ ʢʦʨʤʦʚʦʛʦ ʷʯʤʝʥʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʙʝʣ-

ʢʦʚʦʩʪʠ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʟʳ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʥʠʟʢʦʤ ʬʦʥʝ ʢʘʣʠʷ ʧʨʠ 

ʨʘʥʥʠʭ ʩʨʦʢʘʭ ʧʦʩʝʚʘ. 

ʌʫʥʜʘʤʝʥʪ ʫʨʦʞʘʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ, ʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʷʯʤʝʥʴ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʠʱʝʚʦʤʫ ʨʝʞʠʤʫ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. ʂ ʢʦʥʮʫ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ ʷʯʤʝʥʴ ʫʩʚʘʠʚʘʝʪ 

ӎʯʘʩʪʴ ʘʟʦʪʥʳʭ, Ĳ ʯʘʩʪʠ ʬʦʩʬʦʨʥʳʭ ʠ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦ ʜʨʦʙʥʦʝ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴ-

ʥʳʭ, ʦʩʦʙʝʥʥʦ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʊʘʢ, ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʷʯʤʝʥʷ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ 

ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ N90ʈ90 ʢʛ/ʛʘ ʜ.ʚ. ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʢʦʨʤʢʠ (N30) ʚ ʥʘʯʘʣʝ ʢʫʱʝʥʠʷ ʩʪʠʤʫʣʠ-

ʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʝʛʦʚ, ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʟʝʨʥʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʟʝʨʥʘ ʷʯʤʝʥʷ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʩʨʝʜʝ ʢʘʣʠʡʥʦʛʦ ʧʠʪʘʥʠʷ. ʆʜʥʘʢʦ ʣʫʯʰʝʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʟʝʨʥʦ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʷʯʤʝʥʷ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. 

ʗʯʤʝʥʴ - ʢʫʣʴʪʫʨʘ ʨʘʥʥʝʛʦ ʧʦʩʝʚʘ. ɿʘʧʘʟʜʳʚʘʥʠʝ ʩ ʧʦʩʝʚʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡ-

ʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʝʝ ʚʳʩʝʚʘʶʪ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ, ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʢʪʦʨʦʚ. 

ʉʨʦʢʠ ʧʦʩʝʚʘ ʷʯʤʝʥʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʫ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ. ʊʘʢ, ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʦʢ ʧʦʩʝʚʘ ʷʯʤʝʥʷ ʥʘ ʶʛʝ ʦʙ-

ʣʘʩʪʠ ʥʘʩʪʫʧʘʝʪ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʜʝʢʘʜʘʭ ʤʘʨʪʘ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ - ʚʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʜʝʢʘʜʘʭ ʤʘʨʪʘ, ʘ ʥʘ 

ʩʝʚʝʨʝ ʦʙʣʘʩʪʠ - ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʤʘʨʪʘ ʠ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ. ʃʫʯʰʠʡ ʩʧʦʩʦʙ ʧʦʩʝʚʘ - ʫʟʢʦʨʷʜʥʳʡ ʠʣʠ ʧʝ-

ʨʝʢʨʝʩʪʥʳʡ, ʦʧʪʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ 5ï6 ʩʤ, ʦʙʷʟʘʪʝʣʴʥʦ ʚʦ ʚʣʘʞʥʳʡ ʩʣʦʡ ʧʦʯʚʳ. 

ʅʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʩʝʚʳ ʷʯʤʝʥʷ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 

ʛʫʩʪʦʪʝ ʩʪʦʷʥʠʷ 260ï270 ʨʘʩʪ/ʤ
2
 ʧʦ ʚʩʭʦʜʘʤ ʠ 220ï240 ʨʘʩʪ/ʤ

2
 - ʚ ʧʝʨʠʦʜ ʢʦʣʦʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʪʝʙʣʝʩʪʦʷ 550ï600 ʰʪ/ʤ
2
, ʪ. ʝ. 5,5ï6,0 ʤʣʥ ʰʪ ʢʦʣʦʩʴʝʚ/ʛʘ. ʊʘʢʦʡ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʡ ʧʦ-

ʩʝʚ ʷʯʤʝʥʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʦʩʝʚʝ 5 ʤʣʥ ʚʩʭ. ʟʝʨ/ʛʘ ʠ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ ʚ ʜʦʟʝ N90ʈ90 + N30 + N30. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʞʥʳʭ ʚʩʭʦʜʦʚ ʷʯʤʝʥʷ ʥʘ ʧʦʣʷʭ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʠʤʝʥʷʶʪ ʧʦʩʣʝʧʦʩʝʚʥʦʝ 

ʧʨʠʢʘʪʳʚʘʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʙʦʨʦʥʦʚʘʥʠʝʤ ʣʝʛʢʠʤʠ ʙʦʨʦʥʘʤʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʩʫʭʦʛʦ ʣʝʪʘ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʞʘʡ ʟʝʨʥʘ ʷʯʤʝʥʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʝʛʝ-

ʪʘʮʠʦʥʥʳʭ ʧʦʣʠʚʦʚ. ʉʨʦʢʠ, ʩʧʦʩʦʙʳ ʠ ʜʦʟʳ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʚʦʚ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ. ʇʨʠ ʵʪʦʤ 

ʧʦʜʜʝʨʞʘʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʤ ʩʣʦʝ ʥʘ ʫʨʦʚʥʝ 80ï90 % ʦʪ ʅɺ ʦʢʘʟʘʣʦʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʷʯʤʝשʷ.   

ʗʯʤʝʥʴ ʩʦʟʨʝʚʘʝʪ ʙʳʩʪʨʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʣʝʪʘ ʇʨʠʘʨʘʣʴʷ ʠ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʟʝʨʥʘ 

ʝʛʦ ʢʦʣʦʩ ʩʪʘʥʦʚʠʪʴʩʷ ʣʦʤʢʠʤ, ʧʦʵʪʦʤʫ ʫʙʦʨʢʫ ʧʨʦʚʦʜʷʪ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʠ ʧʨʷʤʳʤ ʢʦʤʙʘʡʥʠʨʦʚʘʥʠʝʤ. ʇʦʩʣʝ 

ʦʙʤʦʣʦʪʘ ʟʝʨʥʘ ʷʯʤʝʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʰʠʪʴ ʜʦ 12ï14 % ʚʣʘʞʥʦʩʪʠ.  
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Abstract. In the Aral Sea region of Kazakhstan on the saline soils of the rice rotation it is possible to obtain the 

barley yields by irrigation at the level of 25-35 cwt/ha. The highest yield of barley (35 cwt/ha) on average for three years 

of research was obtained by irrigation regime 90% of the smallest capacity and by the dose of mineral fertilizers N90ʈ90 + 

+ N30 + N30. Fertilizing by dose introduction N90ʈ90 kg/ha before sowing and conducting feeding (N30) at the beginning 

of the tillering stimulate the tiller production, the increase in the number of productive stems and the formation of a high 

yield. 

Keywords: fertilizers, irrigation, saline soils, rice crop rotations. 
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РЕЖИМ ОРОШЕНИЯ РИСА В УСЛОВИЯХ ПРИАРАЛЬЯ 
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Д.Ж. Жумамуратова

4 

1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

3, 4
 ʩʪʫʜʝʥʪ  

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʝʣʠʦʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʜʥʳʤ ʨʝ-

ʞʠʤʦʤ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦʜʥʳʡ ʨʝʞʠʤ ʟʝʤʝʣʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʚʦʟ-

ʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɿʥʘʯʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʜʣʷ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟ-

ʨʘʩʪʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ ʟʜʝʩʴ ʥʘʤʥʦʛʦ ʚʳʰʝ, 

ʯʝʤ ʥʘ ʦʙʳʯʥʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʛʜʝ ʚʦʟʜʝʣʳʚʘʶʪʩʷ ʩʫʭʦʜʦʣʴʥʳʝ ʢʫʣʴʪʫʨʳ. ʅʦʚʠʟʥʘ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʟʘʪʦʧʣʝʥʠʷ ʨʠʩʦʚʦʛʦ ʯʝʢʘ ʚ ʮʝʣʷʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʨʠʩʘ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʙʣʘ-

ʛʦʧʨʠʷʪʥʦʛʦ ʩʦʣʝʚʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʦʚ ʧʦʯʚʳ ʠ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ, ʫʨʦʞʘʡʥʦʩʪʴ, ʩʣʦʡ ʚʦʜʳ, ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ. 

 

ʈʝʞʠʤ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʥʦ-

ʩʪʠ ʧʦʯʚʳ ʠ ʧʝʨʠʦʜʘ ʦʩʚʦʝʥʠʷ ʨʠʩʦʚʳʭ ʩʠʩʪʝʤ. ʅʘ ʚʥʦʚʴ ʦʩʚʦʝʥʥʳʭ, ʯʠʩʪʳʭ ʦʪ ʩʦʨʥʷʢʦʚ ʠ ʩʣʘʙʦʟʘʩʦʣʝʥʥʳʭ 

ʟʝʤʣʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʢʦʨʦʯʝʥʥʳʡ ʪʠʧ ʟʘʪʦʧʣʝʥʠʷ ʙʝʟ ʧʨʦʪʦʯʥʦʩʪʠ ʚ ʯʝʢʘʭ. 

ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʘ 4ï6 ʜʥʝʡ ʩʣʦʡ ʚʦʜʳ ʜʦ 10ï15 ʩʤ. ɺ ʩʣʫʯʘʝ ʚʳ-

ʩʦʢʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʣʝʡ ʧʨʦʩʷʥʢʦʡ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʯʝʢʦʚ ʩʦʟʜʘʝʪʩʷ 15ï20 ʩʤ ʩʣʦʡ ʚʦʜʳ, ʟʘ-

ʪʝʤ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʨʦʩʷʥʦʢ ʝʛʦ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ 25ï27 ʩʤ. ʈʝʞʠʤ ʛʣʫʙʦʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʧʦʯʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʧʨʦʩʷʥʦʢ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʜʦʚʠʢʠ-ʨʠʩʦʚʦʜʳ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ [1, 5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʂʘʟʘʭʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʦʟʜʝʣʳʚʘʥʠʝ ʟʘʪʦʧʣʷʝʤʦʡ ʢʫʣʴʪʫʨʳ ʨʠʩʘ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʣʷʭ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʚʦʜʳ ʚ ʯʝ-

ʢʘʭ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ɺ ʧʝʨʠʦʜ çʢʫʱʝʥʠʝ-ʚʳʤʝʪʳʚʘʥʠʝè ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʙʨʦʩʳ ʥʘ 50 % ʦʪ 

ʛʣʫʙʠʥʳ ʟʘʪʦʧʣʝʥʠʷ (ʜʦ 4 ʨʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ). ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʝʞʠʤʳ ʟʘʪʦʧʣʝʥʠʷ 

ʨʠʩʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʝʞʠʤʳ ʟʘʪʦʧʣʝʥʠʷ ʨʠʩʘ: 

ʘ ï ʥʘ ʥʝʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ; ʙ ï ʥʘ ʟʝʤʣʷʭ, ʟʘʩʦʨʝʥʥʳʭ ʧʨʦʩʷʥʢʘʤʠ; ʚ ï ʥʘ ʩʨʝʜʥʝ- ʠ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ 
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ɿʥʘʯʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʨʠʩʘ (ʄʨ) ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ:  

 

ʄʨ = m1 + m2 + m3 + m4, ʤ
3
/ʛʘ, 

 

ʛʜʝ m1 - ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʣʦʷ ʧʦʯʚʳ ʦʪ ʚʦʜʦʫʧʦʨʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 

ʤ
3
/ʛʘ; m2 - ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ ʪʨʘʥʩʧʠʨʘʮʠʶ (m2

1
) ʠ ʠʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʚʦʜʳ (m2

ʧ
), 

ʤ
3
/ʛʘ; m3 - ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʚ ʧʦʯʚʦʛʨʫʥʪ, ʤ

3
/ʛʘ; m4 ï ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʙʨʦʩʳ, ʤ
3
/ʛʘ. 

ʆʙʲʝʤ ʚʦʜʳ (m1), ʪʨʝʙʫʝʤʳʡ ʥʘ ʥʘʩʳʱʝʥʠʝ, ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʝʨʝʜ ʟʘ-

ʪʦʧʣʝʥʠʝʤ ʠ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʫʜʝʣʴʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʤʘʩʩʳ, ʠʩʭʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ ʪ.ʜ.). ʌʘʢ-

ʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʦʚ ʚʦʜʳ ʥʘʩʳʱʝʥʠʷ ʥʘ ʨʠʩʦʩʝʶʱʠʭ ʤʘʩʩʠʚʘʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 

1850 ʜʦ 6400 ʤ
3
/ʛʘ [2, 4]. 

ʉʦʟʜʘʚʘʝʤʳʡ ʩʣʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʨʠʩʦʚʦʛʦ ʧʦʣʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʬʠʣʴʪʨʘʮʠʶ, ʪʨʘʥʩʧʠʨʘʮʠʶ ʠ 

ʠʩʧʘʨʝʥʠʝ. ʆʙʲʝʤ, ʠʜʫʱʠʡ ʥʘ ʩʦʟʜʘʥʠʝ 15-ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʚʦʜʳ, ʩʦʩʪʘʚʣʷʝʪ 1500 ʤ
3
/ʛʘ. 

ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

ʊʨʘʥʩʧʠʨʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʩʭʦʜʦʚ ʨʠʩʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʤʘʩʩʳ ʨʘʩʪʝ-

ʥʠʡ. ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ ʩʫʤʤʘʨʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ (ʠʩʧʘʨʝʥʠʝ + ʪʨʘʥʩʧʠʨʘʮʠʷ) ʨʠʩʘ (m2) ʚ ʨʠʩʦʩʝʶʱʠʭ ʟʦʥʘʭ ʨʝʩ-

ʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 7410ï12600 ʤ
3
/ʛʘ [2]. 

ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ (m3) ʚʛʣʫʙʴ ʧʦʯʚʳ ʠ ʥʘ ʙʦʢʦʚʦʡ ʦʪʪʦʢ ʚ ʩʪʦʨʦʥʳ ʦʪ ʨʠʩʦʚʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʚ ʦʩ-

ʥʦʚʥʦʤ ʦʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʯʚʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʠʩʦʚʳʭ ʩʠʩʪʝʤ. ɺʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʥʘ ʨʠ-

ʩʦʚʳʭ ʩʠʩʪʝʤʘʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3500 ʜʦ 8700 ʤ
3
/ʛʘ. ʈʘʩʭʦʜʳ ʚʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʙʨʦʩʳ (m4) ʩ ʨʠʩʦʚʳʭ ʯʝʢʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʠ ʧʨʠʥʷʪʦʡ ʘʛʨʦʪʝʭʥʠ-

ʢʦʡ ʝʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʣʥʳʝ ʠʣʠ ʯʘʩʪʠʯʥʳʝ ʩʙʨʦʩʳ ʚʦʜʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʨʠʩʘ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʣʷʭ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʝʛʦ ʧʦʜʢʦʨʤʢʝ ʠʣʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʝʡ ʛʝʨʙʠʮʠʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʙʨʦʩʳ ʚʦʜʳ ʧʝʨʝʜ ʦʩʝʥʥʠʤ ʦʩʫʰʝʥʠʝʤ ʨʠʩʦ-

ʚʳʭ ʯʝʢʦʚ. ʉʶʜʘ ʞʝ ʚʭʦʜʷʪ ʧʦʪʝʨʠ, ʚʳʟʚʘʥʥʳʝ ʫʪʝʯʢʦʡ ʚʦʜʳ ʯʝʨʝʟ ʯʝʢʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʦʨʳʚʦʤ ʦʨʦʩʠʪʝʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʩʣʫʯʘʡʥʳʤʠ ʩʙʨʦʩʘʤʠ ʠ ʪ. ʜ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ (ʥʝʪʪʦ) ʥʘ ʨʠʩʦʩʝʶʱʠʭ ʤʘʩʩʠʚʘʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʣʝʙ-

ʣʶʪʩʷ ʦʪ 18760 ʜʦ 21750 ʤ
3
/ʛʘ, ʘ ʥʦʨʤʘ ʙʨʫʪʪʦ ï ʦʪ 28000 ʜʦ 32450 ʤ

3
/ʛʘ [2, 4]. 

ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʥʘ ʨʠʩʦʚʳʭ ʧʦʣʷʭ - ʟʘʣʦʛ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ. ʊʘʢʦʡ ʚʦʜʥʳʡ 

ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʪʦʣʴʢʦ ʥʘ ʭʦʨʦʰʦ ʩʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʠʩʦʚʳʭ ʧʦʣʷʭ. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʣʦʷ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʯʝʢʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʜʦʤʝʨʥʘʷ ʨʝʡʢʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʛʣʫʙʠʥʝ ʟʘʪʦʧʣʝʥʠʷ ʧʦʣʷ. ɼʝʣʝʥʠʷ ʥʘ ʨʝʡʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʥʘʥʦʩʠʪʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 5 ʩʤ. ʈʝʡʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ çʥʦʣʴè ʧʦ ʫʨʦʚʥʶ ʚʦʜʳ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ, ʢʦʛʜʘ ʧʦʣʦʚʠʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʢʘ 

ʙʫʜʝʪ ʟʘʣʠʪʘ ʚʦʜʦʡ, ʘ ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ʝʱʝ ʥʝ ʟʘʪʦʧʣʝʥʘ. ɽʩʣʠ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʩʦʚʤʝʩʪʠʪʴ çʥʦʣʴè ʨʝʡʢʠ ʩ ʫʨʦʚʥʝʤ 

ʚʦʜʳ ʥʘ ʯʝʢʝ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʪʘʥʦʚʢʝ ʨʝʡʢʠ ʥʘ ʩʨʝʜʥʶʶ ʦʪʤʝʪʢʫ ʧʣʦʩʢʦʩʪʠ ʯʝʢʘ. 

ʈʠʩ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʡʦʥʦʚ ʨʠʩʦʩʝʷʥʠʷ ʩʪʨʘʥʳ ʚʦʟʜʝʣʳʚʘʶʪ ʧʨʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʫʢʦʨʦʯʝʥʥʦʤ ʟʘʪʦʧʣʝʥʠʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʣʦʡ ʚʦʜʳ ʩʦʟʜʘʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ, ʚʩʣʝʜ ʟʘ ʧʦʩʝʚʦʤ (ʢʨʦʤʝ ʛʣʫʙʦʢʦʡ ʟʘʜʝʣʢʠ ʩʝʤʷʥ). ʅʘ ʧʝʨʠʦʜ 

ʧʨʦʨʘʩʪʘʥʠʷ ʨʠʩʘ ʚʦʜʘ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʘ ʧʦʩʪʦʷʥʥʳʡ ʩʣʦʡ ʝʝ ʩʦʟʜʘʝʪʩʷ ʥʘ ʧʦʣʝ ʣʠʰʴ ʧʦ ʧʦʣʥʳʤ ʚʩʭʦʜʘʤ (2ï3 ʣʠʩʪʘ).  

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʨʠʩʦʚʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʨʘʙʦ-

ʪʫ. ʇʦʵʪʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʯʝʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʨʫʛʣʦʩʫ-

ʪʦʯʥʦ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʝʞʫʨʩʪʚʦʤ ʨʠʩʦʚʦʜʦʚ ʥʘ ʫʯʘʩʪʢʘʭ. 

ɻʠʜʨʦʪʝʭʥʠʢ ʭʦʟʷʡʩʪʚʘ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʩʢʦʣʴʢʦ ʚʦʜʳ ʦʪʧʫʱʝʥʦ ʭʦʟʷʡʩʪʚʫ, ʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʥʝ ʜʦʧʫʩʢʘʷ 

ʧʝʨʝʨʘʩʭʦʜʘ ʚʦʜʳ. 

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʝʨʝʨʘʩʭʦʜ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʥʝ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʧʨʠʯʠʥʷʝʪ ʚʨʝʜ ʢʘʢ 

ʜʘʥʥʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʪʘʢ ʠ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʠʞʝ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

ʈʝʞʠʤʳ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ, ʩʧʦʩʦʙʦʚ 

ʙʦʨʴʙʳ ʩ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. 

ʈʝʞʠʤ ʦʨʦʰʝʥʠʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʨʠʩʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘ-

ʪʘʧʣʠʚʘʪʴ ʨʠʩʦʚʦʝ ʧʦʣʝ ʥʫʞʥʦ ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ ʧʦʩʝʚʘ, ʪʘʢ ʢʘʢ ʧʨʦʨʘʩʪʘʥʠʝ ʨʠʩʘ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʧʦʩʣʝ ʧʦʩʝʚʘ, ʘ 

ʧʦʩʣʝ ʟʘʣʠʚʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʦʩʝʚʦʤ ʠ ʟʘʪʦʧʣʝʥʠʝʤ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 1ï3 ʜʥʷ. ɿʘʣʠʚʘʪʴ ʯʝʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʠʚʥʦʡ ʩʪʨʫʝʡ, ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʡ, ʥʦ ʥʝ ʨʘʟʤʳʚʘʶʱʝʡ ʧʦʯʚʫ. ʉʣʦʡ ʚʦʜʳ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʟʘ-

ʪʦʧʣʝʥʠʠ ʜʦʚʦʜʷʪ ʜʦ 10ï12 ʩʤ, ʟʘʪʝʤ ʧʦʜʘʯʫ ʚʦʜʳ ʚ ʯʝʢʠ ʧʨʝʢʨʘʱʘʶʪ [1, 2]. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʤʦʤʝʥʪʫ ʥʘʢʣʝʚʳʚʘʥʠʷ ʩʝʤʷʥ. ɽʩ-

ʣʠ ʚʦʜʘ ʫʩʧʝʝʪ ʚʧʠʪʘʪʴʩʷ ʠ ʠʩʧʘʨʠʪʴʩʷ ʜʦ ʥʘʢʣʝʚʳʚʘʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʝʤʷʥ, ʪʦ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʫʚʣʘʞʥʠʪʝʣʴʥʳʡ ʧʦʣʠʚ. ɽʩʣʠ ʞʝ ʢ ʥʘʯʘʣʫ ʥʘʢʣʝʚʳʚʘʥʠʷ ʩʝʤʷʥ ʚʦʜʘ ʚ ʯʝʢʘʭ ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʧʠʪʘʝʪʩʷ ʚ ʧʦʯʚʫ, ʪʦ 

ʦʩʪʘʪʢʠ ʝʝ ʩʙʨʘʩʳʚʘʶʪ. ɹʝʟ ʵʪʦʛʦ ʧʨʦʨʘʩʪʘʶʱʠʝ ʩʝʤʝʥʘ ʨʠʩʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʢʠʩ-

ʣʦʨʦʜʦʤ ʠ ʚʩʭʦʜʳ ʙʫʜʫʪ ʠʟʨʝʞʝʥʥʳʤʠ. 

ʇʦʩʣʝ ʦʙʦʟʥʘʯʝʥʠʷ ʨʷʜʢʦʚ ʨʠʩʘ ʠ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʣʠʩʪʘ, ʥʦ ʥʝ ʧʦʟʞʝ, ʯʝʤ ʫ ʧʨʦʩʷʥʦʢ ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʦʡ 

ʣʠʩʪ, ʥʘ ʯʝʢʘʭ ʩʥʦʚʘ ʩʦʟʜʘʝʪʩʷ ʩʣʦʡ ʚʦʜʳ ʛʣʫʙʠʥʦʡ 12ï15 ʩʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʨʦʩʷʥʢʘʤʠ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʧʨʦʩʷʥʦʢ ʛʣʫ-

ʙʠʥʘ ʩʣʦʷ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʦʥ ʧʨʝʚʳʰʘʣ ʚʩʭʦʜʳ ʩʦʨʥʷʢʘ ʥʘ 5ï7 ʩʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʜʦʣ-
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ʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʝʞʝʜʥʝʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʝʥʠʡ ʨʠʩʘ ʠ ʧʨʦʩʷʥʦʢ. ʂʘʢ ʪʦʣʴʢʦ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʦ 

ʧʦʙʫʨʝʥʠʝ ʠ ʦʪʤʠʨʘʥʠʝ ʧʨʦʩʷʥʦʢ, ʩʣʦʡ ʚʦʜʳ ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʠʞʝʥ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʣʠʩʪʴʷ ʨʠʩʘ ʚʳʰʣʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʫʱʝʥʠʷ ʨʠʩʘ ʩʣʦʡ ʩʥʠʞʘʶʪ ʜʦ 5 ʩʤ ʠ ʧʨʝʢʨʘʱʘʶʪ ʧʦʜʘʯʫ ʚʦʜʳ. ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʣʫʯʰʠʤʠ 

ʩʨʦʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʧʦʜʢʦʨʤʢʠ. ʂʦʛʜʘ ʨʠʩ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʫʩʪʠʣʩʷ (6ï7 ʣʠʩʪʴʝʚ), ʩʣʦʡ ʚʦʜʳ ʚʥʦʚʴ ʧʦʚʳʰʘ-

ʶʪ ʜʦ 10ï12 ʩʤ ʠ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʦ ʥʘʯʘʣʘ ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʟʝʨʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʝʢʨʘʱʘʶʪ ʧʦʜʘʯʫ 

ʚʦʜʳ ʥʘ ʯʝʢʠ. 

ɽʩʣʠ ʢ ʢʦʥʮʫ ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʟʝʨʥʘ ʨʠʩʘ ʚʦʜʘ ʥʝ ʫʩʧʝʣʘ ʧʦʣʥʦʩʪʴʶ ʚʧʠʪʘʪʴʩʷ, ʪʦ ʝʝ ʦʩʪʘʪʢʠ ʩʙʨʘʩʳʚʘʶʪ. 

ʇʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʙʳʩʪʨʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʝʛʘʥʠʶ ʨʠʩʘ. ɽʞʝʩʫʪʦʯʥʦ ʩʣʦʡ ʜʦʣʞʝʥ 

ʧʦʥʠʞʘʪʴʩʷ ʥʘ 1ï1,5 ʩʤ. ʂ ʥʘʯʘʣʫ ʫʙʦʨʢʠ ʨʠʩʘ ʧʦʯʚʘ ʜʦʣʞʥʘ ʧʨʦʩʦʭʥʫʪʴ ʪʘʢ, ʯʪʦʙʳ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʤʦʛʣʠ ʧʨʦʭʦ-

ʜʠʪʴ ʪʨʘʢʪʦʨʳ ʠ ʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ. ʅʘ ʫʯʘʩʪʢʘʭ ʩʦ ʩʣʘʙʦʬʠʣʴʪʨʫʶʱʠʤʠ ʧʦʯʚʘʤʠ ʧʦʜʘʯʫ ʚʦʜʳ ʩʣʝʜʫʝʪ ʧʨʝ-

ʢʨʘʱʘʪʴ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ. 

ʈʝʞʠʤ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʨʠʩʘ ʧʦʩʣʝ ʧʦʩʝʚʘ ʧʨʦʚʦʜʠʪʩʷ 

ʩʣʦʝʤ 10ï12 ʩʤ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʧʨʝʩʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʧʝʨʠ-

ʦʜ ʦʪ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 2ï3 ʣʠʩʪʴʝʚ ʨʠʩ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʟʘʩʦʣʝʥʠʶ, 

ʧʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʯʝʢʝ ʩʚʝʨʭ 2 ʛ/ʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʥʘʷ ʩʤʝʥʘ ʚʦʜʳ.  

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ ʨʠʩʘ ʩ 2ï3 ʣʠʩʪʴʷʤʠ ʥʘ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʩʣʦʡ ʚʦʜʳ 15ï20 ʩʤ. ʅʘ ʧʝʨʠʦʜ ʢʫʱʝʥʠʷ 

ʨʠʩʘ ʩʣʦʡ ʚʦʜʳ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 5 ʩʤ. ɽʩʣʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʙʫʜʝʪ ʟʘʤʝʯʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʚ ʯʝʢʝ, 

ʚʳʟʳʚʘʶʱʘʷ ʦʪʩʪʘʚʘʥʠʝ ʚ ʨʦʩʪʝ ʚʩʭʦʜʦʚ ʠʣʠ ʧʦʞʝʣʪʝʥʠʝ ʠʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʝʤʝʜʣʝʥʥʦ ʚʪʦʨʦʡ ʨʘʟ ʩʙʨʦʩʠʪʴ ʚʦʜʫ ʠ 

ʟʘʤʝʥʠʪʴ ʝʝ ʧʨʝʩʥʦʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʯʝʢʘʭ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 2 ʛ/ʣ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ 

- ʥʝ ʙʦʣʝʝ 0,15 ʛ/ʣ [4]. 

ʅʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʚ ʚʦʜʝ ʥʘ ʯʝʢʘʭ. ɺ ʩʣʫʯʘʝ ʥʝʜʦʧʫ-

ʩʪʠʤʦ ʚʳʩʦʢʦʡ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʥʘʷ ʩʤʝʥʘ ʚʦʜʳ, ʥʦ ʥʝ ʧʫʪʝʤ ʧʨʦʪʦʯʥʦʩʪʠ, ʘ ʧʨʠ ʧʦʣʥʦʤ ʝʝ ʩʙʨʦʩʝ ʠ 

ʟʘʤʝʥʝ ʩʚʝʞʝʡ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ. ɼʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʧʨʦʪʦʯʥʦʩʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠ-

ʞʝʥʠʷ ʟʘʩʦʣʝʥʥʦʩʪʠ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʯʝʢʦʚ. ɺʦʜʘ ʦʧʨʝʩʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʜʚʠʞʝʥʠʷ ʧʦʣʠʚʥʦʡ ʩʪʨʫʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʯʘʩʪʦ ʥʝ ʫʯʠʪʳʚʘʶʪ, ʚʳʟʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʪʨʘʪʳ ʧʦʣʠʚʥʦʡ ʚʦʜʳ, ʛʨʫʙʦʝ 

ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʫʭʫʜʰʝʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʋʭʫʜʰʘʝʪʩʷ ʪʘʢ-

ʞʝ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʨʠʩʦʚʦʛʦ ʧʦʣʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʵʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ. 

 ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʢʠ ʩʙʨʦʩʥʦʡ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʤʝʥʫ ʚʦʜʳ ʚ ʯʝʢʘʭ ʧʨʦʚʦʜʠʪʴ ʧʦ ʛʨʘʬʠʢʫ ʧʦʜ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʛʠʜʨʦʪʝʭʥʠʢʘ ʠ ʘʛʨʦʥʦʤʘ ʭʦʟʷʡʩʪʚʘ. ʅʘ ʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚʘʭ ʧʦʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʚʦʜʳ 

ʚ ʯʝʢʝ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʚʦʜʳ: ʦʥʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. ɺ ʪʘʢʠʭ ʯʝʢʘʭ 

ʩʣʦʡ ʚʦʜʳ ʩʙʨʘʩʳʚʘʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ ʠ ʪʫʪ ʞʝ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ. 

ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʢʫʱʝʥʠʷ ʠ ʜʦ ʩʦʟʨʝʚʘʥʠʷ ʨʠʩʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʦʧʨʝʩʥʝʥʠʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʧʦʜʜʝʨ-

ʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʩʣʦʡ ʚʦʜʳ ʜʦ 15 ʩʤ. 
 

СПИСОК ЛИТЕРАТУРЫ 
1.  ɿʘʡʮʝʚ, ɺ. ɹ. ʈʠʩʦʚʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ / ɺ. ɹ. ɿʘʡʮʝʚ. ï ʄ. : ʂʦʣʦʩ, 1975. - ʉ. 351. 

2.  ʂʦʰʢʘʨʦʚ, ʉ. ʀ. ʆʪʯʝʪ ʦ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʠ 
ʫʣʫʯʰʝʥʠʶ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʥʘ ʨʠʩʦʚʳʭ ʩʠʩʪʝʤʘʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠè ʠ ʌʦʥʜʳ ʂʳʟʳ-

ʣʦʨʜʠʥʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ / ʉ.ʀ. ʂʦʰʢʘʨʦʚ, ɸ. ɸ. ʉʘʛʘʝʚ. - ʂʳʟʳʣʦʨʜʘ, 1990. - ʉ. 90. 

3.  ʂʦʰʢʘʨʦʚ, ʉ. ʀ. ʆʪʯʝʪ ʦ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠè / ʉ. ʀ. ʂʦʰʢʘʨʦʚ, ɹ. ʉ. ʆʪʘʨʙʘʝʚ. - ʂʳʟʳʣʦʨʜʘ, 2012. - ʉ. 31. 

4.  ʂʦʰʢʘʨʦʚ, ʉ. ʀ. ʉʦʣʝʚʦʡ ʨʝʞʠʤ ʧʦʯʚ ʚ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ / ʉ.ʀ. ʂʦʰʢʘʨʦʚ, ɸ. ɸ. ʉʘʛʘʝʚ // ʄʝʣʠʦʨʘʮʠʷ ʠ 

ʚʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ. - 1990. - ˉ7. - ʉ. 29-30. 

5.  ʂʦʰʢʘʨʦʚ, ʉ. ʀ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʚ ʇʨʠʘʨʘʣʴʝ // ʄʘʪʝʨʠʘʣʳ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ɸʣʤʘʪʳ : ʈʅʀ çɹʘʩʪʘʫè, 1998. ï ʉ. 23-26. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 12.12.14. 
 
 

THE MODE OF RICE IRRIGATION IN THE ARAL SEA AREA 
 

S.I. Koshkarov
1
, B.R. Shayanbekova

2
, Zh. Beketov

3
, D.Zh. Zhumamuratova

4 

1 
Doctor of Technical Sciences, Professor, 

2
 Candidate of Technical Sciences, Senior Lecturer, 

3
 Student 

Korkyt Ata State University (Kyzylorda), Kazakhstan 
 

Abstract. The land-reclamation condition of irrigation systems is largely determined by the water regime of ir-

rigated lands. In its turn, the water regime of the land depends on the irrigation of cultivated crops. This problem for 

rice irrigation system increases because the intensity of the ameliorative impact on irrigated land is much higher than 

conventional irrigation system, where upland culture are cultivated. The novelty of the research work is in the estab-

lishment of the optimum depth of flooding rice bay with a view to ensuring the normal physiological growth and devel-

opment of rice plants by the maintaining a favourable salt and thermal regimes of soil and water. 
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ЗАВИСИМОСТЬ ФОТОСИНТЕТИЧЕСКОЙ АКТИВНОСТИ  

И СИМБИОТИЧЕСКОЙ ДЕЯТЕЛЬНОСТИ ЗЕРНОБОБОВЫХ КУЛЬТУР 

ОТ УСЛОВИЙ ВОЗДЕЛЫВАНИЯ И МИКРОЭЛЕМЕНТОВ 
 

 
Х.А. Хамоков

1
, Э.Х. Хамоков

2
 

1 
ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2 
ʩʪʫʜʝʥʪ 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʄ. ʂʦʢʦʚʘ (ʅʘʣʴʯʠʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʴ-

ʥʳʭ ʬʘʟʘʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ ʥʘ 20ï

25 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ 

ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʷ, ʛʦʨʦʭ, ʚʠʢʘ, ʢʣʫʙʝʥʴʢʠ, ʩʠʤʙʠʦʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ, ʤʦʣʠʙʜʝʥ, ʙʦʨ. 

 

Введение 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʩʚʷʪʠʣʠ ʩʚʦʠ ʨʘʙʦʪʳ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʘʟʦʪʬʠʢʩʘʮʠʠ ʙʦ-

ʙʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ (ʐʠʣʴʥʠʢʦʚʘ ɺ.ʅ., 1973; ʀʣʴʠʥʘ ʀ.ʂ., 1968; M.B. Panken, H.B. Harris, 1977; ʂʘʰʫʢʦʝʚ 

ʄ.ɺ., 1994). ʄʦʣʠʙʜʝʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʘʟʦʪʘ ʚ ʨʘʩʪʝʥʠʷʭ, ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʭʣʦʨʦʬʠʣʣʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʘʤʠʥʦʚ ʚ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ (ɻʦʣʦʚ ʄ.ʅ., 1983; ɼʦʟʦʨʦʚ ɸ.ɺ., 1995). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʦʣʷʤʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʄʦʣʦʜʳʝ ʨʘʩʪʫʱʠʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʡ ʣʦʢʘʣʠʟʫʶʪ ʤʦʣʠʙʜʝʥ. ʉʪʝʙʣʠ ʠ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʩʦʜʝʨʞʘʪ ʤʦʣʠʙ-

ʜʝʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʣʠʩʪʴʷ. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʤʦʣʠʙʜʝʥʦʚʦ-ʢʠʩʣʳʤ ʘʤʤʦʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʫʙʝʥʴʢʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʤʘʩʩʦʡ, ʯʝʤ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʚ ʧʦʯʚʝ [1]. 

ɹʦʨ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʟʝʨʥʦʚʳʤ ʙʦʙʦʚʳʤ ʢʫʣʴʪʫʨʘʤ. ʆʥ ʥʝʦʙ-

ʭʦʜʠʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ. ɹʦʨ ʥʝ ʤʦʞʝʪ ʨʝʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʨʘʩʪʝʥʠʷʭ, ʧʦʵʪʦʤʫ ʧʨʠ ʝʛʦ ʥʝʜʦʩʪʘʪ-

ʢʝ ʩʪʨʘʜʘʶʪ ʤʦʣʦʜʳʝ ʨʘʩʪʫʱʠʝ ʦʨʛʘʥʳ. ɹʦʨ, ʢʘʢ ʠ ʤʦʣʠʙʜʝʥ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʩʠʤʙʠʦʪʠʯʝ-

ʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʝʛʦ ʚ ʧʦʯʚʫ ʤʘʩʩʘ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 1,3 ʨʘʟʘ. 

ʀʟʚʝʩʪʢʦʚʘʥʠʝ ʧʦʯʚ ʩʥʠʞʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʙʦʨʘ, ʪʘʢʠʝ ʧʦʯʚʳ ʪʨʝʙʫʶʪ ʙʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʇʦʩʳʧʘʥʦʚ 

ɻ.ʉ., 1979).  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʩʠʤʙʠʦʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʩʝʚʦʚ сои, гороха ʠ вики ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚ-

ʤʝʩʪʥʳʤ ʚʥʝʩʝʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʠ ʙʦʨʘ. ʄʦʣʠʙʜʝʥ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʘʟʦʪʥʦʛʦ ʦʙʤʝʥʘ ʨʘʩʪʝʥʠʡ, 

ʪ. ʢ. ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʠʪʨʦʛʝʥʘʟʳ ï ʬʝʨʤʝʥʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʢʩʘ-

ʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, ʩʚʷʟʳʚʘʥʠʷ ʘʟʦʪʘ ʘʪʤʦʩʬʝʨʳ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʙʦʙʦ-

ʚʳʭ ʢʫʣʴʪʫʨ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʫʯʘʩʪʠʝʤ ʚ ʬʠʢʩʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. 

Методы и объекты исследований 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʩʠʤʙʠʦʪʠʯʝʩʢʫʶ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʝʨ-

ʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, сои, гороха ʠ вики, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʦʧʳʪʳ ʚ ʫʩʣʦʚʠʷʭ степ-

ной ʠ предгорной ʟʦʥ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚ 2009ï2013 ʛʦʜʘʭ. ɻʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʠʣʠʩʴ ʧʦ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʤʠ ʙʳʣʠ 2010 ʠ 2012 ʛʛ., ʙʦʣʝʝ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʳʤʠ – 2009, 2011 ʠ 

2013 ʛʛ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘʤʠ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ.  

ɺ степной зоне ʧʦʯʚʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʦʚ ï ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ 3,5ï4,0 %, 

ʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ ï 150ï160 ʤʛ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ï 130ï150 ʤʛ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ï 200ï220 ʤʛ ʥʘ 1 ʢʛ 

ʧʦʯʚʳ, ʨʅ ï 6,5ï6,7, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ 48ï80 % ʅɺ.  

ʉʪʝʧʥʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ. ʆʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 56ï80 %.  

ɺ предгорной зоне ʧʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ï ʯʝʨʥʦʟʝʤ ʚʳʱʝʣʦʯʝʥʥʳʡ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 4ï5 %, 

ʘʟʦʪʘ ʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ï 168ï170 ʤʛ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ï 140ï190 ʤʛ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ 130ï135 ʤʛ ʥʘ 1 ʢʛ 

ʧʦʯʚʳ, ʨʅ ï 6,8ï6,9. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 2,5 
0
ʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ï ʜʦ 20ï30 

0
ʉ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʵʪʘ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʚ ʨʘʟ-

ʥʳʝ ʛʦʜʳ.   

ʇʝʨʝʜ ʧʦʩʝʚʦʤ ʩʝʤʝʥʘ ʩʦʠ, ʛʦʨʦʭʘ ʠ ʚʠʢʠ ʙʳʣʠ ʠʥʦʢʫʣʠʨʦʚʘʥʳ [2] ʨʠʟʦʪʦʨʬʠʥʦʤ.  

Результаты и обсуждение 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ [3] ʥʘ ʬʠʢʩʘʮʠʶ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦ ʛʦʜʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ˉ1 ʠ ˉ2. 

                                                           
 É ʍʘʤʦʢʦʚ ʍ.ɸ, ʍʘʤʦʢʦʚ ʕ.ʍ. / Khamokov Kh.A, Khamokov E,Kh., 2015 
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ʃʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨ ʦʪʤʝʯʝ-

ʥʳ ʚ предгорной зоне.  

ʊʘʙʣʠʮʘ 1 

Доля фиксированного азота воздуха и фотосинтетическая деятельность зерновых бобовых культур  

в зависимости от применения микроэлементов (предгорная зона) 

ʇʦʢʘʟʘʪʝʣʠ 
ʉʝʤʝʥʘ ʠʥʦʢʫʣʠʨʦʚʘʥʳ ʨʠʟʦʪʦʨʬʠʥʦʤ 

ʢʦʥʪʨʦʣʴ ʄʦ ɺ ʄʦ+ɺ 

ʉʦʷ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 52 61 64 67 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 49 53 58 61 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 50 54 53 57 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 33,0 37,1 37,2 34,6 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 54,8 56,5 57,2 58,1 

ɻʦʨʦʭ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 48 53 57 59 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 43 46 50 53 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 48 52 53 56 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 31,1 36,2 34,0 34,3 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 49,2 54,1 52,8 53,7 

ɺʠʢʘ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 47 52 54 56 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 43 46 49 52 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 45 48 50 53 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 30,5 32,3 33,5 34,0 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 48,5 50,0 51,6 52,3 

 

ɺ ʛʦʜʳ ʩ ʣʫʯʰʝʡ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ (ʪʘʙʣ. 1) ʤʘʩʩʘ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ ʫ ʩʦʠ ʩʦʩʪʘʚʠʣʘ 52 ʢʛ/ʛʘ 

(ʥʘ ʢʦʥʪʨʦʣʝ), ʧʨʠʤʝʥʝʥʠʝ ʄʦ ʠ ɺ ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʫʯʝʥʠʝ 67 ʢʛ/ʛʘ, ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ 

ʩʦʩʪʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 49 ʢʛ/ʛʘ ʠ 61 ʢʛ/ʛʘ, ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ï 54,8 ʮ/ʛʘ ʠ 58,1 ʮ/ʛʘ. 

ɻʦʨʦʭ ʩʬʦʨʤʠʨʦʚʘʣ ʤʘʩʩʫ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʦ ʠ ɺ 59 ʢʛ/ʛʘ (ʥʘ 

ʢʦʥʪʨʦʣʝ ï 48 ʢʛ/ʛʘ), ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʘʟʦʪ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʣʩʷ ʩ 43 ʜʦ 53 ʢʛ/ʛʘ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄʦ + ɺ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 3,2 ʪʳʩ.ʤ
2
/ʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʥʘʢʦʧʣʝʥʠʝ 

ʩʫʭʦʡ ʤʘʩʩʳ ï ʥʘ 4,5 ʮ/ʛʘ.  

ɺʠʢʘ ʩʬʦʨʤʠʨʦʚʘʣʘ ʤʘʩʩʫ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ 47 ʢʛ/ʛʘ (ʚ ʢʦʥʪʨʦʣʝ), ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄʦ ʠ ɺ 

ʧʦʚʳʩʠʣʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 56 ʢʛ/ʛʘ, ʜʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ ʚʦʟʨʦʩʣʘ ʥʘ 8 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-

ʪʨʦʣʝʤ, ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 30,5 ʪʳʩ.ʤ
2
/ʛʘ ʜʦ 34,0 ʪʳʩ.ʤ

2
/ʛʘ, ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ 

ï ʩ 48,5 ʜʦ 52,3 ʮ/ʛʘ. 

 

ʊʘʙʣʠʮʘ 2 

Доля фиксированного азота воздуха и фотосинтетическая деятельность зерновых бобовых культур  

в зависимости от применения микроэлементов (степная зона) 

ʇʦʢʘʟʘʪʝʣʠ 

 

ʉʝʤʝʥʘ ʠʥʦʢʫʣʠʨʦʚʘʥʳ ʨʠʟʦʪʦʨʬʠʥʦʤ 

ʢʦʥʪʨʦʣʴ ʄʦ ɺ ʄʦ+ɺ 

ʉʦʷ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 45 54 57 60 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 42 46 51 54 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 43 47 48 50 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 32,3 30,1 33,5 33,9 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 54,1 55,8 56,5 57,4 

     

     

ɻʦʨʦʭ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 41 47 50 52 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 36 40 43 47 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 41 45 47 49 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 30,4 29,2 33,3 33,6 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 48,5 47,1 52,1 53,0 

ɺʠʢʘ 

ʄʘʩʩʘ ʘʢʪ. ʢʣʫʙʝʥʴʢʦʚ., ʢʛ/ʛʘ 40 45 47 49 

ʌʠʢʩʠʨʦʚʘʥ. ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʛ/ʛʘ 36 39 42 45 

ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, % 38 41 43 46 

ʇʣʦʱʘʜʴ ʣʠʩʪ. ʧʦʚʝʨʭʥ. ʪʳʩ.ʤ2/ʛʘ 29,8 31,6 32,8 33,3 

ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 37,8 49,3 50,9 51,6 
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ɺ степной зоне (ʪʘʙʣ. 2) ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʠ ʙʦʨʘ ʤʘʩʩʘ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ ʥʘ 

ʧʦʩʝʚʘʭ ʩʦʠ ʩʦʩʪʘʚʠʣʘ 60 ʢʛ/ʛʘ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʢʦʥʪʨʦʣʝ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 45 ʢʛ/ʛʘ. ɼʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫ-

ʭʘ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʣʷʣʘ 43 %, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʄʦ ï 47 %, ɺ ï 48 %; ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʄʦ ʠ ɺ ï 

50 %. ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʠʣʘ 32,3 ʪʳʩ.ʤ
2
/ʛʘ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɺ ï 33,5 ʪʳʩ.ʤ

2
/ʛʘ; 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʥʝʩʝʥʠʠ ï 33,9 ʪʳʩ.ʤ
2
/ʛʘ. ʅʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʄʦ ʠ ɺ ʪʘʢʞʝ 

ʥʘʠʙʦʣʴʰʝʝ ï 57,4 ʮʛ/ʛʘ, ʥʘ ʢʦʥʪʨʦʣʝ ï 54,1 ʮ/ʛʘ. 

ʋ ʛʦʨʦʭʘ ʤʘʩʩʘ ʘʢʪʠʚʥʳʭ ʢʣʫʙʝʥʴʢʦʚ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʠʣʘ 41 ʢʛ/ʛʘ, ʧʨʠ ʚʥʝʩʝʥʠʠ ʄʦ ï 47 ʢʛ/ʛʘ, ɺ ï 

50 ʢʛ/ʛʘ; ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʥʝʩʝʥʠʠ ʄʦ ʠ ɺ ï 52 ʢʛ/ʛʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʄʦ ʠ ɺ ʫʚʝʣʠʯʠʣʦ ʪʘʢʞʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ ʜʦ 47 ʢʛ/ʛʘ (ʧʨʠ 36 ʢʛ/ʛʘ ï ʥʘ ʢʦʥʪʨʦʣʝ). ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʣʷʣʘ 30,4 ʪʳʩ.ʤ
2
/ʛʘ. ʉʦʚʤʝʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʄʦ ʠ ɺ ʧʦʜ ʛʦʨʦʭ ʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠ 

ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 30,4 ʪʳʩ.ʤ
2
/ʛʘ ʜʦ 33,6 

ʪʳʩ.ʤ
2
/ʛʘ; ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʩ 48,5 ʮ/ʛʘ ʜʦ 53,0 ʮ/ʛʘ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʟʳʚʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥʘ ʠ ʫ 

ʚʠʢʠ [4]: ʚ ʢʦʥʪʨʦʣʝ ï 40 ʢʛ/ʛʘ, ʧʨʦʪʠʚ 49 ʢʛ/ʛʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʣʦ ʜʦʣʶ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʥʘ 8 %; ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 29,8 ʪʳʩ.ʤ
2
/ʛʘ ʜʦ 33,3 ʪʳʩ.ʤ

2
/ʛʘ; ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ 

ʤʘʩʩʳ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 37,8 ʮ/ʛʘ ʜʦ 51,6 ʮ/ʛʘ. 

Заключение 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʘʯʘʣʴʥʳʭ ʬʘʟʘʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ ʥʘ 20ï25 % 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʠ ʜʦʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚʦʟʜʫʭʘ ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙ-

ʣʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ.  

ɺʝʣʠʯʠʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʦʚ. ɺ ʬʘʟʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʙʦʚ ʠ ʥʘʣʠʚʘ ʩʝʤʷʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʠʮʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦ-

ʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ ʚʘʨʠʘʥʪʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʦ ʠ ɺ, ï ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʫʣʴʪʫʨ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʚʦʟʨʘʩʪʘʣʘ ʥʘ 8ï10 %.  

ʅʘʯʘʣʴʥʳʝ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ. ɹʦʣʝʝ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘ-

ʤʠʢʝ ʝʛʦ ʧʨʠʨʦʩʪʘ ʦʪʤʝʯʝʥʳ ʩ ʬʘʟʳ ʮʚʝʪʝʥʠʷ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʩʫʭʦʡ 

ʤʘʩʩʳ ʥʘ 10ï14 %, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ.  
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1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

2, 3 
ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʥʝʪʪʦ ʟʘʪʦʧ-

ʣʷʝʤʦʛʦ ʨʠʩʘ, ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ ʠ ʫʨʦʞʘʡʥʦʩʪʠ: ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʥʝʪʪʦ - 19-20 ʪʳʩ. ʤ
3
/ʛʘ; 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʦʪʪʦʢ - 7-8 ʪʳʩ. ʤ
3
/ʛʘ; ʫʨʦʞʘʡʥʦʩʪʴ - 50-51 ʮ/ʛʘ. ʆʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʨʠ ʚʦʟ-

ʜʝʣʳʚʘʥʠʠ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ - 0,8 ʅɺ, ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ - 10-11 ʪʳʩ. ʤ
3
/ʛʘ, ʫʨʦʞʘʡʥʦʩʪʴ - 

40-41 ʮ/ʛʘ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ - 2,0 ʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʥʝʪʪʦ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʦʪʪʦʢ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʝ-

ʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʨʦʞʘʡʥʦʩʪʴ ʨʠʩʘ. 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʚ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ - ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ ʠ ʩʙʨʦʩʦʚ ʚʦʜʳ [1,4,10,13]. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ 

ʥʘ ʨʠʩʦʚʳʭ ʧʦʣʷʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ ʦʪ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦ-

ʢʘ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʷ ʨʠʩʘ ʦʪ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʨʠʩʘ ʚ ʥʠʟʦʚʴʝ ʨʝʢʠ ʉʳʨʜʘʨʴʠ [3-6,8-12] . ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ ʣʝʞʘʪ ʚʳʰʝ ʫʨʦʚʥʷ ʫʨʦʞʘʡʥʦʩʪʠ 45 ʮ/ʛʘ, ʩʨʝʜʥʷʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʜʣʷ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ 

17ï24 ʪʳʩ. ʤ
3
/ʛʘ. ʅʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʢʦʤʧʘʢʪʥʦ ʨʘʟʤʝʱʝʥʳ ʪʦʯʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʫʨʦʞʘʡ-

ʥʦʩʪʴ ʤʝʥʝʝ 35 ʮ/ʛʘ, ʟʜʝʩʴ ʩʨʝʜʥʷʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʩʦʩʪʘʚʣʷʝʪ 29ï30 ʪʳʩ. ʤ
3
/ʛʘ. ʉʣʝʚʘ ʥʘ ʛʨʘʬʠʢʝ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʪʦʯʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʫʨʦʞʘʡʥʦʩʪʴ ʤʝʥʴʰʝ 45 ʮ/ʛʘ. ʆʩʨʝʜʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʪʠʭ ʪʦʯʝʢ ʜʘʝʪ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʠʩʘ 40ï41 ʮ/ʛʘ ʧʨʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʝ 15ï17 ʪʳʩ. ʤ
3
/ʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨ 

ʦʪ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʧʦ ɸ. ʅ. ʂʦʩʪʷʢʦʚʫ [7]. 

ʅʘ ʪʦ, ʯʪʦ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘʪʦʧʣʷʝʤʦʛʦ ʨʠʩʘ 50ï51 ʮ/ʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ, ʫʢʘʟʳʚʘʝʪ ʠ ʨʠʩʫʥʦʢ 2. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʥʦʨʤ ʥʝʪʪʦ ʟʘʪʦʧʣʷʝʤʦʛʦ ʨʠʩʘ ʩʦʩʪʘʚʣʷʶʪ 19000ï20000 ʤ
3
/ʛʘ, ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ - 

7000ï8000 ʤ
3
/ʛʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤ ʧʨʦʛʥʦʟ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʨʝʞʠʤʘ. ʕʪʦʪ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʝʥ ʥʘ ʦʩʥʦʚʝ 

ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ [4,5,12,13]: 

 

(1) 

 
ʛʜʝ ʋmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʨʪʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʢʦʥʢʨʝʪʥʦʡ ʧʦʯʚʳ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʣʘʞʥʦ-

ʩʪʠ; ʂʦ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠʟ-ʟʘ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʦ ʩʨʦʢʘʤʠ 

ʥʘʯʘʣʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ. ʂw -̔ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʪʢʣʦʥʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ (ʵʪʘ ʯʘʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʫʣʷʨʥʦʛʦ ʦʨʦʰʝʥʠʷ ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʦʯʚʳ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,5 ʦʪ ʧʦʣʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʨʥʝʡ) ʦʪ 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʝʣʠʯʠʥʳ ʚ ʬʘʟʫ ʨʘʟʚʠʪʠʷ (ʽ); ʂȹȽ- ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʦʧʪʠʤʘʣʴʥʦʩʪʴ 

ʜʣʷ ʨʘʩʪʝʥʠʡ ʛʣʫʙʠʥʳ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ȹȽ ʧʨʠ ʙʣʠʟʢʦʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ; - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘ-

ʶʱʠʡ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʷ ʠʟ-ʟʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʦʜʲʝʤʦʚ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩ ʘʤʧʣʠʪʫʜʦʡ ; ʂSɯ- ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʷ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʧʦʯʚʝ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ; ʂsar̔- ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠʟ-ʟʘ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚʳ;-ʫʜʝʣʴʥʳʡ ʚʝʩ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩ 

ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʽ. 

ʂʦʵʬʬʠʮʠʝʥʪ  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ɺ.ɺ.ʐʘʙʘʥʦʚʘ [14]: 

 

                                                (2) 

                                                           
É ʐʘʷʥʙʝʢʦʚʘ ɹ.ʈ., ɹʘʣʤʘʭʘʥʦʚ ɸ.ɸ., ɸʣʴʤʘʛʘʤʙʝʪʦʚʘ ʕ.ɸ. / Shayanbekova B.R., Balmakhanov A.A.,  

Almagambetova E.A., 2015 
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ɻʜʝ = ; 

 

ʦʙʲʝʤʥʘʷ ʚʣʘʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʚ ʬʘʟʫ ʽ; - ʧʦʨʠʩʪʦʩʪʴ; ɺɿ - ʚʣʘʞʥʦʩʪʴ 

ʟʘʚʷʜʘʥʠʷ (0,2-0,25); - ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʜʘʶʱʝʝ  = 1; - ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʟʳʚʯʠ-

ʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʬʘʟʫ ʽ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ. 

 

           ,                                                           (3) 

 
ʛʜʝ ʩʫʤʤʘ ʌɸʈ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ (ʙʦʣʝʝ 10Áʉ) ʟʘ ʧʝʨʠʦʜ 

ʚʝʛʝʪʘʮʠʠ (ʥʘʯʠʥʘʷ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʘʪʳ ʩʝʚʘ) ʚ ʢʦʥʢʨʝʪʥʦʤ ʛʦʜʫ;  ʠ ʊÁ - ʤʠʥʠʤʘʣʴʥʳʝ ʩʫʤʤʳ ʌɸʈ ʠ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʟʨʝʚʘʥʠʷ ʨʘʩʪʝʥʠʷ; ï ʧʦʪʝʨʷʥʥʳʝ ʩʫʤʤʳ ʌɸʈ ʠʣʠ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʦ ʩʨʦʢʦʤ ʩʝʚʘ. 

ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʩʫʤʤʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʳʭ 

ʩʦʨʪʦʚ ʨʠʩʘ ʫʩʪʘʥʦʚʣʝʥʳ ʅ.ʗ.ʐʝʚʯʝʥʢʦ [13,15]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʅ.ʗ.ʐʝʚʯʝʥʢʦ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʟʘʧʘʩ ʩʫʤʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʂ0 = 1,0 

 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʷ ʨʠʩʘ ʦʪ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ 

(ɺ.ʄ.ʇʝʪʨʫʥʠʥ ʠ ʜʨ., 1971;ɻ.ʈ.ʉʝʨʝʥʢʦ, 1975; ɹ.ɼʘʥʜʳʙʘʝʚ, 1982, ɸ.ɸ.ɼʞʫʤʘʙʝʢʦʚ, ɸ.ɼ. ʉʘʛʘʝʚ,  

ɹ.ʈ.ʐʘʷʥʙʝʢʦʚʘ, 1996, ʉ.ʀ.ʂʦʰʢʘʨʦʚ, ɹ.ʈ.ʐʘʷʥʙʝʢʦʚʘ, ɾ.ʈ. ʐʘʷʥʙʝʢʦʚ, 2013) 

 

 
 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ ʦʪ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʦʪʪʦʢʘ  

(ɺ.ʄ.ʇʝʪʨʫʥʠʥ ʠ ʜʨ., 1971; ʉ.ʀ.ʂʦʰʢʘʨʦʚ 1978; ʉ.ʀ.ʂʦʰʢʘʨʦʚ, ɸ.ɸ.ʉʘʛʘʝʚ, 1987; 1988; 

ɹ.ʈ.ʐʘʷʥʙʝʢʦʚʘ, 1996; ʉ.ʀ.ʂʦʰʢʘʨʦʚ, ɹ.ʈ.ʐʘʷʥʙʝʢʦʚʘ, ɾ.ʈ.ʐʘʷʥʙʝʢʦʚ, 2013.) 
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ʈʠʩʫʥʦʢ 3. ʋʨʦʞʘʡʥʦʩʪʴ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʆʙʦʟʥʘʯʝʥʠʷ ʢʨʠʚʳʭ: 1 - ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ 0,9 ʅɺ; 2 - ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ 0,8 ʅɺ;  

3 - ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ. 
 

ɺ ʜʝʣʴʪʘʭ ʧʫʩʪʳʥʥʦʡ ʟʦʥʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʘ ʢʘʨʙʦʥʘʪʥʦʤ ʬʦʥʝ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ï ʭʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʘʨʠʜʥʳʭ ʦʙʣʘʩʪʷʭ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʧʦ 

ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ: ʩ ʫʪʷʞʝʣʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʛʨʫʥʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʦʚ ʚʦʟʨʘʩʪʘʝʪ [14,15]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚ ʧʨʠ 

ʦʨʦʰʝʥʠʠ ʟʝʤʝʣʴ ʚ ʥʠʟʦʚʴʷʭ ʉʳʨʜʘʨʴʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪʩʷ ʠ = 1,0 [14]. 

ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦ-

ʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 0,7 ʅɺ ʠ ʟʘʣʝʛʘʥʠʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʛʣʫʙʠʥʝ 1,5-2,5 ʤ ʫʨʦʞʘʡʥʦʩʪʴ ʤʘʣʦʚʦʜʦʪʨʝ-

ʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 15 ʮ/ʛʘ (ʨʠʩʫʥʦʢ 3). ʇʦʜʜʝʨʞʘʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 0,8 ʅɺ ʧʨʠ ʛʣʫ-

ʙʠʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 1,5-2,0 ʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʷ. ʇʨʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 0,8ï0,9 

ʅɺ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʠʞʝ 2 ʤ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʞʘʷ. ʉʥʠʞʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʧʦʣʷʭ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ ʥʠʞʝ 0,8 ʅɺ ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʠʞʝ 1,5 ʤ ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʦʜʜʝʨ-

ʞʘʥʠʷ 1,5-2-ʭ ʤʝʪʨʦʚʳʡ ʟʦʥʳ ʘʵʨʘʮʠʠ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 0,8 ʅɺ. ʇʨʠ ʵʪʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʢʫʣʴʪʫʨʳ ʚʦ ʚʣʘʛʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʦʣʝʥʠʝ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʡ ʟʦʥʝ ʩʣʘʙʦʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ (ʨʠʩʫʥʦʢ 3), ʩ ʜʘʥʥʳʤʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʤʘʣʦʚʦ-

ʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ. 
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Abstract. Research set to optimal values of net irrigation norm flooded rice, filtration outflow and yields: 1. 

the net irrigation norm - 19-20thous. m
3
/ha; 2. filtration outflow - 7-8thous. m

3
/ha; 3. the yield of rice- 50-51cwt/ha. 

Optimal soil moisture for rice, which requires little water - 0.8 HB, irrigation norm - 10-11thous. m
3
/ha, yield - 40-

41cwt/ha, the depth of groundwater - 2m. 

Keywords: the net irrigation norm, filtration outflow, optimal values, field studies, the yield of rice. 
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ВЛИЯНИЕ УДОБРЕНИЙ И НОРМ ВЫСЕВА НА УРОЖАЙНОСТЬ 
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1, 3 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

2, 4
 ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʠʚʘʭ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦ-

ʛʦ ʨʠʩʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ ʪʦʣʴʢʦ ʧʨʠ ʪʱʘʪʝʣʴʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚ ʩ ʚʥʝʩʝ-

ʥʠʝʤ ʫʜʦʙʨʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʥʦʨʤʘ ʚʳʩʝʚʘ, ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ, ʫʨʦ-

ʞʘʡʥʦʩʪʴ ʨʠʩʘ. 

 

ʈʠʩ, ʚʦʟʜʝʣʳʚʘʝʤʳʡ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʠʚʘʭ ʙʦʣɹ ʝh, ʯʝʤ ʟʘʪʦʧʣʷʝʤʳʡ, ʥʫʞʜʘʝʪʩʷ ʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʘʟʦʪʝ ʠ ʬʦʩʬʦʨʝ - ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʘʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʫʨʦʞʘʷ. ɺʥʝʩʝʥʠʝ ʬʦʩʬʦʨʘ ʧʦʜ ʩʫʭʦʜʦʣʴʥʳʡ ʨʠʩ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ, ʪʘʢ ʢʘʢ 

ʫʢʘʟʘʥʥʳʡ ʵʣʝʤʝʥʪ ʤʝʥʝʝ ʜʦʩʪʫʧʝʥ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚ ʘʵʨʦʙʥʳʭ ʧʦʯʚʘʭ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʩʦʨʪʦʚ ʨʠ-

ʩʘ ʷʚʣʷʝʪʩʷ ʘʟʦʪ. ɸʢʪʠʚʥʘʷ ʥʠʪʨʠʬʠʢʘʮʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʘʟʦʪʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠ-

ʯʠʥʘʤʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʪʝʨʠ ʘʟʦʪʘ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ, 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʫʜʦʙʨʝʥʠʡ ʠ ʦʨʛʘʥʠʢʠ [2,3,4]. ɺ. ʂ. ɹʘʛʥʝʥʢʦ, ʖ. ɼ. ɹʣʠʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʩʭʦʜʦʚ ʨʠʩʘ ʙʝʟ ʧʦʣʠʚʘ ʨʝʢʦʤʝʥʜʫʪʁ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʠʯʝʤ 50 % ʚʥʦʩʠʪʴ ʧʦ ʚʩʭʦʜʘʤ [1]. 

ɸʟʦʪ ʚ ʟʘʪʦʧʣʝʥʥʦʡ ʧʦʯʚʝ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʝɦʩʪʚʝʥʥʦ ʚ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʝʟʘʪʦʧʣʝʥ-

ʥʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʪʨʘʪʥʳʝ ʬʦʨʤʳ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʥʠʪʨʘʪʥʳʝ ʠ ʘʤʤʦʥʠʡ-

ʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ ʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʷ ʨʠʩʘ. ʆʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠ-

ʯʠʥʘ ʨʅ ʜʣʷ ʥʠʪʨʘʪʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʥʠʞʝ, ʯʝʤ ʘʤʤʦʥʠʡʥʳʭ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʨʘʩʪʝʥʠʷ ʙʳʩʪʨʝʝ 

ʧʦʛʣʦʱʘʶʪ ʥʠʪʨʘʪʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ, ʯʝʤ ʘʤʤʦʥʠʡʥʳʝ, ʧʦʵʪʦʤʫ ʨʅ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʤ ʩʣʦʝ 

ʩʥʠʞʘʝʪʩʷ ʙʳʩʪʨʝʝ. ʃʫʯhʠʤ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʠʩʘ ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʠ ʭʣʦʨʠʩʪʳʡ 

ʘʤʤʦʥʠʡ [4]. 

ɺʦʧʨʦʩʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩʫʭʦʜʦʣʴʥʦʛʦ ʨʠʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʠʧʘʤ ʧʦʯʚ, ʩʧʦʩʦʙʘʤ ʦʨʦʰʝʥʠʷ, 

ʩʦʨʪʘʤ, ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʪ. ʜ. ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʤʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʜʦʙ-

ʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʨʠʩ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʝʛʦ ʫʨʦʞʘʡʥʦʩʪʠ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʨʠʩʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʠ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ. ʇʨʦʜʫʢʪʠʚʥʳʡ ʩʪʝʙʣʝʩʪʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʢʘʢ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʳʩʝʷʥʥʳʭ ʩʝʤʷʥ, ʯʠʩʣʘ ʚʩʭʦ-

ʜʦʚ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʘɦʜʠ, ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʱʝʥʠʷ, ʚʳʞʠʚʘʝʤʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʙʝʛʦʚ. ʅʘ 

ʚʝʣʠʯʠʥʫ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ [2, 4]. 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʨʦʰʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦ-

ʚʣʠʷʣʦ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʧʫʩʪʦʟʝʨʥʦʩʪʴ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʩʦʨʪʘ ʨʠʩʘ. 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʨʘʩʪʝʥʠʡ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʧʨʠ ʫʱʝʤʣʝʥʥʦʤ 

ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ. ʅʘʠʙʦʣʴʰʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʪʤʝʯʝʥʘ ʧʨʠ ʙʦʣʴ ʠhʭ ʜʦʟʘʭ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʠʥʪʝʥ-

ʩʠʚʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʘʭ ʦʨʦʰʝʥʠʷ ʥʘ 20ï30 % ʚʳʰʝ, ʯʝʤ ʧʨʠ ʫʱʝʤʣʝʥʥʦʤ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʳ-

ʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʥʘ ʨʠʩʦʚʦʤ ʧʦʣʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʠʩʘ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʡ. ɺʳ-

ʩʦʢʠʡ ʫʨʦʞʘʡ ʟʝʨʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʜʦʟʝ N180ʈ120 ʧʨʠ ʩʨʝʜʥʝʠʥʪʝʥʩʠʚʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʘʭ ʦʨʦʰʝʥʠʠ, 

ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʧʨʠ ʵʪʠʭ ʞʝ ʨʝʞʠʤʘʭ ʦʨʦʰʝʥʠʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ. 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʝ ʘʟʦʪʘ N240P120 ʥʘ ʫʱʝʤʣʝʥʥʳʤ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ ʧʫʩʪʦʟʝʨʥʦʩʪʴ ʫʤʝʥʴʰʠ-

ʣʘʩʴ ʥʘ 20,7 %, ʩʦ ʩʨʝʜʥʝʠʥʪʝʥʩʠʚʥʳʤ ï 8,9 % ʠ ʠʥʪʝʥʩʠʚʥʦʤ ï 5,4 %. ʍʘʨʘʢʪʝʨ ʩʚʷʟʠ ʧʫʩʪʦʟʝʨʥʦʩʪʠ ʧʦ ʚʘʨʠ-

ʘʥʪʘʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʱʝʤʣʝʥʥʦʤ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ ʧʫʩʪʦʟʝʨ-

ʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʩʨʝʜʥʝʠʥʪʝʥʩʠʚʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʤ. ʋʤʝʥʴʰʝʥʠʝ ʧʫʩʪʦʟʝʨʥʦʩʪʠ ʧʦ ʬʘʢʪʦʨʫ 

ʦʨʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 30,6 %, ʘ ʧʦ ʬʘʢʪʦʨʫ ʫʜʦʙʨʝʥʠʡ ï 7,8 %. 

ʅʘ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʣʷʭ ʫʩʚʦʷʝʤʦʩʪʴ ʬʦʩʬʦʨʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʨʠʩʘ ʥʘ ʪʘʢʠʭ ʧʦʯʚʘʭ ʜʦʟʫ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʧʦʚʳʰʘʶʪ ʜʦ 120 ï 150 ʢʛ ʈ2ʆ5 ʥʘ 1 ʛʘ. 
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ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʦʟʨʘʩʪʘʶʱʠʭ ʜʦʟʘʭ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ: Р90, ʈ120, ʈ150 (ʬʦʥ N180). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʱʝʤʣʝʥʠʠ ʚʦʜʦʧʦʜʘʯʠ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʜʘʞʝ 

ʥʘ ʬʦʥʝ ʚʥʝʩʝʥʠʷ ʙʦʣʴʰʠʭ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. ʈʦʩʪ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ ʧʦ ʬʘʢʪʦʨʫ ʦʨʦʰʝʥʠʷ ʩʦʩʪʘʚʠʣ 

ʚ ʩʨʝʜʥʝʤ 37,9 ʮ/ʛʘ, ʧʦ ʬʘʢʪʦʨʫ ʫʜʦʙʨʝʥʠʡ ï 4,1 ʮ/ʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʠʩʘ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦʣʠʚʘʤʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʠ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʟ ʫʜʦʙʨʝʥʠʡ. ʄʠʥʠʤʘʣʴʥʳʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʦʜʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʷ ʨʠʩʘ ʠʤʝʣʠ ʤʝ-

ʩʪʦ ʧʨʠ ʩʨʝʜʥʝʠʥʪʝʥʩʠʚʥʦʤ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ ʠ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ ʚ ʜʦʟʘʭ N180ʈ120. 

ʅʦʨʤʘ ʚʳʩʝʚʘ ʤʘʣʦʚʦʜʦʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʨʠʩʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʰʠʨʠʥʳ ʤʝʞʜʫʨʷʜʠʡ, ʪʘʢ ʠ ʦʪ ʚʩʭʦʞʝʩʪʠ ʩʝ-

ʤʷʥ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʦʨʤʫ ʚʳʩʝʚʘ ʦʢʘʟʳʚʘʝʪ ʧʨʦʜʫʢʪʠʚʥʘʷ ʢʫʩʪʠʩʪʦʩʪʴ ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʩʦʨʪʘ [3, 4].  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʦʩʝʚʝ 100 ʰʪ/ʤ
2
 

ʩʝʤʷʥ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʳ ʚʳʩʝʚʘ, ʪ. ʝ. ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ, ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʩʥʠʞʘʝʪ-

ʩʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʝʚʝ 100 ʰʪ/ʤ ʚ ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʚʩʭʦʞʝʩʪʴ ʩʦʩʪʘʚʠʣʘ 68,8 %, ʧʨʠ 450 ʰʪ/ʤ
2
 - 58,7 %. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʙʣʶʜʝʥʠʷ, ʥʦʨʤʘ ʚʳʩʝʚʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʛʫʩʪʦʪʫ ʚʩʭʦʜʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʙʣʝʩʪʦʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʨʠʩʘ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʚʦ ʚʨʝʤʷ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩ ʥʦʨʤʘʤʠ ʚʳʩʝʚʘ 100 ʰʪ/ʤ
2
 ʛʫʩʪʦʪʘ ʩʪʝʙʣʝʩʪʦʷ ʩʦʩʪʘʚʠʣʘ 57, ʧʨʠ 450ï235 ʨʘʩʪʝʥʠʡ/ʤ

2
. 

ʆʧʪʠʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʚʳʩʝʚʝ 400 ʰʪ/ʤ
2
. ʅʘ 

ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʧʦʣʫʯʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʟʝʨʥʘ. ʇʦʚʳʰʝʥʠʝ ʥʦʨʤʳ ʚʳʩʝʚʘ 450 ʰʪ/ʤ
2
 ʩʝʤʷʥ ʥʝ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ɿʜʝʩʴ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ ʦʪʤʝʯʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʟʘʛʫʱʝʥʥʳʡ ʩʪʝʙʣʝ-

ʩʪʦʡ. ɺʳʩʦʢʘʷ ʥʦʨʤʘ ʚʳʩʝʚʘ ʫʩʠʣʠʚʘʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʧʦʩʝʚʘʭ, ʯʪʦ ʫʭʫʜʰʘʣʦ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʩʥʠʞʘʣʦ ʟʝʨʥʦʚʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʥʠʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʫʱʝʥʠʷ: ʧʨʠ ʧʦʩʝʚʝ 100 ʰʪ/ʤ2 ʩʝʤʷʥ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʫʩʪʠʩʪʦʩʪʠ ʨʘʚʥʳʡ 6,4, ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 450 ʰʪ/ʤ2 ʩʝʤʷʥ - 1,7. ʉʝʤʝʥʥʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 100 ʰʪ/ʤ2 ʩʦʩʪʘʚʠʣʘ 332 ʛ/ʤ2, ʯʪʦ ʥʘ 17 % ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 

400 ʰʪ/ʤ2. ʄʘʩʩʘ 1000 ʟʝʨʝʥ ʧʨʠ ʚʩʝʭ ʥʦʨʤʘʭ ʚʳʩʝʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ. ʇʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʨʤʳ ʚʳʩʝʚʘ 400 ʰʪ/ʤ2. 
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Abstract. Cultivation technology, based on the periodic watering of rice, which requires little water, allows 

producing a high yield only under careful seedbed preparation with fertilizer.  
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ФАКТОЛОГИЯ РЕЗУЛЬТАТОВ АВТОМАТИЧЕСКОГО АНАЛИЗА  

ПОТОКА НАУЧНЫХ СТАТЕЙ НА ОСНОВЕ ELIBRARY И РИНЦ 

 
 
Н.А. Резник, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʘʫʢʦʚʝʜʯʝʩʢʠʭ ʠ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦʡ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠè ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʦʙʨʘʟʦʚʘʥʠʷ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʨʦʜʦʣʞʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʅʀʈ çʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʧʫʙʣʠ-

ʢʘʮʠʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ ʟʘ 2006ï2011 ʛʦʜʳ ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʤʘʪʝʤʘʪʠʢʠè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ, ʠʥʜʝʢʩ ʍʠʨʰʘ, ʠʥʬʦʨʤʘʮʠʷ, ʤʘʪʝʤʘʪʠʢʘ, ʤʝʪʦʜʠʢʘ ʦʙʫʯʝ-

ʥʠʷ, ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ, ʧʦʜʙʦʨʢʠ, ʧʦʪʦʢ, ʩʧʠʩʢʠ ʧʫʙʣʠʢʘʮʠʡ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ çʥʝʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʘʷè ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʫʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʚ ʈʀʅʎ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʧʨʦʩʫ. ɺ ʥʝʡ 

ʠʟʣʘʛʘʶʪʩʷ ʬʘʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʈʀʅʎ ʚ ʧʝʨʠʦʜ ʩ 22.09 ʧʦ 22.11 2013 ʛʦʜʘ ʧʦ ʧʦʟʠʮʠʷʤ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɿʘ ʦʩʥʦʚʫ ʟʥʘʯʝʥʠʷ ʩʣʦʚʘ ПОТОК ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʝʛʦ ʪʦʣʢʦʚʘʥʠʝ ʚ ʩʣʦʚʘʨʷʭ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ: 

çʇʦʪʦʢ ï ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʩʩʳ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘé ʯʝʛʦ-ʣ.è. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʟʠʮʠʠ (ʯʘʩʪʦ çʦʧʫʩʢʘʝʤʳʝè ʚ ʭʦʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ):  

1. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʥʝʦʙʭʦʜʠʤʘ ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʠʟʚʣʝ-

ʯʝʥʠʷ ʠʟ ʥʝʸ çʭʦʨʦʰʠʭè ʚʳʙʦʨʦʢ. ʊʘʢʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʘ ʚʳʙʦʨʢʠ, ʧʦʜʚʝʨʛʘʝ-

ʤʳʝ ʠʩʧʳʪʘʥʠʶ, ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʫʯʘʡʥʳ.  

2. ʇʨʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ (ʩʦʭʨʘʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ) ʧʦʪʦʢʘ ʛʣʘʚ-

ʥʳʤ ʚ ʝʛʦ ʘʥʘʣʠʟʝ ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʦʪʜʝʣʝʥʠʝ ʚ ʥʸʤ ʤʘʩʩʠʚʦʚ ʩʪʘʪʝʡ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʨʘʟʥʳʤ 

ʧʨʝʜʤʝʪʘʤ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ (ʧʦ ʚʝʨʪʠʢʘʣʠ). 

Позиция 1. Поиск генеральной совокупности 

ʆʜʥʦʡ ʠʟ ʧʦʧʳʪʦʢ ʧʦʩʪʨʦʠʪʴ ʠʩʢʦʤʳʡ ʧʦʪʦʢ ʙʳʣ ʚʳʟʦʚ ʩʪʘʪʝʡ ʧʦ ʟʘʧʨʦʩʫ Математика. ʅʘʯʘʣʴʥʘʷ 

ʩʪʨʘʥʠʮʘ ʚʳʚʝʣʘ ʩʪʘʪʴʠ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʜʦʩʪʫʧʥʦʤ ʚʦ ʚʩʝʤ ʅʕɹ (ʨʠʩ. 1.1). ʇʦʩʣʝ Расширенного поиска, 

ʚʳʜʘʚʰʝʛʦ 12552 ʩʪʘʪʴʠ, ʠʭ ʦʩʪʘʣʦʩʴ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʪʨʝʪʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʚʳʭ ʩʪʨʘʥʠʮʘʭ ʧʦʜʙʦʨʦʢ ʚʩʝ ʩʪʘ-

ʪʴʠ ʦʢʘʟʘʣʠʩʴ ʟʘʢʨʳʪʳ (ʨʠʩ. 1.2). ʈʝʣʝʚʘʥʪʥʦʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʪʘʪʝʡ ʪʘʢʞʝ ʥʝ ʙʳʣʘ ʩʦʙʣʶʜʝʥʘ. 

ɺ Поиск ʠ Расширенный поиск ʚʚʦʜʠʣʠʩʴ ʠ ʚʘʨʠʘʮʠʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 13.00.02 çʊʝʦʨʠʷ 

ʠ ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ (ʤʘʪʝʤʘʪʠʢʘ)è ʚ ʮʝʣʷʭ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʣʠʯʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʠʣʠ 

ʩʦʚʧʘʜʝʥʠʡ ʚ ʥʠʭ. ʈʝʰʘʶʱʠʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ (ʜʘʞʝ ʧʨʠ ʦʪʢʨʳʪʳʭ ʪʝʢʩʪʘʭ), ʩʦʛʣʘʩʥʦ ʦʜʥʦʤʫ ʠʟ ʬʝʥʦʤʝʥʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ [6] ʷʚʣʷʣʠʩʴ: 

ï çʧʘʨʘʟʠʪʥʘʷ (ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ, ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʘʷ)è ʠʥʬʦʨʤʘʮʠʷ;  

ï çʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʘʣʴʥʦ ʨʝʣʝʚʘʥʪʥʦʡ (éʦʪʥʦʩʷʱʝʡʩʷ ʢ ʜʝʣʫ) ʠʥʬʦʨʤʘʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʧʦ-

ʪʨʝʙʥʦʩʪʷʤè ʚʚʦʜʠʤʦʛʦ ʚ ʇʦʠʩʢ ʈʀʅʎ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ. 
 

                                                           
 É ʈʝʟʥʠʢ ʅ.ɸ / Reznik N.A., 2015 
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ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʨʝʟʫʣʴʪʘʪʦʚ ʇʦʠʩʢʘ ʠ ʈʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʘ ʧʦ ʟʘʧʨʦʩʫ çʤʘʪʝʤʘʪʠʢʘè 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʜʘʥʳ ʦʙʨʘʟʮʳ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ Расширенного поиска ʚ ʧʷʪʠ ʧʦʜʦʙʥʳʭ ʧʦʜʙʦʨʢʘʭ ʧʦ: 

- ʧʨʠʤʝʥʝʥʠʶ ʩʣʦʚʦʬʦʨʤʳ математи ʠ ʠʥʪʝʨʚʘʣʫ 2006–2011 ʛʦʜʳ (ʨʠʩ. 2.1, Поиск) ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʧʨʠʤʝʨʦʚ ʪʦʛʦ, ʯʪʦ ʫʜʘʣʷʣʦʩʴ ʚʨʫʯʥʫʶ (ʨʠʩ. 2.1, Просмотр); 

- ʫʜʘʣʝʥʠʶ ʠʟ-ʟʘ ʦʯʝʚʠʜʥʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ (ʨʠʩ. 2.2 ʠ 2.5), ʷʚʥʦʡ ʥʝʥʘʫʯʥʦʩʪʠ (ʨʠʩ. 2.3), ʦʪʢʘʟʝ ʧʨʦ-

ʛʨʘʤʤʳ ʚ ʧʨʦʩʤʦʪʨʝ (ʨʠʩ. 2.4), 

- ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʟʥʘʢʦʤʩʪʚʝ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ (ʨʠʩ. 2.1, Чтение). 

 

  
 

ʈʠʩ. 2. ɼʝʤʦʥʩʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʷʪʠ ʧʦʜʙʦʨʦʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ  

ʧʦ ʟʘʧʨʦʩʫ çʊʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʤʘʪʝʤʘʪʠʢʝè 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʩʪʨʦʝʥʠʶ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚ ʦʩʥʦʚʫ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʧʨʝʜʤʝʪʥʳʝ ʩʣʦʚʦ-

ʬʦʨʤʳ ʠʟ ʥʘʠʤʝʥʦʚʘʥʠʡ ʨʘʟʜʝʣʦʚ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ (ʥʘʧʨʠʤʝʨ, Плоск фигур, Тела вращ, Тожд и равен, Урав-

нен ʠ неравен) ʠ ʚʘʞʥʝʡʰʠʭ ʧʦʥʷʪʠʡ (ʥʘʧʨʠʤʝʨ, Модули ʠ радикалы, Степени ʠ корни, Цифры ʠ Числа, 

Многочлен, Дроб, Иррац ʠ комплекс, Функц ʠ рекурр ʟʘʚʠʩʠʤ). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʦʙʲʝʜʠʥʝʥʠʝʤ 23-ʭ ʧʦʜʙʦʨʦʢ ʨʘʟʥʦʛʦ ʚʠʜʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʟʘʧʨʦʩʦʚ ʜʣʷ ʥʠʭ ʚ Поиск ʈʀʅʎ (ʨʠʩ. 3.1.A).  
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚ ʇʦʪʦʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 
 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʦʚʦʬʦʨʤʳ ʪʠʧʘ Анализ, Арифм, Вероятн, Геометр, Комбинат, Логик, Мо-

дел, Прилож, Пропед, Статист, Топол, Фигур, Физик, Цифр ʠ Числ (ʨʠʩ. 3.1.B). 

ʇʦ Расширенному поиску ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʥʦʚʳʝ ʧʦʜʙʦʨʢʠ ʧʦ çʤʘʨʰʨʫʪʘʤè:  

¶ ʦʙʱʘʷ ʧʦʜʙʦʨʢʘ !!!_ГЕНЕРАЛЬНАЯ_все запросы (ʨʠʩ. 3.1.ɸ)  

¶ ʚ ʧʦʜʙʦʨʢʫ !_ГЕНЕРАЛЬНАЯ_статьи_06-11_математи (ʨʠʩ. 3.2); 

¶ ʚ ʧʦʜʙʦʨʢʫ списка D (ʨʠʩ. 3.1.D) ʢʘʞʜʘʷ ʠʟ 23-ʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʜʙʦʨʦʢ ʠʟ списка В (ʨʠʩ. 3.1.B) 

ɼʘʣʝʝ ʧʦ ʧʦʚʪʦʨʥʦʤʫ Расширенному поиску ʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʙʦʨʦʢ ʧʦ ʛʦʜʘʤ (ʨʠʩ. 3.3). ʈʘʟʥʠʮʘ 

ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʩʪʘʪʝʡ, ʧʝʨʝʜʘʥʥʳʭ ʚ ʧʦʜʙʦʨʢʠ 2006_статьи, é, 2011_статьи, ʦʢʘʟʘʣʘʩʴ ʩʪʦʣʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, 

ʯʪʦ ʝʶ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʜʙʦʨʦʢ ʰʸʣ ʚʨʫʯʥʫʶ (ʨʠʩ. 3.4).  

ʉʥʘʯʘʣʘ ʫʜʘʣʷʣʠʩʴ ʩʪʘʪʴʠ ʩ ʥʝʜʦʩʪʫʧʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ, ʥʝ ʩʦʛʣʘʩʫʶʱʠʤʠʩʷ ʩ ʪʝ-

ʤʘʪʠʢʦʡ ʦʩʥʦʚʥʦʛʦ ʟʘʧʨʦʩʘ.  

ɿʘʪʝʤ ʰʸʣ ʧʨʦʩʤʦʪʨ ʩʦʜʝʨʞʘʥʠʷ ʩʪʘʪʝʡ. ɿʜʝʩʴ ʦʪʩʝʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʦʣʴʢʦ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʪʘʪʴʷ ʥʠ ʧʦ 

ʢʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝ ʧʦʜʭʦʜʠʣʘ ʚ ʨʘʟʨʷʜ çʤʝʪʦʜʠʯʝʩʢʠʭè. ɺ ʟʘʚʝʨʰʝʥʠʠ çʟʘʧʫʩʢʘʣʩʷè Анализ публикаций в 

подборке (ʨʠʩ. 3.5).  

Позиция 2. Отыскание репрезентативных выборок 
ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ Поиска ʈʀʅʎ ʠ ʥʘ ʙʦʣʝʝ ʫʟʢʠʝ ʚʦʧʨʦʩʳ ʪʠʧʘ: Алгебр, Пропедевт, Табл 

умнож, Арифмет задач, Аксиом и постулат, Аналит, Арифм, Вариац исчислен, Высш алгебр, Дифференц, 

Интегр, Логик, Операц, Ряды, Множеств ʠ ʜʨʫʛʠʝ. ʕʪʠ ʞʝ ʩʣʦʚʦʬʦʨʤʳ ʚʚʦʜʠʣʠʩʴ ʚ Поиск ʩ ʜʦʙʘʚʢʘʤʠ ʪʠʧʘ 

метод, препод, обучен ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ, ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʧʦʨʷʜʢʘʭ, ʘ ʪʘʢʞʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʥʠʤ ʫʨʦʚʥʷ 

ʦʙʨʘʟʦʚʘʥʠʷ (вуз, колледж, школа) ʠ ʫʪʦʯʥʝʥʠʷʤʠ (начал, сред, старш, высш, подгот).  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʜʘʶ ʬʨʘʛʤʝʥʪʳ ʧʦʜʙʦʨʦʢ ʧʦ ʮʝʣʝʚʳʤ ʫʩʪʘʥʦʚʢʘʤ (Табличное умножение) ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (Методика обучения алгебре).  
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А. СОДЕРЖАТЕЛЬНЫЙ АСПЕКТ  

ʉʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʣʦʚʦʬʦʨʤ, ʚʚʦʜʠʤʳʭ ʚ Поиск, ʧʨʠ ʚʳʜʘʯʝ ʨʝʟʫʣʴʪʘʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʦʨʠʪʝʪ-

ʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʨʝʣʝʚʘʥʪʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʦʞʠʜʘʣʦʩʴ ʫʚʠʜʝʪʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʣʦʚʘ таблица ʠ 

умножение ʫʞʝ ʥʘ ʧʝʨʚʦʡ ʩʪʨʘʥʠʮʝ ʧʦʜʙʦʨʢʠ Табличное умножение. ʅʘ ʜʝʣʝ ʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʥʠ ʚ 

ʥʘʠʤʝʥʦʚʘʥʠʷʭ ʪʦʣʴʢʦ ʜʚʫʭ ʩʪʘʪʝʡ ʩ ʟʘʢʨʳʪʳʤ ʩʦʜʝʨʞʘʥʠʝʤ: ˉ2 ʠ ˉ3 (ʨʠʩ. 4.1).  

 

 

 
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʊʘʙʣʠʯʥʦʝ ʫʤʥʦʞʝʥʠʝ 

 

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʜʨʫʛʠʭ ʩʪʨʘʥʠʮ (ʥʦʤʝʨʘ: 5, 10, 15, 20, 25, 30, 40) ʵʪʦʡ ʞʝ ʧʦʜʙʦʨʢʠ ʪʘʢʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʥʝʜʦʩʪʫʧʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʧʨʦʯʪʝʥʠʶ. ʊʦʯʥʦ ʪʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʥʘʙʣʶ-

ʜʘʣʘʩʴ ʠ ʚ ʧʦʜʙʦʨʢʘʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʚ: Решение задач на табличное умножение (ʨʠʩ. 4.2) ʠ Ме-

тодика решения задач на табличное умножение в начальной школе (ʨʠʩ. 4.3). 

 

B. ПРИКЛАДНАЯ НАПРАВЛЕННОСТЬ 

ʄʘʪʝʤʘʪʠʢʘ ʚ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʚʚʝʜʝʥʘ ʠ ʜʣʷ çʪʝʭʥʘʨʝʡè ʠ ʜʣʷ çʛʫʤʘʥʠʪʘʨʠʝʚè. 

ʇʨʠʣʦʞʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ çʦʙʩʣʫʞʠʚʘʶʪ ɺʉɪè, ʠ ʢʘʞʜʳʡ ʩʣʫʯʘʡ ï ʵʪʦ ʦʪʜʝʣʴʥʘʷ çʝʧʘʨʭʠʷè. ʉʦʩʪʘʚʠʪʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʧʦʪʦʢʘʭ ʚ 2006ï2011ʛʦʜʳ ʩ ʧʦʤʦʱʴʶ ʈʀʅʎ ʦʢʘʟʘʣʦʩʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦ. ɼʦʩʪʫʧ ʢ ʩʦʜʝʨʞʘʥʠʶ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘ-

ʮʠʡ (ʩʦʩʪʘʚʣʷʝʤʳʭ ʘʚʪʦʨʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʪʦʢʦʚ) ʦʪʩʫʪʩʪʚʫʝʪ (ʚ ʧʨʠʤʝʨʝ ʥʘ ʨʠʩ. 5 ʦʪʤʝʯʝʥʦ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʠ 

ʧʦʜʯʸʨʢʥʫʪʦ). ɼʣʷ ʦʪʢʨʳʪʳʭ ʞʝ ʩʪʘʪʝʡ (ʦʪʤʝʯʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ) ʠʟ ʵʪʦʛʦ ʞʝ ʩʧʠʩʢʘ ʧʦ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʷʤ 

(ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʫʯʝʥʠʶ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ): 

ˉ1 ʠ ˉ3 ï ʢ 31.00.00 – ʍʠʤʠʷ. 

ˉ7 ï ʢ 10.00.00 – ɻʦʩʫʜʘʨʩʪʚʦ ʠ ʧʨʘʚʦ. ʖʨʠʜʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

ˉ9, ˉ20 ʠ ˉ27 ï ʢ 14.00.00 – ʅʘʨʦʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʢʘ (14.25.09 – ʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʝ). 

ˉ10 ï ʢ 73.00.00 – ʊʨʘʥʩʧʦʨʪ. 

ˉ11 ʠ ˉ16 ï ʢ 06.00.00 – ʕʢʦʥʦʤʠʢʘ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

ˉ14 ï ʢ 87.00.00 – ʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʢʦʣʦʛʠʷ ʯʝʣʦʚʝʢʘ. 
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ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ çʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʘʣʛʝʙʨʝ ʚ ʚʫʟʝè 

 

ʇʦ ʥʘʠʤʝʥʦʚʘʥʠʷʤ ʞʝ ʠʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ: ʧʦ Рубрикатору ʚ ʈʀʅʎ ʚʩʸ ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʫʥʢʪʘ 

14.35.09 – Методика преподавания учебных дисциплин в высшей профессиональной школе (ʛʜʝ ʧʦʯʝʤʫ-

ʪʦ ʣʠʰʴ 6 ʩʪʘʪʝʡ) ʨʘʟʜʝʣʘ 14.35.00 – Высшее профессиональное образование. Педагогика высшей профес-

сиональной школы.  

ɼʣʷ ʩʪʘʪʝʡ ʞʝ ˉ13 ʠ ˉ21 (ʦʙʫʯʝʥʠʝ ʠʥʞʝʥʝʨʦʚ) ʠ ˉ23 ˉ29 (ʦʙʫʯʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʛʨʘʞʜʘʥ) ʘʥʘʣʦ-

ʛʠʯʥʦʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ʅʝʜʦʯʸʪʳ ï ʧʦʚʪʦʨʳ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʫʙʣʠʢʘʮʠʡ (ʨʠʩ. 6.1) ʠ ʥʝʨʷʰʣʠʚʦʩʪʴ ʚ ʦʬʦʨʤʣʝʥʠʠ (ʨʠʩ. 6.2) ï ʥʘ 

ʵʢʨʘʥʘʭ ʈʀʅʎ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʀʭ ʤʥʦʛʦ ʠ ʚ ʟʘʛʦʣʦʚʢʘʭ ʩʪʘʪʝʡ, ʠ ʚ ʠʭ ʩʦʜʝʨʞʘʥʠʠ (ʨʠʩ. 6.3).  

 

  
 

ʈʠʩ. 6. ʇʨʠʤʝʨʳ ʥʝʜʦʯʸʪʦʚ ʥʘ ʵʢʨʘʥʘʭ ʈʀʅʎ 
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ʉʦʜʝʨʞʘʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʚ ʦʪʢʨʳʪʳʭ ʜʦʩʪʫʧʫ ʤʘʪʝʨʠʘʣʘʭ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʪʦʯʥʦ.  

ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʝʡ ʧʦʜʙʦʨʢʝ (ʨʠʩ. 6) ʪʦʣʴʢʦ ʟʘ ʦʜʥʠ ʩʫʪʢʠ (ʩ 12 ʧʦ 13 ʥʦʷʙʨʷ ʩʝʛʦ ʛʦʜʘ) ʦʙʥʘʨʫʞʠ-

ʣʘʩʴ ʧʫʙʣʠʢʘʮʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʜʥʸʤ ʥʝ ʦʪʢʨʳʣʦʩʴ (ʨʠʩ. 7.1-2), ʘ ʥʦʯʴʶ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʩʪʘʪʴʷ ʪʦʛʦ ʞʝ 

ʘʚʪʦʨʘ, ʥʦ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʨʠʩ. 7.3).  

 

  
ʈʠʩ. 7. ʇʨʠʤʝʨʳ ʦʰʠʙʦʢ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʪʘʪʝʡ ʚ ʈʀʅʎ 

 

ɺ ʩʪʘʪʴʝ ʜʨʫʛʦʛʦ ʘʚʪʦʨʘ (ʨʠʩ. 7.4) ʩʦʜʝʨʞʘʥʠʝ ʝʸ ʙʳʣʦ ʚʳʚʝʜʝʥʦ ʥʘ ʵʢʨʘʥ ʙʝʟ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚ ʥʘʯʘʣʝ, 

ʢʦʣʦʥʪʠʪʫʣʝ ʠʣʠ ʚ ʢʦʥʮʝ (ʨʠʩ. 7.5). ɽʩʪʴ ʠ ʧʫʩʪʳʝ ʩʭʝʤʳ (ʨʠʩ. 7.6). ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʈʀʅʎ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪʢʨʳ-

ʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ, ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ ʦʪʢʨʳʪʘʷ (ʨʠʩ. 7.7).  

 

C. ИНВОЛЮЦИЯ ПОТОКА 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʟʦʚʘ ʠ ʧʨʦʩʤʦʪʨʘ ʜʦʩʪʫʧʥʳʭ ʩʪʘʪʝʡ ʠʟ ʛʝʥʝ-

ʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ !!_генеральная статьи_2006-2011_математи, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦ 23 ʨʘʟ-

ʥʳʤ ʟʘʧʨʦʩʘʤ (ʨʠʩ. 3.5).  

ɺʩʝʛʦ ʚ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ: ʩʪʘʪʝʡ ï 2350, ʞʫʨʥʘʣʦʚ ʩ ʫʯʸʪʦʤ ʩʝʨʠʡ ʠ ʪʦʤʦʚ ï 1795, 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʞʫʨʥʘʣʦʚ ï 635. ʇʦʢʘʟʘʥ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʣʷ ʦʪʢʨʳʪʳʭ ʩʪʘʪʝʡ ʥʘ ʨʠʩ. 8.  

ɿʜʝʩʴ:  

- ʩʣʝʚʘ ï ʜʘʥʥʳʝ ʧʦʪʦʢʘ ʧʨʠ ʦʯʝʨʝʜʥʦʤ (ʥʦ ʦʩʪʘʶʱʝʤʩʷ ʥʝʠʟʤʝʥʥʳʤ ʧʦ ʧʘʨʘʤʝʪʨʘʤ) Расширенном 

поиске ʚ ʈʀʅʎ,  

- ʩʧʨʘʚʘ ï ʠʜʫʪ ʧʨʠʤʝʨʳ ʞʫʨʥʘʣʦʚ, ʦʪʢʨʳʪʳʝ ʩʪʘʪʴʠ ʠʟ ʢʦʪʦʨʳʭ ʧʦʧʘʣʠ ʚ ʵʪʠ ʧʦʪʦʢʠ.  

ʃʫʯʰʝʛʦ ʩʣʦʚʘ, ʯʝʤ инволюция, ʜʣʷ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʵʪʠʭ ʧʦʜʙʦʨʢʘʭ, ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ.  

ʅʘʧʨʠʤʝʨ: 2006_ʩʪʘʪʴʠ 225 (ʨʠʩ. 3.5).  

ɼʘʣʝʝ (ʨʠʩ. 8.1-3, ʚʝʨʭʥʠʝ ʩʪʨʦʢʠ): 

2006_ʩʪʘʪʴʠ_ʦʪʢʨʳʪʦ          ï ʚʩʝʛʦ ʩʪʘʪʝʡ 87 ï ʦʪʙʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ (ʨʠʩ. 8.1), 

2006_ʩʪʘʪʴʠ_ʤʘʪʝʤ                  ï ʚʩʝʛʦ ʩʪʘʪʝʡ 8 ï ʦʪʙʦʨ ʚʨʫʯʥʫʶ (ʨʠʩ. 8.2). 

2006_ʩʪʘʪʴʠ_ʤʘʪʝʤ_ʤʝʪʦʜ     ï ʚʩʝʛʦ ʩʪʘʪʝʡ 3 ï ʨʝʟʫʣʴʪʘʪ ʧʨʦʩʤʦʪʨʘ (ʨʠʩ. 8.3). 

Предварительный итог:  
ʉʦʜʝʨʞʘʥʠʝ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʠʩʢʦʤʳʡ ʧʦʪʦʢ ʙʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ ʈʀʅʎ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʳʩʣʫ ʟʘ-

ʧʨʦʩʘ ʚ ʝʛʦ Поиск ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ.  
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ʈʠʩ. 8. ʇʨʠʤʝʨ ʠʥʚʦʣʶʮʠʠ ʧʦʪʦʢʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʈʀʅʎ 

 

ЗАКЛЮЧЕНИЕ 

ʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ (ʢʘʢ ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʫʯʝʙʥʦʛʦ ʧʨʝʜʤʝʪʘ) ʢʘʢ ʩʧʝʮʠʘʣʴʥʘʷ ʦʪ-

ʨʘʩʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʅʘʫʯʥʦʛʦ ɿʥʘʥʠʷ ʝʩʪʴ ʥʘʫʢʘ. ʅʦ ʩʚʷʟʘʥʘ ʦʥʘ ʥʝ ʩʪʦʣʴʢʦ ʩ çʧʝʨʝʜʘʯʝʡè ʝʸ ʦʪʢʨʳʪʠʡ ʠ 

ʜʦʩʪʠʞʝʥʠʡ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʩʦʦʙʱʝʩʪʚʫ, ʩʢʦʣʴʢʦ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʚ ʫʯʝʙʥʳʝ, ʩ ʧʨʦʮʝʩʩʦʤ ʘʜʘʧ-

ʪʘʮʠʠ ʠʜʝʡ ʠ ʦʪʢʨʳʪʠʡ ʜʣʷ ʧʦʩʪʠʞʝʥʠʷ ʪʝʤʠ, ʢʦʛʦ ʦʥʠ ʠʥʪʝʨʝʩʫʶʪ ʠ ʢʦʤʫ ʦʥʠ ʥʫʞʥʳ. ʊʦ ʞʝ, ʯʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ 

ʚʳʰʝ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʸ ʚʘʣʠʜʥʳʭ ʚʳʙʦʨʦʢ. 

ʊʦ ʝʩʪʴ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʚʪʦʨʦʤ ʧʦʜʭʦʜ ʧʦʜʨʘʟʫʤʝʚʘʣ ʧʦʠʩʢ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: çʚʦʟʤʦʞʥʦ ʣʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʭ ʧʦʩʪʨʦʝʥʠʝ ʚ ʈʀʅʎ?è. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʩʘʤʳʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʧʦʜʚʝʜʝʥʠʠ ʠʪʦʛʦʚ ʙʳʣʘ çʩʪʝʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʩʪʘʪʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦ, ʯʪʦ ʙʳʣʠ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴè. ʀʥʘʯʝ ʛʦʚʦʨʷ, çʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʤʝʪʦʜʘ, ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʠʝ ʠʟʫʯʘʝʤʦʝ ʷʚʣʝʥʠʝè [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʟʷʪʘ çʫʯʝʙʥʘʷ ʟʥʘʢʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ,é ʢʦʪʦʨʘʷé ʝʩʪʴ ʩʠʩʪʝʤʘ ʟʥʘʢʦʚ 

(ʩʣʦʚ, ʬʦʨʤʫʣ, ʠʣʣʶʩʪʨʘʮʠʡ), ʧʨʠʟʚʘʥʘ ʧʦʤʦʯʴ ʫʯʘʱʠʤʩʷ ʚʦʩʧʨʠʥʷʪʴ ʤʘʪʝʨʠʘʣ, ʧʦʙʫʜʠʪʴ ʠʭ ʢ ʧʦʠʩʢʘʤ ʨʝʰʝ-

ʥʠʡ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤè. ɺ ʤʝʪʦʜʠʢʝ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʤʘʪʝʤʘʪʠʢʝ çʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ï ʤʳ ʜʦʣʞʥʳ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʩʘʤʦʛʦ ʫʯʝʥʠʢʘ ʠ ʥʝ ʩʪʦʣʴʢʦ ʩʥʘʙʞʘʪʴ ʝʛʦ ʟʘʧʘʩʦʤ ʩʚʝʜʝʥʠʡ, ʩʢʦʣʴʢʦ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ [7, ʩ. 329]. ʇʦʵʪʦʤʫ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʩʦʩʪʘʚʣʝ-

ʥʠʠ ʧʦʪʦʢʦʚ ʧʦ ʰʢʦʣʝ ʠ ʚʫʟʫ ʥе принимались во внимание статьи, содержание которых явно и полностью 

сосредоточено не на методическом аспекте ʧʨʝʧʦʜʘʚʘʥʠʷ ʧʨʝʜʤʝʪʘ. (ʅʘʧʨʠʤʝʨ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ, ʢʫʣʴʪʫʨʦ-

ʣʦʛʠʯʝʩʢʠʡ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʠ ʜʨʫʛʠʝ).  

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʩʠʣʫ ʨʝʣʝʚʘʥʪʥʦʩʪʠ, РИНЦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʫʙʣʠʢʘʮʠʠ 

ʪʠʧʘ научные статьи, диссертации ʠ монографии, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ 

ʩʚʷʟʘʥʦ: 
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¶ ʩ ʤʝʪʦʜʠʢʦʡ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ; 

¶ ʩ ʘʧʨʦʙʘʮʠʝʡ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʝʜʘʯʝ ʫʯʝʙʥʳʭ ʟʥʘʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʯʝʙʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ɿʋʅʦʚ; 

¶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʝ ʤʘʪʝʤʘʪʠʢʝ.  

 

ʉʦʦʙʨʘʟʥʦ ʵʪʦʤʫ ʩʣʝʜʦʚʘʣʦ ʙʳ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʪʦʢʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʧʨʦ-

ʙʣʝʤʘʤ ʦʙʫʯʝʥʠʷ (ʧʨʝʧʦʜʘʚʘʥʠʷ), ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʨʝʜʥʝʛʦ ʠʣʠ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʩ ʫʯʸʪʦʤ ʜʘʣʴʥʝʡʰʝʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʠ ʧʦ ʠʩʭʦʜʥʳʤ ʮʝʣʷʤ.  

ʅʘʧʨʠʤʝʨ: 

для школы – ʭʦʪʷ ʙʳ ʧʦ ʫʨʦʚʥʷʤ: ʥʘʯʘʣʴʥʘʷ ʰʢʦʣʘ, ʦʩʥʦʚʥʘʷ ʰʢʦʣʘ, ʩʪʘʨʰʠʝ ʢʣʘʩʩʳ ʰʢʦʣʳ; 

для вуза – ʭʦʪʷ ʙʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

ʧʨʝʧʦʜʘʚʘʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʚ ʣʶʙʦʤ ʚʫʟʝ,  

ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʚʫʟʝ. 

ʉʜʝʣʘʪʴ ʵʪʦ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ (ʩʤ. ʩʪʨʦʢʫ Общее число публикаций ʥʘ ʨʠʩ. 9. 1-2). 

ɿʘ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʧʠʩʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʦʢʦʣʦ 100 ʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʧʦʜʙʦʨʦʢ. ʀʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʦʭʨʘʥʷʪʴ ʠʭ ʚ ʈʀʅʎ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʚʠʜʝ, ʧʨʠʭʦʜʠʣʦʩʴ ʠʭ ʧʦʩʪʦ-

ʷʥʥʦ ʧʝʨʝʧʨʦʚʝʨʷʪʴ ʠʣʠ ʞʝ ʦʪʙʨʘʩʳʚʘʪʴ.  

ʋʚʝʨʝʥʠʷ (ʚ ʨʘʟʜʝʣʝ О проекте) ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʈʀʅʎ 

çв полнотекстовом виде… в открытом доступе, что позволяет в большинстве случае ознакомиться и с 

текстом оцениваемой публикацииè ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ.  

ɹʦʣʝʝ ʪʦʛʦ, ʩʫʛʫʙʦ ʤʝʪʦʜʠʯʝʩʢʠʝ ʞʫʨʥʘʣʳ (ʥʘʧʨʠʤʝʨ, ʞʫʨʥʘʣ çʄʘʪʝʤʘʪʠʢʘ ʚ ʰʢʦʣʝè) Расширенный 

Поиск ʚ ʈʀʅʎ ʥʝ ʥʘʰʸʣ (ʨʠʩ. 9.3). ʄʘʣʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʚ ʢʘʞʜʳʡ ʠʪʦʛʦʚʦʡ ʧʦʜʙʦʨʢʝ ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʣʠʢʚʠʜʠʨʦʚʘʣʦ ʚʩʷʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʩʘʤʦʛʦ ʧʦʪʦʢʘ. 

ʅʘʜʝʞʜʘ ʥʘ ʙʣʘʛʦʧʦʣʫʯʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ (ʢʦʛʜʘ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʱʸ ʪʦʣʴʢʦ ʥʘʯʠʥʘʣʦʩʴ) 

ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʨʠʘʣʘʭ Internet. ʈʀʅʎ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʚʣʝʢʘʣ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʅʘʫʯʥʦʛʦ ɿʥʘʥʠʷ [2, 3 ʠ 5] (ʨʠʩ. 10.1-2). 
 

 
 

ʈʠʩ. 9. ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʦʢʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʈʀʅʎ 
 

Итог: 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʠʤʠ ʦʰʠʙʢʠ ʚ ʠʜʝʦʣʦʛʠʠ, ʢʦʥʮʝʧʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʈʀʅʎ ʫʞʝ ʫʩʪʨʘʥʝʥʳ.  

ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʝʱʸ 26.09.10 ʨʫʢʦʚʦʜʠʪʝʣʴ ʈʀʅʎ ʩʦʦʙʱʠʣ:  

çЧерез два месяца РИНЦ станет достаточно объективнымè [4] (ʨʠʩ. 11). 

ʆʜʥʘʢʦ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ 

Запланированная в начале этой статьи задача çʈʘʩʩʤʦʪʨʝʥʠʝ çʥʝʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʡè ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚ ʈʀʅʎ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʧʨʦʩʫè, оста-

лась нерешённой. 
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ʈʠʩ. 10. ʈʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʈʀʅʎ 

 

 
 

ʈʠʩ. 11. ʀʥʬʦʨʤʘʮʠʷ ʦ ʈʀʅʎ ʚ 2010 ʛʦʜʫ 
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ПРОБЛЕМА ЭТНОПОЛИТИЧЕСКОЙ СОСТАВЛЯЮЩЕЙ  

РОССИЙСКОГО ФЕДЕРАЛИЗМА 
 

 
Ю.А. Романов, ʢʘʥʜʠʜʘʪ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʙʝʟ ʘʪʪʝʩʪʘʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷè (ʋʣʘʥ-ʋʜʵ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʧʨʦʙʣʝʤʘʭ ʵʪʥʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʦʩʩʠʡʩʢʦʛʦ ʬʝʜʝʨʘ-

ʣʠʟʤʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ. ʊʘʢʞʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʚʩʪʘʶʱʠʝ ʧʝʨʝʜ ʈʦʩʩʠʝʡ ʧʨʠ ʝʝ ʧʨʝ-

ʦʜʦʣʝʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʙʲʝʢʪ ʌʝʜʝʨʘʮʠʠ, ʈʦʩʩʠʡʩʢʘʷ ʤʦʜʝʣʴ ʬʝʜʝʨʘʣʠʟʤʘ, ʌʝʜʝʨʘʪʠʚʥʳʡ ɼʦʛʦʚʦʨ, ʵʪʥʠ-

ʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ, ʩʝʧʘʨʘʪʠʟʤ, ʝʜʠʥʩʪʚʦ ʧʦʣʠʪʠʯʝʩʢʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

 ʉʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʷ ʝʜʚʘ ʣʠ ʥʝ ʤʠʨʦʚʦʡ ʨʝʢʦʨʜʩʤʝʥ ʧʦ ʫʩʣʦʞʥʝʥʥʦʩʪʠ ʧʦʣʠʪʠʢʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʜʝʣʝʥʠʷ: ʩʫʙʲʝʢʪʳ ʌʝʜʝʨʘʮʠʠ ʚʝʩʴʤʘ ʨʘʟʥʦʨʦʜʥʳ ʧʦ ʨʘʟʤʝʨʘʤ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ, ʯʠʩʣʝʥʥʦʩʪʠ 

ʠ ʩʦʩʪʘʚʫ ʥʘʩʝʣʝʥʠʷ, ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʢʫʣʴʪʫʨʳ. 

 ʈʦʩʩʠʡʩʢʘʷ ʤʦʜʝʣʴ ʬʝʜʝʨʘʣʠʟʤʘ ʩʦʯʝʪʘʝʪ ʜʚʘ ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʘ: ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʠ ʥʘʮʠʦʥʘʣʴʥʳʡ. 

ʇʨʠ ʵʪʦʤ ʘʚʪʦʥʦʤʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʫʜʫʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʩʫʙʲʝʢʪʘʤʠ ʌʝʜʝʨʘʮʠʠ, ʘʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʦ ʩʘʤʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʜʨʫʛʠʭ ʩʫʙʲʝʢʪʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʠ ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ʘʚʪʦ-

ʥʦʤʥʳʝ ʦʢʨʫʛʘ ʚ ʩʦʩʪʘʚʝ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

 ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʥʘ ʥʝʢʦʪʦʨʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʝʝ 

ʩʫʙʲʝʢʪʘʤʠ, ʧʨʠʯʠʥ ʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʨʦʠʟʚʦʣʴʥʦ ʠ ʥʝ ʨʘʟ ʧʝʨʝʩʤʘʪʨʠʚʘʣʠʩʴ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʩʝʢʘʣʠʩʴ ʘʨʝʘʣʳ ʨʘʩʩʝʣʝʥʠʷ ʥʘʨʦʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʣʝʚʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʧʦʜʯʠʥʷ-

ʣʠʩʴ ʜʨʫʛʠʤ ʦʙʣʘʩʪʷʤ ʠ ʨʝʩʧʫʙʣʠʢʘʤ. ʅʝʨʝʜʢʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʣʶʜʝʡ ʚ ʯʫʞʜʦʝ ʠʤ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʜʦʙʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʷʣʘʩʴ, ʢ ʧʨʠʤʝʨʫ, ʚ ʇʦʚʦʣʞʴʝ ʠ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘ-

ʟʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʚʷʟʠ ʩ ʜʝʧʦʨʪʘʮʠʝʡ, ʘ ʟʘʪʝʤ ï ʨʝʘʙʠʣʠʪʘʮʠʝʡ ʨʷʜʘ ʥʘʨʦʜʦʚ, ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚʩʝʤ ʠʟʚʝʩʪ-

ʥʳʝ ʯʝʯʝʥʮʳ ʠ ʠʥʛʫʰʠ ʠ ʥʝʢʦʪʦʨʳʝ ʥʘʨʦʜʳ ɼʘʛʝʩʪʘʥʘ (ʢʫʤʳʢʠ, ʥʦʛʘʡʮʳ). 

 ɺ ʩʪʘʥʦʚʣʝʥʠʠ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣ ʧʨʠʥʷʪʳʡ ʚ 1992 

ʛʦʜʫ ʌʝʜʝʨʘʪʠʚʥʳʡ ʜʦʛʦʚʦʨ, ʢʦʪʦʨʳʡ ʩʳʛʨʘʣ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʩʦʙʠʨʘʥʠʠ ʩʪʨʘʥʳ ʠ ʦʙʦʟʥʘʯʠʣ ʬʝʜʝʨʘʪʠʚʥʫʶ 

ʧʨʠʨʦʜʫ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ. 

 ɻʦʚʦʨʷ ʦʙ ʵʪʥʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʝ ʈʦʩʩʠʠ, ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʥʘʨʦʜʳ ʈʦʩʩʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʵʪʥʦʩʳ, ʘ ʢʘʢ ʠʩʪʦʨʠʯʝʩʢʠʡ ʝʜʠʥʳʡ ʩʫʧʝʨʵʪʥʦʩ ï ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʡ ʨʦʩʩʠʡʩʢʠʡ 

ʥʘʨʦʜ, ʩʦ ʚʩʝʤʠ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʧʨʠʟʥʘʢʘʤʠ ʦʙʱʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʞʠʟʥʠ, ʧʩʠʭʦʣʦʛʠʠ ʠ 

ʢʫʣʴʪʫʨʳ, ʙʳʪʘ, ʪʨʘʜʠʮʠʡ ʠ ʦʙʳʯʘʝʚ, ʤʠʨʦʧʦʥʠʤʘʥʠʷ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦ ʤʥʦʛʦʤ ʚʝʨʥʦ ʠ ʪʦ, ʢʘʢ ʜʘʣʝʝ 

ʫʪʚʝʨʞʜʘʝʪ ʈ. ɻ. ɸʙʜʫʣʘʪʠʧʦʚ, ʯʪʦ çʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʫʪʠ ʥʘʮʠʠ ʠ ʥʘʨʦʜʥʦʩʪʠ ʨʦʩʩʠʡ-

ʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʩʪʨʝʤʠʣʠʩʴ ʢ ʩʙʣʠʞʝʥʠʶ, ʩʦʪʚʦʨʯʝʩʪʚʫ, ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʶè
1
. 

 ʇʨʠ ʵʪʦʤ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 150 ʥʘʨʦʜʦʚ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʥʘʨʦʜʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʦʡ ï ʧʦ ʯʠʩ-

ʣʝʥʥʦʩʪʠ, ʩʦʮʠʘʣʴʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʪʠʧʫ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʷʟʳʢʫ, ʦʩʦ-

ʙʝʥʥʦʩʪʷʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʨʘʥʠʮʳ 

ʨʘʩʩʝʣʝʥʠʷ ʥʘʨʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʠʮʘʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʩʧʫʙʣʠʢ, ʢʨʘʝʚ, ʦʙʣʘʩʪʝʡ ʠ ʦʢʨʫ-

ʛʦʚ. ʅʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʩʝʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʩʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʢʘʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʨʦʜʦʚ ʩʪʨʘʥʳ ʩʢʣʘʜʳʚʘ-

ʣʠʩʴ ʢʘʢ ʵʪʥʠʯʝʩʢʠʝ ʦʙʱʥʦʩʪʠ ʚʝʢʘʤʠ ʠ ʚ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʢʦʨʝʥʥʳʤʠ ʥʘʨʦʜʘʤʠ. ʆʪʩʶʜʘ ʠʭ ʠʩʪʦʨʠʯʝʩʢʘʷ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠ ʧʨʠʪʷʟʘʥʠʷ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʥʘʮʠʦʥʘʣʴʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʠʣʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘʮʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʍʦʪʷ ʨʦʩʩʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʴ ʩʢʣʘʜʳʚʘ-

ʣʘʩʴ ʩʪʦʣʝʪʠʷʤʠ, ʤʥʦʛʠʝ ʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʯʝʨʪʳ ʠ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʥʝʜʘʚʥʝʡ ʚʦʩʝʤʥʘʜʮʘʪʠʣʝʪʥʝʡ 

ʠʩʪʦʨʠʠ
2
. 
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ʚʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʧʨʘʚʦ ʥʘ ʛʦʩʧʦʜʩʪʚʦ ʠʣʠ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ (ʠʤʧʝʨʩʢʠʝ ʠʣʠ ʚʝʣʠʢʦʜʝʨʞʘʚʥʳʝ ʠʜʝʦ-

ʣʦʛʠʠ). ʊʝ ʠ ʜʨʫʛʠʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʪʝʨʤʠʥʦʤ çʥʘʮʠʦʥʘʣʠʟʤè. 

ʅʘʮʠʦʥʘʣʠʟʤ ʧʝʨʚʦʛʦ ʚʠʜʘ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʨʘʚʝʥʩʪʚʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʡ ï ʜʦʤʠ-

ʥʠʨʫʶʱʝʡ ʠʣʠ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʥʘʮʠʠ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʙʣʠʟʦʩʪʴ ʪʘʢʠʭ ʜʚʠʞʝʥʠʡ ʢ ʜʝʤʦʢʨʘʪʠʯʝʩʢʦʡ 

ʠʜʝʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʠʜʝʶ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʛʥʝʪʝʥʠʷ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ʃʦʟʫʥʛ ʜʝʤʦʢʨʘʪʠʠ, ʚʟʷʪʳʡ ʚ ʘʙʩʪʨʘʢʪʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʯʫʚʩʪʚʠʝ ʢʘʞʜʦʤʫ, 

ʢʪʦ ʟʘʷʚʣʷʝʪ ʦ ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʠ: ʫʞʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʪʘʢʦʝ ʟʘʷʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦʝ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʷʚʥʳʭ, ʪʘʢ ʢʘʢ ʯʫʪʴ ʣʠ 

ʥʝ ʢʘʞʜʳʡ ʩʫʙʲʝʢʪ ʬʝʜʝʨʘʮʠʠ ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠʣʠ, ʢʘʢ ʤʠʥʠʤʫʤ ʩʘʤʦʫʧʨʘʚʣʝʥʠʝʤ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʪʘʣʘ ʚʦʟʤʦʞʥʘ ʩ ʧʨʠʥʷʪʠʝʤ ʚ 1993 ʛʦʜʫ ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʜʝ ʚ ʩʪʘʪʴʝ 5 

ʨʝʩʧʫʙʣʠʢʠ ʥʘʟʚʘʥʳ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʅʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚʝʜʸʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠʟ-

ʚʝʩʪʥʦʛʦ ʥʘʮʠʦʥʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ: ʦʜʥʘ ʥʘʮʠʷ ï ʦʜʥʦ ʛʦʩʫʜʘʨʩʪʚʦ. ʊʘʢ, ʠʜʝʷ ʨʘʚʝʥʩʪʚʘ ʤʝʞʜʫ ʥʘʮʠʷʤʠ, 

ʜʘʞʝ ʥʝ ʜʦʚʝʜʸʥʥʘʷ ʜʦ ʩʚʦʝʡ ʘʙʩʫʨʜʥʦʡ ʬʦʨʤʳ, ʚʨʷʜ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʠʥʘʯʝ, ʢʘʢ ʫʪʦʧʠʯʝʩʢʘʷ. 

ʀʩʪʦʨʠʢʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʫʙʦʢʦʤ ʩʚʦʝʦʙʨʘʟʠʠ ʥʘʮʠʦ-

ʥʘʣʴʥʦ-ʵʪʥʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʦʙ ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʠʭ ʥʝʨʘʚʝʥʩʪʚʝ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʧʨʦʩ ʦ ʨʘʚʝʥʩʪʚʝ ʥʘʮʠʡ ʠ ʩʫʚʝʨʝʥʠʪʝʪʝ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʥʦ ʚʳʜʚʠʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʥʦʚʳʤʠ ʛʫʙʝʨʥʘʪʦʨʘʤʠ ʠ ʧʨʝʟʠʜʝʥʪʘʤʠ ʨʝʩʧʫʙʣʠʢ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ʊʘʪʘʨ-

ʩʪʘʥʘ, ɹʘʰʢʠʨʠʠ ʠ ʪ. ʜ.) ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʮʠʚʠʣʠʟʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʚ ʠʥʦʡ ʧʣʦʩʢʦʩʪʠ: ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʥʘʮʠʦʥʘʣʴʥʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʣʠʮ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʚʥʳʤʠ ʧʨʘʚʘʤʠ ʚ ʶʨʠ-

ʜʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʜʘʙʳ ʛʨʘʞʜʘʥʝ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʣʠʩʴ ʧʦ ʥʘʮʠʦʥʘʣʴʥʦ-ʵʪʥʠʯʝʩʢʠʤ ʧʨʠ-

ʟʥʘʢʘʤ. ɺ ʧʨʠʥʷʪʠʠ ʵʪʦʡ ʥʦʨʤʳ ʠ ʧʨʦʚʝʜʝʥʠʠ ʝʸ ʚ ʞʠʟʥʴ ʩʦʩʪʦʠʪ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʝʤʦʢʨʘʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʜʝʷ ʨʘʚʝʥʩʪʚʘ ʤʝʞʜʫ ʥʘʮʠʷʤʠ, ʜʘʞʝ ʥʝ ʜʦʚʝʜʝʥʥʘʷ ʜʦ ʘʙʩʫʨʜʥʦʡ ʬʦʨʤʳ, ʚʨʷʜ ʣʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʠʥʘʯʝ, ʢʘʢ ʫʪʦʧʠʯʝʩʢʘʷ. ʀʩʪʦʨʠʢʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʫ-

ʙʦʢʦʤ ʩʚʦʝʦʙʨʘʟʠʠ ʥʘʮʠʦʥʘʣʴʥʦ-ʵʪʥʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʦʙ ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʠʭ ʥʝʨʘʚʝʥʩʪʚʝ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʝʩʪʠ ʢ ʝʜʠʥʦʤʫ ʟʥʘʤʝʥʘʪʝʣʶ. ɿʜʝʩʴ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʜʨʫʛʠʤ ʧʘʨʘʜʦʢʩʦʤ: 

ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ, ʧʦʨʦʜʠʚʰʘʷ çʧʘʨʘʜ ʩʫʚʝʨʝʥʠʪʝʪʦʚè ʙʳʚʰʠʭ ʩʦʶʟʥʳʭ ʨʝʩʧʫʙʣʠʢ, ʘ ʪʝʧʝʨʴ 

ʫʞʝ ʠ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʪʦʪ, ʢʪʦ 

ʭʦʯʝʪ ʙʳʪʴ ʩʫʚʝʨʝʥʥʳʤ (ʟʥʘʯʠʪ ʠ ʩʦʚʨʝʤʝʥʥʳʤ), ʥʝ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘʮʠʦʥʘʣʴʥʦʝ ʩʚʦʝʦʙ-

ʨʘʟʠʝ. 

ɺʦʧʨʦʩ ʦʙ ʫʢʨʝʧʣʝʥʠʠ ʥʳʥʝʰʥʝʛʦ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʩʘʤʳʤ ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥ ʩ ʧʦʥʠʤʘʥʠ-

ʝʤ ʦʩʥʦʚʘʥʠʡ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ. ʈʝʯʴ ʠʜʸʪ ʦ ʪʘʢʦʤ ʧʦʥʠʤʘʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʘʷ ʦʙʦʩʥʦʚʳʚʘʝʪ ʶʨʠʩʜʠʢ-

ʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʨʦʣʴ ʜʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ 

ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʲʝʢʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʘʚʘ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 140 ʥʘʮʠʡ ʥʘʨʦʜʦʚ ʠ ʥʘʨʦʜʥʦ-

ʩʪʝʡ. 

ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʤʝʥʘ çʩʝʧʘʨʘʪʠʟʤè ʚ ʵʪʥʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ï ʵʪʦ ʚʳʭʦʜ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʠʣʠ ʝʝ ʨʘʟʨʫʰʝʥʠʝ ʩ ʮʝʣʴʶ ʦʬʦʨʤʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʵʪʥʦʢʫʣʴʪʫʨʥʦʡ ʦʙʱʥʦʩʪʠ. 

ʅʦ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʝ ʥʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʩʝʧʘʨʘʪʠʟʤ, ʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʘʚʦ ʥʘ ʫʯʘʩʪʠʝ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʉʝʧʘʨʘʪʠʟʤ ʠ ʥʘʮʠʦʥʘʣʠʟʤ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʯʠʥʘʤʠ ʢʦʥʬʣʠʢʪʦʚ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʥʝ ʪʦʣʴʢʦ ʩʝʧʘʨʘʪʠʟʤ ʠ ʧʨʦʙʣʝʤʳ ʧʨʘʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʤʝʥʴʰʠʥʩʪʚ, ʥʦ ʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʚʥʫʪʨʝʥ-

ʥʷʷ ʙʦʨʴʙʘ ʟʘ ʚʣʘʩʪʴ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʩʚʷʟʘʥʳ ʩʦ ʩʪʘʪʫʩʥʳʤʠ ʠʣʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʧʨʝʪʝʥʟʠʷʤʠ. ʕʪʠ ʷʚʣʝʥʠʷ 

ʚ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʙʳʣʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʤʘʩʩʦʚʳʤʠ ʜʝʧʦʨʪʘʮʠʷʤʠ ʤʘʣʳʭ ʥʘʨʦʜʦʚ ʠ ʣʠʢʚʠʜʘʮʠʝʡ ʥʘʮʠʦʥʘʣʴʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʥʠʡ; 

2. ʨʝʧʨʝʩʩʠʷʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʫʣʴʪʫʨʳ, ʥʘʫʢʠ ʚʦ ʚʨʝʤʝʥʘ ʩʪʘʣʠʥʩʢʦʛʦ 
ʨʝʞʠʤʘ; 

3. ʨʘʟʤʝʱʝʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ; 

4. ʨʝʘʣʠʟʘʮʠʝʡ çʧʨʦʝʢʪʦʚ ʚʝʢʘè, ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʦʝʥʥʳʭ ʚʝ-

ʜʦʤʩʪʚ, ʧʨʠʚʝʜʰʠʤ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʭʫʜʰʝʥʠʷʤ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ ʉʝʚʝʨʘ, ʉʠʙʠʨʠ. 

ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʦʪʥʦʰʝʥʠʷ ʮʝʥʪʨʘ ʠ ʨʝʛʠʦʥʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʂʦʥʩʪʠʪʫʮʠʝʡ 1993 ʛʦʜʘ, 

ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʦ ʬʝʜʝʨʘʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʠʩʪʝʤʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ. ʂʦʥʩʪʠʪʫʮʠʝʡ 

ʙʳʣʘ ʚ ʦʩʥʦʚʥʦʤ ʫʩʪʨʘʥʝʥʘ ʧʨʘʚʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʬʝʜʝʨʘʮʠʠ, ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʜʦ ʪʦʛʦ. 

ʊʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʪʝʨʨʠʪʦʨʠʡ 83 ʩʫʙʲʝʢʪʦʚ. 

ʈʦʩʩʠʡʩʢʠʡ ʬʝʜʝʨʘʣʠʟʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʘʥʥʳʡ ʪʠʧ, ʧʦ ʦʜʥʦʡ ʯʘʩʪʠ, ʦʥ ʦʭʚʘʪʳʚʘʝʪ, ʦʜʥʫ ʯʘʩʪʴ 

ʩʫʙʲʝʢʪʦʚ, ʚʳʜʝʣʷʷ ʠʭ ʧʦ ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʧʦ ʜʨʫʛʦʤʫ ʢʨʠʪʝʨʠʶ, ʚʳʜʝʣʷʝʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʧʨʠʟʥʘʢ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʝʜʝʨʘʮʠʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʤʦʯʠʡ ʩʥʠʟʫ-ʚʚʝʨʭ: ʩʫʙʲʝʢʪʳ ʬʝʜʝʨʘ-

ʮʠʠ, ʦʙʲʝʜʠʥʷʷʩʴ, ʩʦʟʜʘʚʘʣʠ ʮʝʥʪʨ ʠ ʧʝʨʝʜʘʚʘʣʠ ʝʤʫ ʩʚʦʠ ʧʦʣʥʦʤʦʯʠʷ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʥʘ ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʛʦ ʧʨʠʥʮʠʧʘ. ʇʝʨʝʜʘʯʘ ʧʦʣʥʦʤʦʯʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ: ʦʪ ʮʝʥʪʨʘ ʢ ʩʫʙʲ-

ʝʢʪʘʤ ʬʝʜʝʨʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʂʦʥʩʪʠʪʫʮʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʰʝʩʪʴ ʚʠʜʦʚ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ, ʨʘʚʥʳʭ ʧʦ ʩʚʦʠʤ ʢʦʥʩʪʠʪʫʮʠ-
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ʦʥʥʳʤ ʧʨʘʚʘʤ. ʉʤʝʰʘʥʥʘʷ ʥʘʮʠʦʥʘʣʴʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʨʘʥʝʝ, ʦʙʫʩʣʘʚʣʠʚʘʣʘ ʧʨʘʚʦʚʫʶ ʘʩʠʤʤʝʪʨʠʶ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʌʝ-

ʜʝʨʘʮʠʠ. 

ɺ ʦʩʥʦʚʥʦʤ ʧʝʨʝʣʦʤ ʥʝʛʘʪʠʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʬʝʜʝʨʘʪʠʚʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʝʪ ʧʝʨʝʛʦ-

ʚʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʚʟʘʠʤʥʳʭ ʫʩʪʫʧʦʢ, ʩʜʝʣʘʥʥʳʭ ʢʘʢ ʬʝʜʝʨʘʣʴʥʦʡ ʚʣʘʩʪʴʶ, ʪʘʢ ʠ 

ʣʠʜʝʨʘʤʠ ʨʝʩʧʫʙʣʠʢ. ɻʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʳʭ ʫʩʪʫʧʦʢ ʩʦ ʩʪʦʨʦʥʳ ʬʝʜʝʨʘʣʴʥʦʡ ʚʣʘʩʪʠ ʨʝʩʧʫʙʣʠʢʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʨʳʯʘʛʠ ʚʣʠʷʥʠʷ ʥʘ ʨʝʛʠʦʥʳ: ʬʠʥʘʥʩʦʚʫʶ ʩʠʩʪʝʤʫ, ʪʨʘʥʩʧʦʨʪ, ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ, ʨʘʟʫʤʝʝʪʩʷ, ʩʠʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʤʘʨʪʝ 1992 ʛʦʜʘ ʙʳʣ ʟʘʢʣʶʯʝʥ ʌʝʜʝʨʘʪʠʚʥʳʡ ɼʦʛʦʚʦʨ, ʩʦʩʪʦʷʚʰʠʡ ʠʟ ʪʨʝʭ ʜʦʛʦʚʦʨʦʚ: ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩ ʨʝʩʧʫʙʣʠʢʘʤʠ, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʘʚʪʦʥʦʤʠʷʤʠ ʦʢʨʫʛʘʤʠ, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʦʙʣʘ-

ʩʪʷʤʠ ʠ ʢʨʘʷʤʠ. ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʪʠʚʥʦʤʫ ɼʦʛʦʚʦʨʫ ʚ ʩʦʩʪʘʚ ʩʫʙʲʝʢʪʦʚ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʦʙʣʘʩʪʠ ʠ ʢʨʘʷ, ʩʦʩʪʘʚ 

ʩʫʙʲʝʢʪʦʚ ʨʘʩʰʠʨʠʣʩʷ, ʬʝʜʝʨʘʣʠʟʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ. 

ʇʨʠ ʵʪʦʤ ʩʤʝʰʘʥʥʘʷ ʥʘʮʠʦʥʘʣʴʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʘ ʢ ʝʜʠʥʦʡ ʬʦʨʤʝ ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɿʘʢʨʝʧʣʝʥʠʝ ʨʘʚʥʳʭ ʧʨʘʚ ʜʣʷ ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ ʬʦʨʤʘʣʴʥʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʦʥʠ ï 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʤʝʶʪ ʨʘʚʥʳʝ ʧʨʘʚʘ ʚʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʩ ʬʝʜʝʨʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʚʣʘʩʪʴʶ ʠ ʩʫʙʲʝʢʪʘʤʠ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʦʣʥʦ-

ʤʦʯʠʡ. ʉʧʦʩʦʙʳ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʦʣʥʦʤʦʯʠʡ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʨʝʛʠʦʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ï ʜʦʛʦʚʦʨʥʦʝ, 

ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ. ʇʨʠʥʮʠʧ ʨʘʚʥʦʧʨʘʚʠʷ ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʚ ʂʦʥʩʪʠʪʫʮʠʠ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʨʘʟʣʠʯʠʡ ʚ ʧʨʝʜʤʝʪʘʭ ʚʝʜʝʥʠʷ, ʦʙʲʝʤʝ ʠ ʭʘʨʘʢʪʝʨʝ ʠʭ ʢʦʥʢʨʝʪʥʳʭ ʧʦʣʥʦʤʦʯʠʡ. ɺʦʧʨʝʢʠ ʜʝʢʣʘʨʠʨʦ-

ʚʘʥʥʦʤʫ ʚ ʂʦʥʩʪʠʪʫʮʠʠ ʨʘʚʥʦʧʨʘʚʠʶ ʩʫʙʲʝʢʪʦʚ, ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʮʝʥʪʨʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʫʙʲʝʢʪʘʭ ʠʜʝʪ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʥʘ ʜʦʛʦʚʦʨʥʦʡ ʦʩʥʦʚʝ. 

çɼʝ-ʬʘʢʪʦè ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʨʘʚʥʦʧʨʘʚʠʝ ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʝʜʤʝʪʦʚ ʚʝʜʝʥʠʷ ʠ ʧʦʣʥʦʤʦʯʠʡ. ʇʝʨʝʜʘʯʘ ʧʦʣʥʦʤʦʯʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʟʘʢʣʶʯʝʥʠʷ ʜʦʛʦʚʦʨʦʚ. 

ʕʪʦ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʧʨʦʷʚʣʝʥʠʝ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ çʤʷʛʢʦʤ ʩʝʧʘʨʘʪʠʟʤʝè ʨʝʛʠʦʥʦʚ, ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʳʤ 

ʜʝʡʩʪʚʠʷʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ ʩʫʙʲʝʢʪʦʚ ʩʘʤʠʤ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʨʝʛʠʦʥʦʚ. ʅʦ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, çʤʷʛʢʦʤʫ ʩʝʧʘʨʘʪʠʟʤʫè ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʟʢʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ, ʪʦʣʢʘʶʱʠʝ ʨʫʢʦʚʦʜʠʪʝ-

ʣʝʡ ʥʘ ʨʝʰʝʥʠʷ, ʥʘʨʫʰʘʶʱʠʝ ʝʜʠʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʅʦ ʦʙʱʝʩʪʚʦ, ʢʘʢ ʩʠʩʪʝʤʘ, ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʝʜʠʥʩʪʚʝ, ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɹʳ-

ʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʯʘʩʪʴ ʦʙʱʝʩʪʚʘ (ʘʥʢʣʘʚ) ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʪʜʝʣʝʥʘ ʦʪ ʮʝʥʪʨʘ (ʥʘʧʨʠʤʝʨ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ 

ʦʙʣʘʩʪʴ), ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʝʜʠʥʩʪʚʦ ʧʦʣʠʪʠʯʝʩʢʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʦʯʝʥʴ ʫʩʣʦʞʥʷʝʪ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʯʘʩʪʠ ʦʙʱʝʩʪʚʘ, ʥʦ ʥʝ ʥʘʨʫʰʘʝʪ ʮʝ-

ʣʦʩʪʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʝʜʠʥʩʪʚʦ ʧʦʣʠʪʠʯʝʩʢʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʟʘʣʦʛ ʮʝʣʦʩʪʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. ʊʘʢ, ʧʨʠ ʨʘʟʨʳʚʘʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʣʠ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʠʟʙʝʞʥʦ 

ʧʨʦʠʟʦʡʜʝʪ ʨʘʩʧʘʜ (ʯʪʦ ʚʠʜʠʤ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʧʘʜʘ ʉʉʉʈ). ɺ ʢʦʥʩʪʠʪʫʮʠʷʭ ʠ ʫʩʪʘʚʘʭ ʩʫʙʲʝʢʪʦʚ ʚʳʷʚʣʝʥʦ ʪʳʩʷ-

ʯʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʩ ʂʦʥʩʪʠʪʫʮʠʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʘʞʝ ʚ ʪʘʢʠʭ ʚʦʧʨʦʩʘʭ, ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʚʣʘʩʪʠ ʚ 

ʨʝʛʠʦʥʘʭ, ʢʘʩʘʶʱʠʭʩʷ ʧʦʜʯʠʥʝʥʠʷ ʚʩʝʭ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʠ ʩʫʜʝʙʥʳʭ ʦʨʛʘʥʦʚ ʮʝʥʪʨʫ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ 

ʙʦʣʴʰʝ ʥʘʨʘʩʪʘʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʨʝʛʠʦʥʦʚ. ʉʫʙʲʝʢʪʳ ʬʝʜʝʨʘʮʠʠ ʪʨʝʙʫʶʪ ʦʪ ʬʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥ-

ʪʨʘ ʚʩʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʘʚ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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