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Abstract 

An important prerequisite for the balanced and sustainable development of rural communities is the develop-

ment of ways to efficiently use natural resources in various natural, climatic, land and socio-economic conditions. 

The research is conducted on the example of the unified Gladzor community of the Vayots Dzor region, whose 

territory is located in a severe arid zone. In work, the land and water resources of the unified Gladzor community 

are explored and evaluated, as well as the possibility of using water resources to expand irrigated land areas and 

increase water supply to crops. 

Keywords: Climatic conditions, storage evaporation, flow modulus, flow volume. 

 

Introduction: The Gladzor Administrative 

Territorial Unit formed as a result of the merger of three 

communities that differ from one another by natural, 

climate, land, and socio-economic conditions. Among 

the many features, there are obvious differences, such 

as land and water resources. It is obvious that effective 

management of water resources and land resources of 

the newly formed administrative area is the main 

precondition for the efficient use of land resources in 

the newly formed community, as well as the 

development of different socio-economic directions of 

the community [1, 2]. Being a strict arid zone, the 

sustainable development of the main branches of 

community agricultural development is mainly 

dependent on the solution to the problem of efficient 

water resources management. From this point of view, 

it is important to assess the current inventory of 

irrigated land in the community, to compare it with 

existing water resources and their potential for future 

use [3]. Research has shown that intensive agricultural 

development in the community is hampered by the 

scarcity of irrigation water and the inefficient use of 

existing water resources. It is particularly important to 

identify and quantify new sources of water resources to 

improve the level of the water supply of irrigated land. 

Methods: The official statistical data on the 

community, available land fund, irrigated land, agro-

climatic and land-based planning, and information 

materials were the basis for the surveys. The 

calculations and analyses were performed using the 

CROPWAT program, which is based on the Penman-

Monteith equation. To estimate surface flow 

computational elements, the computational 

methodology for estimating the maximum surface flow 

developed for the territory of the Republic of Armenia 

was applied. For the surveys, the 2009ï2018 average 

decadal agro-climatic indicators of the ñAreni H = 1009 

mò meteorological station were analyzed. 

Results and discussions. Based on a 

comprehensive analysis of agro-climatic indices for the 

years 2009-2018, the dynamics of atmospheric 

precipitation (P), maximum air temperature (Tmax), 

average annual air temperatures Taver, sunny days, 

relative increase or decrease of the obtained indices 

were constructed (Fig. 1-4). 

In 2009-2018, the maximum annual precipitation 

was 535.4 mm, and the minimum was 235.3 mm, the 

precipitation decreased by an average of 28.2% and the 

maximum by 56.05%. The dynamics of maximum air 

temperatures for 2009-2018 is shown in Fig. 3. 
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Figure 1. The dynamics of atmospheric precipitation (P) by years 

 

 
Figure 2. Dynamics (%) of reduction of annual precipitation in 2010-2018 

 

 
Figure 3. Dynamics of maximum air temperatures Tmax (0C) 
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Figure 4. Dynamics of the rise in maximum air temperatures (%) 

 

Based on the basic requirements for accurate 

planning of irrigated land areas, the determination of 

the amount of total evaporation was calculated by the 

following formula: 

ὉὝ
Ȣ Ў

Ў Ȣ
,   (1) 

where %4 ï the calculated total evaporation, 

(mm/day), 2  ï the net radiation on the surface of the 

vegetation, (MJ/m2), 4 ï the air temperature at 2 m, 

(0C), ' ï the radiation reflected from the soil, (MJ/m2), 

5  ï the wind speed at 2 m high, (m/s), Ὡ ï saturated 

evaporative pressure at 2 m high, (kPa), Ὡ ï actual 

vapor pressure at 2 m high (kPa), Ў - the inclination of 

the vapor pressure curvature, ɾ ï constant. 

The crop irrigation water requirement is 

determined as follows: 

ὉὝ ὑ ὉzὝ,  (2) 

where + is the crop coefficient, depending on the 

crop development stage [4]. 

The calculations were carried out using the 

ñCROPWATò program, the results of which are 

summarized in Table 1. 

Table 1 

Calculated sum of evaporation values 

Mont

h 

Tmin, 

0C 

Tmax, 

0C 

RH, 

% 

V, 

km/day 

T, 

day 

Rad, 

MJ/m2 

ET0, 

mm/day 

t, 

day 

ET0, 

mm/mon

th 

P, 

mm/mon

th 

ET0-

P,mm 

1 -5,5 12,2 74 96,4 8 10,3 0,9 31 28,2 25,6 2,6 

2 -1,8 17,0 64 115,4 10 14,9 1,7 28 48,4 29,9 18,5 

3 2,2 22,8 60 128,7 7 15,1 2,8 31 86,5 35,9 50,6 

4 2,4 25,6 62 148,6 13 26 4,5 30 135,0 45,1 89,9 

5 9,3 28,8 68 138,3 9 22,5 4,5 31 140,4 45,7 94,7 

6 13,2 34,4 52 161,0 10 24,6 6,0 30 179,7 51,7 128,0 

7 18,0 41,3 43 164,6 14 29,8 7,9 31 245,8 60,2 185,6 

8 16,7 37,6 48 169,4 14 28 7,1 31 218,9 57,9 161,0 

9 12,6 36,8 54 146,9 17 28,2 6,2 30 185,4 52,6 132,8 

10 5,0 27,9 70 133,3 14 20 3,4 31 106,6 42,2 64,5 

11 0,2 17,8 79 94,2 9 11,7 1,4 30 40,5 29,5 11,0 

12 -0,7 13,0 84 89,2 6 8 0,8 31 23,6 26,7 -3,1 

Total - - - - - - - - 1439,06 503,2 935,9 

 

The daily, monthly maximum evaporation 

dynamics by month are shown in Fig. 5. From the 

analysis, it is evident that the average precipitation for 

the period 2009-2018 was 503.2 mm, maximum 

evaporation ï 1439.1 mm, soil moisture deficit ï 935.9 

mm, or during the vegetation, it will correspond to a 

9359 m3/ha water volume. According to current norms, 

irrigation norms of crops in this region range from 3500 

to 8000 m3/ha, with an average of 4500 m3/ha [5]. It 

follows that the net irrigation norms obtained based on 

the average climate indices of the last ten years have 

increased almost twice against the current average 

irrigation norm, 1.16 times the maximum norm, and 

2.67 times the minimum irrigation norm.  
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Figure 5. Monthly maximum evaporation (ET0), atmospheric precipitation (P) and soil moisture deficit (ET0-P) 

dynamics by month 

 

The results of the research show that out of 218.18 

ha arable land in Gladzor community only 138.7 ha or 

63.3 % are irrigated, while in the Getap community 

from 364.38 ha are irrigated 170 ha or 46.7 %, in 

Vernashen the community, 472.32 ha arable land are 

waterless and only 84.2 ha of lands attached to the 

residential area are irrigated, 29.21 ha of vineyards and 

31.96 ha of orchards. In Gladzor enlarged community, 

1559.58 ha lands may make irrigated, including arable 

land - 1055.92 ha, orchard - 73.77 ha, vineyards - 70.95 

ha, lands attached to the residential area - 359.24 ha. 

However, nowadays, 895.06 ha is irrigated. In the case 

of the irrigation system value 0.7, the water supply fund 

of Gladzor enlarged community will require 20.85 

million m3 water. Currently, an average of 6.26 million 

m3 of water is consumed annually for irrigation of 

895.06 ha of land. Thus, additional water demand will 

be 14.59 million m3. The following calculation formula 

developed for Armenia was used to estimate the 

existing surface flow from the study area [6, 7]:  

ή
Ͻ Ͻ Ͻ

, (3) 

where Ñ- the surface flow (m3/sec. km2), 3 is the 

rainfall intensity for 1% of safety (mm/min), Ù- the 

mean curvature of a riverbed at ă, ʇ - the coefficient 

of passage from one security percent to another, ɻ is the 

coefficient, Æ- the relative afforestation of the catchment 

basin, &- the catchment basin area (m2), Â- parameter 

that characterizes the flow module fading in a small 

catchment basin area, Î- flow module reduction index, 

!, Ú, Í - experimental parameters. 

Based on the greatness of the surface flow module 

(Fig. 6), it is possible to calculate the surface flow vol-

ume of the catchment sub-basins with 1% water supply 

possibility by the following formula [6]: 

ὡ ρπππϽ‗ϽὌ ϷϽὥϽ–ϽὊ. (4) 

 
Figure 6. Surface flow module, volume dependence on catchment basin area and mean curvature 
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Table 2 

Surface flow calculation parameters 
Catchment sub-basin numbers A S z S^z y m y^m ‗  

1 0,246 2,5 1,6 4,332155 5 0,4 1,903654 0,483 0,5 

2 0,246 2,5 1,6 4,332155 8 0,4 2,297397 0,483 0,5 

3 0,246 2,5 1,6 4,332155 14 0,4 2,873765 0,483 0,5 

4 0,246 2,5 1,6 4,332155 20 0,4 3,314454 0,483 0,5 

5 0,246 2,5 1,6 4,332155 22 0,4 3,443254 0,483 0,5 

6 0,246 2,5 1,6 4,332155 24 0,4 3,565205 0,483 0,5 

7 0,246 2,5 1,6 4,332155 26 0,4 3,681199 0,483 0,5 

8 0,246 2,5 1,6 4,332155 28 0,4 3,791955 0,483 0,5 

9 0,246 2,5 1,6 4,332155 30 0,4 3,89806 0,483 0,5 

10 0,246 2,5 1,6 4,332155 32 0,4 4 0,483 0,5 

Catchment sub-basin numbers f b F, ha (F+b)^n 1+Ŭf Q m3/s*km2 q l/s ha Q, m3/ha*day W, *106m3 

1 0,02 2 50 15,893 1.01 0.061 0.61 52,743 0,263 

2 0,02 2 100 25,469 1,01 0,046 0,460 39,719 0,397 

3 0,02 2 150 33,674 1,01 0,043 0,435 37,578 0,563 

4 0,02 2 200 41,091 1,01 0,041 0,411 35,518 0,71 

5 0,02 2 250 47,971 1,01 0,037 0,366 31,606 0,79 

6 0,02 2 300 54,451 1,01 0,033 0,334 28,831 0,864 

7 0,02 2 350 60,615 1,01 0,031 0,310 26,742 0,935 

8 0,02 2 400 66,521 1,01 0,029 0,291 25,101 1,004 

9 0,02 2 450 72,210 1,01 0,028 0,275 23,770 1,069 

10 0,02 2 500 77,713 1,01 0,026 0,262 22,664 1,133 

Total   2750      7,732 

Conclusion: Analysis of the land reserves, actual 

land use indices of the Gladzor enlarged community of 

Vayots Dzor region, and the Penman-Monteith equa-

tion widely used in international practice and the as-

sessment of available water resources revealed that dur-

ing the autumn-to-spring time in the north-eastern part 

of the Gladzor enlarged community surface free flows 

reach up to 7.73 million m3. It will allow additional ir-

rigation of 578 ha with an irrigation system efficiency 

coefficient of 0.7. By adjusting the surface flow it is 

possible to increase the area of irrigated land to 1294 

ha. 

Recommendation: In order to increase the water 

supply possibility level of the Gladzor enlarged com-

munity, expand its areas and develop intensive agricul-

ture, we propose to build a reservoir with 7.73 million 

m3 useful volume in the north-eastern part of the ad-

ministrative area of the community, which will allow 

enlarging 57 ha additional area of irrigated land. 

This work was supported by the RA Science Com-

mittee in the frame of the research project SCS 

EAPI2017-027. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʛʘ ʣʫʜʦʛʠ ʠʟ ʦʟʝʨʘ 

ʀʩʩʳʢ-ʂʫʣʴ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʠʛʘ ʦʟʝʨʘ ʉʝʚʘʥ ɸʨʤʝʥʠʠ ʚ 1954 

ʛ. ʊʘʢ ʢʘʢ ʟʘʨʳʙʣʝʥʠʝ ʩʠʛʦʤ ʠʟ ʦʟʝʨʘ ʉʝʚʘʥ ʚ ʦʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 60-ʝ ʛʦʜʳ ʍʍ ʩʪʦʣʝʪʠʷ, 

ʪʦ ʧʦʢʘʟʘʪʝʣʠ 1954 ʛ ʥʘʤʠ ʙʳʣʠ ʚʟʷʪʳ ʢʘʢ ʠʩʭʦʜʥʳʝ ʠ ʟʘ ʚʨʝʤʷ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʫ ʩʠʛʦʚ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ 

ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. 

Abstract 

In this article discussed the changes in the morphometric indicators of whitefish from Lake Issyk-Kul of the 

Kyrgyz Republic in comparison with these indicators of whitefish from Lake Sevan of Armenia in 1954. By the 

stocking of whitefish from the Sevan to Issyk-Kul was carried out in the 60s of the twentieth century, then it was 

taking by us with the indicators of 1954, as the initial ones and for more than half a century the whitefish of Lake 

Issyk-Kul had changed as a result of their acclimatization to new conditions. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʛ, ʦʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ, ʦʟʝʨʦ ʉʝʚʘʥ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʠʥʪʨʦʜʫʢʮʠʷ 

Keywords: whitefish, Issyk-Kul Lake, Sevan Lake, morphometric indicators, introduction. 

 

ɺʚʝʜʝʥʠʝ 

ʈʳʙʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ 

ʥʘ ʟʝʤʣʝ. ʆʥʠ ʦʙʠʪʘʶʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ - 

ʦʢʝʘʥʘʭ, ʤʦʨʷʭ, ʦʟʝʨʘʭ, ʨʝʢʘʭ, ʘ ʪʘʢʞʝ ʨʘʟʚʦʜʷʪʩʷ 

ʣʶʜʴʤʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ - ʧʨʫʜʘʭ, ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘʭ, ʩʘʜʢʘʭ ʠ ʜʨ. ʅʦ ʣʶʜʠ ʚʤʝʰʠʚʘʶʪʩʷ ʠ 

ʚ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. ʊʘʢ 

ʥʝʫʤʝʨʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ 

ʨʳʙʥʳʭ ʟʘʧʘʩʦʚ ʜʘʞʝ ʚ ʤʦʨʷʭ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʝʩʪʴ ʦʧʳʪ ʟʘʨʳʙʣʝʥʠʷ ʜʘʞʝ ʤʦʨʝʡ ʯʝʣʦʚʝʢʦʤ.  

ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤ ʨʘʩ-

ʧʦʣʦʞʝʥʠʝʤ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʚ ʛʦʨʘʭ ʊʷʥʴ-

ʐʘʥʷ) ʠ ʫ ʥʘʩ ʝʩʪʴ ʚʳʩʦʢʦʛʦʨʥʦʝ ʦʟʝʨʦ ʀʩʩʳʢ-

ʂʫʣʴ.  

ɺ ʵʪʦʤ ʦʟʝʨʝ ʧʦ ʜʘʥʥʳʤ ʀ.ɸ. ʇʠʚʥʝʚʘ (1990) 

ʚʦʜʠʣʠʩʴ ʪʘʢʠʝ ʨʳʙʳ, ʢʘʢ ɸʤʫ-ɼʘʨʴʠʥʩʢʘʷ ʬʦʨʝʣʴ, 

ʠʩʩʳʢ-ʢʫʣʴʩʢʘʷ ʬʦʨʝʣʴʘ, ʨʘʜʫʞʥʘʷ ʬʦʨʝʣʴʘ?, ʩʠʛ ʣʫ-

ʜʦʛʘʘ, ʙʘʡʢʘʣʴʩʢʠʡ ʦʤʫʣʴʘ, ʠʩʩʳʢ-ʢʫʣʴʩʢʠʡ ʯʝʙʘʢ, 

ʠʩʩʳʢ-ʢʫʣʴʩʢʠʡ ʯʝʙʘʯʦʢ, ʪʫʨʢʝʩʪʘʥʩʢʠʡ ʧʝʩʢʘʨʴ, 

ʘʤʫʨʩʢʠʡ ʯʝʙʘʯʦʢʘ, ʣʠʥʴʘ, ʠʩʩʳʢ-ʢʫʣʴʩʢʘʷ ʤʘʨʠʥʢʘ, 

ʯʝʰʫʡʯʘʪʳʡ ʦʩʤʘʥ, ʦʩʤʘʥ ʉʝʚʝʨʮʝʚʘ ʠ ʛʦʣʳʡ 

ʦʩʤʘʥ, ʚʦʩʪʦʯʥʳʡ ʣʝʱʘ, ʩʝʨʝʙʨʷʥʳʡ ʢʘʨʘʩʴʘ, ʩʘʟʘʥ, 

ʪʷʥʴ-ʰʘʥʴʩʢʠʡ ʛʦʣʝʮ, ʩʝʨʳʡ ʛʦʣʝʮ ʠ ʩʫʜʘʢʘ. ʊʦ, ʯʪʦ 

ʫʢʘʟʘʥʦ ʚ ʚʠʜʝ çʘè ʚ ʩʪʝʧʝʥʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʵʪʠ ʨʳʙʳ ʙʳʣʠ ʟʘʚʝʟʝʥʳ ʠʣʠ ʘʢʢʣʠʤʘʪʠʟʠʨʦʚʘʥʳ. 

(1) ɺ 60-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʀʩʩʳʢ-ʂʫʣʴ 

ʩʪʘʣʠ ʟʘʩʝʣʷʪʴ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʨʳʙ ʧʦ ʨʝʢʦʤʝʥʜʘ-

ʮʠʷʤ ʫʯʝʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʚʘʥʩʢʦʛʦ ʩʠʛʘ, ʢʦʪʦ-

ʨʦʛʦ ʜʦʩʪʘʚʣʷʣʠ ʠʟ ɸʨʤʝʥʠʠ ʚ ʚʠʜʝ ʦʧʣʦʜʦʪʚʦʨʝʥ-

ʥʦʡ ʠʢʨʳ. ɺ 1966-1982 ʛʛ. ʚ ʦʟʝʨʦ ʙʳʣʦ ʚʳʧʫʱʝʥʦ 

90,8 ʤʣʥ. ʰʪ. ʣʠʯʠʥʦʢ ʠ 2,9 ʤʣʥ. ʰʪ. ʤʘʣʴʢʦʚ ʩʠʛʘ. 

ʆʟʝʨʦ ʉʝʚʘʥ ʪʦʞʝ ʛʦʨʥʦʝ ʦʟʝʨʦ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʝ ʚ ɸʨʤʝʥʠʠ. ɺ ʵʪʦʤ ʦʟʝʨʝ ʦʙʠʪʘʶʪ ʨʳʙʳ ʵʥʜʝ-

ʤʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʝʚʘʥʩʢʠʡ ʙʝʛʣʫ, ʩʝʚʘʥʩʢʘʷ ʭʨʘ-

ʤʫʣʷ, ʩʝʚʘʥʩʢʘʷ ʬʦʨʝʣʴ. (3). 

ʉʭʦʜʩʪʚʦ ʦʟʝʨ ʦʧʨʝʜʝʣʠʣʦ ʪʦ, ʯʪʦ ʦʟʝʨʦ ʀʩ-

ʩʳʢ-ʂʫʣʴ ʩʪʘʣʠ ʟʘʨʳʙʣʷʪʴ ʨʳʙʦʡ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʠʟ ʦʟʝʨʘ ʉʝʚʘʥ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩʳ ʠʥʪʨʦʜʫʢʮʠʠ ʙʳʣʠ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦ-

ʣʝʪʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʅʘʤ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʳʭ ʤʦʨ-

ʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʛʘ ʦʟʝʨʘ ʉʝʚʘʥ ʚ 

ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʷʚʣʷʶʪ ʨʘʟʣʠʯʠʷ. ʕʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʤ 

ʦʟʝʨʝ, ʚ ʦʜʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʳʷʩʥʠʪʴ, ʘ ʧʨʦ-

ʠʟʦʰʣʠ ʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʤʝʪʨʠʠ ʩʠʛʘ ʚ ʦʟʝʨʝ 

ʀʩʩʳʢ-ʂʫʣʴ ʟʘ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʠʥ-

ʪʨʦʜʫʢʮʠʠ ʠʟ ʦʟʝʨʘ ʉʝʚʘʥ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʨʳʙ ʦʟʝʨ ʉʝʚʘʥ ʠ ʀʩʩʳʢ-ʂʫʣʴ; 

- ʧʨʦʚʝʩʪʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʠʛʦʚ (16 ʵʢʟʝʤʧʣʷʨʦʚ), ʚʳʣʦʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ; 
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- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʠʛʘ 

ʚ ʦʟʝʨʝ ʀʩʩʳʢ-ʂʫʣʴ ʟʘ ʧʝʨʠʦʜ ʙʦʣʝʝ 50 ʣʝʪ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʠʛʫ, ʦʙʠʪʘʶʱʠʤʠ ʚ ʦʟʝʨʝ ʉʝ-

ʚʘʥ (1954 ʛ.), ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʦʥ ʙʳʣ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥ 

ʚ ʦʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʵʢʟʝʤʧʣʷʨʳ ʨʳʙʳ 

ʩʠʛʘ, ʚʳʣʦʚʣʝʥʥʦʛʦ ʠʟ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ; ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʛʘ ʦʟʝʨʘ ʉʝ-

ʚʘʥ ʚ 1954 ʛ. (ʜʘʥʥʳʝ ʄʘʠʣʷʥ ʈ.ɸ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝ-

ʪʠʷ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝ-

ʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʳʙ, ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʇʨʘʚʜʠʥʫ ʀ.ʌ. (1966) ʠ ʜʨ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʙʨʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʩʠʛʘ-ʣʫʜʦʛʠ ʦʟ. ʉʝʚʘʥ 

(ʄʘʠʣʷʥ, 1954), ʪʘʢ ʢʘʢ ʟʘʨʳʙʣʝʥʠʝ ʦʟʝʨʘ ʀʩʩʳʢ-

ʂʫʣʴ ʩʠʛʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 60-ʝ ʛʦʜʳ ʍʍ ʩʪʦʣʝ-

ʪʠʷ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ ʠʢʨʦʡ ʩʠʛʘ ʠʟ ʦʟʝʨʘ ʉʝʚʘʥ. 

ʄʳ ʨʘʟʜʝʣʠʣʠ ʨʳʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʝʩʘ ʥʘ 

ʜʚʝ ʛʨʫʧʧʳ - 1-ʘʷ ʛʨʫʧʧʘ - ʜʦ 400 ʛ (5 ʨʳʙ) ʠ 2-ʘʷ 

ʛʨʫʧʧʘ - 400 ʛ ʠ ʚʳʰʝ (8 ʨʳʙ), ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʙʦʣʴ-

ʰʦʛʦ ʨʘʟʙʨʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʘ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: Q, ʛ - ʚʝʩ 

ʨʳʙʳ, lsmit, ʩʤ - ʜʣʠʥʘ ʪʝʣʘ ʦʪ ʚʝʨʰʠʥʳ ʨʳʣʘ ʜʦ 

ʢʦʥʮʘ ʩʨʝʜʥʠʭ ʣʫʯʝʡ ʭʚʦʩʪʦʚʦʛʦ ʧʣʘʚʥʠʢʘ; ll 1 - 

ʯʠʩʣʦ ʯʝʰʫʡ ʚ ʙʦʢʦʚʦʡ ʣʠʥʠʠ; D1 - ʯʠʩʣʦ ʣʫʯʝʡ ʚ 

ʩʧʠʥʥʦʤ ʧʣʘʚʥʠʢʝ; A - ʯʠʩʣʦ ʣʫʯʝʡ ʚ ʘʥʘʣʴʥʦʤ 

ʧʣʘʚʥʠʢʝ; sp.br. - ʯʠʩʣʦ ʪʳʯʠʥʦʢ ʥʘ ʧʝʨʚʦʡ ʞʘʙʝʨ-

ʥʦʡ ʜʫʛʝ. ʉʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʨʘʞʘʶʪʩʷ ʚ % 

lsmit.; ll 1 - ʯʠʩʣʦ ʯʝʰʫʡ ʚ ʙʦʢʦʚʦʡ ʣʠʥʠʠ; prO - ʜʣʠʥʘ 

ʨʳʣʘ; O - ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʛʣʘʟʘ; Oop - ʟʘ-

ʛʣʘʟʥʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʛʦʣʦʚʳ; lc - ʜʣʠʥʘ ʛʦʣʦʚʳ; 

lmax - ʜʣʠʥʘ ʚʝʨʭʥʝʯʝʣʶʩʪʥʦʡ ʢʦʩʪʠ; hmax - ʚʳʩʦʪʘ 

ʚʝʨʭʥʝʯʝʣʶʩʪʥʦʡ ʢʦʩʪʠ; lmd - ʜʣʠʥʘ ʥʠʞʥʝʡ ʯʝʣʶ-

ʩʪʠ; hc - ʚʳʩʦʪʘ ʛʦʣʦʚʳ ʫ ʟʘʪʳʣʢʘ; io - ʰʠʨʠʥʘ ʣʙʘ 

(ʤʝʞʛʣʘʟʥʠʯʥʦʛʦʧʨʦʤʝʞʫʪʢʘ); H - ʥʘʠʙʦʣʴʰʘʷ ʚʳ-

ʩʦʪʘ ʪʝʣʘ; aD - ʘʥʪʝʜʦʨʩʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; lpc2 - 

ʜʣʠʥʘ ʭʚʦʩʪʦʚʦʛʦ ʩʪʝʙʣʷ; aV - ʘʥʪʝʚʝʥʪʨʘʣʴʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ; hD1 - ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʝʨʚʦʛʦ ʩʧʠʥ-

ʥʦʛʦ ʧʣʘʚʥʠʢʘ; lA  - ʜʣʠʥʘ ʦʩʥʦʚʘʥʠʷ ʘʥʘʣʴʥʦʛʦ 

ʧʣʘʚʥʠʢʘ; hA - ʚʳʩʦʪʘ ʘʥʘʣʴʥʦʛʦ ʧʣʘʚʥʠʢʘ; lP - 

ʜʣʠʥʘ ʛʨʫʜʥʦʛʦ ʧʣʘʚʥʠʢʘ; lV  - ʜʣʠʥʘ ʙʨʶʰʥʦʛʦ 

ʧʣʘʚʥʠʢʘ; PV - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʷʤʠ 

ʛʨʫʜʥʦʛʦ ʠ ʙʨʶʰʥʦʛʦ ʧʣʘʚʥʠʢʦʚ; VA -ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʷʤʠ ʙʨʶʰʥʦʛʦ ʠ ʘʥʘʣʴʥʦʛʦ ʧʣʘʚ-

ʥʠʢʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʥʦʚʥʳʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʨʳʙ ʩʠʛʘ 

ʠʩʩʳʢ-ʢʫʣʴʩʢʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʩʥʦʚʥʳʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʨʳʙ ʩʠʛʘ 

ʣʫʜʦʛʠ. ʋ ʥʠʭ ʪʝʣʦ, ʩʞʘʪʦʝ ʩ ʙʦʢʦʚ, ʧʦʢʨʳʪʦʝ ʩʝ-

ʨʝʙʨʠʩʪʦʡ ʯʝʰʫʝʡ, ʧʣʘʚʥʠʢʠ ʙʦʣʝʝ ʪʝʤʥʳʝ, ʫ ʩʘʤʦʢ 

ʯʝʰʫʷ ʩʣʝʛʢʘ ʞʝʣʪʦʚʘʪʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʮʦʚ, ʛʦ-

ʣʦʚʘ ʠ ʨʦʪ ʥʝʙʦʣʴʰʠʝ, ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʪʝʣʘ ʜʫʛʦʦʙ-

ʨʘʟʥʘʷ, ʧʨʠʯʝʤ ʫ ʩʘʤʢʠ ʜʫʛʦʦʙʨʘʟʥʦʩʪʴ ʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʘ, ʠʤʝʝʪʩʷ ʞʠʨʦʚʦʡ ʧʣʘʚʥʠʢ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʠʛʠ ʣʫʜʦʛʘ ʠʟ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ (ʷʥʚʘʨʴ 2020 ʛ.), ʩʚʝʨʭʫ ʩʘʤʢʘ, ʩʥʠʟʫ ʩʘʤʝʮ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʛʘ ʣʫʜʦʛʘ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 
ʇʨʠʟʥʘʢ Character ʈʳʙʳ ʩʠʛʘ ʦʟ. ʀʩʩʳʢ-ʂʫʣʴ, 2020 ʛ ʈʳʙʳ ʩʠʛʘ ʦ. ʉʝʚʘʥ,  

(ʄʘʠʣʷʥ,1954 ʛ) ʉʠʛʠ ʚʝʩʦʤ 200-ʜʦ 400 ʛ ʉʠʛʠ ʚʝʩʦʤ 400-900 ʛ 

 M m n M m n M m 

Q, ʛ 393,12 0,56 8 565,4 9,9 8 - - 

lsmit, ʩʤ 29,55 1,8 8 33,8 2,6 8 38,3 0,48 

ll 1 83,5 4,9 6 88,6 5,93 7 83,3 0,59 

D1 11,67 0,57 3 12 0 3 11,1 0,07 

A 12,33 0,58 3 11,3 1,4 3 12,4 0,09 

sp.br. 28,0 2,02 3 27,6 1,5 3 26,6 0,25 

% lsmit, 

prO 5,55 0,22 6 6.51 1.12 7 5,3 0,06 

O 3,93 0,21 6 3.73 0.63 7 4,0 0,02 

Oop 10,11 0,4 3 9.75 0.48 3 9,8 0,07 

lc 19,58 1,12 8 19.16 1.23 8 18,7 0,10 

hc 18,89 3,1 3 18.9 1.03 3 - - 

lmax 5,53 0,59 3 5.52 0.2 3 5,4 0,05 

hmax 2,5 0,09 3 2.36 0 3 2,0 0,03 
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lmd 7,42 0,14 3 7.88 0.9 3 7,0 0,06 

io 7,2 0,94 3 7.19 1.1 3 5,7 0,06 

H  25,74 0,81 8 27.64 3.95 7 25,9 0,18 

aD 44,9 2,95 3 47.02 2.44 3 44,9 0,20 

lpc2 17,45 0,51 3 19.7 1.06 3 13,4 0,11 

aV 49,5 2,11 3 50.6 2.4 3 48,0 0,25 

hD1 15,37 1,45 3 16.7 1.22 3 13,4 0,08 

lA 13,28 0,15 6 12.74 0.89 7 11.4 0,08 

hA 11,92 1,97 3 11.41 0.34 3 9,3 0,08 

lP 13,18 0,47 3 14.79 0.9 3 14,3 0,13 

lV 12,72 0,42 3 11.74 2.04 3 12,3 0,11 

PV 31,96 3,29 3 33.21 1.14 3 30,8 0,18 

VA 21,60 0,39 3 26.4 0.3 3 25,6 0,16 

ʉʨʘʚʥʠʚʘʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩ-

ʩʳʢ-ʢʫʣʴʩʢʦʛʦ ʩʠʛʘ ʣʫʜʦʛʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʩʝʚʘʥʩʢʦʛʦ ʩʠʛʘ ʣʫʜʦʛʠ 1954 ʛ. ʧʨʦ-

ʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʥʘʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʨʘʟʣʠʯʠʷ. ɺ ʦʙʣʘʩʪʠ ʨʪʘ ʚʳʩʦʪʘ 

ʚʝʨʭʥʝʯʝʣʶʩʪʥʦʡ ʢʦʩʪʠ ʠ ʜʣʠʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʫ 

ʠʩʩʳʢ-ʢʫʣʴʩʢʠʭ ʩʠʛʦʚ ʙʦʣʴʰʝ. ɼʨʫʛʠʝ ʨʘʟʣʠʯʠʷ 

ʚʳʷʚʣʝʥʳ ʚ ʦʙʣʘʩʪʠ ʧʣʘʚʥʠʢʦʚ - ʭʚʦʩʪʦʚʦʡ ʧʣʘʚʥʠʢ 

ʜʣʠʥʥʝʝ, ʚʳʩʦʪʘ ʧʝʨʚʦʛʦ ʩʧʠʥʥʦʛʦ ʠ ʘʥʘʣʴʥʦʛʦ 

ʧʣʘʚʥʠʢʦʚ ʙʦʣʴʰʝ, ʫ ʘʥʘʣʴʥʦʛʦ ʧʣʘʚʥʠʢʘ ʠ ʦʩʥʦʚʘ-

ʥʠʝ ʜʣʠʥʥʝʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʷʤʠ ʛʨʫʜ-

ʥʦʛʦ ʠ ʙʨʶʰʥʦʛʦ ʧʣʘʚʥʠʢʦʚ ʪʦʞʝ ʙʦʣʴʰʝ. ɸʥʪʝ-

ʚʝʥʪʨʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʦ ʝʩʪʴ ʦʪ ʚʝʨʰʠʥʳ ʨʳʣʘ 

ʜʦ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʦʩʥʦʚʘʥʠʷ ʙʨʶʰʥʦʛʦ ʧʣʘʚʥʠʢʘ, 

ʪʦʞʝ ʙʦʣʴʰʝ. 

ʇʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤʠ ʇʠʧʦʷʥ ʉ.ʍ. (2012) (4), 

ʥʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʝʩ ʫ ʠʩʩʳʢ-ʢʫʣʴʩʢʠʭ ʩʠ-

ʛʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʠʛʦʚ ʩʝʚʘʥ-

ʩʢʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʫ ʥʘʩ ʜʦʩʪʠʛʘʝʪ 900 ʛ). ɼʫ-

ʛʦʦʙʨʘʟʥʦʩʪʴ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʩʧʠʥʳ ʫ ʠʩʩʳʢ-ʢʫʣʴ-

ʩʢʠʭ ʩʠʛʦʚ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʝʚʘʥʩʢʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (4). 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʨʦʮʝʩʩʳ ʠʥʪʨʦʜʫʢʮʠʠ ʨʳʙ ʚ ʤʠʨʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀ.ɸ. ʇʠʚʥʝʚʘ 

(1990) ʚ ʦʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʤʥʦʛʠʝ 

ʚʠʜʳ ʨʳʙ (ʩʤ. ʚʦ ʚʚʝʜʝʥʠʠ) ʠ ʩʨʝʜʠ ʵʪʠʭ ʨʳʙ ʩʠʛʠ 

ʣʫʜʦʛʘ ʠʟ ʦʟʝʨʘ ʉʝʚʘʥ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘ ʵʪʦ ʚʨʝʤʷ (ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ), ʢʦ-

ʪʦʨʦʝ ʧʨʦʰʣʦ ʩʦ ʚʨʝʤʝʥʠ ʟʘʧʫʩʢʘ ʚ ʦʟʝʨʦ ʀʩʩʳʢ-

ʂʫʣʴ ʩʝʚʘʥʩʢʦʛʦ ʩʠʛʘ ʣʫʜʦʛʠ ʚ ʚʠʜʝ ʦʧʣʦʜʦʪʚʦʨʝʥ-

ʥʦʡ ʠʢʨʳ ʠ ʤʘʣʴʢʦʚ, ʨʳʙʘ ʭʦʨʦʰʦ ʧʨʠʞʠʣʘʩʴ, ʪʦ 

ʝʩʪʴ ʠʥʪʨʦʜʫʢʮʠʷ ʧʨʦʰʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ɿʘ ʚʨʝʤʷ ʦʙʠʪʘʥʠʷ ʵʪʦʡ ʨʳʙʳ ʚ ʦʟʝʨʝ ʀʩʩʳʢ-

ʂʫʣʴ ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʠʟʦʰʣʠ 

ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʚʳʰʝ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʛʠ ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʠʦʙʨʝʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʥʪʨʦʜʫʢʮʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʟʝʨ ʉʝʚʘʥ ʠ ʧʦʢʘʟʳʚʘʶʪ 

ʩʣʝʜʫʶʱʝʝ: ʩʭʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʘ ʦʟʝʨʘ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʦʙʘ ʠʤʝʶʪ ʯʠʩʪʫʶ 

ʚʦʜʫ, ʯʪʦ ʜʣʷ ʩʠʛʘ ʦʯʝʥʴ ʚʘʞʥʦ. 

ʆʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ ʙʝʩʩʪʦʯʥʦʝ ʛʦʨʥʦʝ ʦʟʝʨʦ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʢʦʪʣʦʚʠʥʝ ʥʘ ʚʳʩʦʪʝ 1607,8 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 668 ʤ, 

ʧʣʦʱʘʜʴ ʟʝʨʢʘʣʘ 6236 ʢʤ2.. ʆʟʝʨʦ ʥʝʟʘʤʝʨʟʘʶʱʝʝ 

ʟʠʤʦʡ, ʚʦʜʘ ʩʦʣʦʥʦʚʘʪʘʷ (6 ʛ/ʣ) (1). 

ʆʟʝʨʦ ʉʝʚʘʥ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʛʦʨʘʟ ʂʘʚʢʘʟʘ ʚ 

ɸʨʤʝʥʠʠ ʆʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ɸʨʤʝʥʠʠ ʥʘ ʚʳʩʦʪʝ 

ʦʢʦʣʦ 1900 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʛʣʫʙʠʥʘ 80 ʤ, ʧʣʦʱʘʜʴ 1240 ʤ2. 

ɻʣʘʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʦʟʝʨʝ ʉʝʚʘʥ - ʚʦʜʘ ʧʨʝʩʥʘʷ, ʘ ʚ ʦʟʝʨʝ ʀʩʩʳʢ-ʂʫʣʴ 

ʩʦʣʦʥʦʚʘʪʘʷ ʚʦʜʘ. ʆʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ ʙʦʣʝʝ ʛʣʫʙʦ-

ʢʦʝ ʠ ʟʠʤʦʡ ʥʝʟʘʤʝʨʟʘʶʱʝʝ, ʥʦ ʥʘ ʛʣʫʙʠʥʝ ʜʘʞʝ ʣʝ-

ʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ +4ʦʉ, ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ 

ʟʠʤʦʡ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʝʤʥʦʛʦ ʚʳʰʝ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ 

ʄʳ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʚʦʧʨʦʩʘʤʠ ʠʭʪʠʦʣʦʛʠʠ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʌɸʆ ʆʆʅ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʣ ʌʠʥʣʷʥʜʠʠ ʨʳʙʦʚʦʜʩʪʚʦ ʩʪʘʣʦ 

ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʘ ʥʘ ʙʘʟʝ ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʦʪʢʨʳʣʦʩʴ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʳʙʦʚʦʜʩʪʚʘ ʠ ʘʢʚʘʢʫʣʴʪʫʨʳ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ - ɻ ʪʦ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʙʦʣʝʝ ʛʣʫ-

ʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʠ ʨʳʙ ʩʠʛʘ ʣʫʜʦʛʠ 

ʦʟʝʨʘ ʀʩʩʳʢ-ʂʫʣʴ. 
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ʀ ɼʆɼɽʎʀʃɹʈʆʄʀɼɸ 
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ɸʥʥʦʪʘʮʠʷ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʦʜʝʮʠʣʙʨʦʤʠʜʘ ʩ ʵʪʘʥʦʣʘʤʠʥʘʤʠ (2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʘʥʦʣ ʠ 2-ʜʠʵʪʠʣʘʤʠʥʦʵʪʘʥʦʣ) 

ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʠʦʥʥʦ-ʞʠʜʢʦʩʪ-

ʥʦʛʦ ʪʠʧʘ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʝʥʟʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ. ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚʳʷʚʣʝʥʘ ʠʭ ʚʳʩʦʢʘʷ ʫʜʝʣʴ-

ʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʃʘʙʦʨʘʪʦʨʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʨʝʘʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʦʡ ʥʝʬʪʝʩʦʙʠʨʘʶʱʝʡ ʠ ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

Abstract 
By the interaction of dodecyl bromide with ethanolamines (2-dimethylaminoethanol and 2- diethylaminoeth-

anol) at molar ratio of 1:1, surface-active substances (surfactants) of the ion-liquid type were synthesized. The 

composition and structure of the obtained ionic liquids were identified by IR- and NMR- spectroscopy. The re-

sulting products are characterized by the most important physical and chemical indices. Tensiometric measure-

ments revealed a high surface activity of the synthesized products at the water-air interface and their colloidal 

chemical parameters were calculated. The conductometric method revealed their high electrical conductivity. La-

boratory tests have shown that these reagents have a high petroleum-collecting and petroleum-dispersing ability. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʦʥʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ, 2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʘʥʦʣ, 2-ʜʠʵʪʠʣʘʤʠʥʦʵʪʘʥʦʣ, ʜʦʜʝʮʠʣʜʠʤʝʪʠʣʵʪʠʣʦʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ, ʜʦʜʝ-

ʮʠʣʜʵʪʠʣ-ʵʪʠʣʦʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ, ʥʝʬʪʝʩʦʙʠʨʘʥʠʝ, ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ. 

Keywords: Ionic liquid, surface activity, electrical conductivity, dodecyl- dimethylethylolammonium bro-

mide, dodecyldiethylethylolammonium bromide, petroleum- collecting, petroleum dispersing. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʠ ʯʘʱʝ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴʩʷ ʩ ʪʘʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʢʘʢ çʟʝʣʝʥʘʷ ʭʠ-

ʤʠʷè, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʭʠ-

ʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶ-

ʱʠʭ ʩʥʠʞʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʘʩʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʆʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ çʟʝʣʝʥʦʡ ʭʠ-

ʤʠʠè ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʵʪʠ ʨʘʩ-

ʪʚʦʨʠʪʝʣʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʢʩʠʯʥʦ-

ʩʪʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʞʝ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʴʶ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʷʚʣʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʚʝʩʴʤʘ ʦʧʘʩ-

ʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʀɾ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, 

ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʦʤ ʚʩʝ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ. ʆʩʦʙʝʥ-

ʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʷʶʪ ʠʥ-

ʪʝʨʝʩ ʢ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʠ-

ʤʠʯʝʩʢʦʡ ʥʘʫʢʠ: ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, ʦʨʛʘʥʠʯʝʩʢʦʡ, 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʠʥʪʝʟʝ ʚʳʩʦʢʦʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪ.ʜ. [1, ʩ.60-65; 2; 3, 

ʩ.145-153 ;4, ʩ.21-27; 5, ʩ.42-46]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚʳʨʦʩ ʠʥʪʝʨʝʩ ʢ ʇɸɺ ʀɾ ʪʠʧʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʙʦʣʴ-

ʰʦʛʦ ʧʦ ʨʘʟʤʝʨʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ (ʚ ʦʩʥʦʚ-

ʥʦʤ, ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ) ʠ ʟʥʘʯʠʪʝʣʥʦ ʤʝʥʴʰʝʛʦ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦ-

ʝʜʠʥʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100ᴈ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʀɾ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ, 

ʥʝʢʦʨʨʦʟʠʦʥʥʦʩʪʴ, ʥʠʟʢʠʝ ʚʷʟʢʦʩʪʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ, ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʦʡ-

ʢʦʩʪʴ, ʨʷʜ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ) 

ʀɾ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ 

ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [6; 7; 8, ʩ.459-464; 9; 10, 

ʩ.494-499; 11, ʩ. 865-873;12, ʩ. 53-60]. ʆʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʥʘʰʠ ʜʥʠ ʩʯʠʪʘ-

ʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʷʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʪʨʫʜʥʦʫʜʘʣʷʝʤʦʡ 

ʬʦʨʤʝ ï ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʥʝ 

ʧʦʜʜʘʶʪʩʷ ʠʟʚʣʝʯʝʥʠʶ ʦʙʳʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
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ʩʧʦʩʦʙʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʣʠʰʴ ʩ ʧʦʤʦ-

ʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʝʩʦʙʠʨʘʶʱʠʭ ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ [13, ʩ.451-455; 14, ʩ. 2326-2338;15, ʩ. 227-

236].  

ʀʟʚʝʩʪʥʳ ʥʝʬʪʝʩʦʙʠʨʘʶʱʠʝ ʠ ʜʠʩʧʝʨʛʠʨʫʶ-

ʱʠʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʫʜʘʣʷʶʪ ʪʦʥʢʠʝ ʥʝʬʪʷʥʳʝ ʧʣʝʥʢʠ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ [16, ʩ 96-102; 17, ʩ. 187-194; 18, ʩ.529-533; 19, 

ʩ.125-132; 20, ʩ. 227-236; 21, ʩ. 3-16; 22, ʩ. 40-44; 23, 

ʩ.175-178]. ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʳʭ ʇɸɺ ʀɾ-ʥʦʛʦ ʪʠʧʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʭʨʘʥʝʥʠʠ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʠʨʦʜʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʮʝʩʩʫ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʇɸɺ ʀɾ-ʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 2-ʜʠ-

ʤʝʪʠʣʘʤʠʥʦʵʪʘʥʦʣʘ (ɼʄɸʕ), 2-ʜʠʵʪʠʣʘʤʠʥʦʵʪʘ-

ʥʦʣʘ (ɼʕɸʕ) ʠ ʜʦʜʝʮʠʣʙʨʦʤʠʜʘ (ɼɼɹ), ʠʟʫʯʝʥʠʶ 

ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʘʢʠʭ ʚʘʞ-

ʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʥʝʬʪʝʩʦʙʠʨʘʶʱʘʷ ʠ 

ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʄɸʕ, ʠ ɼʕɸʕ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʨʝʘʢʪʠʚ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʬʠʨʤʳ Merck (ɻʝʨʤʘʥʠʷ) ʩ ʯʠʩʪʦ-

ʪʦʡ ι98%. 

ɼɼɹ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʬʠʨʤʳ Sigma-Aldrich ʩ ʯʠʩʪʦʪʦʡ ι 98%. 

ʀʂ- ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʀʂ-

ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ LUMOS (ʬʠʨʤʘ BRUKER ɻʝʨ-

ʤʘʥʠʷ) ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 600-4000 ʩʤ-1, 

ʗʄʈ-ʩʧʝʢʪʨʳ  ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʗʄʈ-

ʩʧʝʢʪʨʦʤʝʪʨʝ çBruker 3è  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ 

ʤʘʨʢʠ STA-449 F3 ʬʠʨʤʳ çNetzchè (ɻʝʨʤʘʥʠʷ). 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ (ů) ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟʤʝʨʷʣʠ ʥʘ ʪʝʥʟʠʦ-

ʤʝʪʨʝ DuNouy ring KSV Sigma 702 (ʌʠʥʣʷʥʜʠʷ) ʥʘ 

ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ ʤʝʪʦʜʦʤ ʦʪʨʳʚʘ ʢʦʣʴʮʘ. 

ʋʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʜʫʢʪʦʤʝʪʨʘ ʪʠʧʘ ɸʅʀʆʅ 4100 (ʈʦʩʩʠʷ). ʋʜʝʣʴ-

ʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (ə) ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʨʘʚʥʘ 3-4 ʤʢʉ/ʤ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʥʝʬʪʝʩʦʙʠʨʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦ-

ʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ [24]. ɺ ʯʘʰʢʫ 

ʇʝʪʨʠ ʧʦʤʝʱʘʣʠ 40 ʤʣ ʚʦʜʳ ʠ 1 ʤʣ ʥʝʬʪʠ. ʇʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʧʦʜʘʚʘʣʠ 0.02 ʛ ʨʝʘʛʝʥʪʘ (ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ) ʠ ʩʨʘʟʫ 

ʠʟʤʝʨʷʣʠ ʧʣʦʱʘʜʴ ʩʦʙʨʘʥʥʦʡ ʚ ʧʷʪʥʦ ʥʝʬʪʠ (S0). 

ʀʩʭʦʜʷ ʠʟ ʥʘʯʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʬʪʷ-

ʥʦʡ ʧʣʝʥʢʠ (Sʥʘʯ), ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʘʯʘʣʴʥʫʶ ʢʨʘʪ-

ʥʦʩʪʴ ʩʦʙʠʨʘʥʠʷ (Kʥʘʯ = Sʥʘʯ / S0) ʨʝʘʛʝʥʪʘ. ɼʘʣʝʝ ʯʝ-

ʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠ ʠʟ-

ʤʝʨʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʙʨʘʥʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ S (ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʣʠʚʘ ʧʷʪʥʘ 

ʥʝʬʪʠ) ʠ ʚʳʯʠʩʣʷʣʠ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʨʘʪʥʦʩʪʠ 

ʩʦʙʠʨʘʥʠʷ (Kʪʝʢ = S/Sʪʝʢ). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦʢʘʟʘʪʝʣ ʂɼ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʝʡ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʣʦʱʘʜʠ ʚʦʜʳ ʦʪ ʥʝʬʪʠ (ʚ %). 

ɺ ʠʩʧʳʪʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥ-

ʥʫʶ, ʧʨʝʩʥʫʶ ʠ ʤʦʨʩʢʫʶ (ʚʦʜʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ) 

ʚʦʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʥʝʬʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʇʠ-

ʨʘʣʣʘʭʳè ʠʤʝʣʘ ʧʣʦʪʥʦʩʪʴ 

ɟ20 = 0.924 ʛ/ʩʤ3  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʪʠ-

ʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʂʇɸɺ) 

ʀɾ-ʥʦʛʦ ʪʠʧʘ ʠ ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʧʨʠʢʣʘʜʥʳʭ 

ʩʚʦʡʩʪʚ. ʅʦʚʳʝ ʂʇɸɺ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʢʚʘʪʝʨ-

ʥʠʟʘʮʠʠ ɼʄɸʕ ʠ ɼʕAʕ ʩ ʧʦʤʦʱʴʶ ɼɼɹ: 

 

 
 

ʛʜʝ R - CH3 ʠʣʠ C2H5. 

ʆʙʝ ʨʝʘʢʮʠʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦ-

ʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʦʪʩʫʪ-

ʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʭ, 

ʢʘʢ ʚʦʜʘ ʠ ʵʪʠʣʘʮʝʪʘʪ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ ʠ ʨʝ-

ʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʠʥʪʝʨʚʘʣʝ 20-98ᴈ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʜʝʮʠʣʜʠ-

ʤʝʪʠʣʵʪʠʣʦʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ (ɼɼɼʄʕɸɹ) ʫʩʢʦ-

ʨʷʝʪʩʷ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ɸ ʨʝ-

ʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʜʦʜʝʮʠʣʜʠʵʪʠʣʵʪʠʣʦʣʘʤʤʦʥʠʡ 

ʙʨʦʤʠʜʘ (ɼɼɼʕʕɸɹ) ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʟʘʚʝʨʰʘ-

ʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ɼɼɼʄʕɸɹ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʄɸʕ ʠ 

ɼɼɹ, ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʚʝʱʝʩʪʚʦʤ ʤʦʣʦʯʥʦʛʦ 

ʮʚʝʪʘ. ʕʪʘ ʩʦʣʴ ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ, 

ʘʮʝʪʦʥʝ, ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʵʪʠʣʘʮʝʪʘʪʝ. 

ɼɼɼʄʕɸɹ ʦʙʨʘʟʫʝʪ 50%-ʥʳʡ (ʤʘʩ.) ʚʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ. ʇʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʠʣʴʥʦ ʧʝ-

ʥʠʪʩʷ. 

ɼɼɼʕʕɸɹ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʜʫʢʪʦʤ ʢʚʘʪʝʨʥʠ-

ʟʘʮʠʠ ɼʕɸʕ ʩ ʧʦʤʦʱʴʶ ɼɼɹ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʢʦʬʝʡʥʦ-ʤʦʣʦʯʥʦʛʦ ʮʚʝʪʘ. ʇʨʦ-

ʜʫʢʪ ʪʘʢʞʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ, ʵʪʠʣʦʚʦʤ 

ʩʧʠʨʪʝ, ʘʮʝʪʦʥʝ ʠ ʵʪʠʣʘʮʝʪʘʪʝ. ʉ ʜʘʥʥʦʡ ʩʦʣʴʶ 

ʪʘʢʞʝ ʧʦʣʫʯʘʝʪʩʷ 50%-ʥʳʡ (ʤʘʩ) ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʚʝʩʴʤʘ ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚ ʚʦʜʝ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʚʩʪʨʷ-

ʭʠʚʘʥʠʠ ʪʘʢʞʝ ʩʠʣʴʥʦ ʧʝʥʠʪʩʷ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʀʂ- ʠ ʗʄʈ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʂ-ʩʧʝʢʪʨ ɼɼɼʄʕɸɹ 

ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 1. 

ʅʘ ʀʂ-ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3338 ʠ 3240 ʩʤ-1 ʚʘʣʝʥʪʥʳʭ ʢʦ-
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ʣʝʙʘʥʠʡ ʆʅ ʩʚʷʟʠ; 3018,2950, 2914 ʠ 2849 ʩʤ-1 ʚʘ-

ʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ 1490, 1469, ʠ 1376 ʩʤ-1 ʜʝʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʅ ʩʚʷʟʠ ʉʅ3- ʠ ʉʅ2- 

ʛʨʫʧʧ; 3338 ʠ 3240 ʩʤ-1 ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, 1060 

ʩʤ-1 ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʉ-ʆ 

ʩʚʷʟʠ ʉ-ʆʅ ʛʨʫʧʧʳ; 1006 ʩʤ-1 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʆ-ʅ ʩʚʷʟʠ; 719 ʩʤ-1 çʤʘʷʪʥʠʢʦʚʳʭè ʢʦʣʝ-

ʙʘʥʠʡ (ʉʅ2)ʭ  ʛʨʫʧʧ. 

 
ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨ ɼɼɼʄʕɸɹ 

 

ʀʂ-ʩʧʝʢʪʨ ɼɼɼʕʕɸɹ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 2. ʅʘ 

ʀʂ-ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ: 3171 ʩʤ-1  ʚʘʣʝʥʪʥʳʭʢʦʣʝʙʘʥʠʡ ʆ-ʅ 

ʩʚʷʟʠ; 2988, ,2953, 2916 ʠ 2849 ʩʤ-1 ʚʘʣʝʥʪʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ, ʘ 1469 ʠ 1360 ʩʤ-1 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʉ-ʅ ʩʚʷʟʠ ʉʅ3- ʠ ʉʅ2- ʛʨʫʧ; 1048 ʩʤ-1 ʚʘʣʝʥʪ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʆ ʩʚʷʟʠ ʉ-ʆʅ ʛʨʫʧʧʳ; 1003ʩʤ-1 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʆ-ʅ ʩʚʷʟʠ; 720 ʩʤ-1 

çʤʘʷʪʥʠʢʦʚʳʭè ʢʦʣʝʙʘʥʠʡ (ʉʅ2)ʭ  ʛʨʫʧʧ. 

 

 
ʈʠʩ. 2. ʀʂ-ʩʧʝʢʪʨ ɼɼɼʕʕɸɹ 

 

ʅʘ ʨʠʩ. 3ʘ. ʠ 3ʙ. ʧʦʢʘʟʘʥʳ ʗʄʈ-ʩʧʝʢʪʨʳ ɼɼɼʄʕɸɹ. ʕʪʠ ʩʧʝʢʪʨʳ ʩʥʷʪʳ ʚ ɼ2ʆ. 
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ʈʠʩ.3a. ʗʄʈ-ʩʧʝʢʪʨ ɼɼɼʄʕɸɹ 

 
1ʅ-ʗʄʈ, (300.18 MHz, D2O), ŭ (ppm): 0.809 (ʉʅ3), 1.225 (ʉʅ2), 1.726(N+-CH2CH2OH), 3.361-3.400 (N+-

ʉʅ2-ʉ11ʅ23), 3.458 (O-CH2), 3.953-3.984 (C-OH) 

 

  
ʈʠʩ.3ʙ. 13ʉ ʗʄʈ-ʩʧʝʢʪʨ ɼɼɼʄʕɸɹ 

 
13C ʗʄʈ, ŭ (ppm): 13.91 (CH3 ʘʣʢʠʣ), 22.55-32.01 (CH2 ʘʣʢʠʣ), 51.65, 55.44-65.19 (-HN+-CH2-CH2-OH) 

ʅʘ ʨʠʩ.4ʘ. ʠ 4ʙ. ʧʦʢʘʟʘʥʳ ʗʄʈ-ʩʧʝʢʪʨʳ ɼɼɼʕʕɸɹ. ʕʪʠ ʩʧʝʢʪʨʳ ʩʥʷʪʳ ʚ ɼ2ʆ. 
1ʅ-ʗʄʈ, (300.18 MHz, D2O), ŭ (ppm): 0.800 (ʉʅ3), 1.209-1.232 (ʉʅ2), 1.622-1.651(N+-CH2-C11H23), 

3.345-3.392 (N+-CH2CH2OH), 3.756-3.793 (ʆ-ʉʅ2), 3.895-3.926 (C-OH). 

 



Znanstvena misel journal ˉ40/2020 15 

 
ʈʠʩ. 4ʘ. ʗʄʈ-ʩʧʝʢʪʨ ɼɼɼʕʕɸɹ 

 

 
ʈʠʩ.4ʙ. 13ʉ ʗʄʈ-ʩʧʝʢʪʨ ɼɼɼʕʕɸɹ 

 
13C ʗʄʈ, ŭ (ppm): 7.22-8.32 (CH3-CH2-N+), 

13.89 (CH3 ʘʣʢʠʣ), 29.9-29.84 (CH2 ʘʣʢʠʣ), 47.39, 

54.15-58.57 (-HN+-CH2-) 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ 

ɼɼɼʄʕɸɹ. ʅʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʝ, ʩʦʛʣʘʩʥʦ ʢʨʠʚʦʡ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʊɻ), ʚʠʜʥʳ 5 ʩʪʘʜʠʡ ʠʟʤʝʥʝʥʠʷ 

ʤʘʩʩʳ: 1. ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ╔ 20.0ᴈ ʜʦ 

221.7ᴈ, ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ 0.27%. 2. 221.7ᴈ 268.0  

ʧʦʪʝʨʷ ʤʘʩʩʳ 12.93%. 3. 268.0ᴈ 315.4 ïʧʦʪʝʨʷ 

ʤʘʩʩʳ 34.05 %. 4. 315.4 328.6ᴈ  ʧʦʪʝʨʷ ʤʘʩʩʳ 

36.45 %. 5. 328.6 ᴈ 647.3ᴈ  ʧʦʪʝʨʷ ʤʘʩʩʳ 3.94 %. 

ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʧʨʠ 647.3 ʩʦʩʪʘʚʣʷʝʪ 12.96%. ʂʘʢ 

ʚʠʜʥʦ, ʥʠʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʩʪʘ-

ʜʠʷʭ 4 ʠ 3. ʉʦʛʣʘʩʥʦ ʢʨʠʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨ-

ʤʠʯʝʩʝʩʢʦʡ ʛʨʘʚʠʤʝʪʨʠʠ (ɼʊɻ), ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʧʨʠ 338.8 ᴈ (ʩʢʦʨʦʩʪʴ ʜʝ-

ʩʪʨʫʢʮʠʠ  22.71%/ʤʠʥ). 

ʂʨʠʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ (ɼʊɸ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʠʢʘ ʩʦ ʩʣʝʜʫʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ: ʥʘʯʘʣʦ 

398.8ᴈ, ʢʦʥʝʮ 580.5ᴈ; ʚʳʩʦʪʘ ʧʠʢʘ 9.296 ʤʢɺ/ʤʛ, 

ʧʣʦʱʘʜʴ ʧʠʢʘ 1529 ʤʢɺʩ/ʤʛ. 
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ʈʠʩ.5. ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ɼɼɼʄʕɸɹ 

 

ʅʘ ʨʠʩ.6 ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ 

ɼɼɼʕʕɸɹ. ʅʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʝ ɼɼɼʕʕɸɹ ʢʨʠʚʘʷ 

ʊɻ ʫʢʘʟʳʚʘʝʪ 4 ʩʪʘʜʠʠ ʧʦʪʝʨʠʠ ʤʘʩʩʳ: 1. ɼʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ╔ 20.0ᴈ ʜʦ 252.0ᴈ  ʠʟʤʝʥʝʥʠʝ 

ʤʘʩʩʳ 0.92%. 2. 252.0ᴈ  306.1ᴈ  ʧʦʪʝʨʷ ʤʘʩʩʳ 

61.79%. 3. 306.1 ᴈ  463.3ᴈ  ʧʦʪʝʨʷ ʤʘʩʩʳ 24.76%. 

4. 463.3  697.4 ᴈ  ʧʦʪʝʨʷ ʤʘʩʩʳ 1.06%. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʥʘʠʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʜʠʠ 2. ʆʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʧʨʠ 697.4ᴈ ʩʦʩʪʘʚʣʷʝʪ 

11. 47%. ʉʦʛʣʘʩʥʦ ʢʨʠʚʦʡ ɼʊɻ, ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʟʦ-

ʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʧʨʠ 268.8 ᴈ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʝ-

ʩʪʨʫʢʮʠʠ 36.19%/ʤʠʥ. 

ʂʨʠʚʘʷ ɼʊɸ ʦʙʥʘʨʫʞʠʚʘʝʪ 2 ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʠʢʘ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 360ᴈ. ʅʘʯʘʣʦ 
328.5ᴈ, ʢʦʥʝʮ 363.5ᴈ, ʰʠʨʠʥʘ 101.6ᴈ, ʚʳʩʦʪʘ 
0.626ʤʢɺ/ʤʛ. ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʠʢ ʧʨʠ 551.5ᴈ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʘʯʘʣʦ 

ʧʠʢʘ 493.3ᴈ, ʢʦʥʝʮ 608.9ᴈ; ʰʠʨʠʥʘ 86ᴈ, ʚʳʩʦʪʘ 
4.160ʤʢɺ/ʤʛ. ʇʣʦʱʘʜʴ ╔900.9ʤʢɺʩ/ʤʛ. 

 
ʈʠʩ.6. ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ɼɼɼʕʕɸɹ 

 

ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʘ 

ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʝʥʪʦʚ 

ɼɼɼʄʕɸɹ ʠ ɼɼɼʕʕɸɹ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24 Áʉ 

(ʨʠʩ. 7) 

ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʦʠʭ ʨʝʘ-

ʛʝʥʪʦʚ ʟʥʘʯʝʥʠʷ ə ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʦʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʵʪʠʭ ʚʝʱʝʩʪʚ. 
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ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɼɼɼʄʕɸɹ (1) ʠ ɼɼɼʕʕɸɹ (2) 

 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʣʝʡ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʠʦʤʝʪʨʘʤ ʥʘ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ. ʈʝʟʫʣʴʪʘʪʳ ʟʥʘʯʝ-

ʥʠʡ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ (ů) ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ɼɼɼʄʕɸɹ ʠ ɼɼɼʕʕɸɹ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣ. 1 

ʊʘʙʣ.1. 

ɿʥʘʯʝʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ɼɼɼʄʕɸɹ ʠ ɼɼɼʕʕɸɹ ʧʨʠ 24ᴈ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʉ, % 0,001 0,005 0,0075 0,01 0,025 0,05 0,075 0,1 

ʄʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʤʅ/ʤ 

(ɼɼɼʄʕɸɹ) 
50.0 49.25 46.18 44.6 39.9 36.42 33.9 29.3 

ʄʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ, (ʤʅ/ʤ, 

(ɼɼɼʕʕɸɹ) 
55.24 48.24 47.4 39.8 29.3 26.4 24.9 24.7 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʢʘʢ ɼɼɼʄʕɸɹ, ʠ 

ʦʩʦʙʝʥʥʦ ɼɼɼʕʕɸɹ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʷ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ ʦʪ 72.0 ʜʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

29.7 ʠ 24.7 ʤʅ/ʤ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʬʪʝ-

ʩʦʙʠʨʘʶʱʘʷ ʠ ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʂʇɸɺ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʦ-

ʣʝʟʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤʳ, ʢʘʢ ʫʜʘʣʝʥʠʝ ʪʦʥʢʠʭ ʥʝʬʪʷʥʳʭ ʧʣʝʥʦʢ ʩ 

ʚʦʜʥʦʡ ʧʦʚʝʭʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʧʨʠʤʝʨʝ ʧʣʝʥʢʠ (ʪʦʣʱʠʥʦʡ 0.165ʤʤ) ʇʠʨʘʣʣʘʭʠʥ-

ʩʢʦʡ ʥʝʬʪʠ ʚ ʩʨʝʜʘʭ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ, ʧʨʝʩʥʦʡ ʠ 

ʤʦʨʩʢʦʡ ʚʦʜ. ɼɼɼʄʕɸɹ ʚʦ ʚʩʝʭ ʚʦʜʘʭ ʦʙʥʘʨʫʞʠ-

ʚʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʫʶ ʥʝʬʪʝʩʦʙʠʨʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

(ʪʘʙʣ.2) 

ʊʘʙʣ. 2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʬʪʝʩʦʙʠʨʘʶʱʠʭ ʩʚʦʡʩʪʚ ɼɼɼʄʕɸɹ (ʚ ʚʠʜʝ 5%-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ); 

ʥʝʬʪʴ ïʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʨʘʣʣʘʭʳ(ʦʢʦʣʦ ʛ. ɹʘʢʫ), 22ᴈ 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʇʨʝʩʥʘʷ ʚʦʜʘ ʄʦʨʩʢʘʷ ʚʦʜʘ 

Ű, ʯʘʩ. ʂ (ʂɼ) Ű, ʯʘʩ. ʂ (ʂɼ) Ű, ʯʘʩ. ʂ 

0-60.25 20.26 0-30.25 30.4 0-28.25 35.5 

62.25-134.25 24.3 49.0-62.0 40.5 46.0-60.0 40.25 

  72.0-110.0 35.5 78.0-110.0 35.25 

  115.0-134.0 24.3 115.0-134.0 24.3 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʨʝʘʛʝʥʪ ʚʦ ʚʩʝʭ ʚʦʜʘʭ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʳʡ ʥʝʬʪʝʩʦʙʠʨʘʶʱʝʡ ʵʬʬʝʢʪ 

(ʂʤʘʢʩ = 40.5). ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʘ- 6 ʩʫʪʦʢ. 

ɼɼɼʕʕɸɹ ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʫʶ ʥʝʬʪʝʩʦʙʠʨʘʶʱʫʶ 

ʠ ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʪʘʙʣ.3).  

ʊʘʙʣʠʮʘ 3. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʬʪʝʩʦʙʠʨʘʶʱʠʭ ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ɼɼʊʕɸɹ (ʚ ʚʠʜʝ 5%-ʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ); ʥʝʬʪʴ- ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʠʨʘʣʣʘʭʳ (ʦʢʦʣʦ ʛ.ɹʘʢʫ), 22ᴈ 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʇʨʝʩʥʘʷ ʚʦʜʘ ʄʦʨʩʢʘʷ ʚʦʜʘ 

Ű, ʯʘʩ. ʂ (ʂɼ) Ű, ʯʘʩ. ʂ (ʂɼ) Ű, ʯʘʩ. ʂɼ 

0 40.5 0-1.2 30.4 0-1.2 95.6% 

0.17 35.5 7.5-113.6 96.5% 2.2-113 95.5% 

0.5-1.17 30.5     

1.6-113.6 95.5%     
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ʂʘʢ ʚʠʜʦ ʠʟ ʪʘʙʣʠʮʳ, ɼɼɼʕʕɸɹ ʚ ʜʠʩʪʠʣʣʠ-

ʨʦʚʘʥʥʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʘʭ ʧʨʦʷʚʣʷʝʪ ʩʤʝʰʘʥʥʳʡ 

ʵʬʬʝʢʪ ʥʝʬʪʝʩʦʙʠʨʘʥʠʷ-ʥʝʬʪʝʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

(ʂʤʘʢʩ = 30.4-40.5, ʂɼ = 96.5%), ʘ ʤʦʨʩʢʦʡ ʚʦʜʝ ʨʝʘ-

ʛʝʥʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʳʡ ʥʝʬʪʝʜʠʩʧʝʨʛʨʠʨʫʶ-

ʱʝʡ ʵʬʬʝʢʪ (ʂɼ = 95 %). ɺʨʝʤʷ ʜʝʡʩʪʚʠʝ ʨʝʘʛʝʥʪʘ  

5 ʩʫʪʦʢ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʦʪʘʮʽʷ 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʯʽʪʢʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ ʟ n -

ʚʠʤʽʨʥʦʛʦ ʝʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ nE  ̔ ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʮʝʥʪʨʽʚ ʧʽʜʤʥʦʞʠʥ, ʷʢʘ ʻ ʟʘʜʘʯʝʶ ʥʝʩʢʽʥʯʝʥʥʦʩʚʠʤʽ-

ʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʙʫʣʝʚʠʤʠ ʟʤʽʥʥʠʤʠ. ɸʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʥʪʝʟʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ ʪʘ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ. ʅʝʯʽʪʢʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ 

ʤʥʦʞʠʥʠ ʥʘ ʾʾ ʥʝʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʟʘʜʘʯʽ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʧʽʜʤʥʦʞʠʥ. 

Abstract 

An algorithm for solving fuzzy continuous optimal partitioning of set problem from n-dimensional Euclidean 

space ɽn into a subset with centers of the subsetôs location, which can be defined as infinity-dimensional mathe-

matics programming problem with Boolean variables is developed. The algorithm is based on the synthesis of 

optimal partitioning of set theory and fuzzy set theory. The fuzzy optimal partitioning of clear set for its fuzzy 

subsets is formalized by including the membership functions of a fuzzy subsets to the target function of the prob-

lem. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ, ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ. 

Keywords: optimal partitioning of set, fuzzy set theory, membership function.  

 

ɺʩʪʫʧ 

ʄʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ ʽʟ n -ʚʠʤʽʨʥʦʛʦ ʝʚʢʣʽ-

ʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ nE , ʷʢʽ ʻ ʟʘʜʘʯʘʤʠ ʥʝʢʣʘʩʠʯʥʦʛʦ 

ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫ-

ʚʘʥʥʷ ʟ ʙʫʣʝʚʠʤʠ ʟʤʽʥʥʠʤʠ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʫ ʨʘʤ-

ʢʘʭ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ (ʆʈʄ), 

ʩʪʨʫʢʪʫʨʘ, ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʷʢʦʾ ʥʘ ʪʝʧʝʨʽ-

ʰʥʽʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʨʦʙʦʪʘʭ 

[1, 2].  

ʊʝʦʨʽʷ ʆʈʄ ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʭ ʷʢ ʧʨʘʢʪʠʯʥʠʭ, 

ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʜʘʯ. ʊʘʢ, ʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʜʘʯ 

ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ, ʷʢ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʘʜʘʯʽ ʛʣʦʙʘʣʴʥʦʾ ʦʧʪʠ-

ʤʽʟʘʮʽʾ, ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʬʦʨʤʫʣ, ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ ɼʠʨʠʭʣʝ-ɺʦʨʦ-

ʥʦʛʦ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ [2, 3]. ʑʦʜʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, 

ʪʦ ʩʝʨʝʜ ʥʠʭ - ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʬʝʨ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ, ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʽ ʪʨʘʥʩʧʦʨʪʽ ʟʘʜʘʯʽ, 

ʟʘʜʘʯʽ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʚʘ-

ʞʣʠʚʠʭ ʧʫʥʢʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ (ʧʫʥʢʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʰʢʽʣ, ʩʪʘʥʮʽʡ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʪʦʱʦ), ʟʘʜʘʯʽ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞ ʪʘ ʽʥ. [4-7]. 

ɺ ʪʝʦʨʽʾ ʥʝʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ ʆʈʄ ʜʦ ʪʝʧʝʨʽʰ-

ʥʴʦʛʦ ʯʘʩʫ ʩʬʦʨʤʫʚʘʚʩʷ ʨʷʜ ʥʘʧʨʷʤʽʚ, ʦʙʫʤʦʚʣʝʥʠʭ 

ʷʢ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ 

ʨʦʟʙʠʪʪʷ, ʪʘʢ ʽ ʨʽʟʥʠʤʠ ʩʬʝʨʘʤʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʴ. ʇʝ-

ʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ ʮʽʻʾ ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ 

ʚ ʫʤʦʚʘʭ ʚʠʟʥʘʯʝʥʦʩʪʽ. ʇʨʦʪʝ ʞ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ 

ʯʘʩʪʦ ʥʘʷʚʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: ʚ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʚ 

ʫʤʦʚʘʭ ʽ ʮʽʣʷʭ. ʊʦʤʫ ʧʨʠʨʦʜʥʠʤ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʦʜʝʣʝʡ ʨʦʟʙʠʪʪʷ ʚ ʫʤʦʚʘʭ ʚʠʟʥʘʯʝ-

ʥʦʩʪʽ ʥʘ ʚʠʧʘʜʦʢ ʤʦʜʝʣʝʡ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, 

ʘ ʩʘʤʝ, ʥʝʯʽʪʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ. ʇʦ-

ʩʪʘʥʦʚʢʘ ʥʝʯʽʪʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ 

ʤʥʦʞʠʥ ʪʘ ʜʝʷʢʽ ʧʽʜʭʦʜʠ ʜʦ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʙʫʣʠ ʟʘ-

ʧʦʯʘʪʢʦʚʘʥʽ ʫ ʨʦʙʦʪʽ [3] ʪʘ ʧʨʦʜʦʚʞʝʥʽ ʫ ʨʦʙʦʪʘʭ [8-

11]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʯʽʪʢʘ ʥʝʧʝʨʝ-

ʨʚʥʘ ʣʽʥʽʡʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʠʭ 

ʤʥʦʞʠʥ ʟ n -ʚʠʤʽʨʥʦʛʦ ʝʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ nE  

ʥʘ ʥʝʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʾʭ ʮʝʥʪʨʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 
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ʟʘʜʘʯʽ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʥʪʝʟʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥ [2, 3] ʪʘ ʪʝʦʨʽʾ ʥʝʯʽʪ-

ʢʠʭ ʤʥʦʞʠʥ [12, 13]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʇʝʨʝʜ ʤʘʪʝʤʘʪʠʯʥʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʥʝʯʽʪʢʦʾ 

ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ ʟ n -

ʚʠʤʽʨʥʦʛʦ ʝʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ nE  ʥʘ ʥʝʯʽʪʢʽ ʧʽʜ-

ʤʥʦʞʠʥʠ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʾʭ ʮʝʥʪʨʽʚ ʥʘʚʝʜʝʤʦ ʥʝ-

ʦʙʭʽʜʥʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʟʥʘʯʝʥʥʷ [3]. 

ʆʟʥʘʯʝʥʥʷ 1. ʏʽʪʢʠʤ ʨʦʟʙʠʪʪʷʤ ʯʽʪʢʦʾ ʤʥʦ-

ʞʠʥʠ nEWË , ʜʝ W- ʦʙʤʝʞʝʥʘ, ʚʠʤʽʨʥʘ ʟʘ ʃʝ-

ʙʝʛʦʤ, ʦʧʫʢʣʘ ʤʥʦʞʠʥʘ, ʥʘʟʚʝʤʦ ʩʠʩʪʝʤʫ ʡʦʛʦ ʯʽʪ-

ʢʠʭ ʧʽʜʤʥʦʞʠʥ 1, , NW W, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫ-

ʶʪʴʩʷ ʪʨʠ ʫʤʦʚʠ: 

 

 

1) , 1,...,i i NW ÌW " = ; 

2) 

1

N

i

i=

W =W; 

3) ( ) 0, ; , 1,...,i kmes i k i k NW ÆW = " ¸ = , ʜʝ ( )mesÖ ï ʤʽʨʘ ʃʝʙʝʛʘ. 

ʆʟʥʘʯʝʥʥʷ 2. ʅʝʯʽʪʢʠʤ ʨʦʟʙʠʪʪʷʤ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ nEWË , ʜʝ W - ʦʙʤʝʞʝʥʘ, ʚʠʤʽʨʥʘ ʟʘ ʃʝʙʝ-

ʛʦʤ, ʦʧʫʢʣʘ ʤʥʦʞʠʥʘ, ʥʘʟʚʝʤʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʠʭ ʧʽʜʤʥʦʞʠʥ (ɋ) { , 1,... }i i NWÁ = = , ʜʣʷ ʷʢʠʭ ʚʠʢʦ-

ʥʫʶʪʴʩʷ ʪʨʠ ʫʤʦʚʠ: 

1) , 1,...,i i NW WÌ " = , ʜʝ (ɋ )), ( ) 1, ɋɋ, ɛ (x x xWW m= = Í, ʪʦʙʪʦ ʮʝ ʯʽʪʢʘ ʤʥʦ-

ʞʠʥʘ W, ɦ ʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ; 

2) 

1

( ) ( ) 1, ɋ
i

N

i

x x xW Wm m
=

= = " Íä ; 

3) 1, , , , 1,...,C i kh C i k i k NW W< = Æ " ¸ = , ʜʝ sup( ( ))C C
x

h xm
ÍW

=  - ʚʠʩʦʪʘ ʥʝʯʽʪʢʦʾ 

ʤʥʦʞʠʥʠ C ; ( )C xm  ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ: : [0,1]Cm W . 

ɺ ʜʘʥʦʤʫ ʦʟʥʘʯʝʥʥʽ ʫʤʦʚʠ 1) ï 3) ʻ ʥʝʯʽʪʢʠʤ ʘʥʘʣʦʛʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʦʟʥʘʯʝʥʥʷ 1 ʯʽʪʢʦʛʦ ʨʦʟ-

ʙʠʪʪʷ ʤʥʦʞʠʥʠ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʫʤʦʚʘ 2) ʚ ʪʝʨʤʽʥʘʭ ʥʝʩʢʽʥʯʝʥʦʚʠʤʽʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʨʦʟʫ-

ʤʽʪʠʩʷ ʷʢ ʚʠʤʦʛʘ ʪʦʛʦ, ʱʦʙ ʚʩʽ ʧʦʪʨʝʙʠ ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʙʫʣʠ ʧʦʚʥʽʩʪʶ ʽ ʙʝʟ ʥʘʜʣʠʰʢʽʚ ʟʘʜʦʚʦʣʝʥʽ ʟʘ 

ʨʘʭʫʥʦʢ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʚʠʨʦʙʥʠʢʽʚ ʚ ʥʝʯʽʪʢʦʤʫ ʚʘʨʽʘʥʪʽ ʟʘʜʘʯʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ï ʚ 

ʯʽʪʢʦʤʫ ʚʘʨʽʘʥʪʽ.  

ɿʘʫʚʘʞʝʥʥʷ. ɺ ʦʟʥʘʯʝʥʥʷʭ 1 ʪʘ 2 ʩʠʤʚʦʣʦʤ çWè ʧʦʟʥʘʯʝʥʘ ʯʽʪʢʘ ʤʥʦʞʠʥʘ, ʩʠʤʚʦʣʦʤ çWè ʧʦʟʥʘ-
ʯʝʥʘ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ ʟ ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ ( )xWm . ʉʠʤʚʦʣʘʤʠ ç iWè ʧʦʟʥʘʯʝʥʽ ʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ, 

ʩʠʤʚʦʣʘʤʠ ç iWè ʧʦʟʥʘʯʝʥʽ ʥʝʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ ʟ ʬʫʥʢʮʽʷʤʠ ʥʘʣʝʞʥʦʩʪʽ ( )
i

xWm . ʅʘʜʘʣʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʟʘʧʠʩʫ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ( ) ( )
i ix xWm m¹ .  

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 
N

WÁ  ʢʣʘʩ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʥʝʯʽʪʢʠʭ ʨʦʟʙʠʪʪʽʚ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ W ʥʘ N ʥʝʯʽʪʢʠʭ ʧʽʜ-

ʤʥʦʞʠʥ: ɋ 1

1

{( ,..., ) : ( ) ( ) 1 ɋ}.
N

N

N k

i

x x xWW W m m
=

Á = = = " Íä  

ɺʚʝʜʝʤʦ ʥʘ ʤʥʦʞʠʥʽ ʤʦʞʣʠʚʠʭ ʥʝʯʽʪʢʠʭ ʨʦʟʙʠʪʪʽʚ 
N

WÁ  ʮʽʣʴʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ 
1(F R )N

W=Á   ʫ 

ʚʠʜʽ 

1

1

F({ , , }, ) ( ( , ) ) ( )

i

N

N i i

i

c x a x dx
W

W W t t r
=

= +äñ ,   (1) 

ʜʝ ʬʫʥʢʮʽʾ ( , )ic xt  - ʟʘʜʘʥʽ, ʜʽʡʩʥʽ, ʦʙʤʝʞʝʥʽ, ʚʠʟʥʘʯʝʥʽ ʥʘ ɋ ɋ³ , ʚʠʤʽʨʥʽ ʧʦ x  ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʬʽʢʩʦʚʘʥʦʛʦ 
(1) ( )( ,..., )n

i i it t t=  ʟ W ʜʣʷ ʚʩʽʭ 1,...i N= ; )(xr  - ʟʘʜʘʥʘ ʦʙʤʝʞʝʥʘ, ʚʠʤʽʨʥʘ ʥʘ W, 

ʥʝʚʽʜôʻʤʥʘ ʬʫʥʢʮʽʷ; 1,..., Na a  - ʟʘʜʘʥʽ ʥʝʚʽʜôʻʤʥʽ ʯʠʩʣʘ. 
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ʊʘʢʦʞ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ (1), ʧʦ-ʧʝʨʰʝ, , 1,...i i NW = , - ʥʝʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ ʤʥʦʞʠʥʠ ɋ ʽʟ ʟʘʜʘ-

ʥʠʤʠ ʘʙʦ ʪʘʢʠʤʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ, ʪʠʧʦʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ (ʮʝʥʪʨʽʚ) it, ʧʨʠʯʦʤʫ ʢʦʞʥʠʡ 

ʮʝʥʪʨ it ʥʘʣʝʞʠʪʴ W; ʧʦ-ʜʨʫʛʝ, ʤʽʨʘ ʤʥʦʞʠʥʠ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ , 1,...i i NW = , ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʜʦʨʽʚ-

ʥʶʻ ʥʫʣʶ. 

ʊʦʜʽ ʧʽʜ ʥʝʯʽʪʢʦʶ ʥʝʧʝʨʝʨʚʥʦʶ ʟʘʜʘʯʝʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ W ʟ n -ʚʠʤʽʨʥʦʛʦ 

ʝʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ nE  ʥʘ ʥʝʯʽʪʢʽ ʧʽʜʤʥʦʞʠʥʠ 1,..., NW W  ʽʟ ʨʦʟʤʽʱʝʥʥʷʤ ʮʝʥʪʨʽʚ ʮʠʭ ʧʽʜʤʥʦʞʠʥ 

ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʥʘʩʪʫʧʥʫ ʟʘʜʘʯʫ. 

ɿʘʜʘʯʘ ɸ. ɿʥʘʡʪʠ ʪʘʢʝ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ W ʥʘ N  ʥʝʯʽʪʢʠʭ ʧʽʜʤʥʦʞʠʥ 1,..., NW W  ʪʘ ʢʦʦʨ-

ʜʠʥʘʪʠ ʮʝʥʪʨʽʚ ʮʠʭ ʧʽʜʤʥʦʞʠʥ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ  

1 ɋ

ɋ, sup ( ) 1, , , 1,...,
i j

N

i

i x

x i j i j NW WW mÆ

= Í

= < ¸ = , 

ʪʘ ʚ ʜʝʷʢʦʤʫ ʩʝʥʩʽ çʤʽʥʽʤʽʟʫʶʪʴè ʮʽʣʴʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ (1). 

ʊʫʪ ʧʽʜ çʤʽʥʽʤʽʟʘʮʽʻʶè ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʚʠʙʽʨ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʚ ʜʝʷʢʦʤʫ ʨʦʟʫ-

ʤʽʥʥʽ ʥʘʡʢʨʘʱʝ ʥʝʯʽʪʢʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ. 

ʗʢ ʚʽʜʦʤʦ, ʢʦʞʥʘ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ iW  (ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ x  ʟ W) ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʻʶ ʬʫʥʢʮʽʻʶ 

ʥʘʣʝʞʥʦʩʪʽ ( )i xm , ʪʦʙʪʦ :ɋ [0,1]im  , ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ( ) 1i xm =  ʜʣʷ ɋxÍ  ʦʟʥʘʯʘʻ, ʱʦ ʝʣʝ-

ʤʝʥʪ x  ʟ W ʮʽʣʢʦʤ ʧʝʚʥʦ ʥʘʣʝʞʠʪʴ ʥʝʯʽʪʢʽʡ ʤʥʦʞʠʥʽ iW, ʱʦ ʩʧʽʚʧʘʜʘʻ ʽʟ ʟʥʘʯʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ 

ʬʫʥʢʮʽʾ 
iɋ
( ) 1xl+ =  ʜʣʷ ʪʦʯʦʢ ʷʜʨʘ ɋi

+
 ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ iW, ʘ ʟʥʘʯʝʥʥʷ ( ) 0i xm =  ʦʟʥʘʯʘʻ, ʱʦ ʝʣʝ-

ʤʝʥʪ x  ʮʽʣʢʦʤ ʧʝʚʥʦ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ iW, ʱʦ ʩʧʽʚʧʘʜʘʻ ʽʟ ʟʥʘʯʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ 

ʬʫʥʢʮʽʾ 
iɋ
( ) 0xl+ =  ʜʣʷ ʪʦʯʦʢ ʷʜʨʘ ɋi

+
 ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ iW. ʗʢʱʦ 0 ( ) 1i xm< <, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʝʣʝʤʝʥʪ x  ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ iW  ʽʟ ʩʪʫʧʝʥʝʤ ʥʘʣʝʞʥʦʩʪʽ ( )i xm .  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʘʪʠ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʝʯʽʪʢʝ ʨʦʟʙʠʪʪʷ 1{ , , }NW W  ʤʥʦʞʠʥʠ 

ɋ, ʪʨʝʙʘ ʟʥʘʡʪʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʝʡ ʚʠʜʫ: 

1( ) ( ( ), , ( )), ɋNx x x xm m m= Í . 

ʇʝʨʝʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ ɸ ʚ ʪʝʨʤʽʥʘʭ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ. 

ɿʘʜʘʯʘ B (ʥʝʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ɋ ʽʟ ʨʦʟʤʽʱʝʥʥʷʤ ʮʝʥʪʨʽʚ ʧʽʜʤʥʦʞʠʥ).  

ɿʥʘʡʪʠ ʧʘʨʫ * *( ( ), ) , ɋNx xm tÍG³W Í, ʪʘʢʫ ʱʦ: 

( ( ), )
1ɋ

( ( ), ) ( ( )) ( ) ( )d min
N

N
m

i i i
x

i

I x x c(x, )+a x x
m t

m t m t r
ÍG³W

=

= äñ   (2) 

ʜʝ  

1{ ( ) ( ( ), , ( ), , ( )): i Nx x x xm m m mG= =
1

( ) 1, 
N

i

i

x xm
=

= ÍWä , 

0 ( ) 1, , 1,..., },i x x i Nm¢ ¢ ÍW =
1( ,..., ) ... N

N

N

t t t= ÍW³ ³W=W. 

ʋ ʬʦʨʤʫʣʽ (2) m ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʚʘʛʦʶ [14]. ɼʘʣʽ ʚ ʨʦʙʦʪʽ ʧʨʠʡʤʘʻʤʦ 

2m= .  

ɺʽʜʤʽʪʠʤʦ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʠʪʠ ʧʦʷʚʫ ʧʦʨʦʞʥʽʭ ʧʽʜʤʥʦʞʠʥ ʫ ʰʫʢʘʥʦʤʫ ʥʝʯʽʪʢʦʤʫ ʨʦʟʙʠʪʪʽ, 

ʪʦ ʜʦ ʦʙʤʝʞʝʥʴ ʟʘʜʘʯʽ B ʩʣʽʜ ʜʦʜʘʪʠ ʫʤʦʚʫ: 

( ) 0, 1,...,i x dx i Nm
W

> =ñ . 

ɼʘʣʽ ʦʧʠʰʝʤʦ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ B . 

ʄʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ B  

ʇʝʨʝʧʠʰʝʤʦ ʟʘʜʘʯʫ (2) ʫ ʚʠʜʽ 
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2

* *

( ) 1( ( ), ) ɋ

( ( ), )= min ( ( ), )=min min ( ( )) ( ) ( )d
N N

N

i i i

x ix

I x I x c(x, )+a x x
mm t t

m t m t m t r
ÍG =ÍG³W ÍW

å õè ø
Ö æ öé ùæ ö

ê úç ÷
äñ , (3) 

1 1{ ( ) ( ( ), , ( ), , ( )): i Nx x x xm m m mG = =  

( )xm ÍG, 
1

( ) 1, ʤ.ʚ. (ʤʘʡʞʝ ʚʩʶʜʠ) ʜʣʷ }
N

i

i

x xm
=

= ÍWä , 

{ ( ):  0 ( ) 1 , 1,..., ,ix x x i Nm mG= ¢ ¢ " ÍW =  

ʜʝ 1( ,..., ) .N

Nt t t= ÍW 

ɺʚʝʜʝʤʦ ʬʫʥʢʮʽʦʥʘʣ ʃʘʛʨʘʥʞʘ ʜʣʷ ʟʘʜʘʯʽ B  ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

0 0

1

({ ( ), }, ( ))= ( ( ), )+ ( ) ( ) 1
N

i

i

h x I x x dxm t y m t y m
=W

å õ
Ö Ö -æ ö

ç ÷
äñ , 

( )mÖ ÍG, NtÍW , 
2

0( ) Lxy WÍ      (4) 

ʜʝ 0( )xy  - ʜʽʡʩʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ ɋ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʫ ʛʽʣʴʙʝʨʪʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 
2

ɋL .  

ʋʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ ʥʘ ʤʥʦʞʠʥʽ 
2

ɋ{ũ×ɋ } LN ³ , ʷʢʘ, ʦʯʝʚʠʜʥʦ, ʜʣʷ ʟʘʜʘʯʽ (2) ʽʩʥʫʻ, ʪʘ 

ʟʘʧʠʰʝʤʦ 

2 2
0 0

*

* * 0 0 0

( , ) ( , )( ) L ( ) L

({ ( ), }, ( ))= min max ({ ( ), }, ( ))= max min ({ ( ), } , ( ))
N N

h h h
mt mty y

m t y m t y m t y

W WÍG³W ÍG³WÖÍ ÖÍ

Ö Ö Ö Ö Ö Ö

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ  

2
0

*

* * 0 0

( , )( ) L

({ ( ), }, ( ))= max min ({ ( ), }, ( ))
N

h h
mty

m t y m t y

W ÍG³WÖÍ

Ö Ö Ö Ö. 

ʇʦʟʥʘʯʠʤʦ 
2

0 0 0 ɋ

( , )

( ( ))= min ({ ( ), }, ( )), ( ) L
N

G h
mt

y m t y y
ÍG³W

Ö Ö Ö Ö Í. 

ɺʽʜ ʟʘʜʘʯʽ ʚʽʜʰʫʢʘʥʥʷ 0

( , )

min ({ ( ), }, ( ))
N

h
mt

m t y
ÍG³W

Ö Ö ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ  

0

( )

min min ({ ( ), }, ( ))
N

h
mt

m t y
ÖÍGÍW

Ö Ö ʧʨʠ 2

0 ɋ( ) Ly Ö Í .   (5) 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʘʤʽʩʪʴ 0({ ( ), }, ( ))h m t yÖ Ö ʝʛʦ ʚʠʨʘʟ ʟ (4), ʧʨʦʚʦʜʠʤʦ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 
ʦʪʨʠʤʫʻʤʦ ʚʥʫʪʨʽʰʥʶ ʟʘʜʘʯʫ ʟ (5) ʫ ʚʠʜʽ: 

0 0 0

0 ( ) 1 0 ( ) 11
1,..., 1,...,

min ({ ( ), }, ( ))= ( ) min ( ( ) ( ( , ) ) ( ) ( )) .
i i

N

i i i

x xi
i N i N

h x dx x c x a x x dx
m m

m t y y y t m r
¢ ¢ ¢ ¢=W W
= =

Ö Ö - + + +äñ ñ  (6) 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʟʘʜʘʯʫ.  

ɿʘʜʘʯʘ C . 

2

0

( )

({ ( ), }, ( ))) minfix fix

x

h
m

m t y
ÍG

Ö Ö  , 

ʜʝ 2 1 1{ ( ) ( ( ), , ( ), , ( )): ( ) : , 1,..., }i N i nx x x x x E E i Nm m m m mG = =  = ; 

N

fixt ÍW  - ʬʽʢʩʦʚʘʥʝ; 
2

0 ( ) Lfixy WÖ Í  - ʬʽʢʩʦʚʘʥʝ. 

ɿʘʜʘʯʘ C  ʻ ʟʘʜʘʯʝʶ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʥʦʩʥʦ ( )xm . ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʣʷ 

ʟʘʜʘʯʽ C  ʩʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ ʪʝʦʨʝʤʽ [15]. 

ʊʝʦʨʝʤʘ 1. ʅʝʭʘʡ 
0

2( )xm ÍG - ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ C. ʊʦʜʽ 
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0( ( )) 0hgrad xmm ¹ .     (7) 

ʆʯʝʚʠʜʥʦ, ʷʢʱʦ ʟʘʜʘʯʘ C  ʤʘʻ ʨʦʟʚôʷʟʦʢ ʽ ʚʽʥ ʻʜʠʥʠʡ, ʪʦ ʫʤʦʚʘ (6) ʻ ʽ ʜʦʩʪʘʪʥʴʦʶ. ʌʫʥʢʮʽʦʥʘʣ 

0({ ( ), }, )fix fixh m t yÖ  ʦʧʫʢʣʠʡ ʚʽʜʥʦʩʥʦ 2( )xm ÍG, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʠ-

ʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ 
0

2( )xm ÍG. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ (5) ʚʠʪʽʢʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ 0( )xm  ʫ ʷʚʥʦʤʫ ʚʠʜʽ: 

0 0( )
( )

( )( ( , ) )
i

i i

x
x

x c x a

y
m

r t
=-

+
, 1,...,i N= , xÍW. 

ʋ ʷʢʦʩʪʽ * ( )i xm  ʧʨʠʡʤʘʻʤʦ 
0( )i xm , ʷʢʱʦ 

0( ) [0;1]i xm Í . ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
0( ) [0;1]i xm Î  ʧʦ-

ʚʝʨʥʝʤʦʩʷ ʜʦ ʟʘʜʘʯʽ (6).  

ʄʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ ʟʛʽʜʥʦ [15, 16]. 

ʊʝʦʨʝʤʘ 2. ʉʽʜʣʦʚʘ ʪʦʯʢʘ 
*

* * 0({ ( ), }, ( ))m t yÖ Ö ʬʫʥʢʮʽʦʥʘʣʘ (4) ʥʘ ʤʥʦʞʠʥʽ 2

ɋ{ũ×ɋ } LN ³  ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 1,...,i N=  ʪʘ ʤʘʡʞʝ ʚʩʽʭ ɋxÍ  ʫ ʚʠʜʽ: 

*

* 0

* *

* 0

0, ( ( , ) ) ( ) ( )) 0,
( )

1, ( ( , ) ) ( ) ( )) 0,

i i

i

i i

ʷʢʱʦ c x a x x
x

ʷʢʱʦ c x a x x

t r y
m

t r y

ë + + >î
=ì

+ + =îí
   (8) 

*

* 0{ ɋ:( ( , ) ) ( ) ( )) 0} 0i imes x c x a x xt r yÍ + + < =, 
*

0 *

1,...,

( ) min [( ( , ) ) ( )]i i

i N

x c x a xy t r
=

=- + ,   (9) 

ʚ ʷʢʦʩʪʽ *1 *,..., Nt t ʦʙʠʨʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ: 

1

1,...,

( ) min ( ( , ) ) ( ) min
N

i i

i N

G c x a x dx
t

t t r
=W ÍW

= + ñ .   (10) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʜʘʯʘ (10) ʻ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʦʶ ʟʘʜʘʯʝʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ t, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʚʥʫʪʨʽʰʥʷ 
ʟʘʜʘʯʘ ʟ (5) ʻ ʥʝʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʦʶ ʧʦ ( )mÖ. 

ʉʬʦʨʤʫʣʶʻʤʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ B. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ B  

ʅʘʚʝʜʝʤʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ B , ̫ ʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʘʭ (8)-(10) ʪʘ ʦʜʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ 

ʤʝʪʦʜʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʟ ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʫ ʚ ʥʘʧʨʷʤʢʫ ʨʽʟʥʠʮʽ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʘʥʪʽʛʨʘʜʽʻʥʪʽʚ (r-ʘʣʛʦʨʠʪʤ ʅ.ɿ. ʐʦʨʘ [17]). 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʽʚ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʟ ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʙʫ-

ʜʦʚʽ ʚ ʧʨʦʮʝʩʽ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʣʽʥʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʱʦ ʟʤʽʥʶʶʪʴ ʤʝʪʨʠʢʫ ʧʨʦʩʪʦʨʫ, ʽ ʚʠʙʦʨʽ ʥʘ-

ʧʨʷʤʢʫ ʩʧʫʩʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʘʥʪʽʛʨʘʜʽʝʥʪʫ ʚ ʧʨʦʩʪʦʨʽ ʟ ʥʦʚʦʶ ʤʝʪʨʠʢʦʶ.  

ɺ ʽʪʝʨʘʮʽʡʥʽʡ ʬʦʨʤʫʣʽ r-ʘʣʛʦʨʠʪʤʫ [17], ʷʢʘ ʤʘʻ ʚʠʜ 

1

[ 1] [ ] [ ]

1 1[ ] ( ), 0,1,2,...,k k T k

k k k Gh B B g kt tt t t+

+ += - =   (11) 

t
1+kB  ï ʦʧʝʨʘʪʦʨ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʪʚʦʨʝʥʠʡ ʧʨʦʩʪʽʨ ʚ ʦʩʥʦʚʥʠʡ ʧʨʦʩʪʽʨ nE  (ʧʨʠʯʦʤʫ IB =t0  ï 

ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ); kh  ï ʢʨʦʢʦʚʠʡ ʤʥʦʞʥʠʢ, ʚʠʙʽʨ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ 1G  ʟʘ 

ʥʘʧʨʷʤʢʦʤ 
1

[ ]

1 1 ( )k

k k GB B gt t+ + ; 
1

[ ]( )k

Gg t  ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʛʨʘʜʽʻʥʪ ʬʫʥʢʮʽʾ 1( )G t ʚ ʪʦʯʮʽ 
[ ]kt . 

ɿʘʩʪʦʩʫʻʤʦ ʪʫʪ r-ʘʣʛʦʨʠʪʤ ʫ H -ʬʦʨʤʽ [17] ( kH  ï ʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ, ʪʘʢʘ, ʱʦ 
T

k k kH B B= ), 

ʜʣʷ ʷʢʦʾ ʽʪʝʨʘʮʽʡʥʘ ʬʦʨʤʫʣʘ (11) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

1

1 1

[ ]

1[ 1] [ ]

[ ] [ ]

1

( )
, 0,1,2,...,

( ( ), ( ))

k

k Gk k

k k k

k G G

H g
h k

H g g

t
t t

t t

++

+

= - =  

ʜʝ 
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1 1

2 [ ] [ 1]

1 (1/ 1) ; ( ) ( )
( , )

T
k kk k k k

k k k k G G

k k k

H H
H H g g

H
a t t-+

D D
= + - D = -

D D
. 

ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʪʷʛʫ ʧʨʦʩʪʦʨʫ ka  ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 3. ɼʣʷ ʢʨʦʢʦʚʦʛʦ ʤʥʦʞʥʠʢʘ kh  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʘʜʘʧʪʠʚʥʠʡ ʩʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚ [17]. 

ɺʠʟʥʘʯʠʤʦ i -ʫ ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ 

() () () ()( )1

1 1 1 1
,..., ,...,i N

G G G Gg g g gt ttt t = t t t ʬʫʥʢʮʽʾ ()1G t ʚ ʪʦʯʮʽ 
(1) ( )

1( ,..., )n

Nt t t=  ʪʘʢʠʤ ʯʠ-

ʥʦʤ: 

1

ɋ

( ) ( ) ( , ) ( )di i

G c i ig x g x x xt tt r t m=ñ , 1,...,i N= ,    (12) 

ʜʝ ( , )i

cg xt t - i -ʘ ʢʦʤʧʦʥʝʥʪʘ N -ʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʬʫʥʢʮʽʾ ( , )ic xt  ʚ 

ʪʦʯʮʽ 1( ,..., ,..., )i Nt t t t= . ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ( , )ic xt  - ʝʚʢʣʽʜʦʚʘ ʤʝʪʨʠʢʘ (

( ) ( ) 2

1

( , ) ( )
n

k k

i i

i

c x xt t
=

= -ä ), ʚʠʨʘʟ (11) ʥʘʙʫʚʘʻ ʚʠʜʫ 

(1) (1)

(1) (1) 2

1

( ) ( )

( ) ( ) 2

1

( ) ( ) ( )

( )

( ) ( ) ( )

( )

( ) ...........................................

i i

n

i

i

i

n n
i i

n
n n

i

i

x x x

x

G

x x x

x

dx

g

dx

t r m

t

t

t r m

t

t

=

=

-

-W

-

-W

å õ
æ öä
æ ö
æ ö=
æ ö
æ ö
æ öä
ç ÷

ñ

ñ

. 

ɸʣʛʦʨʠʪʤ 

ʆʙʣʘʩʪʴ W ʫʢʣʘʜʘʻʤʦ ʚ n-ʚʠʤʽʨʥʠʡ ʧʘʨʘʣʝʣʝʧʽʧʝʜ P, ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʧʘʨʘʣʝʣʴʥʽ ʚʽʩʷʤ ʜʝʢʘʨʪʦʚʦʾ 
ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʚʘʞʘʻʤʦ ”ὼ π ʜʣʷ ὼɴ ˜͵ɱ. ʇʘʨʘʣʝʣʝʧʽʧʝʜ P ʧʦʢʨʠʚʘʻʤʦ ʧʨʷʤʦʢʫʪʥʦʶ ʩʽʪʢʦʶ 

ʽ ʟʘʜʘʻʤʦ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ 
[0]t t= . ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 

[0]

0 ( )xy  ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ ʟʘ ʬʦʨʤʫʣʦʶ 

(9) ʧʨʠ 
[0]t t= , ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 

[0]( )i xm , 1,...,i N= , ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (8) ʧʨʠ 

[0]t t= , ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ 
1

[0]( )Gg t  ʟʘ ʬʦʨʤʫʣʦʶ (12) ʧʨʠ 
[0]( ) ( )x xm m= , 

[0]t t=

. ʆʙʠʨʘʻʤʦ ʧʦʯʘʪʢʦʚʠʡ ʧʨʦʙʥʠʡ ʢʨʦʢ r-ʘʣʛʦʨʠʪʤʫ 0 0h >  ʪʘ ʦʙʯʠʩʣʶʻʤʦ 

1

1 1

[0]

1[1] [0]

0 [0] [0]

1

( )

( ( ), ( ))

G

G G

H g Ű
h

H g Ű g Ű
t tP

å õ
=R -æ ö
æ ö
ç ÷

, 

PR ï ʦʧʝʨʘʪʦʨ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ P. 

ʇʝʨʝʭʦʜʠʤʦ ʜʦ ʜʨʫʛʦʛʦ ʢʨʦʢʫ. 

ʅʝʭʘʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ ʧʽʩʣʷ ( 1,2,...)k k=  ʢʨʦʢʽʚ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʘʥʽ ʧʝʚʥʽ ʟʥʘʯʝʥʥʷ 
[ ]kt

, 
[ ]

0 ( )k xy ,
[ ] ( )k

i xm , 
1

[ ]( )k

Gg t , 1,...,i N= , ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ. 

ʆʧʠʰʝʤʦ [k+1]-ʡ ʢʨʦʢ. 

1. ʇʨʦʚʦʜʠʤʦ [k+1]-ʡ ʢʨʦʢ r-ʘʣʛʦʨʠʪʤʫ ʚ H -ʬʦʨʤʽ [17] ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦ t, ʽʪʝʨʘʮʽʡʥʘ ʬʦʨʤʫʣʘ 
ʷʢʦʛʦ ʤʘʻ ʚʠʜ 

1

1 1

[ ]

1[ 1] [ ]

[ ] [ ]

1

( )

( ( ), ( ))

k

Gk k

k k k

G G

H g Ű
h

H g Ű g Ű
t t+

P

å õ
=R -æ ö
æ ö
ç ÷

. 

2. ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 
[ 1]

0 ( )k xy +
ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ ʧʦ ʬʦʨʤʫʣʽ (9) ʧʨʠ 

[ 1]kt t+= . 

3. ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ 
[ 1]( )k

i xm+
, 1,...,i N= , ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ ʧʦ ʬʦʨʤʫʣʽ (8) ʧʨʠ 

[ 1]kt t+= . 

4. ʆʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ 
1

[ 1]( )k

Gg t+
 ʟʘ ʬʦʨʤʫʣʦʶ (12) ʧʨʠ 

[ 1]( ) ( )kx xm m+= , 
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[ 1]kt t+= . 

5. ʗʢʱʦ ʫʤʦʚʘ 

[ ] [ 1] , 0k kt t e e+- ¢ >,     (13) 

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ [k+2]-ʛʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ï ʜʦ ʧ. 6. 

 

6. ʇʨʠʡʤʘʻʤʦ 
[ ]

*

lt t= , 
* [ ]

0 0( )= ( )lx xy y , 

[ ]

* ( )= ( )l

i ix xm m , ʜʝ l ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ, ʥʘ ʷʢʽʡ ʚʠ-

ʢʦʥʘʣʘʩʴ ʫʤʦʚʘ (13).  

7. ʆʙʯʠʩʣʶʻʤʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ 1 *( )G t  ʧʦ ʬʦʨʤʫʣʽ (10) ʧʨʠ *t t=  

ʪʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʬʦʨ-

ʤʫʣʽ (3). 

ɸʣʛʦʨʠʪʤ ʦʧʠʩʘʥʠʡ.  

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʥʘ ʪʝʩʪʦʚʠʭ 

ʧʨʠʢʣʘʜʘʭ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘ-

ʥʠʡ ʜʦ ʯʘʩʪʠʥʥʦʛʦ ʚʠʧʘʜʢʫ ʥʝʯʽʪʢʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʘ-

ʣʴʥʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ ʤʥʦʞʠʥʠ ʥʘ ʾʾ ʥʝʯʽʪʢʽ ʧʽʜʤ-

ʥʦʞʠʥʠ ʧʨʠ ʟʘʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʮʝʥʪʨʽʚ ʧʽʜʤʥʦ-

ʞʠʥ. ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʡʦʛʦ ʨʦʙʦʪʫ ʥʘ ʪʝʩʪʦʚʠʭ 

ʟʘʜʘʯʘʭ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ ʦʜʠʥʠʯʥʦʛʦ ʢʚʘʜʨʘʪʫ ʟ 

2E  ʟ ʝʚʢʣʽʜʦʚʦʶ ʤʝʪʨʠʢʦʶ ʪʘ ʩʽʪʢʦʶ 250 ʥʘ 250. 

ʅʘ ʨʠʩʫʥʢʘʭ, ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ, ʧʦʟʥʘʯʝʥʦ: ç ̟̟ è̓͂ - 

ʮʝʥʪʨ ʧʽʜʤʥʦʞʠʥʠ, ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ ï ʥʝʯʽʪʢʘ ʛʨʘ-

ʥʠʮʷ ʧʽʜʤʥʦʞʠʥʠ. 

ɼʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʛʨʘʬʽʯʥʦʾ ʽʣʶʩʪʨʘʮʽʾ ʚʚʝʜʝʥʦ ʥʘʩʪʫʧʥʝ ʧʦʥʷʪʪʷ. 

ʉʪʫʧʽʥʴ ʥʝʜʦʚʽʨʠ ï ʮʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ ʜʝʷʢʦʾ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ, ʧʨʠ ʷʢʦʤʫ 

ʜʘʥʘ ʪʦʯʢʘ ʤʦʞʝ ʙʫʪʠ ʟ ʚʧʝʚʥʝʥʽʩʪʶ ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʜʘʥʦʾ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ (ʧʨʠ ʷʢʦʤʫ ʤʠ ʚʚʘʞʘʻʤʦ, 

ʱʦ ʜʘʥʘ ʪʦʯʢʘ ʥʘʣʝʞʠʪʴ ʜʦ ʜʘʥʦʾ ʤʥʦʞʠʥʠ). ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʤʦʞʥʘ ʪʘʢʦʞ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ̫ ʢ ʤʽʥʽʤʘʣʴ-

ʥʠʡ ʩʪʫʧʽʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʬʘʢʪʫ çʜʘʥʘ ʪʦʯʢʘ ʭ ʥʘ-

ʣʝʞʠʪʴ ʜʦ ʜʘʥʦʾ ʧʽʜʤʥʦʞʠʥʠè, ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʡʦʛʦ 

ʧʨʠʡʥʷʪʪʷ. ʉʪʫʧʽʥʴ ʥʝʜʦʚʽʨʠ ï ʮʝ ʥʘʰʽ ʚʠʤʦʛʠ 

ʱʦʜʦ ʯʽʪʢʦʩʪʽ ʨʦʟʙʠʪʪʷ. ʏʠʤ ʙʽʣʴʰʝ ʚʽʥ ʙʫʜʝ, ʪʠʤ 

ʙʽʣʴʰ ʥʝʯʽʪʢʠʤ ʙʫʜʝ ʨʦʟʙʠʪʪʷ, ʪʠʤ ʰʠʨʰʠʤʠ ʙʫ-

ʜʫʪʴ ʦʙʣʘʩʪʽ ʥʝʯʽʪʢʦʾ ʤʝʞʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʉʅ=0 ʜʘʻ 

ʥʘʤ ʯʽʪʢʝ ʨʦʟʙʠʪʪʷ, ʘ ʉʅ=1 ï ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʯʽʪʢʝ 

ʨʦʟʙʠʪʪʷ, ʧʨʠ ʷʢʦʤʫ ʜʦ ʧʝʚʥʦʾ ʧʽʜʤʥʦʞʠʥʠ ʙʫʜʫʪʴ 

ʚʽʜʥʝʩʝʥʽ ʣʠʰʝ ʾʾ ʮʝʥʪʨ ʪʘ ʪʦʯʢʠ ʷʜʨʘ, ʷʢʱʦ ʪʘʢʽ 

ʟôʷʚʣʷʪʴʩʷ.  

ʇʨʠʢʣʘʜ 1. ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ ʜʚʽ ʥʝʯʽʪʢʽ ʧʽ-

ʜʤʥʦʞʠʥʠ  

ʊʘʙʣʠʮʷ 1 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʨʦʟʙʠʪʪʷ ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ 

ˉ ʧʽʜʤʥʦʞʠʥʠ 
ʇʦʯʘʪʢʦʚʽ ʮʝʥʪʨʠ 

ia  
ʊʦʯʥʽʩʪʴ (1)x  

(2)x  

1 0,25 0,5 0 0,001 

2 0,75 0,5 0 

 

ɻʨʘʬʽʯʥʘ ʽʣʶʩʪʨʘʮʽʷ: 

   
ʘ) ʉʅ=0 ʙ) ʉʅ=0,55 ʚ) ʉʅ=0,65 

ʈʠʩʫʥʦʢ 1. ʅʝʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1 ʘ)-ʚ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʥʝʜʦʚʽʨʠ ʨʘʤʢʠ ʥʝʯʽʪʢʦʾ ʤʝʞʽ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʬʦ-

ʨʤʘ ʯʽʪʢʠʭ ʦʙʣʘʩʪʝʡ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʦʣʘ. ʎʝ ʤʦ-

ʞʥʘ ʧʦʷʩʥʠʪʠ, ʱʦ ʯʠʤ ʙʣʠʞʯʝ ʚʫʟʦʣ ʜʦ ʮʝʥʪʨʘ, ʪʠʤ 

ʟ ʙʽʣʴʰʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʜʘʥʦʾ ʧʽʜʤʥʦʞʠʥʠ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʪʠʤ ʤʝʪʦʜ, ʱʦ ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦ-

ʩʪʽ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʮʝʥʪʨʘ ʧʽʜʤʥʦ-

ʞʠʥʠ. ʄʥʦʞʠʥʘ ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʮʝʥʪʨʘ ʧʽʜʤ-

ʥʦʞʠʥʠ ʪʦʯʦʢ ï ʢʦʣʦ, ʱʦ ʤʠ ʽ ʙʘʯʠʤʦ ʥʘ ʛʨʘʬʽʯʥʽʡ 

ʽʣʶʩʪʨʘʮʽʾ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ. 

ʇʨʠʢʣʘʜ 2. ʈʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ʥʘ ʩʽʤ ʥʝʯʽʪʢʠʭ 

ʧʽʜʤʥʦʞʠʥ  
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ʊʘʙʣʠʮʷ 3 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʨʦʟʙʠʪʪʷ ʥʘ ʩʽʤ ʧʽʜʤʥʦʞʠʥʠ 

ˉ ʧʽʜʤʥʦʞʠʥʠ 
ʇʦʯʘʪʢʦʚʽ ʮʝʥʪʨʠ 

ia  
ʊʦʯʥʽʩʪʴ (1)x  

(2)x  

1 0,2 0,7 0 0,001 

2 0,5 0,8 0 

3 0,8 0,7 0 

4 0,8 0,3 0 

5 0,5 0,2 0 

6 0,2 0,3 0 

7 0,5 0,5 0 

ɻʨʘʬʽʯʥʘ ʽʣʶʩʪʨʘʮʽʷ: 

   
ʘ) ʉʅ=0 ʙ) ʉʅ=0,2 ʩ) ʉʅ=0,25 

ʈʠʩʫʥʦʢ 2. ʅʝʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ʥʘ ʩʽʤ ʧʽʜʤʥʦʞʠʥ 

 

ʈʦʟʙʠʪʪʷ ʥʘ ʩʽʤ ʧʽʜʤʥʦʞʠʥ ʟʥʦʚʫ ʞ ʪʘʢʠ ʧʦ-

ʚʪʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠ ʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ ʧʨʠ ʥʫʣʴʦʚʦʤʫ 

ʩʪʫʧʝʥʽ ʥʝʜʦʚʽʨʠ ʉʅ. ʆʩʢʽʣʴʢʠ ʚʩʽ ia  ʨʽʚʥʽ ʤʽʞ ʩʦ-

ʙʦʶ, ʪʦ ʛʨʘʥʠʮʷʤʠ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʧʽʜʤʥʦʞʠʥ ʩʣʫ-

ʛʫʶʪʴ ʧʨʷʤʽ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʩʪʫʧʝʥʽ ʥʝʜʦʚʽʨʠ ʉʅ 

ʦʙʣʘʩʪʽ ʧʽʜʤʥʦʞʠʥ ʧʦʯʠʥʘʶʪʴ çʦʢʨʫʛʣʷʪʠʩʴè, ʜʝ-

ʬʦʨʤʫʶʯʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʚʧʣʠʚʫ ʩʫʩʽʜʽʚ. 

ɺʠʩʥʦʚʢʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʪʝ-

ʩʪʦʚʠʭ ʟʘʜʘʯ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʤʽʞ ʟʘʜʘʯʘʤʠ ʯʽʪʢʦʛʦ ʪʘ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ ʯʽʪʢʦʾ 

ʤʥʦʞʠʥʠ: 

1. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʽʪʢʦʾ ʧʽʜʤʥʦʞʠʥʠ ʚʠʢʦ-
ʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ 

ʥʘʙʫʚʘʻ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ 0 ʘʙʦ 1. ɼʣʷ ʽʜʝʥʪʠʬʽ-

ʢʘʮʽʾ ʥʝʯʽʪʢʦʾ ʧʽʜʤʥʦʞʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥ-

ʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʻ ʥʝʧʝʨʝʨʚʥʠʤʠ ʽ ʧʨʠʡʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʟ ʚʽʜʨʽʟʢʫ [0;1]. 

2. ʎʣ̔ʴʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʷʢʠʡ ʙʫʜʫʻʪʴʩʷ ʚʽʜ-
ʥʦʩʥʦ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ, ʻ ʥʝʣʽʥʽʡʥʠʤ 

ʚʽʜʥʦʩʥʦ ʘʨʛʫʤʝʥʪʫ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʧʦʙʫ-

ʜʦʚʫ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʟʘʜʘʯʽ.  

3. ʅʝʯʽʪʢʘ ʟʘʜʘʯʘ ʤʘʻ ʜʦʜʘʪʢʦʚʫ ʧʽʜʟʘʜʘʯʫ 
ʚʽʜʥʝʩʝʥʥʷ (ʽʜʝʥʪʠʬʽʢʘʮʽʾ) ʪʦʯʦʢ ʤʥʦʞʠʥʠ ʚʽʜʥʦʩʥʦ 

ʧʽʜʤʥʦʞʠʥ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʝ ʥʝ-

ʯʽʪʢʝ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʚʠ-

ʜʽʣʷʻ ʦʙʣʘʩʪʽ ʧʽʜʤʥʦʞʠʥ (ʪʦʯʢʠ ʮʠʭ ʦʙʣʘʩʪʝʡ ʥʘʧʝ-

ʚʥʝ ʚʽʜʥʝʩʝʥʦ ʜʦ ʜʘʥʦʾ ʧʽʜʤʥʦʞʠʥʠ) ʽ ʦʙʣʘʩʪʴ ʥʝʯʽ-

ʪʢʦʾ ʤʝʞʽ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʭ ʤʝʪʘʣʣʦʚ. ʉʘʤ ʩʣʦʡ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʩʣʦʡ d(I) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʘʪʦʤʥʳʤ ʦʙʲʝʤʦʤ ʤʝʪʘʣʣʘ. ʉʣʦʡ d(II), ʨʘʚʥʳʡ ʧʨʠʤʝʨʥʦ 10 d(I), ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ h = d ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

Abstract 

The article first considers the surface layer of atomically smooth metals. The layer itself consists of two parts: 

the d(I) layer is a nanostructure, which is determined by one fundamental parameter - the atomic volume of the 

metal. The d(II) layer, equal to about 10 d(I), determines the size dependence of the physical properties of the 

material. At h = d, a structural phase transition occurs in the surface layer, which is associated with the processes 

of reconstruction and surface relaxation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʥʘʥʦʩʪʨʫʢʪʫʨʘ, ʥʠʪʨʠʜʳ. 

Keywords: surface layer, nanostructure, nitrides. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʠʭ ʪʫʛʦ-

ʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʫʣʴʪʨʘʪʦʥʢʫʶ ʧʣʝʥʢʫ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʦʩ-

ʥʦʚʥʳʤ ʦʙʲʝʤʦʤ ʤʘʪʝʨʠʘʣʘ [1]. ɽʝ ʪʦʣʱʠʥʫ ʤʦʞʥʦ 

ʠʟʤʝʨʠʪʴ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫ-

ʯʝʡ [2]. ʊʘʢ, ʜʣʷ ʯʠʩʪʦʛʦ ʟʦʣʦʪʘ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʨʘʚ-

ʥʦʡ 1,2 ʥʤ. ʆʜʥʘʢʦ, ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦ-

ʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠ ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 
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ʥʘʯʘʣʴʥʦʤ ʧʫʪʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʪʦʣʱʠʥʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʦʪʢʨʳʪʳʤ ʠ ʜʠʩ-

ʢʫʩʩʠʦʥʥʳʤ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ 

ɺ ʨʘʙʦʪʘʭ [3, 4] ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʨʘʟʤʝʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ A(r) 

ʠ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ 

(ʜʦ ʥʘʰʠʭ ʨʘʙʦʪ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ): 
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ʛʜʝ Tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ; ɡ = ʄ/ɟ ï 

ʘʪʦʤʥʳʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘ. 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʘ ʝʛʦ ʪʦʣʱʠʥʘ d(I) ʜʣʷ ʯʠ-

ʩʪʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ [4] 

 

ʉʣʦʡ ʪʦʣʱʠʥʦʡ h=d ʥʘʟʦʚʝʤ ʩʣʦʝʤ d(I), ʘ ʩʣʦʡ 

ʧʨʠ hå10 d ï ʩʣʦʝʤ d(II) ʘʪʦʤʘʨʥʦ-ʛʣʘʜʢʦʛʦ ʢʨʠ-

ʩʪʘʣʣʘ. ʇʨʠ hå10d ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʤʝʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʘʟʳʚʘʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ h=d ʚ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. 

ʆʥ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʨʷʤʦʡ ʵʬʬʝʢʪ ʍʦʣʣʘ-ʇʝʪʯʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʦʙʨʘʪʥʳʡ [5]. 

ʊʘʙʣʠʮʘ 1 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʯʠʩʪʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ 

ʄʝʪʘʣʣ ʊʦʣʱʠʥʘ ʩʣʦʷ d(I), ʥʤ ʊʦʣʱʠʥʘ ʩʣʦʷ d(II), ʥʤ 

Ti 1,80 18,0 

Zr 2,38 23,8 

Hf 2,29 22,9 

Nb 1,84 18,4 

Ta 1,85 18,5 

 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷ-

ʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ɻ ʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʳʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʆʜʥʘʢʦ ʚʦ-

ʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʦʣʱʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʢʘʟʘʣʠʩʴ 

ʥʝ ʠʟʫʯʝʥʥʳʤʠ. 

 

 

ʎʝʣʴ ʩʪʘʪʴʠ 

ʉʜʝʣʘʪʴ ʦʮʝʥʢʫ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʥʠʪʨʠʜʦʚ, ʩʠʣʠʮʠʜʦʚ ʠ ʦʢʩʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣ-

ʣʦʚ.  

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʅʠʪʨʠʜʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʢ ʫʧʨʦʯʥʷʶʱʠʝ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʠ ʜʨʫʛʠʝ 

ʧʦʢʨʳʪʠʷ. ʇʦ ʥʠʤ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʦʪʥʠ ʩʪʘʪʝʡ, ʜʠʩ-

ʩʝʨʪʘʮʠʡ ʠ ʤʦʥʦʛʨʘʬʠʡ [6, 7]. ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʘ 

ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʜʣʷ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ (ʪʘʙʣ. 1), 
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ʊʘʙʣʠʮʘ 2 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʠʪʨʠʜʥʳʭ ʧʦʢʨʳʪʠʡ 

ʅʠʪʨʠʜ ʊʦʣʱʠʥʘ ʩʣʦʷ d(I), ʥʤ ʊʦʣʱʠʥʘ ʩʣʦʷ d(II), ʥʤ 

TiN 1,95 19,5 

ZrN 2,51 25,1 

HfN 1,01 10,1 

NbN 2,15 21,5 

TaN 2,03 20,3 

 

ʉʠʣʠʮʠʜʳ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ 

ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ [8]. ʄʥʦʛʦʩʣʦʡʥʳʝ ʩʠʣʠʮʠʜʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʦʣʴʰʠʭ ʠ ʩʚʝʨʭʙʦʣʴ-

ʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ [9], ʚ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʦʚ 

ʐʦʪʪʢʠ [10]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʠʮʠʜʦʚ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝ-

ʥʝʥʠʶ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ [11]. ɺ ʪʘʙʣ. 3 ʠ 4 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʩʠʣʠʮʠʜʦʚ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʩʣʦʞʥʳʭ ʩʠʣʠʮʠʜʦʚ Ti5Si3 ʠ Nb5Si3 ʪʦʣʱʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ d(II) ʧʨʝʚʳʰʘʝʪ 100 ʥʤ, ʭʘ-

ʨʘʢʪʝʨʥʦʝ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɽʱʝ ʙʦʣʴʰʠʝ ʨʘʟʣʠ-

ʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʦʢʩʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

(ʪʘʙʣ. 5).  

ʊʘʙʣʠʮʘ 3 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʠʣʠʮʠʜʦʚ 

ʉʠʣʠʮʠʜ ʊʦʣʱʠʥʘ ʩʣʦʷ d(I), ʥʤ ʊʦʣʱʠʥʘ ʩʣʦʷ d(II), ʥʤ 

TiSi 3,1 31 

TiSi2 4,3 43 

Ti5Si3 12,8 128 

ZrSi 3,4 34 

ZrSi2 5,1 51 

HfSi2 5,0 50 

NbSi2 4,5 45 

NbSi4 4,4 44 

Nb3Si 6,9 69 

Nb5Si3 13,1 131 

TaSi2 4,4 44 

 

ʊʘʙʣʠʮʘ 4 

ʊʚʝʨʜʦʩʪʴ ʩʠʣʠʮʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

ʉʠʣʠʮʠʜ ů, ɼʞ/ʤ2 ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ɻʇʘ 

YSi 1,479 10,84 

TiSi 1,535 10,40 

ZrSi2 1,381 10,60 

V3Si 1,402 15,0 

V5Si3 1,906 14,0 

NbSi2 1,556 15,0 

TaSi2 1,741 14,0 

CrSi2 1,276 11,3 

MoSi2 1,605 12,0 

ReSi2 1,577 15,0 
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ʊʘʙʣʠʮʘ 5 

ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʢʩʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

ʆʢʩʠʜ d(I), ʥʤ d(II), ʥʤ 

FeO 12,6 126 

MnO 13,2 132 

MgO 11,2 112 

ʉʘʆ 16,5 165 

SiO2 24,0 240 

TiO2 20,8 208 

ZrO2 22,4 224 

ʉr2ʆ3 29,2 292 

V2O3 30,0 300 

ɸl2O3 25,5 255 

Nd2O3 60,8 608 

ʈr2O3 45,6 456 

Ce2O3 47,7 477 

CeO 22,7 227 

La2O3 41,3 413 

Sm2O3 41,7 417 

 

ɿʜʝʩʴ ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʝʚʳʰʘʝʪ 100 ʥʤ ʠ ʜʦʩʪʠʛʘʝʪ 

608 ʥʤ ʚ ʩʣʫʯʘʝ Nd2O3.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʪʦʤʘʨʥʦ 

ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʚ ʟʦʣʦʪʘ, ʧʦʣʫʯʝʥ-

ʥʦʝ ʚ ʛʝʦʤʝʪʨʠʠ ʩʢʦʣʴʟʷʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ 

[12, 13], ʨʘʚʥʦ 1,7 ʥʤ. ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʪʘʙʣʠʮʝʡ 1. 

ʂ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʷʪʩʷ ʦʙʲ-

ʝʢʪʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʤʝʥʝʝ 100 ʥʤ [14, 15]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʷʚ-

ʣʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʬʠʟʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ [16]. çʆʙʳʯʥʳʝè ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ 

ʩʚʷʟʘʥʥʳ ʩ ʚʢʣʘʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨ-

ʛʠʶ ɻʠʙʙʩʘ. ʀʭ ʥʘʟʳʚʘʶʪ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ I 

ʨʦʜʘ (ʧʦ ʑʝʨʙʘʢʦʚʫ ʃ.ʄ. [17]). ʊʘʢʠʝ ʨʘʟʤʝʨʥʳʝ 

ʵʬʬʝʢʪʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʣʶʙʳʭ ʩʠʩʪʝʤ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʨʘʩʩʝʷʥʠʝʤ ʢʚʘʟʠʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʬʦʥʦ-

ʥʦʚ ʠ ʧʨ.) ʥʘ ʛʨʘʥʠʮʘʭ ʩʠʩʪʝʤʳ.  

ʌʘʟʦʚʳʝ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ (ʨʘʟʤʝʨʥʳʝ ʵʬ-

ʬʝʢʪʳ II  ʨʦʜʘ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝʤ ʢʦʣʣʝʢʪʠʚʦʤ ʘʪʦ-

ʤʦʚ ʚ ʩʠʩʪʝʤʝ (ʢʦʣʣʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ). ʊʘʢʠʝ ʨʘʟ-

ʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʥʘʥʦʯʘʩʪʠ-

ʮʘʭ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ [18]. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

d(II) å 10d ʤʳ ʦʪʥʦʩʠʤ ʢ ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʘʤ I 

ʨʦʜʘ. ʌʘʟʦʚʳʝ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ (ʨʘʟʤʝʨʥʳʝ ʵʬ-

ʬʝʢʪʳ II  ʨʦʜʘ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ d(I). ʕʪʘ ʦʙ-

ʣʘʩʪʴ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ d(II). ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʧʨʠ h=d ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʩʨʝʜ-

ʥʝʛʦ ʧʦʣʷ ʃʘʥʜʘʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʧʦ-

ʨʷʜʢʘ [19]. 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ɽʩʣʠ ʟʘ ʦʩʥʦʚʫ ʙʨʘʪʴ ʨʘʟʤʝʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʩʚʦʡʩʪʚʘ (ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʵʣʝʢʪʨʦʥʘ, ʬʦʥʦʥʘ, ʤʘʛʥʦʥʘ ʠ ʪ.ʧ.), ʪʦ ʙʫʜʝʤ ʠʤʝʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ 

ʵʬʬʝʢʪʳ ʨʘʟʳʛʨʳʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʨʦʚ d(I) 

ʠʣʠ d(II), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ï ʘʪʦʤʥʳʤ ʦʙʲʝʤʦʤ ʚʝʱʝʩʪʚʘ ɡ (ʬʦʨʤʫʣʘ (3)), ʢʦ-

ʪʦʨʳʡ ʠʛʨʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʠ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʘ-

ʢʦʥʦʤ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʳʝ 

ʫʨʘʚʥʝʥʠʷ (3) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʚʘʞʥʝʡ-

ʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ů (ɼʞ/ʤ2) ʠ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

d(I) ʠ d(II ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʆʅ ʈʂ. ɻʨʘʥʪʳ ˉ0118ʈʂ000063 ʠ ˉʌ.0781. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʫʨʘ ʂ., ʃʠʬʰʠʮ ɺ.ɻ., ʉʘʨʘʥʠʥ ɸ.ɸ. ʠ ʜʨ. 
ɺʚʝʜʝʥʠʝ ʚ ʬʠʟʠʢʫ ʧʦʚʝʨʭʥʦʩʪʠ. ʄ.: ʅʘʫʢʘ, 2006. - 

490 ʩ. 

2. X-Ray Crystallography. / by Gregory S. 

Girolami /. University Science Books, 2015. - 500 p. 

3. ʖʨʦʚ ɺ.ʄ., ʃʘʫʨʠʥʘʩ ɺ.ʏ., ɻʫʯʝʥʢʦ ʉ.ɸ., ɿʘ-
ʚʘʮʢʘʷ ʆ.ʅ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ 

ʧʦʢʨʳʪʠʡ // ʋʧʨʦʯʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʢʨʳʪʠʷ, ˉ 

1, 2014. 

4. ʖʨʦʚ ɺ.ʄ., ɻʫʯʝʥʢʦ ʉ.ɸ., ʃʘʫʨʠʥʘʩ ɺ.ʏ. 
ʊʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ ʠ ʘʪʦʤʥʳʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘ // ʌʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. - -ʪ, ɺʳʧ. 

10, 2018. 

5. ʖʨʦʚ ɺ.ʄ., ʃʘʫʨʠʥʘʩ ɺ.ʏ., ɻʫʯʝʥʢʦ ʉ.ɸ. 
ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘ-

ʣʦʚ. ʊʚʝʨʴ: ʊʚʝʨ. ʛʦʩ. ʫʥ-ʪ, ɺʳʧ. 5, 2013. 

6. ɸʟʘʨʝʥʢʦʚ ʅ.ɸ., ʉʦʙʦʣʴ ʆ.ɺ., ʇʦʛʨʝʙʥʷʢ 
ɸ.ɼ., ɹʝʨʝʩʥʝʚ ɺ.ʄ. ʀʥʞʝʥʝʨʠʷ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥ-

ʥʳʭ ʧʦʢʨʳʪʠʡ. ʍʘʨʴʢʦʚ: ʀʟʜ-ʚʦ ʍʅʋ ʠʤ. ʂʘʨʘʤ-

ʟʠʥʘ, 2011. - 344 ʩ. 

7. ʌʠʣʠʧʧʦʚ ʄ.ɸ., ʂʦʩʠʮʳʥʘ ʀ.ʀ., ɻʝʨʚʘʩʴʝʚ 
ʄ.ɸ. ʋʧʨʦʯʥʝʥʠʝ ʠ ʟʘʱʠʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. 

- ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʆ ʈɸʅ, 2012. ï 234 ʩ. 

8. ɻʝʨʘʩʠʤʝʥʢʦ ʅ.ʅ., ʇʘʨʭʦʤʝʥʢʦ ʖ.ʅ. 

ʂʨʝʤʥʠʡ ï ʤʘʪʝʨʠʘʣ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ. ʄ.: ʊʝʭʥʦ-

ʩʬʝʨʘ, 2007. - 360 ʩ. 



Znanstvena misel journal ˉ40/2020 31 

9. ʄʴʶʨʘʨʢʘ ʐ. ʉʠʣʠʮʠʜʳ ʜʣʷ ʉɹʀʉ. - ʄ.: 

ʄʠʨ, 1986. - 200 ʩ. 

10. ʂʝʨʠʤʦʚ ʕ.ɸ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ʢʦʥʪʘʢʪʦʚ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ ʥʘ ʦʩʥʦʚʝ IrSi-Si 

// ɺʝʩʪʥʠʢ ʂʝʤɻʋ, ˉ 3 (55), 2013. 

11. Chen L.J. Metal Silicides: An Integral Part of 

Microelectronics // JOM, Vol. 57, No.9. 2011. 

12. ɸʥʜʨʝʝʚ ɸ.ɺ. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʦʧʪʠʢʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ // ʋʌʅ, ʊʦʤ. 145, ʚʳʧ. 1, 1985. 

13. Guo J. X-Rays in Nanoscience: Spectroscopy, 

Spectromicroscopy, and Scattering Techniques. Wiley-

Vch, Verlag, 2010. - 263 p. 

14. Gleiter H. Nanostructured materials: basic 

concepts and microstructure // Acta mater., V.48, 2000.  

15. ɻʫʩʝʚ ɸ.ʀ., ʈʝʤʧʝʣʴ ɸ.ɸ. ʅʘʥʦʢʨʠʩʪʘʣʣʠ-
ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʄ.: ʌʠʟʤʘʪʣʠʪ, 2001. - 224 ʩ. 

16. ɸʥʜʨʠʝʚʩʢʠʡ ʈ.ɸ., ɻʣʝʟʝʨ ɸ.ʄ. ʈʘʟʤʝʨʥʳʝ 
ʵʬʬʝʢʪʳ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. I. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ. ʌʘʟʦʚʳʝ 

ʨʘʚʥʦʚʝʩʠʷ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. // ʌʄʄ, ʊ. 88, 

ˉ 1, 1999. 

17. ʑʝʨʙʘʢʦʚ ʃ.ʄ. ʆ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 
ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ // ɼʦ-

ʢʣʘʜʳ ɸʅ ʉʉʉʈ, ʊ. 168, ˉ 2, 1966. 

18. ʋʚʘʨʦʚ ʅ.ʌ., ɹʦʣʜʳʨʝʚ ɺ.ɺ. ʈʘʟʤʝʨʥʳʝ ʵʬ-
ʬʝʢʪʳ ʚ ʭʠʤʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ // ʋʩʧʝʭʠ ʭʠ-

ʤʠʠ, ʊ. 70 (4), 2001. 

19. Maritan A., Langie G. and Indekeu J.O. Deri-

vation of Landau theories and lattice mean-field theo-

ries for surface and wetting phenomena from semiinfi-

nite ising models // Physica A, Vol. 170, 1991. 

 

ɸʅʊʀʌʈʀʂʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ ʇʆʂʈʓʊʀʁ ʅɸ 

ʊʋʈɹʀʅʅʓɽ ʃʆʇɸʊʂʀ 

 

ʖʨʦʚ ɺ.ʄ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɽ.ɸ.ɹʫʢʝʪʦʚʘ, ʜʦʮʝʥʪ 

ʐʝʣʴʧʷʢʦʚ ɹ.ʅ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɽ.ɸ.ɹʫʢʝʪʦʚʘ, ʜʦʮʝʥʪ 

ɻʫʯʝʥʢʦ ʉ.ɸ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɽ.ɸ.ɹʫʢʝʪʦʚʘ, ʜʦʢʪʦʨʘʥʪ PhD 

 

ANTIFRICTIONAL PROPERTIES OF HIGH -ENTROPY TURBINE SHOVEL COATINGS  

 

Yurov V. 

Karaganda State University named after E.A.Buketov, associate professor 

Shelpyakov B. 

Karaganda State University named after E.A.Buketov, associate professor 

Guchenko S. 

Karaganda State University named after E.A.Buketov, PhD student 

 

ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʤʠʰʝʥʠ CrNiTiZrCu ʜʣʷ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ. ɼʠʬʨʘʢʪʨʦʤʝʪʨʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟ ʧʷʪʠ ʚʳʩʦ-

ʢʦʵʥʪʨʦʧʠʡʥʳʭ ʧʦʢʨʳʪʠʡ CrNiTiZrCu ʪʨʠ ʠʤʝʶʪ ɻʂʎ-ʩʪʨʫʢʪʫʨʫ, TiCr2 ʜʘʝʪ ʬʘʟʫ ʃʘʚʝʩʘ ʠ NiTi  ʜʘʝʪ ʤʘʨ-

ʪʝʥʩʠʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ B19ǋ. ʆʯʝʥʴ ʭʦʨʦʰʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ ʠʟ ʤʠʰʝʥʠ 

CrNiTiZrCu ʩʚʷʟʘʥʳ ʩ ʥʠʢʝʣʠʜʘʤʠ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ. ʇʨʠʢʣʘʜʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʘʤʷʪʴʶ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʦʟʜʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʚʝʨʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʟʘ 

ʩʯʝʪ ʪʝʧʣʘ. ʊʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʳʪʴ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʨʘʱʘʶ-

ʱʠʭ ʚʘʣʘʭ. ʉʧʣʘʚ ʩ ʧʘʤʷʪʴʶ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠ 

ʤʦʞʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʪʠʤʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʠ ʪʨʝ-

ʥʠʷ ʚ ʪʫʨʙʠʥʥʳʭ ʣʦʧʘʪʢʘʭ. 

Abstract 

High-entropy CrNiTiZrCu targets for magnetron coating of turbine blades were synthesized by mechanical 

alloying. Diffractometry showed that of the five highly entropic CrNiTiZrCu coatings, three have an MCC struc-

ture, TiCr2 gives the Laves phase, and NiTi gives martensite with the B19ǋ structure. Very good anti-friction char-

acteristics of coatings from the CrNiTiZrCu target are associated with titanium and zirconium nickelides. The 

applied use of materials with memory is as follows: active devices are created that perform mechanical work due 

to heat. Such devices may include turbine blades that are located on rotating shafts. The memory alloy in such 

devices experiences various thermomechanical loads and can be restored due to the reversible martensitic trans-

formation. This results in reduced friction in the turbine blades. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ, ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʧʦʢʨʳʪʠʷ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʘʨʪʝʥʩʠʪ, 

ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ. 

Keywords: turbine blades, highly entropic coatings, phase composition, martensite, titanium nickelide 

 

  



32 Znanstvena misel journal ˉ40/2020 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ɺʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ (ɺʕʉʳ) ʚʳʜʝ-

ʣʝʥʳ ʚ ʦʩʦʙʫʶ ʛʨʫʧʧʫ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦ- 

ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʭ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʠʦʥʥʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʘʪʦʤʦʚ, ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʣʘʚʘʭ [1- 3]. 

ʅʘʯʘʣʦ XXI ʚʝʢʘ ʘʢʪʫʘʣʴʥʦ ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʟʣʦʚ 

ʪʨʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ (ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ, ʘʪʦʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ, 

ʩʢʦʨʦʩʪʥʦʡ ʪʨʘʥʩʧʦʨʪ, ʪʝʭʥʠʢʘ ʜʣʷ ʦʩʚʦʝʥʠʷ ʆʢʝ-

ʘʥʘ, ʛʣʫʙʦʢʠʭ ʥʝʜʨ ɿʝʤʣʠ ʠ ʜʨ.) [4, 5]. ɸʢʪʫʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʙʱʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝ-

ʩʫʨʩʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ, ʦʢʨʫʞʘʶʱʠʭ ʩʨʝʜ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ (ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʜʨ.) [6]. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʵʥʪʨʦ-

ʧʠʡʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ 

ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʧʦ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʤ ʩʧʣʘʚʘʤ (ɺʕʉ) ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʚ ʜʠʩʩʝʨʪʘʮʠʷʭ [7-9], ʘ ʪʘʢʞʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ 

[10-14]. ɺʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʧʦʢʨʳʪʠʷ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ, ʯʪʦ ʩʦ ʚʩʝʡ ʦʯʝʚʠʜʥʦ-

ʩʪʴʶ ʧʨʠʚʦʜʷʪ ʢ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʉʠʥʪʝ-

ʟʠʨʦʚʘʥʥʘʷ ʥʘʤʠ ʩʠʩʪʝʤʘ CrNiTiZrCu ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɺʦʟʤʦʞʥʦ, ʥʘʤʠ ʥʘʡʜʝʥ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ çʨʝʛʫʣʠʨʫʝʪè 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʧʦ ʪʦʣ-

ʱʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ 

ʇʦʜʥʷʪʳʝ ʚʦʧʨʦʩ rʚ ʨʘʙʦʪʘʭ [7-14] ʢʘʩʘʣʠʩʴ 

ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʣʠ ʨʝʘʣʴʥʳʭ ʦʙ-

ʨʘʟʮʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ʎʝʣʴ ʩʪʘʪʴʠ 

ʅʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɺʕʉʘʭ ʥʘ ʪʫʨʙʠʥʥʳʭ ʣʦ-

ʧʘʪʢʘʭ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʨʘʱʘʶʱʠʭ ʚʘʣʘʭ, 

ʚʳʷʩʥʠʪʴ ʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩ ʯʝʤ ʵʪʠ 

ʩʚʦʡʩʪʚʘ ʩʚʷʟʘʥʳ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʠʰʝʥʠ CrNiTiZrCu . ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʠʰʝʥʠ CrNiTiZrCu ʙʨʘʣʠʩʴ ʤʠʢʨʦ-

ʧʦʨʦʰʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʤʝʰʠʚʘ-

ʣʠʩʴ ʚ ʵʢʚʠʘʪʦʤʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ɿʘʪʝʤ ʧʨʠʛʦʪʦʚ-

ʣʝʥʥʘʷ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʧʦʤʝʱʘʣʘʩʴ ʚ ʤʝʣʶʱʠʡ 

ʩʪʘʢʘʥ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʡ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʠ ʜʦʙʘʚʣʷʣʠʩʴ ʤʝʣʶ-

ʱʠʝ ʪʝʣʘ (ʰʘʨʳ ʜʠʘʤʝʪʨʦʤ 5-10 ʤʤ) ʪʘʢʞʝ ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʝ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʙʳʣʘ 

ʨʘʚʥʘ 10-ʪʠ ʤʘʩʩʘʤ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ. ʇʦʩʣʝ ʩʪʘʢʘʥ 

ʥʘʧʦʣʥʷʣʠ ʙʝʥʟʠʥʦʤ çɻʘʣʦʰʘè, ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ 

ʢʨʳʰʢʫ ʠ ʚʢʣʶʯʘʣʠ ʧʣʘʥʝʪʘʨʥʫʶ ʰʘʨʦʚʫʶ ʤʝʣʴ-

ʥʠʮʫ (ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 500 ʦʙ/ʤʠʥ., 

ʚʨʝʤʷ ʨʘʙʦʪʳ 5 ʯ.).  

ʇʦʣʫʯʝʥʥʳʡ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʟʘ-

ʪʝʤ ʩʫʰʠʣʩʷ ʚ ʚʘʢʫʫʤʝ ʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʩʩʬʦʨʤʳ 

ʧʨʝʩʦʚʘʣʩʷ ʚ ʧʣʦʩʢʠʡ ʜʠʩʢ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʠ ʪʦʣ-

ʱʠʥʦʡ ʚ 5 ʤʤ. ɼʘʣʝʝ ʜʠʩʢ ʧʦʤʝʱʘʣʩʷ ʚ ʚʘʢʫʫʤʥʫʶ 

ʪʝʨʤʦʧʝʯʴ ʠ ʩʧʝʢʘʣʩʷ ʚ ʥʝʡ ʚ ʪʝʯʝʥʠʠ 3-ʭ ʯʘʩʦʚ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʤʠʰʝʥʴ CrNiTiZrCu 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ʅʅɺ 6 (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 ʄʠʰʝʥʴ CrNiTiZrCu ʜʣʷ ʤʘʛʥʝʪʨʦʥʘ 

 

ʅʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʳʝ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 

20ʍ13. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʜʘʚʣʝ-

ʥʠʷ 0,003 ʇʘ ʟʘʪʝʤ ʚʢʣʶʯʘʣʩʷ ʇʀʅʂ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʥʘʧʫʩʢ Ar ʜʦ ʜʘʚʣʝʥʠʷ 1 ʇʘ ʥʘ ʧʦʜʣʦʞʢʫ ʧʦʜʘʚʘʣʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʝʥʠʷ 1000 ɺ ʠ ʚ ʪʝ-

ʯʝʥʠʠ 10 ʤʠʥ. ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʯʠʩʪʢʘ ʠ ʥʘʛʨʝʚ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ. ʇʦʩʣʝ ʜʘʚʣʝʥʠʝ ʘʨʛʦʥʘ ʧʦʥʠ-

ʞʘʣʠ ʜʦ 0,1 ʇʘ ʠ ʚʢʣʶʯʘʣʩʷ ʤʘʛʥʝʪʨʦʥ. ʉʤʝʱʝʥʠʝ 

ʥʘ ʣʦʧʘʪʢʘʭ ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ 150 ɺ ʪʦʢ ʤʘʛʥʝʪʨʦʥʘ 

ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ 3 ɸ. ʃʦʧʘʪʢʠ ʨʘʩʧʦʣʘ-

ʛʘʣʘʩʴ ʚ ʢʘʤʝʨʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʩʤ., ʚʨʝʤʷ ʥʘʧʳ-

ʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 1 ʯʘʩ. ʊʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʩ ʥʘʧʳ-

ʣʝʥʠʝʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 2 ʊʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʩ ʥʘʧʳʣʝʥʠʝʤ CrNiTiZrCu 

 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦ-

ʩʢʦʧʝ MIRA 3 ʬʠʨʤʳ TESCAN. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʨʘ-

ʙʦʯʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 15 ʤʤ. ʈʠʩʫʥʦʢ 3 ʧʦʢʘʟʳ-

ʚʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ CrNiTiZrCu, ʘʪ. % ʚ ʵʢʚʠʘ-

ʪʦʤʥʳʭ ʧʨʦʧʦʨʮʠʷʭ (ʪʘʙʣ. 1) ʚ ʘʨʛʦʥʝ ʠ ʘʟʦʪʝ. ʀʩ-

ʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ Cu, ʥʦ ʦʥ ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ 

> 5 ʘʪ. %, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ 

ʩʧʣʘʚʦʚ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 3 ʈʌʕʉ CrNiTiZrCu ʚ ʘʨʛʦʥʝ (ʘ) ʠ ʚ ʘʟʦʪʝ (ʙ) 

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ CrNiTiZrCu, ʘʪ. % 

ʕʣʝʤʝʥʪ Cr Ni Ti Zr Cu 

ʅʦʤʠʥʘʣʴʥʳʡ 20 20 20 20 20 

ʚ ʘʨʛʦʥʝ 23,2 21,2 19,9 17,1 6,8 

ɼʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘ-

ʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ XRD-6000 ʥʘ CuKŬ-

ʠʟʣʫʯʝʥʠʠ. ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʝʜʝʥ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ PDF 4+, ʘ ʪʘʢʞʝ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ POWDER 

CELL 2.4. ɺ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʜʘʥ-

ʥr ʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʣʦʧʘʪʢʘʤ.  

 
ʈʠʩʫʥʦʢ 4 ʋʯʘʩʪʦʢ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ CrNiTiZrCu  
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ʊʘʙʣʠʮʘ 2 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ 

ʆʙʨʘʟʝʮ ʆʙʥʘʨʫʞʝʥʥʳʝ ʬʘʟʳ ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ, ʘʪ.% ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, Ȕ 

CrNiTiZrCu Cu1,5ZrNi3,5 10,0 ʘ = 6,7671 

Cu 7,8 ʘ = 3,6178 

Zr0,02Ni0,98 19,8 ʘ = 3,5406 

TiCr2 29,5 
ʘ = 4,9076 

ʩ = 15,9700 

NiTi  33,0 

ʘ = 2,8007 

b = 4,6192 

ʩ = 4,1824 

ɺʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʬʘʟ ZrNi, Cu3Ti2 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ. ʀʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʪʨʠʙʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʫʨʦʚʥʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʦ 

ʧʨʠʥʮʠʧʫ ʤʦʜʫʣʴʥʦʩʪʠ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩʫʥʦʢ 5 ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ. 

1 ï ʠʟʚʝʩʪʥʳʡ ʧʨʠʞʠʤʥʦʡ ʚʝʩ, 2 ï ʦʙʨʘʟʝʮ, 3 ï ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ,  

4 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʦʣ, 5 ï ʜʘʪʯʠʢ ʩʠʣʳ, 6 ï ʙʣʦʢ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʚʦʜ 

 

ɹʣʦʢ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩʫʥʦʢ 6 ɹʣʦʢ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʙʣʦʢ-ʩʭʝʤʳ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: ʙʣʦʢʘ ʧʠʪʘʥʠʷ, ʜʘʪ-

ʯʠʢʘ ʫʩʠʣʠʷ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʜʚʠʛʘʪʝʣʷ ʠ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤ, ʜʘʪʯʠʢʘ ʪʦʢʘ 

ʜʚʠʛʘʪʝʣʷ, ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʦʩʥʦʚʥʦʛʦ 

ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʠʥʪʝʨʬʝʡʩʘ ʩʚʷʟʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʤʘ-

ʪʝʨʠʘʣʘ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʝʛʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ-

ʣʦʞʢʠ ʠʟ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʟʚʝʩʪʥʳʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʪʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʠʣʳ ʪʨʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝ-

ʥʠʶ ʚʝʨʭʥʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʠʭ ʦʙ-

ʨʘʙʦʪʢʠ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʥʠʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ. 

ɼʘʥʥʳʡ ʵʪʘʧ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʦʙ-

ʨʘʟʮʘ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʮʘ ʩʪʘʙʠʣʠʟʠ-

ʨʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝ-

ʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʛʦ 

ʵʪʘʧʘ ʠʟʤʝʨʝʥʠʡ ʫʩʨʝʜʥʷʶʪʩʷ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʦ ʢʦʤʘʥʜʝ ʦʧʝʨʘʪʦʨʘ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʩʠʣʳ ʪʨʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝ-

ʨʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ, ʜʣʷ ʵʪʦʛʦ ʯʝʨʝʟ ʜʚʠʛʘʪʝʣʴ 

ʧʨʦʧʫʩʢʘʝʪʩʷ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʪʦʢ. ʇʨʠ ʵʪʦʤ 

ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ. 

ʂʦʛʜʘ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʥʘʯʘʣʦ ʜʚʠʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘʯʠʥʘʝʪʩʷ 

ʚʪʦʨʦʡ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʪʦʢ ʯʝʨʝʟ ʜʚʠ-

ʛʘʪʝʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦ-

ʩʪʠʛʥʫʪʘ ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʟʘʧʫʩʢʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘ-

ʩʪʦʪʳ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʠ-

ʟʘʮʠʷ ʬʘʟʳ ʩʠʛʥʘʣʘ ʬʦʪʦʜʘʪʯʠʢʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙ-

ʨʘʟʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʯʘʩʪʦʪʳ 

ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʩʪʘʥʦʚʷʪʩʷ ʪʦʯʥʦ ʨʘʚʥʳʤʠ. ʕʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʪʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʠʩʢʣʶʯʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʢʦʨʝʥʠʝʤ ʠʣʠ ʥʘʣʠʯʠʝʤ ʚʷʟʢʦʛʦ ʪʨʝ-

ʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʳʚʦʜʷʪʩʷ ʚ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ. ɺʳʚʦʜʠʪʩʷ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʩʠʣʘ ʪʨʝʥʠʷ 

ʧʦʢʦʷ. ɺʥʝʰʥʠʡ ʚʠʜ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 7. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʢʦʤʘʥʜʳ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʦʙ-

ʨʘʟʮʘ, ʤʝʜʣʝʥʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʨʘʟʮʘ, 

ʠʟʤʝʨʝʥʠʝ ʪʝʢʫʱʝʡ ʩʠʣʳ ʥʘ ʜʘʪʯʠʢʝ ʩʠʣʳ, ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʩ ʚʳʚʦʜʦʤ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʫʩʨʝʜʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 7 ɺʥʝʰʥʠʡ ʚʠʜ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʧʣʘʩʪʠʥʢʘʤʠ ʠʟ ʣʶʙʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʪʫʨ-

ʙʠʥʥʳʭ ʣʦʧʘʪʦʢ. ʇʦʢʘʞʝʤ ʵʪʦ ʥʘ ʧʦʢʨʳʪʠʠ ʪʫʨ-

ʙʠʥʥʳʭ ʣʦʧʘʪʢʘʭ CrNiTiZrCu (ʪʘʙʣ. 3).. 

ʊʘʙʣʠʮʘ 3 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦ ʩʪʘʣʠ, ʧʦ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʶ 

ʧʦʢʨʳʪʠʝ ʧʦ ʩʪʘʣʠ 20ʍ13 ʧʦ ʤʝʜʠ ʧʦ ʘʣʶʤʠʥʠʶ 

CrNiTiZrCu 0,038 0,041 0,066 

 

ɺ ʨʘʙʦʪʝ [15] ʚ ʨʘʤʢʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʥʘʤʠ ʧʦ-

ʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

,
0

N
G

A
ʊʉkʪʨ Ö
D
ÖÖ=   (1) 

ʛʜʝ ɸ ï ʨʘʙʦʪʘ (ʵʥʝʨʛʠʷ) ʨʘʟʨʫʰʝʥʠʷ, ʊ ï ʪʝʤ-

ʧʝʨʘʪʫʨʘ, æG0 ï ɻ ʥʝʨʛʠʷ ɻʠʙʙʩʘ, N  - ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʨʘʟʨʫʰʝʥʠʷ (ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʝ ʯʠʩʣʫ ʜʝʬʝʢʪʦʚ), ʉ ï ʧʦʩʪʦʷʥʥʘʷ.  

ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

,0 PVTSHG +-=   (2) 

ʛʜʝ ʅ ï ʵʥʪʘʣʴʧʠʷ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; S ï ʵʥʪʨʦ-

ʧʠʷ; V ï ʦʙʲʝʤ. 

ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʨʘʚʥʦ: 

.0 PVVPSTHG D+D+D-D=D   (3) 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘ-

ʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥ æʅ ʠ ʊæS [16]. 
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ʆʙʱʘʷ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʯʝʪʳ-

ʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ, Sʢʦʥʬ, ʢʦʣʝ-

ʙʘʪʝʣʴʥʘʷ, Sv, ʤʘʛʥʠʪʥʘʷ, Sm, ʵʣʝʢʪʨʦʥʥʘʷ, Se [8].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ:  

.emʢʦʥʬʩʤʝʰ SSSSS D+D+D+D=D n  (4) 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʨʘʙʦʪʳ [1], ʜʣʷ ʩʣʫʯʘʷ ʤʥʦ-

ʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ 5 ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ 

ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʪʨʝʤʷ ʜʨʫʛʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʦ ʩʥʠʞʘʪʴ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨ-

ʛʠʶ ʠʟ-ʟʘ ʨʦʩʪʘ ʚʢʣʘʜʘ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ. 

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʨʘʙʦʪʝ [8]:  

- ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ: 

,ln iiʩʤʝʰ ccRS ä-=D   (5) 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ci ï 

ʩʦʜʝʨʞʘʥʠʝ (ʘʪ. %) i-ʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʣʘʚʝ;  

ï ʵʥʪʘʣʴʧʠʷ ʩʤʝʰʝʥʠʷ:  

,cc4H
jiijñìåø äW=D  (6) 

ɿʘʚʠʩʠʤʦʩʪʴ (5) ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʦʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ N : k~N . ʊʘʢʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʥʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʥʦ ʤʦʞʥʦ ʧʦʩʪʫ-

ʧʠʪʴ ʧʦ ʠʥʦʤʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ [17], ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʘʚʢʘ ʚ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʡ 

ʩʧʣʘʚ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʢʘʢʦʛʦ-ʣʠʙʦ ʙʘʟʦʚʦʛʦ 

ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʴ 

(ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʪʘʙʣ. 4 CrNiTiZrCu 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʠʟʚʝʩʪʥʳʤʠ ɺʕʉʘʤʠ ʠ ʩʣʦʠʩʪʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʨʘʙʦʪʳ [18]. ʀʟ ʪʘʙʣ. 4 ʩʣʝʜʫʝʪ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʨʳʪʠʷ CrNiTiZrCu ʩʨʘʚ-

ʥʠʤʳ ʩ ʪʨʝʥʠʝʤ ʩʣʦʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʳʩʦʢʦʵʥ-

ʪʨʦʧʠʡʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ 

CrNiTiZrCu ʦʢʘʟʳʚʘʶʪʩʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ, ʯʪʦ 

ʩʦ ʚʩʝʡ ʦʯʝʚʠʜʥʦʩʪʴʶ ʧʨʠʚʦʜʷʪ ʢ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦ-

ʨʝʩʫʨʩʦʚ. 

ʊʘʙʣʠʮʘ 4 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʶ 

ʇʦʢʨʳʪʠʝ ʧʦ ʤʝʜʠ ʧʦ ʘʣʶʤʠʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ 

CrNiTiZrCu 0,041 0,006 0,066 0,002 

AlCoCrCuFeNi - - 0,126 0,002 

CrMnSiCuFe-Al  0,256 0,002 0,219 0,002 

CrMnSiCuFeTi 0,365 0,003 0,426 0,002 

MoS2 0,05 - - - 

CdI2 0,06 - - - 

CoCl2 0,10    

PbI 0,28 - - - 

 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʪʨʝʥʠʝ. ʅʘʰʘ ʟʘʜʘʯʘ ï 

ʩʨʘʚʥʠʪʴ ʦʙʥʘʨʫʞʝʥʥʳʝ ʬʘʟʳ ʥʘ ʨʠʩ. 4 ʠ ʚ ʪʘʙʣʠʮʝ 

2 ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʝʨʚʳʤ ʠʜʝʪ Cu1,5ZrNi3,5 ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʬʘʟ 10 ʘʪ.% ʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʨʘʚʥʦʝ ʘ 

= 6,7671 Ȕ. ʕʪʦʪ ʩʧʣʘʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʝ 

ʘʫʩʪʝʥʠʪʥʦʡ ɺ2 ʠʣʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ B19ǋ (ʨʠʩ. 

8). ʉʘʤ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ɺ2. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [19, 20] ʩʪʨʫʢʪʫʨʘ Cu1,5ZrNi3,5 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ B2 - ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʘʫʩʪʝʥʠʪʥʫʶ ʬʘʟʫ, ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʧʦ ʪʠʧʫ CsCl 

(Pm3m-ɻʎʂ). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʩʪʦʠʪ Cu ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʬʘʟ 7,8 ʘʪ.% ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʘ = 3,6178 

Ȕ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʤʝʜʠ ī ɻʎʂ (ʨʠʩ. 9).  
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ʈʠʩʫʥʦʢ 8 ʇʝʨʝʭʦʜ ɺ2 Ÿ B19ǋ [19] ʈʠʩʫʥʦʢ 9 ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʤʝʜʠ 

 

 

ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʩʪʦʠʪ Zr0,02Ni0,98 ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʬʘʟ 19,8 ʘʪ.% ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʘ = 

3,3406 Ȕ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʚʪʝʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ ʥʠʢʝʣʷ ʠ ʮʠʨʢʦʥʠʷ. ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʢʦʤ-

ʧʦʥʝʥʪʘ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʠʥʪʝʨʤʝʪʘʣ-

ʣʠʜ ZrNi ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ F43m (ʪʠʧʘ ʩʬʘʣʝʨʠʪʘ) (ʨʠʩ. 

10). 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʪʝ ʩʪʦʠʪ TiCr2 ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʘʟ 29,5 ʘʪ.% ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʘ = 4,9076 Ȕ ʠ 

ʩ = 15,9700 Ȕ. ɺʙʣʠʟʠ ʩʦʩʪʘʚʘ TiCr2 ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʘʟ ʃʘʚʝʩʘ [21]. ʇʦ-

ʯʪʠ ʚʩʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʦʙʨʘ-

ʟʫʶʪʩʷ ʦʙʳʯʥʦ ʠʟ ʨʘʩʧʣʘʚʘ ï ʧʦ ʢʦʥʛʨʫʵʥʪʥʦʤʫ 

ʪʠʧʫ ʨʝʘʢʮʠʠ. ʀ ʪʦʣʴʢʦ ʦʜʠʥ ʠʥʪʝʨʤʝʪʘʣʣʠʜ TiCr2 

(ʨʠʩ. 11) ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʦ ʨʝʘʢʮʠʠ ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʪʠʧʘ (ʦʧʷʪʴ ʆʎʂ-

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ) [22]. 

 
 

ʈʠʩʫʥʦʢ 10 ʈʝʰʝʪʢʘ ʪʠʧʘ ʩʬʘʣʝʨʠʪʘ ʈʠʩʫʥʦʢ 11 ʀʥʪʝʨʤʝʪʘʣʣʠʜ TiCr2 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

TiCr2 ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʟ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʘʣʝʥʪ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʭʨʦʤʠʜʘ ʪʠʪʘʥʘ. 

ɼʣʷ TiCr2 ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʚʥʘ ʉsd = 

5,34 ʵʣ./ʘʪ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʘʤ ʃʘʚʝʩʘ. ɼʣʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ TiCr2 ʩʯʠʪʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ. ɹʦʣʴʰʦʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʦʙʦ-

ʟʥʘʯʘʣʩʷ R1 (Ti), ʘ ʤʘʣʳʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʦʙʦʟʥʘ-

ʯʘʣʩʷ R2 (Cr). ʆʧʨʝʜʝʣʷʣʦʩʴ ʠʭ ʦʪʥʦʰʝʥʠʝ R1/R2 = 

1,147, ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ʃʘʚʝʩʘ. 
ʅʘ ʧʷʪʦʤ ʤʝʩʪʝ ʩʪʦʠʪ NiTi  ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟ 

33 ʘʪ.% ʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʘ = 2,8007 Ȕ, b = 
4,6192 Ȕ, ʩ = 4,1824 Ȕ, ɓ = 97,5793. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ 

[23] ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʪʨʦʥʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʟʘʢʘʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʚ ʠʩʭʦʜʥʦʤ ʘʫʩʪʝʥʠʪʥʦʤ ʠ 
ʤʘʨʪʝʥʩʠʪʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʣʘʚ 
Ti49,5Ni50,5 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʭʦʜʠʪʩʷ ʚ 
ʘʫʩʪʝʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʘʨʘʤʝʪʨ ʝʛʦ ʢʨʠʩʪʘʣʣʠ-
ʯʝʩʢʦʡ ʨʝʰʝʪʢʠ B2(a) ʠ ʩʪʝʧʝʥʴ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ 
ʧʦʨʷʜʢʘ (ɖ) ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳ a = 0,30125 nm; ɖ = 
1,00 Ñ 0,05. ʉʧʣʘʚ Ti50,5Ni49,5 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʝ, ʥʘʧʨʦʪʠʚ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ B19ǋ -ʤʘʨ-
ʪʝʥʩʠʪʘ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʰʠʬʨʦʚʢʠ 
ʥʝʡʪʨʦʥʥʦʛʨʘʤʤʳ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʧʘ-
ʨʘʤʝʪʨʳ: a = 0,2903, b = 0,4112, c = 0,4636 nm, ɓ = 
97,25. ʅʘʙʣʶʜʘʝʤʳʡ NiTi  ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʨʪʝʥʩʠ-
ʪʦʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ B19ǋ (ʨʠʩ. 12). 
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ʈʠʩʫʥʦʢ 12 ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ Ti-Ni [23] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʷʪʠ ɺʕʉʦʚ CrNiTiZrCu ʪʨʠ 

ʠʤʝʶʪ ɻʂʎ-ʩʪʨʫʢʪʫʨʫ, TiCr2 ʜʘʝʪ ʬʘʟʫ ʃʘʚʝʩʘ ʠ 

NiTi  ʜʘʝʪ ʤʘʨʪʝʥʩʠʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ B19ǋ (ʢʦʪʦʨʳʝ 

ʩʥʠʞʘʶʪ ʪʨʝʥʠʝ). 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʝʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʷ CrNiTiZrCu. ʅʘʥʝʩʝʥʠʝ ʪʘʢʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. ʇʦʢʨʳʪʠʷ ʜʝʣʘ-

ʣʠʩʴ ʥʘ ʜʝʪʘʣʠ ʠʟ ʩʪʘʣʠ 20ʍ13. ʆʯʝʥʴ ʭʦʨʦʰʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ ʠʟ ʤʠʰʝʥʠ CrNiTiZrCu 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʳ ʩ ʥʠʢʝʣʠʜʘʤʠ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦ-

ʥʠʷ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʧʘʤʷʪʠ 

ʬʦʨʤʳ [23]. ʇʨʠʢʣʘʜʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘ-

ʣʦʚ ʩ ʧʘʤʷʪʴʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʦʟʜʘ-

ʶʪʩʷ ʘʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʚʝʨʰʘʶʪ ʤʝ-

ʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʪʝʧʣʘ. ʊʘʢʠʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʳʪʴ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʨʘʱʘʶʱʠʭ ʚʘʣʘʭ. ʉʧʣʘʚ ʩ 

ʧʘʤʷʪʴʶ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʣʠʯ-

ʥʳʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠ ʤʦʞʝʪ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʪʠʤʦʛʦ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝ-

ʚʨʘʱʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʠ ʪʨʝʥʠʷ ʚ ʪʫʨ-

ʙʠʥʥʳʭ ʣʦʧʘʪʢʘʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʄʆʅ ʈʂ. ɻʨʘʥʪʳ ˉ0118ʈʂ000063 ʠ ˉʌ.0781. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. ʉʤʦʜʝ-

ʣʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘ-

ʣʦʚ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʪʨʘʩʩʠʨʦʚʢʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʪʝʢʘ ʩʣʦʝʚ ʇʇ. 

Abstract 

The relevance of ensuring the integrity of digital signals on a printed circuit board is considered. Quality 

improving methods of digital signals and ensuring the digital signals integrity were simulated. PCB routing quality, 

the location of the elements and the PCB stackup were reviewed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʣʦʩʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ, ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, Altium Designer, HyperLynx, ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ. 

Keywords: Signal Integrity, PCB, Altium Designer, HyperLynx, simulation. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬ-

ʨʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. ʉʠʛʥʘʣʳ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʯʝʪʢʠʝ ʧʝʨʝʭʦʜʳ, ʩʪʘʙʠʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, 

ʪʦʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜ-

ʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʟʜʘʥʠʝ ʠ ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʯʝʪʢʠʭ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɺʩʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝ-

ʜʘʯʠ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʨʘʟʨʘʙʦʪʯʠ-

ʢʘʤʠ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʉɸʇʈ (ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ) [1,2]. 

 

 

 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʝʢʪ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭʬʘʟʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [3] ʚ 

ʧʨʦʛʨʘʤʤʝ Altium Designer, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʉɸʇʈ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʇ (ʧʝʯʘʪʥʳʭ ʧʣʘʪ).  

ɼʣʷ ʘʥʘʣʠʟʘ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ HyperLynx. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜ- ʠ ʧʦʩʪʪʦʧʦʣʦ-

ʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʇʇ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

HyperLynx ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ IBIS ʤʦʜʝʣʴ (ʩʧʝʮʠʬʠ-

ʢʘʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʙʫʬʝʨʳ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ [1]), ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦʙ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʚʳʚʦʜʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʘʢʦʛʦ 
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ʞʝ ʘʥʘʣʠʟʘ ʚ Altium Designer ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ ʩ 

ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʦ ʚʩʝʭ ʚʳʚʦʜʘʭ ʵʣʝʤʝʥʪʘ 

[2]. 

ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [3]. 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʣʦʡʥʫʶ ʧʝ-

ʯʘʪʥʫʶ ʧʣʘʪʫ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ 1,6 ʤʤ. ʅʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ ï 5 ɺ. ɺʥʝʰʥʠʡ ʚʠʜ ʇʇ ʚ ʉɸʇʈ Altium De-

signer ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

Altium Designer ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʛʦ-

ʪʦʚʳʡ ʧʨʦʝʢʪ ʇʇ ʚ ʬʦʨʤʘʪ HyperLynx ʩ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʪʦʣʱʠʥ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʨʘʟʤʝ-

ʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʠ 

ʥʘʟʚʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ [2]. ʊʦʧʦʣʦʛʠʷ ʧʝ-

ʯʘʪʥʦʡ ʧʣʘʪʳ ʫʩʪʨʦʡʩʪʚʘ ʚ Altium Designer ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʘ ʚ HyperLynx ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ [3]  

 

 
ʈʠʩʫʥʦʢ 2 ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭʬʘʟʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 
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ʈʠʩʫʥʦʢ 3 ʇʝʯʘʪʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʚ Altium Designer 

 

 
ʈʠʩʫʥʦʢ 4 ʇʝʯʘʪʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʚ HyperLynx 

 

ʇʦʩʣʝ ʠʤʧʦʨʪʘ ʧʨʦʝʢʪʘ ʚ ʩʨʝʜʫ HyperLynx ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʩʣʦʡ ʤʘʩʢʠ ʚ ʨʘʟʜʝʣ ʩ ʦʧʠʩʘʥʠʝʤ 

ʩʣʦʝʚ ʇʇ, ʘ ʪʘʢʞʝ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʳ ʧʨʘʚʠʣʴʥʦ. 

 
ʈʠʩʫʥʦʢ 5 ʉʣʦʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʇʇ 
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ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʝʭʬʘʟʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

PIC16F628-20/P [5] ʠ ʪʨʝʭʬʘʟʥʳʡ ʤʦʩʪʦʚʦʡ ʜʨʘʡʚʝʨ 

IR2136S [6] (DD2 ʠ DD3 ʥʘ ʇʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɼʣʷ ʘʥʘʣʠʟʘ ʮʝʣʦʩʪʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʝʯʘʪ-

ʥʦʡ ʧʣʘʪʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʮʝʧʴ DD3.2- DD2.6 (ʨʠʩʫ-

ʥʦʢ 6) ï ʚʳʚʦʜ ʤʦʩʪʦʚʦʛʦ ʜʨʘʡʚʝʨʘ LIN6_N (ʚʳʭʦʜ-

ʥʦʡ ʩʠʛʥʘʣ) ʠ ʚʳʚʦʜ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

RA3/AN3/CMP1 (ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ). 

 
ʈʠʩʫʥʦʢ 6 ɸʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝʧʴ 

 

ʉʦʛʣʘʩʥʦ [7], ʚʳʜʝʣʷʶʪ 3 ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘ 

ʩʠʛʥʘʣʦʚ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ ï ʜʠʘʧʘʟʦʥ ʥʠʟʢʠʭ ʯʘ-

ʩʪʦʪ (<25 ʄɻʮ), ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ (25ï100 ʄɻʮ), ʚʳ-

ʩʦʢʠʭ ʯʘʩʪʦʪ (100ï1000 ʄɻʮ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʩʠʛʥʘʣ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ, ʚ ʥʝʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʧʦʤʝʭʠ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʚʳʙʨʘʥʥʦʛʦ ʩʪʝʢʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ (ʪʦʣʱʠʥ ʩʣʦʝʚ 

ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ), 

ʜʣʠʥʳ ʠ ʪʦʧʦʣʦʛʠʠ ʧʨʦʚʦʜʥʠʢʘ, ʘ ʪʘʢʞʝ ʜʝʬʝʢʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʌʦʨʤʳ ʠʜʝʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛ-

ʥʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 7 [8]. 

 
ʈʠʩʫʥʦʢ 7 ʀʜʝʘʣʴʥʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ [8] 

 

ʊ.ʢ. ʠʩʢʘʞʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʘʤ [9], ʪʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʘʩʪʦʪʳ ʚ 100 ʄɻʮ (ʚʝʨʭʥʷʷ ʛʨʘ-

ʥʠʮʘ ʜʠʘʧʘʟʦʥʘ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ) ʠ 300 ʄɻʮ (ʠʟ ʥʠʞ-

ʥʝʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ). ʄʘʢʩʠ-

ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ï 3,3 ɺ [5,6]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʠʛʥʘʣʘ ʧʨʠ 

ʯʘʩʪʦʪʝ 100 ʄɻʮ (ʨʠʩʫʥʦʢ 8).  
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ʈʠʩʫʥʦʢ 8 ʌʦʨʤʘ ʩʠʛʥʘʣʘ DD3.2- DD2.6 ʧʨʠ 100 ʄɻʮ 

 

ɸʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ ʚ 100 ʄɻʮ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʛʥʘʣ (ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) ʧʦʜʚʝʨʞʝʥ 

ʰʫʤʘʤ ʠ ʥʘʚʦʜʢʘʤ, ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ ʬʦʨʤʘ ʩʠʛʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʡ. ʇʠʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 4 ɺ, ʯʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʜʦʧʫʩʪʠ-

ʤʦʛʦ (3,3 ɺ).  

ʉʦʛʣʘʩʥʦ [5] ʠ [6], ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʥʘʠʭʫʜ-

ʰʠʡ ʚʦʟʤʦʞʥʳʡ ʩʣʫʯʘʡ (300 ʄɻʮ). ʈʝʟʫʣʴʪʘʪ ʧʦʢʘ-

ʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
ʈʠʩʫʥʦʢ 9 ʌʦʨʤʘ ʩʠʛʥʘʣʘ DD3.2- DD2.6 ʧʨʠ 300 ʄɻʮ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ ʚ 

300 ʄɻʮ ʧʠʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,5 

ɺ, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 100 ʄɻʮ, ʥʦ ʚʩʝ ʝʱʝ ʚʳʰʝ 

ʨʘʟʨʝʰʝʥʥʦʛʦ, ʘ ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʥʜʘʨʪʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʝ-

ʯʘʪʥʘʷ ʧʣʘʪʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʙʦʪʘʪʴ ʥʝ 

ʙʫʜʝʪ. ʉʘʤʳʤ ʙʳʩʪʨʳʤ ʩʧʦʩʦʙʦʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʠʢʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷ-

ʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚ 

ʮʝʧʴ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʣʠʰ-

ʢʦʤ ʤʘʣʝʥʴʢʦʛʦ ʨʝʟʠʩʪʦʨʘ ʤʦʞʝʪ ʥʝ ʦʧʫʩʪʠʪʴ ʧʠʢʦ-

ʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʩʣʠʰ-

ʢʦʤ ʙʦʣʴʰʦʝ ï ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛ-

ʥʘʣʘ. 

ɺ ʉɸʇʈ HyperLynx ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʨʝ-

ʟʠʩʪʦʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʮʝʧʴ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʦ. ʂʦʤʘʥʜʘ Ter-

minator Wizard ʧʦʤʦʛʘʝʪ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʥʦʚʳʡ ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʘʟʨʝʰʝʥʥʳʤ ʟʥʘʯʝ-

ʥʠʷʤ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʤʝʥʝ-

ʥʠʶ ʜʣʠʥʳ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (ʨʠʩʫʥʦʢ 10).  
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ʈʠʩʫʥʦʢ 10 Terminator Wizard 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ Terminator Wizard ʧʦʢʘʟʘʣ, 

ʯʪʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚ 25 ʨʘʟ, ʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝ-

ʟʠʩʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 137,8 ʆʤ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʪʦʣʴʢʦ 

ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, 

ʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʮʝʧʠ ʙʫʜʝʪ ʜʦʙʘʚʣʝ-

ʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʥʦʤʠʥʘʣʦʤ 137,8 

ʆʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʧʠ DD3.2- DD2.6 

ʧʨʠ 100 ʄɻʮ ʠ 300 ʄɻʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 11 ʠ 12 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩʫʥʦʢ 11 ʌʦʨʤʘ ʩʠʛʥʘʣʘ DD3.2- DD2.6 ʧʨʠ 100 ʄɻʮ ʠ R = 137.8 ʆʤ 

 

 
ʈʠʩʫʥʦʢ 12 ʌʦʨʤʘ ʩʠʛʥʘʣʘ DD3.2- DD2.6 ʧʨʠ 300 ʄɻʮ ʠ R = 137.8 ʆʤ 
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ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠ-

ʩʪʦʨʘ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʫʣʫʯʰʠʣʠʩʴ ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴ-

ʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʘʭ, ʥʦ ʧʠʢʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʩʝ ʝʱʝ ʙʦʣʴʰʝ ʨʘʟʨʝʰʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ.  

ɺ ʉɸʇʈ HyperLynx ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʮʝʧʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʠʧʘ çʯʪʦ, ʝʩʣʠè ï 

Free-Form Schematic. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʯʘʪʥʳʡ ʧʨʦ-

ʚʦʜʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯ ʩ ʨʘʟʥʳʤ ʠʤʧʝʜʘʥʩʦʤ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʮʝʧʴ ʚ ʬʦʨʤʘʪʝ Free-Form Schematic 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 13. 

 

 
ʈʠʩʫʥʦʢ 13 ʎʝʧʴ DD3.2-DD2.6 ʚ Free-Form Schematic 

 

ʊʘʢʦʡ ʚʠʜ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʧʦʚʝʜʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʧʝʯʘʪʥʦʤ 

ʧʨʦʚʦʜʥʠʢʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ. ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʮʝʧʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʧʝʨʝ-

ʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʧʦʤʝʭ ʠ ʰʫʤʦʚ ʚ ʩʠʛʥʘʣʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʘʥʘʣʠʟʘ çʯʪʦ, ʝʩʣʠè, ʙʳʣʠ ʫʜʘʣʝʥʳ ʚʩʝ ʪʨʠ ʧʝʨʝʭʦʜ-

ʥʳʭ ʦʪʚʝʨʩʪʠʷ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 14.  

 
ʈʠʩʫʥʦʢ 14 ʀʟʤʝʥʝʥʥʘʷ ʮʝʧʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ 100 ʄɻʮ ʠ 300 ʄɻʮ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 15 

ʠ 16 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩʫʥʦʢ 15 ʀʟʤʝʥʝʥʥʳʡ ʩʠʛʥʘʣ DD3.2-DD2.6 ʧʨʠ 100 ʄɻʮ 

 




